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PART 1 : SECTION 1

CHAFFER 1

CAPTAINCY

Introduction
1. Air  Ministry Flying Orders 66 to 69 establish
the authority and define the responsibilities of the
captain of an aircraft. The best captain is one
who possesses, to the fullest measure, the qualities
discussed below and who is constantly striving to
improve his value to the Service.

2. After reading the above A.M.F.Os. it will be
appreciated that one member of the crew will
always be appointed as captain of the aircraft,
and that he may be of any aircrew category. The
responsibilities of the captain are also defined in
broad terms. A  discussion of these responsi-
bilities, and how the qualities required of an
aircraft captain may be recognized and developed,
is set out below.

Leadership
3. The aircraft captain is the leader of his crew.
In him, as in any other leader, should be found
and expressed the quality of leadership. T h e
existence of this quality has long been recognized
by the human race. N o t  only is leadership
inevitable to man's history—it is nemqqary to the
making of it. Without leadership, no enterprise
of any importance has ever been carried through
with success. Seemingly hopeless causes have
been won through the example, personal influence,
and determination of some great leader.

4. In  particular, every operation of war needs
single-minded direction of  purpose i f  it is to
achieve success ; nowhere is this more important
than i n  the operation o f  aircraft. Every
organization must have a head. Even so small a
unit as the crew of an aircraft is an organization ;
and so it too must have a head—the captain of
the aircraft.

The Necessity for an Aircraft Captain
5. A t  all times there must be one person in
supreme charge who, however well his crew are
doing their jobs, is the one to take over supreme
charge in sudden emergency. H e  may have to
drive, he may have to persuade—but at all times
he has to lead.

The Qualifies of a Good Captain
6. I n  order to assume the responsibilities of
being the leader, the aircraft captain must have
and develop the following personal qualities : —

(a) Skill and experience.
(b) Moral character, which includes : —

(i) Personality.
(ii) Tenacity.
(iii) Loyalty.
(iv) Sense of responsibility.
(v) Personal influence..
(vi) Courage.
(vii) Initiative.

(c) Physical and mental fitness.

Skill and Experience
7. In  order to use most effectively the aircraft
which he is to control, the aircraft captain must
himself attain a high degree of personal skill. H e
must endeavour to gain as much knowledge as
possible from each flight he undertakes, both by
personal analysis and by discussion with aircrew
of known ability and experience. I n  this way he
will obtain a wealth of experience with which he
will be able to anticipate difficult situations and
deal with them successfully. I t  is only with
experience that a captain can really appreciate
the limitations of his equipment, aircraft, and
crews, and judge when to take risks and when not
to.

Personality
8. Personality is  difficult t o  define ; i t  is
generally understood to mean the distinction of
personal character—the means whereby one
individual is distinguished from another. Personal
integrity is essential to a good personality ; i t  is
a quality which promotes trust, and trusting is
half way to following. The integrity of a captain
must always be beyond reproach or question ;
he should be an example to his crew in his
unselfishness and devotion to duty. H e  should
be patient and cheerful under all conditions,
however trying or irksome. Sometimes it might
be necessary for him to adjust his personality in
order to achieve complete harmony among his
crew ; but in so doing he should avoid any ten-
dency to familiarity.
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Tenacity
9. One o f  the chief requirements f o r  good
leadership is mental stamina—the ability to think
and act clearly in an emergency. I t  also includes
the ability to  allay the personal anxieties o f
others, and above all to see an operation through
to its successful conclusion in spite of dishearten-
ing, or even apparently overwhelming, odds. This
quality, which calls for the utmost determination,
combined with implicit faith in direction from
superiors, contributes largely to the make-up of a
successful captain.

Loyalty
10. An  aircraft captain must be as loyal to those
below him as he is to those in authority above
him. H e  must show absolute loyalty to  his
Service, his country, and his cause. There can be
no half measures of loyalty.

Responsibility
11. A  captain should always foster a sense of
responsibility among his crew. H e  should make
each member realize the importance of his task
in relation to the resultant effort of  the whole
crew, and the duty that all owe to each other to
perform their tasks to the best of  their ability.
By fostering this sense o f  responsibility and
co-operation, a captain cannot fail to get the
maximum support from his crew. F o r  his part,
however, he should take a keen interest in the
duties o f  each crew member and know the
capabilities of individuals and their capacity for
work under pressure. H e  should tactfully
investigate private worries or irritations i f  it is
obvious that these are affecting the efficiency of
any crew member.

Personal Influence
12. Personal influence is the ability to inspire to
further efforts a t  a  time when the crew, o r
individual, if left to themselves, would give up or
turn back. A  few quiet words of encouragement
can work wonders. The  personal influence of a
good captain wi l l  always result i n  his crew
giving him the best that lies in their power.

Courage
13. Courage is o f  many kinds. I t  is  more
difficult for a person deprived of comradeship to
display steadfastness, endurance, and tenacity
than for a member of a group. T h e  two main
kinds o f  courage are mental or  moral courage
and physical courage. Courage does not consist

of not being afraid, and there is a good deal of
difference between the meanings o f  the words
courage, bravery, and fearlessness. I n  reality i f
you are not afraid you cannot show courage—
for courage really consists of an effort of the will
to overcome fear. I t  is the ability to stick to a
job to the very end despite injury or approaching
death.

Initiative
14. Initiative is closely linked with the ability to
plan and the ability to deal with emergencies.
It is a quality which enables a captain to originate
a course o f  action without prior reference to
superiors, in order to meet certain unexpected
circumstances. I t  consists o f  refusing t o  be
defeated by events or circumstances for which no
orders have been issued.

15. During their service careers, flying personnel
of the Royal A i r  Force may, at some time or
other, be compelled to make a forced landing in
jungle, desert, or on the seas ; a t  such times the
ability to  fend fo r  themselves, thus ensuring
survival, is invaluable. Initiative may be said to
be the ability to combine and utilize common
sense, foresight, and imagination, under difficult
conditions.

Physical and Mental Fitness
16. Basically, flying efficiency depends on the
physical and mental fitness of flying personnel of
all aircrew categories. A p a r t  from setting an
example himself in  this matter, the captain
should see that the mental and physical fitness of
his crew does not in any way impair its flying
efficiency. H e  should discourage excessive
indulgence in alcohol and late nights, but direct
the energies of  his crew to sport and physical
exercise. The ever-increasing speed, altitude, and
range of aircraft make physical fitness of prime
importance.

Training
17. A  good captain realizes the importance and
value of continual training, as it is only by this
that the required high standard of  efficiency is
maintained. Training never stops—every flight,
however monotonous, should be regarded as
training—and post-flight discussion should be
encouraged with a view to augmenting knowledge
and experience. Every opportunity should be
taken to do collective, as well as individual, crew
training. Training against emergencies o f  all
descriptions is o f  paramount importance and
cannot be overstressed.
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18. Emergency procedures are laid down for
each type of aircraft, but these are of little value
unless practised regularly. A  captain should see
that he and his crew are fully conversant with all
emergency drills, and not wait until an actual
emergency arises before learning the folly o f
unpreparedness. Although this may entail some
spare-time training it should not deter him from
ensuring that his crew carry out the appropriate
procedures to his satisfaction. A t  any time the
fate of his crew may depend on the speed and
efficiency w i th  which they carry o u t  their
emergency drills in real earnest.

Other Qualities
19. Other qualities include intelligence, t he

readiness to accept responsibility, and the ability
to make decisions.

Conclusion
20. Although the chief requirements for good
captaincy have been dealt with in the preceding
paragraphs, there are many other points to which
the captain should give his attention ; no t  the
least o f  these being the personal smartness o f
himself and crew at all times. The captain has a
most responsible job, often calling for considerable
courage and powers of endurance and concentra-
tion, as well as hard work, patience, and tact.
In his hands are placed the lives of his crew and
the safety of his aircraft. A  genuine desire to be a
good captain, ful ly appreciating al l  that this
entails, goes a long way towards the achievement
of such an aim.
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CHAPTER 2

PHYSIOLOGICAL E1414ECTS OF FLIGHT

r

Introduction
1. The high performance of modern aircraft in
terms o f  speed, acceleration, and  altitude,
expose flying personnel to environmental condi-
tions and forces in which the unprotected human
body may not be able to function.

2. I t  is important, therefore, that the physical
limitations of the body and methods of extending
those limitations are thoroughly understood by
all aircrew, and particularly b y  captains o f
aircraft who may be responsible for the safety
and well-being of untrained passengers.

Accelerations
3. As  far as the body is concerned, there are two
kinds of accelerations to be considered. These
are : —

(a) Acceleration acting perpendicularly to the
fore-and-aft axis of the aircraft. This kind of
acceleration is encountered through : —

(i) Centrifugal accelerations—positive and
negative.
(ii) Turbulence.
(iii) Ejection.

(b) Linear accelerations.
I t  is convenient to describe the forces of accelera-
tion in terms of the number of times the force of
gravity (i.e. the g) that is applied.

Effects of Centrifugal Accelerations
4. I f  the wings of an aircraft are set at an angle of
attack greater than that appropriate to the I.A.S.
in straight flight they are subjected to an increased
loading, and the aircraft moves on a curved path.
This increased loading is measured in terms of g,
and is felt by the pilot as an increase in his
weight. I t  can be shown from the formula

Weight =  Mass x  Acceleration
that, mass remaining constant, weight must
increase directly with acceleration. Thus at 4g a
man is four times as heavy as at the normal lg of
level flight.

5. Under these conditions, excess g, acting in a
head-to-foot direction (with a  conventionally-
seated pilot), has the following effects : —

(a) The blood becomes heavier, and tends to
drain from the head and pool in the abdomen
and lower parts of the body.

(b) The heart is displaced downwards by its
increased weight, thus increasing the vertical
distance from the heart to the head through
which it has to maintain a column of "heavier"
blood.

(c) Greater muscular effort is required to move
the limbs and head.

6. As  a result of para. 5, (a) and (b), the eye and
brain are starved o f  oxygen and partial loss of
vision (grey-out) begins, followed later by total
loss of vision (black-out). This will eventually be
followed by loss of consciousness if the manoeuvre
is sustained. The effects of black-out disappear as
soon as g is reduced although, for a few seconds,
there may be confusion and some difficulty in
focusing the eyes.

7. As  loss of consciousness may be followed by
dis-orientation (dizziness) for up to 30 seconds,
g should never be applied beyond the black-out
stage, and extra care should be taken with
aircraft that tend to tighten (pitch-up) in turns.
Tolerance t o  g  varies considerably w i t h
individuals, but the average pilot will black-out at
between 4,1g and 6g after five seconds, greying-out
at about lg less, and losing consciousness at about
lg greater than his black-out threshold. Owing
to the latent period before the symptoms occur,
much higher values can be tolerated for very short
periods, which explains why a pilot can break an
aircraft without blacking-out.

Increasing the g Tolerance
8. Tolerance tog may vary in the same individual
from day to day and is considerably decreased by
illness, hunger, fatigue, lack o f  oxygen, and a
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"hang-over". Tolerance tog can be increased by
the following methods (Fig. 1) : —

(a) Self Protection. B y  bracing the stomach
and trunk muscles, crouching, and lowering the
head as much as possible. Tak ing  a deep
breath and shouting, or "bearing down", also
help in increasing the threshold. T h e  extra
protection given is in the region of 2g.
(b) Position. Raising the legs as high as
possible reduces the tendency o f  blood to
drain into them. Provision is made for this in
some aircraft by the use of raised rudder pedals.
Maximum protection, however, can only be
given by having the pilot in the prone position.
(c) Anti-g Suits. I f  fitted properly, these suits
provide counter pressure t o  the  legs and
abdomen by  means o f  air  bladders. T h e
amount o f  air pressure supplied to  the air
bladders is automatically controlled by a valve,
in proportion to the g applied, and is normally
1 lb./sq. in. per lg applied in excess of normal
gravity. These suits increase the black-out

threshold of the normal pilot by about 2g, are
comfortable t o  wear, and reduce fatigue
considerably in flights where high g is repeatedly
being applied.

9. Negative g. W h e n  g  acts i n  the reverse
direction, e.g. when entering a dive by pushing
the nose down or in an outside loop, excess blood
is forced into the head, and red-out occurs at a
value of about —2g to —21g. Negative g great
enough to produce red-out imposes a strain on
the blood vessels o f  the brain and eyes, and
therefore should n o t  b e  applied except i n
emergency.

Accelerations Due to Turbulence
10. Rapidly alternating vertical accelerations of
the aircraft may occur at high speed in turbulent
conditions, such as those experienced in cloud, at
low level i n  hot  climates, and over uneven
terrain. These accelerations, usually of the order
of l i g  to 2g but occasionally up to 3g in high-
speed aircraft, are governed in amplitude and

NORMAl. CROLICH SIG' RAISING lEt AN f 176.• Ui

TOTAL BLACKOUT

Fig. I. Relationship between g and Black-Out
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frequency by the wing loading and speed of the
aircraft as well as by the amount of turbulence.
Their major effect is to hasten the onset of fatigue
in the individual, but serious injuries and concus-
sion can occur as a result of being thrown against
the cockpit canopy or cabin roof if the harness is
inadequate or loose. I t  is the duty of captains to
ensure that they and their crews and passengers
have their harnesses secure when there is  a
possibility of flying into turbulent conditions.

Accelerations During Ejection
11. For  ejection it is necessary to give the body
an acceleration large enough to clear the tail of
the aircraft in such a way that the spinal column
is not subjected to more than 25g, and at no time
must the rate of rise of g exceed 300g per second.
These limitations must not be exceeded under any
conditions of  temperature and through the full
weight-range o f  aircrew. I n  addition, the
transmission of energy from the seat to the man
during ejection is affected by the elastic properties
of the equipment stowed in the seat pan, and it is
essential that no unauthorized equipment should
be placed in  the seat pan. A f t e r  ejection a
number of other accelerations act on the seat and
occupant, but these are of a complex nature and
need not be described here. They may, however,
lead to some dis-orientation and confusion and
for this reason it is advisable that aircrew should
know the ensuing drill so well that i t  becomes
automatic.

Linear Accelerations
12. Linear accelerations are encountered along
the line of flight, as in take-offs, assisted take-offs,
deck landings, ditchings, and crashes. The same
unit o f  measurement is used but reference is
usually made to accelerations and decelerations
according to the direction in which the force is
imposed. Values that may be expected are
4g for a catapult launching and 3g for an arrested
landing. I n  wheels-up landings or ditchings the
force may exceed 10g. Provided that aircrew are
protected by a correctly fitting harness or assume
their correct crash positions, they can withstand
these forces up to the standard strength of the
aircraft.

13. The standard "Z" -type harness protects the
wearer up to decelerations of 25g if correctly and
tightly fitted, with the lap belt as low as possible
and the shoulder straps locked. A  high lap belt
may allow the wearer to slip forward under the
harness. The parachute quick-release box should

never be directly behind the "Z"  harness quick-
release box, as it would then be driven back into
the wearer during a  severe deceleration and
possibly cause internal injury.

Effects of Altitude on Man
14. The whole of the body's activity depends on
the production of energy by a process which is, in
effect, controlled combustion of  material taken
in as food. F o r  this, as with other forms o f
combustion, oxygen is necessary. I n  order to
bring the oxygen to every portion of  the body
where it is needed there exists a highly efficient
transport system, the blood stream. Oxygen
from the air enters the blood by passing across
the surface o f  the lungs, and gaseous waste-
products are eliminated by a reverse flow, from
blood to the atmosphere. The passage of oxygen
into the blood stream is governed by the partial
pressure exerted by that gas (i.e. total pressure x
volumetric proportion o f  . individual gas i n
mixture). A l though the composition o f  the
atmosphere remains constant from sea level to
altitudes as great as we can anticipate reaching
with piloted aircraft i n  the near future, the
pressure exerted by the air (and therefore that
part due to the oxygen) falls progressively as one
ascends. I n  order t o  maintain the required
pressure of oxygen in the gas mixture breathed,
it is necessary to  increase the proportion o f
oxygen in that mixture. However, there is an
altitude limit beyond which the total pressure is
so low that breathing 100 per cent. oxygen still
results in  a  lower partial pressure o f  oxygen
within the lungs than when breathing the usual
21 per cent. oxygen at  sea level. T h i s  l imit
corresponds to 33,700 feet above sea level.

Effects of Oxygen Lack
15. A  shortage of oxygen supply to the tissues is
termed anoxia. T h i s  may result from many
causes, but the one with which we are concerned is
insufficient transfer of oxygen from the inhaled
gas mixture to the blood stream. The body shows
the effect of oxygen lack in a sequence dictated by
the sensitivity o f  various parts o f  the body to
reduction o f  oxygen supply (and hence energy
production). T h e  most sensitive tissue is that
part o f  the eye concerned with night vision.
Reduction of the ability to see dimly illuminated
objects can be detected at about 4,000 feet. Next
to be affected are those parts o f  the brain
associated with judgment, self-criticism, and the
accurate performance o f  mental tasks. A t
altitudes above about 10,000 feet errors i n
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judgment become apparent to an observer but
often not to the person suffering from oxygen
lack, because, at the same time as the loss of
ability 'has taken place, lack of appreciation of
this alteration in skill has occurred. A  man at
this stage is often under the impression that he is
in full possession of his faculties, or even flying
more accurately than usual. A t  a later stage, or
with exposure to a higher altitude, more gross
changes in behaviour may be observed. General
clumsiness and  trembling may b e  noticed,
breathing becomes rapid, vision becomes in-
distinct, questions or instructions may be ignored,
and appreciation o f  any alteration in  aircraft
attitude or behaviour may not be noted or realized
until after some delay, and when realized no
corrective action may be taken. I t  is this effect
of interfering with the normal action of the brain
that is most to be feared in aircraft, for the brain
controls the aircraft. Loss of this control is more
to be feared than, for example, engine failure, or
loss o f  R/T above cloud. M o o d  changes are
common, and can take the form o f  hilarity,
pugnacity, o r  drowsy apathy. F ina l ly,  con-
sciousness is lost and the unsupported man will
collapse. Individuals vary in their resistance to
oxygen lack. T h e  fact that one man has with-
stood certain conditions does not  imply that
others will react in the same way. Moderate and
severe anoxia is accompanied by marked blueness
of the face (particularly the lips) and the finger-
nail beds.

Hyperventilation (Over-Breathing)
16. Although the mechanism o f  its action is
different, over-breathing produces symptoms
somewhat similar to those of oxygen lack. B y
over-breathing, o r  hyperventilation, i s  meant
respiratory effort out of proportion to the work
being done, and i t  is so common that some
consideration must be given to its consequences.

17. Normal breathing maintains a  constant
partial pressure of carbon dioxide in the lungs,
and it is this pressure which ordinarily provides
the stimulus t o  breathing. O v e r -breathing,
resulting from apprehension or excitement, may
so reduce the level of carbon dioxide in the blood
stream that the proper uptake o f  oxygen is
reduced, and, in addition, the delivery of oxygen
to the body cells is impaired.

18. Carbon dioxide lack also has the effect of
reducing the blood supply to the brain. Feelings
of unreality, light-headedness, trembling, and lack
of judgment may result.

19. A t  low altitudes, serious over-breathing
leading to incapacity is rare, since the washing-out
of carbon dioxide decreases the stimulus t o
breathing and so limits the hyperventilation.
When a man is already anoxic, however, even a
moderate degree of over-breathing is dangerous,
for the ill-effects o f  the two conditions are
additive. Disaster may then result from the
combination o f  two relatively minor causes.
Thus, although some increase in the breathing
rate is a normal consequence of oxygen lack, any
attempt to fight anoxia by voluntary over-breathing
is to be avoided at all costs.

Time of Useful Consciousness
20. The time for which useful consciousness is
maintained after deprivation o f  added oxygen
decreases with altitude. There is always a wide
variation in the resistance to anoxia in the lower
altitudes, bu t  representative times o f  useful
consciousness at rest are : -

22,000 feet ...
25,000 feet ...
30,000 feet ...
35,000 feet ...
40,000 feet ...
50,000 feet ...

... 10-15 mins.

... 4 - 5  mins.

... 2 - 3  rains.

... 1 - 11  mins.

... less than 1 minute

... 1 5  seconds

21. No  practical use should be made of these
figures, since the mental and physical efficiency
is adversely affected at a much earlier stage. The
period during which consciousness is maintained
is shorter than para. 20 would suggest if, before
exposure, relatively dense air has been breathed
(as in the case of the failure of a cabin pressurized
to less than 10,000 feet).

Factors Predisposing to Anoxia
22. Physical activity markedly accelerates the
onset of the effects of oxygen lack, and a mildly
anoxic person may become very much more
severely affected if he moves about in the aircraft.

23. Certain types o f  injury o r  illness may
predispose to anoxia ; i n  particular, passengers
suffering from chest disease or injuries, or recent
blood loss, should be given oxygen and/or flown
at minimum altitude.

Other Effects of Oxygen Lack
24. Resistance to cold is very much reduced by
anoxia. F ros t -bite o f  the extremities is more
probable under such conditions.
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25. Prolonged mild anoxia, such as may be
experienced during exposure at 8,000 to 10,000
feet for several hours, may give rise to general
lethargy and fatigue out of proportion to the work
performed. Fo r  flights of this type oxygen should
be used whenever possible.

26. Proneness to airsickness may be accentuated
by anoxia.

Detection and Treatment of Anoxia
27. The recognition of anoxia in oneself may be
very difficult. I t  is, however, greatly facilitated
by having once experienced the symptoms of the
condition in a decompression chamber. I t  is a
golden rule to check oxygen equipment i f  any
abnormal sensation (even o f  excessive well-
being and confidence) is noticed in flight, or i f
mental or physical tasks appear to become unduly
difficult. Slurring o f  speech and slowness in
appreciating instructions or replying to questions
may be detected during use of R/T or intercom.
For the pilot alone in  an aircraft i t  is most
important to think of anoxia if such alteration in
response is noticed, and the pilot should be
instructed by other aircrew or ground controllers
to check his oxygen equipment. I f  no fault is
found or improvement is not noted on correction,
an immediate descent should be ordered. Lives
have been saved by quick recognition of anoxia
in the pilot of one aircraft of a formation and the
swift action of his colleagues on noting a slowness
or lack of response over the R/T. Where possible,
in the case of  a crew member of a multi-seat
aircraft, another member of the crew should be
sent t o  investigate any suspicion o f  anoxia,
always ensuring that adequate provision is made
for the supply o f  oxygen to both afflicted and
helper.

28. The treatment o f  anoxia follows three
lines : —

(a) Administration o f  Oxygen. U s e  a walk-
around or emergency oxygen set, or correct
the fault in the crew member's oxygen equip-
ment, o r  use the emergency flow from the
aircraft regulator.
(b) Reduction o f  Altitude. T h i s  facilitates
recovery and allows more time to be devoted
to the correction of  the original cause. I t  is
worth remembering that where considerations
of range o r  operational hazard preclude
descent to below 10,000 feet, i t  may still be
worth while bringing an anoxic person to an
altitude below 20,000 feet although conscious-
ness may not be recovered until a lower level is
reached.
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(c) Resuscitation. Promptly applied measures
may save the life of a person who has apparently
stopped breathing following prolonged anoxia,
and administration of oxygen and/or reduction
of altitude should be accompanied by the use
of artificial respiration for at least an hour
before hope is abandoned. A n  effort should
always be made to see that the victim's airway
is not obstructed by the tongue, tight clothing,
or an abnormal position of the head.

Protection from the Effects of Oxygen Lack
at High Altitude

29. Below 40,000 feet administration of oxygen
is sufficient to combat the effects of anoxia. B y
breathing 100 per cent. oxygen, sea-level con-
ditions may be maintained up to 33,700 feet ;
and at 40,000 feet only a minor degree of anoxia
(equivalent to breathing air at 10,000 feet) is
experienced. I t  must b e  remembered tha t
exercise is very poorly tolerated under either
condition. W i t h  increase o f  altitude a  well-
fitting mask becomes more and more important ;
above 33,700 feet any air dilution during inhala-
tion becomes a serious hazard and excessive air
dilution introduces a serious danger of sudden
anoxia at any altitude above 25,000 feet.

30. Above 40,000 feet, i n  order to  maintain
efficiency for more than a short time, more than
the simple administration of oxygen is necessary.
Pressure greater than that prevailing at these
heights is needed to saturate the blood oxygen-
transport mechanism, and this may be achieved
in a  number o f  ways. A  pressure cabin is
obviously a convenient and comfortable means
of protection and involves no stresses on the man
(other than the remediable effects of insufficient
ventilation or inadequate temperature control),
but the pressure cabin is a relatively large target
and provision must be made for protection of the
occupants in the event of perforation or structural
failure of the cabin shell or failure of the cabin air
supply. B y  careful design and fitting, a mask may
be produced to seal against the face with a
pressure difference of some 12 to 15 inches of
water. Thus, conditions inside the lungs may
be reduced to an equivalent of 40,000 feet while
flying at 44,500 feet. T h e  discomfort is quite
noticeable and at pressures in excess of about 12
inches of water other effects make it impracti-
cable. However, the system is relatively simple
and light and is quite sufficient for the protection
of personnel during an emergency rapid descent
from 50,000 feet to less than 40,000 feet following
loss of cabin pressure.
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31. To  protect the crews o f  aircraft forced to
descend from altitudes greater than 50,000 feet,
the higher pressure applied to the lungs (and
hence the circulation) must be countered by
pressure applied to  the body. Protection o f
short duration can be given by a simple garment
known as a partial-pressure suit, o r  a limited-
cover garment can be worn in conjunction with
a pressure headpiece (a mask could not seal
against the pressure necessary at such altitudes).
Complete counter-pressure, and  therefore a
complete and continued protection, can be
given by a  close-fitting inflated suit (the full-
pressure suit) or by a more complex and bulky
apparatus in the form of a pressure capsule.

Other Effects of Reduced Pressure
32. Exposure t o  h i g h  altitudes (reduced
pressures), in spite of effective measures to combat
oxygen lack, may lead to  the production o f
various signs and symptoms. These may be
conveniently classified as being due to : —

(a) Changes o f  pressure within the ears and
sinuses.
(b) Expansion o f  gases i n  the abdominal
organs.
(c) Change believed to be due to the release of
gas from solution in the tissues of  the body,
so-called decompression sickness.

Each of these will be dealt with in subsequent
paragraphs.

The Ears and Sinuses
33. That portion of the ear internal to the drum
(the middle ear) is an air-containing cavity with
bony walls. I t  is sealed off from the outer ear
by a membrane, the ear-drum, but communicates
with the atmosphere by a tube (the Eustachian
tube) which opens into the back o f  the nasal
passages. The walls of the lower part of this tube
are not rigidly supported, and consequently it is
much easier for air to pass from the ear to the
atmosphere than in the reverse direction. During
ascent, therefore, air automatically escapes and
the pressures on the inner and outer sides of the
ear-drum are maintained a t  the same level.
During descent, i f  air does not  re-enter the
middle ear the drum will be bulged inwards by
the relatively higher atmospheric pressure ;
this gives rise to pain and deafness and, i f  the
pressure difference becomes too great, rupture of
the drum may take place. The healthy Eustachian
tube may be opened quite readily by simple
manceuvres, such as swallowing, yawning, moving
the lower jaw, or drawing upwards the soft part

of the palate. I f  difficulty is experienced, raising
the pressure in the throat by holding the nose,
closing the l ips and blowing forcibly often
succeeds. If, however, the opening and lining of
the Eustachian tube is swollen (as may occur
when one has a cold) or if the opening of the tube
does not take place frequently enough during
descent, the relatively low pressure in the ear may
altogether prevent equalization of the pressures
by causing the tube to collapse. The lesson to be
learned is to avoid flying if one has a head cold or
catarrh. I f  an ear should become painful it may
be relieved by re-ascent and gradual descent
where this is practicable, with careful attention
to measures to open the Eustachian tube. I f
conditions prohibit such a  climb and slow
descent, lesser degrees of pain may be relieved by
an immediate ascent and slow re-descent in  a
decompression chamber after landing. I n  any
case the medical officer should always be consul-
ted if persistent pain and/or deafness occur.

34. The sinuses (located in the forehead and in
the bones to either side of the nose) are cavities
lined with membrane which communicate with
the space behind the nose by fine passages. These
may be obstructed during descent in the same
way as the Eustachian tubes, and the result may
be quite severe pain. Th is  usually relieves itself
quite rapidly ; bu t  i f  it should persist, or occur
several times, it should be reported to the medical
officer.

The Abdomen
35. The stomach and intestines always contain
quantities of gas. A t  altitude these gases tend to
expand as the pressure o f  the atmosphere is
reduced, and distension of these organs may cause
discomfort or pain unless the gas can be released.
Discomfort may be relieved by loosening the
clothing around the abdomen. T h e  condition
may generally be prevented from occurring by
avoiding gas-producing foods, particularly certain
vegetables and effervescent beers or  minerals.
Discomfort is rare if care is taken to avoid flying
with an overfull bowel.

Decompression Sickness
36. A  number o f  symptoms occasionally
experienced a t  altitude o r  i n  decompression
chambers may be attributed to the same cause as
certain conditions known as bends, encountered
in diving and compressed-air work, namely, the
liberation from the body fluids of dissolved gases,
principally nitrogen. These symptoms disappear
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or improve on recompression, and, fortunately
for the aviator, this entails the reduction of
altitude. T h e  symptoms of decompression are
very rarely encountered below 30,000 feet. The
onset of symptoms depends on : —

(a) Altitude.
(b) Time spent at altitude.
(c) Age and obesity (uncommon in young
persons of average build).
(d) Activity (exercise increases the likelihood
of symptoms).
(e) Oxygen lack—predisposes to symptoms.
( f )  Cold may increase the chances of symptoms.
(g) Individual susceptibility—the most impor-
tant factor other than actual altitude.

37. Symptoms. T h e  commonest symptoms of
decompression sickness are' itching (a  quite
harmless, if irritating, discomfort) and pain in a
limb, so-called bends. The  pain may be quite
severe and should always be treated with respect.
Very occasionally other symptoms such as
headache, faintness, cough, and blurring of vision
may be encountered. The treatment of all forms
of decompression sickness is the same ; namely,
immediate descent to 25,000 feet, or until the
symptoms completely disappear if 25,000 feet does
not afford relief. Observation of this rule is most
important since adherence to this practice will
always lead to relief, whereas maintenance of
altitude may lead to more severe disability which
will take much longer to disappear. A n y  limb
in which bends is experienced should be kept as
still as possible until descent has relieved the
discomfort.

Preventive and Protective Measures against
Decompression Sickness

38. Consideration of para. 36 will immediately
suggest a number of approaches to the prevention
of decompression sickness. Maintenance of a low
altitude is the most obvious. Where high-altitude
flight is necessary, pressurization of the cabin will
provide a safe environment for the occupants.
Full oxygenation, correct cockpit temperature
control, and reduction of activity to a minimum,
all aid in the reduction of the risk of bends on
unavoidable exposure to high altitudes. T h e
evaluation o f  susceptibility by decompression
testing will help in the selection of personnel for
various types of duty (more resistant persons will
be required where the possibility of prolonged
exposure following loss o f  cabin pressure is
high, as in long-range bomber aircraft). Further,
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considerable protection may be afforded by the
replacement of the nitrogen in the body fluids by
oxygen (pre-oxygenation) before exposure to high
altitude. This can only be achieved by breathing
100 per cent. oxygen for a period of several hours,
and unfortunately is not often possible in service
flying.

Explosive Decompression
39. As experience is accumulated, i t  becomes
evident that man can tolerate extremely rapid
(explosive) decompression, due to pressure-cabin
failure, remarkably well. Two factors that govern
the stress involved are the range and period of
decompression. T h e  former depends on the
pressure difference between cabin and atmo-
sphere, the latter on the magnitude of the defect
and the size of the cabin. To  reduce the violence
of decompression, lower degrees of pressurization
(combat setting) should be used, when possible,
in areas where enemy action is anticipated. I t
should be remembered that perhaps the greatest
danger from failure of a pressure-cabin wall is the
forceful expulsion of the cabin contents, including
unsecured crew members, i n  the immediate
neighbourhood of  the defect. I t  is therefore
important to ensure that safety harness is worn
when working in the vicinity of a large hatch or
transparency.

VISION
The Eye
40. I n  vision there are two associated structures,
the eye and the brain, the former being, in reality,
an offshoot of the latter. The lens is located in
the centre of the eye (Fig. 2), and a cover over
the pupil expands or contracts according to the
conditions of the surrounding light. This tissue,
which works like the diaphragm of a camera, is
called the iris. I n  bright light i t  • contracts,
allowing only a little light into the eye. The pupil
reacts to changes of light and also to any sudden
change of focus of the eye from a distant to a
nearby object. The  first result is known as the
light reflex, the second the accommodation
reflex. The pupils dilate in the dark. Broadly
speaking, the wider the pupil the better the sight
at night.

41. T h e  eyeball itself has a containing structure
around it which is made up of two parts : one
transparent called the cornea, the other white and
called the sclerotic. Behind the pupil lies the
lens, which is suspended, as it were, in a kind of
delicate hair-net. This is attached to a muscle
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which controls the thickness of the lens, variations
in the thickness being necessary for focusing.
I f  the eye is continually focused on a nearby
object, the muscle is then contracted and may
become tired. Th is  condition is called fatigue.
Behind the lens is a jelly-like substance which
helps to keep the eyeball round. I t  is trans-
parent and is known as vitreous humour. A
highly complicated structure known as the retina
covers much of the inner surface of the eye, and
contains two types of cell, one sensitive to bright
light, the other to poor light. These cells are
protected from the shocks produced by sudden,
wide changes in luminosity by a layer of a black
pigment.

42. The two forms of cells are called rods (night
vision) and cones (day vision). They are connected
by little nerve fibres which gather together at the
extreme back of the eye and pass backwards to
the brain as the optic nerve.

43. The eye transmits "messages" through the
nerve fibres to  the brain. I f  the message is
badly transmitted or fleeting, there is no reaction
so that the impression fades before it has a chance
of becoming understood and analysed. Practice
increases the ability o f  the brain to interpret
poorly transmitted messages in to  something
important enough to be recognized and identified.
An impression received at night is more open to

varied interpretations than a message received in
daylight. Badly transmitted night messages are
apt to cause confusion in the mind as to what is
being seen. This is due to the delay in interpreting
the message which, even after interpretation, may
not be clear.

Rods and Cones
44. Cones are the cells situated at a point in the
retina called the fixation point, the point o f
direct view and of maximum day vision. They
are located very close together to  provide a
highly sensitive and receptive surface that can
transmit accurate messages to the brain. T h e
sensitivity becomes less and less as the distance
from the fixation point increases. T h e  most
important facts about the cones are that they are
tuned to the appreciation of  detail and colour.
About 3°  f rom the fixation point the rods
become effective. I n  thinking of the millions of
retinal cells, they should be imagined as set in
circular rings around a centre, and in the area
between a ring about 10° from the centre and
another at 15° the rods become more closely
pressed together. T h i s  area i s  sensitive t o
conditions o f  darkness and  best suited t o
observing objects, for example, in starlight.

45. The centre of vision (cones) is in reality blind
in starlight, as compared with the light of the full
moon in which the centre of fixation still plays an

FIXATI ON
. P O I N T

Fig. 2. S t ruc tu re  of the Eye
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important role (Fig. 3). The  loss of cone vision
is, however, compensated by the fact that the
observed object usually excites a big enough area
of the retina to send messages down the sensitive
rods. I n  the case of very small objects, on direct
fixation, the cones will not be excited. A s  the
rods are not called upon and the cones are blind
there will be no sensation o f  vision. I n  such
cases, by raising the eyes a few degrees above the
object the rod area comes into action and the
object can be seen.

46. The rods contain a  substance known as
visual purple which enables one to see in the dark.
I f  a bright light is held before the eyes for one
minute, i t  wi l l  be found that for  some time
afterwards everything becomes quite black.
This is caused by the fact that bright light has
bleached the visual purple and until it is replaced
the night vision is  seriously impaired. T h i s
visual purple takes up to 45 minutes to form and
thus it takes up to that time for the eye to become
night adapted.

47. Lack of ability of the body to manufacture
the correct quantity of visual purple will result in
a reduced night vision. This is usually caused by
a vitamin A  deficiency ; however, i t  is not a
common failing and only an extreme shortage of

Fig. 3. N i g h t  "Blind Spot"
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such things in the diet as butter, milk, cheese,
carrots, and certain fish oils, may bring about the
defect.

Safeguarding of Vision
48. The eyes are richly supplied by the blood
stream to maintain their nutrition. The condition
of the blood reaching them i s  therefore o f
significance. Regular physical exercise and the
correct amount o f  sleep assist in keeping the
blood in good condition and thus in maintaining
a sound standard o f  vision. O v e r -smoking is
detrimental to night vision; more  than twenty
cigarettes a  day having a  noticeable effect.
Alcohol in reasonable quantities has no bad effect.
Games involving rapidity o f  perception and
accurate estimation of distances have a definite
value, especially for pilots.

Night Vision
49. The problem of seeing at night is the problem
of the appreciation o f  contrast. A n  object is
distinguished at night because it differs in some
way from its background. Also, because of their
poor definition, objects at  night appear more
distant than they really are.

50. Ground Objects. Objects that  may be
clearly defined on the ground in daylight may
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Height in
feet

Average percentage decrease
in range o f  night vision i f

oxygen is not used
4,000 5
6,000 10
8,000 15

10,000 20
12,000 25
14,000 35
16,000 40
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appear in reverse contrast at night, the differing
effects being influenced by what is known as
reflectivity. Surface texture i s  o f  particular
significance and the appearance of many areas is
altered owing t o  the presence o f  contained
shadows. A  ploughed field, for example, may
appear lighter than an adjacent grass field at
high moon, but viewed in the light of a low moon
the ploughed land darkens in relation to the grass
because of the shadows produced by the furrows.

Scanning
51. Several methods may be used for carrying
out a visual search of  the sky at night, but for
general purposes two simple methods are used.
In one the visual sweep is made horizontally
(Fig. 4). Eye movements must be slow and stops
made at proper intervals. A t  the end of  each
transverse movement the gaze should be dropped
about 15° and the movement repeated in the
opposite direction. O n  a dark night the sweep
should be reduced, while on a clear moonlight
night the scan can be increased in all directions.

52. I n  the other procedure, the area is divided
into four imaginary squares projected into space
in any direction (Fig. 5). Starting at the top left,
the scan is passed to the bottom right, from there
to top right, and then down and across to the
bottom left. A  pause of  two to three seconds
should be allotted to each square, and a rather
shorter pause half-way along each diagonal. A s
it is possible actually to see an object and yet not
appreciate its presence, i t  is essential to bear in
mind what is being searched for.

j r 1 N N I M E N N = I M I

1 1 1 1 1 1 • = 1 1 1 . . . .

Fig. 4. Scanning—First Method

Oxygen and Night Vision
53. The efficiency of the rod cells decreases with
*a lack of oxygen, so that it is advisable to use
oxygen from ground level upwards at night, even
i f  the intention is to fly at only 5,000 ft. T h e
adverse effect of oxygen lack on night vision will
become more rapidly noticeable as height is
gained. A t  16,000 ft. the effect will appear in
15 minutes, and visual power may be seriously
reduced in half an hour.

54. The visual range is decreased with lack of
oxygen as shown below : —

The figures relate to starlight conditions ; under
darker conditions the decrease will be slightly
greater, while by moonlight it will be rather less.

Dark Adaptation
55. While it takes fully 30 minutes to adapt the
eyes for seeing to the best advantage at night,
night adaptation can be seriously reduced in a

Fig. 5. Scanning—Second Method

RESTRICTED



RESTRICTED

PHYSIOLOGICAL EFFECTS OF FLIGHT

LIGHT

MORE GRADUALIMPROVEMENT

ARKNES

DARK ADAPTATION COMPLETE

HERE RODS TAKE CONTROL
OF DARK ADAPTATION PRODUCINGRAPID IMPROVEMENTS

THE CONES AREADAPTING AND THE
PUPILS DILATING

40 8 0
TIME IN MINUTES

Fig. 6. Night Adaptation Graph

second. I f  adaptation i s  wel l  established,
however, it will not be entirely destroyed, but it
may require up to three minutes to be restored
(Fig. 6). Reduction can be brought about
either by exposing the eyes to strong light or by
staring at instrument panels that are l i t  more
brightly than necessary.

56. After images are produced when the dark-
adapted eyes become glared by a  very bright
object, with the result that after removal of the
cause the image of the glaring object (the filament
of an electric lamp, for example) takes shape in
front of the eyes. I f  the source of glare is weak,
a changing pattern o f  colour in the centre o f
vision may be observed, such as from red to vivid
green. The  patterns fade away, and then return
for about two minutes i f  their cause has been
specially concentrated. R e d  l ight  does no t
destroy dark adaptation, hence the use of red
illumination i n  instrument panels f o r  night
flying. A further benefit of red light is that it can
be used in sufficient strength to make the marks
on instruments quite clear at a level of luminosity
well below the safety margin. A l l  internal
aircraft lighting, including fluorescent l ight,
should be kept at the lowest possible level.

WHITE LIGHT
DESTROYS DARK
ADAPTATION IN AFEW MOMENTS

INSTRUMENT FLYING—
HUMAN UNRELIABILITY

Equilibrium and Attitude
57. Under normal conditions the three senses
responsible for man's sense of balance are vision,
muscle sense, and vestibular sense, the last-named
being a function of the inner ear (Fig. 7). Whi le

Fig. 7. The Structure of the Inner Ear
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the brain continuously co-ordinates the informa-
tion from each source, vision is the most reliable
for correct interpretation of attitude, particularly
in orientating the body i n  relation to  other
objects, fixed or moving. Muscle sense arises
from pressure changes and tension on the flesh,
joints, skin, and internal organs. The  vestibular
sense comes from a small bony structure known
as the vestibular apparatus which forms part of
the inner ear, and which gives an appreciation of
turning about any axis and indicates the direction
in which any force, such as the force of gravity,
is acting on the body. P a r t  o f  the vestibular
apparatus consists of the semi-circular canals, the
operation o f  which i s  described i n  a  later
paragraph.

Orientation in the Air
58. I n  the air the pilot experiences sensations
caused by the accelerations of his aircraft which
principally affect the vestibular and muscle
senses. Discomfort and confusion are likely to
arise if these sensations are not appreciated.

59. I n  contact flight the pilot controls the attitude
of his aircraft largely by what he sees outside the

• c o c k p i t ,  and these visual impressions are so
strong that he is only vaguely conscious of  the
reactions of the other senses. However, once his
external visual aids are lost he immediately
becomes fully aware of  the impressions of  the
vestibular and muscle senses. A s  these are only
designed to supply supplementary information to
the brain, and then only when on the ground,
their indications may well persuade him that his
attitude is entirely different from the true one
shown by his instruments. The  resulting mental
conflict will make him feel il l at ease and he is
likely to become tense on the controls, in extreme
cases to the extent of losing control of the aircraft.

I f  the pilot is to ignore these sensations he must
understand why they are unreliable, and once he
is aware of the limitations of the natural senses
his confidence is raised and his ability improved.

Vestibular Organ
60. The vestibular organ consists of two parts—
the semi-circular canals and the static organ.

61. The semi-circular canals (Fig. 8) are three
small tubes, at right angles to each other, filled
with a liquid ; one lies horizontally and registers
any movement in the yawing plane ; another lies
vertically fore-and-aft and registers any movement
in the pitching plane ; the  third lies vertically
and laterally and registers any movement in the
rolling plane. These tubes are all connected to a
liquid-filled chamber known as the common sac.
Projecting into the ends of each tube are tufts of
fine sensory hairs (Fig. 9), which will be deflected
by any movement o f  the fluid relative to the
canal ; t h e  information derived f r om  th is
deflection is transmitted to  the brain by the
nervous system.

(a) No rotation : Hairs upright—no sensation of turning. (b) Rotation • Hairs
deflected—

sensation of turning.

Fig. 9. S e m i -Circular Canal—Cross Section

Fig. 8. T h e  Vestibular Apparatus
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62. I f  the head is turned laterally the inertia of
the fluid causes it to flow through the horizontal
canal, deflecting the hairs (Fig. 10) and transmit-
ting a sense of turning to the brain. However,
once the inertia of the liquid is overcome there is
no relative motion ; therefore in a sustained turn
there is no sense o f  turning. Further, i f  the
turning motion is stopped quickly, the momentum
of the fluid causes it to have a relative flow in the
opposite direction, producing a  sensation o f
turning in a reverse direction to the original turn.

(a) (b)

(a) Constant rotation :
No acceleration and no sensation of turning.

(b) Checked rotation or

(c) Rotation in the opposite direction :
Sensation of opposite turn.

Fig. 10. E f f e c t  of Accelerations on
Sensory Hairs of  Semi-Circular Canal

(c)

63. Although this sensation is normally sup-
pressed by visual references i t  is strong during
instrument flight, particularly in the case of spin
recovery, when on checking the spin the pilot will
have a marked sensation of falling into a turn in
the opposite direction so that he may tend to
re-enter a spin or spiral in the same direction as
before. T h e  canals in the pitching and rolling
planes can give equally misleading information.
I f  the pilot changes the position o f  his head

(a) Hairs erect : Sense indications upright.
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suddenly during a turn, possibly to look quickly
upwards, he may experience the sensation of  a
flick roll or snap turn, as the movement of  his
head into a new plane in space will place a new
semi-circular canal in the plane of rotation of the
aircraft. Angu la r  accelerations o f  less than
about 2° per second have no effect on the vestibular
apparatus, so that the pilot experiences no sen-
sation i f  the entry into a turn is made sufficiently
slowly and smoothly.

64. The static organ (Fig. 11) at the bottom of
the common sac is a small liquid-filled chamber
in which minute sensory hairs project vertically
upwards ; small crystals of  a lime salt rest on
these hairs. Loads imposed on the body affect
the crystals, causing the sensory hairs t o  be
deflected, and transmitting a sensation of tilt to the
brain.

65. I n  an accurate turn the force acting on the
static organ will be still at right angles to the
wings ; the  pilot will receive no impression o f
bank or tilt. O n  the other hand, slip or skid
while the aircraft is held level will cause a lateral
displacement o f  the hairs, which wil l  lead the
pilot to feel he is banked, unless he has a visual
reference to overrule this impression.

Muscle Sense
66. Muscle sense, or deep sensibility, is merely an
attempt by the brain to  interpret the loadings
placed on the muscles, joints, and internal organs
to the body generally, in terms of attitude. I n
contact flight this sense does produce sensations
that give some guide as to attitude, but only when
cross referred to a more reliable sense, i.e. vision.

Fig. I  I. S ta t i c  Organ—Sensory Hairs
(b) Hairs ben: by offset force : Sense indication of tilt.
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Muscle sense by itself, however, cannot be relied
on to give any indication o f  aircraft attitude,
since accelerations can be imposed in a variety of
ways. For example, when flying in turbulent air,
vertical currents produce illusions o f  pitching
that will lead to over-controlling on the elevator.
Similarly, slip or  skid can produce erroneous
sensations o f  bank, while the common fault of
allowing the nose to rise after recovery from an
instrument turn can be largely traced to  the
apparent decrease in weight which occurs when
rolling out of the turn, giving an impression of
the nose dropping.

Vision
67. A s  previously stated, vision is  the most
reliable of the three senses but i t  is by no means
infallible in  the air. A t  night, for  example,
completely erroneous impressions of attitude may
be obtained from single rows of funnel lights seen
in conditions o f  restricted visibility, while in
daylight the impressions gained from glimpses of
the ground on approaches under low ceiling can
be dangerous unless carefully checked against or
completely discarded in favour of the instruments.

Hearing and Imagination
68. Under certain circumstances the sense o f
hearing can confuse the pilot, a change of noise
level being interpreted as a  change in  pitch,
attitude, o r  speed. A l l  these factors, being
somewhat indeterminate, can lead the pilot to
imagine the aircraft in all sorts of attitudes other
than the correct one.

Hypnosis
69. Hypnosis may be described as a condition of
super-attention—for the development o f  which
flight conditions are  often excellent. T h i s

•

condition is  usually brought about by over-
concentration of attention on a single instrument
such as the artificial horizon. The  technique of
cross reference does much t o  prevent any
possible onset of hypnosis, but the best method of
preventing hypnosis while on  instruments i s
relaxation, and a familiarity with all phases o f
instrument flying.

Concentration and Fatigue
70. Experience and understanding w i l l  con-
siderably reduce the tendency to take notice o f
misleading sensations regarding an  aircraft's
behaviour and attitude, for  in time the brain
subconsciously accepts the visual indications o f
attitude provided by the instruments in place of
the external references on which i t  originally
relied. W i t h  the onset o f  fatigue or  nervous
tension, however, or when unusual circumstances
distract the pilot's attention from the instrument
panel, the false sensations come to the fore, so
that instinct rather than reason may influence his
actions at a vital moment.

Conclusions
71. Apart from frequent practice—which leads
to confidence—a thorough understanding of the
causes o f  misleading impressions will greatly
assist in repressing them. Over-concentration is
the prime cause of fatigue and tenseness. I t  can
be relieved by making a conscious effort to relax
physically and mentally, maintaining instrument
cross reference, keeping a  l ight grip on  the
controls, and moving in the seat. Finally, it must
be remembered that man has relied on his senses
for years and cannot be expected, automatically,
to accept instrument indications as a substitute ;
this can only come with training, experience, and
continual practice.
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PART 2 :  SECTION 1

CHAPTER 1

TOWING AND PICKETING OF AIRCRAFT
METHODS OF TOWING

Introduction
1. Detailed instructions f o r  t he  towing o f
individual aircraft will be found in Vol. 1 of  the
Aircraft Handbook. T h e  following paragraphs
deal with the basic factors involved in towing.

Towing Bar
2. The normal method o f  towing either nose-
wheel or tail-wheel type aircraft is by a towing
arm (Fig. 1) connecting the towing vehicle with
the aircraft. One end of the towing arm has two
hooks which can be secured to extension lugs on
the nose/tail wheel fork by spring-loaded locking
pins ; a t  the other end it has a spring hook for
attachment to the towing vehicle. The spring
hook is designed so that an excessive pull releases
it automatically.

3. This type o f  towing equipment has the
advantage of : —

(a) Rigidity, thus reducing any possibility o f
the aircraft overrunning the towing vehicle.
(b) The steering being directly controlled by the
driver of the towing vehicle, since the towing
arm is connected to the tail or nose wheel of
the aircraft.

These advantages permit more precise parking
than the bridle gear described in para. 4.

Bridle Towing Gear
4. On soft or uneven ground, aircraft should be
towed by a towing bridle or wire cable attached to
the main undercarriage legs. This distributes the
towing load more evenly and imposes less strain
on the nose or tail wheel. The bridle is attached
to lugs on the main undercarriage oleo struts.
The aircraft is prepared for towing (on propeller
driven aircraft, the propellers are turned to the
most suitable position) by linking the towing
vehicle to the aircraft by the towing bridle, and
attaching a steering arm to the tail or nose wheel
(Fig. 1). T h e  towing bridle has a weak link
which normally consists o f  a length o f  cable
designed to snap before reaching a load which
would damage the aircraft.

Manhandling
5. When no  towing vehicle is  available the
towing cable can be manned by a party of aimien,
or the aircraft can be manhandled into the
required position. T h e  latter method needs
careful supervision to ensure that the airmen push
on strong parts o f  the aircraft structure only.
Damage would b e  caused b y  pushing o n
vulnerable parts such as ailerons, elevators, or
lightly made fairings.

Precautions
6. The airman in charge of an aircraft handling
party should pay particular attention t o  the
following points : —

(a) Ejection seats must be checked to ensure
that they are safe.
(b) Aircraft must never be taxied into or out of
hangars.
(c) The correct handling procedure for  the
type of  aircraft to be moved, i f  not already
known, should be obtained from Vol. 1 of  the
Aircraft Handbook.
(d) The Form 700 should be examined to see if
there is any reason why the aircraft should not
be moved ; e.g. unserviceability of  brakes or
undercarriage.
(e) The aircraft itself should be  examined
before it is moved. Tyres should be correctly
inflated, oleo leg extension checked, and
undercarriage locked down.
( f )  The ground over which the aircraft is to be
moved should be examined. Soft  ground and
slippery tarmac should, if possible, be avoided ;
but i f  an aircraft has to be moved over a
slippery surface the area should b e  wel l
sanded beforehand. T h e  path must be free
from obstructions, with additional attention
given to possible overhead obstructions such
as engine hoists and electrical cables during
manoeuvres in or close to the hangar.
(g) When an aircraft is moved by night the
navigation lights must be on, and the towing
vehicle must carry the towing signal in addition
to normal vehicle lights. T h i s  signal is an
equilateral triangle o f  red l ights shining
forward and a single white light shining to the
rear.
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Procedures
7. Handling Party. When an aircraft is to be
moved, a handling party must be detailed for the
task. Each member must be familiar with his
part. The party should consist of : —

(a) An N.C.O. or experienced aircraftman in
charge. H e  must position himself so that all
members of the team can see him throughout
the whole operation. H i s  responsibilities are
given in para. 6.
(b) An airman in the cockpit to operate the
brakes, who should check that the brake
pressure is sufficient for the operation, that the

STEERING ARM

11111111

TOWING ARN
ADAPTER

ATTN:/SILENT TO
NOSEAREEL LEG

SAFETY CATOI RELEASE
LEVER

kkk t I kA IN I1 INAPAI t t t . , . .

undercarriage is locked down, and that the
tail wheel i s  unlocked and free t o  move
directionally.
(c) An airman at each wing tip to ensure safe
obstacle clearance.
(d) A suitably qualified airman to drive the
towing vehicle.
(e) When bridle towing gear i s  used, a n
airman to control the steering arm attached
to tail or nose wheel. This airman should not
push or pull on the steering arm but should
steer according to the instructions and signals
passed to him.
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Fig. I. Typical Towing Arm and Towing Bridle
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8. Considerations when Towing. The following
precautions must be taken when towing : —

(a) The speed must not exceed walking pace.
(b) Sudden jerks on the towing apparatus must
be avoided, or the aircraft may be damaged.
(c) Turns must be smooth and of such a radius
that the inside wheel i s  not brought to  a
standstill, as this strains the structure of  the
tyre and leg. A l s o  the aircraft should be
moved straight forward for the last few feet to
avoid parking the aircraft with tyres distorted.
When a  towing bar is attached to the tail
wheel, care must be taken not to, damage the
tail surfaces.

Parking of Aircraft
9. When practicable, aircraft should be parked
facing into wind so that no part of one aircraft
overlaps any part of another ; small aircraft must
not be parked under the wings of larger ones. I f
•aircraft are parked between flights, the wheels
should be chocked fore and aft ; the brakes, i f
hot, should be released to prevent damage and,
in any case, pneumatic brakes should be released
to avoid loss of air pressure ; the cockpit canopy
should be closed ; and the pitot and static vent
covers put on. Aircraft parked for longer periods
should, if possible, also have doors and canopies
locked, wheels covered, and drip trays positioned ;
intake and jet pipe orifices should be covered.

10. After parking, a  check must be made to
ensure that electrical services, ignition switches,
and fuel cocks are turned off. Normally, before
aircraft are parked on completion o f  a day's
flying they should be disarmed and, unless their
serviceability renders it impracticable, refuelled.
Aircraft parked in the open at night should be
outlined with red obstruction lights.

PICKETING OF AIRCRAFT

Introduction
11. Aircraft are normally parked in hangars to
facilitate servicing and to protect them from the
weather. However, when hangar space is not
available, the aircraft should be picketed in the
open. Such picketing can be of a permanent or
temporary nature, but  the general principles
outlined below are applicable to both. The main
reason for picketing is to prevent the aircraft
being moved b y  strong winds. Before any
aircraft is picketed, the correct method should be
studied in Vol. 1 of the Aircraft Handbook. This

TOWING AND PICKETING OF AIRCRAFT
volume shows the  position o f  the various
anchorage attachment points. I t  is important to
note that an aircraft must not be picketed with its
wings folded, since the wings are then least
capable of supporting abnormal stresses.

General Principles of Picketing
12. The following are the general principles of
picketing applicable to all aircraft : —

(a) Place the aircraft in  the most sheltered
position available, e.g. by the side of hangars,
buildings, hedges, or other wind breaks. When
there is no shelter available, aircraft should be
picketed nose into wind.

(b) Lock the control surfaces. I f  no control
locking device is fitted, i t  is preferable to fit
external clamps to the ailerons, elevator, and
rudder, to prevent them being forced against
their stops. Alternatively the control column
and rudder bar may be lashed in the neutral
position. Whenever control locks are used,
whether improvised o r  not, prominent red
danger pennants must be fitted to indicate their
presence. O n  aircraft fitted with a lockable
tail wheel, this should be locked in the fore-
and-aft position.

(c) Place chocks in front o f  and behind the
wheels. Brakes alone are insufficient safeguard
against backward or forward movement of the
aircraft, as the brake pressure may fall owing
to a leak in the system. I f  enough chocks are
not available, mounds of earth should be used
as a  substitute or,  alternatively, the wheels
placed in hollows dug in the ground.

(d) Lash the aircraft to the picketing points.
The latter may be screw or  spiked pickets,
permanent picketing points set in the ground,
or concrete blocks fitted with iron ring attach-
ments. Failing these, stout wooden stakes, or
lengths o f  steel bar or tubing may be used.
Lashings should be of wire or rope, the former
being fitted wi th  turnbuckles t o  allow fo r
adjustment of the tension. When dry rope is
used, sufficient slack should be left to allow for
tightening when it becomes damp. Lashings
should be connected to the aircraft only at the
main anchorage attachment points (Fig. 2).

Protection of Aircraft Picketed in the Open
13. When an aircraft is picketed in the open, i t
should be protected against the weather by fitting

RESTRICTED



RESTRICTED

A.P. 129, Vol.. 2, PART 2, SECT. 1, CHAP. 1
covers to the canopy, engines, tyres, turrets, and
pressure heads (Fig. 2). To o  much snow should
not be allowed to accumulate on the aircraft
because of its weight and because, on bright days,
the sun may partly melt the snow which, when
re-frozen, is extremely difficult to remove and
may jam moving parts such as control hinges.

Unpicketing
14. When preparing an aircraft for flight after
it has been picketed in the open, all covers, control
locks, picketing lines and detachable picketing
rings are to be removed. T h e  covers, control
locks, and picketing rings should be stowed in the
aircraft i f  space is provided. Snow, hoar frost,
and ice must be removed from all surfaces.
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PART 2  : SECTION 1

CHAPTER 2

REFUELLING
Introduction
1. A  pilot may have to supervise the refuelling of
his aircraft. Th is  chapter tells the pilot enough
about fuels, oils, appliances, refuelling procedures
and precautions for this purpose.

Fuels
2. Fuels. Three types o f  fuel are in general
use : —

(a) AVGAS—Aviation gasoline.
(b) AVTUR—Aviation turbine fuel (kerosene).
(c) AVTAG—Aviation turbine gasoline.

AVGAS is divided into many grades, that used
for a particular engine being determined by the
compression ratio and maximum boost rating of
the engine, the operational role in which i t  is
employed, and the geographical locality in which
it is used. T h e  use of AVTUR or AVTAG in
gas-turbine engines is determined by the design
specification o f  the particular engine. T h e

115/145
AVGAS
34A/207

majority of gas-turbine engines may be run on
either o f  these or on AVGAS, subject to the
precautions and limitations discussed in para. 9
and detailed in Pilot's Notes.

Lubricating Oils
3. (a) A l l  piston-engine lubricating o i l s  i n

general use are labelled as AVOIL.  T h e
various grades are distinguished by the letters
and grade colours superimposed on the brown
colour o f  the containers. A V O I L  uses a
mineral or vegetable base and is a natural oil.
It is not used in gas-turbine engines.
(b) Gas-turbine engine lubricating oil is known
as AV L U B .  T h i s  o i l  i s  manufactured
chemically and has no natural source. I t  is
not used in piston engines and is capable of
working at  much higher temperatures than
AVOIL. AV L U B  will strip the dope from the
surface o f  any aircraft not provided with a
specially resistant finish.

91/96
AVGAS
34A/I33

100/130
AVGAS
34A/75

AV TAG
34A/25I

Fig. I .  F u e l  Identification Markings Carried on Refuelling Vehicles
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Identification Markings
4. (a) Fuels. W i t h  so many fuels and oils in

common use, great care is necessary to ensure
that aircraft tanks are filled with the correct
grades. To  facilitate this, the grade or octane
number of the fuel is stencilled, in red or black
figures and letters not less than one inch high,
on the aircraft close to the filling point or
connection.
(b) Lubricating Oils. Oils are identified by an
inter-service designation number (e.g. OM-170,
OX-38, etc.). Details are given in A.P.1464C,
Vol. 2. Pilots should ensure that their aircraft
are replenished with the correct fuel or  oil
according to the markings on the aircraft or on
the travelling copy o f  Form 700.

5. Refuelling Vehicles. The  markings shown in
Fig. I are used to denote the grade of fuel carried
by refuelling vehicles ; on ly  aircraft fuels are
illustrated.

Refuelling Appliances
6. Bowsers. T h e  mobile bowser in its various
forms is the normal conveyor of fuel from storage
tanks to aircraft. There are several types, but
the purpose and general layout is basically the
same. Fuel is pumped through delivery hoses by
the vehicle's main engine or a small donkey engine
housed at the rear o f  the bowser. Handling
instructions for the donkey engine are usually
printed on the inside of the housing doors. The
pumps are sometimes reversible, thus providing a
quick method o f  defuelling when necessary.
When defuelling, care should be taken to see
that the normally clean side of the fueller filter is
not contaminated.

7. Portable Fuel Tanks. Portable fuel tanks,
usually o f  50 gallons capacity, are used i n
conjunction with a  hand-pump for  refuelling
aircraft when a bowser is not available. Such a
combination might be used to refuel when flying
from a temporary base.

Emergency Use of Different Fuels
8. Piston-Engined Aircraft. The use of fuel with
a lower engine knock-rating than that quoted for
a particular engine is liable to lead to detonation
at high boost pressures o r  when using weak-
mixture settings. I n  emergency a  high-rating
fuel can be used, and details reported on return
to base.

9. Jet-Engined Aircraft. Jet-engined aircraft
will normally be cleared for the use of AVTUR
or AVTAG, and in some instances for emergency
use of 100/130 AVGAS plus 3 per cent. AVOIL.
Where the engine-speed governor is not proof
against changes in density, the change in density
between these fuels wil l  lead to  variation i n
governed r.p.m. When the density of  the fuel
used is lower than that for which the governors
were set, the engine will tend to over-speed ; and
when it is higher it will be necessary to readjust
the fuel-pump governor or accept a slight loss of
power. T h e  use of  alternative fuels in aircraft
may be subject to the embodiment o f  certain
modifications or to changes in engine handling.
Reference should therefore be made to Pilot's
Notes for the type of aircraft affected.

10. Fuel Density. Pilots must take into account
the effect on the range and endurance of  their
aircraft when using fuel o f  differing densities
(specific gravities). Pilot's Notes for the aircraft
type should be consulted whenever fuel o f  a
different density is used. Whenever in doubt of
the effects on  aircraft performance o f  using
alternative fuels, technical advice should be
sought.

Refuelling Procedure
11. Refuelling from Refuelling Vehicles. T h e
following refuelling precautions and procedures
are to be observed: —

(a) Check that the grade of fuel contained in
the refuelling vehicle is the correct grade for the
aircraft concerned.
(b) Check for water and sediment by draining,
i f  necessary.
(c) Ensure that a standard filter is fitted in the
fuel delivery system.
(d) Ensure that the refuelling nozzles, funnels,
and other equipment used in the refuelling
operation are scrupulously clean. They must
be completely free from dirt, sand, and other
grades of fuel.

12. Refuelling from Packed Stocks. I t  may
occasionally b e  necessary t o  refuel aircraft
direct from packed stocks. This usually involves
decanting fuel from rang direct through a Type B
refuelling funnel into the aircraft tank. These
small containers may sometimes be decanted into
a large tank and then pumped through afilter into
the aircraft tanks. I n  an emergency a chamois
leather may be used in place of the filter. T h e
relevant precautions contained in para. 11 are
also to be observed in full.
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13. Filling Up with AVOIL. A l l  equipment must
be kept free from sand or dust ; i f  allowed to get
into AVOIL, sand and dust are very detrimental
to engine life.

14. Replenishment Direct from Packed Stock.
Procedure is basically the same as for aviation
fuels but the following additional precautions are
to be observed : —

(a) A  funnel fitted with a gauze of appropriate
mesh is to be used when replenishing direct
from packed stocks.
(b) Because this filter w i l l  not stop water,
aircraft oil tanks are not to be replenished by
direct decanting of storage containers through
the filter funnel. T h e  methods to  be used
are : —

(i) Pumping (hand-pump) by means o f  a
stand pipe direct from the storage container,
through the filter funnel, into the aircraft
oil tank. T h e  last two inches of oil should
not be used until it has been specially filtered
and allowed to settle for 24 hours.
(ii) Decanting from the storage container
into an oil can or measure, and thence through
a filter funnel into the aircraft oil tank. The

REFUELLING
oil can o r  measure must be scrupulously
clean and careful watch kept during decant-
ing for solid matter or water globules in the
oil.

Refuelling Precautions
15. Static Electricity. Bearing in mind the fire
risk that  i s  always present during fuelling
operations, it is important to check that : —

(a) The aircraft is earthed. I n  all aircraft, the
bonding and tailwheel o r  nosewheel w i l l
provide a path to earth for static charges, but
where such bonding is not continuous, e.g.
aircraft on trestles, a simple electrical circuit
is to be completed between the fuel tanks and
the earth.
(b) The aircraft, refuelling vehicle, and delivery
nozzle should be bonded together as follows : —

(i) Delivery nozzle to aircraft (Fig. 2).
(ii) Refuelling vehicle to aircraft (Fig. 3).
(iii) Refuelling vehicle to earth.

Fig. 3 shows the vehicle to aircraft bonding wire
lying alongside the delivery pipe. The earthing
wire, connected to an earthing spike, has been
wedged securely between a wheel of the vehicle

Fig. 2. Pressure Refuelling a Hunter Aircraft
The r efue II i ng point is in the port wheel bay. N o t e  that the bonding wire on the delivery nozzle has been clipped onto

the edge of the bay.
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and the concrete surface. Alternatively, where
possible, the earthing spike can be pushed into
the ground. A  metal chain from the bowser,
hanging on the ground or the casual placing of
the earthing spike on the ground, does not ensure
the complete discharge of static electricity from
the bowser and must not be used as a means of
earthing.
(c) When a funnel is used, it has a suitable
connection for bonding it to the tank. I f  the
funnel is fitted with a chamois leather filter,
there must be no loose metal parts which are
not bonded to the body of the funnel.
(d) When fuelling by hand from small capacity
containers, these can be connected to the
funnel or some other metallic part o f  the
aircraft which is known to be earthed.

Any temporary connections must be secure and
not prone to accidental breakages while fuelling
is in progress.

16. Fire. T h e  risk of fire is a  very real one
during refuelling, and every precaution must be
taken to prevent ignition of  the inflammable
mixture. I n  addition to the bonding precautions
listed in  para. 15, the following precautions
should be observed: —

(a) Avoid spilling fuel, as this spreads the fire
risk over a greater area.
(b) Aircraft are  no t  t o  b e  refuelled ( o r
defuelled) in a hangar.
(c) Aircraft are not to be refuelled (or de-
fuelled) with engine running.
(d) Only flame-proof torches are to be used.
(e) Naked lights and smoking are not to be
permitted within 100 feet of any refuelling (or
defuelling) operation.
(f) Members of  refuelling crews are not to
carry cigarette lighters or non-safety matches
on duty.
(g) Members o f  refuelling crews should,
whenever possible, wear rubber or crepe-soled
footwear.
(h) No work on radio or electrical apparatus
in the aircraft is to be carried out while
refuelling (or defuelling).
(j) When standing close to the aircraft being
refuelled, the refuelling vehicle should face a
direction that will permit a quick getaway in
the event of fire (Fig. 3). A  trailer type bowser
must not be disconnected from its prime mover
while refuelling.

Fig. 3. Disposition of the Refuelling Crew
Note the vehicle-to-aircraft bonding wire clipped to the port undercarriage door ; t h e  fire extinguisher ; t he  chocks ;

and the position of the vehicle.
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17. General. O t h e r  simple precautions i n
connection with refuelling are : —

(a) Ensure that adequate and suitable fire-
fighting equipment is readily available before
starting to refuel.
(b) Oil tanks must not be filled to capacity, as
adequate airspace must be left to allow for
the expansion and frothing o f  the oil when
heated.
(c) Fuel caps must be replaced correctly after
refuelling has been completed.

Pressure Refuelling
18. The only basic difference between the system
for pressure refuelling on the ground and that
employed in flight is the position of  the filling
point. F o r  either system all tanks or groups of
tanks are fitted with shut-off valves, mechanically
or electrically operated. The valves give positive
fuel shut-off at the desired level and pressure
relief arrangements are also incorporated t o

REFUELLING
protect the fuel lines in the aircraft. These fuel
lines are connected together with flexible pipe
couplings which allow considerable latitude o f
alignment, damp out vibration, and maintain a
high degree of flexibility within a wide temperature
range. Wi th  a good symmetrical installation all
tanks will fill within seconds of  each other and
some method o f  indicating "tanks f u l l "  i s
incorporated.

19. When aircraft are fitted with a  pressure
refuelling system which can achieve an average
rate of 300 gallons per minute there is a quicker
turn round, with obvious advantages. However,
special refuelling equipment must  also b e
available, which tends to limit the mobility of the
aircraft.

20. When pressure refuelling is used no pre-
cautions are necessary other than ensuring that
the refuelling coupling is connected correctly and
that the bonding is complete.
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CHAPTER 3

WEIGHT AND BALANCE
Introduction
1. Although the principles explained in  this
chapter are applicable to all aircraft, it is only for
transport aircraft that the A.U.W. and C.G.
have to be calculated before each flight. Aircraft
employed on specific roles, e.g. bombers, are
loaded in accordance with Typical Service Load
Tables which are compiled by the makers and
which, provided that they are adhered to, ensure
that the aircraft's weight and C.G. are kept within
the limits. Although it  is only the transport
aircraft captain who is directly concerned with
the calculation o f  weight and balance, a l l
captains are responsible for the safety of their
aircraft and it is therefore important that they
all fully understand the factors affecting aircraft
loading.

Weight
2. Definition o f  Weight Terms. T h e  weight
terms used in the R.A.F. are defined as follows : —

(a) Tare Weight. T h e  weight of an aircraft
equipped to a  minimum scale, i.e. with all
equipment, the weight of which is listed in
column 10 of the Appendix "A" (see para. 3),
plus the weight of  coolant in the engines,
radiators, and associated systems ; residual
fuel and oil in tanks, engines, and associated
systems ; residual fluid in the de-icing systems ;
and hydraulic fluids.
(b) Operational Load. T h e  weight of equip-
ment necessarily carried by an aircraft for a
particular role. T h i s  equipment i s  that
specified in columns 7 and 9 of the Appendix
"A", less the items the weights of which are
shown in column 10.
(c) Basic Weight. T h e  tare weight o f  an
aircraft plus the specified operational load.
(d) Disposable Load. T h e  weight of crew,
consumable load, and pay load. T h e  con-
sumable load consists of fuel, oil, de-icing fluid,
drinking water, and armament missiles.
(e) Pay Load. The weight of passengers and/or
cargo.
( f )  All-Up Weight. The total weight of  an
aircraft in operating condition.

(g) Normal Maximum All-Up Weight. T h e
maximum A.U.W. a t  which an aircraft is
permitted to fly within normal design restric-
tions.
(h) Overload Weight. The maximum A.U.W.
at which an aircraft is permitted to fly subject
to ultimate flying restrictions.
(j) Take-Off Weight. T h e  A.U.W. o f  an
aircraft at the moment of take-off.
(k) Maximum T a k e -Off Weight. T h e
maximum A . U . W. ,  d u e  t o  design o r
operational limitations, at which an aircraft is
permitted to take off.
(1) Landing Weight. The A.U.W. of an aircraft
at the moment of landing.
(m) Maximum Landing Weight. The maximum
A.U.W., due to design or operational limita-
tions, at which an aircraft is permitted to land.

The normal maximum, overload, maximum
take-off, and maximum landing weights of any
aircraft are given in Pilot's Notes and Volume 1
of the appropriate airframe handbook, while for
transport aircraft these data and the basic weight
are also given i n  the aircraft's Weight and
Balance Data Book.

Appendix " A "  (Manual of  Aircraft Equip-
ment)

3. The Appendix "A" mentioned in the defini-
tions in para. 2 is an appendix to the aircraft
specifications. I t  is laid out in columns, states
the scale o f  fixed and removable equipment
required for each of the operational roles of the
aircraft, and is used for provisioning and checking
purposes. T h e  columns used for provisioning
and checking are : —

(a) Column 7. This shows the equipment, both
fixed and removable, which is transferred with
the complete aircraft, and is, within the R.A.F.,
the easiest column with which to check an
aircraft, as the quantities specified include
everything which ought to be installed in an
aircraft when it is flown from one unit to
another ; subject, of course, to any overriding
operational conditions.
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(b) Column 9. This shows the quantities of the Balance
items drawn from the operational units stocks
and installed by that unit. These items are
issued t o  an A i r  Ministry scale based on
operational requirements and they are always
easily removed from the aircraft.
(c) Column 10. This records the weights of all
items o f  equipment permanently fixed in the
aircraft. I t  will be apparent that some weights
shown in Column 10 are for equipment readily
detachable, but for policy reasons this equip-
ment must never leave the aircraft except for
repairs and is therefore classed as fixed. A l l
weights recorded in Column 10 are included in
the aircraft's tare weight.

Aircraft Weight Limitations
4. A  limitation is imposed on the A.U.W. at
which any aircraft is permitted to operate. This
limitation depends on the strength of the structural
components of  the aircraft and the operational
requirements that the aircraft is designed to meet.
I f  it is exceeded, the safety of the aircraft may be
jeopardized a n d  i t s  operational efficiency
impaired. Before each flight a  captain must
therefore check that the tare weight o f  his
aircraft—plus its removable equipment, fuel and
lubricants, crew, and any load it may be required
to carry—does not exceed the normal maximum
A.U.W. A i rcra f t  can be operated, subject to
certain flying restrictions, at an A.U.W. in excess
of the normal maximum (overload weight), but
permission for such operation is granted only in
rare circumstances.

Effect on Performance of Overloading
5. I f  the maximum A.U.W. o f  an aircraft is
exceeded, its performance will be affected in the
following ways : —

(a) The safety factor will be reduced, and the
breaking point of some structural components
may be reached as a result of g imposed during
normal manoeuvring o r  i n  conditions o f
turbulence.
(b) The stalling speed will be higher. This will
in turn entail longer take-off and landing runs.
(c) The rate of climb will be lower.
(d) The ceiling will be lower.
(e) The range and endurance will be decreased.
( f )  The performance while on  asymmetric
power will be adversely affected.

6. The importance of ensuring that the normal
maximum A.U.W. of an aircraft is not exceeded
has already been stressed ; bu t  of even greater
importance is the distribution of that weight, i.e.
the balance of the aircraft.

7. Definitions. To  understand what is meant by
"balance" as applied to aircraft it is necessary to
define the following terms : —

(a) Centre of  Pressure (C.P.)t T h e  centre of
pressure i s  the  point through which the
resultant lifting force of a wing acts.
(b) Centre of Gravity (C.G.). The C.G. is that
point in a body through which the resultant of
the weights o f  all its parts passes. A  body
suspended from this point will be in a state of
equilibrium.
(c) Arm. A n  arm is the distance, measured
along the longitudinal axis o f  an aircraft,
between some predetermined point (usually
the nose) and the C.G. either of the aircraft or
of any item of aircraft load or equipment.
(d) Moment. T h e  moment o f  a force is its
turning effect about a point. I t s  size, which is
measured in pounds feet (lb. ft.), is the product
of the force (in lb.) and the perpendicular
distance (in ft.) from the line of action of the
force to the point. Clockwise moments are
positive, and  ant i -clockwise moments are
negative.

8. Aircraft Design. I t  is not possible to design
an aircraft in which the four forces—lift, weight,
thrust, and drag—are always i n  equilibrium
during straight flight, as the positions of the C.P.
and the drag line vary with changes of the angle
of attack, while the position of the C.G. depends
on the load distribution. T h e  designer has
therefore t o  provide a  force t o  counteract
unwanted turning moments that may be set up
by these four forces. This  is the function of the
tailplane, which a lso provides longitudinal
stability for  the aircraft. T h e  design o f  the
tailplane, its elevator, and its trimmers, is such
that it can offset any turning moment set up by
the movement o f  the positions o f  the C.P. or
drag line. A l s o  i t  is capable of  offsetting any
unbalance or unstable tendencies caused by the
movements o f  the C.G., provided that such
movement is confined to certain limits. These
limits, which are specified by the makers, are
known as the C.G. limits, and they can be
ascertained from Volume 1  o f  the airframe
handbook or the aircraft's Weight and Balance
Data Book.
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9. Effects o f  Unbalanced Loading. Incorrect
loading has t h e  following effects o n  per-
formance: —

(a) C.G. too far forward (nose heavy) : —
(i) Nefessitates a larger elevator movement
for the round-out. This may be so marked
as to require a higher approach speed.
(ii) Possible over-stressing o f  the main
undercarriage wheels when the aircraft is
landed. Th is  may result in a burst tyre or
collapsed undercarriage.

(b) C.G. too far aft (tail heavy) : —
(i) The aircraft will become less stable and
may become definitely unstable. T h e
condition may lead to loss of control.
(ii) Increases pi lot  strain, particularly i n
instrument flying.
(iii) In some aircraft the increased load on
the tailplane may cause flutter.

Effect of Fuel Load on C.G. Position
10. I n  high-performance heavy aircraft, large
quantities of fuel are carried in the fuselage and
wings. A s  this fuel is used, the position of the
C.G. may change.

11. The longitudinal movement of the C.G. will
be minimized if fuel is used by selecting the tanks
in a  sequence recommended in Pilot's Notes.
This selection may in some cases be automatic.

12. Lateral movement of the C.G. will result i f
wing tanks are used unevenly. T h e  amount of
lateral displacement will depend on the distance
of the tank(s) from the longitudinal axis, and the
weight difference in comparison with the other
wing. The inertia effect of very uneven weight in
the wings will lead to changes in the oscillatory
stability of the aircraft.

B

10Ibs

Fig. I. Principle of Arms and Moments

WEIGHT AND BALANCh
13. I f  less than full fuel load is to be carried, the
fuel will have to be distributed in the tanks so
that the C.G. is kept as near as possible to its
desired position.

Determination of the C.G.
14. I n  addition to checking that his aircraft's
normal maximum A.U.W. is not exceeded, a
pilot must ensure that i t  is loaded so that its
C.G. lies within the limits and will not move
outside these either through the disposal or the
movement of the load during flight. I f  he is to be
capable of carrying out this responsibility, a pilot
must be conversant with the method used for
calculating the C.G. This is explained below.

15. The Principle of Arms and Moments. Because
the turning effect of any weight about a point of
balance is directly proportional to its distance
from that point, the moment of  a large weight
near the point of balance can be equalled by that
of a small weight at a proportionately greater
distance from the fulcrum. This is derived from
the formula : Weight  x  A r m  =  Moment.
Fig. 1 makes this clear.

16. Practical Application of the Principle. From
the formula Weight x Arm = Moment, it follows
that Arm M o m e n t— I n  practice this latterWeight
formula is used to determine the position of the
C.G. of any aircraft. Th is  position is calculated
from the weights and arms o f  the various
components o f  the aircraft, its fuel load, crew,
passengers, and any other loads or equipment.
By multiplying these weights by their respective
arms, their moments about the selected point are
found. The  sum of the moments divided by the
sum of the weights gives a resultant arm which,
when measured from the reference point about
which the moments o f  the individual weights
were calculated, locates the C.G. o f  the loaded
aircraft. A s  long as the position of  the C.G. is
within certain limits, the aircraft is safe to fly.
However, as a l l  aircraft have an ideal C.G.
position, i.e. one which allows the aircraft to give
its best flight performance, an endeavour should
be made to distribute the pay load so that this
position is obtained. Examples 1 to 3 illustrate
the practical uses of the procedure outlined above.

AB Is a lever balanced about Its fulcrum C. I f  a 40-lb. weight is suspended from a point d, 5 ft. from C, and a 10-lb. weight
from point e, 20 ft. on the ocher side of C, the lever will remain balanced. This Is because the positive moment,
10 x  20 lb. ft., tending to rotate the lever In a clockwise direction about point C Is equalled by the negative moment,
40 x  5  lb. ft., tending to rotate the lever in an anti-clockwise direction about point C.
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Weight
Weight on port wheel . . . ... 8,500 lb.
Weight on starboard wheel ... 8,500 lb.
Weight on tail wheel . . . ... 1,000 lb.

18,000

A.P. 129, VOL. 2, PART 2, SECT. 1, CHAP. 3
Example 1—Calculation of C.G. (Aircraft in

Basic Condition)
17. Raise the aircraft to its flying attitude and
select some arbitrary position, i.e. reference line,
on the longitudinal axis o f  the aircraft (e.g. at
the nose), and measure the distance, parallel to
the aircraft datum line, to points vertically above
the centres of  the undercarriage wheels. Next,
with the aircraft still in the flying attitude, find
the weight supported b y  each undercarriage
member. These weights multiplied b y  their
arms give the moments ; t h e  sum o f  these
moments divided by the total weight results in the
average arm. A  mathematical illustration is
given below.

V
1,000 LBS

The C.G. therefore lies somewhere in  a  line
passing through the longitudinal axis o f  the
aircraft at a point 20.1 ft. from the nose.

Example 2 —Calculation o f  C.G.  (Loaded
Aircraft)

18. Ascertain the weight and C.G. o f  the
aircraft in its basic condition from the aircraft's
Weight and Balance Data Book, and from these
calculate the aircraft's moment. T o  this weight
and moment add those of the aircraft's crew and
their baggage, items of the consumable load, and
items of the pay load. The total of the moments
divided by the total weight will give a distance

V
8,5001_ BS
EACH WHEEL

14--113-331▶—
50.00'

- 4 - 2 0 4 0

Ann
18.33 ft.
18.33 ft.
50.00 ft.

ta

2

Moment
8,500 x  18.33 =  155,805 lb. ft.
8,500 x  18.33 =  155,805 lb. ft.
1,000 x  50.00 =  50,000 lb. ft.

Total Moments 361,610Average Arm =  —  =  20.1 ft.Total Weight 1 8 , 0 0 0

361,610
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Weight
Basic aircraft . . . 18,000 lb.
Crew and baggage 1,000 lb.
Oil (40 imp. galls.) 360 lb.
Fuel (800 imp. galls.) 5,760 lb.
Load item 1 2,000 lb.
Load item 2 1,800 lb.
Load item 3 1,076 lb.

29,996

Arm
201 ft.
10.0 ft.
15.0 ft.

Moment
18,000 x  20.1 =  361,800 lb. ft.
1,000 x  10.0 =  10,000 lb. ft.

360 x  15.0 =  5 ,400  lb. ft.
2F6 ft. 5,760 x  21.6 = 124,416 lb.
20.0 ft. 2,000 x  20.0 = 40,000 lb. ft.
30.0 ft. 1,800 x  30.0 = 54,000 lb. ft.
40.0 ft. 1,076 x  40.0 = 43,040 lb. ft.

638,656

ft.

WEIGHT AND BALANCE
which, when measured from the reference line,
will locate the C.G. of  the aircraft in its loaded
condition. I f  this C.G. is not within the limits,
the load, or part of it, will have to be moved to a
more appropriate position, and the C.G. re-
calculated. T h e  foregoing is made clear by the
following calculation and Fig. 3 : —

C.OF G.LIMITS(AFT)
C.OF G. BASIC AIRCRAFT

LOAD ITEM.I.
C.OF G. LIMITS(FoRwARo)

OIL
CREW& BAGGAGE

2

10 -00 '1 -
-15.001
—19.001

— 2 0 . 0 0 '
-2 0 . 1 0 '
2 1  0 0 ' - I
2 1  2.8'
2 1 . 6 0 '

3 0 0 0 '
4 0 0 0 '

Fig. 3. Incorrectly Loaded Aircraft

The C.G. limits for  this hypothetical aircraft
are from 19.0 ft. to 21.0 ft. aft of the reference
line. Thus it can be seen that the C.G. o f  the
aircraft when loaded as shown i n  Fig. 3  is
outside the limits, and the load must therefore be
readjusted to make the aircraft safe to fly.

FINAL C.oFG.
FUEL

LOAD ITEM.2.

...--r.
uLt_

\LOAD ITEM .3.

Total Moment 638,656Arm = - 2 9Total Weight — 29,996 =
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Weight Arm Moment
Loaded aircraft . . . ... 29,996 lb. 21.29 ft. 638,656 lb. ft.
Deduct . . . ... 1 , 000  lb. 40.0 ft. 40,000 lb. ft.

28,996 598,656
Add ... 1 , 0 0 0  lb. 25.0 f t . 25,000 lb. ft.

A.P. 129, VOL. 2, PART 2, Sect.. 1, CHAP. 3
Example 3—Correction of the C.G. Position
19. To  correct the position of the C.G., part of
the load must be moved to a more appropriate
position in  the aircraft. F o r  example, move
1,000 lb. of load item 3 (Fig. 3) from its position
at 40.0 ft. to a position at 25.0 ft. (Fig. 4). The
new C.G. can then be calculated as follows : —

FINAL C.OF G.
C.OF G. LIMITS (FORWARD)

DATUM LINE

I 9. 0 0
2 0 7 8 '

21.001
2 5 . 0 0 '

to make last minute alterations either to the load
or its distribution.

Load Security
21. Once an aircraft has been loaded according
to the requirements explained above, the load
must remain in the same position or the C.G.

C.oF G. LIMITS (AFT)
I000LBs.FROM LOAD

ITEM .3

.1

4 0 0 0 '

\ L O A D  ITEM .3
—1000  Las.

Fig. 4. Correcting Adjustment to Aircraft Load

New Arm =  623,65629,996 =  20.79 ft.

The C.G. is now 20.79 ft. from the reference line,
and is thus within the limits, so the aircraft is
safe to fly.

Aircraft Weight and Balance Clearance Form
20. The specimen Aircraft Weight and Balance
Clearance Form (Fig. 5) illustrates the procedure
used in Transport Command for calculating the
pay load that can be carried by an aircraft on a
specific flight, and the C.G. o f  the loaded
aircraft. T h e  arrows on the diagram indicate
how the final C.G. is calculated, if it is necessary

29,996 6 2 3 , 6 5 6

may become displaced. This security of the load
can only be assured by taking into consideration
the following factors : —

(a) The acceleration and deceleration forces
affecting the load during flight.
(b) The strength of the lashing material.
(c) The position and strength o f  the lashing
points in the aircraft.
(d) The strength o f  the aircraft floor. ( A
maximum floor loading is specified for each
type o f  aircraft ; should any item o f  load
exceed this maximum owing to its density, i t
must be placed on spreaders.)
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M
0LI

PASSENGERS BAGGAGE FREIGHT MAIL TOTAL ABM MOMENT
No. WEIGHT No. WEIGHT No. WEIGHT No. WEIGHT WEIGHT

2 T 3 t 5AIRCRAFT LESS FUEL AND PAYLOAD 4 3 4 8 7 7
A
B 3 7 0 7 0 I 0. 0 0 7 0 0
C
D 7 I W O 6 190 8" 3 7 0 . I 2 9 0_1 9 . 0 0 2 4 5 I 0

E 6 900 8 240 2 160 I 3 0 0 2 7 0 0 3 5 1 0 0
F 3 470 5 180 I 84 4,- —34e-A, 1 1 0 4 3 4 0 0 3 7 5 3 6
C

A L

H
...1
K I

IOW.16 2470 • 19 610 3 244 I I 440
FUEL IN TANKS AT TAKE OFF _ _  _ 4 0 0  R /  MP GA.U.
AIRCRAFT TAKE OFF CONDITION _
ESTIMATED FUEL IN TANKS ON LANDING D E 6 / I M P .  GALc

2 8 8 0 2 1, 0 0 6 0 4 8 0
2 7 9 5 9 2 , I 5 9 3 2 0 3

7 9 2 2 I 0 0 I 6 6 3 2.110
AIRCRAFT LANDING CONDITION , 2 5 8 7 I 2 I 2 3 5 4 9 3 5 5

3 7 0 I 9 0 0
,

7 0 3 0ADDITIONS
3 7 0 3 4 0 0 I 2 5 8 0DELETIONS

2 5 8 7 6 5 3CORRECTED TAKE OFF CONDITION ..
CORRECTED LANDING CONDITION _ _  _ _  _  _ _  _  _ 2 5 8 7 I 2 I 0 2 5 4 3 8 0 5

WEIGHT AND BALANCE
R.A.F. FORM 2870
TRIPLICATE
(For Retention by Departure Point)

AIRCRAFT WEIGHT 8. BALANCE CLEARANCE
AIRCRAFT TYPE  D A K O TA  MK V I  N o .   )01675
FLIGHT No.   3 3 2   DATE  I 0 / 7 / 4 8  FROM  F A T I  D

UNIT
• T O

215 S Q U I R M
EIADEll

PART I

BASIC AIRCRAFT ( F R O M
!LLD CREW

CREW BAGGAGE
OIL
WINDSCREEN DE-ICING
WING DE-ICING FLUID_
PROP. DE-ICING FLUID
GARB. DE-ICING FLUID
DRINKING WATER
TOILET WATER

PAY L O A D  C A L C U L A T I O N  (T0  BE COMPLETED BY CAPTAIN)

LOADING DATA)_

48 W i t / I M P.

GALS.

FLUID G A L S .
U S / I M P  GALS.

3 . 5  a z / i m P  GALS.
8 .3  I f i t t I M P.  GALS.
5  ti%/IMP GALS.
3  R/IMR GALS.

I
WEIGHT
9 8

7
I
4

5
0
0
3
4

5
0
0
2
3

2
I
I

ARM I  M O M E N T
1 , 0  4  T  6  9
0,
0
6,
9 ,

0
0
0
2

0
0
0
2

7
I

6

0
0
A
3

5
0

5
0

0 0
_5_0_
9 6

3 9 6. 7 5 2 6 3
6 6 I 0 .5 8 6 9 8
5 0 I 4 ' I 9 7 I 0
3 0 4 5 , 8 3 I 3 7 5

AIRCRAFT LESS FUEL AND PAYLOAD 2 I 3 I 6 4 3 4 8 7 7

PERMISSIBLE ALL UP WEIGHT
DEDUCT:- AIRCRAFT LESS FUEL AND PAYLOAD (FROM ABOVE)
AVAILABLE FOR FUEL AND PAYLOAD _
DEDUCT FUEL IN TANKS AT TAKE OFF .  4 0 0   )DS/IMP GALS.

FUEL IN' TANKS ON LANDING I I 0   ME/IMP. GALS.
AVAILABLE FOR PAYLOAD (USE LESSER FIGURE)_

REQUIRED C.G.  POSITION  2 1 . 0 0 FT

AKE OFF LANDING
2 8  0  0  0 2 7 0 0 0
2 I

6
3
6

I
8

5
5

2 I
5

3
6

I
8

5
5

2 8  8 0

3 8  0  5 4
7 9  2
8 9 3

PART 2 L O A D  D I S T R I B U T I O N  ( T O  BE COMPLETED BY TRAFFIC OFFICER)

C.C. LIMITS:- F O R W A R D   1 9 . 9 6   FT. A F T   2 1 . 9 2   FT.

PART 3 CERTIFICATE
CERTIFIED THAT THE PAYLOAD IS DISTRIBUTED AS SHOWN IN PART 2  AND IS SAFELY SECURED.

T R A F F I C  OFFICER
CERTIFIED THAT THE TAKE OFF AND LANDING CONDITIONS SHOWN IN PART 2  ARE WITHIN THE PERMITTED
LIMITS AND THE LOAD IS SAFELY SECURED

C A P T A I N
W t  27252/P1311 2 0 M  o d 4  1 0 / 4 6  2 4  bt Ltd. 51 .2356

Fig. 5. Specimen of Aircraft Weight and Balance Clearance Form
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22. Strength of  Lashings. T o  allow for loads
imposed by turbulence, acceleration and decelera-
tion, lashings should b e  strong enough t o
withstand the following stresses : —

(a) Forward urge—four times the weight of the
load.
(b) Backward urge—twice the weight o f  the
load.

(c) Upward urge—twice the weight of the load.

(d) Sideways urge—one and a half times the
weight of the load.

Unless items of load are lashed to nearby points
the lashings may be  subjected t o  excessive
stresses.
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PART 2 :  SECTION 1

CHAPTER 4

PERSONAL PREPARATION FOR FLIGHT
Introduction
I. The successful completion o f  any fl ight
depends largely on  the thoroughness o f  the
preparations made by  the captain and crew
before take-off. The captain is finally responsible
for these preparations and i t  is his duty to see
that his crew are prepared for the intended flight.
Before flight, the pilot must be certain that : —

(a) He understands perfectly the object of the
sortie, and has done everything necessary to
achieve the object.
(b) His personal fitness is such that he will
carry out the sortie correctly and safely.
(c) The relevant order books have been read
and understood.
(d) He has received the appropriate briefings
for the flight.
(e) Al l  passengers have been briefed for the
flight and know their emergency drills.
( f )  He has sufficient knowledge of his aircraft.
(g) His flying clothing and safety equipment is
complete and in good repair.
(h) The flight has been properly authorized,
and the Form 700 checked and signed.

Personal Fitness
2. The common use of high-speed, high-altitude
aircraft increases the need for all flying personnel
to be constantly aware of their health. Mainte-
nance of the required standard of  health has a
large influence on the alertness and determination
required to obtain the best from high-performance
aircraft ; the safety of the aircraft and its crew
can be jeopardized b y  an unfit pilot. T h e
necessary standard of fitness can only be achieved
and maintained b y  moderation and regular
exercise.

Flying Order Book
3. A i r  Ministry Flying Orders, Command and
Group A i r  Staff Instructions, and the Station
Flying Order Book should be read by all personnel
before flying solo from an airfield for the first
time. These books should be read periodically to
keep abreast of new orders.

BRIEFING
Flight Planning and Air Traffic Control
4. A  flight outside the local area requires a
briefing to cover the navigation of the route and
any restrictions in the area through which the
flight is planned. T h e  briefing often takes the
the form o f  "self briefing" by  the individual
concerned, from information at his disposal in
the Flight Planning Section.

Meteorology
5. The nature of the flight will govern the amount
of meteorological information required, but in
general no flight should be undertaken without
obtaining information about the weather en
route and at the landing and alternate airfields.

6. Before finally deciding to fly, the conditions
expected on the flight should be related to the
experience of the crew, the rating of the pilot, the
equipment available i n  the aircraft, and the
facilities available for instrument approaches at
the destination.

7. I f  meteorological facilities are not available at
the departure aerodrome the information should
be obtained from the nearest airfield with such
facilities.

Passengers
8. The aircraft captain is responsible for seeing
that his passengers are fully briefed before the
flight begins. The  items to be covered during a
briefing of this kind will vary with the circum-
stances but the captain should be satisfied that
passengers understand : —

(a) That the captain o f  the aircraft is  i n
command of the aircraft and all persons in it,
irrespective of rank, whilst in flight.
(b) The use of the safety straps, and the crash
and ditching positions.
(c) The manipulation of the escape hatches, and
the dinghy position to take up for a ditching.
(d) How to fit oxygen masks and operate the
oxygen flow controls if oxygen is to be used.
(e) How to fit and operate parachutes, i f  they
are carried, and the correct exits to be used.
( f )  The no smoking or naked lights rule when
applicable.
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OTHER PREPARATIONS
Knowledge of Aircraft
9. Pilot's Notes contain details of operating data
and aircraft limitations. I t  is essential that a
pilot should have a thorough knowledge of the
Pilot's Notes for the type he is to fly. Further
information about the aircraft, its systems, and
ancillaries may be gained from Volume 1 of  the
Aircraft Handbook.

Flying Clothing
10. Royal Air Force personnel on flying duties
are issued, on loan, with the necessary flying
clothing and safety equipment. This  equipment
should at all times be well cared for and returned
for periodical inspection. Serviceability checks
should be done by the user before each flight.
The use o f  overalls and gloves when flying is
important to give some protection against flash
burns and to protect the uniform.

11. The type and amount o f  safety equipment
carried will depend on the type of aircraft and its
role. Except in approved transport aircraft para-
chutes will normally be carried and should always
be checked for serviceability; parachute harnesses
should be worn in the air. When flying over or
near water all crew members should wear life
jackets (A.M.F.O. 369/4 refers). Although Trans-

port Command a i rc ra f t ,  w h e n  carry ing
passengers, do  not normally carry parachutes,
dinghies and l i fe jackets for all passengers are
carried for flights over water.

12. Dinghy Emergency Deflating. Whenever the
dinghy pack forms part of the seat it is advisable
to carry, in an easily accessible pocket, some form
of sharp instrument that can be used to puncture a
dinghy that inflates unexpectedly.

Authorization of Flights
13. A l l  flights should be correctly authorized in
accordance with A i r  Ministry Flying Orders
Nos. 46 to 52 (see Chap. 5).

Form 700
14. Form 700 should be carefully checked im-
mediately before proceeding to the aircraft, and
the serviceability and fuel state noted before
signing. T h e  completion o f  this form by the
pilot implies his acceptance of the aircraft in the
state recorded therein (see Chap. 5).

Conclusion
15. The detailed preparations necessary before
flight are numerous and varied. A  definite
sequence should be established and adhered to,
so that the minimum effort is involved and
nothing is overlooked before flight.
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CHAPTER 5

FORM 700 AND FLIGHT AUTHORIZATION FORM (FORM 3562)

Servicing Records
1. A  comprehensive system of aircraft servicing
demands an equally comprehensive system o f
documentation to define the extent of work to be
done, and the individuals responsible for it. The
details o f  routine servicing operations a re
contained in  Basic Servicing Schedules, which
are issued by the Air Ministry for each type of
aircraft. They  show the work to be done by
each tradesman affected, and are  reviewed
constantly in the light of experience to eliminate
all unnecessary work. These schedules give the
frequency, extent, and sequence of the servicing
work considered necessary to ensure the con-
tinued fitness, or serviceability, of an aircraft and
equipment for flight.

2. The basic record of  aircraft servicing is the
Form 700. F ive  variations o f  the form are in
use

(a) Form 700C or 700E, which is the original
servicing record and is opened by the A.I.D.
inspector at the manufacturers' works.
(b) Form 700H for four-engined aircraft.
(c) Form 700G for  turbine-engined aircraft
employed in a flying training role.
(d) Form 700F f o r  piston-engined aircraft
employed in a flying training role.
(e) Form 700E for all other types of aircraft.

Form 700E is also used as the travelling copy ;
its purpose is explained in para. 6.

3. Form 700 is an important document. I t  tells
the pilot whether or not the aircraft is serviceable
for flight, the quantities o f  fuel and oil in the
tanks, the armament and oxygen state, the hours
flown or run by the engines, and the flying hours
remaining to the next periodic servicing. I t  is the
official form for declaring the aircraft unservice-
able, or  due for periodic servicing, or  repair.
Details of unserviceabilities are recorded as well
as the remedial action taken. Details of routine
work done during periodic servicings are, however,
omitted except where components have been
changed or defects have been rectified. Form 700
includes a captain's after-flight certificate for the

recording o f  faults o r  unsatisfactory charac-
teristics noticed in flight. Intelligent use of this
certificate by the captain o f  the aircraft is a
valuable aid to efficient servicing.

4. As  the Form 700 retains its identity with the
airframe, i t  records the history o f  such com-
ponents as engines and propellers while they are
part of the airframe. These latter components
have their continuous history recorded o n
individual log cards, into which are transcribed
the details from the Form 700 upon removal
from the aircraft.

5. Components serviced or replaced out of phase
with the scheduled servicings of the aircraft are
listed on a  separate table in Form 700, and
servicings or replacements are recorded. F o r m
700 also records t h e  number o f  landings
completed by each aircraft tyre.

6. For  recording any servicing done away from
base a Form 700E (marked in red ink " Travelling
Copy ") is carried in the aircraft. T h e  details
contained in  this copy are transferred to  the
current Form 700 on return. I t  is the captain's
responsibility to see that this travelling copy of
Form 700 is carried when necessary, as well as a
copy of the appropriate servicing notes.

7. For  Transport Command trunk route opera-
tion, a special Form 700 (R.F.) is the permanent
servicing record. I t  travels with the aircraft, and
provides a  complete servicing plan f o r  the
proposed flight, so that each station visited can
see from the Form 700 (R.F.) what servicing
operations are needed. Th is  form has duplicate
tear-out pages, enabling a record of servicing to
be kept a t  the staging posts abroad. ( S e e
para. 14.)

Pilot's Use of Form 700
8. The five types o f  Form 700 are basically
similar : t h e  differences are caused mainly by
the varying amount of  equipment to be carried
and serviced. The  space reserved for such items
as replenishment certificates also varies with
different aircraft and different roles.
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9. Detailed instructions for all users of Form 700
are printed on the inside of its covers and the first
three pages o f  each copy. T h e  parts o f  the
Form 700 which are of immediate interest to the
pilot are : —

(a) Fitness-for-Flight and After-Flight Certifi-
cate.
(b) Replenishment Certificates (Parts I and II).
(c) Before/After Flight, Primary/Primary Star,
and Intermediate Servicing Certificate (this
part is not used in all commands).
(d) Change of Serviceability and Repair Log.

In addition to these, the pilot will find in Form
700 a record of  the dates of major, minor, and
intermediate servicing next due ; t he  table o f
out-of-phase servicings for certain components ;
a record of  landings and history of  each tyre ;
a precis of the main particulars of all equipment
and fuels and other stores required ; and all the
installation detai ls  w i t h  t h e  appropriate
certificates.

Fitness-for-Flight and After-Flight Certificate
10. This certificate consists of four parts : —

(a) Columns 1 to 4, which are completed by
the N.C.O. or  officer in charge o f  servicing
before each flight.
(b) Column 5, which is to be signed by the pilot
before each flight and which is a certificate
that he has verified by his own inspection of
Form 700 that : —

(i) The various servicings have been certified
at the foot  o f  the Before/After Flight,
Primary/Primary Star, Intermediate Servic-
ing Certificate.
(ii) The aircraft is not shown unserviceable
in the Change of Serviceability and Repair
Log.
(iii) The time remaining unexpired before
the next periodic servicing is sufficient for
completion of the proposed flight.
(iv) The quantities o f  fuel, oi l ,  oxygen,
and armament carried are sufficient for the
proposed flight.
(v) When he is undertaking a test flight, he
is aware of all the work done on the aircraft
since its last flight.
(vi) Column 4  has been signed by  the
N.C.O. i/c servicing or the technical officer,
and that he  has noted the remarks i n
column 2, i f  any.

(c) Columns 6 to 12 are filled in and signed by
the pilot at the conclusion of each flight. A l l
unsatisfactory characteristics or faults are to be
entered in column 6 by the pilot. H e  should
indicate whether or not the aircraft is fit to fly
before the fault is rectified. When there are no
faults o r  adverse comments t o  make, the
captain enters the word "satisfactory" in the
appropriate column. The use of this certificate
is in addition to, and is not to be used as a
substitute for, the Change o f  Serviceability
and Repair Log. The right of the captain and
other members o f  the aircrew to place the
aircraft unserviceable by an entry in the Change
of Serviceability and Repair Log is unaffected
by the use o f  the After-Flight Certificate.
On aircraft fitted with ejection seats the captain's
signature in column 12 constitutes a certificate
that he has rendered the ejection seat(s) safe.
(d) Columns 13 to  19 are reserved for the
computation o f  aircraft hours, landings,
running times, and a record o f  action taken
by the servicing personnel on any entries in
column 6 made by the pilots.

Replenishment Certificate
11. Before flight the pilot must examine al l
columns o f  both parts o f  the replenishment
certificate. I n  Part 1 it records replenishments of
fuel, oil, coolant, and water/methanol and in Part
2, de-icing fluid, air, oxygen, nitrogen, photo-
graphic equipment, armament, and pyrotechnics.

Before/After Flight, Primary/Primary Star,
and Intermediate Servicing Certificate

12. Each tradesman enters his signature on the
appropriate line in accordance with the list o f
trades as specified in column 1. T h i s  signature
certifies that he has completed satisfactorily the
appropriate servicing operation as ordered. The
signature in line 35 at the bottom of the column
in use is made by the N.C.O. i/c servicing ; and
it certifies that he is satisfied that the work has
been done as stated, that the aircraft is serviceable,
and that there are no other servicing operations
due. H i s  signature is an assurance to the pilot
that the aircraft is airworthy.

Change of Serviceability and Repair Log
13. Whenever the aircraft or  any component
becomes unserviceable, the fact is recorded in
this part of the Form 700. Columns are provided
to list the unserviceabilities as well as subsequent
action taken to rectify them. When periodic
servicings (minor or major) become due, they are
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entered i n  this Change o f  Serviceability and
Repair Log. Th i s  log is the certificate of  the
state o f  the aircraft's serviceability, hence its
inspection by the pilot is essential.

Form 700 (R.F.)
14. One additional feature peculiar to Form 700
(R.F.) is the Aircraft Flight Requirements and
Servicing Certificate. Th is  is provided in dupli-
cate, the duplicate copy being perforated at the
inner edge for tear-out purposes. The captain of
the aircraft enters at the top of the page the data
of aircraft type, flying times, type of servicing and
when due. O n  the left side o f  the page he
enters the precise details of the servicing required,
listing defects i f  known, and any special require-
ments ; i f  there are none, the word N I L is
entered in the appropriate place. O n  the right
side of the page, the details of the servicing and
other work actually done to the aircraft are
entered and signed for at the foot by the unit
engineer officer t o  certify that a l l  the work
requested has been completed. The captain also
signs when he is satisfied with the aircraft and
accepts i t  for flight. Thereupon the duplicate
copy of the page is detached and retained by the
unit.

RECORD OF FLIGHT EXERCISES AND
FLYING TIMES—FORM 3562

Introduction
15. The purpose of the Record of Flight Exercises
and Flying Times (Form 3562) is to provide for
authorization o f  flights and fo r  a  record o f
flying times and exercises which may be used
when compiling personal log books, Forms 700,
and other flying records.

16. I n  the event o f  an aircraft accident or a
breach of flying discipline the relevant Form 3562
is impounded by the investigating authority and
the various signatories are held responsible for all
the implications of their respective signatures.

17. Form 3562 i s  divided in to  23 lettered
columns, (a) to (x), which fall under two main
headings : —

(a) Action before flight.
(b) Action after flight.

Action Before Flight
18. The before-flight action columns are :—

(a) Serial No. o f  Flight. Fl ights should be

numbered consecutively throughout the day.
The serial number o f  the flight recorded on
Form 700 should correspond with that on
Form 3562.
(b) Aircraft Type and Number. These should
be recorded in accordance with the details of
Form 700, e.g. Meteor 7, FS.265.
(c) Name of Captain. This is self-explanatory,
but if the captaincy is to change during a flight,
the flight must be divided into the separate
details, each showing the captain at the time
in question. T h i s  w i l l  be  necessary, f o r
instance, i n  dual  control aircraft, where
flying time is to be divided between two pilots,
each alternately carrying out instrument flying
practice while the other acts as safety pilot.
(d) Names of Pupils, Crew, or Passengers. A l l
personnel i n  the  aircraft, other than the
captain, must be recorded in this column.
(e) Duty. The nature of the duty and exercises
are to  be recorded i n  detail. Authorizing
officers should avoid using ill-defined terms
like "local flying".
( f )  Time Ordered to Take Off. Self-explana-
tory.
(g) Approximate Duration o f  Flight. S e l f -
explanatory.
(h) Initials o f  Captain Signifying that h e
Understands the Order. I n  addition to  the
orders relating t o  t h i s  particular f l ight,
A.M.F.Os. 66 to 85 cover the general authority
and responsibilities of the aircraft captain.
( j )  Initials of officer authorizing flight.

Action After Flight, Flying Times
19. The after-flight action and flying times
columns, which are self-explanatory, are : —
For Training Flights.

(k) Time of Take-Off.
(1) Time of Landing.
(m) Dual.
(n) Solo.
(o) Simulated Instrument Flying.
(p) Actual Instrument Flying.
(q) Approach - Aid Simulated Instrument
Flying.
(r) Approach-Aid Actual Instrument Flying.

For all Other Flights.
(s) Other Flying.
(t) Simulated Instrument Flying.
(u) Actual Instrument Flying.
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20. Recording of flying times is to be in accor-
dance with A.M.F.Os. 90 and 91.

21. The remaining columns are : —
(v) Duty Carried Out (D.C.O.) or Remarks.
The pilot should enter "D.C.O." i n  this
column i f  he has completed his duty ; he
should briefly give reasons if he was unable to
complete part or all of his duty.
(w) Number o f  Landings. Self-explanatory.
This information is required to record the life
of the tyres.

(x) Captain's Initials. T h e  initials o f  the
captain in this column certify that all entries
in the "action after flight" section are complete
and accurate.

Other Details
22. A t  the top of the form provision is made for
inserting the flight, squadron, and date ; and at
the bottom of the form for the flight commander's
and the checker's signatures.
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CHAPTER 6

PRE-FLIGHT CHECKS AND STARTING DRILLS

Introduction
1. This chapter deals with the checks done
before flight and the regulations, precautions, and
procedures to be used for starting aircraft engines.

Checks Before Starting
2. Before an engine is started, even for ground
test purposes, the following checks must be
made : —

(a) The Form 700 must  be scrutinized t o
ensure that the engine is fully serviceable.
(b) The aircraft should, i f  practicable, be
facing into wind. Th is  precaution will ensure
the best possible cooling in the case of piston
engines, and, in the case of jet engines, it will
prevent hot gases re-entering the engine.
(c) The aircraft should be standing on firm
ground. T h e  area must be free from loose
objects which could either be picked up by a
propeller slipstream, causing damage to the
propeller and the under-surfaces of the aircraft,
or drawn into the intake of a jet engine. A s
an additional precaution, guards may be fitted
over air  intakes not  fitted with permanent
screens. These guards must be  removed
betore flight. I n  the case of a jet aircraft with
low or inclined thrust lines the aircraft should
preferably be standing on concrete, as the
supporting surface is subjected to intense heat
as well as air blast from the jet pipe.
(d) The aircraft should be so positioned that,
while starting and taxying away, the propeller
slipstream or jet efflux will not cause damage
by blowing dust, dirt, or  other articles into
buildings, vehicles, or other aircraft.
(e) Engine, propeller, jet pipe, and air-intake
covers, and/or air-intake and jet-pipe blanking
plates must be removed before starting. O n
some jet aircraft, asbestos blankets should be
placed over the tailplane to prevent scorching
of the surface.

•( f )  Chocks should be placed securely in front
of the main wheels. They should be positioned
so that the cords are attached to the inwards
facing sides of the chocks, and the cords should
then be left extended towards the wing tips
(Fig.1). With nosewheel undercarriage aircraft
it may be necessary to chock only the nose wheel.

(g) A fire extinguisher o f  adequate capacity
must be at hand in case a fire occurs while the
engine is being started.
(h) The cockpit must be checked to ensure
that : —

(i) The undercarriage is selected "down".
(ii) The undercarriage is shown as being
locked down.
(iii) Brakes are locked on.
(iv) Sufficient brake pressure is available.
(v) Al l  ignition and master electrical switches
are off.
(vi) No services are selected which wi l l
operate when the engine starts and possibly
foul external starting equipment, e.g. air-
brakes or flaps.

U) Piston-engine propellers should be turned
by hand through two revolutions to  break
down the sticky oil film which forms on the
cylinder walls, particularly in  cold weather.
It is specially important to hand-turn radial or
inverted in-line engines to prevent damage by
hydraulic locks due to seepage of oil or fuel
into t h e  lower cylinders. Whenever t he
propeller is  moved, the engine should be
treated as "live".
(k) I f  an aircraft is fitted with an electrical
starter system, a starter battery of the correct
voltage should be in position. T h e  aircraft
batteries should, be used for starting in  an
emergency only.

3. The aircraft should be started in accordance
with Pilot's Notes fo r  the particular type o f
aircraft. I f  the aircraft is t o  be flown, the
appropriate external and internal checks should
be completed before starting.

External Checks Before Flight
4. Although the properly completed Form 700 is
an assurance that the aircraft has been serviced
and is in the state indicated by the various columns
and pages, the pilot should systematically inspect
the outside of his aircraft before flying. N o t  only
is this good airmanship but i t  also assists the
captain to assess the efficiency o f  the ground
crews ; i n  addition, a thorough external check

RESTRICTED



RESTRICTED
A.P. 129, VOL. 2, PART 2, Seer. 1, CHAP. 6
has often revealed unserviceability which, had it
gone unnoticed, could have caused subsequent
difficulty.

5. Pilot's Notes detail specific items for each
aircraft type that  should be inspected. I n
addition the following items should be included
where applicable and practical : —

(a) Fuselage.
(b) Landing gear.
(c) Landing lamps, taxy lamps, and navigation
lights.
(d) Pressure heads.
(e) Wheels.
( f )  Tyres.
(g) Engines.
(h) Aerials.
( j) Airbrakes.
(k) Slats.
(1) Flaps.
(m) Propellers.
(n) Refuelling points and drop tanks.
(o) Cockpit hoods and other transparencies.
(p) Wings and movable control surfaces.

I f  in doubt about the serviceability of any item,
expert advice should be sought.

6. Fuselage. The  fuselage should be checked to
ensure that all inspection panels are secure, not
forgetting those in the belly of the aircraft. A n y
unusual evidence of hydraulic fluid, oil, or fuel
leaks should be investigated. Protuberances
such as aerials should be looked at to ensure
security and freedom from damage ; however,
anti-icing compounds should not be wiped off
the aerials.

7. Landing Gear. The oleo-leg extension (allow-
ing for the A.U.W.) should be checked. T h e
whole assembly should be free from mud and
slush which could interfere with the operation of
micro-switches and cause other faults. Wheel
doors should be secure and undamaged. Brake
leads should be examined for any signs of leaks
or insecurity ; they should never be tugged to
check for security.

8. Wheels and Tyres. T h e  wheels should be
checked briefly for cracks or other damage. The
tyres should be free o f  cuts or other obvious
damage. T h e  amount o f  creep, i f  any, that is

present should be checked by reference to the
creep marks. I t  is important that any doubtful
feature seen on a tyre should be closely examined
and expert advice obtained. D r i e d  mud and
stones should be removed to prevent the pos-
sibility o f  wheel unbalance and subsequent
marked vibration. Chocks should be in position.

9. Landing and Taxy Lamps, Navigation Lights.
These items should be checked to ensure that the
cover glass is undamaged. Retractable lamps
should be in the fully retracted position.

10. Pressure Heads. T h e  cover should b e
removed and the item checked briefly for security
and freedom from damage. S ta t i c  vents, i f
fitted, should have their blanking plugs removed ;
there should be no turbulence-producing objects
in the vicinity, particularly ahead, of the vent.

11. Engines. The height of the engine from the
ground determines the number o f  items that
can be checked. I n  general, all panels should be
secure and there should be no evidence of excessive
fuel o r  o i l  spillage. O n  piston engines, the
exhaust stubs should be free from cracks and
corrosion ; radiators should be clean, and any
partial clogging of the radiator matrix should be
investigated. O n  radial engines the cylinders
should present a clean appearance, free from oil
and collected dust. I f  possible all air intakes
should be examined for loose objects, and the jet
pipes of gas turbines similarly checked for loose
articles and any signs o f  wrinkling o r  other
damage. T h e  jet-pipe thermocouples, i f  visible,
should show no signs of damage or burning. I f
reheat is fitted to a turbo jet engine, the reheat
assembly should also be free from obvious signs
of damage.

12. Airbrakes, Slats, and Flaps. These items
should be checked for superficial damage ; the
flaps in particular may have been damaged b y
slush thrown off the wheels or by excessive speed.
Evidence o f  such damage is shown by dents,
wrinkles, loosened rivets, or distortion. Automatic
slats should be checked for ease of operation by
moving them forward and then re-seating them—
the effort required to do both should be the same
for each slat.

13. Propellers. Beyond looking for oil leaks (on
constant-speed propellers) and damage to the
blades, there are no further checks for these
components.
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14. Wings and Control Surfaces. Since the
external finish of these components has a profound
effect o n  the  performance o f  a l l  aircraft,
particularly those capable of reaching transonic
speeds, the surfaces should be clean and smooth.
Badly flaked leading edges, insect remains and
bird droppings can a l l  affect the handling
characteristics to a marked extent. Badly fitting
inspection panels are also a source of  trouble.
The gap between the control leading edge and
the shroud extending from the fixed surface
should be constant along its length ; any obvious
difference in the width of the gap can account for
trimming peculiarities. All external control locks
must be removed ; when, because of high winds,
this cannot be done, the lock must be removed
before starting to taxy and the flying controls
checked f o r  unrestricted and fu l l  movement
over their entire range. Attention is drawn to the
warning about spring tab installations in Vol. 1,
Part 1, Sect. 1, Chap. 9,  paras. 16 and 17.
The control checks for powered control systems
are detailed in  Pilot's Notes and are vitally
important.

15. Refuelling Points and Drop Tanks. D r o p
tanks should be undamaged and secure, i.e.
there should be no movement between the tanks
and their mountings. O n  some aircraft, unless
the tank fits snugly against the airframe, control
and trimming may be affected in certain condi-
tions. Where possible refuelling points should
be checked to see that they are properly closed.

16. Cockpit Hoods and other Transparencies. Al l
these components should be spotlessly clean and
free from cracks and scratches ; a high standard
should be insisted upon and maintained. Cracks
originate chiefly from the edges o f  the trans-
parencies and small cracks can result in total
failure of the component ; this last consideration
is of utmost importance in pressure cabins.

Internal Checks Before Flight
17. The purpose o f  the internal check is to
ensure that all the main and ancillary controls
are checked before take-off. Particularly with
jet-engined aircraft having a high rate o f  fuel
consumption at idling power, as many o f  the
checks as possible, including the pre-take-off
checks, should be  done before starting the
engine.

18. Detailed check lists for each aircraft type are
contained in Pilot's Notes for the type and give
the order i n  which they should b e  done.

PRE-FLIGHT CHECKS AND STARTING DRILLS
Functional checks o f  flight instruments, oxygen
systems, etc., are contained i n  the  relevant
chapters o f  Volume 1 o f  this manual. T h e
aircraft captain is at liberty to delegate certain
checks to other members o f  the crew (e.g. the
flight engineer could check the engines, propellers,
and refuelling points), but such delegation o f
duties in  no way relieves the captain o f  his
ultimate responsibility.

Personnel Permitted to Start Engines
19. Provided that they have been tested and
certified as competent by an engineer officer, the
following personnel, in addition to pilots, are
permitted t o  start engines ; t h e y  may not,
however, taxy aircraft.

(a) Aircraft fitter and aero-engine trades—all
tradesmen.
(b) Airframe trades—warrant officers, senior
N.C.Os., chief and senior technicians.
(c) Instructors of any rank or trade at schools
of technical training, provided that they are
required to do so in the course of their duties.

Regulations Governing Engine Starting
20. A l l  personnel qualified to start engines must
observe the following regulations : —

(a) Whilst an engine is being started the pilot's
seat must be occupied by a suitably qualified
pilot or airman. This seat is not to be vacated
while the engine is running, except in emergency
or for the minimum period necessary for one
person to hand over control to another.
(b) The occupant of the pilot's seat is respon-
sible for the observance of all regulations and
precautions for engine starting.
(c) Mechanical means for starting must not be
attempted at the same time as hand cranking ;
otherwise there is risk of injury to the person
operating the handle and a  possibility o f
damage to the engine.
(d) Whenever propellers are turned by hand it
should be assumed that, regardless o f  the
position o f  ignition o r  master electrical
switches, the engine is " l ive" and liable to
start.
(e) When mechanical starters are used, the
propeller should not be touched during the
starting operation.
( f )  Loose clothing, scarves, or headgear, are
not to  be worn by any assisting personnel
outside the aircraft during starting operations.
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(g) Personnel must keep well clear o f  the
propellers, air intakes, and jet pipes during
starting, and after engines have started. They
are not to approach frontally within five yards
of the propellers o r  air  intakes, o r  within
100 yards directly astern of the jet pipes.
(It) Should a jet engine fail to start at the first
attempt, the aircraft should be moved to a new
position i f  the quantity and position o f  fuel
spilt onto the ground constitutes a fire hazard.
( j )  Any additional un i t  flying orders f o r
particular engines must be complied with.

Starting Drills
21. Internal Starters. F o r  aircraft equipped
with self-contained internal starters, e.g. cartridge
starters, the airman or N.C.O. in charge of the
starting crew should position himself in front of
the aircraft at a point where he can be seen by
both the pilot and the starting crew, and has
himself an unrestricted view of the danger areas
around the aircraft (Fig. 1).  A t  least one

additional airman must be present to assist the
airman or N.C.O. in charge to keep a constant
watch on the danger areas, to assist if an engine
fire or any other emergency occurs, and finally to
assist in the removal of chocks. Further airmen
may be needed i f  the particular aircraft o r
conditions require additional precautions.

22. Internal Starters Requiring External Assis-
tance to Operate. T h e  regulations of  para. 20
apply here, with the exception that the additional
airman/men in the starting crew wil l  give the
external assistance required. This assistance may
vary from hand cranking to operation o f  an
auxiliary power unit, and the number of airmen
required wi l l  vary with the equipment used.
Hand priming of the engine may also be necessary.
The number of  airmen required should be the
minimum necessary, first to operate the equip-
ment and secondly to ensure that each member
of the starting crew does not alter position until
the start is complete. A n y  equipment used must
be properly positioned to avoid damage to it or to
the aircraft when the engine starts.

Fig. I .  S ta r t i ng  with a Cartridge Operated Turbo-Starter

The airman is confirming with the pilot that all is clear for starting. The  second airman stands by with a fire extinguisher.
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23. Procedure. Before initiating the start the
pilot must indicate the engine to be started and
ensure that all is clear for starting by interrogation
of the airman in charge o f  the starting crew,
either verbally or  by pre-arranged signal ; h e
must then indicate, in the same way, that he is
starting. T h e  airman in charge of the starting
crew is to ensure that all is clear, relay signals,
and give orders to the starting crew.

24. Failure to Start. I f  the engine fails to start
at the first attempt it must be switched off, if this
is not done automatically by the starting system.
The procedure given in Pilot's Notes for the type
should then be completed in preparation for a
second attempt to  start ; n o  member o f  the
starting crew may touch the engine or propeller
until the airman in charge has received assurance
from the pilot that the ignition is off or that it is
otherwise safe to do so. O n  aircraft fitted with
cartridge starters additional assurance is to be
obtained that a cartridge is not selected.

25. After Starting. Af ter  starting, any auxiliary
power unit is to remain connected until otherwise
ordered by the pilot. Care is to be taken that
the unit is switched off before disconnecting.

PRE-FLIGHT CHECKS AND STARTING DRILLS
Hand-Swinging Procedure
26. Only a qualified officer or airman is allowed
to swing a propeller by hand. T h e  following
precautions should be observed when an aircraft
engine is started by this method : —

(a) The starting party should consist of  two
persons : a  qualified pilot or airman should
occupy the pilot's seat while another man,
trained in hand-swinging, should stand in front
of the propeller (Fig. 2).
(b) The aircraft should be positioned so that
the person swinging the propeller can obtain a
firm foothold for both feet.
(c) The propeller should not be touched until
both the man at the switches and the man at
the propeller are certain that the ignition
switches are in the OFF position.
(d) The propeller should be grasped near the
tip of the blade (Fig. 2).
(e) The direction of pull should make an angle
of not less than 30° with the propeller's plane
of rotation.
( f)  A propeller released while one cylinder is
on compression will swing back sharply, and
it should no t  therefore be released while

Fig. 2. H a n d -Swinging an Auster Mk. 9

Notice the position of the airman about to swing the propeller, particularly the angle that the arm makes with the propeller disc.
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Occupant of Cockpit Person at Propeller

Action Says Says 1 A c t i o n
1. Checks switches o f f ,

turns f u e l  o n ,  se t s
throttles.
Thumbs down.

"Switches off, fuel on,
throttle closed."

2. Repeats "Switches off,
fue l  o n ,  t h r o t t l e
closed."

Thumbs down. Pr imes
carb. and stands clear.

3. "Contact." Thumbs up.

4. Switches o n  impulse
magneto switch only.
Thumbs up.

Repeats " C o n t a c t "
after switch is on.

5. Stands clear, flicks pro-
peller over with one hand
until engine fires.

6. When e n g i n e  f i res ,
switches on other mag-
neto.

7. I f  engine fails to start and rich mixture is suspected.
Ensures t h a t  b o t h  , "Switches off, throttle
switches are OFF, opens I open, blow out."
throttle.

8. "Switches off, throttle
open, blow out."

Thumbs down.

9.

"Throttle closed, con-
tact."

Stands clear, turns pro-
peller backwards by flick-
ing it over with one hand
u n t i l  c y l i n d e r s  a r e
sufficiently emptied of mix-
ture ; then stands clear.
Thumbs up.

10. Closes throttle, switches
on impulse magneto.

Thumbs up.

Repeat " T h r o t t l e
closed, contact", after
switch is on.
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backward pressure is felt. T h e  propeller should
not be forced over compression by  pressure
from the shoulder.
(g) The man swinging the propeller should pull
i t  firmly and quickly over compression, follow
through with his hand, and move clear of  the

propeller—all i n  one movement. H i s  body
should not enter the propeller arc during any
part of  the movement (Fig. 3).
(h) The following table sets out the procedure
to be adopted : —

I f  an engine has not been run for some time, or i f  it is cold, i t  may be necessary to have the propeller
pulled over by hand for one or two revolutions with the ignition off, petrol on, and the throttle closed or
nearly closed. I n  this case the following sequence should come before sequence No. 3 in the above drill.

11. Checks switches O F F,
turns fue l  O N .  S e t s
throttle.
Thumbs down.

"Switches o f f ,  petrol
on, throttle closed—
suck in."

12. "Switches o f f ,  petrol
on, throttle closed—
suck in."

Primes carb. Rotates pro-
peller two or three revolu-
tions.
Stands clear.

RESTRICTED



RESTRICTED

General
27. A n  external f ire extinguisher o f  suitable
capacity must always be positioned close to an
aircraft which is being started, in case of  fire.
Any special precautions o r  procedures f o r

PRE-FLIGHT CHECKS AND STARTING DRILLS

starting the engine on a particular aircraft will be
given in Pilot's Notes and must be strictly observ-
ed. Immediately after starting, engine instruments
must be checked to ensure that temperatures and
pressures are correct and the fire warning light
must be out.

Fig. 3. Comp le t i on  of  the Swing

The airman has "followed through" so that his arm and body have carried clear of the propeller disc.
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PART 2 :  SECTION 1

CHAPTER 7

MARSHALLING OF AIRCRAFT
Introduction
1. The information required to foxy and park
an aircraft can be conveyed to a pilot by means
of hand signals. T h i s  practice is known as
-marshalling. T h e  signals used are standard
throughout the R.A.F. and are illustrated in the
appendices t o  A i r  Ministry Flying Orders
(A.P. 3296). T h e  aim o f  the marshaller is to
.assist the pilot in the safe manoeuvring o f  the
aircraft on the ground.

2. The need for marshalling assistance will be
governed by the pilot's familiarity with the taxi
track, the number of obstructions which surround
it, the size of the aircraft, and the field of  view
from the cockpit. A t  a strange airfield a pilot
can ask for taxying instructions by radio.

Marshalling Procedure—Day
3. Marshallers must  identify themselves t o
pilots by energetic waving of the arms in circular
motion. T o  facilitate identification they some-
times wear garments of distinctive colour ; i t  is
customary to supply the duty crew with yellow
jerkins, arm bands, and marshalling bats, thus
making them readily recognizable. I t  is desirable
that all airmen acting as marshallers should be
similarly equipped.

4. The type o f  marshalling w i l l  vary w i th
circumstances. To  park an aircraft in a particular
position when the approaches to i t  are clear,
the only information required by a pilot is an
indication of  where the aircraft must finally be

Fig. I. Marshalling on Unobstructed Taxi Track
The pi lot  is taxying the aircraft, in  a path o f  his own choosing, towards the final parking position indicated by the marshaller.
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stopped. This  indication should be given to the
pilot as soon as possible by the marshaller
standing on the required spot with his arms
outstretched, facing towards the final position
of the aircraft. The pilot is then free to taxy
his aircraft in a path of his own choosing to the
position indicated (Fig. 1).

5. I f  obstructions exist, two additional members
may be required to  complete the marshalling
team. They should walk on either side of  the
aircraft ahead of the wing tips and signal to the
pilot i f  there is  sufficient clearance fo r  the
aircraft t o  pass. T h i s  form o f  assistance is
particularly necessary when marshalling large
aircraft or aircraft in which the pilot cannot see
his wing tips from the cockpit.

6. I f  a taxi path is long or tortuous i t  may be
necessary t o  have a  number o f  marshallers
stationed a t  intervals acting as signposts to
direct the pilot. Pilots must beware of marshallers
attempting to direct them into a turn o f  such
small radius that they lock the inside wheel and
strain the structure o f  the undercarriage and
tyre.

Marshalling Procedure—Night
7. While taxying at night in congested areas,
detailed marshalling directions a r e  usually
desirable although the need for this is less when
taxying lights are used. I f  dispersal areas are

floodlit, marshalling assistance can be reduced
to that required in normal day operations.

8. The marshaller must be located by his wands
or torches, and this may be difficult i f  there are
many other lights around. P i lo ts  should be
careful t o  identify, positively, t h e i r  o w n
marshaller. The navigation lights should always
be on and, where possible, before entering a
dispersal it should be swept by a landing or aldis
lamp to enable the pilot to take note of possible
obstructions. However, the indiscriminate use
of landing lights may dazzle the marshaller and
limit the assistance he can give.

9. Marshallers must position themselves so that
they can be seen by the pilot at all times. T o
lessen the chance of falling they should, whenever
possible, avoid walking backwards when marshal-
ling. They must ensure that they always remain
at a safe distance from propellers and jet intakes
and exhausts, and also that they can escape i f
aircraft brakes should fail. The  aircraft should
be stopped at once i f  the pilot loses sight of the
marshaller.

Division of Responsibility
10. I t  must be clearly understood that the pilot
is in command of the aircraft and is at all times
responsible for its safety. I f  he is dissatisfied
with the directions given he is not obliged to obey
them ; he is at liberty to pursue what he considers
to be the wisest course of action.
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CHAPTER 1

AIR TRAFFIC CONTROL ORGANIZATION
(For delailed information on air traffic control refer to A.P.3024)

r

r

AIR TRAFFIC CONTROL POLICY

Introduction
1. The air  traffic control organization in  the
Royal Air Force is designed to provide, in time
of peace and war, aeronautical facilities and a
ground organization that will : —

(a) Assist pilots o f  R.A.F. aircraft t o  f ly
safely i n  a l l  weather conditions wi th the
minimum restrictions on tactical freedom.
(b) Alert emergency services and,  where
practicable, supply flight information for all
R.A.F. aircraft.
(c) Meet the requirements of air defence and
other authorities for the notification o f  air-
craft movements.

Air traffic control is exercised through air traffic
control centres and approach and aerodrome
control units by air traffic control officers who,
although not  themselves permitted to  initiate
mandatory instructions to captains of aircraft,
may relay them on behalf o f  an appropriate
authority.

Joint Military/Civil Policy
2. I n  peacetime a l l  service operations must
conform as nearly as possible to the civil regu-
lations, and the A i r  Ministry have therefore
agreed that the Royal A i r  Force shall adhere
to the international standards, regulations, and
procedures fo r  the control and operation o f
aircraft as defined by I.C.A.O. (International
Civil Aviation Organization), so long as these
do n o t  conflict w i t h  military requirements.
In implementing this policy, aeronautical facili-
ties and ground organization required in  the
United Kingdom and i n  British-administered
territories abroad for the common use of military
and civ i l  aviation may be  provided, either
jointly or  on an integrated basis, by the A i r
Ministry and the Ministry o f  Transport and
Civil Aviation in the United Kingdom and by
the A i r  Ministry and the Colonial Office i n
territories abroad. I n  a national emergency the
Royal Air  Force will take over control of that
part o f  any joint o r  integrated organization,
service o r  facility which is operated by civil
aviation.

ORGANIZATION AND FUNCTION OF
THE AIR TRAFFIC CONTROL SERVICES

International Organization
3. Throughout most parts o f  the world the
airspace has been divided into a  number o f
international flight information regions (F.I.R.),
each of which is under the jurisdiction of an air
traffic control centre (A.T.C.C.). T h e  respon-
sibility f o r  providing an  efficient a i r  traffic
control service within each of these regions lies
with the country over whose territotry or waters
it exists.

Joint Military/Civil Organization i n  t h e
United Kingdom

4. The United Kingdom has divided the inter-
national flight information region for which i t
is responsible i n t o  three national F.I .Rs.,
namely, Scottish, Preston, and London, the first
two being under the jurisdiction of joint R.A.F./
M.T.C.A., A.T.C.Cs. and the third under the
jurisdiction o f  one M.T.C.A. and two R.A.F.,
A.T.C.Cs. I n  addition, an R.A.F. sub- A.T.C.C.
handles the predominantly military air traffic in
the eastern part o f  the Preston F.I .R. T h e
civil authorites operate controlled airspaces
throughout the country, in the form of airways
and control zones, f o r  f l ight wi th in which
military aircraft must comply w i th  certain
mandatory regulations; t h e s e  are  relaxed,
whenever possible, f o r  aircraft engaged o n
special exercises. Outside these controlled air-
spaces the Royal A i r  Force provides air traffic
control service f o r  i ts own aircraft and, by
agreement, for those of  the Royal Navy flying
outside the jurisdiction of their own aerodromes.

Joint Military/Civil Organization Abroad
5. In  British-administered territories abroad, to
safeguard British military and c iv i l  aircraft
moving along international and strategic trunk
routes, and also foreign aircraft for which, by
international agreement, such safeguards must
be provided, a n  itegrated a i r  traffic control
service is provided by agreement between the
Air Ministry, the M.T.C.A., and the Colonial
Office. Th is  is operated from British A.T.C.Cs.
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In areas which lie outside British-administered
territory, but over which R.A.F. aircraft regularly
fly, certain of these British A.T.C.Cs., in addition
to their responsibilities towards aircraft flying
within their own F.I.Rs., maintain a watching
brief over a l l  R.A.F. aircraft flying within
defined areas known as R.A.F. Areas of Respon-
sibility. A s  these areas o f  responsibility often
embrace one o r  more international F.I.Rs.,
their associated British A.T.C.Cs. cannot assume
responsibility f o r  the  provision o f  in-flight
separation outside the boundaries of  their own
flight information regions.

Operational Control of R.A.F. Organization
6. Although the  general a i r  traffic control
system is based on a regional form of control,
the normal chain of command within the Royal
Air Force is from A i r  Ministry, through com-
mands and groups, to stations. Exceptionally,
the R.A.F.  elements which man the j o in t
A.T.C.Cs. i n  the  United Kingdom, known
collectively as the United Kingdom Air  Traffic
Service, are under the direct operational and
administrative control o f  Fighter Command.

Air Traffic Control Centres
7. A n  air traffic control centre is established to
provide air  traffic control service within i ts
own flight information region or area of respon-
sibility. I t  is responsible for : —

(a) The provision o f  flight information and
emergency and alert in services for all aircraft
flying within its F.I.R.
(b) The co-ordination of all diversion, emer-
gency and overdue action within its F.I.R.
and with adjacent A.T.C.Cs.
(c) The control of aircraft flying within con-
trolled airspaces under instrument f l ight
rules by day, or under any weather conditions
by night.
(d) Maintaining and having instantly avail-
able, fu l l  and up-to-date aeronautical and
meteorological information f o r  i t s  F.I.R.,
and for providing an aeronautical information
service.
(e) Reporting all breaches of air traffic control
regulations by aircraft under its jurisdiction.
(f) Maintaining a  watching brief over a l l
R.A.F. aircraft flying within its R.A.F. area
of responsibility (applicable only to  British
A.T.C.Cs. abroad).

Where air traffic control centres are operated
jointly by R.A.F. and civil elements, each will

be responsible fo r  dealing with i ts own a i r
traffic.

Unit Air Traffic Control
8. A t  R.A.F. aerodromes, air traffic control is
divided into two distinct functions, namely,
approach control and aerodrome control. A t
all except those aerodromes which have very
low intensity air traffic, watchkeeping is main-
tained i n  accordance with the "split control"
system, in which a qualified controller is respon-
sible for each function, as follows : —

(a) Aerodrome Control. T h e  supervision and
control of all traffic on the manoeuvring area,
and the control of all aircraft flying in visual
reference to the ground in the vicinity of the
aerodrome.
(b) Approach Control. T h e  control o f  a l l
aircraft taking off from, landing at, or flying
in the vicinity of the aerodrome in instrument
flight rule weather conditions (or in  visual
flight rule weather conditions for instrument
training purposes). Th i s  includes a l l  flight
patterns associated w i t h  radio o r  radar
navigation and approach aids.

At aerodromes operating split control, aircraft
approaching in I.F.R. weather conditions will
normally be handed over from approach control
to aerodrome control when they reach V.F.R.
weather conditions or clear the runway in use,
whichever i s  the earlier. Responsibility f o r
aircraft movements on the runway in  use in
I.F.R. weather conditions may, however, be
delegated to aerodrome control o r  to G.C.A.
(Ground Controlled Approach), as applicable.

9. To  assist i n  controlling aircraft taxying,
taking off, and approaching to  land, and to
control the movement of vehicular and pedestrian
traffic in the vicinity o f  the runway in use, a
runway controller, who i s  under the direct
jurisdiction o f  the aerodrome controller, i s
positioned i n  a  distinctive black and white
chequered caravan located at the downwind end
of, and to the left-hand side of, the runway in
use.

Master Aerodrome Organization in the United
Kingdom

10. In  order t o  provide emergency services
throughout t he  2 4  hours, certain selected
aerodromes, known as master diversion aero-
dromes, have been established on a geographical
basis. They provide navigational and approach
facilities and are always available t o  accept
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diversions and aircraft in emergency. Although
any R.A.F. aerodrome may be used for diversion
during its hours of availability, i t  is advisable if
possible to  use a  master aerodrome with its
fuller facilities.

Flight Information Service
11. Within flight information regions the flight
information service (F.I.S.) makes the following
information available to aircraft in flight : —

(a) Information o n  unusual o r  dangerous
weather conditions (e.g. l ine squalls, severe
turbulence, etc.).
(b) Serviceability states o f  navigational aids
and of aerodromes and their equipment.
(c) Other information pertinent to the safety
of aircraft.

Within the United Kingdom and the British
Zone of Germany, the F.I.S. is available from
the A.T.C.Cs. t o  WIT-equipped aircraft and
also t o  aircraft equipped only wi th  V.H.F.
R/T; t h e  latter may communicate with the
A.T.C.C. either direct or  through the master
and supplementary aerodromes listed in current
aeronautical documents. T h e  F.I.S. frequencies
may also be used for the passing o f  air move-
ment and air traffic clearance messages and for
the relaying o f  position reports and other
messages to and from A.T.C.Cs.

Aeronautical Information Service
12. The Aeronautical Information Service func-
tions through Aeronautical information sections
(A.I.S.) which are located a t  a l l  A.T.C.Cs.
and at certain selected flight planning sections
abroad. T h e  functions of  an A.I.S. are to : —

(a) Collect, record, and disseminate inform-
ation necessary for the safe conducts of flights.
(b) Pass t o  the  Aeronautical Information
Documents Service any information required
for publication.
(c) Make available to civil aeronautical in-
formation services such information as they
may require.
(d) Act at all times in an informatory and
advisory capacity.

The information maintained a t  an A.I.S. i s
available on  request t o  the duty a i r  traffic
control officer a t  the centre, t o  t h e  du ty
A.T.C.Os. at aerodromes, to station navigation
officers (who are responsible for flight planning
sections), and to cap a ins o f  aircraft in flight,
through the medium o f  the flight information
service.

Am TRAFFIC CONTROL ORGANIZATION
13. Stations are responsible for passing to the
appropriate A.I.S. information concerning the
establishment of, or change in the condition of,
any aerodrome under their control, any o f  its
associated navigational, approach o r  landing
equipment, any hazard to air navigation, and
any new procedure. Notices to airmen (NoTams)
are issued for the passing of information to, and
distribution by,  the A.I.S. C lass  I  NOTAMS
relate to information which becomes effective
within 48 hours, and are dispatched by signal.
Class I I  NOTAMS are used for information for
which a warning period of  48 hours or over is
allowed, and are dispatched by memorandum.
Where, however, the information refers t o  a
master aerodrome o r  i ts associated aids, t o
the distress organization, or to the flight inform-
ation service, i t  is always passed by telephone.

Aeronautical Information Documents Service
14. The Aeronautical Information Documents
(A.I.D.) Service is  responsible f o r  providing
accurate and up-to-date information on navi-
gational aids, air/ground communications and
other facilities required by  personnel directly
concerned wi th the operation and safety o f
aircraft. These documents are available in  a
lettered series which together cover those parts
of the world over which R.A.F. aircraft normally
fly, each series normally having a  distinctive
colour for ease of identification. T h e  documents
published are : —

(a) Radio Facility Charts (A.P. 3192 Series).
These contain data on radio aids to navigation,
airspace restricted areas, time-signal inform-
ation, and position reporting procedures.
They are reprinted at intervals as stated on
the General Information page of each docu-
ment.
(b) Supplementary Flight Information Docu-
ments (A.P. 3322/3). Used i n  conjunction
with radio facil i ty charts, these contain
reasonably static flight information applicable
to their area o f  coverage. Th i s  includes
meteorological data, general A.T.C. infor-
mation, emergency procedures, and notes on
desert and arctic survival, etc.
(c) Pilot's Handbooks (A.P. 3193 Series).
These contain, in loose-leaf form, instrument
approach and landing charts f o r  selected
aerodromes and also A.T.C. briefs. A d d i -
tional information on airfields is contained in
tabulated lists.
(d) Air Traffic Control Supplement (A.P. 3193
Series). T h i s  consolidates in one volume the
A.T.C. information previously contained i n

RESTRICTED ( A . L . 2 ,  Sep. '56)



RESTRICTED
A.P. 129, Vol.. 2, PART 2, SECT. 2, CHAP. 1

the Pilot's Handbooks for the United King-
dom, Europe, and Africa/Middle East.
(e) Pilot's Handbook (Jet) (A.P. 3320 Series).
This handbook contains i n  loose-leaf form
miniature approach and landing charts depict-
ing high-level let-down procedures for  air-
fields operating jet aircraft.
(f) Strip Route Charts. Covering trunk and
REFORS routes, these are produced in  min-
iature form f o r  insertion, as required, i n
Pilot's Handbooks (Jet). These charts depict
a skeleton outline of the topography between
selected staging posts and are designed to
enable jet pilots to insert appropriate frequency
data at pre-flight briefing.

15. Amendment Service. Th is  is  divided into
three parts:—

(a) NOTAMS. Class I  (Signal) and Class I I
(Memorandum) are distributed by the A.I.D.
Service.
(b) Military Aviation Notices (M.A.Ns.).
Weekly consolidated lists containing all perm-
anent amendments to radio facility charts and
supplementary flight information documents
which have been notified by NOTAMS during
the preceding seven days. Amendments to the
various documents are issued separately.
(c) Pilot's Handbook Amendments. F o r  the
A.P. 3193 series, amendments are numbered
consecutively and  issued weekly ; t h e y
contain details of new and revised instrument
approach and landing charts. Amendments
to Pilot's Handbooks (Jet) are issued as
required.

AIR TRAFFIC CONTROL
REGULATIONS

Introduction
16. Because flying, in  general is o f  a complex
nature, there are many regulations which must
be observed by  pilots and a i r  traffic control
personnel alike i f  the maximum degree of safety
is to be afforded to flying personnel and civilians,
and to property and equipment. The  sources
of these regulations, and the channels through
which they reach the R.A.F. pilot, are as fol-
lows : —

(a) Manual of  Air Force Law.
(b) Queen's Regulations and A i r  Council
Instructions.
(c) A i r  Ministry letters, A.M.C.Os. a n d
A.M.Os. ( "A"  and "N").

(d) A.P. 3296 (Air Ministry Flying Orders).
(e) Command and group air staff instructions.
(f) Station Standing Orders.
(g) Flying Order Book.
(h) Verbal or self briefing.

The regulations reproduced in this chapter are
those with the implementation of which the Air
Traffic Control Service is directly concerned.
They are all found in the sources quoted above,
and also in A.P. 3024 (Manual o f  Air  Traffic
Control) and i n  al l  current Aeronautical In-
formation Supplementary Documents.

General Flight Rules
17. Right o f  Way Rules. T h e  following are
some of the basic rules laid down to reduce the
risk of collision : —

(a) Right o f  Way Proceedure. Ai rcraf t  are
to give way to each other in the following
order : —

(i) Aeroplanes.
(ii) Helicopters.

(iii) Airships.
(iv) Tug and glider combinations.
(v) Gliders.
(vi) Balloons.

For example, aeroplanes give way to all other
types of aircraft.
(b) Converging. When two aircraft are on
paths which cross, the aircraft which has the
other on its right is to give way.
(c) Approaching Head-On. When  two air-
craft are approaching head-on, each is t o
alter heading to the right.
(d) Overtaking. A n  aircraft overtaking an-
other aircraft is to avoid the overtaken air-
craft by altering heading to the right, and is to
keep clear until all risk o f  collision is past.
Sub-para. (a) does not  apply t o  this rule.
An aircraft is overtaking another aircraft i f  it
is approaching from the rear at an angle of
less than 70° to the fore-and-aft axis o f  the
overtaken aircraft, i.e. i f  at night neither of
the overtaken aircraft's forward navigation
lights are visible.
(e) Landing. Aircraf t  in  the final stage o f
landing have the right o f  way over aircraft
in the air and on the ground. Sub-para. (a)
does not apply to this rule.
(f) Approaching to Land. T h e  aircraft at the
lower altitude on the approach has the right
of way ; normally, however, as a matter of
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courtesy, captains of light manoeuvreable air-
craft give way to the heavier types in which
the overshoot procedure is more involved.
(g) Emergency Landing. A n  aircraft seen, or
known t o  be carrying out, an  emergency
landing has the right of way over all others.

Every aircraft obliged by the above rules to
keep out of the way of another is, i f possible, to
avoid passing over o r  under the  other o r
crossing ahead of  it. T h e  aircraft having the
right o f  way should normally maintain i ts
heading and speed.

Circuit Rules
18. The airfield circuit is the airspace extending
to 3,000 ft. above airfield elevation, on a radius
of 18,000 ft .  from the centre o f  the airfield.
When flying in the circuit, a pilot is to : —

(a) Keep a sharp look-out for other aircraft
in the vicinity.
(b) Conform with or avoid the traffic pattern.
(c) During the circuit and approach make all
turns le f t  unless instructed otherwise b y
verbal or visual means.
(d) Maintain a  continuous listening watch
on the aerodrome R/T frequencies and keep
a sharp look-out for any visual signals which
may be displayed.
(e) Obtain, by R/T or visual means, authori-
zation for any movements.

Minimum Altitudes
19. Except for taking-off and landing, aircraft
are not to  be flown over built-up areas, o r
assemblies of  people, etc., unless at an altitude
that would enable them to be landed clear in the
event of an emergency landing being necessary.
In all cases, their altitude must be such that a
minimum height of 2,000 ft. above the ground
is maintained.

Flying along A.T.C. Routes
20. A n  aircraft following an air traffic route, or
being navigated by map reading along lines of
landmarks, e.g. railways, canals, coast lines,
etc., is to keep such route or line of landmarks
at least 300 yds. on its left. T h e  leader of  a
formation is to lead in such a way that all aircraft
in the formation can comply with this rule.

Altimeter Settings
21. The captain of an R.A.F. aircraft is to use
the settings QNH and Regional Pressure Setting

AIR TRAFFIC CONTROL ORGANIZATION
(R.P.S.) as follows : —

(a) QNH. Th is  is always to be set : —
(i) At R.A.F. Aerodromes in F.I.Rs. F o r

take-off, landing, and all flights in the
aerodrome traffic patterns.

(ii) At R.A.F. Aerodromes in Control Zones
and a t  a l l  Civil  Aerodromes. F o r
take-off and when cleared to land, or
at 1,500 ft. above aerodrome elevation,
whichever is the earlier.

(iii) At the transition level, where this is
prescribed under local rules.

The captain of a fighter aircraft letting-down
in an aerodrome entry and exit lane may set
the value QNH as required.
(b) Regional Pressure Settings—United King-
dom. T o  be set when : —

(i) Flying above 3,000 ft. A.M.S.L. in  a
flight information region, outside con-
trolled airspace, under Instrument Flight
Rules.

(ii) Flying more than 1,500 f t .  above
aerodrome elevation i n  a  controlled
airspace.

(iii) Engaged in a transit flight under Visual
Flight Rules and flying above 3,000 ft.
A.M.S.L. outside controlled airspace,
in a Flight Information Region.

(c) Regional Pressure Settings—Abroad. T h e
regional altimeter setting, as given i n  the
appropriate Pilot's Handbook o r  as other-
wise briefed, is to be used.

22. When passing from one altimeter setting
region to another, the captain is to reset his
altimeter to the current pressure setting for the
region he is entering.

Visual and Instruiment Flight Rules
23. To  assist in the control of aircraft all flights
are governed b y  either Visual Fl ight Rules
(V.F.R.) o r  Instrument Flight Rules (I.F.R.),
the deciding factor being the actual weather
conditions in which the aircraft is being flown,
as follows : —

(a) V.F.R. Weather Conditions. Aircraft  are
in V.F.R. weather conditions provided t h a t : —

(i) They remain at least 1 n. ml. horizon-
tally and 1,000 ft. vertically from a l l
cloud and in  a  flight visibility o f  at
least five nautical miles ; o r

(ii) They remain clear of  all cloud and in
sight of land or water, i f  in flight in a
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flight information region (outside con-
trolled airspace) below 3,000 ft.

(b) I.F.R. Weather Conditions. A i r c r a f t
are in I.F.R. weather conditions if they cannot
comply with any o f  the conditions listed in
sub-para. (a).

24. Compliance with V.F.R. and I.F.R. U n d e r
V.F.R. there is no air traffic control except at
aerodromes. When flying under such conditions,
captains of aircraft are to comply with the rules
of the air and, i f  flying en route above 3,000 ft.
A.M.S.L., are to comply with the quadrantal
separation rules (see para. 26) unless otherwise
directed. They  are t o  pass position reports
as directed in para. 27. Captains of aircraft are
to fly in accordance with I.F.R. and as far as
possible comply with the Rules of the Air when:—

(a) Flying in Instrument Flight Rule weather
conditions.
(b) Flying in a controlled airspace at night
during the hours of  watch of the controlling
authority.
(c) Flying at night outside the United King-
dom and the British Zone of  Germany.

They may, however, i f  they wish, elect to fly
in accordance with I.F.R. when flying in V.F.R.
weather conditions. They  may also f l y  i n
I.F.R. weather conditions, or at night in con-
trolled airspace during the hours of watch of the
controlling authority, without complying with
I.F.R., provided they have obtained air traffic
clearance of an appropriate flight plan from air
traffic control ; this is defined as Special V.F.R.
Flight.

25. Instrument Flight Rules. When flying i n
instrument weather conditions captains o f
aircraft are to comply as far as possible with the
rules o f  the air and with the additional rules
stated below : —

(a) When flying wi th in a  controlled a i r -
space : —

(i) A flight plan is to  be filed with air
traffic control at least 30 minutes before
E.T.D.

(ii) An air traffic clearance is to be obtained
from the appropriate air traffic control.

(iii) Captains are not to deviate from the
clearance except in emergency, in which
case the A.T.C.C. is to be notified as
soon as possible.

(iv) I f  a captain desires to modify his flight
plan he is to notify the appropriate air

traffic control authority of  any change
of : —

E.T.D. exceeding ten minutes.
Route, destination, o r  altitude.
E.T.A. exceeding five minutes.

(v) Aircraft are at all times to be under the
direction o f  the controlling authority
and a listening watch on the appropriate
frequency is  t o  be maintained. A i r -
craft are to report position when passing
specified reporting points or  when so
directed.

(b) When flying within an  F.I .R. outside
controlled airspace : —

(i) I f  at or above 3,000 ft. A.M.S.L. in the
United Kingdom, or  1,000 ft. outside
the U.K., captains o f  aircraft are to
comply wi th the quadrantal altitude
separation system, as described in para.
26.

(ii) Position reports are to be passed to the
appropriate A.T.C.C. as directed i n
para. 27.

Quadrantal Altitude Separation System
26. For flight in accordance with the quadrantal
altitude separation system, aircraft maintain
altitudes appropriate to their magnetic tracks,
with altimeter sub-scales set t o  the pressure
setting in force for the altimeter setting region
in which the flights are being undertaken, as
shown in the following table : —

Magnetic Track
000° — 089° O d d  thousands of feet.
090° — 179° O d d  thousands o f  feet

+ 500 ft.
180° — 269° Even thousands o f  feet.
270° — 359° Even thousands o f  feet

+ 500 ft.
The quadrantal system does not apply : —

(a) I n  a controlled airspace, unless so directed.
(b) I f  below 3,000 ft. in the U.K. or  below
1,000 ft. outside the U.K.
(c) When a flight is carried out under constant
radar surveillance.
(d) I n  the case of special flights and exercises
where prior notification has been made to the
appropriate A.T.C.C.

Position Reporting
27. Captains o f  aircraft are to  pass position
reports to the A.T.C.C. in whose flight inform-
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ation region they are flying, in the following
circumstances:—

(a) When a deviation from a flight plan is
necessary.
(b) At  30-minute intervals when flying over
the sea more than 10 n.m. from the coast of
the United Kingdom.
(c) On entering United Kingdom flight in-
formation regions from seaward.
(d) When crossing the U.K. coast inbound
on flights which have extended 10 n.m. from
the coast, but within the boundary of a U.K.
flight information region, and when crossing
the U.K. coast on outbound flights which are
intended to extend 10 n.m. or more from the
coast.
(e) When clearance is required into controlled
airspace, in accordance with para. 25.
(f) When flying over foreign territory, in
compliance with the reporting procedure of
the country concerned.
(g) In addition to the reports required under
sub-para. (f), captains of aircraft flying within
the designated R.A.F. areas of responsibility
defined in para. 5 are to pass position reports
to the appropriate British A.T.C.C. when
changing from one area of responsibility to
another and at intervals of one hour there-
after, or at more frequent intervals if such are
laid down by the R.A.F. authority concerned.
Note.—If two-way communication cannot be

maintained with a  foreign A.T.C.C.
while flying within an R.A.F. area of
responsibility, the appropriate British
A.T.C.C. is to be requested to relay
any messages.

28. Position reports are not required in  the
following circumstances : —

(a) When flying outside controlled airspace
over the land of the United Kingdom, or the
sea areas within 10 n.m. of the U.K. coast.
(b) By fighter aircraft operating under sector
control.
(c) By aircraft engaged on operational exer-
cises and on flights normally conducted under
the control of a group headquarters or similar
formation, i f  other arrangements have been
made for meeting the needs of the defence
organization.

29. Contents of Position Reports. Position re-
ports are to contain the following information,
in the order given.:—

AIR TRAFFIC CONTROL ORGANIZATION
(a) To A.T.C.Cs. in the United Kingdom:—

(i) Radio identification.
(ii) Position in latitude and longitude or as a

bearing and distance from an easily
identifiable landmark.

(iii) Time (G.M.T.).
(iv) Altitude.
(v) Track (M).
(vi) True airspeed.
(vii) Any other information the captain may

wish to give.
(b) To A.T.C.Cs. abroad : —

(i) Radio identification (as shown in the
flight plan).

(ii) Position (reporting point or position in
latitude and longitude).

(iii) Time position established in  minutes
past the hour (or hours and minutes
(G.M.T.) if requested).

(iv) Altitude (with additional information,
when applicable, concerning climbing or
descending to a new altitude after pass-
ing a reporting point).

(v) Flight conditions reported as one of
the following : —

No cloud at any level.
Below cloud.
Above cloud.
Between layers.
In and out of cloud.
Continuously in cloud.
Remarks concerning other conditions
such as poor visibility, icing, o r
turbulance, should be added where
appropriate.

(vi) Estimate of either : —
Time (G.M.T.) over next reporting
point in minutes past the hour, or
position next hour.

(vii) E.T.A. (G.M.T.) at the aerodrome of
first intended landing (hours and min-
utes).

(viii) Remaining fuel, in hours and minutes.
(ix) Any additional information the captain

may wish to transmit.

Compliance with Air  Traffic Control Regu-
lations Within the United Kingdom

30. The captain of an aircraft flying within the
United Kingdom is to comply with the Rules
of the Air, with Air  Ministry Flying Orders

RESTRICTED ( A . L . 2 ,  Sep. '56)



RESTRICTED
A.P. 129, VOL. 2, PART 2, SEcr. 2, CHAP. 1
(A.P. 3296), and with any air  traffic control
regulations, except when : —

(a) He considers that compliance with them
will jeopardize the safety o f  his aircraft or
when circumstances beyond his control compel
a violation.
(b) He is  operating under the radar sur-
veillance o f  a  ground controlling authority
which is in contact with the A.T.C.C. in whose
flight information region the flight is taking
place.
(c) He is engaged in an operational flight or
exercise for which special arrangements have
been made.

The captain of an aircraft using a civil aerodrome
is to comply with the civil procedures in force
at that aerodrome.

Compliance with Air  Traffic Control Regu-
lations Outside the United Kingdom

31. The captain of an aircraft flying outside the
United Kingdom is to : —

(a) Comply with the national rules o f  the
country over which he is flying, as given in
the Pilot's Handbook for  that area, o r  as
otherwise briefed.
(b) Obtain a brief from the Air Traffic Control
Service before take-off if he intends to fly in a
controlled airspace.

32. The captain o f  an aircraft flying along a
trunk route is, in  addition to complying with
the instructions in para. 31, to report his position
to the British A.T.C.C. controlling the R.A.F.
area of  responsibility in which he is flying, in
accordance wi th para. 27  (g). I n  this con-
nexion, an aircraft taking off inside the area
counts as i f  entering the area.

Violations of Air Traffic Control Regulations
33. The captain o f  an aircraft experiencing
circumstances which may lead to an unavoidable
violation of A.T.C. regulations is to inform air
traffic control by radio as soon as possible, so
that other aircraft may be safeguarded. T h e
message is to be passed by the most direct means
to the controlling authority concerned and is to
include callsign, aircraft type, position, altitude,
heading, airspeed, and relevant details o f  the
violation. A i r  traffic control is also to be in-
formed as soon as regular observance o f  the
regulations can be resumed.

34. Any violation of A.T.C. regulations is also
to be reported in writing within 24 hours, giving

full details of the incident, to the officer respon-
sible at the first point of landing.

AIR TRAFFIC CONTROL
PROCEDURES

Pre-Flight Procedures
35. Responsibilities for  Pre-Flight Action. A l l
flights are to be authorized in accordance with
para. 46 o f  A.P. 3296 (A i r  Ministry Flying
Orders). Under  n o  circumstances may this
authority be delegated to an air traffic control
officer. T h e  detailed division o f  responsibility
is as follows : —

(a) Captain and Crew of  Aircraft.
(i) Obtain a meteorological forecast from

the meteorological office.
(ii) Have the flight authorized.
(iii) Report to  the flight planning section

and carry out ful l  flight planning in
accordance with A i r  Ministry instruc-
tions.

(iv) Compile a flight plan on Form 2919, in
duplicate, where necessitated b y  the
provisions of para. 36.

(v) Notify the duty A.T.C.O. of  the flight
and if a flight plan has been filed, pass
to him one copy.

(vi) Obtain from the duty A.T.C.O. any
final air traffic instructions and any air
traffic clearance which may be necessary,
notify him o f  any corrections to  the
flight plan, and obtain his signature on
the original copy.

(b) Duty Air Traffic Control Officer.
(i) Examine the flight plan to see that all

necessary information has been i n -
cluded.

(ii) I f  air traffic clearance is required, under
the provisions of para. 37, obtain this
from the air traffic control centre.

(iii) Instruct the captain o f  the aircraft of
any a i r  traffic control requirements
applicable to the intended flight.

(iv) Sign the original copy of the flight plan
to signify that the foregoing action has
been completed.

(v) Notify the flight t o  the appropriate
authorities, in accordance with para. 38.

36. Flight Plans. A  flight plan is not required
for any flight under approved radar control.
In other circumstances, the captain of an aircraft
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Radio c/s or aircraft identification Type of aircraft Point of departure

A RAFAire, 206/tiGFKA B LIP4COLN C SLIAW is 0 rty
ROUTE DETAILS Point of first intended landing

Co C r u i s i n g  level D.R. time To (place) E G I B R A L T A R .
g 0 0 0  f t . 6 e S i PORTLAND git-i- E.T.D. A.T.D.

95'46 i t . 6 3 1  • i S T R E S
Day H  . M i n .F II Iorsloo Dey H r .  H I n .

I I
True air speed at cruising level

4g 0 0 6  f t . 0307 3 1 2 4 0 A .  0  t oc,v4/ G I G O
csock f t . 0 11 9 as I B R A I - TA R . Total DR time to point of first Intended landing

H  0  e 3 1ft.

ft.
Alternative aerodromes

1 isrgES1 Lu RA
ft.

ft.

Radio tran i t t ing frequencies
117'9/n6'4-V HT• 5 6 /  / / / . 7 / / i s  ).,' n. '  5

J  333,470•5/ 34.81- 513095 / st,c. c

is responsible that a  flight plan, made out in
duplicate on Form 2919, is completed and filed
with air traffic control as follows : —

(a) 30 minutes before take-off, for : —
(i) Flight, all or part of  which is to take

place i n  a  controlled airspace ( o r
advisory route outside the U.K.)  i n
I.F.R. weather conditions o r  at night
during the hours o f  watch o f  the
controlling authority. (Outside the
U.K. and the British Zone of Germany,
all flights at night are considered to be
under I.F.R.).

AIR TRAFFIC CONTROL ORGANIZATION
(ii) Flight, all or part of  which is to take

place over the sea, more than 10 n.m.
from any coastline.

(b) 60 minutes before take-off, for : —
(i) Flight between an aerodrome in  the

United Kingdom and an aerodrome
abroad.

(ii) Flight over foreign territory or along a
trunk route.

An example of a correctly compiled Form 2919
is shown in Fig. 1.

AIR TRAFFIC CONTROL FLIGHT PLAN
TO BE COMPLETED I N  DUPLICATE

One copy to be retained by captain of aircraft—one copy to be retained by Air Traffic Control

R.A.F. FORM 2919
1PEVISFD SEPTEMBER 1952)

Delete navigation aids not trabe used In flight

K  I  s I Z I  D V: 4 1  15144 Ly:IR G6EE L 9 7 4  RAD 8COMP
9 1 0

BASSI LOOP

Total number of crew and passengers and surname of captain of aircraf Amount of fuel on board In hours and mins.

L 10 E V A N M 2 - O o
Pilot's Instrument rating. Rank, name and appointment of any V.I.P. aboard. A n y  other pertinent information

N M A s T a a  qaee-t4

INFORMATION AND ITEMS NOT FOR TRANSMISSION
Delete rescue aids not carried In aircraft C e r t i f i e d  f l ight planning carried out

1 I

Dinghy Life R i n a l o y  h e r
Take-off time limit

2 I  Klc  3Ald ID' 4 h I " ? 6   Para-is ; W I  8

chutes

9
4 1 4  & a d d ! .  Captain. I P  G . M . T .

Alr traffic clearance instructions

...... G.M.T.

Fig. I .  Specimen Completed Flight Plan
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37. Air Traffic Clearance. T h e  permission given
by the air traffic control authorities for a flight
to proceed under specified conditions is known
as air traffic clearance. A s  the R.A.F. does not
operate controlled airspace the term applies
only to instructions issued by the civil authorities.
If  I.F.R. weather conditions are encountered
during the course of  a flight on which it  is
intended to enter controlled airspace, but for
which no flight plan was filed at the aerodrome
of departure, this may be filed by radio. Except
for flights which start from an aerodrome
situated within controlled airspace, or within
20 minutes flying time distance from its bound-
ary, controlling authorities wi l l  seldom, i f
ever, grant air traffic clearance to enter that
airspace until the captain reports at the last
reporting point before reaching the boundary.
Accordingly take-offs should not be delayed
pending receipt of the air traffic clearance of the
flight plan.

38. Flight Notification. A l l  flights, including
local training flights, and all  movements o f
aircraft within the movements area o f  the
aerodrome, are to be notified to unit air traffic
control giving as much notice as possible.
Notification may be made in writing, by telephone,
verbally, or, in exceptional circumstances, over
R/T. U n i t  air traffic control is responsible for
notifying certain aircraft movements to various
authorities, in accordance with the provisions
of A.P. 3024 (Manual of Air Traffic Control)
Section 3.

39. Special Notification. Flights which do not
conform with the rules of  the air and/or air
traffic control regulations, and which are in any
way likely to cause a hazard to aviation, e.g.
flights at night with navigation lights switched
off, air firing and bombing exercises, and flights
on operational or  special training exercises,
are to be notified to the air traffic control centre
as early as possible before their commencement
and not less than : —

(a) Two hours before their commencement
if they are to take place within the boundaries
of an officially promulgated "no-lite area",
or of a bombing or air firing range.
(b) Six hours before their commencement if
they are to take place outside the boundaries
of those officially promulgated areas, and have
previously been ' cleared by an a i r  traffic
control centre.

Such notifications may be made direct to air
traffic control centres by operating authorities,
but where they are made through unit air

traffic control due allowance is to be made for
the foregoing time limits.

40. Inclusion o f  Pilot's Instrument Rating in
Notifications. I t  is a requirement of all flight
notifications that the pilot's instrument rating,
as defined in Order No. 49 of A.P. 3296 (Air
Ministry Flying Orders), should be  stated.
While an air traffic control officer has no author-
ity to check a pilot's instrument rating against
the actual or forecast weather conditions, or to
query in any way his decision to proceed with a
flight, the knowledge of the rating enables him
to offer the maximum assistance to the pilot in
making the wisest choice of an alternate aero-
drome should a diversion be necessary.

Post-Flight Action
41. Immediately after landing, the captain of an
aircraft is to report to unit air traffic control.
If the captain of an aircraft lands at an aerodrome
other than his original destination, he is to
inform unit air traffic control of the name of
that destination. I f  landing at any place other
than an in-use aerodrome, he is to inform the
nearest air traffic control unit.

Procedures for Flight within Flight Information
Regions

42. Flight Outside Controlled Airspaces. Out-
side controlled airspaces no air traffic control
is exercised, but the following procedures are
compulsory for all captains of  aircraft:—

(a) They must observe the rules of  the air
and such other regulations as may be laid
down i n  A.P.  3296 (Air  Ministry Flying
Orders).
(b) They must pass position reports in accord-
ance with paras. 27 to 29.
(c) I f  flying at or above 3,000 ft. A.M.S.L.
within United Kingdom flight information
regions, o r  at  or  above 1,000 ft.  A.G.L.
elsewhere, in I.F.R. weather conditions, they
must comply with the quadrantal altitude
separation system, as described in para. 26.
(d) I f  flying at or above 3,000 ft. A.M.S.L.
whilst en route in V.F.R. weather conditions,
they must also comply with the quadrantal
altitude separation system unless otherwise
directed.

Outside the United Kingdom, a n  advisory
service is often available to aircraft flying in
I.F.R. weather conditions outside controlled
airspaces. Whilst the procedures to be observed
are not compulsory, the service does afford
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continuous separation between all aircraft which
are i n  communication with the A.T.C. uni t
concerned. F u l l  details o f  the service may be
found in A.P. 3193 (Air Traffic Control Supple-
ment to the Pilot's Handbook).

43. Entry into Controlled Airspace i n  I.F.R.
Conditions. I f  a  captain flying under I.F.R.
weather conditions without air traffic clearance
wishes to  enter controlled airspace, he is to
request permission t o  do  s o  when approxi-
mately twenty minutes flying time from the
controlled airspace boundary. T h e  request is
to be  accompanied b y  the position report
referred t o  i n  para. 27.  When requesting
permission to join airways, the selected entry
point must be a designated o r  "on -request"
reporting point. When requesting clearance
to cross airways, the selected crossing points
should be associated with a radio facility and
the crossing is to be made at an angle o f  90
degrees to the direction of the airway, or as near
as possible. I n  emergency, i f  unable to obtain
clearance to cross an airway, and if it cannot be
avoided, it is to be crossed at right angles at the
appropriate quadrantal altitude.

44. Flight Within Controlled Airspaces. When
flight through controlled airspaces is necessary,
captains of aircraft are responsible for acquaint-
ing themselves wi th  the relevant regulations
and procedures. These are both specialized
and complex and, since to give brief general
details in this chapter would involve the risk of
misinterpretation, aircrew who wish to study the
subject in detail are advised to consult A.P. 3024
(Manual of  Ai r  Traffic Control- 3 rd  Edition),

Ant TRAFFIC CONTROL ORGANIZATION
Section 10. F u l l  details of procedures applicable
to designated controlled airspaces are available
in the  appropriate aeronautical information
documents and in briefing and flight planning
sections.

Flights under Unit Air Traffic Control
45. A i r -to-Ground Procedures. C a p t a i n s  o f
aircraft are to carry out the following proce-
dures : —

(a) Under V.F.R. conditions : —
(i) When i n  communication w i t h  t h e

A.T.C.C. or approach control, captains
are to  report when reaching V.F.R.
conditions near an  areodrome. They
will then  b e  instructed t o  change
frequency to that of aerodrome control
unless it is desired to carry out instru-
ment approach training. Captains are
then to request permission to join the
aerodrome traffic pattern.

(ii) After landing, captains are to maintain
watch on the aerodrome control fre-
quency to receive instructions.

(b) Under I.F.R. conditions : —
(i) Captains o f  aircraft making a landing

are to remain on the approach control
frequency until clear of  the runway in
use, unless otherwise instructed b y
approach control.

(ii) Captains o f  departing aircraft are to
remain under aerodrome control while
taxying and change to approach control
only when instructed.
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Colour S i g n a l Sent by Sent to M e a n i n g

Green Intermittent R u n w a y
Controller

Aircraft P e r m i s s i o n  to taxy

Green Steady Runway
Controller

Aircraft P e r m i s s i o n  to take-off

Red Steady Runway
Controller

Aircraft S t o p

Red Intermittent Runway
Controller

Aircraft .  Ta x y  clear of  runway immedi-
 a t e l y

White Intermittent R u n w a y
Controller

Aircraft R e t u r n  to dispersal

Colour Signal Sent by I S e n t  to Meaning

Green Steady Runway
Controller

1 Aircraft Permission to land

Green Intermittent Runway
Controller

Aircraft Return for landing (followed by
steady green at proper time)

Red Steady Runway
Controller

Aircraft Do n o t  land—look o u t  f o r
other aircraft

Red Intermittent i Runway
Controller

Aircraft Landing p roh ib i ted—airfield
unsafe

A.P. 129, Vot,. PART 2, SECT. 2, CHAP. 1
Communication Procedures
46. Visual Signals. When visual control of aircraft is necessary, it is normally carried out by the
runway controller both by day and by night, but visual signals may also be given from the control
tower. T h e  following visual signals are used for the control of traffic on airfields : —

(a) Lamp Signals.

(i) By day—Aircraft on the ground.

(ii) By day—Aircraft in the air.
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Colour Signal Sent by Sent to Meaning

Green Letter of  aircraft Runway
Controller

Aircraft Permission to taxy

White Letter of aircraft on
downward identifi-
cation light '

Aircraft Runway
Controller

Request permission to taxy on
to the flare-path.

White Steady downward
identification l i g h t
switched on and left
on

Aircraft Runway
Controller

Acknowledgement of permission
to taxy

Red Letter o f  aircraft
or steady

Runway
Controller

Aircraft (a) Do not taxy on to the flare-
path.

(b) Stop.

white Letter "T" on down-
ward identification
light

Aircraft Runway
Controller

Acknowledgement o f  signal to
stop

Green Steady Runway
Controller

Aircraft Permission to take-off

-
Downward identifi-
cation l i g h t  sw i t -
ched o f f  and kept
off

Aircraft Runway
Controller

Acknowledgement o f  p e r -
mission to take-off

Red Intermittent Runway
Controller

Aircraft on
the f l a r e -
path

Taxy clear of flare-path immedi-
ately

AIR TRAFFIC CONTROL ORGANIZATION

(iii) By night—Aircraft on the ground.
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Colour Signal Sent by Sent by Meaning

White Letter o f  aircraft
on downward identi-
fication light

Aircraft Runway
Controller

Request permission to land

Green Letter o f  aircraft
or steady

Runway
Controller

Aircraft Permission to land

White Steady downward
identification l i g h t
switched on and left
on

Aircraft Runway
Controller

Acknowledgement of permission
to land

Red Letter o f  aircraft
or steady

Runway
Controller

Aircraft i n
circuit

Give way t o  other aircraft—
continue circling

White Letter "T"  ondown-
ward identification
light

Aircraft Runway
Controller

Acknowledgement o f  instruc-
tion to give way and continue
circling

Red Letter o f  aircraft
or steady

Runway
Controller

Aircraft on
final app -
roach

Do n o t  l and  (cancels per -
mission to land i f  previously
given)

— Downward iden t i -
fication l ight  swit-
ched o f f  and kept
off

Aircraft Runway
Controller

Acknowledgement o f  c a n -
cellation of permission to land;
or indicates that aircraft has
seen a  forced landing signal
from another aircraft and i s
going round again.

Red Intermittent Runway
Controller

Aircraft Total refusal o f  permission to
land

White Intermittent on
identification light
or signal lamp

Aircraft Runway
Controller

Aircraft in distress—am forced
forced to land

A.P. 129, VOL. 2, PART 2, SECT. 2, CHAP 1

(iv) By night—Aircraft in the air.
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Colors• Signal Sent by Sent to Meaning

Green Steady Runway
Controller
or Control
Tower or
Vehicle
Control

Driver of
Vehicle

Permission to move

Red S t e a d y As above As above Stop

Red Very l i g h t  ( f i r e d
horizontally)

Runway
Controller

As above Emergency Stop

Colour Signal Where Used Meaning Remarks

Red Single pyrotech-
nic l i g h t  (Ve ry
cartridge)

From the ground
at an airfield

Do not land For the time being
(Cancels a n y  p r e -
vious permission)

Red Single o r  succes-
sion o f  pyrotech-
nic l ights  ( a n y
type)

From an aircraft
over sea or land

Aircraft i n  D is -
tress

—

Green Single pyrotech-
nic l i g h t  ( Ve r y
cartridge)

By aircraft in vi-
cinity o f  airfield

By day :
Request permis-
sion to land in any
direction o t h e r
than that author-
ized.
By night : —
Request permis-
sion to land.

Only to be used when
an aircraft i s  un -
able to pass a mess-
age by R/T, W/T, or
lamp.

Green Single pyrotech-
nic l i g h t  (Ve ry
cartridge

From the ground
at an airfield

Permission grant-
ed to land

—

Green Succession o f
pyrotechnic lights
Very cartridges)

From an aircraft
over sea or  land

I have an urgent
message t o  pass
concerning t h e
safety o f  human
life.

The message m a y
concern that aircraft
or any otheraircraft,
ship, o r  vehicle, or
the safety o f  any
person on board or
in sight.

AIR TRAFFIC CONTROL ORGANISATION
(b) Signals to Vehicular Traffic. T h e  following table details the use o f  lamp and pyrotechnic
signals for the control of vehicular traffic, and applies either by day or night to vehicles on the
manoeuvring area : —

(c) Pyrotechnic Signals. Details of all standard pyrotechnic signals are contained in the Allied
Combined Publication 168A (ACP 168A), which is held in all air Traffic Control sections. W i th in
the A.T.C. Service in the Royal Air  Force the terms "White Pyrotechnics" and "Yellow Pyro-
technics" mean the same thing. I t  is to be noted, however, that the use of the white illuminating
cartridge (as distinct from the ordinary yellow Very Cartridge) i s  prohibited. Pyrotechnics
signals which directly concern air traffic control are listed in the following table : —
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Colour Signal Where Used Meaning Remarks

Green Series o f  pyro-
technic l i g h t s
(Very cartridges
at 10 second in-
tervals)

At sea or on land Aircraft t o  land
at nearest airfield

—

White Single pyrotech-
nic l i g h t  (Ve ry
cartridge or mor-
tar projectile)

From the ground
at an airfield

Local rPrtnll o f
aircraft; or  aid to
homing

This signal may be
used in fog or mist
or f o r  any  other
reason t o  indicate
the position o f  an
airfield.

White
.

Cluster o f  pyro-
technic stars (Sig-
nal rocket)

From the ground
at an airfield

Aid to homing This signal may be
used with,  o r  i n -
stead of, the single
white pyrotechnic
light to indicate the
position o f  an air-
field i n  poor visi-
bility.

White Succession o f
pyrotechnic lights
(Very cartridges)

From an aircraft
over sea or land

I am in difficulties
which compel m
to land

—

White

-

Layout o f  pyro-
technic l i g h t s
(Ground — illum-
inating flares)

On t he  landing
strip o f  an a i r -
field

Runway in use Used as an aid to
the identification of
the runway in  poor
visibility. T h e s e
flares b u r n  f o r
approx. 3 minutes.

White
Smoke

Single pyrotech-
nic (Smoke gen-
erator

From the ground
at an aerodrome

Do not land.
Runway change in
progress

Only required when,
for any reason, an
aircraft flying in the
vicinity o f  an air-
field fails t o  ack-
nowledge the warn-
ing r a d i o  b road-
cast.

White
Smoke

Single pyrotech-
nic (Smoke puff)

From the ground — May be used to act
as a wind direction
detector.

Brown
Smoke

Single pyrotech-
nic (Smoke puff)

From the ground — May be used to act
as a wind direction
detector.

A.P. 129, VoL. 2, PART 2, SEcr. 2, CHAP. I

(d) Standard Tyre-Checking Signals—By Night. Details of the procedure and signals to be used
when carrying out tyre-checking at night are contained in A.P. 3024 (3rd Edition) Chapter 15.
(e) Standard Marshalling Signals (Day and Night). F u l l  details with regard to the marshalling
signals adopted as standard throughout the Royal Air  Force are contained in A.P. 3024 (3rd
Edition), Chapter 15, and A.P. 3322, Section 3.

47. A l l  air/ground/air communications are to conform to the standard I.C.A.O. phraseologies.
Standard R/T communications for aerodrome and approach procedures are set out in the following
tables : —
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Position Aircraft to Control Control to Aircraft Aircraft to Control

1. A t  dispersal Shawbury—Potluck AB
Taxy

Potluck AB—Shawbury
Runway
QNH
Elevation

Of
Potluck AB—Shawbury
Hold

AB

AB Hold
2. A t  the mar-
shalling point

AB Take-off AB Take-off
or

AB Line up
or

AB Hold

AB Take-off

AB Line up

AB Hold
3. When leaving
the airfield
traffic pattern

AB Clearing circuit AB Regional Pressure
Setting A.B.( m b s . )

Position Aircraft to Control Control to Aircraft Aircraft to Control

1. Approaching
airfield at
range of  about
10 miles

Shawbury—Potluck AB
Joining

Potluck AB—Shawbury
Runway
QNH
Elevation

AB Runway
QNH
Elevation

2. Downwind
leg, appropriate
position, de.
pending on ,.ype
or aircraft
Normally when
abeam thy: up-
wind end o f  the
runway.

AB Downwind AB
or

AB  a h e a d
or

AB Orbit

No reply

AB  a h e a d

AB Orbit

3. On  pp. base leg
just before turn-
ingill on to
final approach

AB Final 0. 3 (or 2)
Greens 4

AB Clear to land
or

AB Continue
or

AB Round again

AB Clear land

AB Continue

AB Round again
4. Round again
procedure ini-
tiated by the
captain o f  an
aircraft

AB Round again AB No reply

5. When clear of
runway

AB Clear No reply

AIR TRAFFIC CONTROL ORGANIZATION
Table 1

STANDARD R/T PROCEDURE FOR TAKE-OFF IN VISUAL AND INSTRUMENT FLIGHT
CONDITIONS

Table 2
STANDARD R/T PROCEDURE FOR APPROACH AND LANDING IN VISUAL FLIGHT

CONDITIONS
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Position Aircraft to Control Control to Aircraft Aircraft to Control

1. Approaching
airfield at a
range of about
10 miles

Shawbury—Potluck AB
Joining

Potluck AB—Shawbury
Runway
QNH
Elevation

AB Runway
QNH
Elevation

2. — AB Request straight
approach

AB Call 5 miles
or

AB Negative, join
circuit.

AB Call 5 miles

AB Join circuit

3. When on final
approach a t  a
range of 5 miles

AB 5 miles AB Call final
or

AB Join circuit.

AB Call final

AB Join circuit
4. When on
final approach
at a range of 1
mile

AB Final AB Clear to land
or

AB Continue
or

AB Round again

AB Clear land

AB Continue

AB Round again
5. Round again
procedure initi-
ated by the
captain of an
aircraft

AB Round again AB No reply

6. When clear
of runway

AB Clear No reply

Position Aircraft to Control Control to Aircraft Aircraft to Control

1. On initial
approach, range
10 miles

Shawbury Approach,
this i s  Potluck A l fa
Bravo
(Range and heading),
altitude  f t . ,
relationship t o  c loud
 r e q u e s t
B.A.B.S.

Potluck A l f a  Bravo
this is Shawbury App-
roach, clear B.A.B.S.

ft.,
runwayQ N H
elevation  f t .

Alfa Bravo  f t .
Runway .... . QNH
Elevation  f t .

2. Over BABS
beacon a f t e r
initial approach

AB Beacon f t . AB Visibility
Cloud base
Surface wind

AB Visibility
Cloud base
Surface wind

3. Over BABS
beacon after
intermediate
approach

AB Beacon outbound
f t .

AB Minimum approach
altitude  f t .
Convert to  break off
altitude

AB Minimum approach
altitude  f t .

4. A t  a point 4
miles downwind
on QDR of
runway

AB Downwind AB Let down AB Let down

Table 3
STANDARD R/T PROCEDURE FOR STRAIGHT APPROACH AND LANDING IN VISUAL

FLIGHT CONDITIONS

Table 4
STANDARD R/T PROCEDURE FOR BABS RECIPROCAL TRACK LET-DO NN
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Position Aircraft to Control I Control  to Aircraft I A i rcraf t  to Control

5. A t  a point 4
miles on Q D M
of runway for
final approach

AB Final AB Clear  t o  l a n d
Minimum approach
altitude f t .

or
AB Clear t o  visual
Minimum approach
altitude  f t .

or
AB Round againf t .

AB Clear land Mini-
mum approach a l t i -
tude  f t .
AB Clear visual Mini-
mum approach a l t i -
tude  f t .

AB Round againf t .
ROUND AGAIN PROCEDURE

6. On pilot's
initiative

I AB Round again 1  AB Round again I  AB  f t .
f t .

Position Aircraft to Control Control to Aircraft Aircraft to Control

1. On initial
approach, range
10 miles

Shawbury Approach
this i s  Potluck A l fa
Bravo
(Range and heading),
Altitude  f t .
Relationship t o  cloud

Request B.A.B.S.

Potluck A l f a  Bravo
this is Shawbury App-
roach, Hold a t

ft. Runway
QNH
Elevation

Alfa Bravo, Hold a t
ft. Runway

QNHE l e v a t i o n
f t .

2. Over BABS
beacon after
initial approach

AB Beaconf t AB Visibility
Cloud base
Surface wind

AB Visibility
Cloud base
Surface wind

3. Over BABS
beacon after
intermediate
approach

AB Beacon outbound,
f t .

AB Minimum approach
altitude  f t .
Convert t o  break-off
altitude

AB Minimum approach
altitude  f t .

4. Holding
Pattern

— AB Descend tof t .
AB Descend to  f t .

or
AB Let down

AB f t .
AB  f t .

AB Let down
5. A t  a point 4
miles on QDM of
runway

AB Final AB Clear to land Mini-
mum approach altitude
 f t . ,

or
AB Clear to visual Mini-
mum approach altitude
 f t . ,

or
AB Round again
 f t .

AB Clear land Mini-
mum approach altitude
 f t .

AB Clear visual Mini-
mum approach altitude
 f t .

AB Round again
ft.

ROUND AGAIN PROCEDURE

6. On pilot's
initiative

AB Round again AB Round again A  I3  f t
 f t .

AIR TRAFFIC CONTROL ORGANIZATION
Table 4 (continued).

Table 5
STANDARD RIT PROCEDURE FOR BABS HOLDING AND LET-DOWN
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Position Aircraft to Control Control to Aircraft Aircraft to Control

1. O n  initial
approach when
approx. 10 mins.
flying time from
destination air-
field

Shawbury A p p r o a c h
this i s  Potluck A l f a
Bravo, Approaching
from,  Altitude
 f t .  Relationship
to cloud, E . T. A
Request S.B.A./I.L.S.

Potluck A l f a  B r a v o
this is  Shawbury Ap -
proach, Clear
S.B.A./I.L.S  at

ft, Beam heading
 ( d e g r e e s ) ,
QNH ,
Elevation

Alfa Bravo  f t .
QNH ,  Elevation
Beam heading
(degrees)

2. AB Visibility
Cloud base
Surface wind

AB Visibility
Cloud base
Surface wind

3. Over Main
Beacon on QDR
of runway

AB Main Beacon
ft.

AB Minimum approach
altitude f t .
Convert t o  break-off
altitude

AB Minimum approach
altitude  f t .

4. Over Outer
Marker on QDR
of runway

AB Downwind AB Let down AB Let down

5. Over Outer
Marker on
QDM of runway

AB Final AB Clear to land, Mini-
mum approach a l t i -
tude  f t .

or
AB Clear visual Mini-
mum approach a l t i -
tude  f t .

or
AB Round again
f t .

AB Clear land, Min i -
mum approach a l t i -
tude  f t .

AB Clear visual Mini-
mum approach a l t i -
tude  f t .

AB Round againf t .

ROUND AGAIN PROCEDURE

6. On  pilot's
initiative

AB Round again AB Round again
f t .

AB  f t .

A.P. 129, VOL. 2, PART 2, SECT. 2, CHAP. I

Table 6

STANDARD R/T PROCEDURE FOR S.B.A./I.L.S. RECIPROCAL TRARK LET-DOWN
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Position Aircraft to Control Control to Aircraft Aircraft to Control

1. On initial
approach when
approx. 10 mins.
flying time from
destination air-
field

Shawbury Approach this
is Potluck Alfa Bravo,
Approaching f r o m

, A l t i t u d e
 f t . ,  Relationship
to cloud, E.T.A
R e q u e s t  S.B.A./
I.L.S.

Potluck A l f a  B r a v o
this i s  Shawbury Ap-
roach, Clear  S.B.A./
1.L.S., Hold at  f t . ,
Beam heading
(deg.), Q N H ,
Elevation

ABf t .  QNH
Elevation  f t .
Beam heading

(deg.)

2. AB Visibility
Cloud base
Surface wind

AB Visibility
Cloud base
Surface wind

3. Holding
Pattern

AB  f t AB Minimum approach
altitude  f t .
Convert t o  break-off
altitude.
AB Descend to  f t .

AB Minimum approach
altitude  f t .

AB  f t .

4. When at new
altitude

AB  f t . AB
or

AB Descend to  f t .
or

AB Let down

AB  f t .

AB Let down

5. Over Outer
Marker on QDM
of runway

AB Final AB Clear to land, Mini-
mum approach a l t i -
tude  f t .

or
AB Clear to visual Mini-
mum approach a l t i -
tude  f t .

or
AB round againf t

AB Clear land, M in i -
mum approach a l t i -
tude  f t .

AB Clear visual, Mini-
mum approach a l t i -
tude  f t .

AB round again f t .
ROUND AGAIN PROCEDURE

6. On  pilot's
initiative

AB round again AB round again
f t .

AB  f t .

AIR TRAFFIC CONTROL ORGANIZATION

Table 7

STANDARD R/T PROCEDURE FOR S.B.A./I.L.S. HOLDING AND LET-DOWN
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Position Aircraft to Control Control to Aircraft Aircraft to Control

Prior t o
approach

initial Shawbury Approach this
is Potluck Alfa Bravo,
Request controlled des-
cent through cloud

Potluck Alfa Bravo this
is Shawbury Approach,
Request altitude a n d
in-flight conditions

AB at

I.F.R. or V.F.R.

ft.

Initial approach. — AB Steer ( d e g . ) , AB( n i b s . )
Homing at or Regional Pressure
appropriate AB Now at  f t . Setting  ( m b s . )
altitude (Minimum Safe Quad-

rantal Altitude).

Homing — AB Weather a t  base,
Cloud ,
Visibility

AB (acknowledges)

Homing — AB Minimum approach
altitude  f t . ,
Convert t o  b reak -off
altitude

ABf t .  (M.A.A.)

Homing — AB Type and endurance AB  ( t y p e )
 ( e n d u r a n c e )
(in hours and minutes)

Homing — AB Steer  ( d e g . )
or

Maintain

Homing — AB Check gyro AB
(acknowledges)

Homing — AB Steer ( d e g . )
or

Maintain

AB (acknowledges)

Table 8
STANDARD R/T PROCEDURE FOR LOW-LEVEL CONTROLLED DESCENT THROUGH CLOUD

(Q.G.H.)

Note.—ExcEPT IN EMERGENCY, i f  the aircraft is below the minimum safe quadrantal altitude for its
direction of approach to the airfield, the pilot will not be given initial homing assistance by
the controller.

He will be instructed as follows:—
"AB Circle and climb to f e e t  (Minimum Safe Quadrantal Altitude), Regional
Pressure Setting( m b s . ) ,  and advise".

The procedure will then be as follows : —

Note.—The form of acknowledgements Aircraft to Control are to be left to the pilot. When C.R.
D/F is being used, acknowledgements may be reduced to the pilot's rallsign only, but Pressure
Settings (R.P.S. and Q.N.H.) and Vital Altitudes (M.A.A.) are always to be read back by the
pilot to ensure accuracy.
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Position A i r c r a f t  to Control Control to Aircraft Aircraft to Control

— AB Reduce to low safe
cruising

AB (acknowledges)

— AB QNH( m b s . )
Airfield elevation
f t .

AB( m b s . )
f t .

AB Stand by to turn
Left/Right on to
 ( d e g . )

AB (acknowledges)

0 \ erhead i — AB Turn now Left/
Right on to( d e g . )
and advise

AB (acknowledges)

— AB Descend to AB ( f t ) .
(ft.) QNH( m b s . ) (mbs.)
Airfield elevation
(ft.) (Used when i t  is
desirable to reduce ex-
cess altitude during
intermediate approach)

Outbound AB Turn complete now
steering( d e g . )

AB Steer( d e g . )
or

AB  ( f n .

Maintain
Descend to  ( f t . )
and advise. (This alti-
tude is  t o  clear the
highest terrain in  the
QGH approach area by
2,000 ft.)

AIR TRAFFIC CONTROL ORGANIZATION

Note.—The pilot will then be homed by A.T.C. until the D/F equipment gives an indication that the
aircraft is getting close. The  procedure will then be as follows : —

Table 8 (continued)

Note.—The aircraft will be allowed to overfly the "No bearing" srea, transmitting on request. When
the first reciprocal QDM is obtained the procedure will then be as follows : -

Note.—If the aircraft is on the "Approach Area" side of the airfield the controller will start timing
the outbound run using a stop-watch ; and will apply corrections to place and keep the
aircraft within the "Approach Area". When the timed run outbound is almost complete,
the controller will advise the pilot as follows : —

Outbound AB Stand by to turn
Left ( o r  i n  certain
cases Right) o n  t o
 ( d e g . )

AB (acknowledges)
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Note.—When the timed run outbound has expired the controller will advise the pilot as follows:—
Table 8 (continued)

Position Aircraft to Control Control to Aircraft Aircraft to Control

— AB Tu r n  n o w  Le f t /
Right on to( d e g . )
and advise.
Descend in turn to
ft. ( T h i s  altitude i s
to clear t h e  highest
terrain i n  t h e  Q G H
approach a r e a  b y
1,500 ft.)

AB (acknowledges)

Inbound AB T u r n  complete
now steering
( d e g s . )

AB Steer  ( d e g . )
or

Maintain
Descend to  f t .
and advise. (This alti-
tude i s  t o  clear the
highest terrain i n  the
QGH approach area by
1,000 ft.)

AB (acknowledges)

Inbound AB  f t . AB Steer( d e g . )
or

Maintain
Descend t o  V i s u a l
Minimum A p p r o a c h
Altitudef t .

AB f t .  (M.A.A.)

Inbound — AB Steer( d e g . )
or

Maintain

AB (acknowledges)

Inbound AB Visual  e t c .
or

Breaking-off
e t c .

(see Note below) —

Note.—The pilot will be given corrections by A.T.C. until he acknowledges that he can see the airfield
or that, having reached the "Break-off Altitude" appropriate to his instrument rating, he is
is still not visual. I n  this case the controller will advise the pilot of the appropriate Missed
(QGH) Approach Procedure.

A captain of an aircraft is to comply with all instructions received from air traffic control
during the course of a controlled descent, except when he considers that such compliance
would jeopardize the safety of his aircraft, in which case he is to take whatever action he
considers necessary to safeguard his aircraft and inform air traffic control accordingly.

RESTRICTED ( A . L . 2 ,  Sep. '56)
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Position Aircraft to Control Control to Aircraft Aircraft to Control

Initial call Shawbury—Potluck AB,
Altitude  f t . ,
IFR/VFR, 4 Request
controlled descent.

Potluck AB—Shawbury,
Steer  ( d e g . )
Fly a t  ( f t . —
Quadrantal a l t i tude) ,
Regional Pressure Set-
ting( m b s . )

AB Steer  ( d e g . )
Altitude  ( f t . )
Regional Pressure Set-
ting( m b s . )

Homing — AB Steer( d e g . ) ,
Type a n d  Endurance

AB Steer( d e g . )
Type
Endurance  •
(hours and minutes)

Homing — AB Steer( d e g . )
Cloud base
Visibility

AB Steer( d e g . )
Cloud base
Visibility

Homing — AB Steer( d e g . ) ,
Minimum a p p r o a c h
altitude ( f t . ) ,
Convert t o  break-off
altitude

AB Steer( d e g . )
Minimum a p p r o a c h
altitude  ( f t . )

Overhead (on a
minimum of two
consecutive
transmissions)

— AB Left/Right o n  t o
 ( d e g . )
(QDR + 15°) and advise

AB Left/Right o n  t o
(deg).

Overhead AB Steady ( d e g . ) AB Set QNH( m b s . )
Airfield elevation
f t .

AB QNH( m b s . )
Elevation  ( f t . )

Outbound (after
minimum of two
QD Ms. on
Safety Lane)

— AB Commence descent,
Steer  ( d e g . )

AB Descending,
Steer  ( d e g . )

Outbound — AB Steer( d e g . )
At  f t . ,  turn
Left/Right on to
 ( d e g . )

AB Steer( d e g . )
At f t . ,  Left/Right
on to ( d e g . )

At Turning
Altitude

AB at( f t . )
Turning

AB Advise steady AB

Inbound AB Steady ( d e g . ) AB Steer( d e g . )
Check altitude ( f t . )

AB Steer( d e g . )
Check Altitude ( f t . )

Inbound . AB C h e c k  a l t i tude
 ( f t . )

AB Steer( d e g . )
Descend to Visual and
advise, Minimum ap -
proach altitude( f t . )

AB Steer( d e g . )
Minimum approach alti-
tude  ( f t . )

Inbound AB Visual AB Steer( d e g . )
Advice airfield in sight

AB Steer( d e g . )

AIR TRAFFIC CONTROL ORGANIZATION

Table 9
STANDARD R / T  PROCEDURE FOR H I G H - L E V E L CONTROLLED DESCENT THROUGH CLOUD ( Q G H )

Pilot wil l  be homed by A.T.C. until he advises "Airfield i n  Sight".
RESTRICTED (A.L.2, Sep. '56)
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0 ZERO 5 FIFE
1 WUN 6 SIX
2 TOO 7 SEVEN
3 TREE 8 AIT
4 FOW-ER 9 M N -ER

50. Standard Pronunciation of Figures. When
figures are to be transmitted over R / T  the
following standard pronunciations are to be
adopted:—
Number Spoken as Number Spoken as

(c) Rhythm. T h e  natural rhythm of ordinary
conversation should be preserved by trans-
mitting each sentence phrase by phrase. I n
separating words so that they do not run
together the inclination t o  introduce the
syllable "er" should be avoided.
(d) Microphone Position. The  fitting of the
microphone to the helmet by means of the
standard press studs ensures that it is in the
correct relationship to the mouth. Attempts
to transmit when holding the microphone by
hand in approximately the correct position
often result in poor articulation.

49. Phonetic Alphabet. When i t  is necessary
to identify any letter of the alphabet, the follow-
ing standard phonetic alphabet is to be used:—

Letter
A

C
D
E
F
G
H
I
J
K
L
M
N

B

Q
R
S
T
U

P

W

Y

Word
ALFA
BRAVO
CHARLIE
DELTA
ECHO
FOXTROT
GOLF
HOTEL
INDIA
JULIETT
KILO
LIMA
MIKE
NOVEMBER
OSCAR
PAPA
QUEBEC
ROMEO
SIERRA
TANGO
UNIFORM
VICTOR
WHISKEY
X-RAY
YANKEE
ZULU

Spoken as
AL FAH
BRAH VOH
CHAR LEE
DELL TAH
ECK OH
FOKS TROT
GOLF
HOH TELL
IN DEE AH
JEW LEE ETT
KEY LOH
LEE MAH
MIKE
NO VEM BER
OSS CAH
PAH PAH
KEH BECK
ROH ME OH
SEE AIRRAH
TANG GO
YOU NEE FORM
VIK TAH
MISS KEY
ECKS RAY
YANK KEY
ZOO LOO

Numbers are to spoken digit by digit except that
multiples of hundreds and thousands may be
spoken as such. F o r  example:—

Number S p o k e n  as
44 F O W - E R  FOW-ER
90 N I N - E R  ZERO

138 W U N  TREE M T
500 F I F E  HUNDRED

1478 W U N  FOW-ER SEVEN AIT
7000 S E V E N  TOU-SAND

Numbers containing a decimal point are to be
spoken as follows:—
Number S p o k e n  as

121.5 W U N  TOO WUN DECIMAL FIFE
5695.5 F I F E  SIX NIN-ER FIFE

DECIMAL FIFE

51. Standard Words and Phrases. T h e  following
standard words and phrases are to be used in
air traffic control R/T communications:—

Word or Phrase E x p l a n a t i o n
AIRFIELD IN SIGHT I am below cloud and in sight

of the airfield boundary.
BACKTRACK T h e  execution o f  a  180-

degree turn on the ground in
order to retrace a path.

BREAK I  hereby indicate the separ-
ation.

CONTACT I  have an indication on my
radar.

CONTACT I  am in two-way communi-
ESTABLSIHED c a t i o n  with ( U s e d  in

VHF Emergency Procedures).
CORRECTION A n  error has been made in

this transmission (or message
indicated). T h e  correct
version is

FIGURES N u m e r a l s  o r  numbers t o
follow.

How Do You Self-explanatory.
HEAR ME ?

RESTRICTED ( A . L . 2 ,  Sep. '56)
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Word or Phrase E x p l a n a t i o n
I SAY AGAIN I  am repeating transmission

or portion indicated.
I WILL REPEAT Self-explanatory.
I SPELL I shall spell the next word

phonetically.
Ova  M y  transmission is ended and

I expect a respose from you.
This transmission i s  ended
and NO response is expected.
Repeat all the message back
to m e  after I  have given
"OVER".
Self-explanatory.
I have received a l l  you r
transmission satisfactorily.
(ROGER is not replaced by
ROMEO in this sense.)

RUNWAY AHEAD I  am below cloud and can see
the runway in use ahead.

SAY AGAIN R e p e a t  a l l  your last trans-
mission. F o l l o w e d  b y
indication d a t a  means—
"Repeat( p o r t i o n  i n d i -
cated).

SILENCE C e a s e  transmissions immedi-
ately. Silence is to be main-
tained unt i l  instructions t o
resume.

SILENCE LIFTED Silence can be lifted only by
the station imposing i t  o r
higher authority.

SPEAK SLOWER Y o u r  transmission is at too
fast a rate. Reduce speed of
transmission.

STANDBY S e l f - e x p l a n a t o r y .
THAT IS CORRECT Yo u  are correct, or what you

have transmitted is correct.
This transmission is from the
station aircraft whose desig-
nation follows immediately.
That time which follows im-
mediately i s  t h e  t ime o r
date/time group o f  the mes-
sage.
I am below cloud and i n
sight o f  land or  water.
I must pause for a few seconds.
I must pause longer than a
few seconds.
I have received your message,
understood it, and will com-
ply.

OUT

READ BACK

REPEAT
Room

Tits Is

TIME

VISUAL

WAIT
WAIT OUT

WILCO

Word or Phrase
WRONG

Explanation
Your transmission was i n -
correct, the correct version
is

Note.—Signal strength and readability are to be
reported by means of  a concise descrip-
tion of the reception of the signal. F o r
examples:—

WEAK bu t  READABLE : S T R O N G  b u t
DISTORTED :  L O U D  and CLEAR

Phrases such as "FIFE by FIFE", "STRENGTH
TREE", etc., are not to be used.

PROCEDURES FOR THE GENERAL
SAFETY OF AIRCRAFT

Overdue Aircraft
52. An  aircraft is deemed to be overdue i f  i t
fails to arrive at, or is not i n  communication
with, air traffic control at the destination aero-
drome, alternate aerodrome, o r  appropriate
air traffic control centre:—

(a) I f  a jet aircraft, on E.T.A.
(b) I f  a piston-engined aircraf t :—

(i) Within one hour after E.T.A., or
(ii) Within its notified endurance.

53. When an aircraft is known or believed to
be overdue, the unit air traffic control concerned
will notify the appropriate A.T.C.C. and wi l l
also take such other local action as may be
considered necessary. T h e  A.T.C.C. will make
every possible endeavour to trace the aircraft
by seeking information from aerodromes along
the route and b y  co-ordinating information
received f rom adjoining A.T.C.Cs. I f  i t  i s
considered that the aircraft may have crashed
or made a forced landing on land or in the sea,
the A.T.C.C. w i l l  initiate search and rescue
action with the appropriate authorities.
54. In  order that overdue action should not be
initiated unnecessarily, i t  i s  most important
that captains of aircraft should report delays in
E.T.As., and that when landings are made at
places other than aerodromes o f  destination
the nearest air traffic control authority is notified
with the minimum delay.
Diversion Action
55. Introduction. Diversion is the act of flying
to an aerodrome other than the original intended
destination i n  order t o  effect a  landing. I t
applies equally whether the captain o f  the air-
craft makes the decision or whether the instruc-
tion, or advice, emanates from an appropriate
ground authority.
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58. The provision of suitable diversion facilities
at all times constitutes a vital responsibility of
the Air Traffic Control Service. Fu l l  details
regarding the responsibilities for diversion action
may be found in A.P. 3024, Chapter 8.

(b) Airfield obstructed.
(c) Failure of ground or other equipment.
(d) Aircraft in emergency.
(e) Congestion of air traffic (normally applic-
able only at  aerodromes within controlled
airspace).
(f) The closure o f  destination aerodrome.
(For full details regarding the closure o f
aerodromes, see A.P. 3024, Chapter 7.)

57. Categories o f  Diversion. A p a r t  from
diversions initiated b y  captains o f  aircraft,
either through an operating authority or through
the Air Traffic Control Service, diversions are
normally categorized as follows : —

(a) Weather Diversions.
(i) Grade 1. T h e  captain of  an aircraft

is to comply with a Grade 1 diversion
unless he considers that in doing so he
will endanger the safety of his aircraft.
It can be ordered only by an operating
authority. I f  the captain considers
that he cannot comply with the in-
structions given, he is either to inform
the appropriate control o f  his in -
tentions, giving reasons, or to request
alternative instructions.

(ii) Grade 2 .  A  Grade 2  diversion is
advisory. A  captain who decides to
ignore the advice is to  inform the
appropriate control o f  his intentions.
He is only to proceed to his original
destination i f ,  i n  the event o f  his
attempt to land at that aerodrome being
unsuccessful, he will subsequently be
able to reach the diversion aerodrome
with enough fuel t o  ensure a  safe
instrument landing.

(b) Administrative Diversion. A  diversion
made for purely administrative reasons which
is to be treated as mandatory if initiated by
an operating authority.
(c) Landing Hazard Diversion. T h i s  form of
diversion, usually necessary owing to crashed
aircraft, iced runways, etc., i s  normally
advised by unit air traffic control.

Emergency Procedures
59. The following procedures are available from
air traffic control at all R.A.F. aerodromes:—

(a) Homing and controlled descent of  air-
craft with unserviceable magnetic compass
and/or directional indicator, using any of the
following methods of track determination:—

(i) "90 Degree" method.
(ii) "Odd Ratio" method.
(iii) "Continuous Turn" method, applicable

only to jet aircraft.
(iv) "Sun's Azimuth" method.

(b) Homing and controlled descent of  air-
craft when the pilot's microphone is un-
serviceable, using the "Speechless Aircraft"
system.
(c) Homing and landing o f  jet  aircraft
experiencing "flame-out".

Full details of these procedures may be found in
A.P. 3024, and, in certain cases, in A.Ps. 3322/23
(Supplementary Flight Information Documents).
60. The following emergency facilities are avail-
able in the United Kingdom and at some R.A.F.
aerodromes abroad : —

(a) D /F  bearings and homings on the H.F.
emergency frequency.
(b) Fixes and bearings on the M.F. emergency
frequency.
(c) Triangulation and homing on the V.H.F.
emergency frequency.

The detailed procedures to be followed in emer-
gency by captains of aircraft are contained in
Part 4, Sect. 3, Chap. 1 o f  this volume, and
they are also repeated in all aeronautical in-
formation documents.

61. Full details o f  the Search and Rescue
Organization, which forms part o f  the A i r
Traffic Control Service, may be found in Part 2,
Sect. 4, Chap. 15 of this volume.
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CHAPTER 2

THE AERODROME
Definitions
I. (a) Aerodrome. A n  area of land or water, in-

cluding any buildings and installations, norm-
ally used for the take-off or landing (alighting)
of aircraft.
(b) Airfield. A n  area o f  land used f o r
take-off, landing, and manoeuvring of aircraft
on the ground.

THE AIRFIELD
Introduction
2. Airfields have gradually developed since the
earliest days of flying, and vary greatly in design
and layout. A  broad distinction can be made,
however, between those where the airfield is
entirely of grass and those with paved runways.
There are comparatively few grass airfields left
nowadays and they are used mainly by light
aircraft engaged on flying instruction and civil
club flying.
3. The majority of service airfields have one or
more runways, most of which were laid down
during the Second World War. A t  that time
the effect of the wind on an aircraft landing was
such that it was the practice to have a triangular
pattern of three runways, the longest of which
was usually in line with the prevailing wind.
4. As aircraft developed and approach and
landing speeds increased, the length of the runway
became a  more important consideration than
the wind direction. Modern tendency is for
operations t o  b e  confined t o  one, or a t
the most two, runways on each airfield. The
longest o f  these is usually designated as the
main instrument runway and has full lighting,
radio and radar facilities.
5. R.A.F. airfields are divided into five main
categories according to their role. F o r  each
category certain minimum standards are laid
down, e.g. runway width, length, and bearing
capacity; cleared zones; overrun areas, etc.
Details are given in a pamphlet issued by the
Air Ministry (D.D.0.1.) entitled "R.A.F. Layout
Specifications for Permanent Airfields".
Runways .
6. Runways vary in width and length according
to the role o f  the aerodrome. Most  main
instrument runways are 150 feet wide and 6,000
feet long. Subsidiary runways are  usually

•

of the same width but are shorter in length. On
some bomber aerodromes the main runway
is 9,000 feet long and 200 feet wide.
7. Modern runways are contructed of concrete
and surfaced with asphalt to give a clean smooth
surface. T h e  ends of runways intended for the
operation of jet aircraft, however, are usually
finished with a concrete surface which is less
affected by jet efflux and fuel dripping.
Flight Strips
8. A  rectangular portion o f  an airfield com-
prising a runway, the runway shoulders, cleared
zones, and overrun areas, is known as a flight
strip (Fig. 1).
9. Runway Shoulders. O n  each side o f  the
paved runway a strip 90 feet wide, known as a
runway shoulder, is cleared, levelled, and hardened.
The runway shoulders are usually sown with
grass and may be used for landing in an emer-
gency.

10. Cleared Zones. O n  each side of the main
runway shoulders are cleared zones, 435 feet
wide, which are levelled to provide a reasonably
even surface and are cleared of all obstructions
except those which are absolutely necessary to
the functioning o f  airfield services. Cleared
zones on subsidiary runways are only 135 feet
wide.

11. Width of Flight Strips. T h e  total width of
a flight strip embracing a  main instrument
runway 150 feet wide is therefore 1,200 feet,
and that of a flight strip embracing a subsidiary
runway 600 feet.

12. Overrun Areas. These are areas beyond
the ends of a runway which are kept clear of
obstructions in case they are needed by aircraft
overrunning o r  undershooting the runway.
Overrun areas vary in length but are equal to the
width o f  the flight strip, the centre portion
corresponding in width to the runway and its
shoulders being specially hardened and grassed.
Taxiways
13. A  taxiway is a  specially constructed o r
marked path for aircraft moving on the ground.
The average width is 50 feet and, like flight
strips, they have shoulders and cleared zones of
10 feet and 115 feet respectively, on each side.

(A.L. 3, ApL '57)
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Load Classification Numbers (L.C.N.)
14. Runways and taxiways are load-tested and
allocated a  load classification number. Th i s
number, when compared with the L.C.N. of an
aircraft, will indicate whether the paved surfaces
are strong enough to bear the aircraft under
normal operating conditions.

15. The L.C.N. is used principally by operating
authorities when planning operations and may
also be significant when aircraft are diverted.
The captain of  every aircraft is responsible for
ensuring that, except in an emergency, he lands
his aircraft only at airfields with runways strong
enough to accept his aircraft without damage.
He must therefore know the L.C.N. o f  his
aircraft under various conditions of loading, and
if an unexpected diversion is necessary he must
be prepared t o  pass this information to  the
diverting authority, or to the air traffic control
staff at the airfield at which he intends to land.
In an emergency, however, an aircraft may land
on any airfield which the captain considers is
practicable, having regard t o  the degree o f
emergency. Occasional landings can be made

RUNWAY SHOULDERS

on a runway having an L.C.N. equal to one-half
of the aircraft L.C.N., since a n  occasional
landing under such conditions would be unlikely
to do any serious damage to the runway, and such
damage would be o f  secondary importance to
the safe landing of the aircraft. A  landing on a
runway of an L.C.N. less than one-half that of
the aircraft might cause a failure of the runway
surface with r isk o f  serious damage t o  the
aircraft.

Sterile Areas
16. Where a  public road or  a  railway passes
close to the end of a runway, i t  is necessary to
ensure that sufficient clearance is provided when
aircraft are landing. I n  such cases the nearest
point o f  touchdown is  marked by  a  broad
white line across the full width of the runway.
The area between the end of the runway and the
white line is known as a sterile area (Fig. 2)
and is marked with four white chevrons, the
points o f  which touch the white line in  the
direction of landing.

FLIGHT STRIP for MAIN RUNWAY

RUNWAY

la- - 1.000 ft . -

PREPARED OVERRUN

• ,
SHOULDERS P R E P A R E D  OVERRUN I

FLIGHT STRIP for SUBSIDIARY RUNWAY - I I I

Fig. I .  F l i g h t  Strips
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Aircraft Servicing Platforms (A.S.P.)
17. Paved areas are provided at certain aero-
dromes for the centralized servicing and quick
turn-round o f  aircraft. They  are usually rect-
angular in shape with broad access tracks to the
taxiway. A.S.Ps. are usually marked to ensure
that aircraft are parked economically and so
that maximum clearance is provided for aircraft
moving within the area.

Operational Readiness Platforms (O.R.P.)
18. A t  fighter airfields a specially prepared area
is provided at each end o f  the main runway on
which aircraft can be assembled either for rapid
"scrambling" o r  final flight preparation. T h e
areas adjoin the runway and both are on the
same side of it to provide a clear passage on the
other side for aircraft which are forced to land
on the grass shoulders. O.R.Ps. are marked to
provide the maximum number of positions for
aircraft, with a  taxying line to  each parking
position.

Dispersal Hardstandings
19. Paved areas are normally sited around the
perimeter o f  the airfield fo r  the dispersal o f
aircraft. They  vary  i n  shape considerably,
having developed over a number of  years.

Markings
20. Runways. Runways are marked wi th  a
broken white line to  indicate the centre-line.
At each end a two-figure group is painted to
indicate the magnetic heading of the runway to
the nearest 10 degrees.
21. Taxiways. T h e  centre-line of  a taxiway is
marked with a  broken yellow line which is
interrupted where the taxiway crosses a runway.
Marshalling points, at which aircraft are required
to stop before entering a runway for take-off,
are marked with a broad white line across the
taxiway 225 feet from the edge of a runway.

AERODROME AIR TRAFFIC CONTROL

Control Tower
22. A l l  aerodromes have a control tower, which
ideally is sited in a prominent position. Individ-
ual towers vary considerably i n  design and
layout.
23. The aerodrome controller is usually housed
in a glass control cabin built on top of the tower
to provide him with a view of the airfield and the

circuit. T h e  approach controller operates from
inside the tower, where radio and radar aids
are provided to assist him, and a view of  the
airfield and circuit is less important. A t  some
aerodromes the traffic density is such that one
controller can combine the functions o f  aero-
drome and approach control.

24. The control tower houses the remainder of
the air traffic control staff, much of  the radio/
radar and telecommunications equipment, and
generally t he  meteorological section. F l igh t
planning sections are often located in or near
the tower.

Runway Control Caravan
25. The runway controller occupies a caravan
sited to the left o f  the touch-down end of  the
runway. T h e  caravan is distinctively painted
in black and white checks and bears the elevation
of the airfield in red figures on the side.

Air Traffic Control Facilities
26. Control towers are manned and equipped to
standards which vary according to the role of the
aerodrome, and the extent to which it participates
in the overall air traffic control and emergency
organization. Details of facilities in individual
towers are published i n  Fl ight Information
Documents.

27. Radio. Every tower is equipped for  R/T
communication with aircraft. T w o  frequencies
are provided for locally based aircraft, one for
aerodrome control and the other for approach
control. I n  addition, common frequencies are
provided for the control of visiting aircraft and
many towers keep watch on distress frequencies.
Crash and rescue vehicles and an ambulance are
controlled on short-range radio from the tower.

28. Radio direction-finding equipment i s  i n -
stalled at nearly all aerodromes. There are two
main types, one automatic and the other manu-
ally operated. T h e  former, known as CR/DF,
shows the bearing of aircraft on a cathode ray
presentation in the tower. I n  the case o f  the
manually operated equipment, bearings a re
passed to the tower by means of a landline and
loudspeaker. T h e  manual D/F is not as accurate
as the CR/DF, and is slower in operation as it
requires longer transmissions for the operator to
determine each bearing. B o t h  the CR/DF and
the manual D / F  are usually located on the
airfield; the latter is often mobile.

(A.L. 3, Apl. '57)
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29. Telecommunications. Every control tower
has a direct telephone line to its air traffic control
centre. Certain towers may also have direct
lines t o  neighbouring airfields, i n  order to
provide mutual information about the latest
weather conditions and to assist in traffic co-
ordination.

30. A  tele-talk intercommunication system
connects the control tower with other vital
offices and sections on the aerodrome.

31. In  addition, many towers are connected on
a teleprinter circuit to  their appropriate air
traffic control centre so that they should have
immediately available the latest information
applicable to their flight information regions.
The meteorological office i s  also normally
connected o n  the meteorological teleprinter
network for  the supply o f  the appropriate
meteorological information.

32. Ground Signals. Visual ground signals have
been developed to supply pilots with essential
information. These signals are fully illustrated
and described in A.P. 3024 (Manual o f  Air
Traffic Control) and A.P. 3322/3 (Supplementary
Flight Informatip Documents). They are dis-
played in a hollow white square, adjacent to the
tower, known as the signals square.

33. In  addition to the standard signals, each
aerodrome has a two-letter identification group
in white near the signals square. The  group
corresponds to the characteristics of the aero-
drome identification beacon.

34. Apart from the signals in the signals square
the direction of landing is also shown by a white
"T" near the runway caravan.

35. Wind sleeves are placed in suitable prominent
positions to show wind direction. The  most
reliable sleeve is surrounded by a white ring on
the ground.

Approach Aids
36. Most airfields have some form of approach
aid applicable to their particular role. Approach
aids are either air-interpreted or ground-inter-
preted. I n  the former type information is
provided in the aircraft generally by means of
special receivers; the pilot or navigator then has
to interpret that information and control the
aircraft on to the required flight path. I n  the
ground-interpreted aid the information is made

THE AERODROME
available to controllers who then pass directions
to the pilot by R/T. T h e  main aids in use are
described briefly in the following paragraphs.
(See Vol. 1, Part 3, for full details.)

37. Air-Interpreted Aids.
(a) Voice Rotating Beacons. T h e  V.H .F.
Voice Rotating Beacon (V.R.B.) is a  short-
range aid providing verbal, magnetic, homing
bearings to any aircraft fitted with a standard
V.H.F. receiver. T h e  ground equipment con-
sists of a mobile transmitter contained in one
to three vehicles which may be sited within
the airfield boundary.
(b) Rebbeca Mark. 7 .  Rebecca Mk.  7 is a
medium-range radar aid showing ranges from,
and limited relative bearings to, a  ground
Eureka M k .  7  transponder beacon, t h e
information being presented on a range and
heading meter. T h e  ground beacon is usually
installed on ,a suitable high building on the
aerodrome.
(c) Rebecca Mark. 8 .  Rebecca Mk.  8 is a
development of Rebecca Mk. 7 and uses the
same ground Eureka M k .  7  beacons for
homing purposes. I t  i s  also used with
BABS Mk.  4  ground beacons to  provide
range and azimuth approach facilities. T h e
BABS Mk. 4  installation stands about 12
feet high and is normally sited at least 1,100
feet beyond the upwind end of the runway.
(d) Standard Beam Approach. Standard Beam
Approach (S.B.A.) is a  ground equipment
employing a main transmitter radiating in two
slightly overlapping sectors to  provide an
approach i n  azimuth, wi th  two marker
beacons sited on the approach to give specific
ranges. T h e  main transmitter is sited at the
upwind end of the runway, housed in a large
vehicle or hut on a  prepared site, and has
aerials about 30 feet high. T h e  inner and
outer marker beacons are relatively small
units, about three feet square, located
approximately 150 yards and two to three
miles respectively downwind of the touchdown
point.
(e) Tuneable Beam Approach. Tuneable Beam
Approach (T.B.A.) is the airborne receiving
equipment used with S.B.A. I t  allows more
variety in frequency selection by providing a
tuneable receiver in the aircraft, instead of a
receiver with pre-set frequencies which was.
originally used.

(A.L. 3, Apl. '57)
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( f)  Radio Range. T h e  Low Frequency 4 -
Course Radio Range is a system of  ground
aerials radiating four overlapping sectors to
provide four equi-signal "beams". A n  air-
craft with a receiver tuneable to the appropriate
frequency can home along a beam using aural
interpretation and identification. T h e  ground
equipment i s  normally fixed; four  aerials
are equally spaced around a small hut, which
carries a  fifth aerial. L e t -down procedures
are produced for airfields having this aid.

(g) Radio Compass. A  radio compass is a
receiver that can determine the direction of a
ground transmitter and indicate this inform-
ation to the pilot either aurally or visually as
a relative or true bearing. I f  the transmitter is
situated on an aerodrome, or in line with the
landing runway, an approach procedure can
be used.

(h) Instrument Landing System. A n  Instru-
ment Landing System (I.L.S.) employs four
or five transmitters. One, sited at the upwind
end o f  the runway, supplies the azimuth
approach path, and another, sited near the
touchdown end supplies the glidepath, both
transmitters radiating slightly overlapping
sectors to define their paths. Tw o  or three
marker beacons may be  sited along the
approach to provide ranges to the touchdown
point. T h e  airborne equipment consists o f
receivers, a control unit, and a cross-pointer
indicator t o  show deviations f r o m  t h e
approach or glide paths.

(j) Rebecca Mark  4.  Rebecca Mk .  4 is a
medium-range radar a id  which gives the
navigator a cathode ray tube presentation of
ranges from, and limited relative bearings to,
a ground Eureka Mk. 2 transponder beacon.
The Eureka Mk. 2 beacon is normally sited
on a  high building on an aerodrome. I n
addition, Rebecca Mk. 4  can be used with
ground BABS Mk.  2  beacons to  provide
range and azimuth approach facilities. T h e
BABS Mk. 2  installation stands about six
feet high and is either a small fixed hut or a
light mobile van sited in line with the runway
beyond the overshoot area.

38. Ground-Interpreted Aids.
(a) Ground Controlled Approach (G.C.A.). The
equipment and operating crew are housed in
a vehicle positioned half to one mile from
the touchdown, and generally to the left of the
upwind end of  the main instrument runway.
The vehicle is painted in red and white squares
and a  second vehicle parked alongside
contains a  Diesel generator. T h e  G.C.A.
equipment comprises two separate un i t s :—

(i) Search Radar. T h e  search radar detects
aircraft in azimuth through 360°, and within
certain l imits o f  altitude. A n  aircraft
requiring assistance will first be detected and
identified on the search radar and vectored
to a position from which it can be directed
on to the final approach to the runway.
(ii) Precision Radar. T h e  precision radar
is of higher definition that the search radar,
but covers only the immediate approach
path to the runway. T h e  position o f  the
aircraft is indicated i n  azimuth and ele-
vation to the controller, who then passes
the information to the pilot to enable the
aircraft to be flown along the glide path.

(b) Airfield Control Radar Mark 7 (A.C.R.7).
The A.C.R.7 equipment may be either mobile
or static. I n  the mobile type the equipment
and operators are housed in a trailer, painted
with red and white squares, which is suitably
positioned o n  the  airfield. I n  the  static
type the radar scanner, painted orange, is
sited on the airfield with remote presentation
either i n  the tower o r  other appropriate
control position. T h e  A.C.R.7 is a  search
radar only and, unlike G.C.A., has no separate
high precision radar t o  supply glide path
information. Aircraft  are marshalled t o  a
suitable position for a final approach, as in a
G.C.A., and the pilot is then given directions
to enable him to  align his aircraft on the
approach. A t  intervals the controller also
passes the range of the aircraft and the corres-
ponding altitude, thereby enabling the pilot
to control his rate of descent.

Safety Services
39. Crash and rescue vehicles stand by under
the control of the duty air traffic control officer
whenever flying is in progress. T h e  vehicles are
stationed near the tower o r  a t  some other
vantage point and are alerted by crash bell or
short-range radio. Crash and rescue vehicles
are designed, equipped, and manned to save life
and minimize the danger and effects of fire.

(A.L. 3, ApL '57)
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40. A  fu l ly  equipped ambulance i s  also a t
readiness, usually at the medical section, when-
ever flying is i n  progress. T h e  ambulance is
alerted by crash bell at the medical section, and
directed by short-range radio from the tower.

41. Heavy crash equipment is maintained ready
for instant use at all aerodromes to remove and
salvage crashed aircraft and to clear an obstructed
runway i f  necessary.

AERODROME LIGHTING
Introduction
42. Aerodrome lighting may  b e  considered
conveniently under two  headings: approach
lighting and airfield lighting.
43. Several types and combinations of approach
lighting and airfield lighting are in use but they
are gradually resolving into a few main types of
each. Permanent installations are normally on
the mains electricity supply bu t  have some
alternative arrangement to cover the possibility
of power failure. Temporary and  portable
airfield lighting is  provided where alternative
power supplies are inadequate or are not immed-
iately available. Portable airfield lighting i s
also used t o  supplement permanent lighting
wherever necessary.

Approach Lighting
44. Approach lighting systems are designed to
assist pilots during the approach for landings
in conditions o f  poor visibility and at  night.
The more modern approach lighting is particularly
intended t o  he l p  p i lo ts  i n  mak ing  t h e
vital change from instruments to  visual flight
when approaching to land in very bad visibility.
Three main types o f  approach lighting are i n
use, the type depending on the role o f  the
aerodrome.

45. Approach Funnels Lighting. T h e  funnels
system was originally developed as part of  the
"Drem" lighting system used i n  the Second
World War, and consisted of an outer circle of
white lights, corresponding to the circuit, with
"funnels" leading in to each runway. M o s t  of
the circles have since been removed but the
funnels remain a t  a  number o f  aerodromes.
They consist of a number of white lights arranged
in groups of three, two, and one, on each side of
the approach to a runway. T h e  outer groups
of lights, forming the funnels, are arranged to
form two separate "Vs".

46. Centre-Line Approach Lighting. Centre-line
approach lighting is a later development of  the
funnels system. I t  consists o f  a  number o f
white lights mounted on poles and extending
4,500 feet from the threshold of  the runway in
a straight line out towards the approach. I n
addition, most centre-line approach lighting
systems have sodium lamps which may be
selected from the tower as alternatives to the
white lights. T h e  sodiums are used mainly
during bad visibility in daylight.

47. Centre-Line and Bar Lighting. Aerodromes
at which aircraft are required t o  operate i n
conditions o f  very poor weather and visibility
are being equipped with centre-line and bar
lighting, known as the CLSB system (Fig. 3), on
the main instrument runway. Each installation
normally has five bars but there are a few with
only two.

48. The centre-line o f  white lights extends
3,000 feet from the threshold o f  the runway
with double lights on its outer half. T h e  cross-
bars, also o f  white lights, are spaced at equal
intervals along the centre-line and are of decreas-
ing length towards the runway. T h e  outermost
bar is wider than the runway, and the remaining
bars are of such a length that lines joining the
ends would converge at a point 1,000 feet along
the runway. T h e  lights in the CLSB system are
of high intensity and beamed towards the
approaching aircraft, i.e. the lights are uni-
directional.

49. Low-Intensity " T " .  A  " T "  o f  omni-dir-
rectional red lights is incorporated in the CLSB
approach lighting (Fig. 4). T h e  crosspiece o f
the " T "  is built into the bar o f  white lights
nearest the runway and its tail extends along the
centre-line out to 1,500 feet. T h e  low-intensity
"T"  provides a  less intense approach lighting
system on its own, but i t  also assists pilots to
locate the approach line when they are flying in
the circuit outside the coverage o f  the high-
intensity, uni-directional white lights. A  similar
red "T "  is installed at the opposite end of  the
main instrument runway on many aerodromes,
but only one "T"  can be selected depending on
the runway in use.

50. The high-intensity approach lighting and
the low-intensity " T "  are controlled from a
panel in the tower, which also gives a wide range
of brilliancy control for use in varying conditions
of darkness and visibility.

(A.L. 3 ,  A p l .  '57)
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51. Angle-of-Approach Indicators. The  indic-
ators (Fig. 5) show coloured segments of light
towards the approaching aircraft, the correct
glide-path angle being indicated by a  narrow
green sector. I f  the aircraft is above or below
the glide path the indicators show amber or red
respectively. I n  modern lighting installations
the indicators are placed side-by-side on the
left-hand side of the runway, viewed from the
approach, and 300 feet along the runway from
the threshold. Where, however, there is  an
O.R.P. the indicators may be placed on the
right-hand side. I n  older types o f  airfield
lighting the indicators are placed one on either
side of the touchdown point of the runway.

52. The green segment of the angle-of-approach
indicators subtends a  vertical angle o f  one
degree. When set up with modem lighting the
indicators are adjusted to 21. and 3+°, left and
right respectively. W i t h  green/green visible
this ensures a n  accurate indication o f  the
approach angle of 3°, also the pilot is given
early warning of any deviation, since he receives
an amber/green or green/red indication even if
he is only slightly above or below the correct
approach angle. When used with older lighting

O.R P

systems, the indicators are set at angles which
are decided locally and published i n  local
orders.
53. To avoid confusion with other lights, the
permanent angle-of-approach indicators flash
on and off, but portable indicators, which are
battery operated, show only a steady light.
Permanent Airfield Lighting
54. Runway Lighting. Older installations o f
runway lighting consist of a row of white lights.
along each edge of  the runway. T h e  lights,
which are omni-directional, are in fittings almost
flush with the surface and the whole system is
known as strip lighting.
55. Modern installations have raised, high-
intensity white lights along each side o f  the
runway, beamed towards the landing aircraft
(Fig. 6).  High-intensity runway lighting i s
usually employed with high-intensity approach
lighting, but is sometimes installed with older
forms of approach lighting.
56. The ends o f  runways are marked with
threshold bars o f  green lights which extend
across the full width of the runway.

50 It

- -30 f t • —

A.A.! A.A.I.

300 feet

SETTING FOR EITHER
SIDE O F  R U N W AY
ACCORDING T O  O.R.P.

T A X I W A Y

R U N WAY
THRESHOLD

A
APPROACH

Fig. 5. Angle-of-Approach Indicators
(A.L. 3, Apl. '57)
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57. Taxiway Lighting. Taxiways are lined at
the edges with small lights, blue on the inside
and amber on the outside. Turning points at
the entry to runways are indicated by two blue
lights close together. Taxiway lighting is con-
trolled so that sections not required for a parti-
cular taxying pattern are not illuminated.
58. Marshalling Points. T h e  post that marks
the marshalling point for the runway in use by
day is illuminated at night with a triangle of
three blue lights.
59. Parking Areas. Ai rcraf t  parking areas,
including aircraft servicing platforms, operational
readiness platforms, and dispersal points, are
marked with blue lights similar to those used on
the taxiway. I n  addition, dispersal points
are usually indicated by an illuminated number.

60. Obstruction Lighting. A l l  obstructions that
are a hazard to aircraft in the air or moving on
the ground are marked with red lights controlled
either from the tower or locally near the ob-
struction. Obstructions which are compara-
tively high carry red lamps at various levels with
one on top, while those o f  considerable hori-
zontal extent are l i t  to  indicate their shape.
Installations and specialist vehicles that  i r e
normally located on the airfield, such as the
runway control caravan and G.C.A. vehicles,
are l i t  with red lights. R e d  lamps are also
used t o  mark anything that might endanger
an aircraft moving on the ground.

Beacons
61. Identification Beacons. Beacons are esta-
blished at  most aerodromes for  their identifi-
cation from the air at night. Beacons at R.A.F.
aerodromes flash a red, two-letter characteristic
in Morse Code appropriate to the aerodrome.
Civil aerodrome identification beacons show a
green light. Identification beacons can be seen
in good weather for up to 15 miles. They are
sometimes positioned near the touchdown end
of the runway during bad visibility to  assist
pilots on the approach. When used for  this
purpose they show a steady light.

62. Aerodrome Beacons. Aerodrome beacons,
or aerial lighthouses as they are sometimes called,
are positioned a t  o r  near master aerodromes
and water alighting areas in the United Kingdom
and on trunk routes abroad. They  show an
occulting white light, visible for up to 30 miles in
good visibility, incorporating a single letter in
Morse code.

63. Hazard Beacons. Hazard beacons show red
flashing lights, and are positioned i n  areas
hazardous to air navigation.
Control of Permanent Lighting
64. Al l  modern lighting systems are so arranged
that failures affect individual lamps and not
complete sections o f  the lighting. Power i s
normally taken from the mains electrical supply,
but an alternative source (usually a  stand-by
Diesel generating set) is available i f  the mains
supply fails. T h e  speed with which the change-
over from mains t o  stand-by supply can be
made influences the amount and type of portable
equipment used on airfields.
65. A l l  permanent lighting, with the possible
exception o f  some obstruction lighting, i s
normally controlled from a lighting control panel
located in the tower. F r o m  the control panel
the controller is able to  select those lighting
services required, and to control the brilliancy of
approach, runway, and taxiway lighting.
Portable Airfield Lighting
66. Portable and temporary lighting (Fig. 7 )
is used mainly to supplement airfield permanent
lighting. There are, however, a  few smaller
aerodromes without permanent installations,
which rely entirely on portable equipment. I t  is
rarely possible to provide approach lighting with
temporary equipment, other  than angle-of-
approach indicators.
67. Where i t  is not possible to change power
supplies quickly i t  is usual to supplement the
permanent runway lighting with paraffin goose-
neck flares. These flares consist o f  a paraffin
container with a  long spout which carries a
wick. When necessary, the taxiway is l i t  with
marker lamps, most of which carry a battery to
feed a small lamp on top. Coloured covers for
the bulbs of the lamps enable the marker lamps
to be used to provide taxiway and obstruction
lighting.
68. Sodium Flarepath. Ye l low sodium lamps
(Fig. 8) are used to supplement runway lighting
by day and by  night i n  poor visibility. I n
daylight the lamp units shine towards the ap-
proaching aircraft, but at night they are turned
outwards from the centre-line of the runway to
provide indirect lighting without dazzling the
pilot. Sodium lamps are unnecessary when
high-intensity lighting is used, but are used as a
guide to aircraft in the circuit until they turn into
the coverage of the uni-directional high-intensity
lights.

(A.L. 3, Apl. '57)
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FOG INTENSIVE DISPERSAL OPERATION
(F.I.D.O.)

General Description
69. F.I.D.O. (Fig. 9) is the code name given to
the equipment used for dispersing fog. T h e
dispersal of  fog is based on the principle of
evaporating the fog water droplets by direct
heating o f  the air. T h e  process consists o f

THE AERODROME
burning large quantities of petrol which is under
pressure and vapourized so that the heat which
is generated raises the temperature of  the air
in the vicinity o f  the runway. Burners are
arranged along each side of the runway and
across the approach short of the runway threshold
hold. There are two installations in the United
Kingdom but, because of the expense, only one,
at Manston, is on permanent standby.

(A.L. 3, Apl. 57)
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PART 2 :  SECTION 3

CHAPTER 1

GENERAL FLYING
Introduction
1. Because o f  the diversity of aircraft types in
service it is impracticable to discuss every aspect
of all the exercises that a pilot is likely to attempt.
The following paragraphs therefore contain the
general considerations applicable to most types
of aircraft when performing the basic flying
manceuvres. I t  should be appreciated that many
factors affect these considerations, and allowance
should be made for exigencies which are not
included in this section.

2. A  pilot must be thoroughly familiar with his
aircraft before flying it. H i s  knowledge of the
location and function of all controls, instruments,
and equipment in the aircraft should be such
that he feels at home in the cockpit. H e  must
also know all the flying limitations, emergency
systems, and drills. To  this end, full use should
be made o f  al l  available training aids such
as flight simulators, instructional fuselages, and
mock-ups o f  fuel, hydraulic, and electrical
services. T h e  chief sources of  information are
the Pilot's Notes, this manual, and the Volume 1
series for the aircraft.

3. Pilot's Notes contain detailed information on
the actual operating o f  a particular type o f
aircraft.

Preparation for Flight
4. Flight Planning. Before  every fl ight the
procedure described in  Section 1, Chapter 4,
which includes flight authorization, and briefing
by the appropriate specialists should be carried
out. The success of any sortie or operation may
depend on the thoroughness o f  this pre-flight
preparation.

5. Equipment Checks. T h e  serviceability of all
equipment that is taken into the air should be
carefully checked. T h e  pi lot  should ensure
that he and his crew have the appropriate safety
and survival, oxygen, and RAT equipment.

6. Form 700. F o r m  700, the aircraft servicing
form, must be scrutinized by the pilot who, when
he is satisfied that its entries show the aircraft
to be serviceable, is to  sign the form in the
appropriate columns. A  full description of the
Form 700 is in Chapter 5 of Section 1.

7. Aircraft Checks. T h e  pilot must make a
preliminary check o f  the aircraft before each
flight. The check is normally divided into the
following phases : —

(a) Before entering the aircraft.
(b) Before starting the engine.
(c) Starting the engine.
(d) Warming up and running up, if applicable.

Detailed information on these checks may be
obtained from Pilot's Notes and in Chapter 6
of Section 1.

General Flying
8. A  pilot will derive greater enjoyment from
his flying and achieve a higher degree of profes-
sional skill i f  he makes an effort to broaden his
knowledge of aviation subjects ; the paragraphs
that follow aim to do this by describing and
discussing factors concerned with handling and
the airmanship associated w i t h  particular
manceuvres. I t  is presumed that the reader has
sufficient knowledge o f  the principles o f  flight,
which are explained in Vol. 1.

.Flying Controls
9. A n  aircraft's attitude i n  flight i s  usually
controlled by  elevators, ailerons, and rudder.
Movements of these controls cause a change of
attitude in the pitching, rolling, and yawing planes
respectively. These planes are fixed relative to
the aircraft about the lateral, longitudinal, and
vertical axes respectively.

Effectiveness of Controls
10. Airspeed. A t  a given height the effectiveness
of a control surface varies with the airspeed over
it. W i t h  propeller-driven aircraft the slipstream
appreciably increases the effectiveness o f  the
rudder and elevator when these lie within the
slipstream. I n  general, however, i f  the speed
of the airflow over a control surface is reduced
a larger control movement is required for a given
change and rate of change of aircraft attitude.

11. Altitude. A i r  density decreases with altitude,
so, for a given T.A.S., the mass flow over the
controls is reduced and they become less effective.
Also, for an increase in altitude with a constant
I.A.S., there is a reduction in the rate of change
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of the flight path for a given control movement
because the directional inertia o f  the aircraft
is a function of  the T.A.S., which is increasing
with altitude, and i t  is this inertia which must
be overcome by the flying controls which are
inherently becoming less effective with altitude.

Taxying
12. Taxying is  the movement o f  an aircraft
along the ground under its own power, excluding
the take-off and landing runs.

13. Control on the Ground. A n y  special points
to be watched while taxying are described in the
Pilot's Notes for the type. T h e  pilot should,
in particular, observe the limitations o f  engine
temperature, and brake-system operating pres-
sures ; whenever braking effectiveness seems
low, the pressure must be checked. Each brake
should be tested briefly and then both together
as soon as possible after starting to taxy, while
the speed is still low. I n  general, the amount
of power used in taxying should be kept constant
and as low as possible since aircraft brakes
can quickly overheat if abused or if a long period
of taxying is necessary involving much stopping
and starting. During taxying, check that a slight
amount o f  brake i s  no t  being applied in -
advertently, especially when toe-operated brakes
are fitted. T h e  effects o f  propeller slipstream
and jet efflux on buildings, other aircraft, and
personnel, should be remembered.

14. Speed. Taxying speed depends entirely on
circumstances, but i t  is wiser and safer to taxy
at a speed which gives time to cope with any
emergency and limits the stresses on the under-
carriage. When manoeuvring sharply, or amongst
obstructions, the speed should be no more than
a fast walking pace. When the surface is poor
or uneven the speed should be slower than
normal to minimize inertia effects and unnecessary
stresses on the aircraft. The  heavier the aircraft
the slower should be the speed, and special care
should be taken not to overstress the nose wheel
or, on  tai l -wheel aircraft, t o  brake violently
enough to tip the aircraft on its nose. W i t h
jet-engined aircraft of short endurance and high
fuel consumption, full use should be made of the
improved view and powerful brakes t o  taxy
at a higher speed when circumstances permit.
Some piston-engined nose-wheel aircraft have
little clearance between propellers and the ground,
therefore care should be taken when crossing
gullies or similar obstructions as the propeller
tips may touch the ground.

15. Centre of Gravity. I n  tail-wheel aircraft,
which have the centre o f  gravity behind the
main wheels, there is a tendency for a turn, once
started, to tighten up. I n  nose-wheel aircraft, in
which the centre of gravity is ahead of the main
wheels, a natural directional stability results, and
the turning force has to be maintained to sustain
the turn. T h e  simple mechanics o f  these
characteristics are shown i n  Vol.  1 ,  Part 1,
Sect. 5, Chap. 3, Figs. 4 and 5.

16. Effect o f  Wind. T h e  wind velocity can
be an important consideration when taxying.
The effect o f  the wind on the keel surfaces
normally tends t o  weather-cock a n  aircraft
into the wind. Th is  is most noticeable on light
aircraft with a large keel surface and a tail-wheel
undercarriage ; in  a strong wind the effectiveness
of the brakes in countering weather-cocking may
be the limiting factor in the use of these aircraft.
In strong or gusty winds the controls must be
held firmly to prevent them being blown forcibly
against their stops. Pilot's Notes indicate when
control locks may be used while taxying. W i th
aircraft fitted with irreversible power-operated
controls the wind has no effect on the controls.

17. General Points. Whenever possible the
correct operation of gyro and other instruments
should be checked while taxying to the take-off
position. Other general points are

(a) I t  is usual to taxy with the flaps retracted
to reduce the chance o f  damage, especially
on propeller-driven aircraft when stones may
be lifted by the slipstream and thrown against
the flaps.

(b) To prevent damage to tyres and under-
carriage legs the brakes should not be misused
by locking the inner wheel when turning. This
distorts and throws undesirable stresses on the
tyre.

(c) I f  the forward view is restricted by the nose
of the aircraft, as i n  some single-piston-
engined aircraft, taxy slowly along a  zigzag
path ; i .e. yaw the nose from side to side
to ensure that the way ahead is clear. I n  large
aircraft where the view o f  the wing tips is
restricted, i t  is normal to post crew members
in suitable vantage points in the aircraft to act
as additional look-outs. I f  doubt exists about
clearances or the positions o f  obstacles, the
aircraft should be stopped.
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GENERAL FLYING
Straight and Level Flight
18. A  high standard of straight and level flight
is the basis of all accurate flying and is essential
to good navigation. I t  involves flying the aircraft
on a  constant heading, at  a  constant height
and airspeed. Engine handling will depend on
the requirements of  the flight (e.g. maximum
range) and should accord with the recom-
mendations in Pilot's Notes. A s  in all flying
exercises, a good look-out is essential ; and this
should be systematically combined with frequent
scanning of the instruments.

19. Stability and Trimming. A i rcraf t  a r e
generally stable, and so tend to return to straight
and level flight i f  they have been disturbed
from it. Full use should be made of all trimming
devices to relieve the pilot of any loads on the
controls and thus reduce fatigue. A t  greater
heights, stability is normally reduced ; accurate
trimming then becomes increasingly more difficult
but correspondingly more important.

20. Flaps. When flying straight and level at low
speed some advantage may be gained by lowering
the flaps to the position recommended in Pilot's
Notes ; the staffing speed is thereby reduced,
more power is required to overcome the additional
drag of the flaps at a  given speed and, with
propeller-driven aircraft, the additional slipstream
increases the effectiveness of rudder and elevator
controls. I f  the forward view is initially restricted
by the nose-high attitude, the lower position
of the nose with the flaps lowered will improve
the view.

Climbing
21. An  aircraft will climb if more power is used
than that required for straight and level flight
at a set I.A.S. T h e  rate of climb varies with
the amount of surplus power and the airspeed.
The maximum rate of climb is achieved at full
power and at a recommended climbing speed
which varies with height and weight. Pilot's
-Notes give the engine settings and airspeeds,
or mach numbers, to be used on the climb.
During the climb the speed, power settings,
engine temperatures, oxygen flow, and cabin
pressurization should be checked periodically.
I f  the forward view is poor in the climbing
attitude, turn the aircraft occasionally to check
the sky ahead unless operational considerations
require a climb on a constant heading.

22. Jet-Engine Handling. Engine limitations
must be watched, remembering that different
temperature limitations may apply to similar
engines in different aircraft, owing to different
jet pipes and cooling facilities. The  amount of
engine adjustment required for an increase in
altitude is usually small, but attention must be
paid to the j.p.t., particularly at high altitudes
where it becomes more critical. I f  the temperature
exceeds the maximum it should be decreased by
reducing the r.p.m. ; increasing the airspeed
is not recommended as i t  may well have the
opposite effect. During the climb, small throttle
adjustments may be required to maintain constant
r.p.m., depending on the engine characteristics.
Detailed information o n  engine handling is
contained in Vol. 1, Part 1, Sect. 3, Chap. 12.

23. Piston-Engine Handling. T h e  correct
handling for a climb is : —

(a) R.P.M. and Boost. During a  sustained
climb the r.p.m. and boost should be as near
as possible to those recommended in Pilot's
Notes. I f  a constant-speed unit is fitted, the
r.p.m. need little more than periodic checking.
At a constant throttle setting, the manifold
pressure and hence power output o f  an
unsupercharged engine decreases as height
is gained. T h e  throttle must therefore be
opened progressively to maintain the required
figure. A n  automatic boost control i n  a
supercharged engine keeps the boost constant
up to the full-throttle height for the boost and
r.p.m. in use, but above this height the boost
pressure falls off unless the r.p.m. are increased
beyond those permitted for the climb.

(b) Mixture. To  maintain the correct air/fuel
ratio on aircraft fitted with a manual mixture
control, the pilot must adjust the mixture
control as altitude increases. M o s t  British
aircraft, however, have some form of automatic
mixture control which requires little or no
attention from the pilot.

(c) Temperatures. T h e  engine tends to over-
heat while climbing, owing to the combination
of high power and low I.A.S.: this is shown
by a tendency for the coolant, cylinder head,
and oil temperatures to rise. Temperatures
must be watched and the radiator, oil cooler
shutters, or other controls, set to keep the
temperatures within the permissible limits.
It may sometimes be necessary to sacrifice
rate of climb for efficient cooling by increasing
airspeed,.or reducing power.
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(d) Hot/Cold Air-Intake Shutters. Carburettor
air-intake shutters should normally be in the
COLD position while climbing, as in this
position slightly more power is obtained than
if warm air is used at the same throttle setting.
Warm air should be used when necessary
to counter carburettor ice. Detailed informa-
tion on engine handling will be found in
Vol. 1, Part 1, Sect. 2, Chap. 7.

Descending
24. A  descent can be made at different rates and
airspeeds, with or without the use of engine,
flaps, or airbrakes. Pilot's Notes indicate how
maximum rate, cruising, o r  maximum range
descents are best made.

25. General Handling. I t  is a relatively simple
matter to obtain a slow rate of descent, whether
following a  particular method described i n
Pilot's Notes or by simply reducing the power.
When descending slowly from considerable
heights a large distance is always covered, and
the flight plan should allow for this.

26. Maximum Rate Descents. Operational
necessity o r  an emergency may require the
maximum possible rate o f  descent through
a large height band from a high altitude. A i r -
brakes should be opened, power adjusted, and
speed allowed to build up to the recommended
mach number o r  I.A.S. U n d e r  instrument
flying conditions the steepness o f  a  dive is
limited to  some extent by  the difficulty o f
interpreting the attitude from the artificial
horizon, as the distance between the image
and the horizon bar becomes too great for
accurate visual assessment. T h e  mach number
used may depend on the degree o f  control
available and compressibility effects. A t  a lower
altitude the I.A.S. is usually the limiting factor.
The amount of power used varies with the type
of aircraft and the requirements of the operation
or emergency. On turbo-jet engines the minimum
r.p.m. at high altitude may be governed by the
need t o  maintain cabin pressure, and the
maximum r.p.m. may be limited by the need to
achieve the steepest descent path at a  desired
speed. When no cockpit pressure is available
the rate of descent may have to be limited for
physiological reasons. Frequently, i n  rapid
descents from high altitude, the large and
comparatively rapid change of air temperature
and the high humidity at lower levels will cause
frosting or misting of the cockpit windows and
even of the faces of the instruments. F u l l
use should be made o f  the defrosting and

demisting devices to counteract these effects. •
It may be necessary to allow time for the aircraft
to warm up at low altitude to disperse this
misting, before attempting to land. Allowance
must be made for the height needed to level out
from rapid descents so that the manoeuvre is
completed at a safe height above ground level ;
at high I.A.S. and angles of descent, this allowance
can be of the order of several thousand feet.

27. Airmanship. Although the view during the
descent is usually good i t  may be necessary
to turn frequently to check that the descent is
being made into a clear space. Descents of any
sort through cloud should not be made unless
either : —

(a) The pilot is sure that within the circle
of uncertainty of  position there is adequate
clearance between the ground and cloud base,
or
(b) Some form of controlled descent is being
used.

Turning
28. The force which turns an aircraft is the
horizontal component of  the lift obtained by
banking. The  total amount of lift required for
any turn is therefore greater than that for the
same speed in level flight ; and the drag will
also be higher since the extra lift can only
be obtained by increasing the angle of attack.
This increase in drag, shown at a given power
setting by a reduction in speed, is more quickly
apparent in slow aircraft, though it also applies
to faster aircraft at the higher angles of attack ;
so much so that on occasions a tight turn could
be usefully employed for reducing speed.

29. Loading. A s  the angle of bank is increased
in a turn, the total lift must be gradually increased
if the aircraft is to both maintain height and
obtain the greater horizontal component needed
to make the aircraft turn on a decreasing radius.
A progressive increase in  l i f t  and loading,
obtained by gradually increasing the angles of
bank and attack, can be continued until one of
the following limits is reached : —

(a) The aircraft stalls when the angle of attack
reaches the critical angle.
(b) The pilot reaches his g threshold.
(c) The g limit of the aircraft is reached.

The angle of  attack must not be sharply or
suddenly increased since the applied load can
become large enough to overstress the aircraft,
although the pilot may not black-out because of
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the short duration of the load and/or the use of an
anti-g suit. The loading imposed on the aircraft
is evident to  the pilot from the physiological
effects o f  the increasing g and the indications
of the accelerometer.

30. Stalling Speed. When she control column
is moved back fairly rapidly at any speed greater
than the stalling speed, the wings can be made
to reach the stalling angle of attack before the
speed has dropped much below the commencing
speed, depending on how rapidly the backward
movement has been made ; therefore when g is
applied, the stall always occurs at a higher speed
than that for the level flight stall. During a turn,
the more the power used, the larger the angles
of bank and attack that can be applied, the
greater will be the horizontal component of the
inclined l i ft  vector and the smaller the turning
radius ; a t  the same time the g will have been
increasing steadily. I f ,  while tightening the turn,
the aircraft approaches the g  stall, usually
indicated by buffeting, recovery is made simply
by reducing the backward pressure on the control
column and, if not already at full power, increas-
ing the power. I f  the aircraft actually stalls the
same recovery action is used and any tendency
for the aircraft to roll into or out of  the turn
countered by use of  the rudder and/or ailerons
as recommended in Chapter 3 of this section.

31. Maximum Rate and Minimum Radius Turns.
Maximum rate or minimum radius turns are
done at full power and at maximum lift, i.e. on
the fringes of the g stall ; the higher the I.A.S.
that can be maintained under these conditions,
the faster the rate and the smaller the radius
of turn. I f  less than full power is used the rate
of turn is less and the radius is larger. Stalling
speed is proportional to g and therefore increases
as the angle o f  bank increases and the turn
tightens. W h e n  gradually tightening a  turn

GENFRAL FLYING
(increasing the g) at a constant I.A.S., the initial
response from the aircraft is a  slight increase
in rate o f  turn and a  considerable decrease
in radius ; as the g stall limit is approached the
rate o f  turn starts increasing rapidly but the
rate o f  decrease o f  the radius falls o f f  and
eventually becomes negligible. These facts
should be borne in mind when flying at high
speed or in bad weather in poor visibility.

32. Turning at Low Speed. L o w  speed implies
a high angle of attack giving a relatively small
margin above the stalling angle. A n y  turn
commenced at a low speed is limited in radius
and rate o f  turn since the margin o f  speed
between the level flight stalling speed and the
g stall is small. Power should be used to prevent
the speed from falling any lower. A t  the lowest
speeds just above the stall only fractional amounts
of g are required to bring on the stall.

33. Compressibility i n  Turns. A n y  Increase
in angle of attack and g further accelerates the
flow of air over the upper surface of  the wing.
At high T.A.S., therefore, the increased angle
of attack during a  turn induces the onset o f
compressibility effects sooner, i.e. a t  a  lower
speed and mach number than when no loading
is applied.

34. Effect of Altitude on Turning. Because of the
reduced density of the air and the adverse effect
of compressibility on the lift obtained at a given
I.A.S. and angle o f  attack, the g to which the
aircraft can be subjected without stalling is lower
than at lower levels. Maximum rates o f  turn
are much reduced and turning circles much
increased ; fighter aircraft which could easily
be damaged through excessive g at low altitudes
are not able to exceed 1 i to 2g at their highest
working altitudes, i.e. the manoeuvrability i s
much reduced.
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PART 2 : SECTION 3

CHAPTER 2

TAKE-OFF, CIRCUIT, APPROACH, AND LANDING
Check Lists
1. Because o f  the complexity o f  most aircraft
it is essential to check and preset the flying and
engine controls before taking off. Systematic
checks o f  vital actions have been introduced
to cover these items. These checks should
be kept as brief as possible without compromising
their thoroughness, and any control setting that
does not concern the take-off should be checked
either before starting in the case of jet-engined
aircraft o r  during the warming up period in
piston-engined types. I n  aircraft with complex
cockpits the items concerned are listed in check
lists carried in the aircraft. O n  aircraft having
powered flying controls the detailed checks and
precautions regarding the controls given i n
Pilot's Notes must always b e  meticulously
observed. O n  al l  aircraft the flying controls
should be tested over their full range of movement
for freedom and for operation in the correct
sense. A n y  unusual sound, slackness, tension,
or restriction should be investigated.

2. To  help remember the check lists certain
mnemonics have been designed to cover the re-
quirements of piston-and jet-engined aircraft. The
pre-take-off mnemonics are T.M.P.F.F.G.H.H.
for piston-engined aircraft and T.A.F.F.I.O.H.H.
for turbo-jet-engined aircraft. T h e s e  letters
signify particular cockpit items (detailed below)
which must be checked before take-off. T o
conserve fuel in jet aircraft, as many as possible
of the pre-take-off checks are normally done
in dispersal before starting the engines or taxying.
After taxying clearance has been obtained, the
pre-take-off mnemonic is repeated, as a further
safeguard, en route to the marshalling point. The
checks f o r  piston-engined aircraft are done
at the marshalling point.

Jet-Engined Aircraft
T. Tr ims
A. Airbrakes
F. Fue l
F. Flaps
I. Instruments
0. Oxygen
H. Hoods and hatches
H. Harness

T.

M.
P.
F.
F.
G.
H.
H.

Piston-Engined Aircraft
Trims, temperatures
Throttle friction
Mixture, including carburettor controls
Propeller pitch. Pressures
Fuel. Cocks and contents
Flaps
Gills or radiator shutters. Gyros
Hoods and hatches.
Harness

These basic mnemonics seldom need t o  b e
modified, though i t  may be nePP-ssary to make
additions or omissions to suit a particular type
of aircraft.

3. After obtaining take-off clearance, ensure
that the approach and take-off area is clear, then
line up for take-off on the port or starboard
side of the runway. (Use of the sides rather than
the centre doubles the runway life.)

TAKING OFF
Factors Affecting Length of Run
4. The length o f  the take-off depends on : —

(a) All-up weight (A.U.W.).
(b) Amount o f  flap used.
(c) Engine power.
(d) Wind velocity.
(e) Nature o f  the runway surface.
( f)  Air temperature.
(g) Airfield elevation.

5. All-Up Weight. Since the stalling speed is
proportional to the weight, i f  the weight is high
the aircraft has to be accelerated to higher I.A.S.
than that required at a lower weight before the
wings generate sufficient lift. Further, because
the weight is higher, the inertia is greater and
therefore the rate o f  acceleration is reduced ;
both effects lengthen the take-off run.

6. Amount of Flap Used. T h i n  wings, swept
or unswept, have low maximum lift coefficients
and therefore need to be accelerated to higher

(A.L. 4, Mar. 58)
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speeds than comparable wings wi th  thicker
aerofoils, so again a longer run is required for
unsticking. U s e  o f  take-off flap increases the
lift and enables the aircraft to become airborne
at a lower I.A.S., and therefore a shorter run ;
the flap setting for take-off is given in  Pilot's
Notes. O n  aircraft with high unstick speeds
and wing loadings the take-off flap setting should
always be used when taking off at a high A.U.W.

7. Engine Power. T h e  greater t h e  thrust
available in a given airframe the better will be the
acceleration and the less the distance required
to become airborne.

8. Wind Velocity. I f  the aircraft is taken off into
wind the take-off run i s  shortened because
an aircraft at rest, pointing into wind, already
has an I.A.S. equivalent to the wind speed. T h e
additional advantages o f  taking off  into wind
are : —

(a) The ground speed at the time of unsticking
is lower.
(b) At the lower ground speed the stresses
on the undercarriage and tyres are reduced.
(c) There is no tendency to drift.
(d) Directional control i s  improved i n  the
initial stages of take-off.
(e) The angle of climb after take-off is steeper
because, while the rate of climb is unaffected,
the ground speed is lower (Fig. 1).
( f) The ground speed i s  lower following
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possible engine failure or an abandoned take-
off, so that the touch-down is made more
slowly and the distance to run is shorter.

9. Nature of the Runway Surface. T h e  retarding
effect of a rough surface such as grass, rutted
and frozen snow, or soggy ground, increases the
ground run required. I f  the ground has regular
corrugations, a pitching oscillation (porpoising)
may be set up which gains in intensity and results,
in the aircraft being thrown into the air before
flying speed is reached.

10. A i r  Temperature. T h e  low air density at
high temperature raises the T.A.S. required to
unstick and so lengthens the take-off run. L o w
air density also reduces the maximum power of all
engines, an effect which adds to the distance
covered. 0..The thrust of jet engines is reduced
by four to five per cent. for each 10°F. rise in
ambient temperature above standard (60°F.). 4111

11. Airfield Elevation. A g a i n ,  t h e  reduced
density at altitude increases the take-off run for
reasons explained i n  the  paragraph above.
io.The thrust of jet engines is reduced by two to
three per cent. fo r  each 1,000 ft .  increase in
airfield elevation.

Allowances to be Made to Jet Aircraft Take-
off Distances when Conditions Deviate from
Standard
11A (a) For each 10°F. rise in temperature above

standard (60°F.), o r  each 1,000 ft. increase

KT GROUND SPEED(G/S)
KT GROUND

I MINUTE

I M I N U T E

5 0 0  FT

Fig. I. Effect of Wind on Take-off Run and Initial Angle of Climb

5 0 0  FT

(A.L. 4, 11ar. 58)
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in aerodrome elevation above sea level,
the calculated take-off distance should be
increased by 10 per cent.
(b) For clearing obstacles, convert the obstacle
height in feet into per cent. and increase the
take-off distance accordingly, e.g. for a 25-ft.
obstacle the required take-off distance should
be increased by 25 per cent.
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Acceleration Check Speed
12. Acceleration check speed is the speed an
aircraft should attain at a predetermined point
during take-off. T h e  purpose of checking speed
against distance gone, is to ascertain the aircraft's
performance. T h e  actual acceleration o f  an
aircraft during take-off depends on the thrust/
weight ra t io  although drag must also b e
considered; thus i t  is possible to calculate the
speed an aircraft should reach at a certain point.
I f  the aircraft's speed at the acceleration check
point is a t  least equal t o  the predetermined
speed, performance is satisfactory and the take-
off should be continued; i f  the speed is less, the
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take-off should be abandoned since the lack of
speed is an indication that correct thrust is not
available or that some other defect like binding
brakes is present. Further, i f  the take-off is
continued the lower rate o f  acceleration wi l l
lengthen the take-off run possibly to a dangerous
extent.

13. So that the aircraft can be stopped on the
runway remaining i f  the check speed is not
attained, the Vstop (stop-speed) must also be
considered. T h e  Vstop i s  defined as  the
maximum speed from which an aircraft can be
brought to rest on the runway remaining, and
the Vstop data is  obtained from a  series o f
actual acceleration/stop tests during which an
aircraft i s  accelerated t o  a  particular speed
simulating take-off, and the throttle i s  then
closed simulating engine failure. A f t e r  a delay
equivalent to pilot reaction time (usually three
seconds) the brakes are applied. T h e  distance,
associated with each speed, from the throttle
closed point to the stop point is measured and
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plotted. T h e  stop speed will vary with weight,
runway length and slope, wind, temperature,
and altitude.

MAKM
P U P !"And■ STOPPING

CURVE A
DISTANCE

sumor MOM■
CURVE 8

STOPPING DISTANCE
PLUS 3  SECOND
PILOT REACTION

■
g i l

M K S T I M EmilWA■MU■7/11
111

14. The acceleration check is thus made at a
point which is both late enough to be a useful
acceleration check and early enough fo r  the
aircraft to be stopped on the runway remaining
if the correct speed is not attained. Figs. 2 and 3
show how a  check speed can be calculated.
Consider a  hypothetical example; given the
following conditions determine the speed at a
4,000-ft. acceleration check point:—

Take-off weight 2 2 , 3 0 0  lb.
Pressure altitude 2 , 0 0 0  ft.
Temperature + 3 5 ° C .
Runway length 9 , 0 0 0  ft.
Normal dry runway surface
Zero wind conditions.

Enter the graph Fig. 2A at 22,300 lb. and follow
the broken line to read off an unstick distance of
7,250 ft. Then  enter the graph Fig. 2B again
at 22,300 lb. and follow the broken line to read
off an I.A.S. of 118 kts. W e  now know that the
take-off speed is 153 kts., the unstick distance
7,250 ft.  and at  a  4,000-ft. A.C.P. the speed
should be 118 kts.

15. From Fig. 3 the stop distance (the distance
associated with Vstop) for  a given weight can
be found; in this case to stop from 118 kts. the
distance required is 3,450 ft. Thus  an acceler-
ation check can be made at 4,000 ft. and i f  it is
decided to  abandon the take-off the aircraft
could be stopped a t  7,450-ft. Simi lar curves
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can be provided for any type o f  aircraft and
allowances can also be made for runway gradient,
prevailing wind, and for varying weight on the
stop distance graph.

Take-Off Technique
16. The take-off technique varies with different
classes of aircraft. The  main classes of aircraft
from this point of view are: —

(a) Single turbo-jet engine and nose-wheel
undercarriage.
(b) Single piston engine and tail-wheel under-
carriage.
(c) Multi-turbo-jet engines and  nose-wheel
undercarriage.
(d) Multi-piston engines and tail-wheel under-
carriage.
(e) Multi-piston engines and nose-wheel under-
carriage.

Single Turbo-Jet Engine and Nose-Wheel
Undercarriage

17. Taxy forward on the runway for a few yards
to straighten the nose wheel, then open the
throttle smoothly t o  fu l l  power. W i t h  some
engines the throttle must be opened slowly
at first t o  avoid a  compressor stall. I n  the
initial stages o f  the run, direction should be
controlled with the nose-wheel steering or wheel
brakes but  as soon as the rudder becomes
effective this should be used. When take-off
power is reached, check the engine instruments.
At the recommended I.A.S. the nose wheel
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should be raised clear o f  the runway, thus
setting a moderate nose-up attitude which should
be maintained until the unstick speed is reached.
As the speed rises above the nose-wheel lift-off
speed, the elevator effectiveness increases and
there is a tendency for the attitude to become
more nose-up. T h i s  must be countered by a
suitable control movement because, if the nose-up
attitude becomes exaggerated the drag rises
to an extent which reduces the rate of acceleration
and, in extreme cases, may prevent any further
acceleration. When the recommended unstick
speed is reached, the aircraft should be lifted
off the ground with a smooth, definite backward
pressure on the control column. When safely
airborne a  slight touch o f  brake should be
applied momentarily to stop the wheels spinning,
and the undercarriage retracted whilst a shallow
climb is maintained and the I.A.S. allowed
to increase to the initial climbing speed. Flaps,
if used, should also be raised, and the control
column moved to counter any tendency to sink.
If climbing power is less than full throttle, power
should be reduced when the climbing speed
is reached. A  slightly shorter take-off run is
obtained by first opening up to the maximum
power that can be held on the brakes, then
releasing the brakes and applying the rest of the
power.

18. Use of Reheat. When reheat is used for the
take-off, no special technique is necessary other
than a check of the reheat operation (see Vol. 1,
Part 1, Sect. 3, Chap. 9) and the undercarriage
and flaps raised as soon as possible after becoming
airborne; this is necessary (because of the rapid
acceleration) to prevent exceeding the limiting
I.A.S. for these items.

Single Piston Engine and Tail-Wheel Under-
carriage

19. Taxy forward for a few yards to straighten
the tail wheel and then, i f  applicable, lock it.
With the stick held aft  o f  central, open the
throttle smoothly t o  take-off power. A n y
tendency t o  swing should be corrected wi th
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the rudder, the corrections becoming smaller
as the rudder becomes more effective wi th
increasing airspeed. A s  the speed increases, the
aircraft should be brought into the flying attitude
by a progressive forward movement of the control
column, taking care not to get the nose too low.
When flying speed is reached, a  smooth back
pressure on the control column lifts the aircraft
into the  a i r.  When safely airborne, brake
slightly to stop the wheels turning and retract
the undercarriage while maintaining a shallow
climb and allowing the I.A.S. to build up to the
climbing speed. A t  a height which allows for
the possibility of sinking, the flaps, if used, should
be raised. When the flaps and undercarriage
are fully retracted, power should be reduced
to the climbing setting.

20. Directional Instabil ity. T h e  inherent
instability on the ground of  the tail-wheel-type
undercarriage requires more care to be taken
with the directional control of the aircraft. A n y
slight swing which is not quickly corrected gains
in strength. A  piston-engined aircraft w i th
a tail wheel has certain inherent characteristics
which tend to cause i t  to  swing on take-off.
These are discussed below.

21. Slipstream Effect. T h e  slipstream from the
propeller rotates around the fuselage and tail
surfaces in  a  spiral path so that the airflow
meets the fin at an angle of attack, setting up
a force which causes a tendency to swing.

22. Gyroscopic Effect. A s  the tai l  rises into
the flying attitude the inclination of  the plane
of rotation of the propeller changes. This change
of inclination sets up a precessing force on the
propeller, which, having gyroscopic properties,
causes a further swing tendency.

23. Asymmetric Blade Effect. W h i l e  moving
with the tail on the ground, the propeller disc
is tilted backwards. In  this attitude the relative
airflow on the down-going blades differs from
that on the up-going blades. O n  the down-going

(Continued on next leaf)
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blades the angle o f  attack is greater and the
relative speed higher. Thus the down-going side
of the disc produces more thrust than the
up-going side, and so applies another yawing
force on the aircraft.

24. Torque Effect. T h e  equal and opposite
reaction to the force which rotates the propeller
results in  a  tendency for  the airframe to be
rotated in the opposite direction. O n  take-off
this torque force causes one wheel to be pressed
more firmly on to  the ground, causing more
friction (tantamount to  braking) on that side
and yet one more yawing force. T h e  throttle
should be opened at such a rate that the amount
of torque set up is controllable by the rudder ;
on high-powered piston engines, opening the
throttle rapidly at the start of the take-off results
in an uncontrollable swing owing to the high
torque and the ineffectiveness o f  maximum
corrective rudder movement at the low speed.

25. A l l  these yawing forces act in  the same
direction, and are countered, during take-off,
by use of the rudder. Viewed from behind, when
the propeller rotates clockwise, all these forces
tend to yaw the aircraft to the left, and vice versa.

Multi-Turbo-Jet Engines and Nose-Wheel
Undercarriage

26. The take-off technique fo r  these aircraft
is the same as that for single-engine types, except
that the possibility o f  engine failure during and
immediately after take-off must be considered.
These considerations are detailed in Part 4.

27. When Operating Da ta  Handbooks a re
available fo r  use with any aircraft type, the
particular acceleration check speed and maximum
refusal speed fo r  the take-off conditions and
runway length should be ascertained. When
the aircraft reaches the acceleration check point,
the I.A.S. should be at or  above the desired
figure. The  maximum refusal speed governs the
actions following engine failure during take-off.

Multi-Piston Engines and Tail-Wheel Under-
carriage

28. The yawing effects described in paras. 21 to 24
apply to a varying degree to this type of aircraft,
unless the propellers are handed, i.e. rotate in
opposite directions on opposite sides o f  the
fuselage. However, i f  directional control is not
easy during the early stages of the take-off run,
the throttles should be opened differentially, and
rudder used at the same time. T h e  technique
following engine failure is discussed in Part 4.
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Multi-Piston Engines and Nose-Wheel Under-

carriage
29. Since a  multi-piston-engined aircraft with
a nose wheel is almost in the flying attitude, the
asymmetric blade or  gyroscopic effects during
the take-off run will not be felt until the nose-
wheel is lifted off the ground, and even then the
effect will be negligible. Some nose-wheels are
steerable and can be used to maintain directional
control during the early part of the take-off run.
If an engine fails before becoming airborne the
steerable nose wheel should be used to  help
to keep the aircraft straight. Otherwise the
technique is the same as for other aircraft using
nose-wheel undercarriages.

Taking Off in a  Cross Wind
30. Because of the advantages listed in para. 8, it
is usual to take off as nearly as possible into
wind. However, when a long take-off run is
needed it may be preferable to use the longest
run regardless of the wind direction, unless the
wind is very strong. A l l  else being equal, a cross
wind take-off requires a  longer run since the
head-wind component is lower.

31. Drift. F o r  a given wind speed the drift
is inversely proportional to I.A.S. ; the lower
the I.A.S. the greater the drift. Consequently
the amount of drift correction when unsticking
is less at higher speeds. Nose-wheel aircraft,
being inherently stable on the ground, have a
reduced tendency to weathercock when taking
off across wind.

Technique for Cross-Wind Take-Off
32. A n  aircraft tends to weathercock into wind
and this tendency must be anticipated. In the init-
ial stages the controls should be handled as for a
normal take-off, paying extra attention t o
directional control. I n  multi-engined aircraft,
directional control may be assisted by differential
use of power ; but it must be appreciated that
this lengthens the take-off run as more time is
needed before full power is reached. When the
unstick speed is reached the aircraft should
be lifted cleanly off the ground and must be
prevented from dropping back on the runway.
A clean unstick is especially important when
taking off from a  rough surface, o r  in  gusty
conditions, when a n  unexpected bump may
force the aircraft into the air before full flying
speed has been reached. I n  these circumstances
it is  advisable t o  hold the aircraft down
deliberately until a  speed slightly above the
normal take-off speed is reached. I n  all aircraft,
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more particularly those with sweep-back, a cross
wind may cause the into-wind wing t o  rise
immediately after unsticking. T h i s  tendency
should be expected, and corrected as soon as it
starts ; i t  is a transitory effect which disappears
as soon as the wind has overcome the inertia
of the aircraft and causes i t  to  drift. A f t e r
unsticking and until the drift  develops, there
is a  "yawed" airflow over the wings which
causes the effective aspect ratio of the into-wind
wing to  be momentarily increased. As soon
as the aircraft is airborne the nose should be
yawed into wind to counteract the drift so that
the aircraft continues to track along the line of
the runway after take-off. T h e  yawing o f  the
nose may be accompanied by a rolling tendency
towards the into-wind wing ; th is  should be
anticipated and is easily corrected by a suitable
aileron movement co-ordinated with the rudder
movement ; the  rate o f  roll with yaw is pro-
portional to the rate of  rudder movement; the
effect is most noticeable again in  swept-wing
aircraft.

THE CIRCUIT

Introduction
33. To  reduce congestion and the  r isk  o f
collision, aircraft should enter the airfield circuit
in a planned and systematic manner. To  achieve
this a standard circuit procedure is taught.

METHODS O F  ENTERING T H E  CIRCUIT  . . • • • • •

STANDARD CIRCUIT

PRE-LANDING
RECHECK

"FINALS, THREE GREENS"
CALL

Preliminaries to Joining the Circuit
34. As  the airfield is approached, the following
preparations for the final approach and landing
should be made while maintaining a continuous
look-out for  other aircraft using, leaving, o r
joining the circuit : —

(a) Contact should be established between the
aircraft and air traffic control (A.T.C.), and
permission obtained to enter the circuit.
(b) I f  necessary, reset the altimeter.
(c) Adjust and lock the safety harness.
(d) Check brake pressure (if applicable).
(e) Set the engine power to give the required
circuit speed.
(f) Check the fuel state and if necessary select
the best tank.
(g) Lose height to the authorized minimum
above the airfield.

Procedure for Joining the Circuit
35. Enter the circuit (Fig. 4) at a slow cruising
speed and at a height not below 2,000 feet above
the ground ; f ly over the aerodrome to check the
ground signals and wind conditions. When the
dead side of the airfield (the side not normally
used when carrying out a circuit and landing) is
reached, turn in the direction of the circuit to fly
on a parallel to the landing path. Reduce the
height to circuit height and turn across wind

"PRE-LANDING CHECKS"

441m

- 4 0 °
SLOW SAFE CRUISING SPEED
HEIGHT N O T  BELOW 2000 ft.- -

" D O W N W I N D  CALI:

CLIMBING
TURN- N O T  B E L O W

500 ft. N o l l b

CHECKS AFTER
TAKE-OFF

I N O
SLOW SAFE CRUISING SPEED
HEIGHT N O T  BELOW 2000 ft.

COMMENCE LET- D O W N
TO C I R C U I T  HEIGHT

Fig. 4. The Circuit Pattern
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sufficiently close to  the up-wind boundary to
enable aircraft taking off or overshooting to pass
safely underneath. When flying at circuit speed,
partial flap may be used to improve the handling
characteristics.

36. I f  the circuit conditions are known before-
hand, i.e. the direction of landing and the nature
and amount of traffic, the circuit may be joined
at circuit height direct onto the down-wind leg,
or onto the cross-wind leg up -wind o f  the
airfield.

Circuit Pattern
37. The aircraft should be flown across wind
until it is at a suitable distance from the airfield,
then turned down wind and parallel t o  the
intended landing path and the "Downwind" call
made to air traffic control when opposite the .

up-wind e n d  of the runway. T h e  pre-land-
ing checks should be done on the down-wind leg.
When a suitable position down wind has been
reached (this will depend on the wind strength
and the type of approach being made) turn onto
the base leg of the circuit. O n  this leg, before
the f ina l  approach i s  begun, r e -check the
pre-landing vital actions and verify that the
undercarriage is down. When the turn onto the
final approach is started make the "Finals" call
to a i r  traffic control, ending with the words
"Three greens"to indicate that the undercarriage
has been checked. T h e  pre-landing check list
is given in Pilot's Notes.

THE APPROACH
Introduction
38. The first requirement of a good landing is
a good approach. T h e  approach may be made
with o r  without assistance from the engine.
An engine-assisted approach is usual, but the
pilot must be capable of making a glide approach
in any type of aircraft so that he is competent
to perform a forced landing i f  the engine fails.

Use of Flap on the Approach
39. The use o f  flaps during an approach will
give the pilot:—

(a) A steeper path of descent at a given speed.
(b) A lower stalling speed, thus permitting
an approach at lower airspeed without reducing
the safety margin.

The amount of flap used will depend on the type
of aircraft and the wind conditions prevailing.
In heavier aircraft it is advisable to use full flap
on almost all occasions; but in lighter aircraft
in a strong wind, or in cross-wind conditions, it
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may by  preferable t o  use only partial flap.
It is impossible to formulate general rules about
the use of flap, but a pilot should learn from his
experience the degree of flap most suited to the
various wind conditions in his type of aircraft.
In general, it is normal to use partial flap during
the early stages of an approach and to select full
flap when the aircraft is entering its final approach.
When approaching with asymmetric power it is
particularly important to defer the use of full flap
until finally committed to the landing.

Effect of Wind
40. The two main advantages o f  making an
approach and landing into wind are that the
ground speed is reduced to a minimum for a
given airspeed, and drift is eliminated. C o n -
sequently the landing run will be shortened, the
undercarriage will not be subjected to unnecessary
side loads, and the tendency to swing will be
reduced. A lso ,  i f  i t  is necessary to go round
again, the aircraft will be in the best position
to regain height rapidly.

Wind Gradient
41. A progressive decrease of wind speed in the
lower layers near the ground, i.e. wind gradient,
will be most pronounced when a strong wind
is blowing over an uneven surface. T h e  effect
of a sharp wind gradient on an aircraft approach-
ing to land is to cause a sudden reduction in I.A.S.
With operational and advanced aircraft, which
usually approach a t  a  speed close to stalling
speed, this reduction may cause a  rapid sink
and a heavy landing, or at worst an undershoot.
The gradient i s  sometimes aggravated b y  a
downdraught which greatly increases the rate
of sink. Therefore i f  a strong wind gradient
is suspected the approach should be made at a
higher speed than normal and extra power used
to prevent the aircraft sinking rapidly as it nears
the ground.

Gustiness
42. Gusts are caused by eddies and thermal
currents and may blow from any direction. They
are strongest when the wind is strong and on hot
days, when the effect of thermal currents caused
by the uneven heating of the earth's surface is also
most pronounced. I n  conditions of moderate to
high wind they may also be caused by  the
horizontal shielding effect o f  buildings and
trees. T h e  effect of gusts is similar to that of  a
wind gradient except that a sudden increase in
airspeed and lift may also occur.

(A.L. 4, Mar. 58)
RESTRICTED



RESTRICTED
A.P. 129, Vox.. 2, PART 2, SECT. 3, CHAP. 2
Manoeuvrability
43. A t  the low speeds used on the approach, the
amount of bank and hence g that can be applied
is limited. T h e  higher the landing weight, the
higher the stalling speed and the less the amount
of bank that can be safely used at a given speed.
Whereas,for example, 45° of bank could be safely
used when turning onto the final approach, the
same amount of bank used at a lower speed at
some stage of the final approach could induce the
beginnings of  a stall and considerably increase
the rate of descent. Th i s  consideration applies
particularly to aircraft having combinations of
high wing-loading and sweep-back and when
operating at or near the maximum landing weight.

Engine Handling
44. With turbo-jet and turbo-prop engines,
Pilot's Notes stipulate the minimum r.p.m. that
should be used on the approach until definitely
committed t o  the landing. T h i s  figure i s
important, because i f  the aircraft undershoots
with the r.p.m. below this figure the poor engine
acceleration characteristics may entail a  con-
siderable and possibly disastrous delay before
sufficient power is reached to correct the approach
path. I n  addition, with the r.p.m. below the
required figure, any attempt to hasten the build-up
of power can cause a compressor stall. Unless
necessary, therefore, landings requiring steep
approaches needing little or  no power should
be avoided.

Approach Path
45. The classic form of approach is that during
which height, speed, and power are progressively
reduced until the aircraft arrives at the touch-
down point with the engine throttled back and
the speed at its lowest value above the stall.
This form of  approach is used on most types
of aircraft. A n  alternative method that  i s
suitable for large aircraft having a high wing-
loading and landing at high weights is to set a
constant speed immediately after starting the
final approach; thereafter the approach path
and rate of descent is controlled through throttle
movement; the speed used, the runway threshold
speed, is governed by the landing weight, wind
conditions, and air temperature, and is that speed
at which, using the classic technique, the round-
out is commenced.

46. Irrespective of the type of approach, the aim
should always be to maintain a constant and
comfortable rate o f  descent. Steep approaches

with a high rate of descent and little or no power,
or flat approaches with a low rate o f  descent
and a high power setting, are indicative of poor
judgment and  airmenship. A l t h o u g h  some
circumstances may demand such approaches
they should not be used under normal conditions
since, being extremes, the margins of safety are
reduced.

47. On aircraft having h igh  wing-loadings,
particularly those with sweep-back, the rate of
descent must be kept moderate. I f  the speed
is low and the rate of descent high, a comparatively
large amount of height and power is needed to
check the descent and, at the low speed, any
attempt to hasten the correction can easily cause
a g stall. The implications of these characteristics
are all important during the approach.

48. A  steep approach a t  the correct speed
implies the use of low power; this conflicts with
the requirements for gas-turbine engines stated
in para. 44. A  high rate o f  descent can only
be checked quickly with the assistance o f  the
engine and, by virtue of the low power setting
used, this assistance may be denied when it is
most needed.

LANDING
Definitions
49. The final approach is considered to start
from a point where the aircraft is some distance
down-wind of the runway, in line with it, and
approaching on a descending flight path. T h e
round-out is the change o f  attitude made from
the descending path of the approach to a path
level with, and slightly above, the ground (com-
mencing at the runway threshold speed stated
in Pilot's Notes). The hold-off or float describes
the subsequent period in which the aircraft is
flown parallel to  the ground with increasing
angle o f  attack and falling airspeed until the
aircraft touches down.

Nose-Wheel Aircraft
50. Basic Technique. A s  the aircraft approaches
the threshold of the runway the rate of descent
should be checked by a gentle backward pressure
on the control column. A t  the same time, the
throttle should be closed gradually. I n  this
attitude the airspeed decreases and the aircraft
should be lowered gently onto its main wheels.
I f  after rounding out there is a tendency to float
or gain height, the nose has been raised too high
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during the round-out ; the nose should be lowered
slightly, and the main wheels deliberately run
onto the ground, so avoiding any tendency to
float. The rate at which power is reduced is not
the same for all aircraft ; some types, particularly
highly loaded aircraft and those using swept
wings, require some power during the round-out
to prevent an excessively rapid drop in speed due
to the high drag in the nose-up attitude. Unless
power is used to prevent this, the rate of descent
can increase causing an undershoot (see para. 47).

51. A n  aircraft with a nose-wheel undercarriage
should be landed on the main wheels with the
nose wheel held off the ground. This attitude is
little different from the attitude of  the aircraft
while on a normal approach, and therefore only
a small change o f  attitude is required when
rounding out. Since the C.G. is ahead o f  the
main wheels, the aircraft tends to pitch forward
onto i t s  nose wheel o n  touch-down. T h i s
reduces the angle of attack so that there is no
tendency to balloon off  the ground. The nose
wheel should be lowered onto the ground before
the brakes are used, but on some aircraft the
nose wheel cannot be held off the ground once
the main wheels have touched down. Brakes
should then be used to decelerate and, if necessary,
maintain a straight landing run. Even i f  a long
runway is in use, the brakes should be applied
briefly as soon as the nose wheel is on the ground
as a check of serviceability; thereafter the brakes
should be used as required.

Aerodynamic Braking
52. Aerodynamic braking consists o f  holding
a nose-wheel aircraft i n  a  marked tai l-down
attitude for the first part of the landing run, so
offer ing the largest possible area to the airflow,
giving more drag and slowing the aircraft while
reducing the amount o f  brake required sub-
sequently. I f  aerodynamic braking is used the
landing run is longer than i f  the nose wheel had
been placed on the runway and the wheel brakes
applied a t  t h e  earliest possible moment.
Prolonged aerodynamic braking is useful only
when there is sufficient runway available or if the
brakes have failed.

Tail-Wheel Aircraft
53. Basic Technique. Again, the rate of descent
is checked by rounding out and reducing power.
In the tail-wheel aircraft, however, the control
column should be moved progressively back,
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increasing the attitude (angle o f  attack) as the
speed decreases, and holding the aircraft off the
ground. To o  rapid movement o f  the control
column causes the aircraft to balloon away from
the ground, while too slow a movement allows
the aircraft to sink onto its main wheels and
bounce (para. 72). I n  a well judged landing, a
moment is reached when the aircraft can no
longer be prevented from sinking onto all three
wheels together ; t h e  control column is then
fully back. Brakes can be used when all  the
wheels are firmly on the ground ; initially slight
brake should be used, increasing the effort as the
speed falls. A  brief brake check should always
be carried out as soon as the aircraft is firmly
on the runway so that more time is available for
emergency action in the event of  brake failure.

Three-Point Landing
54. Three-point landing is usual for tail-when
aircraft and has the following advantages : —

(a) The touch-down speed i s  t he  lowest
possible (little more than the stalling speed)
and therefore the landing run is the shortest
possible.

(b) The brakes may be used early in the landing
run.

(c) There is less danger of the aircraft nosing
over i f  the brakes are used too fiercely or the
wheels enter soft ground.

Wheel Landing
55. A  wheel landing is one in which the main
wheels are placed on the ground before the tail
wheel. T h i s  type o f  landing differs from the
three-point landing in that, once the aircraft is
flying just above the ground, it is not held off and
the main wheels are placed gently but deliberately
on the ground. T h e  wheel landing may on
occasions be preferred to the three-point landing
because : —

(a) The change of attitude when landing is less
and there is no hold-off, so judgment is easier.

(b) I t  has certain advantages when landing
across wind (para. 69).

(c) Jt provides a safer means of landing heavily
laden aircraft.

The main disadvantage o f  the wheel landing is
that the speed i s  higher a t  the moment o f
touch-down, making for  a longer landing run.
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GENERAL CONSIDERATIONS

WHEN LANDING

Effects of Flap on Landing
56. I n  all aircraft the use of flap shortens the
landing run owing to the increased drag and
lower touch-down speed. I n  tail-wheel aircraft
it also : —

(a) Reduces the period o f  float and the
distance covered while floating.
(b) Reduces the touch-down speed for  a
three-point landing because the stalling speed
is reduced.

Use of Brake
57. With nose-wheel undercarriages maximum
braking may be used when necessary, as there
is no danger of nosing over. Pilot's Notes state
whether continuous or intermittent applications
of brake should be used during the landing run.
The following handling points should be observed
when using brakes : —

(a) I f  runway distance permits, delay the use
of brakes until the speed has fallen to a low
figure. O n  high-performance aircraft with
anti-skid brakes, it is recommended that an
interval of ten minutes should elapse between
landings involving heavy braking. I f  the
period of  taxying after such a landing also
involves heavy braking, the interval should be
20 minutes before the brakes are again used
harshly. Failure to observe this precaution
can result in a fire at the brakes.
(b) On a wet runway or muddy ground the
wheels tend to lock. This occurs easily when
high-pressure tyres are used. A s  the greatest
braking effect is obtained with the wheels on
the point of  locking, the brakes should be
applied very carefully. I f  the wheels are locked
the braking effort is severely reduced since the
aircraft "skis" along with virtually no friction
between the wheel and ground. When anti-
skid units (para. 58) are fitted to the braking
system the brakes can be applied fully at any
speed without the wheels locking, but on wet
or slippery runways their effectiveness is still
reduced, perhaps drastically.
(c) With a  tail-wheel undercarriage, i f  it is
necessary to use brakes when the speed is high
they should be applied for short periods at
frequent intervals with the control column
held right back. This method reduces the risk
of nosing over.

Anti-Skid (Maxaret) Braking System
58. As stated in para. 57 (b) the maximum effect
from wheel brakes is obtained when the wheels
are only just able to turn. When anti-skid units
are fitted the brakes can be put hard on and the
automatic unit then regulates the amount of
pressure at the brakes ; pressure is applied until
the wheels start to skid, some pressure is then
automatically released and is thereafter governed
so that maximum braking efficiency is obtained.
Evidence that the maxaret unit is in operation
is shown by violent fluctuation of the individual
pointers on the brake pressure gauge. W i t h
this system the landing run is much reduced.
However, the brakes must be applied only after
touching down as the maxaret system will only
operate once the wheels are turning. The  very
effective braking obtained from this anti-skid
system should not be abused, and normal
braking should be used whenever possible to
prolong the life of the brakes and tyres.

Braking Propellers
59. I n  some propeller-driven aircraft, the main
braking after landing is done by reverse thrust.
Immediately after landing, the propeller pitch
is changed to the braking setting, and power is
increased. This produces a large reverse thrust
which slows the aircraft smoothly and rapidly,
thereby considerably increasing tyre l i f t  and
brake wear. I n  multi-engine aircraft the initial
throttle opening should be made carefully to
check that all propellers have reversed before
increasing power further. A  safety device
prevents the use of reverse thrust during flight.

Special Notes for High-Performance Aircraft
60. In  many operational and more advanced
aircraft the wing loading and the stalling speeds
are comparatively high. T o  keep the landing
run as short as possible, the recommended
approach and runway threshold speeds given in
Pilot's Notes cannot always be made high enough
to give the same margin o f  control as do
corresponding speeds for aircraft of lower wing-
loading. I n  turbulent conditions and when
even small amounts of g are applied, this margin
is further reduced and special care must be taken
on the final turn-in when turbulent conditions
prevail. Since the runway threshold speed may
be only ten knots above the stalling speed
a smooth round-out is essential to avoid a g stall
followed by a heavy landing. A  smooth round-
out is particularly necessary for this reason when
at high landing weight and/or when swept-back
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wings are used. Power must not be reduced too
soon or too quickly ; i f  it is, the rate of descent
increases rapidly. I n  general, the greater the
power required to maintain the approach path
and speed, the slower should be the rate at which
power is reduced during the round-out. I f  the
rate of descent increases for some reason, a coarse
checking movement of the control column can
easily cause a g stall. The approach path should
be comparatively flat, so that a small round-out
is needed ; steep approaches should not be made
unless a higher speed is used to allow for the
more pronounced round-out.

Engine Handling
61. On many gas-turbine engines, particularly
the earlier turbo-jets and all turbo-props, there
is a limit to the rate at which the throttle can be
opened from an initially low r.p.m. without
causing surging due to overfuelling. I t  must also
be remembered that on these engines there is an
inherent delay o f  some seconds between the
moment of opening the throttle and the time
when the power is high enough to be of appreciable
use ; thus the necessity for power increases must
be anticipated and all corrections to the approach
path should be made in good time to allow for
the lag in engine response.

Length of Landing Run
62. With the trend towards high wing-loadings
and hence higher landing speeds it is becoming
increasingly important to use all of the available
runway. The aim should be to touch down near
the beginning of the runway. A  touch-down
made farther up the runway is usually due to
faulty judgment.

Procedure after Landing
63. The runway should be cleared as quickly
as possible. To  avoid obstructing other aircraft,
the aircraft should be taxied well clear before
starting the after-landing checks specified in
Pilot's Notes. Stopping on the runway o r
"back-tracking" can only be done after requesting
permission to do so from air traffic control.

Types of Approach and Landing
64. Engine-Assisted Approach. T h e  use o f
power on the approach enables the I.A.S. and
the rate of descent to be adjusted safely over
a wide range, but very low, flat approaches using
a high power are undesirable. Other character-
istics of the engine-assisted approach are : —

TAKE-OFF, CIRCUIT, APPROACH AND LANDING
(a) By using selected power settings i t  is
possible to regulate the angle of  approach
despite varying wind strengths.
(b) The change of attitude when rounding out
is small compared with that for a  glide
approach.

(c) The use of power reduces the stalling speed
and thus a lower approach speed can be used.

and in propeller-driven types only : —
(d) The increased slipstream gives more rudder
and elevator control than when no power
is used.

65. Glide Approach. The salient features of the
glide approach are : —

(a) As there is no power with which to adjust
the rate of descent, a high standard of accuracy
is required to judge the position on the base
leg at which to close the throttle.

(b) The correct gliding speed is maintained by
use of the elevator ; the nose of the aircraft
must be lowered in turns to maintain that
speed.

(c) The rate of descent is high and the angle
of descent may be  steep, particularly i n
advanced trainers and operational aircraft.
If descending into a strong wind the rate of sink
may appear alarmingly high.

(d) A considerable change of attitude is made
during the round-out. Therefore, to avoid g
stalling, the round-out must be started earlier
and at a higher I.A.S. than for an engine-assisted
approach.

66. Flapless Landings. Pilot's Notes advise on
the speeds and technique used for a  flapless
landing. Flapless landings should be practised
occasionally to ensure that the pilot is able to
use this method after failure o f  the flap
mechanism. This type of approach and landing
is also recommended when landing in a strong
wind, particularly i f  the aircraft has a  low
wing-loading. O n  high-performance aircraft
the low drag with the flaps up often causes
some difficulty in losing speed after having
turned onto. the final approach ; t o  cross the
runway threshold at the recommended speed,
adjustments to the speed should be made in good
time to avoid arriving at the runway at too high
a speed. A  flapless approach and landing differs
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in on the main wheels but does not bounce,
the throttle should be closed and the control
held central or slightly forward to prevent
the aircraft from ballooning off the ground,
then brought back as the speed falls off'.
Particularly on smaller aircraft with a high-
powered piston engine, large bursts of engine
should not be used to cushion a bad bounce
since the high torque and low speed may
easily result in a torque stall and a strong and
sudden wing drop. (The high torque imposes
a rolling moment, in the opposite direction to
propeller rotation, which cannot be countered
by the ailerons at low I.A.S.)
(b) Holding Off Too High. This causes a stall
and a heavy drop onto the runway and may
be accompanied by a dropping wing. I f  the
aircraft is stalled high the correct action is to
open the throttle to gain speed and increase
the rudder and elevator effectiveness with the
stronger slipstream. I f  the stall is accompanied
by a wing drop, this can be stopped by using
the rudder to yaw the nose away from the
dropping wing. The remarks on torque stalls
apply equally in this case.
(c) Ballooning. I f  this occurs the control
column should be moved forward slightly to
prevent the aircraft gaining more height and,
when the surplus has been lost, the aircraft
should be landed as from a bounce.

In all cases of doubt it is advisable to go round
again.

73. Nose-Wheel Aircraft. I n  nose-wheel aircraft
a bad landing is normally a  heavy landing
due to one of the following causes : —

(a) Too coarse a  round-out from a  steep
approach, resulting in g stall.
(b) Too low an airspeed over the boundary,
often due to no allowance being made for a
higher landing weight.
(c) Raising the nose too high so that, on touch-
down, the rear of the aircraft strikes the ground.
Landing on the main wheels and the nose wheel
simultaneously may also lead to structural
damage, as the nose-wheel oleo is not designed
to withstand landing impact loads.

Going Round Again
74. To  go round again the throttle should be
opened smoothly to the power required (slam
accelerations should be avoided), the aircraft
steadied, the undercarriage raised, and the I.A.S.
allowed to increase to the recommended figure.
In some aircraft the flaps can be raised at the same

time as the undercarriage ; in others it may be
necessary to raise flaps first ; and in yet others
it is necessary to wait until enough height has
been gained t o  offset the pronounced sink
(Pilot's Notes advise on the correct procedure).
In the last case, if full flap has been used on the
approach, it may be expedient to raise the flaps
to the maximum lift position at the same time
as the undercarriage is raised, the remainder
being raised when a safe height has been reached.
This action quickly reduces the drag without
seriously affecting the lift, and results in an
improved climb. O n  aircraft with nose-wheel
undercarriages, if it is decided to overshoot after
touching down, the nose wheel should be on or
just clear o f  the runway when opening the
throttle. I f  an attempt is made to overshoot
when in a marked nose-up attitude, e.g. as when
using aerodynamic braking, the rate of accelera-
tion is much reduced owing to the high drag and
in extreme cases, particularly with swept-wing
aircraft, the aircraft may not be able to climb
away. Once the decision to overshoot has been
made, particularly at night or under I.F. con-
ditions, no further height should be lost, and the
aircraft should be held in a steady climb while
overshoot actions are being completed.

Wheel Shimmy
75. Some aircraft are  prone t o  encounter
wheel shimmy while moving on the ground.
Shimmy can be identified by vibration and noise
which may vary between being temporary and
mild to prolonged and severe. T h e  tendency
to shimmy is a property possessed by a freely
castoring wheel assembly such as a nose wheel or
tail wheel assembly ; most assemblies are pro-
vided with damping devices to eliminate the
trouble, but shimmy may still occur under
certain conditions, e.g faulty tyre pressure or
oleo inflation. When shimmy occurs the aircraft
should be slowed down, or stopped if necessary
until the trouble disappears. I f  strong shimmy
occurs during the take-off, the take-off should be
abandoned if the pilot is certain of being able to
stop in the length o f  runway remaining ; i f
the pilot is not certain the take-off should be
completed in spite of the shimmy.

Gas Turbine Engines—Flame-Out when Landing
on Wet Runways

76. When landing on runways which have a
substantial covering of  water, the nose wheel
throws up a  heavy spray which can cause a
flame-out, particularly in aircraft having wing-
root intakes or side intakes situated behind the
nose wheel.
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77. When landing on a runway on which large
puddles o f  water are present the following
precautions should be observed:—

(a) Not more than one aircraft on the runway
at a time.
(b) After touch-down the nose wheel should
be held off the runway as long as possible.
(c) Roller landings should be avoided; the
decision to go round again should be made
before touch-down.

Mechanics of the Landing Roll
78. When considering the mechanics o f  the
landing roll the first point to appreciate is that the
greater part of the roll is covered at a relatively
high speed. When  the aircraft is slowing down
the time spent i n  each equal band o f  speed
(100 to 90 kts., 90 to 80 kts., etc.) is roughly the
same, but the distance covered is proportional
to the mean speed of the band (95 kts., 85 kts.,
etc.). Th i s  is shown diagrammatically in Fig. 6.
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Effect of Wing Lift
79. During the landing ro l l  the  aircraft i s
retarded by aerodynamic drag and the use o f
brakes. T h e  aerodynamic drag, excluding that
due to the propellers, varies as the square of the
airspeed. T h e  l i f t  from the wing is also pro-
portional to the square of the airspeed. Thus,
at the higher speeds, the weight on the wheels is
considerably reduced, as  shown i n  Fig.  7 .
However, f o r  a  given coefficient o f  friction
between tyre and runway, the maximum retarding
force which the brakes can provide is proportional
to the weight on the wheels (in modern aeroplanes
the brakes are sufficiently powerful to lock the
wheels at most speeds on a wet surface), and i t
follows that the retarding force of the brakes is
reduced at high speed. I f ,  for convenience, it is
assumed that the coefficient of friction between
the tyre and the runway remains constant, the
relative contribution o f  aerodynamic drag and
braking drag to the total retarding force would
be as shown in Fig. 8. Since, in practice, the

\  DISTANCE TRAVERSED WHILST
REDUCING SPEED FROM 100 to 90 KNOTS

DISTANCE TRAVERSED WHILST
REDUCING SPEED FROM 30 to 20 KNOTS

DISTANCE FROM STOPPING POINT

Fig. 6.  Compar ison o f  Distances Traversed whi lst  Reducing Speed

TOTAL
AEROPLANE

WEIGHT

O

STOP

•14

- - - -  O N

wy

0 0  L I f

N
MAX. FEASIBLE

T.D SPEED

AIRSPEED NORMAL
T.D SPEED

Fig. 7. Change  o f  Weight  on Wheels w i th  Speed
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Fig. 8. Contributing and Total Retardation Forces

effect of speed is normally to reduce the coefficient
of friction, as explained below, the retarding
force is, in most cases, still further reduced at
high speeds.

Effect of Speed on the Coefficient of Friction
80. I n  Fig. 9 the variation of the coefficient of
friction with speed is shown. I t  will be seen
that, except in the case of icy surfaces, it decreases
as speed increases, the effect being particularly
marked on wet surfaces. Th is  is believed to
be due to the fact that, as speed increases, there
is less time for the water between the tyre and
the runway surface to be squeezed out and hence
a larger proportion of the weight on the wheel is
carried, i n  effect, on  a  f i lm o f  water. Th is
effect can be reduced by drainage channels,
such as grooves in the tyre tread or a rough
granular surface on the runway, but may be
increased by the presence of  grease, such as is
exuded by certain runway material. T h e  reasons
for the apparent reduction in the coefficient o f
friction at high speeds on dry surfaces are more
complex and less readily explained. I n  the
case o f  wet ice the coefficient o f  friction is
practically constant but, with dry ice at temper-
atures near freezing point, i t  may actually fall
as speed is reduced and the ice has more time to
melt under pressure of the tyre.
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Fig. 9. Variation of Coefficient of Friction with Speed

81. Summing the Effect of Wing Lift and Speed.
The typical variation of retardation with speed,
taking all the above factors into account, which
can be achieved on a landing, is shown in Fig. 10.
The airborne portion from the threshold i s
shown as a broken line and the ground portion as
a solid line. T h e  retardation is the total retard-
ation taking into account the effects already
described and assumes a wet surface and normal,
as distinct from emergency, technique for stop-
ping in a short distance. T h e  important points
to note are that:—

(a) I f  the aeroplane is held off the runway and
touched down below t he  normal speed,
there is a loss in retardation, because airborne
retardation is considerably lower than that
which can be achieved on the ground.
(b) The retardation which can be achieved at
high speeds is appreciably smaller than at low
speeds.
TOTALRETARDATION

0

NORMAL
TOUCH DOWN

0 S P E E D
RNE

MAX MUMTOUCH DOWNSPEED

O T : /

SPEED
Fig. 10. Variation of Total Retardation with Speed

It will be recalled that the larger part o f  the
landing distance i s  covered a t  high speed.
It follows from sub-para. (b) that quite a small
gain in retardation at touch-down speed, such as
may be obtained by reducing to a minimum the
period of hold-off and braking immediately on
touchdown, can result in a substantial reduction
in total landing distance and can be worth more

(A.L. 4, Mar. 58)
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than a large improvement in retardation at low
speed. Since a  braking parachute i s  most
effective at touch-down speed, i t  is particularly
helpful in reducing landing distance.

Best Stopping Technique
82. I n  general, the best technique for stopping
an aeroplane in the shortest distance is to touch
down at the earliest practicable moment after
crossing the threshold with as much weight as
possible on the main wheels and to apply maxi-
mum braking immediately. (This does not, of
course, imply that the threshold should be crossed
with less than a safe margin of  height.) Even
on an extremely slippery surface such a technique,
if the aeroplane characteristics permit its proper
implementation, w i l l  give better results than
reliance o n  ordinary "aerodynamic" braking
down to a low touch-down speed or to a low
nose-wheel lowering speed. I t  has been ex-
plained that most o f  the landing distance is
covered at a fairly high speed and that, although
the retardation from the wheel brakes is poor at
high speeds, the increase so provided over that
obtainable w i th  a i r  drag alone i s  valuable.
Where the aeroplane is fitted with propellers
which can b e  reversed o r  which produce
high aerodynamic drag after touch-down, the
importance o f  not delaying the touch-down is
considerably increased a s  these devices a re
most effective a t  high speeds; t hey  should
not be used before touch-down except in extreme
emergency, and even then only with the greatest
care. A s  regards high aerodynamic drag before
touch-down i t  should be noted that propeller
discing drag i s  frequently controlled b y  an
undercarriage switch and cannot, therefore, be
used before touch-down.

Factors Limiting Early Use of Brakes
83. With non-automatic brakes i t  is easy to
burst tyres i f  the brakes are applied when the
aircraft is travelling at high speed on a dry or
"patchy" runway. O n  a really slippery runway,
however, the risk of bursting tyres is small and,
subject to the maintenance of directional control,
it is generally preferable on this type of surface
to lock the wheels i f  there is any serious doubt
about ability t o  stop within the runway. I t
should, however, be noted that there is some
evidence that the improvement i n  braking on
an icy surface from sanding o f  the surface is
less with a locked wheel than with a rolling
wheel. Although the coefficient o f  friction is
at its highest when the wheels are nearly, but not
quite locked, i t  is impossible to maintain this
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condition with an ordinary braking system and
any attempt to  do so may result i n  reduced
braking efficiency. ( O n  some older types o f
aircraft the brakes may tend to fade towards
the end of a long run i f  used hard from touch-
down. F o r  such aircraft guidance on the best
technique should b e  obtained f rom Pilot's
Notes.)

84. Consideration o f  such factors as avoiding
wear on the brakes and tyres will, o f  course,
influence technique i n  day-to-day operations.
It is  stressed that departures from the best
technique for stopping in  a short distance are
only admissible i f  the distance available under
the prevailing conditions is clearly not critical.

Methods o f  Increasing the Weight on the
Wheels (Aeroplanes with Nose-Wheels)

85. In  the case o f  aeroplanes with soft nose-
wheel suspensions it is advantageous to push the
control column forward as soon as the nose-wheel
is on the ground. Th i s  increases the weight on
the wheels and also increases the directional
control o f  the nose-wheel which can be useful
when landing on a slippery runway in a crosswind
since it reduces the need for differential braking,
use o f  which decreases the total retardation
available. C a r e  should, however, b e  taken
when using such a technique to avoid the situ-
ation arising in which the reduction in wing lift
is offset by  excessive transference o f  weight
to the nose-wheel and tailplane. I n  aircraft with
hard nose-wheel suspensions, the weight on the
main wheels can be increased by placing the
nose-wheel on the ground, applying the brakes,
and then easing the control column right back.
This technique gives the advantages of low angle
of attack reducing wing lift, and a down-loaded
tailplane, both of which increase the weight on
the wheels.

86. The use of  reverse pitch, by disturbing the
flow over the wing, provides a most effective
way o f  getting weight onto the main wheels,
even i f  only idling power is used. Once the
propellers have gone into reverse there is little
to be gained from using the elevators to put the
weight onto the main wheels. I n  which case
they should be used in accordance with instruc-
tions for minimizing control snatch.

87. Unless overriding circumstances such as
unusual weather conditions, o r  such special
features of the aircraft as inter-connection of the
throttles and flaps, make it unwise or impossible,

(A.L. 4, Mar. 58)
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full flap should be applied well before crossing
the threshold both in the interests of permitting
a lower safe approach speed and reducing the
float i f  the speed at the threshold should prove
to be too high. I n  this connection it should be
noted that flap handling practice in the air ought
to remain consistent, as experience has shown
that larger variations of  approach speed occur
where the flap handling is varied with the pre-
vailing conditions. T h e  optimum point for the
application of full flap naturally varies with the
type o f  aircraft because o f  differences in  the
sensitivity to the use of full flap.

Landing Techniques
88. As a good general rule, unless a runway is
patently much longer than wi l l  be required,
an aeroplane should always be handled, at least
down to the point o f  touch-down, as i f  the
runway length were critical. Th i s  does not imply
however, that a  reduction in  target threshold
speed o r  height below the normal safe and
comfortable minima i s  acceptable. F ig .  11
illustrates this point and also shows the penalty
incurred by the use of "aerodynamic" braking,
i.e. holding the nose-wheel high instead o f
lowering i t  and applying the brakes. F ig .  12
shows the effect o f  various techniques and
conditions on landing distance.

Threshold Speed and Height
89. In  emphasizing the importance o f  using a
suitable target threshold speed, i t  must be
remembered that there may be a need to vary
the target approach and threshold speeds with
weight. Where the landing weight is substan-
tially below the average i t  is advantageous to
adjust the target speed accordingly. I f  constant
approach power settings are used regardless of
weight, the threshold speed is increased as weight
is reduced. Th is  can result in  the aeroplane
taking a longer distance to stop at low weights
than at high weights.

90. While the existing minimum landing distance
requirements aim to make some provision for
different surface conditions, this can only be
achieved within certain limits. I t  follows that
a pilot must take special measures to ensure
safety where extreme conditions are known to
exist. F o r  example, i f  a flight is planned to an
aerodrome where wet ice conditions are liable
to exist, an additional margin of distance above
the minimum will usually be required if adequate
safety is to be ensured. Similarly, when only
the minimum landing distance is available a pilot
should abandon an attempt to land if his height
and airspeed at the threshold are appreciably in
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Fig. I  I. To t a l  Landing Distance of a Typical Aeroplane from an Approach Speed of  140 knots Showing the
Effect o f  Different Techniques

(A.L. 4, Mar. 58)
RESTRICTED



RESTRICTED
TAKE-OFF, CIRCUIT, APPROACH, AND LANDING

excess of those intended. I t  is emphasized that a b o u t  the same effect on landing distance as
each knot of  excess airspeed has, i n  the case 1 0  feet of excess height. They both add about
of a  typical large piston-engined aeroplane, 1 . 8  per cent. to the total landing distance.
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PART 2 :  SECTION 3

CHAPTER 3

STALLING AND SPINNING
STALLING

Introduction
1. A n  aircraft stalls when the smooth flow of
the air over its wings changes to a turbulent flow
and the l i f t  decreases. A s  this may happen
suddenly, a pilot must be able to recognize the
approach of a stall and know the best recovery
action required to  prevent loss o f  control and
minimize any loss of height.

Stalling Characteristics
2. The stalling characteristics o f  an aircraft
should be investigated at an early stage while
becoming familiar with a new type of aircraft.
Pilot's Notes deal with stalling behaviour, but
age and use may produce differences between
individual aircraft of the same type.

3. I n  general, stalling follows a common pattern.
As speed is reduced, a warning of the impending
stall is given in the form of buffeting which can
vary from being fairly severe to almost imper-
ceptible depending o n  the aircraft type and
configuration. T h e  buffet may start at some
5 t o  15 knots before the stall, and usually
increases in strength as the stall is approached.
On some aircraft an artificial indication o f  the
approaching stall is provided. Several methods
are used, for example, either the whole control
column or an inset portion of the handgrip can
be made to vibrate strongly at a preset speed
close to the stall.

4. On all aircraft, as speed is reduced the controls
become less effective and larger movements are
needed to correct or achieve a given displacement
of the aircraft. O n  aircraft without power-
operated controls, the  feel o f  the controls
becomes noticeably sloppy and their effectiveness
decreases as the stall approaches. Just before the
stall the aircraft may start sinking in spite of
correcting movements of  the control column.

5. A t  the stall, either wing and/or the nose may
drop suddenly and to a varying degree. W i t h
power on, the stalling speed is lower, the nose-up
attitude o f  the aircraft a t  the stall is  more
pronounced, the sinking is less marked, and any
wing-dropping tendency i s  aggravated ; t h e
lower speed is due to the vertical component of
the upwards inclined thrust line which provides

an additional lifting force and so allows level
flight at a lower speed. T h e  greater the power
used, the lower the stalling speed.

6. On many types o f  aircraft, when the initial
wing or nose drop occurs, the control column
may not be fully back and any further backward
movement o f  the control column i n  these
circumstances may aggravate any wing-dropping
tendency and tend to induce a spin. I n  general,
recovery should be made when the initial nose or
wing drop occurs.

7. I f  an unintentional spin occurs when stalling
with the flaps and undercarriage down, these must
be raised immediately to ensure that they do not
affect the recovery and to prevent damage due to
excessive speed in the dive following recovery.

Recovery from the Stall
8. Recovery must be made as quickly and
decisively as possible with a minimum loss of
height. Recovery with a minimum loss of height
necessitates the use of full power.

9. The recommended recovery action is to ease
the control column forward far enough to unstall
the wings, and to apply up to full power simul-
taneously as quickly as engine limitations permit.
I f  the control column is moved too far forward
additional height is lost. I f  sufficient thrust is
available, it should only be necessary to move the
control column forward slightly, as the thrust
will be adequate to accelerate the aircraft to a
higher speed and, as stated in para. 5, the use of
power reduces the stalling speed.

10. I f  a wing drops, sufficient opposite rudder
should be applied to prevent any further yaw
and to raise the wing. T h i s  action should
be taken simultaneously with the forward
movement of the control column and increase
of power. A s  the wings become unstalled the
natural stability o f  the aircraft also causes
a dropped wing to rise and this can be assisted
by use of the ailerons. The aircraft must be eased
gradually out of the dive following recovery ; any
attempt to force a return to level flight will induce
a g stall (para. 15) and cause a further loss of
height.
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Swept-Wing Aircraft
11. The general stalling characteristics of aircraft
with swept-back leading edges m a y  di ffer
considerably from those of straight-wing ty—es,
and Pilot's Notes should always be studied
carefully before practising stalling for the first
time, otherwise difficulty may be experienced
during recovery.

12. As  on any other aircraft, as the stall is
approached on swept-wing types i t  is usual for
stall warning buffeting to be felt, increasing in
strength as the stall approaches, although the
amount of  buffet may, in some cases, be barely
discernible.

13. Before the stall, there may be a  sudden
nose-up change o f  trim, known as pitch-up or
tuck-in which occurs as the wing tips stall.
This is not usually strong but necessitates a push
force or relaxation of the backward pull on the
control column t o  maintain a  set attitude.
Unequal stalling of both tips may cause sundry
rolling and yawing movements at the same time.
When the stall spreads over the whole wing, the
nose pitches down. However, during the time
that the angle of attack has been increasing the
drag has also increased to a high figure (i.e. the
L/D ratio is very low) and this induces a very
high rate of sink which may be sufficient to mask
the development of the full stall. I n  this condition
the aircraft descends steeply in an almost level
or slightly nose-down attitude with the control
column well back. Very  little encouragement is
needed to make the aircraft spin and therefore
the rudder and ailerons should be kept neutral.
In practice stalling, there is nothing to be gained
by reducing speed much below the point at
which the stall warning buffet is encountered,
and recovery should be made before the stall has
reached its more advanced stages. Pilot's Notes
advise on this point when the stalling character-
istics include the aforementioned features to a
marked degree.

14. On a l l  swept-wing types, therefore, i t  is
most important to take recovery action as soon
as the initial wing or nose drop occurs.

Stalling in Manoeuvres
15. I f  an attempt is made to change the flight
path in the pitching plane too quickly, e.g. by
turning at too high a rate or by recovering from
a dive too sharply, a stall known variously as an
accelerated or  g  stall, o r  less accurately as a
high-speed stall, may occur. This last term is not

altogether suitable since the speed may be only
a few knots above the level flight stalling speed
when the control column is moved back t o
apply the g.

16. The manoeuvres described in para. 15 involve
accelerations in the pitching plane and result in
an increased loading on the aircraft. Although
the accelerated stall occurs at the same angle of
attack as the normal stall, the I.A.S. at which
it occurs is roughly equivalent to the level flight
stalling I.A.S. times the square root of the load
factor. F o r  example, during a 60° banked turn
(i.e. with a load factor of 2) an aircraft having
a normal stalling I.A.S. o f  100 knots would
stall a t  a n  I.A.S. o f  100 x  1 .41 knots,
i.e. 141 knots.

17. Stall Warning. Warning o f  the approach
of an accelerated stall is  given by  airframe
buffeting which increases i n  intensity as the
stalling angle is approached. The stick force and
control effectiveness are proportional t o  the
I.A.S. at which the stall occurs, which may be
any speed of which the aircraft is capable.

18. A t  the lowest speeds fractional amounts of
g are sufficient to cause a stall. T h i s  applies
particularly to aircraft with high wing-loadings.
Steep approaches for landing should not normally
be made on these aircraft, as the large backward
movement o f  the control column required to
round-out for the landing may apply sufficient
g to stall the aircraft at the low speed used
on the approach.

19. During dives and dive recoveries a t  low
altitude, such as those used on air-to-ground
armament practices, ample height must b e
allowed for recovery. Over-concentration on the
aiming problem can result in insufficient height
for normal recovery ; and i f  in the subsequent
attempt to recover excessive g is applied, the
aircraft will stall and possibly flick into a spin.
I f  the speed is high, even though the stalling
angle may not be reached, the g threshold of the
pilot and/or limitation o f  the aircraft may be
exceeded.

20. Pitch-Up i n  Manoeuvres. A n y  p i tch-up
tendencies (para. 13) possessed by a swept-wing
aircraft are exaggerated when enough g is applied
to stall the aircraft in a manceuvre. The  higher
the g required to cause the stall, the stronger
is the pitch-up and the resultant unavoidable
increase in g before the motion can be checked
by a forward movement of the control column.
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The increased g caused by pitch-up can be serious
at high I.A.S. and low altitude, since high g is
needed t o  promote p i t ch -up under these
conditions and any temporary overshoot might
exceed the g  limitations. However,  the g
limitations placed on  such aircraft take this
possibility into account and, unless the g limita-
tion is exceeded, pitch-up should not occur on a
correctly loaded aircraft, i.e. an aircraft having
the C.G. within the specified limits. A t  the
highest altitudes, although forming an operational
weakness, pitch-up does not usually result in a
serious g  overshoot as both the initiating g
and the resultant g  are low as a result o f  the
reduced indicated airspeeds obtained at  these
altitudes.

21. When the stall occurs in a turn, depending
on which wing stalls and drops first, the aircraft
tends to  rol l  either into o r  out o f  the turn.
During recovery from a dive, either wing may
drop. I n  certain aircraft the wing drop is sudden
and may be severe. I f  the control column is held
back the aircraft may execute a series of  flick
rolls which, at  high speed, cause severe over-
stress. •

22. Recovery. Recovery from any stage of an
accelerated stall is made by moving the control
column forward until the buffeting disappears.

Use of Ailerons
23. Pilot's Notes state whether the ailerons are
effective at and below the stall; in general, it can
be taken that the ailerons on high-performance
aircraft are always effective under these con-
ditions. I f  the stall is accompanied by a wing
drop, a small amount of rudder away from the
dropping wing (por t  w ing drop—starboard
rudder) should be used to check any tendency
for this roll to produce yaw and the downward
progress o f  the dropping wing can be checked
with aileron. However, even when the ailerons
are still effective, a wing dropping movement can
often be arrested more positively and quickly
by use o f  the rudder; in  most aircraft only a
small rudder movement is needed whereas a
comparatively large amount of aileron is required.
It should be noted, however, that on certain
aircraft, aileron movements at  the stall can,

, t h rough  aileron drag, induce sufficient adverse
yaw to precipitate a spin. T h e  effect of aileron
at the stall should be investigated cautiously when
stalling an aircraft for  the first time; Pilot's
Notes advise on the use of  the ailerons under
these conditions.

SPINNING
Note : The following paragraphs are general
remarks on spinning. Pilot's Notes should
always be read before spinning an unfamiliar
aircraft.

Introduction
24. The spin is not a normal manoeuvre: i t  is
the result o f  yawing o r  rolling at  the point
of stall. A s  it is possible to enter a spin through
mishandling the  controls during aerobatics,
steep turns, and other quite normal manoeuvres,
the pilot must be able to recognize a spin and
recover promptly. Th i s  is done by practising
spinning and spin recovery on suitable types
of aircraft so that the pilot becomes accustomed
to the sensation o f  spinning and quickens his
assessment of the change of attitude and motion
of the aircraft. T h e  stick forces experienced
during a spin may be high on some aircraft,
nerecsitating the use o f  both hands to  effect
recovery; on other aircraft the forces may be so
low that little or no effort is required to move the
control column. I n  certain cases considerable
snatching occurs o n  the control column and
some strength is needed to hold the control
column in a desired position. D u r i n g  a rapid
spin, or i f  a pilot is unaccustomed to spinning,
considerable disorientation (giddiness) and mental
confusion should be anticipated; instances have
occurred when experienced pilots have been
convinced about the direction o f  spin only to be
proved wrong, and what appears to be correct
recovery action in such cases only prolongs the
spin. Thus, impressions gained during a  spin
should always be confirmed where possible by the
instruments; this is particularly important with
regard to the direction of  spin which is indicated
by the turn needle, deflection to the left indicating
a spin to the left and vice versa. Often, a con-
scious effort is required to transfer attention to the
instruments.

Airmanship
25. Before practising spins, carry out the follow-
ing checks:—

(a) Ensure that the exercise is permitted and
authorized and that the correct recovery action
is known.
(b) Warn the passenger o r  pupil when the
exercise is about to begin.
(c) Ensure that sufficient height is available to
complete recovery at not less than 3,000 ft.
A.G.L. in elementary aircraft, or as otherwise
stated for more advanced aircraft.

(A.L. 4, Mar. 58)
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(d) Ensure that : —
(i) There are no loose articles in the cockpit.

(ii) Full rudder can be applied.
(iii) Undercarriage, flaps and air-brakes are

retracted.
(iv) Gyro instruments are caged a n d  a l l

harness straps are tight and secure.
(e) Immediately before starting the spin make
sure that the area below the aircraft is clear
of other aircraft and that there are no populated
areas or aerodromes below.

Entry into the Spin
26. When practising spinning, t h e  throttle
should be fully closed as the spin starts; entry
is made by yawing the aircraft at the point of
stall and maintaining the yaw and the high angle
of attack, i.e. full rudder in the required direction
and the stick held fully back. O u t -spin aileron
(aileron away from the intended direction of spin)
may be needed to develop the spin, but Pilot's
Notes will advise on this point. The commencing
movements of the spin may be difficult to assess,
and vary from a yawing of the nose around the
horizon together with a small degree of roll, to
rapid rolls involving an initial slow rate of yaw
sometimes combined w i th  varying rates o f
pitching. Some aircraft behave very erratically
during the first few seconds of the spin and may
even become temporarily inverted before settling
down. I f  recovery is made during this period
the attitude on  the cessation o f  the spin is
generally unpredictable.

Types of Spin
27. Spins may be divided into two main types.
The first is the oscillatory spin in  which the
aircraft, perhaps after initial horizontal turns,
will spin with varying rates o f  rotation, and
changing nose positions (pitch attitudes) relative
to the horizon. Th i s  may then develop into the
second type o f  spin, which has a smooth and
consistent motion in which there is less pitching
but a faster rate of rotation.

Normal Spin Recovery
28. The standard spin recovery action is  t o
apply full opposite rudder, holding the control
column hard back and keeping the ailerons
neutral (control column central), then, after
a short pause, moving the control column
progressively forward unt i l  t he  spin stops,
keeping the ailerons neutral. These actions are
taken to stop the yawing motion and unstall the
wings. O n  many aircraft there may be  a

momentary increase in the rate of rotation after
recovery action has been taken. T h e  moment
rotation stops, the rudder and control column
should be centralized; the rudder to  prevent
another spin in the direction of application, and
the control column to prevent too steep a dive
during recovery. A s  airspeed increases, the
aircraft should be eased into level flight and
power applied, care being taken to  avoid a
g stall. I f  the undercarriage and flaps are down
on entering the spin they should be raised as soon
as possible since they may delay, or even prevent,
recovery. I f  an inadvertent spin occurs when
carrying jettisonable wing loads—such as fuel
tanks, bombs, o r  rockets—these should b e
jettisoned as soon as possible to ensure a quick
recovery. T h e  attitude o f  the aircraft may at
times have to be taken into consideration before
taking recovery action; generally these occasions
are when the aircraft is pointing steeply upwards
during the incipient stage, or when full normal
recovery action would obviously result in  the
aircraft passing through the inverted position
and into an inverted spin. O n l y  common sense
and experience can guide the pilot i n  these
circumstances and suggest to him when to wait
until the nose falls below the horizon, or when
he should hold the controls neutral until a more
advantageous moment arises t o  apply f u l l
recovery action. I n  assessing the height available
for recovery from spins, altimeter error should
be considered.

0.29. When recovery action is taken it is not
unusual for the spin to stop when the aircraft
is inverted, particularly i f  recovery action is
taken before the aircraft is settled in the spin.
I f  this occurs it is best to ease the nose of the
aircraft well below the horizon and allow the
speed to increase before half-rolling.

Emergency Normal Spin—Recovery Action
30. Emergency recovery action should only be
taken after normal recovery action has proved
ineffective; the seriousness of the situation must
be assessed and the first consideration is one of
height. I f  sufficient height is available the follow-
ing actions should be taken after checking under-
carriage and flaps—up; airbrakes—in; throttles—
closed, and external stores—jettisoned:—

(a) Apply and maintain full rudder opposing
the direction of turn, but see sub-para. (c) (i).
(b) Ease the control column progressively
forward and apply aileron as recommended
in Pilot's Notes.

(A.L. 4, Mar. 58)
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(c) If the aircraft does not respond try to
change the stable character of the spin b y : —

(i) Applying full pro-spin control and then
repeating the normal recovery action.

(ii) Opening and closing the throttle or using
full throttle on the "in-spin" engine.

(iii) Inducing a fore-and-aft rocking motion by
moving the control column backwards
and forwards. I n  single-engined propeller-
driven aircraft actions at  sub-sub-paras.
(ii) and (iii) should be combined; when the
control column is moved forwards the
throttle should be opened and vice versa.

I f  the "g" increases noticeably re-examination of
the instruments may show that the airspeed has
increased and the aircraft may be in a spiral not
a spin. Recovery action appropirate to a spiral
should then be taken.

Effect of Aileron
31. Pilot's Notes indicate whether aileron should
be used in spin recovery, but it is important to
realize that the use of ailerons may make all the
difference between recovering more quickly and
not recovering a t  al l .  T h e  aid o f  powerful
ailerons (as fitted on high-performance aircraft)
to recover from a  spin in one direction may
suddenly reverse the  direction o f  spin. I n
general, the effect of ailerons on the spin depends
on the weight distribution o f  the particular
aircraft concerned, and this may alter com-
pletely during flight, e.g. as fuel or weapons are
used. Since incorrect use o f  ailerons delays,
or even prevents, recovery, ensure that the
ailerons are neutral by  visually checking the
position o f  the control column, i f  necessary
against a reference point in the cockpit. Th is
applies particularly when the control column
is cranked or the aircraft is very sensitive to the
use o f  aileron. A i leron towards the direction
of the spin is termed in -spin aileron; aileron
away from the direction of  the spin is termed
out-spin aileron.

32. I f  an aircraft has most o f  its weight con-
centrated into a  long fuselage and has pro-
portionately light wings and a short span, then
in-spin aileron assists recovery. T h e  longer the
fuselage in relation to the span and the greater
the weight concentrated in the nose and tail, the
greater is the beneficial effect of in-spin aileron
during recovery.

33. I f  the aircraft has a  short fuselage and a
relatively heavy wing of large span, then out-spin

STALLING AND SPINNING
aileron is most helpful. T h e  carriage of wing-tip
tanks would mean that an aircraft of  the type
described in para. 29 would be brought nearer
to the short fuselage/large span type from the
viewperint o f  the use o f  aileron during spin
recovery.
34. Ailerons should only be used for recovery
when the normal method o f  recovery has no
effect. A l l  aircraft o n  which spinning i s
permitted, recover i f  the normal action is taken
(see also Chap. 1, para. 25). O n  the majority
of aircraft, in-spin aileron has a beneficial effect.
The natural tendency, however, is to apply out-
spin aileron, and this must be guarded against.

▶Inverted Spinning
35. Intentional inverted spinning is prohibited
except i n  aircraft specifically cleared for  this
manoeuvre by the A i r  Ministry (A.M.F.O. 405
refers).

36. In  a  normal spin the yawing and rolling
motions are in  the same direction but in  an
inverted spin they are in opposite directions. I t
is this factor which may make i t  difficult t o
decide whether a  spin is normal o r  inverted,
particularly when the normal spin in that type
of aircraft is very steep and when the entry may
have involved a series of confusingly rapid rolling
and pitching movements. However, an inverted
spin is less likely to occur than a  normal spin
because one o f  the requirements is  that the
control column should be forward o f  neutral
when the  aircraft i s  inverted o r  becoming
inverted at a low airspeed. T h e  most common
manoeuvres which can lead to inverted spins are
a loop or half-roll off-the-top when the airspeed
is too low at the top—the likelihood thus increases
with altitude, and when a normal spin is stopped
in the inverted position and an attempt is made
to push the nose up to the horizon instead of
allowing the speed to increase slightly, then half-
rolling and easing the aircraft into level flight.

37. In  an inverted spin as with a normal spin
the direction is in the same way as the yaw which
is indicated by the turn needle. I n  a flat inverted
spin the amount of rolling motion is small but
the yaw is very evident; in a steep inverted spin
the yawing motion may be masked by the high
rate of  roll. I t  is a wise precaution therefore,
to always inspect the turn needle to confirm the
direction o f  spin. I n  an inverted spin slight
negative "g"  may be present but this also may
be so masked by the rate of roll as to be unrecog-
nizable.

(A.L. 4, Mar. 58)
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Inverted Spin Recovery
38. The ' standard recovery from an inverted
spin is to  apply ful l  rudder i n  the opposite
direction to the yaw and move the control column
progressively backwards unti l  the spin stops.
It is essential that the ailerons are kept centralized
throughout the procedure, this usually requires a
conscious effort particularly i n  aircraft with
cranked sticks. Immediately the spin stops the
controls should be centralized, and the speed
allowed to  increase slightly, then the aircraft
should be gently half-rolled or eased out of the
dive. Great  care should be taken when easing
out o f  the dive because a pilot's positive " g "
threshold may be seriously reduced i f  negative
"g"  has been experienced during the inverted spin.

39. Often, when anti-spin rudder is applied the
yawing motion will stop, the aircraft will pitch
through the vertical, pendulum fashion, and
continue to spin but in the opposite direction.
It is essential to watch for this pitch change and
recognize that an inverted spin has been converted
into a  normal spin. Normal  spin recovery
action should then be taken.

Emergency Inverted Spin—Recovery Action
40. The emergency actions for the normal spin
recovery apply equally t o  the inverted spin
except for  the control column movement and
the fore-and-aft rocking with changes in power.
(See para. 39(b) (ii) and (iii)). I n  an inverted
spin the control column should be eased back-
wards and to  create fore-and-aft rocking the
throttle should be opened as the control column
is moved backwards, the opposite to the normal
spin case.

Steep Spins
41. In a steep spin it may be difficult to determine
whether the spin is normal or inverted. A  pilot
should therefore always refer to the turn needle
to establish the direction o f  spin. External
references may enable the pilot to establish the

direction of roll and if it is the same as the turn
the spin is normal, if opposite, the spin is inverted.
I f  it is not possible to establish whether the spin
is normal or  inverted and sufficient height is
available, the  following recovery actions are
recommended:—

(a) Apply and maintain full rudder opposing
the direction of turn,
(b) Take normal recovery action—stick fully
forward, ailerons neutral, check ailerons
neutral; i f  ineffective,
(c) Take emergency normal recovery action—
stick fully forward, inspin aileron, check aileron
in same direction as turn needle; i f  ineffective,
(d) Take inverted recovery action—stick fully
back, ailerons neutral, check ailerons neutral;
i f  ineffective,
(e) Take emergency inverted recovery action—
stick fully back, outspin aileron, check aileron

• i n  opposite direction to turn needle; i f  in-
effective,
( f )  Attempt to change the stable character of
the spin as described in para. 39(c).

The aileron application at sub-paras. (c) and (e)
is usual and applies to most modern fighters
and advanced trainers, but  Pilot's Notes wil l
advise for each aircraft type. I f  the amount of
height available i s  marginal the actions a t
sub-paras. (b) and (d) should be omitted. Each
action at sub-paras. (b), (c), (d) and (e) should
be held long enough to be effective normally,
Pilot's Notes will advise on this point but the
usual period is during two turns. I f  none of
the above actions are effective, the pilot should
take his hands and feet off  the controls and
prepare to abandon the aircraft.

Abandoning a Spinning Aircraft
42. I f  a pilot considers that his height is in-
sufficient to recover from a spin the aircraft should
be abandoned. Generally, in high-performance
aircraft such as fighters and advanced trainers, i f
control has not been regained at 8,000 ft. A.G.L.
the aircraft should be abandoned.

(A.L. 4, Mar. 58)
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PART 2 :  SECTION 4

CHAPTER 1

AIRFRAME LIMITATIONS
Introduction
1. Airframe limitations are those operating
conditions (e.g. indicated speeds, mach numbers,
accelerations, weights and C.G. positions) which
are fixed for reasons o f  safety, and depend
generally on factors which are not related to the
skill of  the pilot. They are stated in Pilot's
Notes for the type and must not be exceeded
intentionally. C . G .  and loading information
is also contained in Volume 1 o f  the Aircraft
Handbook.

2. Limitations take into account the aircraft
role, structure, handling, and controllability, and
are imposed only when they are essential.
Disregard of  limitations leads to damage and
weakens the aircraft structure so that it may fail
immediately or on some subsequent flight.

Considerations when Imposing I.A.S. Limita-
tions

3. The air loads acting on the airframe depend
principally upon dynamic pressure (the i pV2 effect)
and vary roughly as the square of the I.A.S.
Fig. 1 shows how the dynamic pressure, which
is 35 lb. per square foot at 100 knots, increases
to no less than 875 lb. per square foot at 500
knots. Thus at a certain speed the total load on
some part of the airframe, usually the wings or
tail structure, increases up to the safety limit.
The strength of the tail structure is frequently
the limiting factor because a considerable down
load, produced by the elevators or tailplane, is
required to keep the wings at the angle of attack
necessary to produce the large amount of lift
when manceuvring at high g.

4. A  further consideration is that at high I.A.S.
the loads on the airframe may be great enough
to cause aero-elastic distortion which could so
alter the stability characteristics of the aircraft
as to make its behaviour unpredictable.

5. The maximum permissible I.A.S. given as
the service limitation in Pilot's Notes is slightly
lower than the design maximum I.A.S., which is
the highest figure for  which the aircraft is
stressed. The  difference between the two gives
the pilot a small safety margin. I f  the design

maximum I.A.S. were permitted, even the
slightest inadvertent exceeding o f  i t  would
almost certainly cause damage to the aircraft.

Considerations when Imposing Mach Number
Limitations

6. A  mach number limitation is usually imposed
when violent compressibility buffet may lead to
structural failure or when loss of control due to
compressibility characteristics may cause the
aircraft to exceed the structural limitation before
control can be regained. Alternatively it may
be necessary to impose a mach number limitation
in the early stages of an aircraft's service life
because trials have not been completed to allow

Fig. I. Effect of I.A.S. on the
Dynamic Pressure Experienced by an Aircraft
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clearance to  a  higher mach number. W h e n
a mach number limitation is imposed i t  may
be quoted as a  definite figure such as 0.88M
or as a specific condition of  flight, e.g. when a
nose-up trim change occurs.

7. On some aircraft, mach number limitations
are imposed a t  low altitudes, because even
temporary or partial loss of control at the high
accompanying I.A.S. could quickly result in a
dangerous situation ; t h e  larger aerodynamic
and g loads set up by violent behaviour, added
to the already large loads imposed by the high
I.A.S., might well be more than the airframe
could absorb.

8. Mach number limitations are also imposed
whenever the addition o f  external stores has
undesirable effects. F o r  example, i t  is often
found tha t  externally carried bombs cause
buffeting which is strong enough to damage the
airframe. O n  the other hand, some drop tanks
have no  adverse effect and consequently no
limit is set. Buffeting alone is rarely the cause
of a l imit being imposed, unless i t  is severe
enough to fatigue the structure or affect control.

9. On aircraft with no mach number limitation
at, say, heights above 25,000 ft., it is not harmful
to exceed the mach number at which compres-
sibility effects become marked even up to the
point o f  imminent loss o f  control or, for that
matter, complete loss o f  control provided that
vibration o r  buffeting is not severe ; th is  is
because the accompanying I.A.S. is comparatively
low and well below the maximum permissible.
It wi l l  be found that the loss o f  control is
temporary, there are no ill-effects, and control
can be regained comparatively quickly before
the I.A.S. has increased up to  o r  beyond its
limiting value, provided o f  course that the
correct recovery action has been taken.

Considerations when Imposing g Limitations
10. To  allow fo r  the stresses involved when
manoeuvring, the wings o f  heavy bomber and
transport aircraft are designed t o  withstand
a maximum safe positive lift of about two and
a half times the maximum static weight, and those
of fighter types, which are required to be more
manoeuvrable, seven or more times the weight.
Similar but lower values are usually fixed for
the maximum safe negative lift. I n  fixing the
limitations, which are based on strength calcula-

tions, there is a  margin o r  factor o f  safety
allowed. This factor is usually 1.5. Taking the
case of the fighter this means that a positive lift
of seven times the weight, a loading of 7g, can
safely be applied and the structure should not
fail unless a loading o f  1.5 times this—about
11g—is imposed. There  is, however, increasing
risk of permanent deformation, usually indicated
by skin wrinkling, and failure as the g is increased
beyond 7.

11. Every type o f  aircraft is designed to fulfil
certain duties and is stressed to carry the loadings
that its duty demands. A t  the same time the
controls are designed, as far as possible, to keep
the loading that the pilot can impose within the
design limits ; this is evident by the comparative
heaviness of the controls of large aircraft, which
have low g limits, and the lightness of those of a
well-designed fighter.

12. The longitudinal trimmer (elevator tab or
V.I. tailplane) is a powerful control and i f  it is
used without due care it is possible to exceed the
g l imit easily with comparatively l ight stick
forces ; this applies particularly at high I.A.S.
when the elevators are often very sensitive and
effective (see Chapter 4).

13. Accelerometers are fitted to  most aircraft
whose duties involve use o f  high g .  T h e
accelerometer must be  watched when man-
oeuvring, especially a t  high speeds, as wi th
powerful controls the limits are easily exceeded.

14. The danger o f  overstressing the aircraft
owing to excessive g is much greater at lower
altitudes, because i t  is here that the highest
loadings are most easily obtained. A t  higher
altitudes the reduced lift due to compressibility
effects, combined w i t h  t h e  lower  I .A .S .
obtainable, restricts to  a  comparatively low
figure the maximum g that can be reached before
the aircraft stalls.

The Use of Anti-g Suits
15. When wearing anti-g suits, additional care
must be taken to check that excessive g is not
applied unintentionally as the usual physiological
warnings are decreased. T h e  ant i -g suit
is designed primarily to enable the pilot to
operate more comfortably within the limits of
his aircraft and it is not intended to make possible
the use of g values higher than those permitted.
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AIRFRAME LIMITATIONS

Aircraft Limitations Expressed as a Mameuvre
Zone (Flight) Envelope

16. The diagram of  Fig. 2, which is for an
imaginary aircraft, plots g on the vertical axis
against I.A.S. on the horizontal axis. The green
line shows the normal stall boundary (the max.
lift boundary) at sea level varying with I.A.S. ;
the stall in level flight (the l g  stall) occurring at
100 knots, the stall at 4g at 200 knots, and so on.
At sea level and 330 knots it  is theoretically
possible to reach 11g, but it must be remembered
that a much lower figure, 7g in the example, is
the safe limit.

17. Fig. 2 shows that as the altitude is increased
the g at which the aircraft stalls decreases for a
given I.A.S. This is due to the falling maximum
lift coefficient in the face of  increasing com-
pressibility effects.

18. Before the stall boundary is reached, the
aircraft will probably pass through two other
boundaries (not shown in Fig. 2) of similar shape
to the maximum lift boundary. These are the
boundaries for the onset of buffet and pitch-up.
At a  given I.A.S., as the g  is increased the
aircraft reaches a g at which buffet is first notice-
able. This is called the buffet boundary. As  the
g is further increased the intensity of the buffet
increases. Many swept-wing aircraft pitch-up
just before the g stall occurs and therefore at a g
value that diminishes with altitude. Any pitch-up
that does occur is strongest at the higher values
of g, i.e. at lower altitudes. The  tendency to
pitch-up occurs at a g value between that for the
onset of buffet and the g stall ; the margins may
be small and the three effects may occur in rapid
succession i f  the aircraft is pulled quickly into
a tight turn. The margin between the boundary
for the onset of buffet and pitch-up is a character-
istic of  each type of  aircraft, and may vary
considerably through the mach number range.

19. For this imaginary aircraft, the limiting
I.A.S. is 600 knots and this line forms the upper
I.A.S. limit to the manoeuvre envelope.

20. I n  the example of Fig. 2, because of the
effect of  mach number' on the maximum lift
coefficient it is not possible to apply enough g to
cause overstress at altitudes above 30,000 feet.

Limitations on High-Altitude Aircraft
21. Aircraft designed to operate at very high
altitudes and mach numbers may be severely
restricted in terms of  both I.A.S. and mach

number a t  low altitudes. F o r  example, an
aircraft that cruises at 0.95M at 50,000 feet is
flying at 250 knots I.A.S. (540 knots T.A.S.). An
aircraft of this type might well be limited to
400 knots I.A.S. at sea level, or about 0.6M.
If enough strength were built-in to allow a
higher I.A.S. at low altitude the greater weight
of structure would drastically curtail the more
important high-altitude performance. This type
of aircraft, having a large reserve of power at low
altitudes, would be capable of easily exceeding
the I.A.S. limitation ; it is the pilot's responsibility
to see that this does not happen.

Limitations when Flying in Turbulent Condi-
tions

22. Turbulent a i r  imposes g  loads on  the
airframe, the effect of which is proportional to
the I.A.S. I f  turbulent air is encountered when
flying at high I.A.S., the airspeed should be
reduced to that recommended in Pilot's Notes for
ACCELEROMETER READING
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safe flight in  these conditions. Speeds higher
than the recommended figure may result i n
damage to the airframe, whereas lower speeds
may lead to difficulty i n  control. Chapter 7
details the technique for flying through severe
air turbulence and discusses the best speeds for
different types of aircraft.

Prohibited Manoeuvres
23. The flying controls on aircraft enable the
pilot to manoeuvre the aircraft into any attitude ;
some of these attitudes may lead to dangerously
high loadings and airspeeds which the aircraft
has not been designed to withstand. To  protect
the pilot and aircraft certain manoeuvres are
prohibited.

24. The following manoeuvres are prohibited on
all aircraft : —

(a) Flick roll.
(b) Flick half roll.
(c) Bunt.
(d) Outside loop.

Spinning
25. Basic trainer aircraft are usually cleared
for spins o f  up to  eight turns and advanced
trainers for four turns of a spin. However, both
types wi l l  recover after longer spins although
the motion may be faster and more violent.
Intentional spinning is permitted only when so
stated in Pilot's Notes and within the specified
limits. Spinning is prohibited when it is not one
of the manoeuvres that the aircraft was designed
to execute as part o f  its normal duties and
therefore the spin may have some unusual
characteristics. However, this does not mean
that the aircraft will not recover from a spin and
those types of  aircraft which could be expected
to enter unintentional spins (e.g. fighters) will all
recover i f  the standard recovery action is taken,
unless Pilot's Notes specify some other recovery
technique. T h e  recovery from an unintentional
spin on an aircraft not authorized for spinning
should be made as soon as the spin has been
identified since delay may result in a gradually
worsening motion which, in the advanced stages,
may be difficult to arrest.

Inverted Flying
26. Inverted flying, other than fo r  the brief
periods necessary in aerobatics, is not permitted
unless the aircraft is designed or adapted for the
purpose. Inver ted  f lying causes prolonged
application of negative g. Some aircraft can be

flown for short periods under negative g because
they have fuel and oil systems which specifically
provide for this, and Pilot's Notes then stipulate
the time fo r  which negative g may be safely
maintained. I f  this time is exceeded either the
engine stops owing to fuel starvation or  i t  is
deprived of lubrication.

Aerobatics
27. Pilot's Notes state whether aerobatics are
permitted or not. T h e  following are the aero-
batics permitted on most acrobatic types o f
aircraft : —

(a) Loop.
(b) Stall turn.
(c) Inverted flight.
(d) Slow roll.
(e) Barrel roll.
( f) Half roll off the top of a loop.
(g) Half roll.

On certain aircraft the list may be reduced ; fo r
example, inverted flight may not be allowed.

Undercarriage and Flap Limiting Speeds
28. The speed limitations for the raising and
lowering o f  the flaps and undercarriage arise
from the limited strength of the components to
withstand the air loads, or from the power of the
operating mechanism. T h e  limiting speed still
applies with the service in the extended position
unless Pilot's Notes quote a  higher speed.
Further, should the undercarriage or flaps be
lowered at higher speeds the trim and stability
of the aircraft may be markedly affected and the
airframe overstressed. F o r  these reasons, i f  the
undercarriage or flap indicator shows in flight
that either of these components is not in the full
up position, speed should be reduced immediately
to the maximum permissible for flying with the
affected service in the extended position. T h e
defect should be reported after landing, together
with details of the speed attained and the duration
of the period of overstress. T h e  limiting speed
for the flaps is based on the assumption that they
are used only during take-off and landing or for
straight flight and gentle turns. Unless Pilot's
Notes for the type state that the flaps are designed
to assist manoeuvres, they should not be used
under conditions of  loading appreciably greater
than those of  steady level flight. I t  should be
noted that the figures quoted are limitations and
are not recommended as the best speeds at which
to perform these operations. The limiting speeds
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quoted for the operation of other items such as
bomb doors, canopies, and landing lamps, are
imposed for similar reasons.

Weight Limitations
29. Weight limitations are imposed o n  a l l
aircraft, the determining factors being the strength
of the undercarriage, particularly for the landing
case, and the loads that can be absorbed by the
wings when manoeuvring a t  the maximum
permissible g. O n  twin and multi-engined air-
craft the performance on asymmetric power is
sometimes critical, and exceeding the weight
limitations may result in  a  serious drop in
performance.

30. Pilot's Notes often give more than one
weight limitation, for example : —

" Maximum weight for take-off and gentle
manoeuvres only " and a lower limit : —

" Maximum weight for all other permitted
forms of flying " and a still lower limit : —

" Maximum weight for landing ".
This means that at the highest weight the aircraft
must be handled gently, moderate turns should
be made and only small amounts of g imposed.
Also, the I.A.S. and mach number should be kept
well within the limitations until the weight falls
to the limit at which all forms of flying are
permitted. Similarly, no attempt should be made
to stall the aircraft at these high weights, or to
carry out any type of manoeuvre which, although
not essentially involving high g loads, may lead
to temporary loss of control, and to the unavoid-
able use of high g during recovery. The limits
imposed for landing should be exceeded only
when an emergency landing must be made and
excess load cannot be jettisoned.

31. To  avoid large shock loads, emergency
landings at weights above the maximum permis-
sible should be made so that the aircraft is
lowered gently on to the runway. T h e  speed
during the approach and when crossing the
runway threshold should be a little higher than
the normal speed for a maximum weight landing.
The landing run will be longer owing to the
increased inertia and the higher speed.

C.G. Limitations
32. Flying limitations include the most forward
and most aft permissible positions of the C.G.
This information is contained in  Volume 1,

Part 1 of the Aircraft Handbook under " Loading
and C.G. Data " and is also given in Pilot's
Notes in most cases. T h e  aircraft should be
flown at standard loadings at which the C.G. is
within safe limits. Allowance should always be
made for any shift of the C.G. as fuel is used or
stores dropped.

33. On aircraft which carry a large fuel load
distributed at various positions in the fuselage
and wings, the fuel should be used in the sequence
given in Pilot's Notes in the paragraphs dealing
with management of the fuel system. I f  this is
not done the position of the C.G. may move
beyond its safe limits and control will be affected.
For the same reason Pilot's Notes sometimes
specify the disposition of the crew and passengers
or the amount and position of ballast needed.

34. Aircraft may sometimes have occasion to
carry non-standard loads and pilots must ensure
that the disposition of these loads will keep the
C.G. within its limits. I f  an aircraft has to carry
a heavy, concentrated load which can only be
secured well aft or well forward of the C.G., the
balance must be preserved by placing an equal
weight on the other side of the C.G. position
at an equal distance, or a  lesser weight at a
greater distance. I n  other words, the moment
of the load must be balanced by an equal moment
in the opposite direction. (See Part 2, Sect. 1,
Chap. 3.)

35. Non-observance of C.G. limits may lead to
uncontrollable nose or tail heaviness at  low
speeds and instability at all speeds. I n  addition
the effective useful range of  the tail trimmer
may be reduced. (See also Vol. 1, Part 1, Sect. 1,
Chap. 13.)

Exceeding Limitations
36. Exceeding flying limitations, in particular the
maximum I.A.S. limitations, the mach number
limitation (if any), and the maximum g limitation,
involves risk of structural failure, and must be
avoided unless operational necessity o r  a n
emergency make i t  essential f o r  the pilot
deliberately t o  take risks with his aircraft,
balancing one risk against another. I n  all cases,
if these limitations are unavoidably exceeded,
the facts must be reported after landing, giving
details and the duration o f  the overstressing
period. This is necessary so that the airframe
can be checked for damage which, as stated
earlier, might prove fatal in a later flight if not

RESTRICTED



RESTRICTED

A.P. 129, VOL. 2, PART 2, SECT. 4, CHAP. I
attended to, even though on this occasion the
pilot had "  got away with i t  ". O n  every
occasion that overstress occurs some of  the
ability of the airframe to absorb high stresses is
lost, and the strength of the structure and so the

breaking load are reduced, perhaps to a very low
figure. T h e  early signs o f  an overstressed
airframe are loose rivets and wrinkles in the skin,
particularly at the wing roots and along the rear
fuselage.
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PART 2 :  SECTION 4

CHAPTER 2

INSTRUMENT FLYING
Introduction
1. Pilots must be able to operate their aircraft
efficiently under all weather conditions, by day
and night. I n  addition, accurate high-altitude,
high-speed flight involves considerable reference
to instruments. T o  achieve this, the standard
of instrument flying must be high.

2. The experienced pilot controls the attitude
of the aircraft by constant cross reference to all
the instruments, bu t  under some conditions
giving more attention to certain instruments.

3. The following paragraphs discuss attitude
flight, and explain the use o f  each instrument
in relation to a particular condition of flight.

Cockpit Checks
4. The most important and vital requirement
for accurate instrument flight is that the instru-
ments should function correctly. A l l  flying
instruments must, therefore, be checked before
take-off to ensure their serviceability.

5. Although most electrically driven gyros erect
rapidly, some time must elapse before normal
rotor operating speed is reached. When such
artificial horizons are fitted, they should be
switched on from 1 t o  2 minutes before the
instruments are checked, to allow time for the
rotor to reach operating speed. This  need only
be done when the instrument is essential for the
prevailing take-off and climb conditions. A i r -
driven gyros can be erected only by starting the
engine.

PITCH CONTROL I N  LEVEL FLIGHT
Considerations
6. The pitch attitude of an aircraft is the angle
between the longitudinal axis and the plane of the
true horizon. I n  flight the pitch attitude required
to maintain any desired condition (rate of climb
or descent, or level flight) is the result o f  the
simultaneous effect o f  three variable factors :
airspeed, altitude, and the all-up weight (A.U.W.).
When the airspeed is changed, the angle of attack,
and therefore the pitch attitude, must be changed

to maintain a constant height. I n  comparison
with the attitude required fo r  level flight a t
normal cruising speed, the nose must be raised to
maintain level flight at low airspeeds and lowered
to maintain level flight at high airspeeds.

7. The A.U.W. o f  an aircraft affects the pitch
attitude. To  maintain height at the same I.A.S.,
the aircraft flies more nose-up at high A.U.W.
than at low A.U.W. Th is  effect is more notice-
able at low than at high I.A.S.

8. Precise pitch control at high I.A.S. and high
altitudes demands close attention and a smooth
control technique. Most high-speed aircraft are
particularly sensitive in the pitching plane and
can be easily over-controlled, especially at high
altitudes.

9. The instruments used to show movement in
the pitching plane are the artificial horizon,
altimeter, rate o f  climb and descent indicator
(R.C.D.I.), and to a lesser degree in high-speed
aircraft the air speed indicator (A.S.I.).

Artificial Horizon
10. The artificial horizon gives a  direct and
immediate indication of the pitch attitude of the
aircraft. I n  visual flight, any required pitch
attitude is set and maintained by  raising o r
lowering the nose in relation to the true horizon.
In instrument flight, the artificial horizon replaces
the true horizon and exactly the same procedure
is followed by raising o r  lowering the image
aircraft in relation to the horizon bar.

11. By using the artificial horizon to measure the
pitch attitude, the aircraft can be placed i n
approximately the correct attitude for any desired
condition of flight. A f te r  this is done the other
pitch instruments must be checked to determine
if the pitch attitude is correct. T h e  artificial
horizon gives a  slightly false indication im-
mediately after rolling out from a turn ; this
error causes no difficulty i f  the indications of the
artificial horizon are cross referred with those of
other pitch instruments, and small corrections
made as necessary.
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12. To  avoid over-controlling when using the
artificial horizon t o  make pitch corrections,
control pressures should be light but positive.
The R.C.D.I. can be used to determine when the
pitch attitude is being over-controlled. A n y
movement of more than 200 to 300 f.p.m. from the
desired vertical speed indicates over-controlling.
The normal movement of the image aircraft when
making corrections in pitch at an I.A.S. of up to
300 kts. should not exceed one width o f  the
horizon bar. A s  the I.A.S. increases, pitch
corrections must be smaller to  prevent over-
controlling. T h u s  a t  T.A.S. above 300 kts.,
corrections should not exceed half the width o f
the horizon bar and at T.A.S. above 400 kts.
correction should not exceed a quarter o f  the
width of the horizon bar. I t  can be seen that the

HOLD

ADJUST

artificial horizon must be watched very closely at
high airspeeds to prevent over-controlling.

13. There are times when corrections o f  the
magnitude described above will not be sufficient.
The best control technique (Fig. 1) is to make a
small correction and then check the other pitch
instruments to  determine i f  the correction is
adequate. I f  the first correction is inadequate an
additional correction of the same magnitude can
be made immediately. This procedure normally
corrects any deviation from a desired flight path.
However, if the pitch attitude is allowed to change
inadvertently by a fairly large amount, it should
be brought back to the approximate attitude that
had previously maintained the original flight
path before applying any finer correction.

Fig. I. Control Technique
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Altimeter
14. The altimeter gives an indirect indication of
the pitch attitude of the aircraft in level flight.
Altitude should remain constant and any devia-
tion from the desired altitude shows the need for
a change in pitch attitude. The rate of departure
from the desired height is an indication of the
amount of deviation from level flight.

15. Corrective action should always be made
promptly, with light pressures on the controls, to
avoid the larger corrections which are required if
correction is delayed. Although there is a slight
lag in the indications o f  the altimeter when
deviating from level-flight conditions, at  low
altitudes it may be considered to give a quick
indication of a change in pitch attitude. A t  high
altitudes the altimeter may appear to lag and the
remaining pitch instruments must be cross-
checked carefully to control the pitch attitude.

Rate of Climb and Descent Indicator (R.C.D.I.)
16. The correct use of the R.C.D.I. is essential
for precise control of pitch attitude, particularly
at high speed. This instrument does not give a
positive indication of the pitch attitude but if a
sound control technique is used it gives a positive
indication of any change from the desired pitch
attitude. When light control pressures are used,
the initial movement of the R.C.D.I. indicates the
trend of the vertical movement of the aircraft.

17. The R.C.D.I. should always be used in con-
junction with the altimeter to maintain level
flight. I f  the instrument indicates zero when the
altimeter is stationary, any movement o f  the
needle from the zero position indicates the need
for an immediate change in pitch attitude. I f  this
movement is detected immediately and corrective
pressure applied, the altimeter, owing to its slight
lag, usually indicates no change in height.

18. The amount that the altimeter has moved
from the desired altitude governs the rate at
which the aircraft should be returned to that
altitude. I f  the deviation is 100 feet or less the
rate of return should be no more than 200 to 300
f.p.m. A higher vertical speed requires too much
attention to  avoid over-shooting the desired
altitude, thus detracting from the cross-check of
the bank and power instruments. I f  the deviation
from the desired height is more than 100 feet the
rate of return should be doubled (400to600 f.p.m.).
A deviation of more than 300 f.p.m. from the

desired rate of return can be considered as over-
controlling. Thus i f  attempting to regain lost
height at a rate of 200 f.p.m., a rate greater than
500 f.p.m. indicates over-controlling.

19. The R.C.D.I. is a sensitive instrument and,
like the altimeter, has a reversed error when the
pitch attitude is changed abruptly. Owing to the
nature of  its mechanism, several seconds are
required for the instrument to indicate the exact
rate of change of height when a large pitch correc-
tion is made. For  example, if the nose is lowered
abruptly from a level flight attitude to an attitude
that will give a 500 f.p.m. rate of descent, the
initial indication will be a climb and there will be
a noticeable lag before the needle indicates
500 f.p.m. descent. T o  overcome a tendency to
chase the needle, corrections should always be
made by reference to the artificial horizon and
any correction made should be held long enough
to allow the R.C.D.I. needle to stabilize. A
further correction can then be made if required.

20. Occasionally the R.C.D.I. may indicate a
climb or descent when the aircraft is actually in
level flight (showing a need for re-calibration).
This error must be allowed for when using the
R.C.D.I. for pitch control. I f  the needle indicates
a descent of 100 f.p.m. when the aircraft is in level
flight this indication should be used as the zero
position and any deviation from that position
would indicate a change from level flight attitude.

Airspeed Indicator
21. The A.S.I. gives an indirect indication of the
pitch attitude of the aircraft. F o r  any given
power setting there is only one pitch attitude at
which altitude and airspeed are constant. I f  the
airspeed increases, the nose is too low and should
be raised and vice versa.

22. The value of the A.S.I. as a pitch instrument
becomes less at high I.A.S. Whereas at low
I.A.S. a change of 10 kts. may mean a gain or
loss of height of about 100 feet, at high I.A.S. a
10-knot change may mean a gain or loss of 500 feet
or more. I n  addition, the A.S.I. in high-speed
aircraft covers a greater speed range and therefore
the needle moves only a short distance for a change
of airspeed of 10 knots. Consequently the A.S.I. is
of less value as a pitch instrument at high speeds
and is used primarily in level flight to determine
the power to be used ; its use for this purpose is
explained in paras. 46 to 48.
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Trim
23. The importance o f  proper t r im  during
instrument flight cannot be over-emphasized. I t
is difficult to maintain any desired flight condition
in an untrimmed aircraft as the controls are so
sensitive at high speed. A l though the trimmer
controls are convenient and easy to use, the air-
craft should not be flown by using trim alone.
Attempts t o  t r im the aircraft t o  new pitch
attitudes usually result i n  over-trimming and
over-correction. T h e  aircraft should therefore
be placed in the desired pitch attitude and all
pressure on the controls trimmed out.

24. I t  is possible for stick loads to be present
that are being held unknowingly. Whenever the
aircraft is in a steady flight condition, pressure on
the controls should be relaxed and the instruments
closely watched ; i f  the aircraft tends to change
attitude, pressure should be applied to return to
the original attitude and the trimmers used to
correct the out-of-trim condition. Wi th  practice
it is possible to recognize an out-of-trim condition
and correct it without relaxing all pressure on the
controls.

25. In jet aircraft, unlike propeller-driven aircraft,
changing power has little effect on the trim, but
in both classes of aircraft changes in speed may
have a decided effect and the aircraft should be
carefully trimmed during and after airspeed
changes.

26. I f  electrically operated trimmers are fitted
there is a possibility of the trim switches sticking
in the actuating position and applying full trim.
To guard against this the trim switch should be
returned manually t o  neutral, even though
spring-loaded to this position.

27. Good trim technique is essential for precise
instrument flight. Some pilots may believe that
they are able to  f ly  the aircraft by  manual
pressures alone and need not trim to fine limits.
However, they will find that manoeuvres cannot
be done properly unless the aircraft is properly
trimmed. The  degree of proficiency that can be
attained when flying on  instruments depends
largely on how well the basic principles o f
trimming are applied.

Cross-Checking
28. The technique for interpreting the individual
pitch instruments has been discussed, but proper
interpretation of individual instruments alone is
not enough. The indication of all available pitch

instruments must be used to maintain precise
control of the aircraft. This process is known as
cross-checking. The importance of proper cross-
checking cannot be over-emphasized. The ability
to fly accurately on instruments depends primarily
on three factors : instrument interpretation,
instrument coverage, and aircraft control. O f
these factors, the ability to read and interpret
instruments is very important. A  pilot can be
outstanding in aircraft control, but unless he is
able to determine the attitude o f  the aircraft
accurately from the instruments his ability will
be wasted.

29. I n  visual flight the attitude of the aircraft is
determined by reference to the natural horizon,
but if an accurate flight path is desired the flight
instruments must be consulted. A n  illustration
of the need for cross-checking flight instruments
during visual flight is provided by the fact that a
level attitude can easily be maintained visually
but a constant altitude can only be assured by
checking the altimeter.

30. Although it is not necessary to cross-check
instruments in any particular sequence, there are
certain instruments which must be watched more
closely during particular manoeuvres. F o r  each
manceuvre, o r  flight condition, there is  one
instrument that gives the most reliable indication
of attitude. Thus  in level flight the altimeter
must be more frequently checked to see i f  the
desired altitude is being maintained. I n  a climb
at a given airspeed the A.S.I. must be watched
closely. The appropriate instrument is called the
primary instrument for the particular manceuvre.

31. The primary instrument is the one that gives
the most pertinent or reliable information on the
desired condition of flight and is usually the one
that should be giving a constant reading. Thus
the altimeter is always the primary pitch instru-
ment in level flight (except in thunderstorms and
other conditions o f  violent turbulence where
strong vertical air currents tend to make altimeter
indications unreliable). A s  already explained,
any of the pitch attitude instruments can be used
to hold a level attitude or, with the proper power
setting, a reasonably constant altitude. Only the
altimeter gives the pilot the exact information
desired, which is whether the aircraft is main-
taining a constant desired height. Therefore the
altimeter is the primary pitch instrument for level
flight and the other pitch instruments are
supporting instruments, used as aids to hold the
altimeter reading constant and t o  check i ts
indications.
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D.C. power. Pilot's Notes deal with this point.
Thus this instrument has the same importance
that it has always had in suction-driven types and
the pilot must be able to use it for bank control in
emergencies. I t  may also be used to monitor the
artificial horizon which tends to precess in the
banking plane during turns.

41. The turn and slip indicator must be used at
all times to determine whether the aircraft is
being flown correctly ; i f  the indicator is not
central, rudder is being used improperly or, in
multi-engined aircraft, the power settings may be
unequal.

Trim
42. I f  the aircraft is properly trimmed, it tends
to remain laterally level and maintain a constant
heading in smooth air. Incorrect adjustment of
the aileron tr im causes a  tendency to  bank,
resulting in a turn unless the aileron and rudder
trim tabs neutralize each other to  produce a
yawed attitude on a constant heading which is
indicated by the slip indicator. Excessive pressure
on the rudder (with the wings level) also produces
a yawed attitude, which is specially undesirable in
high-speed aircraft as i t  may cause a  large
reduction in airspeed through additional drag.
A turn should not be stopped by use of rudder
alone, except in the case of a yawing turn caused
by engine failure in multi-engined aircraft.

Cross-Checking
43. Combined use should be made of all avail-
able bank instruments to ensure straight flight.
The gyro compass and the turn needle show when
the aircraft is turning ; the artificial horizon and
the turn needle show the cause of the turn. I n
straight flight the heading is maintained primarily
by reference to the gyro compass, which indicates
any deviation from the desired heading. T h e
artificial horizon is used to  hold a  constant
laterally level attitude or to make any changes in
bank required by the indications of the compass.
In Mk. 4 compasses, i f  the monitoring fails the
compass selector switch should be moved to the
D.G. position and the instrument used as a
direction indicator ; i f  complete failure occurs
straight flight is maintained by using the turn
needle as the primary bank instrument.

44. I f  the gyro compass indicates that the aircraft
has deviated f rom the desired heading, the
aircraft should be banked to return to the desired
heading, the angle of bank used depending on the
number of degrees the aircraft should be turned.

A rule of thumb is that the angle of bank should
not normally exceed the number of degrees to be
turned with a maximum angle of bank of 30°. A t
high I.A.S. small angles of bank can be doubled
without causing difficulty provided they do not
exceed 30°.

45. When practising instrument flying i t  should
be remembered that control of  pitch and bank
are of equal importance. Therefore, as the use
of each of the bank instruments is learned, the
pilot must include i t  in the sequence of  cross-
checking previously used. T h e  greater number
of instruments to be watched the greater must be
the rapidity of the cross-checking.

THE EFFECT OF POWER ON STRAIGHT
AND LEVEL FLIGHT

Power. and I.A.S.
46. A t  any given I.A.S. the power setting deter-
mines whether the aircraft is in level flight, in a
climb, or in a descent. F o r  example, cruising
speed, i f  maintained with cruising power, results
in level flight. I f  the power is increased and the
airspeed held constant, the  aircraft climbs.
Conversely i f  the power is decreased and the
airspeed held constant the aircraft descends.

47. A t  a constant altitude the power determines
the I.A.S., i.e. a high power results in a high
I.A.S. and any reduction in power reduces the
I.A.S.

Power, Altitude, and I.A.S.
48. To  maintain a constant height and airspeed
in level flight, the pitch attitude and power must
be co-ordinated. I f  the height is constant and the
airspeed is too high or too low, the power should
be changed to obtain the desired I.A.S. Whi le
the power is being changed the altimeter should
be closely watched and any deviation from the
desired height should be corrected by appropriate
pressure on the control column.

49. I f  the height is low and the airspeed is high,
or i f  the height is high and the airspeed is low,
a pitch correction alone may return the aircraft to
the desired height and airspeed. I f  both air-
speed and height are low or i f  both are high,
a change in both pitch and power is necessary.

50. The altimeter is always the primary pitch
instrument during level flight, whether flying at a
constant airspeed or during changes in power and
airspeed, and the gyro compass remains the
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primary bank instrument. When changing air-
speed the tachometer (on jet aircraft) is the
primary power instrument unti l  the airspeed
approaches the desired figure, when the A.S.I.
again becomes the primary instrument for power.

Increasing the I.A.S.
51. When increasing airspeed while maintaining
straight and level flight, the instruments must be
watched closely. T h e  R.C.D.I. is particularly
valuable in showing any tendency for the aircraft
to gain o r  lose height. T o  counteract any
tendency to climb, forward control pressure must
be applied and elevator trim used to relieve the
pressure. T h i s  is extremely important at high
speed when control pressures must be kept light
for accurate flying. A s  the I.A.S. increases, the
pitch must be corrected to  keep the altitude
constant ; therefore the image aircraft is lowered
in relation to the horizon bar on the artificial
horizon. T h e  artificial horizon should be used
to make a l l  pitch corrections and ensure a
constant attitude unti l  the other instruments
indicate a deviation.

52. As  the speed approaches the desired I.A.S.
the power should be adjusted to maintain this
figure. The initial power setting should be made
as accurately as possible without interrupting the
normal cross-check. Af ter  trimming the aircraft,
the I.A.S. and tachometer should be checked to
determine if the power setting is correct.

Reducing the I.A.S.
53. To  reduce airspeed while maintaining straight
and level flight, the power setting should be
reduced to give the desired airspeed. Because the
speed decreases slowly, the airbrakes may be
used when the airspeed is to be reduced by more
than 25 knots. T h e  engine should not  be
throttled back too far to reduce speed as this
complicates what is otherwise a simple procedure.

54. Although the reduction in power will have
very little effect on control pressures, in some
aircraft the airbrakes cause a sudden change of,
trim. To  maintain level flight, this effect must be
anticipated and corrective action taken when the
airbrakes are opened. The change of trim should
be counteracted b y  maintaining a  constant
attitude on the artificial horizon ; th i s  may
require considerable control pressure which can
be relieved by trim. The pitch and bank instru-
ments should b e  cross-checked t o  maintain
straight and level flight and the tachometer
checked to  determine i f  the power setting is

correct. A s  the I.A.S. decreases and the noso
tends to drop, back pressure must be applied to
maintain altitude, and trim used to relieve the
pressure. A s  i t  is not possible to maintain a
constant altitude with constant attitude and
changing airspeed, the nose of the aircraft must
be raised or  lowered as required to keep the
altitude constant.

General Considerations
55. Control of  the pitch and lateral attitude to
maintain a constant heading and altitude during
airspeed changes can be carried out with a high
degree of accuracy i f  the pilot has learned what
to expect, how to make proper attitude correc-
tions, and how to trim ; the tachometer must
now be combined with the cross-check o f  the
pitch and bank instrument to ensure straight and
level flight. When  the power is changed, the
speed o f  the cross-check must be increased to
cover the pitch and power instruments adequately.

TURNS
The Standard Rate Turn
56. Turns described in this section are those used
in normal instrument flight and do not exceed a
standard rate (Rate 1, o r  3° per second) as
indicated on the turn and slip indicator, or 30°
bank as indicated on the artificial horizon. The
T.A.S. determines the angle of  bank necessary
for a Rate 1 turn. A t  200 knots T.A.S., about
26° of bank is required for Rate 1 turn, and at
400 knots T.A.S., 45° of bank. I f  the T.A.S. is
such that more than 30° of bank is required for
a Rate 1 turn, the turn should be made at half the
standard rate to avoid banking too steeply.

Entering the Turn
57. The turn should be entered smoothly and as
soon as pressure is applied the artificial horizon
should be used as the primary bank instrument
until the approximate desired degree of bank has
been reached, at which point the turn needle
becomes the primary instrument for bank. I n  a
level turn, the attitude must be changed to
compensate for the change in the lift caused by
banking, and therefore the pitch instruments must
be watched while rolling into the turn. I t  must
be remembered that no corrective action should
be taken until the flight instruments indicate a
deviation from the desired condition o f  flight.
As the nose of the aircraft is raised to hold height,
power should be increased i f  necessary to main-
tain the desired I.A.S. Smooth technique is
especially valuable at this time since the control
pressures vary during entry into the turn.
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58. When the desired angle of bank is reached it
may be nerPssary to  apply a  slight opposite
pressure on the control column to prevent the
bank from increasing beyond the desired amount.
I f  the bank is allowed to increase, more backward
pressure is required to maintain level flight and
this increases the rate of turn.

Leaving the Turn
59. To  return to straight and level flight, the
controlling pressures should again be smooth and
the rate of roll on entering and leaving the turn
should be the same. When pressures are applied
to recover, the artificial horizon becomes the
primary bank instrument. A s  the angle of bank
is decreased the vertical component of  the lift
increases unless the nose is lowered to maintain
the desired height. A t  the same time the power
is reduced as necessary to maintain the desired
airspeed. Since the artificial horizon precesses in
a turn, lateral level should be cross-checked with
the turn indicator to ensure level flight after
rolling out.

Steep Turns
60. A t  high speeds high angles o f  bank are
required for even moderate rates of turn. Because
the angle of  bank is increased in a turn, i t  is
necessary to increase the backward pressure on
the control column to give the required increase
in angle o f  attack, and in  a  steep turn this
backward pressure may be considerable.

61. Gain or loss of height in a steep turn can be
detected by reference to the A.S.I., altimeter, and
R.C.D.I. The artificial horizon will also indicate
the pitch attitude, but at high angles of bank and
high speeds it will be difficult to detect small but
significant pitch changes from this instrument. A t
high speeds the R.C.D.I. gives the first indication
of a change of pitch attitude. Corrections must
be made instantly, by readjusting the angle of
bank and pitch attitude, as soon as the R.C.D.I.
indicates a deviation from level flight. When
rolling out from the turn, the backward pressure
on the control column must be released to prevent
climbing.

CLIMBING

Introduction
62. For  a given power setting and weight there
is only one attitude that gives the best rate of
climb. T h e  best climbing speeds and power
settings are given in Pilot's Notes.

Entering a Climb from Climbing Airspeed
63. To  enter a climb while cruising at climbing
airspeed, climbing power is set and at the same
time the nose of  the aircraft is raised to the
climbing attitude, keeping the I.A.S. constant.
When the power change is started, the airspeed
indicator is the primary pitch instrument and any
changes in the pitch attitude should be cross
referred to the artificial horizon. T h e  rate o f
attitude change and power application must be
well co-ordinated to avoid any gain or loss in
airspeed. T h e  pitch attitude is held until the
R.C.D.I. has stabilized at a constant rate, unless
a deviation in airspeed is noted ; i f  the airspeed
changes, a correction in pitch attitude must be
made. When the R.C.D.I. stabilizes it is used to
hold a constant pitch attitude since i t  shows a
deviation in pitch sooner than the A.S.I. ; t o
correct changes in the vertical speed the pitch
attitudes must be adjusted and the airspeed
checked for any deviation. Thus the R.C.D.I. is
used as an aid to control the pitch attitude of the
aircraft but the final attitude is governed by the
A.S.I., which is the primary instrument.

Entering a  Climb from an Airspeed Higher
than Climbing Airspeed

64. To  enter a climb when the airspeed is higher
than the climbing airspeed, climbing power is set
and while the power is being increased the attitude
is adjusted, by reference to the artificial horizon,
to the approximate climbing attitude for the
airspeed and power setting used. When  the
R.C.D.I. stabilizes, the rate of climb is held until
the airspeed decreases to the desired reading. The
pitch attitude is then adjusted to maintain the
desired airspeed.

Levelling-Off from a Climb
65. The pitch attitude should be decreased as the
desired height is approached ; i f  this is left too
late, inertia causes the aircraft to overshoot the
desired height. The higher the rate of climb, the
sooner should levelling-off be started. Another
factor governing the amount of lead required is
the technique used to level-off. Practice and
observation enables the amount of lead required
for levelling-off under any conditions t o  be
determined.

66. I n  levelling-off from a  climb the attitude
change must be co-ordinated with the reduction
in power to hold the I.A.S. constant. When the
level-off point is reached, smooth forward control
pressure is exerted to lower the nose to the level
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flight attitude and the power is reduced simul-
taneously to the level flight setting. The altimeter
becomes the primary pitch instrument as soon as
levelling-off is started, but the artificial horizon
should be used while changing the attitude. Both
changes should be completed just as the desired
height is reached ; attitude and power are then
controlled as described i n  the paragraph on
level flight.

DESCENDING
Introduction
67. Descents at constant I.A.S. are used during
instrument let-down procedures. T h e  airspeed
and power setting used depend on the height,
aircraft configuration, and rate of descent desired.
The descent can be made with the aircraft clean
or with airbrakes and flaps extended.

68. The procedures outlined here apply t o
descents at any airspeed and with the aircraft in
any configuration (airbrakes, undercarriage, and
flaps either down or up).

69. During any descent in straight flight the gyro
compass should be the primary instrument for
bank control.

Entering a  Descent from Level Flight a t
Descending Airspeed

70. To  enter a  descent whi le cruising a t
descending airspeed the power is reduced to the
required setting and the nose lowered simul-
taneously to the correct attitude. I f  the airbrakes
are to be used, they should be opened after the
power i s  reduced. W i t h  the airbrakes out,
considerable pressure may have to be used to hold
the pitch attitude. The  artificial horizon should
be watched while making the initial change in the
pitch attitude and then a l l  control pressure
trimmed out. T h e  A.S.I. or machmeter is the
primary pitch instrument when reducing power,
but as in  a  climb the R.C.D.I. and artificial
horizon are used as aids to hold the airspeed
constant. I f  the change in the pitch attitude is
followed by a change in the I.A.S., the artificial
horizon and R.C.D.I. indications should be used
to make adjustments. Throughout the descent
the vertical speed must be held constant unless
the A.S.I. indicates the need for a change.

Entering a Descent from an Airspeed Higher
than Descending Airspeed

71. To  enter a descent from an airspeed higher
than descending airspeed, adjust the power and

INSTRUMENT FLYING
open the airbrakes if they are to be used. Main-
tain height until the airspeed approaches the
descending airspeed, then proceed as in para. 70.

Levelling-Off from a  Descent
72. As  in the climb, the level-off from a descent
must be started before reaching the desired height.
The amount of lead used is governed by the rate
of descent and the control technique used. When
levelling-off from a descent, more lead is required
than from a climb at the same vertical speed,
because gravity is acting in the same direction as
the inertia o f  the moving aircraft. T h e  exact
point at which the level-off is started depends on
the rate of descent, type of aircraft, and height ;
it m a y  b e  as  much as  3,000 feet above
the desired height. A t  the level-off point the
aircraft must be brought smoothly to the level
flight attitude by back pressure on the controls.
I f  the airbrakes are out they must remain out
until level flight is attained, and then closed and
the power increased at the same time to the
required figure. A s  soon as the level-off is
started, the altimeter becomes the primary pitch
instrument. When the aircraft has reached the
desired height, the A.S.I. indications become the
primary ones for power adjustments and the
normal level flight cross-check is resumed.

INSTRUMENT TA K E -OFF
Introduction
73. Rain on the windscreen, cloud base lower
than reported, or possible vertigo at night, may
make it nerpcsary to go on to instruments during
the take-off run o r  shortly after leaving the
ground. F o r  these reasons instrument take-offs
should be practised frequently.

Cockpit Check
74. A  complete cockpit check, including all the
items necessary for visual flying, should be made
before take-off and special attention should be
given to gyro instruments. When cleared for
take-off, align the aircraft along the centre of the
runway, allow i t  to  ro l l  straight for  a  short
distance to straighten the nosewheel or tailwheel
and then stop the aircraft. Apply full brake and
briefly re-check the artificial horizon to ensure
that the image aircraft is in the correct attitude.

Take-Off Technique
75. With the brakes on, increase the power and
briefly check t h e  engine instruments a n d
generators. Release the brakes and open the
throttle to take-off power as quickly as possible.
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Until the rudder becomes effective, any deviation
in heading indicated on the gyro compass must be
corrected immediately b y  careful braking ;
brakes should be used sparingly because their use
lengthens the take-off run. Rudder should be
used for directional control as soon as it becomes
effective. Du r ing  a  cross-wind take-off, after
applying rudder to correct the heading it may be
necessary to  hold pressure on the rudder to
maintain the heading.

76. A t  the speed quoted in Pilot's Notes (on
nose-wheel aircraft) sufficient back pressure
should be applied to the controls to raise the nose-
wheel and establish a climbing attitude on the
artificial horizon. I f  this attitude is maintained
the aircraft flies itself off the ground at a speed
well above stalling speed. I n  tail-wheel aircraft
the tail should be raised normally during the
take-off run, and the attitude checked on the
artificial horizon ; the aircraft should be lifted
off the ground when take-off speed is reached and
then placed in the climbing attitude.

77. As  the aircraft unsticks, the attitude should
be kept constant and a straight heading main-
tained by holding the pitch attitude and keeping
the wings level by reference to  the artificial
horizon. Small  variations in pitch at this time
may cause the aircraft to bounce on the runway
or to stall. Directional control may be more
easily maintained by additional reference to the
gyro compass and turn needle. Before retracting
the undercarriage, the altimeter must show a
definite increase in height and the R.C.D.I. a
definite rate of climb. The flaps should be raised
only after a  safe airspeed has been attained.
Since the climbing speed of a jet aircraft is high,
a vertical speed of 500 to 1,500 f.p.m. should be
maintained until the climbing speed is approached.
Trim may be used after take-off but should not
be used to pull the aircraft off the ground ; doing
so may result in an excessively nose-up condition.

78. The gyro compass is the primary instrument
for heading during the take-off run. When the
aircraft approaches flying speed the artificial
horizon is  the primary instrument fo r  pitch
control and a supporting instrument for bank
control. O f  necessity, during an instrument
take-off the cross-check must be very rapid and
use made of the indications of all available flight
instruments. Allowance must be made for all
acceleration errors affecting the instruments.

GOING ROUND AGAIN
Technique
79. When it has been decided to go round again,
sufficient power should be applied for the aircraft
to climb away with undercarriage and flaps
down ; usually a t  least climbing power i s
required. Airbrakes, undercarriage and flaps
should be retracted early and power adjusted i f
necessary. Throughout this procedure i t  i s
essential to keep straight by reference to the gyro
compass and to cross refer constantly with the
artificial horizon, A.S.I., and altimeter, because of
the large change o f  trim which occurs while
changing from a descending to an ascending flight
path ; this may be accentuated by changes in
power and the raising of undercarriage and flaps.

RECOVERY FROM UNUSUAL ATTITUDES

Considerations
80. Unusual attitudes should not arise i f  the
proper control technique is used. The  angle of
bank and the pitch attitude should be kept within
the limits of the instrument.

81. Poor instrument interpretation, faulty control
technique, o r  severe turbulence can cause the
aircraft to assume an unusual attitude, and for
this reason recovery from unusual attitudes must
be practised under simulated instrument flight
conditions, until the pilot is confident of regaining
level or controlled flight by the use of instruments
as quickly as possible and with the minimum loss
of height.

82. The ideal recovery from any unusual attitude
except spinning is made as follows

(a) Al l  physiological sensations must be ignored
and the instruments trusted completely.

(b) Any toppled instrument must be ignored
(e.g. artificial horizon).

(c) The slip needle or ball must be centred with
rudder, the turn needle with aileron, the speed
adjusted by elevator movement assisted by the
throttle and/or airbrakes.

(d) While centralizing the turn needle, care
must be taken to impose only the very minimum
amount o f  positive o r  negative g  to avoid
affecting the accuracy of the indications of the
instruments.
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83. Unusual attitudes can be classified under two
main headings : —

(a) Attitudes characterized by increasing air-
speed.
(b) Attitudes characterized by decreasing air-
speed.

84. During recovery from unusual attitudes,
including stalling and spinning, the artificial
horizon may be toppled. I f  it has not toppled, it
should be used to give pitch attitude and bank
indication but the following paragraphs assume
that recovery has to be made without the aid of
this instrument.

Attitudes Characterized b y  a n  Increasing
I.A.S.

85. I n  a steep dive, with the wings level or banked,
all pitch instruments give an indication of  a
nose-down attitude. The I.A.S. will be increasing
and the 'hundreds' pointer o f  the altimeter
moving so rapidly that it may be difficult to read.
In a very steep dive, especially when banked, the
artificial horizon, if not already toppled, may be
unreadable. The R.C.D.I. gives an indication of
a marked rate of descent and if the dive is steep
the needle will be on the stop.

86. Before any attempt is made to pull out of the
dive, the wings must be levelled by centralizing
the turn needle with the ailerons, at the same time
correcting for any slip or skid with the rudder.
Any attempt to pull out of the dive without first
levelling the wings tightens and aggravates the
spiral.

87. A t  the first indication of a steep dive, the
wings should be levelled, the power reduced, and
the airbrakes extended at the same time.

88. When the wings have been levelled, the
aircraft can be pulled out of the dive. I f  the
recovery is made harshly, the turn needle may
remain hard against the stop or may flick across
the dial even though the wings have been levelled.

89. When the I.A.S. stops increasing, the aircraft
is in level flight or in a controlled dive. Level
flight attitude can be regained by changing the
pitch attitude slowly, while the airspeed is
decreasing, by use o f  the R.C.D.I. and the
altimeter. When the aircraft is practically level,
the airbrakes, i f  used, should be retracted and
normal cruising power applied.

INSTRUMENT FLYINO
90. In  high-performance aircraft, owing to the
high I.A.S. which can be achieved in a dive and
the high inertia of the aircraft, it is better to use
the altimeter instead of the A.S.1. to determine
when the aircraft is approximately in level flight ;
when the altimeter reading stabilizes the aircraft
is in level flight.

91. Inverted Dive. I f  the aircraft is inverted
there will be a reversal of airspeed and height
indication with normal control movements, i.e.
backward movements of the control column cause
an increase of both airspeed and rate of descent.
To recover, the wings must be levelled, power
reduced, and airbrakes, if available, extended as
in a normal dive. T h e  aircraft should then be
rolled right side up and normal recovery action
taken.

Attitudes Characterized by a Decreasing I.A.S.
92. I n  aircraft with a  comparatively low per-
formance a steep nose-up attitude is indicated by
a marked rate of decrease in airspeed and any
bank is shown by the turn needle. I n  high-
performance aircraft, owing to the large amount
of inertia at the high airspeeds obtainable, a steep
nose-up attitude may be reached without any
marked decrease in airspeed but, in this attitude,
the needle of the R.C.D.I. is against the stops
and the altimeter "hundreds" pointer spins
rapidly round the scale, showing an increasing
altitude.

93. In  the same way as in recovery from unusual
attitudes at high speed, the wings must be levelled
by reference to the turn needle and any slip or
skid corrected by use of the rudder. I f  the nose-up
attitude is steep, more power should be used to
reduce the chance of stalling.

94. To  recover from a nose-up attitude, a gentle
forward pressure should be used on the control
column. The  indication of level flight is given
when the needles of  the A.S.T. and altimeter
stabilize. The airspeed may still be low after level
flight is regained but soon builds up to normal
cruising speed. Level flight is maintained by
reference to the altimeter and R.C.D.I.

95. Recovery from Vertical Attitudes.
(a) In high-performance aircraft, if a very high
rate of climb is shown by the R.C.D.I. and the
altimeter, followed by a moderate, then rapid
reduction in airspeed, the aircraft may be in a
near vertical nose-up attitude. To  recover, the
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wings should first be levelled by reference to
the turn needle, and the control column held
central. The airspeed can be expected to fall
off still further, and cross reference should be
made to the altimeter and the R.C.D.I. to see
when the aircraft stops climbing. I t  is important
that all physiological sensations should be
ignored and the instruments relied on implicitly.
The aircraft may eventually stall but in any
case the nose drops. When the airspeed starts
to increase and the R.C.D.I. and altimeter show
a loss of height, it should be ascertained by
reference to the turn needle that the wings are
level and the aircraft eased out of the dive.
The airbrakes should be extended if necessary,
to limit the speed.

(b) As the speed approaches the stalling speed,
there is a decrease in the rate of climb shown by
the R.C.D.I. and altimeter, until just before the
stalling speed is reached when a rate of descent
may be indicated. I f  full power is applied at
this stage and forward pressure applied to the
control column, recovery is made with the
minimum loss of height. A s  the nose drops,
the airspeed increases and when a safe margin
above the stall has been reached, level flight
can be regained by reference to the R.C.D.I.,
altimeter, and A.S.I.

(c) A wing may drop at the stall. O n  many
aircraft the ailerons are effective at and below
the stall and a dropped wing, shown by the
turn needle, may be raised by aileron, care
being taken to correct for slip and skid by use
of the rudder. Pilot's Notes state when aileron
control is available at the stall. O n  certain
aircraft, however, the use of aileron near the
stall aggravates the situation and no attempt
should be made to centralize the turn needle
with the ailerons ; any further yaw should be
prevented by use of the rudder and only when
the airspeed has reached a safe margin above
the stalling speed should the ailerons be used
to level the wings.

(d) Since the use of rudder at the stall is the
normal method of initiating a spin, it is essential
that the stalling characteristics of the aircraft
and the degree of control effectiveness at and
near the stall are known.

(e) When recovering from the dive, care must
be taken not to raise the nose of the aircraft too
quickly or an accelerated (g) stall may occur,
necessitating further recovery action and
resulting in the loss of more height.

SPINNING AND RECOVERY
Considerations
96. Unintentional spins during instrument flight
occur only when the controls are mishandled, but
all pilots should be able to recognize a spin from
instrument indications. Strong physiological
sensations a re  experienced when spinning,
especially during the recovery when there is
usually a very misleading and realistic sensation
of spinning in the opposite direction. A l l  such
sensations must be ignored.

Instrument Indications when Spinning
97. The following are the instrument indications
of a spin : —

(a) The artificial horizon is probably toppled,
but even i f  it is not it may be unreadable
because of the extreme attitude.
(b) The A.S.I. indicates a fairly steady fluctua-
tion in the region of the stalling speed.
(c) A rapid loss of height is indicated by the
altimeter.
(d) A high rate of descent is indicated by the
R.C.D.I.
(e) A large rate of turn in the direction of the
spin is indicated by the rate of turn indicator.
(f) Some degree of skid may be shown by the
slip indicator.

Recovery Technique
98. To  recover, throttle back and apply full
opposite rudder, keeping the ailerons in the
neutral position. After a slight pause move the
control column progressively forward, ensuring
that the ailerons are still centralized, until the
spin stops. The following indications show when
the spin has stopped

(a) The turn indicator needle flicks across the
dial and then approximately centres itself. I t
is the flicking of the turn indicator needle that
indicates that the rotation of the spin has
stopped.
(b) The I.A.S. begins to increase rapidly.

99. When recovering from the dive, the approxi-
mate level flight attitude is shown by the airspeed
indicator when it stops increasing and by the
altimeter when the altitude stabilizes. T h e
airspeed continues to fall off after the level flight
attitude is reached. To  climb after recovery from
a spin, the climbing attitude must be attained
initially by reference to the R.C.D.I. and altimeter
while the speed falls to the climbing figure.
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100. I f  the pull-out is at all harsh, the turn
needle will flick again momentarily to indicate a
full rate turn. This is caused by the effect of g in
the pull-out, and correct indications will be given
when the loading returns to normal. A  steady
deflection with an increasing airspeed, however,
indicates a spiral dive and in this case the aircraft
has to be levelled laterally before recovery can be
made. The  main difference between the instru-
ment indications of the spin and the spiral lies in
the airspeed, which increases to a high figure in
the spiral but remains low in the spin. T h e
difference is important ; the recovery action
involves quite different control movements, and
if the movement is not correctly identified the
cure for one may aggravate the other.

101. Inverted Attitude. I f  the aircraft recovers
from the spin in the inverted position, as shown
by a reversal of airspeed and altimeter indications
with normal control movements, the aircraft
should be rolled right side up when sufficient
speed has been attained and then brought back
to level flight. Should the aircraft be spinning
inverted, recovery is normal except that the control
column should be moved back instead of forward
until the spin stops. Normally the only indication
to the pilot that the aircraft is in an inverted spin
will be the negative loading, i.e. hanging in his
straps and a  possible slight tendency for the
control column to move forward of  its own
account. When the spin has stopped, as shown
by the turn indicator flicking, inverted flight
recovery action can be taken.

INSTRUMENT FLYING AFTER ENGINE
FAILURE

Considerations
102. I n  multi-engine aircraft, instrument flight
on asymmetric power presents no problem
provided the failure o f  an engine does not
interfere with the correct functioning of the flight
instruments. When it is known that an engine
has failed, indications of slip or skid should be
corrected by rudder and all necessary drills
completed. I f  the flight instruments are air
driven, check that the suction cock is selected to
a live engine. When the instruments are elec-
trically driven, it may be necessary to switch off
some electrical services to conserve the battery if
the generator output from the remaining engine
is insufficient to operate all electrical services. I f
an engine fails while on instruments at a fairly low
speed, it may be easier to throttle back all engines
to maintain control initially and then smoothly
reopen the throttles, trimming as necessary.

INsrRuncurr FLYING
Suction-Driven Instruments on Single-Engine

Aircraft
103. In  single-engine aircraft with suction-driven
instruments having n o  alternative source o f
supply, it will be necessary to descend below the
weather as quickly as possible, as the instruments
become unreliable about two minutes after the
suction fails. I t  may be necessary to increase the
speed above that for best range on the glide to
achieve a faster rate of descent.

Electrically-Driven Instruments o n  Single-
Engine Aircraft

104. In  single-engine aircraft with electrically-
driven instruments, the instruments will normally
function long enough to enable the aircraft to
descend below cloud if all unnecessary electrical
services are switched off. There are some excep-
tions to this rule, however (see Pilot's Notes), but
the aim should be to descend below the weather
as soon as other circumstances permit.

CHANGING FROM INSTRUMENT TO
VISUAL FLIGHT A N D  VICE VERSA

Introduction
105. One o f  the most important aspects o f
instrument flying i s  the  change-over from
instrument t o  contact (visual) flight when
breaking cloud.

Visual to Instrument Flight
106. After a visual take-off which is soon to be
followed by I .F.  conditions, the change-over
should be made immediately after take-off and
cross-checking of the flight instruments should be
commenced ; particular attention should be paid
to the R.C.D.I., altimeter, and A.S.I., to ensure
that the aircraft is climbing. The transfer from
visual to instrument flight must be complete
before cloud is entered at any stage of the flight.

Instrument to Visual Flight
107. When breaking through cloud on a descent,
if there is only one pilot, a continuous movement
of the eyes from the instruments to the ground
and back again must be maintained. By constant
cross-checking between the ground and the
instruments it is unlikely that the aircraft attitude
will vary to any marked degree. While cross-
checking, the artificial horizon becomes the
master instrument.

108. I f  there are two pilots, one should remain on
instruments until full contact conditions prevail,
while the other watches for the ground.
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INSTRUMENT APPROACHES
Information Given in Pilot's Notes
109. Pilot's Notes for each type 9f aircraft gives
three slightly different I.A.S., power, and flap
settings that should be used during the appropriate
stages o f  an instrument approach and landing.
In all cases the figures apply with the under-
carriage down.

Approaching
110. The approach is divided into three stages : —

(a) Downwind. This  is the commencing stage
during which the aircraft is manoeuvring to a
position from which the next stage can be
started.
(b) Base Leg and Final. This is the initial stage
of the approach proper, prfor to reaching the
glide path, during which the aircraft should be
on or near the runway heading.
(c) Glide Path. This is the stage between base
leg and final and the position at which the
runway can be seen sufficiently well to complete
the flight without further assistance.

111. The r.p.m., flap and I.A.S. combinations

recommended for any particular aircraft type are
those which have been found to be most suitable
for the appropriate phase of the procedure either
in level flight or to maintain the ideal rate o f
descent. These settings realize speeds which give
adequate control during the approach and allow.
sufficient margin for small alterations for the rate
of descent to be made without alteration in power.
They also allow for a possible go-around and,
with multi-engined aircraft, for engine failure.

Variations of the Recommended Power Setting
112. The recommended power setting varies
slightly w i t h  differences i n  t h e  prevailing
conditions, particularly the A.U.W. and the wind
strength. Under average conditions it should not
be necessary to alter the power setting by more
than about 500 r.p.m. with gas-turbine aircraft
and 1 lb./sq. in. with piston-engine types.

Landing
113. As soon as the pilot establishes satisfactory
visual contact with the runway and is satisfied
that a landing can be made, the r.p.m., flap, and
I.A.S. settings should be adjusted as for a normal
landing in the prevailing condition.

RESTRICTED



RESTRICTED

PART 2 :  SECTION 4

CHAPTER 3

NIGHT FLYING
Introduction
1. The ability to fly an aircraft as efficiently by
night as by day is required of every pilot. B y
day the aircraft is controlled by reference to
ground objects and the visual horizon, supple-
mented by certain flight instruments ; i f  these
outside aids are not available, all the flight
instruments must be used. The same applies at
night, except that the aircraft attitude may also
be interpreted by the perspective and pattern of
lights laid out on the ground. O n  a dark night,
with no lights on the ground to give outside
reference, the problem is much the same as when
flying in cloud. T h e  importance of accurate
instrument flying cannot therefore be over-
emphasized. Different types of aircraft in different
roles may require a slightly different handling
technique at night, but the basic principles are
the same as by day.

2. Before flying, bright lights should be avoided
to allow the eyes to become adapted to the
darkness. Full dark adaptation takes about
40 minutes but can be destroyed in a matter of
seconds if the eyes are exposed to bright lights.
Lack of oxygen materially affects the rate and
completeness of dark adaptation, so oxygen should
always be used at night.

Night-Flying Briefing
3. I t  is essential that all pilots and crews .receive
a thorough briefing before night flying. T h e
object of the briefing is to ensure that all personnel
concerned with flying at night know the airfield
layout, obstructions, dispersal areas, signals, and
the method of controlling aircraft on the ground
and in the air. I t  is usual to control the aircraft
by R/T, though visual signals may sometimes be
used. The forecast weather conditions, relevant
navigational aids, diversion airfields, and night-
flying orders should also be included in the
briefing.

Pre-Flight Checks
4. The pre-flight checks are unchanged with the
addition that all external and internal lighting
equipment should be checked. A  torch should
be carried to assist with these checks and for
any emergency.

Knowledge of the Cockpit
5. A  thorough knowledge of the location and
function of all cockpit controls and switches is
essential so that, if necessary, the aircraft can be
flown with the cockpit in complete darkness.

Engine Starting
6. To  avoid any possibility of  confusion, the
correct signals for starting, running up, and
taxying should always be used. Before running
up, the downward identification light should be
flashed and, when ready to taxy, the navigation
lights should be flashed as a signal to the ground
crew to remove the chocks. The navigation lights
can also be flashed later to dispense with the
marshaller. Where external intercommunication
is fitted this should be used in preference to
visual signals at night. I n  aircraft fitted with
automatic-flashing navigation lights these should
be switched off momentarily to indicate chocks
away and to show when the marshaller is no
longer required.

Taxying
7. Before taxying from the dispersal area the
cockpit lighting should be adjusted to avoid
distracting reflections from the cockpit canopy.
Marshalling signals are illustrated in A.P. 3296,
Air Ministry Flying Orders. I t  should b e
remembered that every light visible on an
airfield a t  night i s  there f o r  a  purpose,
whether it is an obstruction light, the taxiway
lighting, or the tail light of another aircraft. Care
must be taken while taxying, as it is difficult to
judge speeds and distances at night. I f  in doubt,
stop the aircraft and/or switch on the landing
lamp or taxying lamp as an aid. Crew members
should be ordered to keep a look-out, if possible
using hand-signalling lamps to illuminate any
area as directed by the captain.

Take-Off and Climb
8. Before take-off, the cockpit lighting should be
reduced to the minimum in which the instruments
can be seen. Throughout the take-off run, and
immediately after becoming airborne, the direc-
tion and attitude of the aircraft should be judged
by reference to the flare path. When well clear of
the ground, and before the last flare or the last
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Approach
Angle Approach Path

Indicator Lights
Port Starboard

5i° -I- Too high Amber Amber
4/1° — sio31. - 4i° Slightly high

Ideal
Amber
Green

Green
Green

— 31° Slightly low Green Red
Below 2i° Dangerously low Red Red

Landing
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lead-out light is  reached, attention should be
transferred t o  the flight instruments and the
aircraft kept laterally level, in balanced flight, and
given a  safe rate o f  climb while the I.A.S.
increases towards the recommended climbing
speed. When this condition is attained, the after
take-off checks can be made. T h e  pilot should
continue the climb away, on instruments, until
circuit height is reached, when outside aids may
be used to supplement instrument indications.

Engine Failure after Take-Off
9. The action in the event of engine failure after
take-off is the same as by day, with the additional
action of switching on the landing lamp.

Circuit Flying
10. The circuit pattern is normally the same as by
day, but there is often a tendency to converge on
the flare path when on the downwind leg ; this
can be prevented by using the compass and
watching the line of  the flare path. W i t h  uni-
directional flare paths the approach lighting or
other airfield lighting should be used to help
judge the downwind leg. A  careful listening
watch should be kept on the R/T so that the
movements o f  other aircraft in the circuit are
noted and the circuit planned accordingly.

Approach Lighting
11. The approach is judged in the same way as by
day assisted by the changing pattern of the airfield
lights. Detailed information on the layout o f
airfield lighting is found in Section 2, Chapter 2.

12. The full approach lighting system illustrated
in Section 2, Chapter 2, is standard for all main
instrument approach runways and comprises a
double flare path with a  single row o f  lights
extending 3,000 ft. downwind from the runway
threshold and in line with the centre of the runway.
Superimposed on this line and crossing it are five
cross bars, each bar shorter than that preceding
it (the shortest bar being nearest the runway), so
that i f  two lines were drawn touching the ends
of the cross bars they would meet at a focal point
1,000 ft. upwind from the runway threshold. The
final cross bar and the last few lights leading to
it are red, forming a red omni-directional " T "
(the remainder of the approach lighting is uni-
directional). The intensity of the lighting can be
adjusted to suit prevailing conditions.

13. Some airfields have the same basic layout but
the approach lighting is carried a shorter distance
from the runway threshold and only two cross

bars are used. O n  subsidiary runways (not
instrument approach) only the red "T"  is fitted.

14. The centre line of the approach lighting helps
to align the aircraft with the centre of the runway
and the cross bars act as a horizon. B y  adjusting
the angle of descent so that each successive cross
bar appears the same length as the previous one
the correct approach path is ensured. I f  the
approach path is too high, successive cross bars
appear shorter ; i f  too low, successive bars
appear larger than those preceding. I t  should be
clearly understood that the lighting system is an
aid to night landings and not a means in itself.
On one side o f  the runway threshold, 20 feet
apart, are angle-of-approach indicators which
also aid in judging the approach.

15. The angle-of-approach indicators are set as
in the table below : —

16. The landing technique differs l itt le from
landing by day, and the type of landing should be
the same as that used for day. When learning to
fly, or when converting onto a new type at night,
difficulty may be experienced i n  judging the
height during the hold-off. T o  aid i n  this
judgment sufficient day experience on type is
necessary t o  appreciate the correct landing
attitude. T h e  round-out should be gentle and
the hold-off judged by the perspective of the line
of runway lighting, and not by looking a short
distance ahead and trying to see the runway
itself. Care should also be taken to avoid getting
a fixation on the angle-of-approach indicators.
The aircraft is kept straight during the landing
run by reference to the runway lighting. A f t e r
landing, and before turning off the runway, the
speed should be checked carefully to ensure that it
is not too high.

17. Use o f  the Landing Lights. T h e  landing
lights may be used as an aid when approaching
to land, and in emergencies such as engine failure
after take-off. The lights should be switched on
during the final stages of  the approach and the
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illuminated area of the runway used as a supple-
mentary aid to the perspective of the flare path.
In poor visibility the landing lights may cause
considerable glare, making accurate judgment of
the final approach and hold-off difficult. T o
reduce the glare the lights should, i f  possible, be
dipped in the low position.

Overshoot Procedure
18. The procedure for an overshoot is similar to
that by day. Owing to the trim changes likely
when full power is applied, particularly on high-
powered piston-engined aircraft, i t  is important
that the utmost attention is paid to  accurate
instrument flying, w i th  particular regard t o
balanced flight, lateral level, and the correct
climbing speed for the amount of  flap selected.
I f  the overshoot is started from ground level, the
undercarriage should not be raised until a safe
height is reached, particularly i f  flap movement
causes a large change of trim.

Pilot Navigation at Night
19. The technique of pilot navigation is discussed
in Chapter 14, and the various procedures apply
equally by night and by  day. However, the
following factors should be kept in mind when a
night flight is contemplated : —

(a) A full briefing is all-important.'
(b) Map reading, the pilot navigator's most
useful fixing aid, is limited at night. F o r  this
reason particular attention must be paid during
flight planning to the availability and frequen-
cies of suitable radio aids and of light beacons
along the route.
(c) I t  is possible to map-read in bright moon-
light, and under these conditions most water
features such as coastlines, canals, and lakes
show up well. Visibil i ty is improved when
looking up-moon ; a  light covering of  snow
helps in recognizing some ground features by
night.

EMERGENCIES
20. The following paragraphs detail the proce-
dures to be adopted in emergency in the circuit
at night.

Runway Obstructed
21. I f  the runway becomes obstructed, a n
illuminated "T" is placed in the centre of the flare
path at the downwind end, and five red marker
lamps are placed across the runway threshold.
Aircraft must land on the grass on the starboard
side of the flare path, but before doing so A.T.C.
should be informed of the intention.

Failure of Navigation Lights
22. I f  navigation lights fail, contact A.T.C. by
R/T to  obtain a  landing priority and fly the
circuit pattern at 600 feet above ground level.
Other aircraft will be warned and are to orbit at
normal circuit height until otherwise instructed.
After landing, clear the flare path at the upwind
end and then call control for further instructions.

Use of the Signal Pistol by Night
23. R/T Failure. F l y  over the airfield on the
dead side o f  the flare path at 600 feet above
ground level and fire a green signal. Then com-
plete the circuit still at 600 feet and make the final
approach and landing on  receipt o f  green
lamp signal from the runway controller. Other
aircraft will orbit at circuit height on instructions
from A.T.C.

24. Total Electrical Failure. F l y  over the airfield
on the dead side of the flare path at 600 feet above
ground level and fire a red signal. Then complete
the circuit at 600 feet and land ; clear the flare
path at the upwind end. A l l  other aircraft will
orbit a t  circuit height o n  instructions f rom
A.T.C. I f  forced t o  s top  a f te r  landing,
the position of the aircraft should be indicated by
hand torch signals while awaiting assistance. A l l
other aircraft on the ground wi l l  hold their
positions until otherwise instructed.

Procedure when No Signal Pistol is Available
25. Failure of R/T. I f  no signal pistol is available
after R/T failure, proceed as instructed in para. 24,
but flash a series o f  dashes on the navigation
lights, or downward identification light i f  fitted,
at the stated position in the circuit. I f  unable to
do this, take the action detailed in para. 26.

26. Total Electrical Failure. M a k e  a  normal
approach and take overshoot action at 300 feet
above ground level. O n  hearing this, the runway
controller will fire a red/green two-star signal.
Other aircraft will then orbit at circuit height
until otherwise instructed. The  affected aircraft
should then complete the circuit and land.

Other Emergencies
27. I n  an emergency, i f  the attention o f  the
runway controller or A.T.C. cannot be obtained,
a circuit should be made at 600 feet and i f
necessary the aircraft landed on the emergency
side, usually to starboard, of the flare path.
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PART 2 :  SECTION 4

CHAPTER 4

FLYING AT  HIGH SPEED AND HIGH ALTITUDE
Introduction
I. This chapter concerns certain flight character-
istics which may be encountered when flying
certain high-speed aircraft, particularly at high
altitudes. Lack  o f  appreciation o f  the reasons
behind unusual behaviour of an aircraft at high
speeds may lead the pilot to take action which,
while natural and appropriate at normal speeds,
may lead to difficulties at high speeds and high
altitude.

2. N o  reference in this chapter is made to the
principles of flight concerning compressibility and
the significance of the speed of sound. Informa-
tion on these subjects is contained in Vol. 1.

3. This chapter should be read in conjunction
with Chapter 1.

Aircraft Limitations
4. Speed limitations are imposed for structural
reasons alone, and may be expressed either as an
I.A.S. or as a mach number. The reasons for
imposing these limitations a re  detailed i n
Chapter 1.

Effects of High Speed and Altitude on Aircraft
Performance

5. Compressibility. Compressibility character-
istics differ even between aircraft o f  the same
type, and although Pilot's Notes give general
guidance on the characteristics to be expected at
high mach numbers, it does not necessarily follow
that the effects will be reproduced either in part
or in whole. O n e  of the major causes of  the
change in handling characteristics is the condition
of the airframe ; paint flaking, badly scratched
surfaces, a generally poor finish, and even bird
droppings on the wings, can cause totally different
behaviour from that expected.

6. Buffeting. Buffeting in some degree, apart
from the pre-stall buffet, is commonly experienced
on many aircraft. Buffeting of tail surfaces may
be felt on the control column and/or rudder

pedals ; occasionally, on aircraft without power-
operated controls, aileron snatching may occur,
and also aileron "buzz" in which the ailerons
oscillate at a high frequency. Buffeting may be
much more pronounced and the compressibility
mach number appreciably reduced if external fuel
tanks or stores are carried. A i rcraf t  designed
specifically for flight under transonic and super-
sonic conditions are usually free of any marked
buffet. P i lo t 's  Notes advise when exceptions
occur.

7. Aircraft Behaviour. W h e n  severe com-
pressibility effects are experienced, the resulting
movements o f  the aircraft may be violent and
irregular about al l  three axes, and when en-
countered on aircraft without power-operated
controls very heavy stick forces may be needed
to restrain the movements. The only way to stop
the behaviour is to decrease the mach number by
throttling back and if necessary opening the air-
brakes.

8. Changes of Trim. Although changes of speed
and power alter the trim, large and occasionally
violent changes of trim occur on subsonic aircraft
having a definite compressibility mach number.

(a) Longitudinal. W i t h  increase o f  mach
number there may be a nose-up change of trim
that changes to a nose-down, or vice versa.
The rate of change of trim varies with the rate
of change of speed, and the suddenness of the
change also varies. A  fairly rapid fluctuation,
alternating between nose-up to nose-down, is
known as "porpoising".

(b) Lateral. Change of lateral trim in the form
of wing dropping is frequently the limiting
factor in the control of an aircraft at high mach
numbers. Initially the ailerons are effective in
checking this symptom and some rudder in the
direction of the dropping wing may be helpful
—i.e. port wing down, port rudder—but if the
mach number is further increased the aircraft
may become uncontrollable, owing either to
lack o f  aileron effectiveness caused by com-
pressibility or the inability to apply sufficient
aileron owing to high stick forces.
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9. Control Effectiveness. The effectiveness of the
controls and trimmers deteriorates at high mach
numbers and also at high altitudes.

(a) High Mach Numbers. A t  transonic mach
numbers, i.e. after the first shock waves have
formed on the wing, the control surface only
affects the airflow up to the shock waves ahead
of it. Th is  means that only a portion of the
lifting surface is affected by movement of the
control surface behind it, and the consequent
change of forces is smaller. I n  addition, the
control surface may be operating in a turbulent
airflow, in which case the control becomes still
less effective.
(b) High Altitudes. A t  high altitudes a low
I.A.S. corresponds to a high T.A.S. The aero-
dynamic force exerted by the deflection of  a
control surface is proportional to the I.A.S.,
whereas the kinetic energy o f  the aircraft
depends on the T.A.S. The controls are there-
fore less effective in manceuvring at altitude than
at lower levels for the same I.A.S. The kinetic
energy of the aircraft must be appreciated and
allowed for when manceuvring at high T.A.S.
and high altitude, e.g. during aerobatics,
formation flying, interceptions, and spinning.
For this reason the time taken to recover from
a spin is greater at high altitudes.
(c) High Indicated Airspeeds. Control effective-
ness may be reduced or lost at high I.A.S. for
reasons other than compressibility. T h e  air
loads caused by a high I.A.S. may so distort
the airframe that the basic incidence settings
are changed seriously enough to reduce control
effectiveness, or even to cause control reversal.
At high I.A.S. any change of trim may be
accentuated or reduced by temporary distor-
tions of the airframe and consequent changes
in lift, particularly on the tail surfaces. These
distortions lead to a change in the magnitude
and distribution of the air loads on the surfaces
and are independent of compressibility effects.
This type o f  distortion is called "aeroelastic
distortion": to some degree this distortion is
inevitable and is allowed for in the design of
the aircraft. I t  is more pronounced in denser
air at lower levels, where high I.A.S. is reached,
and may give rise to a change in the character
or degree of the compressibility effects and in
the actual compressibility mach number. A t
an excessively high I.A.S. it is possible to cause
distortion greater than the elastic limit of the
airframe, resulting in permanent distortion and
the risk o f  structural failure. A l l  maximum
speed limitations must therefore always be
treated with respect.

(d) Power-Operated Controls (Jack-Stalling). At
high I.A.S. the air loads on the control surfaces
are so large that in certain aircraft the servo
mechanism may not be powerful enough to
move the control surfaces through their full
range of movement, i.e. the jacks, or servos,
stall when the air load on the surface equals the
jack output force. When this situation arises
the manoeuvrability is reduced at high I.A.S.
in that the amount of g that can be applied is
limited ; this calls for special care when diving
at high I.A.S. and low altitude as the height
lost during recovery is unavoidably increased.
The maximum obtainable g may be as low as
3 at speeds of about 500 to 550 knots, the precise
figures varying wi th the type o f  aircraft
involved.

Variation of  Compressibility Characteristics
with Altitude

10. The compressibility characteristics of indivi-
dual aircraft remain basically the same at all
altitudes. However, as a general rule the effects
may occur at a lower mach number as the aircraft
ages and the finish deteriorates. Changes of trim
may be more sudden and severe at the lower levels
where the I.A.S. and air loads are higher, thereby
giving greater accelerations and possibly causing
overstress.

Use of Trimmers
11. Trim Tabs. O n  aircraft using manually
operated flying controls and having geared trim
tabs, the tab angle required to trim the aircraft
at high mach numbers may be large, because of
decreasing effectiveness o f  tabs with increasing
mach numbers. Therefore, to avoid very strong
changes in trim when speed is reduced and the
tab effectiveness is increasing, perhaps rapidly,
Pilot's Notes sometimes lays down a  mach
number beyond which the trimmers should not
be used.

12. V.I .  Tailplanes. O n  some aircraft, however,
the loss of elevator effectiveness may be such that,
for trimming, the use of a variable incidence tail-
plane is a valuable aid in controlling and manceuvr-
ing at high mach number. However, even when a
variable incidence tailplane is  used, a  fairly
coarse setting may be needed at some high sub-
sonic mach number, and this setting may have to
be changed rapidly to cope with strong changes
of trim at mach numbers only slightly different
from the trimmed speed. When an aircraft has
such a feature the trim must be used carefully to
avoid the unintentional application of excessive g.
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For example, consider an aircraft that has a
marked nose-up tendency at 0.9M which becomes
marked nose-down at 0.94M. When trimmed at
0.94M the tailplane angle will be well into the
nose-up range ; i f  the aircraft is then pulled into
a tight turn or out of a dive at high g and more
trim is applied to do this, then, when the speed
falls to 0.9M—and this can happen quickly at
high g—the combined effect of the nose-up tail-
plane setting and the inherent nose-up tendency
can result in a very rapid increase in g that cannot
be checked before the g limits of the aircraft, and
the pilot, are exceeded. Such an incident can only
be guarded against by knowing the behaviour of
the aircraft as described in Pilot's Notes. T h e
type o f  behaviour described above can be
likened to pitch-up, but whereas the latter is due
to loss of  stability through wing-tip stalling on
swept-wing aircraft and/or an excessively aft
C.G. position, the behaviour in the example is
due to the faulty use of the tail trim and is not
instability. Under suitable conditions of altitude,
airspeed and g, however, the incorrect use of the
tail trim could cause an unintentional increase
in g sufficient to promote the unstable type of
pitch-up.

Control at Low Speed
13. The aerodynamic design features required to
meet the exacting needs of high-speed flight give
less attractive handling characteristics a t  low
speeds. The high wing loadings and swept wings
that are a  feature o f  many high-performance
aircraft usually entail high take-off and landing
speeds. A t  low I.A.S. the amount of g that can
be applied without stalling is limited ; near the
stall only fractional amounts of g are needed to
bring on the stall. When the rudder is used to
yaw the aircraft, pronounced rolling movements
in the same direction occur which are evident
under cross-wind landing and take-off conditions.
Longitudinal stability often changes to become
marginal near the stall. O n  many aircraft with
highly loaded swept wings the ailerons if misused
at or near the stall are often more liable to cause
a spin than the rudder ; even when full corrective
rudder is applied, i f  the ailerons are not kept
central at the stall a spin can result.

Maneuvring at High Altitude
14. Manoeuvring cannot be separated from the
application of g, except in pure rolling. When g
is applied on aircraft having a definite compres-
sibility mach number, the symptoms of the shock

FLYING AT HIGH SPEED AND HIGH ALTITUDE
stall will be felt at a lower mach number ; the
greater the g the lower the mach number. Even
though the amount of g that can be applied at the
highest altitude without stalling is small owing to
the low I.A.S., an  appreciable reduction i n
compressibility mach number is often experienced.

15. When g is applied, some aircraft exhibit an
automatic tendency for the g to continue to build
up, necessitating a reversal of the initiating force
on the control column in order to restrain the
increase. Th i s  unstable characteristic can arise
from either or a combination of : —

(a) A  flight path which is being maintained by
a given control deflection and degree o f
effectiveness at a high I.M.N. ; any reduction
in I.M.N. which occurs as a result of the higher
drag resulting from increased g would increase
the control effectiveness and tend to tighten the
turn or pull-out without further movement of
the control column. However, this effect is
unlikely to be severe and is easily countered.

(b) Pitch-Up. On swept-wing aircraft, owing
to wing-tip stalling and wing flexing at high
angles of attack and airspeeds respectively, the
C.P. moves forward causing the turn or pull-
out to tighten and increase the g automatically.
This effect occurs at a g loading that reduces
with gain i n  altitude, unti l  a t  the highest
altitudes comparatively small amounts o f  g
suffice to cause pitch-up ; a t  low altitude i f
enough g  is imposed to cause pitch-up the
resulting increase could easily and quickly
overshoot the maximum permissible g with the
consequent risk of breaking the aircraft. The
g overshoot, at high altitudes, although not
sufficient to cause overstress, forms an opera-
tional handicap. I f ,  at high altitude, a turn is
tightened slowly, pitch-up becomes evident as
a reduction in the pull force required to tighten
the turn, and the force eventually becomes zero
and then changes to a push. The  quicker the
g is applied the quicker does the sequence take
place, and if g is applied suddenly the pitch-up
will be equally sudden and difficult or impos-
sible to prevent. N o t  all swept-wing aircraft
have this characteristic to the same degree, the
severity varying between types and with C.G.
position, applied g and altitude. Pilot's Notes
advise on this subject when it is present ; i n
general, however, pitch-up at low altitudes will
only take place if the g limit is exceeded.
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Altitude I.A.S. (knots) I.M.N.
Sea Level 430 0.65

5,000 415 0.69
• 10,000 400 0.72

15,000 390 0.77
20,000 365 0.79
25,000 340 0.81
30,000 320 0.84
35,000 290 0.84
40,000 260 0.84
45,000 235 0.85
50,000 210 0.86
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16. Effect o f  Compressibility i n  Turns. T h e
higher the I.A.S. that can be maintained while
turning as tightly as possible, the smaller is the
turning radius. However, this is true only up to
those mach numbers at and above which com-
pressibility effects markedly reduce the  l i f t
available at  al l  angles o f  attack. T h e  mach
number above which the turning circle becomes
larger is given in Pilot's Notes or the Operating
Data Handbook. I n  practice, when manoeuvring
at the higher altitudes, the speed should not be
allowed to drop below the best climbing speed,
as height would have to be lost in order to
accelerate quickly to  this speed ; th is  applies
particularly near the ceiling of the aircraft. I n
some types of aircraft the I.M.N. giving the best
turning circle at altitude is much lower than the
best climbing I.M.N. and in these cases the pilot
must decide which figure has the most importance
for the prevailing circumstances.

17. Effects of Altitude on Manceuvre. The ability
to manoeuvre (i.e. the amount of g that can be
applied without stalling) is reduced as height is
gained, and when turning as tightly as possible
at increasing altitudes the radius increases and
the rate of turn decreases. T h e  primary reason
for this is the reduced lift available through the
falling I.A.S. and an increase in inertia forces due
to the growing T.A.S. T h e  amount o f  thrust
available from al l  but rocket engines is also
reduced. T h e  lift is further reduced because of
compressibility effects. The  much smaller speed
range, i.e. the range between the indicated stalling
speed and the indicated maximum level speed,
available at the higher altitudes also drastically
limits the manoeuvrability. F o r  a given altitude
and applied g the higher the I.A.S. the larger is the
radius o f  turn and the lower the rate o f  turn ;
conversely, for  a given altitude and I.A.S. the
higher the g that can be applied without stalling
the smaller the radius and the higher the rate of
turn.

Climbing
18. The climbing speeds for jet aircraft are given
in the Pilot's Notes as I.A.S. or I.M.N. I t  can
be seen from the following schedule for a basically
subsonic aircraft that the I.A.S. is  gradually
reduced on the climb whereas the optimum mach
number at first increases then remains almost
constant, increasing slowly. The  exact relation-
ship between I.A.S. and I.M.N. during the climb
cannot be dealt with in a general way since the
technique for climbing depends largely on the
role and performance of the aircraft.

19. I t  is important that the correct climbing
speeds are adhered to ; i f  the speed is allowed to
fall too low, especially at the higher altitudes, the
rate of climb is seriously reduced and the only
method o f  regaining speed quickly is to dive.
At low altitudes there is a large excess of thrust
and a wide band of airspeeds at which the aircraft
can climb quickly ; the peak rate o f  climb is
achieved at a certain airspeed in this band. A s
height is increased, the band narrows and the peak
rate of  climb drops, until near the ceiling the
range of speeds over which the aircraft can climb
is very small and the speed for best rate of climb
realizes only a fraction of the sea-level figure ; at
this height a decrease of only 10 knots from the
optimum climbing figure can result in the already
low rate of climb falling to zero or changing to a
descent. T h e  much reduced excess o f  thrust
under these conditions means that the accelera-
tion is very low and the best method of regaining
climbing speed quickly is to dive ; because of the
smaller excess of thrust a disproportionately large
amount of height may be lost in the dive before
the climbing speed is regained.

20. For  maximum range and rate o f  climb,
turbo-jet aircraft are climbed at full throttle and
a careful watch must be kept on the j.p.t. to
ensure that it does not exceed the limit during the
climb. I t  may be necessary to throttle back to
keep the j.p.t. within the limits. D e t a i l e d
information on engine handling is contained in
Pilot's Notes and Vol. 1, Part 1, Sect. 3, Chapter
12 of this manual.
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Applied
g

I.A.S.
Angle of Dive

30° I  40°  I  50° I  60°
Height Lost during Recovery

(Feet)
3g 400 1,700 3,000 4,000 5,600

450 2,300 3,800 5,700 7,300
4g 400 1,300 2,200 3,000 4,200

450 1,700 2,700 3,800 5,500
5g 400 1,100 1,800 2,400 3,400

450 1,400 2,300 3,100 4,400

Height
(feet)

I.A.S.
(knots)

T.A.S.
(knots)

T.A.S.
ofsound
tn

knots

LM.N. at
45 s

T.A.S.,

40,000 ...
30,000 ...
20,000 ...
10,000 ...
Sea Level

(a)
225
275
330
385
450

(b)
450
450
450
450
450

(c)
570
590
610
640
660

(d) (equals b/c)
0.79
0.76
0.74
0.71
0.68

Recovery from Dives at High I.A.S.
21. A t  low altitudes, turbo-jet aircraft gain speed
rapidly, even in a shallow dive, and the height
required to regain level flight may be compara-
tively large. The height required depends on the
altitude at which recovery was started, the I.A.S.,
the angle of dive, the g applied, and the A.U.W.

22. The g that can be applied when recovering
from a dive is limited "either by the g stall warning
or the pilot's g threshold. The table below gives
an indication o f  the height needed to recover
from various angles of dive with constant g loads
at various airspeeds for a certain aircraft at low
altitude. I t  can be seen how the height required
to recover increases rapidly with increase o f
I.A.S. and angle of dive. I t  is emphasized that
this table does not apply to all aircraft and is
given-only as an example.

23. When diving at 60° and 450 kts. and then
pulling out at 4g the height loss is about 5,500 ft.
I f  the loading is increased to 5g the height loss is
roughly 1,000 ft. less.

24. I f  a g  stall occurs during recovery more
height is lost because the aircraft mushes, owing
to the loss of lift.

25. I t  is essential therefore to assess the charac-
teristics of  an unfamiliar type of  aircraft under
various conditions at a safe height. Airbrakes
help to keep the speed down and should be used
wherever a rapid pull-out is necessary because, at
a given g, least height is lost when the speed is
constant or is decreasing during the pull-out ;
i f  the speed is still increasing more height is lost.
Attention is drawn to the important consideration
of para. 9(d).

I.A.S. versus I .M.N. in a Dive
26. I n  a dive the mach number may increase

FLYING AT  H I G H  SPEED A N D  H I G H  AL1TrUDE

rapidly and it is important to realize the changing
relationship between the I.A.S. and I.M.N. The
main features are discussed below.

27. The highest mach number is reached when
diving from the greatest height ; f rom a lower
height the peak mach number is  less. F o r
example, consider an aircraft making two dives
at the same angle and power setting, starting at
the same T.A.S. but  making one dive from
40,000 feet and the second from 32,000 feet. The
following figures are typical : -

Dive from . . .  . . .  40,000 feet 32,000 feet
Peak Mach Number 0 . 8 9  0 . 8 5

. Which is reached at... 29,000 feet 20,000 feet
I.A.S. then being . . .  3 3 0  kts. 3 8 0  kts.

28. I n  any dive at  a  constant angle the mach
number reaches its peak and begins to fall while
the I.A.S. is still rising. I t  is therefore possible
for an aircraft with poor compressibility charac-
teristics to be in a steep dive with the pilot unable
to do more than keep the attitude constant (by
pulling back on the control column) and for the
I.A.S. to be still increasing ; despite this the
mach number reaches a maximum and then, as
the speed of sound increases in the warmer air at
lower altitudes, the mach number begins to fall.
When the mach number falls, recovery from the
dive becotnes possible but may involve a very
considerable loss of height which is not normally
hazardous unless the aircraft enters cloud during
the out-of-control period.

29. Tabled below are the  indicated speeds
corresponding to 450 knots T.A.S. at various
heights, the speed of sound in standard atmos-
phere conditions at each height, and the mach
number. T h e  changing I.A.S./I.M.N. relation-
ship in a dive is clearly shown: -

It can be seen that if the T.A.S. is constant, or
even increasing slowly in a dive, the mach number
is falling although the I.A.S. is rapidly rising.
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Use o f  Airbrakes
30. T h e  primary purpose o f  airbrakes is to
increase the drag ; in this way better deceleration
is obtained or the speed can be restricted during
descents. T h e  airbrakes are therefore used
whenever it is desired to limit or reduce the speed.
In some instances Pilot's Notes remark on the
changes o f  tr im and buffeting produced b y
opening the airbrakes and state any limitations
in their use. T h e  main uses of airbrakes are : —

(a) To reduce high I.A.S. or  I.M.N., in the
interests of control.
(b) To reduce speed when entering the circuit
or when joining a formation.
(c) To prevent an excessive increase of speed
when diving or descending.
(d) To reduce speed for reasons of  manoeuv-
rability.

The Total-Energy Concept
31. Operational and other reasons often require
an aircraft to reach a combination of altitude and
speed as quickly as possible, starting either from
ground level and the appropriate speed or from
some other combination of altitude and speed.
The u s u a l  m e t h o d  i s  t o  accelerate
or decelerate t o  t h e  c l imb ing  speed,
climb to the required altitude, and then adjust the
speed. However, this is the slowest method of
achieving the new situation and considerable
time can be saved in some cases by making use
of the kinetic and potential energy of the aircraft.
There are practical limitations to the use of this
concept and these are discussed below.

32. The total energy possessed by an aircraft in
flight is the sum o f  its kinetic and potential
energies given by the formula :

2
Energy Height =  Actual Height +  2g

The energy possessed at any one combination of
altitude and T.A.S. can be exchanged for a higher
altitude and lower T.A.S. or lower altitude and
higher T.A.S. F o r  example, an aircraft at sea
level and 650 knots has a certain total energy ;
i f it were zoomed to 15,000 feet it would arrive at
300 knots and the same total energy. T h e
aircraft is no better off, from the total energy
aspect, at 15,000 feet and 300 knots than it was
at sea level and 650 knots ; i f  it were dived back
to sea level it would arrive at 650 knots.

33. The example of para. 32 and those following
assume that the thrust is adjusted constantly to

equal the drag so that the kinetic and potential
energy alone carry out the changes of height and
speed.

34. The graph of Fig. 1 shows lines of constant
total energy sloping from left to right ; i t  shows
also a mach 1.0 line and superimposed on this
framework i s  the climbing schedule f o r  an
imaginary subsonic fighter.

35. Consider an aircraft first at 30,000 ft. and
300 knots I.A.S. and then at 34,500 ft. and 200
knots I.A.S. Bo th  sets o f  conditions have the
same total energy and can be exchanged one for
the other. I n  other words, a zoom climb from
30,000 ft. and 300 knots will take the aircraft to
34,500 ft. and 200 knots, i.e. along a line on
Fig. 1 parallel to the slope of the constant-energy
lines. Th i s  o f  course assumes the proviso o f
para. 33. I f  full throttle was used, the aircraft
would arrive at 34,500 ft. at a higher speed and
if the thrust was less than the drag i t  would
arrive at a lower speed.

36. The principle of total energy is based on the
fact that at any particular altitude there is only
one speed at  which energy can be increased
economically and rapidly—this speed is the best
climbing speed for that height (maximum excess
power is available). Using this speed and climbing
power, total energy can be increased (stored) most
effectively. The  best energy-increasing technique
is the I.A.S. and altitude combination given
by the climbing schedule in Pilot's Notes.

37. Using Fig. 1, the following two examples are
given o f  the efficient use o f  the energy height
concept. The examples are designed to show the
theoretical gains only  ; i n  practice certain
limitations discussed in para. 40 govern the final
flight paths.

38. Starting from point A on Fig. 1 (20,000 ft./
200 knots I.A.S.) the aircraft is to be climbed to
B (40,000 ft./250 knots I.A.S.). T h e  standard
"energy" technique is : —

(a) Put the aircraft onto the best climbing
basis as quickly as possible.
(b) Keep the aircraft on this basis for as long

as possible.
Therefore, dive from 20,000 ft. until a  speed/
altitude combination is reached which lies on the
climbing line ; moving parallel to the constant
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FLYING AT HIGH SPEED AND HIGH ALTITUDE
energy curves, this is reached at about 13,000 ft.
on Fig. 1. Then climb, following the climbing
line, until the total energy curve for 40,000 ft.
and 250 knots is intercepted at about 41,000 ft.
From this point, dive to 40,000 ft. where 250
knots will be obtained.

39. A  final example is given by the case of having
to accelerate quickly from 250 knots I.A.S. to
300 knots I.A.S. at 40,000 ft. The best technique
is to zoom until sufficient speed is lost to put the
aircraft onto its correct I.A.S./altitude climbing
combination ; this involves moving up parallel
to the constant energy line and intercepting the
climbing line at about 41,000 ft. Then climb,
following the climbing line to intercept the total
energy curve which passes through 40,000 ft. and
300 knots. This occurs at 45,000 ft. Dive back to
40,000 ft. and, automatically, to 300 knots.

Practical Limitations and Considerations when
Using Total-Energy Principles

40. I n  practice, the accelerating dives would be
done under power and not with thrust equal to
drag, and this would mean that the aircraft
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0 3000
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I 0
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would not be moving along a constant-energy
line but diverging upwards. However, as long as
the correct climbing schedule is reached quickly,
little is lost. A t  this stage a further complication
arises because the flight path must be changed
gently, keeping the g low to avoid drag effects,
from a dive to a climb at a precise I.A.S. appro-
priate t o  a  specific altitude. Therefore the
pull-out must be made gradually, commencing at
some lower I.A.S. than that desired until the
aircraft arrives on the climbing line of  Fig. 1.
The greater the rate of gain of speed in the dive
and the higher the commencing climbing I.A.S.
the sooner should the pull-out be started i f
3-4g is not to be exceeded. The sharp "corners"
of the dotted flight path from A to B are not
possible practically and  a  smoother, more
gradual change of path results.

41. Two points are important whenever energy
techniques are used ; the g must be kept low, i f
possible not exceeding 4g, so that the drag is kept
substantially constant during entry into dives
and pull-outs. Also,  the dives and climbs must
be made in as short a time as possible so that the
energy is not markedly affected by thrust or drag.

CONSTANT TOTAL—ENERGY CURVES
V2ENERGY HEIGHT =  ACTUAL HEIGHT -I- 9

2 0 0 3 0 0
I A ,  5 - K N O T S

Fig. I Constant Total-Energy Curve

RESTRICTED

400 5 0 0



RESTRICTED
A.P. 129, Vol.. 2, PART 2, SEcr. 4, CHAP. 4
42. When accelerating up to the climbing speed
after take-off in an aircraft capable of sustained,
or nearly so, supersonic speed, the best technique
for entering the climb is governed by "energy"
principles. F o r  example, i f  an aircraft has an
initial climbing speed o f  500 kts., the best
technique may well be to start pulling into the
climb some 30 to 50 kts.before 500 kts.and holding
a constant g  during the time that the speed
continues to build up (more slowly, because of
the g) until at some higher altitude, say 10,000 ft.,
the correct I.A.S. for that altitude is reached.

43. I f  the speed required at a given altitude is
higher than the climbing speed, the climb should
be continued to the correct amount above the
desired altitude and the aircraft dived back to
accelerate to the required I.A.S. I f  the rate and
angle of climb are still high, the quickest method
of entering the dive would be to invert the aircraft
and then pull through to the required dive angle,
otherwise uncomfortable amounts of negative g
would be encountered. Again, this dive should
theoretically be made with thrust equal to drag,
but in practice climbing or full power is. used ;
this means that the required I.A.S. would be
reached before the required altitude and that the
throttle would have to be closed to prevent the
speed increasing during the time that the remain-
ing height was being lost down to the required
altitude. T o  overcome this loss, the additional
height gained above the desired altitude could be
reduced in proportion to the shorter time needed
to reach the desired airspeed while at full throttle.

44. I n  practice, when accelerating to a higher
speed at the same altitude, the gain through using
total-energy principles is smaller owing to the
limitations discussed above and a faulty technique
could easily result in cancelling the small advan-
tage. The very high "total energy" possessed by
an aircraft flying at even low supersonic speeds is
shown by the fact that a zoom climb started at
the optimum altitude can carry the aircraft as
much as 10,000 ft. and more above its normal
climbing ceiling. Leve l  flight would not, o f
course, be possible at these greater heights, but
operational advantage would be obtained in
the right circumstances.

Effects of Icing
45. Airframe Icing. Generally, airframe icing
does not constitute a problem to high-speed, high-
altitude aircraft, fo r  the aircraft is normally
operating outside the severe icing level and can
quickly climb through an icing region. When
flying through severe icing conditions at high

I.A.S. the rate of ice accretion may be as high as
two inches per minute. Apa r t  from the normal
problems associated wi th icing (such as an
increase in stalling speed), external radio aerials
subjected to severe icing vibrate excessively and
subsequently fracture. O n e  major problem
associated wi th  high-altitude aircraft i s  the
formation of  mist or hoar frost on the canopy.
Full use should be made of the demisting equip-
ment from ground level, and sufficient fuel should
be held in reserve to be able to fly around at low
levels and allow time for the canopy to warm up
and de-mist before landing. The more rapid the
rate of descent, the heavier will be the misting
and the rate of spread.

46. Engine Icing. O n  piston-engine aircraft the
only significant difference between engine icing
at low speed and at high speed is that impact
icing in  and around intakes builds up more
quickly at higher speeds. W i t h  some jet engines,
there is a possibility of the fuel control linkages
exposed to the airflow becoming ice-bound and
jamming. I f  ice forms on a guard ahead of the
compressor, the reduced and uneven airflow
causes a reduction in thrust and a rise in j.p.t.
Malfunction due to icing in jet engines using a
centrifugal compressor is rare, but the axial flow
type engine is susceptible to impact icing on the
bullet at the front. W i t h  serious engine icing
there is  always the attendant possibility o f
compressor stall and flame extinction. Engine
handling in  icing conditions fo r  gas-turbine
aircraft is dealt with in detail in Vol. 1, Part 1,
Sect. 3, Chap. 12.

Instrument Flying
47. Instrument flying at high speed is straight-
forward, provided the  basic conception o f
attitude flying is adhered to (see Chapter 2). A t
high speed, the attitude change required t o
provide a climb or descent is so small that the
change of attitude on the artificial horizon may
not be noticeable. I t  is therefore essential that
the pilot cross refers to all the instruments. I t
is also possible to obtain large altimeter errors,
500 feet or more at the higher mach numbers ;
this is obviously important when flying at  low
altitude. A t  high altitude the machmeter is more
sensitive than the A.S.I. ; f o r  a small change in
I.A.S. there is a much larger corresponding change
in the T.M.N. Mos t  types of artificial horizons
are difficult to topple, even during aerobatics, and
the need for limited panel flying is becoming less
general. A t  high speeds large angles of bank are
required for even a low rate of turn. The rate of
climb and descent indicator gives the quickest

RESTRICTED



indication of changes of attitude in the pitching
plane, in terms of thousands of feet per minute
whereas the A.S.I. initially shows a difference of
only a few knots for a large change of attitude.
At the highest altitudes, owing to the absence of
light-reflecting particles in  the air, there is a
strong contrast between sunlit and shaded parts
of the cockpit; this effect may require the use of
some lighting to facilitate reading the instru-
ments.

RESTRICTED
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consideration is that owing to the lack of filtration
of the sunlight normally provided by the dust-
laden atmosphere in the lower levels, exposed
skin may suffer severe burning.

Lookout
48. A t  high speeds a  good lookout is always
necessary, whatever the altitude. Even though
accurate high-altitude flight requires the use of
instruments, the habit of systematically searching
the sky must be developed. I n  the empty visual
field at high altitudes the pilot has no objects on
which to focus his eyes so that they can be
properly accommodated to see objects at a range
of a few miles. T h e  human eye is so built that,
when left to itself, it tends to focus at very short
ranges. T h e  result of this weakness is that sight-
ing ranges decrease considerably at these altitudes
thus emphasizing the need for a more careful
lookout.

Physiological Considerations
49. In  sustained high-altitude flight it is common
on certain aircraft for parts of the cockpit interior
to be covered in hoar frost, and if bare skin comes
into contact with such metal parts there is danger
of i t  sticking to the cold surface. A  further
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Safety Equipment
50. Oxygen. Before flying at high altitude all
oxygen equipment should be thoroughly checked
and the working of the system understood.

51. Dinghy Expansion. T h e  reduced cockpit
pressure at high altitude causes any air trapped
in the dinghy or life-jacket to expand, with the
possibility o f  jamming some control o r  con-
stricting breathing. When dinghies are carried,
crews are recommended to carry a knife or other
pointed instrument with which to puncture the
dinghy i f  it starts expanding.

52. Checking of Safety Equipment. A l l  personal
equipment and safety equipment must be checked
for serviceability. I n  an emergency the severe
effects of exposure to high-altitude conditions of
very low temperature and air pressure can be
countered only by the use of the proper equip-
ment, adequately cared for and maintained. The
chapters dealing with the various items of safety
equipment contain details of the necessary checks.

Effect of Shock Waves on Nearby Aircraft
53. The theory that the pressure rise in a shock
wave is a function of free stream static pressure
has been substantiated by flight tests. T h e  data
in Figs. 2 and 3 was obtained from a suitably

Mach. 1.05
Altitude-35 ,000

Theoretical pressure rise
for bow waveCb

A  E l

0
O

_ 00_0

()BOW WAVE
o TAIL WAVE

Pressure readings made to the r ight o f
generating aircraft  at the same altitude
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Fig. 3.  Shock Wave Pattern t o  Right of Generating Aircraft

instrumented aircraft overtaking another flying
level at M 1.05. F i g .  2 shows that the pressure
rise decreased as distance from the generating
aircraft increased, and it is interesting to note that
the tai l  wave (a recompression shock wave)
produced a  greater rise than the bow wave.
Other flights indicated that there is little differ-
ence, i f  any, between the pressure rises to the
side of, or below, the generating aircraft. I f  the
data is extrapolated to give the sea level figures
the pressure rise at 100 ft. from an aircraft at
M 1.05 can be expected to be approximately
60 lb./sq.ft.

54. The pressure rise in a shock wave is thus a
potential hazard to nearby aircraft, and to ground
installations if the transonic flight is made at low
altitude. T h e  wave could affect an aircraft's

0

0 0

structure and/or stability. When an aircraft is
subjected to a shock wave it tends to yaw towards
the generating aircraft in the same way that an
aircraft weathercocks when taxying. However,
aircraft designed to fly at  high mach number
would not be affected structurally because they
are stressed to  withstand greater loads than
could be expected from the strongest shock;
nor would their stability be materially affected
because sufficient control is available to counter-
act any yawing tendency. W i t h  light, and large
slow-speed aircraft however, the phenomenon
is more significant because the highest pressures
could have an adverse effect o n  directional
stability and may at low altitudes exceed the
designed fin and rudder loadings. T h e  obvious
conclusion i s  that  when making transonic
flights pilots should give light and large slow-
speed aircraft a  wide berth.

(A.L.  4 ,  M a r .  5 8 )
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PART 2 :  SECTION 4

CHAPTER 5

AEROBATICS
Purpose
1. Although aerobatics, in  themselves, are o f
little operational value they form an essential part
of a pilot's training because : —

(a) They increase confidence, judgment, and
flying ability, and teach the quickest methods
of recovering from unusual attitudes or after
loss of control.
(b) They form the basis o f  some tactical
manoeuvres.
(c) They harden and accustom the pilot to the
high strains imposed on him in combat flight.
(d) They give the pilot a means of  assessing
control qualities of any particular aircraft.

Regulations
2. The regulations concerning aerobatics are
designed t o  safeguard l i fe and property and
should be adhered to at all times. They  are
stated in Air Ministry Flying Orders (A.P. 3296).

Airmanship
3. Before starting any aerobatics, in addition to
observing the regulations, the following precau-
tions should be taken : —

(a) Ensure that the air space around the aircraft
(above, below, and to both sides) is clear of all
other aircraft, as aerobatics involve consider-
able and rapid changes in height and position.
(b) Check that all equipment is secure, and
that all loose equipment is properly stowed.
(c) When possible cage all gyro instruments.
(d) Select a prominent landmark on which a
position check can be kept, thus reducing the
possibility of becoming lost.
(e) Bear in mind the direction of the area most
suitable for forced landings, as the possibility
of engine failure may be slightly increased
during aerobatics, since the engine is sometimes
subjected to greater strains and stresses than in
normal flight. I n  any case, engine failure may
result from fuel starvation caused by negative
loading.
( f)  Check that the undercarriage, flaps, and
airbrakes are retracted.

Engine Handling
4. A l l  throttle movements should be  made
smoothly, especially w i th  gas-turbine-engined
aircraft. I n  piston-engined aircraft the throttle
should be closed i f  the engine cuts after negative
loading. Th is  action is a safeguard against the
engine overspeeding when it picks up again. Full
power should not be used unless the particular
manoeuvre requires it.

Vertical Attitudes
5. I f  at any time the aircraft inadvertently reaches
a vertical or near vertical nose-up attitude at a
low I.A.S., subsequent mishandling can cause a
spin. T o  recover from this attitude, centralize
the controls, wait until the nose drops of its own
accord and the speed increases, then ease out of
the dive. W h i l e  the aircraft is  changing its
attitude, the controls can be used cautiously to
assist its progress, but the natural tendency of the
aircraft should not be opposed by the controls
as this increases the chance of spinning.

BASIC AEROBATICS
Recommended Speeds
6. Pilot's Notes detail the recommended speeds
for the  standard aerobatics. However,  a s
confidence and skill is gained, the same man-
oeuvres can be done at somewhat lower speeds.
The commencing speed should be decreased in
stages, say 10 knots at a time, until the lowest
speed giving sufficient control is reached.

Loop
7. I n  this manoeuvre (Fig. 1), the aircraft starts
from the straight and level attitude and returns to
it, having flown through 360° in the vertical plane.
Positive loading should be maintained through-
out, but this varies in amount depending on the
position i n  the loop. T h e  minimum speed
necessary depends on the speed lost in the first
half o f  the manoeuvre and that required t o
maintain control at the top of the loop.

8. To  do a loop, first choose some line feature on
which to keep straight and, i f  necessary, start a
shallow dive along it to gain the required airspeed.
During the dive do not re-trim, but check any
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nose-up tendency by forward pressure on the
control column. Having gained sufficient air-
speed, gently bring the nose up by slight backward
movement on the control column and maintain
this rate throughout the whole of the loop. When
in the inverted position the speed will be low
(even below the level ffight—lg—stalling speed)
and care should be taken not to stall the aircraft. At
the bottom of the loop ease the control column
gently backwards and if necessary use any surplus
speed to regain height. During the whole of the

manoeuvre, rudder should be used to prevent yaw
and the ailerons used to keep the wings laterally
level. O n  aircraft w i th  manually operated
controls, the stick forces required to maintain the
loop decrease to a minimum at the top when the
speed is low. However, when a power-operated
elevator is used, the artificial stick force, which is
usually proportional to stick movement, tends to
increase as the speed falls off ; the highest force
is therefore required at the top of the loop at the
lowest speed.

Fig. I. Loop
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Fig. 2. Slow Roll

Slow Roll
9. A n  aircraft is said to roll (Fig. 2) when, starting
and ending in  straight and level flight, i t  is
rotated round its longitudinal axis through 360°.
This definition applies to all types of roll. The
speed at which a roll is performed is not impor-
tant, provided it allows a good margin above the
stalling speed, and that it is carried out at a safe
height. T h e  higher the speed the easier it is to
control the roll and less height is lost. I f  the
engine runs when inverted, speed is still less
important, for the power assists in maintaining
speed and height, and controlling the attitude.
The rate of roll depends on the amount of aileron
used, the speed at which the roll is started, and
the type of aircraft.

10. To  do a slow roll, choose a point on the
horizon on which t o  keep straight. A t  the
required speed, ease the nose up to slightly above
the straight and level attitude, then apply aileron
in the direction of the roll together with a touch
of rudder in the same direction. Use the ailerons
to maintain a constant rate of roll, and elevators
and rudder as required to keep the nose on the
datum points. A s  the inverted position i s
approached, begin to ease the control column
forward to keep the nose on the horizon and use
rudder to keep straight. A s  the aircraft rolls out
and approaches the vertically banked position
apply top rudder as required, and when rolling
towards level f l ight  centralize the  controls
smoothly. W i t h  practice a rol l  can be done
without first raising the nose, and constant height
and direction maintained throughout.

Stall Turn
11. The stall turn (Fig. 3) is a method of changing
direction by 180°. A n y  normal level flight speed
may be used to start the manoeuvre, but a high
starting speed makes for  a  more satisfactory
manoeuvre.

calop.-0-4

12. To  do a stall turn choose a line feature on
the ground and fly along it. From level flight, or
a shallow dive if  extra speed is needed, ease the
control column back to bring the nose up into a
vertical climb, keeping the wings level by use of
ailerons. Check the vertical attitude by reference
to the angle made by the wing tips with the
horizon, and ease the control column slightly
forward to maintain this attitude. A s  the speed
falls off, apply rudder to cartwheel the aircraft
round on the wing tip ; throttle back as the nose
falls across the horizon and use ailerons as
necessary to prevent roll. A s  the nose approaches
the reciprocal heading centralize the rudder and,
keeping laterally level by use of ailerons, ease out
of the resulting dive. When rudder is applied
the control column must be central ; i n  this
position the wing angle of attack is low and there
is less chance o f  an inadvertent spin. I f  the
rudder is applied while the attitude is still being
changed (control column rear of central) a spin
can result.

Barrel Roll
13. A  barrel roll (Fig. 4) is one where the nose of
the aircraft is made to travel round a spiral path
which is some distance from the axis of the roll.
Positive g is applied throughout the entire roll.

14. To  do a barrel roll, choose a datum axis
and fly along it, and then dive around i t  t o
one side to obtain the required speed. Gently
ease the nose up and roll, aiming to have the
wings at right angles when the nose cuts the
horizon. Maintain the backward pressure on
the stick and continue rolling so that the inverted
position is reached at the highest point of the roll.
The top half of the roll is made above the horizon
and the bottom half below it. Throughout the
roll use the rudder to prevent slip or skid, and, as
the aircraft approaches level flight, smoothly
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Fig. 3. Stall Turn
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Fig. 4. Barrel Roll

centralize the controls. I f  the speed changes
during the roll, the amount of aileron should be
adjusted to keep a constant rate of roll.

FURTHER AEROBATICS
Introduction
15. A l l  other aerobatics consist of variations or
combinations of  the four basic manoeuvres.

Half Roll off the Top of a Loop

16. Ha l f  roll off the top of a loop consists of the
first half of a loop followed by the second half
of a slow roll (Fig. 5). T h e  aircraft reverses
direction and gains height. A  little more speed
is required for this manoeuvre than for the loop,
so that sufficient speed is available for the half
roll.

,

Fig. 5. 5. Half Roll off the Top of a Loop
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Half Roll
17. The half roll (Fig. 6) is the opposite of a half
roll off the top of a loop, consisting of the first
half of a slow roll followed by the second half of a
loop. T h e  speed o f  entry should be low, not
more than that for low cruising speed, otherwise
the maximum permissible airspeed may easily be
exceeded in the second part o f  the manoeuvre.
The power should be reduced and, i f  necessary,
the airbrakes opened to limit the speed.

Upward or Vertical Roll
18. The terms upward or vertical roll include all
rolls which are made in  a  climbing or  steep
nose-up attitude. Such rolls are done in the
same way as a normal roll but, since the plane of
the roll is inclined, considerably more speed and
power is  required, some aircraft not  having

f r 11 4 1 0 *

lOrwref"'.̀T 0-41104111

enough power to perform it satisfactorily. The
manoeuvre is a difficult one to perform accurately
unless there are clouds above to use as a guide to
direction. The more nearly vertical the roll, the
less is the amount o f  rudder required. F o r  a
vertical rol l ,  the attitude is  best judged by
checking that the chord o f  the wing cuts the
horizon at right angles.

Aileron Turn
19. The aileron turn (Fig. 7) is a  rol l  done
vertically downwards. I t  may be started from a
half roll or from the second half of a loop. I n
either case i t  is started when the aircraft is
pointing vertically down. I n  this manoeuvre,
speed mounts very rapidly and considerable
height is lost. Power should be reduced and
airbrakes opened to control the speed, if necessary.

Fig. 6. Half Roll
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Fig. 7.
Aileron
Turn
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Derry Turn
20. I n  the Derry turn (Fig. 8) the aircraft changes
from a steep turn in one direction to a steep turn
in the other direction by rolling through the
inverted attitude. T h e  control  movements
and pressures are similar to those used during
a roll, but the backward pressure on the control
column should be released when the manoeuvre
is started.

Inverted Flight
21. There are few aircraft in which it is permitted
to perform prolonged inverted flight or inverted
gliding. F o r  example, the limitation on the
duration of inverted flight in turbo-jet fighter or
trainer aircraft is 10 to 15 seconds. T h e  main
features of inverted flight are : —

(a) Aircraft are not designed to  take large
inverted loads, and the loading must therefore
be kept to a minimum.
(b) The aircraft responds normally when the
controls are moved, but the movement of the

aircraft relative to the horizon wi l l  be the
reverse of that for the same control movements
in normal flight. F o r  example, to  make a
descending turn to the left (a clockwise turn)
the control column should be eased backwards
and to the pilot's right to lower the nose and
apply the required degree o f  bank ; r i gh t
rudder should be applied to counteract slip.
(c) During inverted flight at a given speed, the
lift coefficient is much lower resulting in an
increased stalling speed ; because of the lower
lift coefficient the wing must be set at a higher
angle o f  attack than for the same speed in
normal flight (Fig. 9).
(d) Owing to the lower wing efficiency and the
higher stalling speed, the optimum gliding
speed is higher when inverted. About  one and
a third times the normal gliding speed is
generally suitable.
(e) The aircraft may be sensitive laterally
because any dihedral now has a destabilizing
effect.

Fig. 8. Der ry  Turn
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Fig. 9. I nve r ted  Flight

The increased nose-up attitude required for inverted level flight is apparent.

22. I t  is emphasized that before doing any
inverted flying Pilot's Notes should be read to
ascertain whether inverted flight is permitted, the
maximum permitted duration of such flight, and
whether or not power may be used.

Vertical Figure Eight
23. I n  a vertical figure eight (Fig. 10) much height
is gained and lost, and high speeds may be
reached. Perform a normal loop and, as the
aircraft completes the loop, half roll and pull
through into a second loop finishing with a roll
off the top. Where sufficient power is available
the direction may be reversed by performing the
lower part of  the manoeuvre first. Airbrakes
should be used to limit the speed whenever
necessary and the power should be low during
the descending periods of the manoeuvre.

Horizontal Figure Eight
24. For horizontal figure eight, start the manoeuvre
as for a loop. H o l d  the loop until the nose is
below the horizon on its way down, then half roll
and gain sufficient speed for a further loop, and
continue the sequence (Fig. 11).

Hesitation Rolls
25. Hesitation rolls may be either four-point or
eight-point rolls, the difference being that in the
four-point roll the roll is temporarily halted
after each 90° of roll, and in the eight-point roll
after each 45° o f  roll. T h i s  manoeuvre can
be done more easily on some aircraft than
on others, but the higher the speed o f  entry
the greater is the control available and the accur-
acy of the roll.
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Fig. 10. Vert ical  Figure Eight
Ideally the start and finish should be at the same altitude. The illustration shows different altitudes for reasons of clarity.
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Fig. I I. Horizontal Figure Eight
Ideally the final roll should be made so as to close the figure.
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CHAPTER 6

LOW FLYING

Introduction
1. Low flying is defined as flying sufficiently
close to the ground to give a true impression of
speed, and for training purposes is considered to
be below 400 feet above ground level. L o w
flying may be necessary at  any time to meet
operational requirements o r  because o f  bad
weather ; the technique and problems involved
should be known and practised to maintain a
high standard.

2. Operational low flying involves fairly high
speeds and the lowest altitudes, making use of
ground contours as cover or to achieve surprise.
Bad-weather low flying requires good control.

3. Low-flying exercises are designed to increase
confidence near the ground, to teach low-level
navigation, the estimation o f  distances, and to
show the pilot his own and the aircraft's limita-
tions under these conditions.

Regulations
4. Flying at less than 2,000 feet above ground or
water level is prohibited, except when : —

(a) Taking off, preparing to land, landing, or
making a forced landing.
(b) Necessitated by weather.
(c) Required i n  connection wi th  exercises
involving co-operation from the ground o r
water.
(d) Specially authorized.
(e) Authorized and carried out for training
purposes in approved areas.

5. I f  forced by bad visibility and/or weather, or
for any reason not stated above, to fly below
1,000 feet above ground or water, the occurrence
is to be reported immediately after landing.

Flight Planning
6. Before low flying, the proposed area must be
studied to become familiar with the positions of
all landmarks, towns, prohibited areas, and
possible hazards. T h e  navigating technique at
low level is fully explained in Chapter 14. I t  is

sufficient to state here that a thorough study of
the route or area is advisable before take-off, as
this type o f  flying allows time for only brief
reference to the map.

7. I t  is important that the salient features on the
route should be  memorized before take-off,
especially those to be encountered just before the
target, thus ensuring correct positioning at the
last minute and achieving the maximum amount
of surprise.

8. Good timing is important, and any alterations
in speed must be made at an early stage of the
flight i f  the target is to be reached at a  pre-
determined time.

9. During the pre-flight planning, the position of
the sun relative to the aircraft during the flight
should be  studied. I n  hazy conditions the
visibility up-sun is reduced and more attention
should be given to memorizing landmarks on
track and on the down-sun side o f  the track.
When flying near towns interference from smoke
drift should be anticipated.

10. I f  forced to deviate unexpectedly from the
original flight plan by bad weather or for some
other reason, more care must be taken owing to
the possible presence o f  obstructions not con-
sidered in the briefing.

Speed
11. When flying low because of bad weather, the
selected speed depends on the prevailing weather.
I f  the cloud is low but the visibility good, fly at
or near the range speed. I n  bad visibility reduce
to the minimum safe cruising speed so as to have
more time to avoid unexpected obstructions and
to navigate accurately.

12. With turbo jet aircraft i t  may be necessary
to fly a t  a  speed greater than minimum safe
cruising so that the power is high enough to
ensure a  ready response to  the throttle. I n
piston-engined aircraft it is also advisable to have
extra power readily available by  selecting a
higher r.p.m. than that normally used at minimum
safe cruising speed.
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Height
13. When flying under low cloud, the aircraft
should if possible be kept well clear of the cloud
base to ensure maximum visibility and to reduce
the risk of  collision with obstructions or other
aircraft. T o  facilitate map reading the altitude
should be as high as possible consistent with the
exercise. The height used depends on the nature
of the terrain, the cloud base, and the visibility ;
operationally, however, the lower limit is set by
the skill and ability of the pilot.

14. I f  flying up the slope o f  a hill in a low-
powered aircraft, the climb should be started
early in case the best angle of climb is less than
the gradient of the hill.

15. When low flying, the altimeter cannot always
be relied upon as, like the A.S.I., it is subject to
pressure errors. The  altimeter over-reads when
the A.S.I. over-reads, and vice versa, the amount
of error varying with speed. A t  sea level the
relationship between the required correction to
the altimeter (in feet) and the A.S.I. pressure
error correction (P.E.C.) is approximately : —

I.A.S.
(knots)

Alt. Corr. in Feet

200
300
400

A.S.I. P.E.C. in knots x  18
„  „  x  30
„  „  x  48119 , ,

For some time after levelling out near the ground
following a  rapid descent f rom altitude the
altimeter may over-read by as much as 200 ft.

Effect of Wind
16. Movement over the ground, including drift,
is more apparent when low-flying than when
flying at normal altitudes. When flying upwind
or downwind the decrease and increase in ground
speed may be noticeable at low I.A.S. and there
may be a tendency to increase or reduce the power
accordingly. T h e  latter could be dangerous
because, if taken to the extreme, the aircraft would
eventually stall.

17. Turns made near the ground can be deceptive
because of drift. When turning downwind there
is an illusion of slipping inwards during the turn,
and when turning into the wind o f  skidding
outwards. Therefore before correcting apparent
turning inaccuracies the instruments should be
checked t o  determine quickly whether the
apparent faults are real or illusory. However, the

drift which causes these optical illusions is very
real, and plenty o f  room must therefore be
allowed for the turn. The stronger the wind the
greater the allowance required.

Turning Radius
18. The effect of what may be termed "direc-
tional inertia" is not very apparent at normal
heights but it becomes an important factor when
low-flying. Turns must be entered in ample time
to be completed within the available space.
Similarly, during recovery from a dive, the pull-
out must be started early enough to allow for the
aircraft continuing for a short while along its
descent path. In a Rate 1 turn, the diameter of the
turning circle in miles is roughly equal to two-
thirds of the speed in miles per minute. F o r
example, at 360 knots, or six miles per minute,
the diameter is four miles ; a t  420 knots, or
seven miles per minute, the diameter is four and
two-thirds miles. T h i s  relationship i s  useful
when map reading in  poor visibility a t  low
altitude.

19. Turning near the ground necessitates the
utmost vigilance. I n  bad visibility the ability to
turn tightly is desirable as it helps to avoid sudden
obstructions and/or to keep a landmark in view.
As small-radius turns require a large angle of
bank, the turn must be accurate, a slipping turn
particularly being potentially dangerous. During
the turn the power should be increased to keep
the airspeed constant.

Turbulence
20. Turbulence, sometimes severe, c a n  b e
encountered when flying within a few • hundred
feet of the ground. I t  can be caused by a gusty
wind, by the passage o f  air over undulating
ground, and by irregular heating of  the earth's
surface. I n  turbulent conditions an adequate
safety margin must be allowed when flying low.
In its movement over obstacles such as hills, the
air near the ground becomes turbulent, and on
the leeward side of the obstacles the wind may
change speed considerably. Strong down draughts
may be experienced on the leeward side of large
hills and mountains. A  safe height and margin
of speed above the stalling speed must be main-
tained under such conditions.

Use of Flaps
21. A t  low speeds i t  may be expedient to use
partial flap to increase the margin of speed above
the stall. F l ap  also causes more drag, neces-
sitating more power, and with a propeller-driven
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aircraft causing a  stronger slipstream and so
giving improved control. W i t h  a  jet-engined
aircraft the use of  flap requires a higher power
setting which, as already stated, is an advantage
from the point of view of rapid engine accelera-
tion. The use of flap gives a better forward view
on many aircraft because of the more nose-down
attitude at a given I.A.S. Although flaps give
these advantages i t  must be remembered that
their use also reduces the range, and, on a multi-
engined aircraft, they may affect the handling
qualities when on asymmetric power. Care must
be taken when selecting flap, up or down, to
allow for any trim changes that may occur.

22. Use of partial flap gives a greater margin of
safety i n  a  tight turn. I n  high-performance
aircraft it should be remembered that, although
the conditions are otherwise favourable for a
very tight turn at the speed in use, the effects of g
coupled with the possibility o f  turbulence may
constitute a  hazard. I t  might, therefore, be
better to use partial flap to  achieve the same
radius of turn at a slower speed.

Flying Over the Sea
23. There are no special problems in flying low
over water. I f  the sea is rough, heights can be
judged with fair accuracy, but when flying over
a calm, glassy sea, particularly in hazy conditions,
the judgment of height can be very difficult and
there may be little or no visual difference between
5 ft. and 50 ft. Sal t  spray on the windscreen
can reduce visibility considerably and it may be
helpful to use the windscreen de-icer. A s  stated
in para. 15, the aneroid altimeter may be un-
reliable at low level, especially at high speed, and
therefore extra caution is required. Greater
dependence can be placed on the radar altimeter
when flying over a calm sea. When flying over
a glassy sea, or large stretches of  sand, drift is
difficult to estimate and there may be no definite
horizon ; ample  margin o f  height must be
allowed, especially when turning—quick refer-
ences being made to the instruments.

Flying Over Snow
24. Flying over snow is similar in many ways to
flying over the sea. Lack of relief, and a changed
terrain caused by fresh snow must be allowed for.
Drift estimation is difficult and the horizon may
be poorly defined. I t  must be remembered that
many of the landmarks normally expected may
be obliterated or appear very different when the
ground is snow-covered. I n  certain conditions
the snow-covered ground and the sky merge into

Low FLYING
a single white surface, i.e. there is no visual
horizon. K n o w n  as a  "  white-out ", this is
dangerous at low levels, and i f  in doubt as to
the exact whereabouts of the ground the aircraft
must be climbed away on instruments.

Radio Aids
25. Radio reception is adversely affected by low
altitude. Th i s  should be borne in mind when
flying low in bad visibility and relying on radio
aids. The  higher the frequency of the radio aid
the more will i t  be affected by a decrease in
altitude. Rad io  aids may also be unreliable
owing to the reflection of signals by high ground
or obstructions. Trail ing aerials must be wound
in.

High-Speed Low Flying
26. The problems associated with high-speed low
flying and normal bad-weather low flying are
basically the same. Visibility must be reasonably
good, but to balance this the navigation problem
becomes more difficult because of increased speed.
Fuel consumption in a turbo-jet aircraft may be
quadrupled at  low altitude, and the range is
proportionately reduced. T h e  ability to fly and
navigate accurately at low level is therefore all
the more important.

27. Obstacles are approached at a much higher
closing speed, and avoiding action must be taken
earlier. T o  obtain a reasonably small turning
radius all turns have to be done at large angles
of bank.

28. There are certain other problems common
only to high-performance aircraft, namely : —

(a) Altimeter errors become extremely impor-
tant at high speed. When  descending from
altitude for high-speed low flying, sufficient
height must be  allowed f o r  the pull-out,
bearing in mind altimeter error, altimeter lag,
and the inertia of the aircraft. There is also a
danger of the canopy misting over heavily and
suddenly after a rapid descent from altitude ;
to prevent this all available heating should be
directed onto the cockpit transparencies as
soon as the descent is started, i n  spite o f
temporary discomfort.
(b) I f  airbrakes are used in the descent i t  is
important to wait until the aircraft is flying
level before the airbrakes are closed, otherwise
the resulting acceleration may cause more
height to be lost than was intended.
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(c) When flying at high speed in turbulence
the loading caused by sudden manceuvres, such
as pulling up sharply to avoid an obstacle,
coupled with the loading imposed by  tur-
bulence, may  cause overstress and  even
structural failure. I t  is quite possible, with
many high-performance aircraft, to exceed the
structural limitations o f  the aircraft momen-
tarily without the pi lot  sensing any great
loading himself ; however, the full impact and
consequences of these stresses is always felt by
the airframe, irrespective of the duration.
(d) On some aircraft, trim changes incurred by
the selection of  airbrakes or flaps, or by the
dropping of external stores, are quite marked.
Allowance must be made for these effects.
(e) Turbulence while flying low at a  speed
approaching the compressibility mach number
may suddenly increase the T.A.S. to the extent
that the  compressibility mach number i s
exceeded. Since turbulence momentarily affects
the angle of attack of the wings, if an aircraft is

flying close to its compressibility mach number
a sudden increase o f  angle o f  attack may
induce the onset of compressibility at a lower
mach number. I t  is therefore imperative that
the aircraft should b e  flown a t  a  speed
sufficiently below the compressibility mach
number for manceuvres to be carried out safely.

Lookout
29. A  sharp lookout must always be maintained
when flying low. Areas set aside for low-flying
practice are likely to be used by a number of
aircraft at the same time. T h e  pilot can only
afford to look inside the cockpit very occasionally
and he must therefore check the cockpit before
low flying, paying special attention to the fuel
state, stowage of loose articles, and ensuring that
the harness is tight and locked. T h e  utmost
vigila.nce must be observed. I f  an emergency
occurs, there will be less time to take remedial
action than when flying at normal altitudes.
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CHAPTER 7

FLYING I N  TURBULENCE AND PRECIPITATION
Significance of Turbulence
1. The importance of using the correct technique
when flying through turbulence becomes greater
as aircraft speeds increase. A t  low speeds
turbulence means no more than physical discom-
fort or, in cloud, a challenge to the instrument-
flying ability o f  the pilot, but at high speeds
turbulence may impose severe structural stresses
on the aircraft.

Effect of Speed
2. The T.A.S. is the most important factor when
flying in  turbulence. When  an up-draught is
entered, the loading on the wings is suddenly
increased until the upward motion of the aircraft
is adjusted to that of  the surrounding air. A t
low speeds the momentary increase in the angle
of attack caused by the rising air may be sufficient
to stall the aircraft. A t  high speeds i t  may
impose excessive loading with the consequent
risk of  structural damage or even failure. T h e
best speed must take into account the A.U.W.,
strength, and wing loading o f  each particular
aircraft, as well as the gust velocities likely to be
encountered ; the  best speed is therefore one
which gives the greatest margin o f  safety with
regard to controllability and structural limitations.

3. I t  has been found difficult t o  specify the
optimum speed that should be used when in
turbulent conditions. Pilot's Notes for some air-
craft recommend the best speed, but this cannot
always be done owing to lack of knowledge of all
the implications. The  following generalizations
can be used in the absence o f  guidance from
Pilot's Notes ; i t  should be noted that the speeds
apply to particular classes of aircraft.

4. For  turbo jet fighters and light bombers the
best T.A.S. up  to  about 20,000 feet is about
300 knots. I f  strong turbulence is encountered
on the climb, the speed should be adjusted and
the climb maintained unti l  the turbulence is
cleared. During a descent the same speed should
be set and adhered to as far as possible until
clear of the turbulence.

5. For  piston-engined aircraft o f  all types for
which Pilot's Notes do not give an optimum

speed, the best speed is about 1.6 to 1.65 times
the power-off stalling speed (flaps up) at  the
appropriate weight. However, on lightly loaded
types such as elementary trainers and l ight
communications aircraft a speed of about twice
the stalling speed should be maintained.

Use of the Controls
6. The main requirement is to keep the aircraft
on a fairly even keel, i.e. constant attitude, by
moderate, never extreme, movements o f  the
controls. The aim should be to allow the aircraft
to ride the bumps rather than to fight them with
the controls. Rough  handling aggravates the
stresses already imposed b y  the turbulence.
Normally any variation of height and fluctuation
in speed that results from flying the aircraft in a
constant attitude must be accepted.

7. The danger of turbulence can be assessed only
by reference t o  an accelerometer and/or the
experience of the pilot.

Types of Turbulence
8. The three main types of turbulence are : —

(a) Clear Air Turbulence. Marked turbulence
is sometimes suddenly encountered when flying
in completely clear and otherwise smooth
conditions at heights above 20,000 feet. Th is
is usually due to the presence of a jet stream.
Turbulence is localized and may usually be
avoided by climbing or descending out of the
narrow height band normally occupied by the
jet stream. Th i s  type o f  turbulence is often
characterized by a  cobblestone effect, i.e. a
fairly steady, high-frequency bumpiness.
(b) Ai r -Mass Turbulence. I n  an unstable air
mass, turbulence is likely to be particularly
severe from ground level to the tops o f  any
heap-type clouds. T h e  most violent air-mass
turbulence is encountered in  thunderstorms
(cumulonimbus clouds) and these are con-
sidered in more detail in para. 9 et seq. Depen-
dent on the amount of vertical development of
the cumulus clouds, flying conditions in o r
below them vary in the degree of  turbulence
encountered, and when a speed for flying in
turbulence is given in Pilot's Notes this should
be set before entering the area. Above the
cloud tops the air is generally quite smooth.
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In tropical countries, however, where intense
surface heating occurs, the lower air becomes
extremely turbulent by midday although cloud
may not form. This  point should be borne in
mind when descending from smooth air at high
altitude, and the aircraft prepared for possible
turbulence. T h e  upper limit o f  this type of
turbulence is usually about 10,000 feet. As  the
sun sinks lower, the air gradually becomes less
turbulent until in the evenings i t  is generally
quite smooth. T h e  smoothest conditions for
flying are in early morning or the evening.

(c) Ground Turbulence. O n  a  windy day
turbulence is experienced close to the ground
and is especially noticeable in the lee of hills,
woods, and large buildings. N o t  only may
this turbulence be severe, but strong down
draughts may endanger an aircraft if it is flying
very close to the ground. Such down draughts
may considerably reduce the climbing per-
formance and may prevent low-powered air-
craft from clearing hill tops. A  climb to clear
a range of hills should therefore be started in
ample time to allow sufficient height to be
gained. T h i s  type o f  turbulence frequently
produces a thin layer of stratocumulus cloud
above which smooth conditions may be found.
Aircraft approaching to land are also affected
by this type of  turbulence and its associated
wind gradient, which is liable to cause a sudden
drop in airspeed. The  remedy is to approach
at 10 to 15 knots above the recommended speed
for the particular configuration, when these
conditions are prevailing.

THUNDERSTORMS
Considerations
9. Flight through a  thunderstorm may  b e
accompanied by almost all the meteorological
hazards. When a thunderstorm has to be pene-
trated, it is as well to assume beforehand that a
"rough ride" lies ahead and to  take suitable
precautions.

10. A  typical we l l -developed cumulonimbus
cloud is  generally regarded as having three
distinct parts : —

(a) The base, which is usually dark in colour,
extending upwards for about 2,000 feet in the
form of a roll.
(b) The main body, consisting of  a greyish-
white column in which vertical draughts may
be considerable.
(c) The anvil-top, consisting o f  ice crystals,
growing out of  the main body and extending
ahead in the direction o f  travel of the upper
wind.

Detection by Radar
11. I t  is sometimes possible to detect thunder-
storms b y  airborne radar, and thus obtain
advance warning of impending turbulence. The
range and clarity of the radar response depends
largely on the amount o f  solid or liquid in the
cloud ; thus an active thunderstorm containing
large quantities of hail and rain provides a strong
return, whilst an inactive or diminishing storm
may not show up at all. Warning is thereby
given of the more dangerous type of storm.

Fig. I .  H a i l  Damage to the Leading Edge of a Meteor N.F.I I
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Fig. 2. Drop Tank Damaged by Hail

Hail
12. Hai l  may cause damage to both the airframe
and engine o f  an aircraft. Hailstones vary
considerably in size ranging from small particles
to pieces the size of golf balls, depending on how
long they have been supported within the cloud
by the strong vertical currents. There is no
method of foretelling when and where hail is to
be encountered in a storm ; but  by flying as far
below the freezing level as possible or  alter-
natively at heights o f  25,000 feet or more the
chances o f  encountering hail  are minimized.
Figs. 1 and 2 show examples of hail damage.

Icing
13. Thunderstorms usually contain large super-
cooled water droplets and are therefore likely to
produce clear ice. Unless the storms are exten-
sive the amount of ice accumulated is generally
small, as individual storms are of small horizontal
area, but the rate of accretion may be high.

Lightning
14. The most spectacular and probably the least
significant feature of a thunderstorm is lightning.
The brilliant flash of a close discharge, the smell
of ozone, and the noise are startling, but much
of the effect can be reduced by turning on all
cockpit lighting to reduce the contrast and dazzle
when flashes occur ; this is particularly important
at night.

15. Bonding. A l l  conducting parts of an aircraft
are bonded together b y  metal connections.
Bonding metal has a low resistance and allows an
electrical discharge to be distributed throughout
the airframe. Lightning strikes therefore cause
no serious damage or harm to the aircraft and
crew.

16. Lightning Damage. Since trailing aerials or
towed cables make ideal conductors for lightning
and may be burned through by a discharge, these
items should always be earthed and retracted
before entering a storm. Lightning strikes (Fig. 3)
usually cause no more damage than the burning
of a few small holes in wing tips, rudders, or
elevators, but i f  the discharge happens to strike
a radio antenna or pressure head it may weaken
or bend i t .  Magnetic compasses are usually
unreliable after a lightning strike and should be
checked b y  astronomical o r  radio means i f
possible. A  ground swing should be carried out
before the next flight and the details o f  the
incident should be reported.

17. St. Elmo's Fire. Another phenomenon akin
to lightning is known as St. Elmo's fire, corona,
or brush discharge. Large potential differences
occur in the atmosphere and are often intensified
in or near thunderstorms. Since an aircraft in
flight assumes the potential o f  the atmosphere
around it, when it moves into an area of different
potential, a visible discharge takes place. Th i s

RESTRICTED



RESTRICTED

A.P. 129, VOL. 2, PART 2, SEcr. 4, CHAP. 7

Fig. 3. Lightning Damage
The top picture shows internal damage to the underside of the fuselage.

The bottom picture shows external damage ; t h e  blackened area is a scorch mark.

RESTRICTED



RESTRICTED

often manifests itself at night, or in dense cloud
by day, as a blue flickering flame or halo about
the propellers or other projections on the aircraft.
Sometimes it takes the form of minute but bright
discharges from moisture globules on the wind-
screen. These discharges are harmless as the
amount of heat generated is small.

Flight Planning
18. When planning a flight that may pass through
a turbulent area the following points should be
borne in mind : —

(a) Isolated storms can usually be avoided ; at
night the lightning flashes reveal the cloud
structure.

(b) Thunderstorms associated with a frontal
system are more difficult to detect, since they
may be masked by layer cloud often extending
down to the surface. Flight through frontal
systems should be made below 6,000 feet or as
high as practicable.

19. I f  a line of frontal thunderstorms lies across
the flight path it is sometimes possible to select
a point of entry where the vertical development is
least pronounced, as this implies less vertical
movement of the air.. At night lightning flashes,
or their absence, may reveal the best point at
which to penetrate. The following is a summary
of the main precautions to be observed : —

(a) Height to Fly. T o  avoid the worst tur-
bulence it is generally advisable to fly below
8,000 feet or above the cloud tops. I f  it is
decided to fly beneath the storm itself, remember
that strong down draughts and precipitation
may be encountered just under the cloud base.

(b) Preparation. Prepare the aircraft well in
advance. A l l  safety harnesses should be tight,
otherwise there is a distinct possibility of injury
in severe turbulence. A l l  loose equipment
should be secured. A l l  available de-icing
equipment should be switched on. The aircraft
should be trimmed for straight and level flight
at the best I.A.S. for turbulence. I t  may be
desirable to disengage the autopilot.

(c) Unreliability o f  Instruments. A l l  instru-
ments which are sensitive to atmospheric
pressure may fluctuate considerably and even
freeze or give totally unreliable indications.
The turn and slip indicator oscillates from side
to side of the datum, making accurate inter-
pretation difficult.

FLYING IN TURBULENCE AND PRECIPITATION
(d) Maintaining a Constant Attitude. Concen-
trate on maintaining a  constant attitude by
watching the artificial horizon ; the A.S.I. and
altimeter readings should be allowed to vary
with the effects of the turbulence, but if altitude
is reduced to or below safety height the aircraft
must be climbed.
(e) Maintaining Original Heading. The quickest
way through is often straight ahead and turns
should b e  restricted t o  small alterations
designed to achieve the smoothest path through
the storm.

PRECIPITATION
General
20. There are four different types of precipitation
which may be encountered : rain, hail, snow,
and sleet. Sleet is a mixture of wet snow and rain.
Although snow and sleet are comparatively rare,
rain and hail are quite common. T h e  pilot
must therefore know what to  expect when
handling an aircraft either on the ground or in
the air under these conditions.

Rain
21. The main effect of rain is a general reduction
of forward visibility which in extreme cases may
fall to zero. Ra in  also causes damage to the
paint finish on all leading edges. Windscreen
wipers should be switched on, if fitted.

22. Taxying. Speed should be low to avoid any
tendency to skid on corners or when stopping,
particularly on parking aprons where the surface
may be greasy or oily. Similar care should be
taken when running up against either brakes or
chocks ; on wet surfaces the chocks or locked
wheels may slide. Aircraft fitted with high-
pressure tyres having a  comparatively small
contact area with the ground are very prone to
this effect. Braking effectiveness is  always
reduced and distances to a stop are increased.

23. Take-Off.
(a) Reduced Forward Vision. Vision is quickly
reduced by the wall of water which builds up
as the aircraft accelerates. The pilot should be
prepared to complete an instrument take-off
when taking off in heavy rain, rather than
persist with visual flight under worsening
conditions.
(b) Risk of Ice. I f  icing is likely after take-off
the windscreen de-icer should be operated
beforehand. This sprays a film of de-icer fluid
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on the screen before the climb into an icing
layer, and also ensures that the pump is
working.

24. High-Speed Flight. T h e  highly polished
paint or dope finish on many aircraft tends to be
stripped by rain, causing flaking o f  the paint,
especially on the leading edges. T h e  resulting
roughened surfaces can cause considerable drag
and loss in performance at high mach numbers.
Radomes i n  particular are liable t o  damage
through rain. T h e  speed should be reduced to
"turbulence" speed before flying in rain for an
appreciable period.

25. Descending from High Altitude into Rain—
Use o f  Windscreen Wipers. When descending
quickly from high altitude it takes some time for
the airframe to warm up to the temperature of
the air at the lower level. I f  rain is falling at this
lower level, there is a definite risk of ice forming
on the aircraft. Where possible de-icers should
be used i n  anticipation o f  this occurrence ;
windscreen wipers, however, must not be used on
a dry windscreen as damage is quickly caused to
the wiping element. Windscreen wipers should
be turned on, and the operating rate adjusted to
suit conditions, only when rain is encountered.

26. Approaching an Airfield. T h e  speed should
be adjusted to ensure the least loss of  vision—
this means the lowest safe cruising speed. Clear
vision panels can be opened.

27. Landing.
(a) Navigational Aids. H e a v y  rain affects
radio navigational aids, particularly G.C.A.
equipment. T h e  G.C.A. precision tube may
be blotted out by returns from heavy rain, but
some assistance can still be given by using the
search system to guide the aircraft to the run-
way approach lights. High-intensity approach
and runway lighting reduces the strain o f
landing in heavy rain, and, even in very poor
conditions, a safe landing can be made by use
of the runway lights and the flight instruments.
(b) Damage t o  Flaps. T h e  flaps may be
damaged by water thrown up while landing on
wet or slush-covered runways. When  these
conditions are suspected, i t  may be advisable
to use full flap only after the aircraft has slowed
down some 20 to 30 knots after landing, or even
to complete the landing using only partial flap.
(c) A wet runway can cause a considerable
increase i n  the landing run owing to  the
decreased brake effectiveness.

(i) Braking efficiency is reduced on a wet
runway, as the lubricating effect of the water
causes the wheels to lock more easily for a
given braking effort ; t h e  smoother the
runway surface the worse the effect. (See
Part 4, Sect. 3, Chap. 2, paras. 67 to 70.)
(ii) The brakes cannot always be relied on in
these conditions, especially when high landing
speeds are used. T h e  effects are very
noticeable on aircraft with high-pressure
tyres which have only a small contact area
with the ground ; o n  such aircraft, i f  the
runway is wet the degree of braking available
is seriously reduced. Even when Maxaret
anti-skid units are fitted, although the wheels
cannot skid, the braking efficiency is low and
the landing run unavoidably extended. I f
the runway is wet, aircraft fitted with high-
pressure tyres and having high landing
speeds should be diverted i f  the runway
length available is at all marginal.

28. Other effects o f  flying i n  rain may be
summarized as causing : —

(a) Lower cylinder-head temperatures.
(b) Risk of carburettor icing.
(c) I f  t he  fuselage leaks, saturation o f
electrical equipment, particularly intercom-
munication wiring and sockets.

Hail
29. Hai l  can cause substantial damage to both
the airframe and engine of an aircraft, and forward
visibility is considerably reduced. Otherwise hail
has little effect on performance and may even
prove of assistance in helping to break off existing
airframe icing (see para. 12).

30. Effect of Speed. When the aircraft is flown
through hail either in or under heap-type cloud,
damage can be caused to the canopy and the
forward-facing parts o f  the airframe. T h e
greater the speed the greater the amount o f
damage. To  minimize damage to the airframe,
speed should be reduced to "  turbulence" speed
when flying in hail.

31. Flight Planning. There is no method of fore-
telling whether or not hail is present in or under
cloud, though radar responses may indicate the
regions of maximum activity which may contain
hail, thus enabling them to be avoided. B y  flying
as far below o r  above the freezing level as
possible the chances o f  encountering hail are
minimized.
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Snow and Sleet
32. Snow and sleet cause reduced visibility both
in the air and on the ground. Owing  to the
slippery surface, directional control and braking
can be seriously reduced. There is also some risk
of impact icing from sleet. T h e  effects are as
follows : —

(a) Taxying. Pi lo ts  should exercise extreme
caution when taxying in snow owing to the
reduced braking effectiveness. T h i s  is par-
ticularly important when taxying near other
aircraft and obstructions. T h e  possibility of
entering concealed drifts should be borne in
mind, as the aircraft may be damaged i f  the
speed is high.

(b) Take-Off. I n  uncompressed snow of any
depth the aircraft takes longer to accelerate,
and may be difficult to keep straight initially
owing to poor braking. The  longest run into
wind should therefore be used. Compressed
snow does not retard the aircraft but is generally
fairly slippery. Slush will add to the drag on
take-off.
(c) Landing. I n  loose snow or slush there is a
risk o f  damage to flaps owing to the snow
thrown up by the wheels ; i f  possible not more
than half flap should be used and the touch-
down made at the lowest safe speed. • All the
effects detailed in para. 27(c) can be encoun-
tered in snow and the same precautions should
be taken.
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PART 2  : SECTION 4

CHAPTER 8

FLYING I N  TROPICAL CONDITIONS
Introduction
1. The tropical regions of  the world cannot be
classified under any one set o f  characteristics.
The barren mountains of Baluchistan bear little
relation to the jungles of Malaya ; the monsoon
rains of Northern Burma share no similarity with
the endless sunshine of the Central Sahara. These
regions, therefore, present to the pilot a widely
different range o f  conditions, whose separate
characteristics must be appreciated and under-
stood t o  get the best performance from an
aircraft.

2. The Royal Air Force has a wide experience of
operating aircraft in all the tropical regions of the
world. A s  a result, solutions have been found to
most of the associated problems. Aircrew flying
in a particular region for the first time are there-
fore advised to seek local knowledge whenever
possible.

Difficulties Encountered in the Tropics
3. General. Heat ,  moisture, and dust are the

three enemies t o  the efficient functioning o f
aircraft in  tropical climates. I t  follows that
aircraft should be exposed to their effects as little
as possible, and for this reason should be kept
under cover whenever feasible. Regardless o f
whether or not cover is available, however, the
precautions outlined in  paras. 4  to 11 should
always be taken.

4. Engines. Engine covers, air intake and jet-
pipe blanking plates, must always be fitted when
the aircraft is on the ground. With piston-engined
aircraft i t  is important that the exhaust ports
should be covered as well as the air intakes, since
dust can enter an engine through the exhaust
manifold. Piston-engined aircraft operating in
the tropics should be fitted with carburettor air
intake filters, and these should always be in the
FILTER position when such an aircraft is on the
ground or flying at low altitudes.

5. Aircraft operating in tropical conditions have
suitably modified cooling and lubrication systems;
a high viscosity oil should be used.

Fig. I .  Shading the Cockpit
A mobile canopy cover is shown, which is wheeled into position when the

aircraft stands in  the sun and is removed shortly before starting.

6. Ground running o f  all engines
should be  kept t o  a  minimum.
This is particularly important with
piston engines, since the maximum
permissible cylinder head, coolant,
and/or o i l  temperatures can  b e
quickly exceeded.

7. Heavy condensation may occur
in fuel tanks. They should be kept
full t o  reduce this likelihood and
before each flight t he  fuel  t ank
sumps must b e  drained o f  any
condensation wh ich  m a y  h a v e
occurred.

8. Heat causes the fuel i n  tanks
to expand a n d  vaporize, a n d
with some gas-turbine fuels t h e
more volati le elements m a y  b e
driven off. Every effort should be
made to  keep the fuel tanks cool,
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either by shading or by covering them with wet
sheets or blankets. This is particularly important
for jet aircraft which may be operating to the
limit o f  their endurance. I n  the air, booster
pumps and fuel pressurizing should be used to
prevent vapour locks and t o  eliminate the
possibility of fuel boiling during the climb.

9. Airframes. Extremes o f  temperature, heavy
rain, dew, and dust combine to  cause rapid
deterioration o f  unprotected surfaces. I n  par-
ticular, some plastic materials soften when
exposed to a hot sun. Wheel and cockpit covers,
and, if available, mainplane covers should always
be fitted whenever an aircraft is not in  use;
cockpits, when exposed to the direct sun, can
become painfully hot. Covers should also be
fitted over turrets and astrodomes. I t  is most
important that covers are kept on static vents
and pitot heads whilst an aircraft is on the ground
to prevent blockage by water, dust, or insects.

10. Regular inspections of the airframe are even
more essential than in temperate climates, since
tropical conditions accelerate corrosion. T h e
more inaccessible parts o f  the airframe should
not be overlooked.

11. Flying control cables and rods may have a
different coefficient of expansion to that of the
main aircraft structure. T h e y  may therefore
either tighten up o r  slacken off  with varying
temperature conditions, and suitable adjustments
must be made. I t  is not normally desirable to
adjust flying control operating linkages and
tensions during the hottest times of day.

Aircraft and Engine Handling
12. Tropical conditions call for some modifica-
tion o r  extension o f  the operating techniques
normally used i n  temperate climates. These
modifications are described in paras. 13 to 29.

13. Pre-Flight Checks. The full pre-flight check
should be meticulously carried out. Special
attention should be given to checks for corrosion
and fo r  deterioration o f  rubber components.
Since electrical insulation may break down under
conditions o f  high temperature or humidity, a
functional check should be carried out on as
many of the electrical circuits as possible while
the aircraft is on the ground. Such checks are
most necessary after flying from a hot, dry area
into an area of high humidity.

14. On piston-engined aircraft, oil and coolant

radiators must  b e  carefully inspected f o r
accumulated dust or mud which reduces their
efficiency. Such accumulations must be washed
off before flights. A i r  intakes on both piston and
jet-engined aircraft should b e  inspected f o r
accumulations of  sand or dust, which must be
removed before the engine is started.

15. Survival Equipment. A  special check should
be made of survival equipment, since the likeli-
hood o f  a crew surviving a forced landing or
ditching depends largely on the serviceability of
the survival gear. A l l  items should be checked
for stowage, condition, a n d  completeness.
Re-fillable drinking water containers should be
washed out and replenished at least once a day.
Tinned water and foodstuffs should be checked to
ensure that they have not exceeded their storage
life, and should be replaced as required. T h e
same check should be made on any pyrotechnics
carried in the survival gear. Finally, it is a wise
precaution to carry some water and food on one's
person, in case the main survival equipment is lost
after abandoning the aircraft.

16. Starting Engines. Before any attempt to
start an engine, the wind direction and proximity
of other aircraft should be assessed. I f  there is a
possibility of dust or sand being blown over other
aircraft, the aircraft to be started should, if at all
possible, be positioned downwind of  other air-
craft. I f  this cannot be done, the covers on other
aircraft in the vicinity should be checked.

17. High temperatures have little effect on the
starting o f  gas-turbine engines. S ince  fuel
atomizes very easily i n  h igh temperatures,
however, there is a tendency to over-prime piston
engines. A n  unsuccessful start on this type of
engine is very often due to an over-rich mixture,
and i t  is therefore preferable to  under-prime
rather than over-prime. The  correct amount of
priming for a particular type o f  engine under
varying temperature conditions is soon learned.

18. Warming-Up. Piston engines warm up very
quickly in hot climates, and running up should
therefore be carried out as quickly as possible.
The interval between starting up and take-off
should be kept to the minimum. T h e  cylinder
head, coolant, and oil temperatures should be
carefully watched. I f  the maximum temperatures
are exceeded the engine should be stopped.

19. Taxying. Whenever possible, piston-engined
aircraft should be moved about the airfield by
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tractor. Failing this, taxying time should be kept
to the minimum. G a s -turbine engined aircraft
are not as sensitive to high temperatures, but
nevertheless long periods o f  taxying should be
avoided. A l s o ,  throttle movements should be
slow and unhurried, as rapid throttle movements
may cause the maximum j.p.t. to be exceeded
more quickly than in cooler conditions.

20. When a number of aircraft are taxying out a
suitable distance must be maintained between
aircraft to eliminate the possibility o f  sand and
dust thrown u p  b y  leading aircraft passing
through the engines of the aircraft behind. This
applies both to piston and gas-turbine engined
aircraft, but more particularly to the latter type,
especially when axial flow engines are used. I t  is
often possible t o  plan the taxying paths o f
successive aircraft so that the wind blows the dust
clear of  the following aircraft. F u l l  advantage
should be taken of this whenever circumstances
permit.

21. Take-Off. T h e  take-off distance, more
particularly for jet aircraft, may be considerably
prolonged in high temperatures. Th is  may be
aggravated by the indifferent airfield surface and
still further if the airfield is above sea level. The
pilot should know the approximate take-off run
required by his aircraft under all conditions of
temperature, elevation, and aircraft loading. The
effect of these conditions is greater for jet aircraft
than for those with piston engines.

22. I t  may be necessary to limit the A.U.W.
during the heat of the day. When, for reasons of
range or endurance, this cannot be done, take-offs
should be arranged for the coolest time of day.
Airfield surfaces should be carefully checked. No
hard and fast rules can be laid down as to how
much soft sand, mud, etc., wi l l  lengthen the
take-off run. The pilot must assess the effect of
various conditions himself, and a  preliminary
taxy test over the runway to be used may be of
considerable help in this respect.

23. Pilots of jet aircraft should find no difficulty
in keeping the jet-pipe temperature within the
specified limits during take-off, provided that
harsh throttle movements are avoided and take-
off power is used for no longer than necessary.
Conditions f o r  piston-engined aircraft may,
however, be more critical, and both before and
during take-off, the oil, cylinder head, and/or
coolant temperatures must be watched to see
that they do not exceed the maxima. A s  a
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general guide, it may be assumed that if tempera-
tures are high at the start of a take-off : —

(a) The rise in  coolant temperatures for  a
liquid-cooled engine i s  unlikely t o  exceed
15° to 20° C., and•
(b) In air-cooled engines, the rise in cylinder
head temperature may be as much as 60° to
80° C.

During a formation take-off from sandy or dusty
airfields, the choice of take-off path should when-
ever possible be selected in relation to the wind
direction. I f  the take-off can be made across
wind, with the leader downwind and his forma-
tion in  echelon on his upwind side, t he  dust
thrown up by the leading aircraft will be blown
clear o f  those which follow. Where such an
arrangement is not possible, it may be necessary
for sub-formations t o  wai t  f o r  considerable
periods to allow the dust thrown up by previous
aircraft to subside.

24. During Flight. Engine-operating tempera-
tures, both for piston and gas-turbine engines,
may be expected to be somewhat higher under
tropical than under temperate conditions. During
the climb on piston-engined aircraft i t  may be
necessary to climb at a higher speed than that
recommended in Pilot's Notes to keep the engine
temperatures wi th in  t h e  l imits. Whenever
maximum range is required by a jet aircraft, i t
is important that the climb should be made as
quickly as possible within the limitations imposed
by engine temperatures. T h e  increased time
taken in the climb under conditions of high air
temperature has important effects on the range
of jet aircraft which must be fully appreciated by
the pilot. The  A.M.P.G. obtained from a given
gas-turbine is also decreased owing to the lower
efficiency of the engine in high air temperatures.
This is discussed in Part 3, "Range and Endur-
ance".

25. Considerable clear air turbulence may be
caused by convection currents over land. I n
these conditions the speed and g loads should be
kept at reasonable figures to avoid unintentional
overstress. The effects of this type of turbulence
may not be appreciated by the pilot when at high
speed, owing to their transient nature, but the
full extent of each transient "bump" is conveyed
to the structure o f  the airframe. I n  order to
avoid damage to the aircraft it is recommended
that the speed should be reduced in turbulent
conditions whenever operational considerations
permit.
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26. Instrument Flying. Aircraft flying in tropical
regions may experience a wide variety of weather
conditions. Large cumulonimbus cloud forma-
tions are common and can be very turbulent,
especially in the regions affected by the inter-
tropical front (I.T.F.) and the monsoons, whilst
in other areas dust and sand-storms may be
expected. I t  is therefore essential that a high
standard of instrument flying is maintained. The
problems of flying in thunderstorm conditions
are fully discussed in Chapter 7 and should be
carefully studied. S ince  thunderstorms are
common occurrences in tropical climates, the
possibility of having to penetrate is always present
and the correct technique must be known.

27. Landing. I t  is generally advisable to make
the final approach at a slightly higher speed than
that used under temperate conditions. T h e
reason for this is that the extra speed aids control
of the aircraft in the turbulent conditions likely
to be encountered near the ground in high
temperatures. Approach speeds should not,
however, be increased more than is absolutely
necessary, since in high temperatures the I.A.S.
remains the same whilst the T.A.S. is higher
owing to the lower air density. This in itself
increases the landing run.

28. Some difficulty may be experienced by pilots
new to tropical areas in judging height during
landings. This may be particularly noticeable
when landing on featureless terrain, and when
rising air currents cause refraction and upset
perspective. I n  these circumstances some assis-

tance is gained by using buildings, small bushes,
clumps of  grass, or other ground features to
obtain an indication of the height of the aircraft
during the round-out.

29. After Landing. Braking during the landing
run should be done carefully to prevent the brakes
overheating and fading. Unnecessary braking
during taxying should be avoided, and the aircraft
should be parked with the parking brake off and
secured against movement by chocks in front and
behind each wheel. I f  chocks are not available
and the parking brake must be used, the brakes
should be allowed to cool before being applied.
Covers and blanking plates should be fitted and
the aircraft put under cover when this is available.
If  an aircraft must be parked in the open, it should
be turned into wind and carefully picketed down ;
tropical storms may spring up at short notice, and
are often very severe. There is often insufficient
warning of such storms to allow for picketing
aircraft when this has not already been done.

Navigation in Tropical Regions
30. Because of the vast areas of the tropical
regions of the world, the relatively small number
of airfields, the scarcity of navigational aids, and
the difficult weather conditions which may be
encountered, flight planning for cross-country
flights in these regions should be very thorough.
Routes should be planned so that full advantage
may be taken of the available navigational aids
and possible diversion airfields, especially for jet
aircraft which may be operating past their point
of no return.

Fig. 2. Take-Off from a Desert Airfield
The dust cloud thrown up can be such as to entail a lengthy Interval before other aircraft could take off.
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31. The weather at the destination airfield should
be checked before take-off whenever possible. I n
areas where this information cannot be obtained,
a report o f  the weather conditions should be
obtained from the destination airfield as soon as
possible after becoming airborne. A i r c r a f t
equipped with R/T only may be able to obtain
this information from an intermediate station i f
direct communication is impossible.

32. Few airfields in the tropics are equipped with
all-weather landing aids, and if the weather at the
destination airfield is unacceptable the decision
to divert or return to base must be made early.

33. With je t  aircraft, the flight-planned fuel
remaining at regular intervals along the route
should be compared with the actual amount at
these points. I f  an adverse comparison i s
obtained the decision to divert or return to base
must be made before the point of no return is
reached.
34. When flying over inhospitable territory,
ground stations should be kept advised of  the
aircraft's position at frequent intervals. I n  the
event of a forced landing, search operations are
greatly facilitated i f  a recent position report is
available.
35. The extensive cloud and  thunderstorm
development associated with the I.T.F. line squalls
and the monsoons give rise to electrical distur-
bances which seriously affect the reception and
accuracy o f  radio bearings, especially i n  the
medium-frequency band. Sand-storms and heavy
rain affect the efficiency o f  both Eureka and
B.A.B.S. equipments. Thus  i t  is advisable to
make full use o f  D.R. and astro-navigational
techniques to establish the track and position.
Ground radio installations in the tropics may be
few and far between, they may not be available
when required, and their reliability, especially at
maximum ranges, may be affected by weather
conditions.

36. V.H.F./D.F. may also be affected by dust
storms, electrical storms, and precipitation static,
while temperature inversion coupled with multiple
refraction may often produce freak results,
especially at maximum ranges. Pilots of aircraft
having only V.H.F./D.F. must therefore be
especially careful in the compilation of flight plans,
and be prepared to complete their flight on the
flight plan i f  D.F. should prove unreliable. I t  is
of paramount importance that pilots o f  such
aircraft should take every opportunity of estab-
lishing their position by  reference to ground
features.

FLYING IN TROPICAL CONDITIONS
Radio under Tropical Conditions
37. Reference has already been made to the
effect o f  heat and moisture on the electrical
insulation and to the effect of tropical weather on
the performance o f  V.H.F. and V.H.F./D.F.
The importance of keeping radio equipment dry
cannot be overstressed. The  use of hygroscopic
materials such as wood should be strictly avoided,
and all components carrying high voltages should
be hermetically sealed against moisture. A s  a
further precaution against insulation leaks, a
drying agent such as silica gel should be employed.
38. Tropical rains can completely blot out the
propagation path and thus disrupt not  only
V.H.F./D.F. but also such systems as G.C.A.
and B.A.B.S. T h e  pi lot using such systems
should therefore be aware that such disruption
can occur.

Care of Personnel
39. On the Ground. The newcomer to the tropics
is exposed not only to the dangers of sunburn and
heat stroke, but also to a  variety o f  endemic
diseases. T h e  medical officer will advise on the
precautions which should be taken to prevent
casualties. These precautions may at times be
inconvenient or distasteful, but as the alternative
may be serious illness they should be strictly
enforced and observed.
40. Sunburn may be avoided by the use o f
suitable clothing, and  especially head-dress.
Tinted glasses should also be worn to shield the
eyes from the direct glare of the sun.
41. Many o f  the diseases common to  tropical
climates may be avoided by a high standard of
personnel and unit hygiene. Others may be
prevented by the use of prophylactic medicines.
In either case, the instructions given by  the
medical officer should be meticulously observed,
as failure to do so almost inevitably results in a
high incidence of  sickness, and in a disastrous
drop in the operational efficiency o f  the unit
concerned.
42. In  the Air. Every effort should be made to
counteract the tendency to chills caused by the
rapid change of temperature between ground level
and altitude. I f  possible, extra clothing should
be donned in the aircraft, but if this is impractical
the aircraft heating system should be turned on to
prevent chilling. T h e  time spent in the aircraft
on the ground before take-off and after landing
should be kept to the minimum to reduce the risk
of excessive sweating, and if showers are available
all aircrew should shower and rub themselves
down after each flight.
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PART 2 :  SECTION 4

CHAPTER 9

FLYING I N  ARCTIC CONDITIONS
Introduction
1. The operation o f  aircraft from polar areas
in very low temperatures presents a difficult task.
A thorough appreciation of the problems involved
is vital i f  air operations are to be conducted
safely. M o s t  o f  the problems occur on the
ground. This  chapter has been prepared on the
basis that aircraft can operate only from well-
equipped bases, and that even at these bases i t
may be necessary to leave aircraft out in the open
exposed to very low temperatures. Further, the
chapter should be regarded only as a guide in
which the broad aspects o f  the problem are
highlighted. Detailed information is contained
in other publications, and references to these are
given in the appropriate paragraphs.

GENERAL INFORMATION

Land Areas
2. The land masses of the Western Hemisphere
termed arctic areas include most of Greenland,
the northern coasts of  Canada and Alaska, the
Canadian Arct ic Archipelago, and northern
Labrador. Sub-arctic areas include Newfound-
land, Southern Labrador, the interior of Alaska,
and most of the interior of Canada.

3. Wi th few exceptions, the sub-arctic region is
heavily forested. T h e  arctic region does not
contain trees although i n  some areas shrub
willows, which grow a few feet high, are to be
found. Large areas are composed of very poorly
drained land which in summer is covered with
lichens, grass, and moss ; and in winter with ice
and snow. I t  is generally known as tundra.
Practically all the tundra is permanently frozen
a few feet below the surface. I n  the summer the
surface layers thaw but owing to the underlying
frozen ground the water cannot drain away.
Permanently frozen ground (permafrost) is thus
responsible for the marshy nature of the tundra
and the numerous lakes which exist.

4. Glaciers are found in many areas. They can
be divided into ice-cap and valley glaciers. A s
their name implies, ice caps cover areas of land

without regard to the underlying topography. A n
outstanding example is the Greenland ice cap
which is the largest in the Northern Hemisphere.
It occupies more than three-quarters of the total
land mass of Greenland, rises to 10,000 feet, and
in places is probably 6,000 feet thick. Val ley
glaciers are essentially rivers o f  ice usually
extending from inland ice caps and flowing
outwards, often at tens of feet a day, to the coasts.
The slow flowing movement o f  the ice over
irregular terrain causes gaping cracks or crevasses
to appear in the brittle surfaces of  the glaciers.
Because o f  crevasses, travel over glaciers is
extremely hazardous and can only be safely
undertaken by properly equipped parties.

Water Areas
5. The principal northern water areas o f  the
Western Hemisphere are the Arct ic Ocean,
Greenland Sea, Bering Sea, Beaufort Sea, and
Baffin Bay. O f  these the first three are also
common to the Eastern Hemisphere. The Arctic
Ocean, with an area of nearly 4,250,000 square
miles, is by far the largest of the northern seas.
It fills the arctic basin which forms the central
part of the polar region. The whole of the region
is covered by the polar ice pack which has an
average thickness of 10 feet in winter and 7 feet
in summer. I t  is not a solid sheet of ice for, even
in mid-winter, currents and winds cause the ice
to crack apart and leave lanes o f  open water.
Except in bays and inlets, tidal ranges are usually
not more than 2 to 3 feet although wind effects
can cause normal tides to be doubled.

CLIMATE A N D  WEATHER

General
6. During recent years there has been a great
increase in the amount of information available
regarding climate in the arctic region. However,
there is still little information concerning weather
at and near the north pole, and little is known
about conditions in the upper atmosphere. I t
is difficult to generalize about weather in the
arctic region because not only does the climate
vary from place to place but it may vary a great
deal from year to year.
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7. The winter, which lasts five to six months, is
very cold over most of the region and is marked
by long nights o r  continuous darkness. T h e
summer is much shorter, lasting about three
months, and is marked by long days or continuous
light. T h e  transitional periods are short and
during them weather, and lengths o f  day and
night, vary rapidly.

8. The available evidence suggests that the north
polar region is subject to the influence of depres-
sions alternating with anticyclonic conditions
more or less throughout the year. However,
cyclonic activity over the north pole is least in
winter and the depressions that affect the area at
this time are usually well occluded. There is also
some evidence that anticyclonic conditions tend to
be rather persistent over the north pole and pack
ice during the winter.

Fig. I .  Moun ta in  Ranges, North-West Greenland
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9. I n  the winter an almost continuous series of
depressions move north-eastwards past Iceland
and Bear Island to Novaya Zemlya. Eas t  o f
Novaya Zemlya, these depressions stagnate and
fill up quite rapidly. Smal l  depressions, which
appear to form on the arctic front near the New
Siberian Islands, move eastwards, but they usually
fill up before reaching Alaska. The  arctic front
is the boundary between air masses that form
close to the pole and those that form in sub-polar
regions.

FLYING IN ARCTIC CONDITIONS
10. During the summer depressions may pene-
trate any part of the arctic region. A t  this time of
the year the arctic front is within, or quite close to,
the polar basin. Thus the depressions that invade
the north polar region in summer consist of both
old occluded depressions, which formed on the
polar front, and young unoccluded depressions,
which formed on the arctic front. E v e n  i n
summer, cyclonic activity is quite high in the
region Iceland/Bear Island/Novaya Zemlya.

Fig. 2. Pack Ice off the Coast of North-West Greenland
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Precipitation
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11. The mean annual precipitation in the Arctic
decreases rapidly northwards, and the amount
near the north pole is only about a tenth of that
in Southern Iceland. Over practically all of the
arctic region, with the exceptions of the Greenland,
Norwegian, and Barents Seas, precipitation is at
a maximum in summer and a minimum in winter.
Over the sea areas mentioned, precipitation is
usually at a maximum in winter. The  dominant
period for snow is from November to April, but
in the north it may occur at any time of the year,
and near the north pole practically all precipita-
tion falls as snow. Apart from the extreme south,
thunderstorms and hail showers are practically
unknown in the Arctic, and even in the south they
are infrequent and usually occur only in summer.

Surface Winds
12. I n  the ice- or snow-covered regions of  the
Arctic, and over a great part of the region where
the ice and snow persists throughout the year,
topography plays a great part in determining the
surface wind. Certainly, i n  places such as
Greenland, the prevailing surface winds are
controlled more by topography than by  the
prevailing pressure gradient. I n  such places
katabatic ("ravine" o r  " f j o rd " )  winds are
frequent, and the combination of  the katabatic
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wind and "fjord" or funnel effect can produce
winds of gale force. Such winds can be extremely
unpleasant, especially in winter. T h e  combina-
tion of a strong wind and falling or drifting snow
results in the well-known blizzards, in which work
in the open is highly unpleasant if not impossible.

Surface Temperature
13. In  the winter, a surface temperature below
freezing i s  common practically everywhere,
except in those parts of the Greenland, Norwegian,
and Barents Seas that are affected by the Gulf
Stream. I n  the north polar region and over the
pack ice, temperature continues t o  be  near
freezing even in summer. Elsewhere summer is
mild and even warm over land. A t  inland places
the seasonal variation in surface temperature may
be considerable. Thus  Verkhoyansk in North
Siberia, which is reputed to be the cold north
pole and which has recorded a  minimum o f
—90°F., has also recorded a maximum of +94°F.
The extreme temperatures in the case of Fairbanks,
Alaska, are —66°F. and +99°F.  Therefore
ground crews working in the open in the Arctic
may be troubled by frostbite in the winter and by
mosquitoes and sunburn in the summer !

Wind Chill Factor
14. A  very important phenomenon in the Arctic
is the wind chill factor. This factor is a measure
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Fig. 3. Wind-Chill Factor Curves
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of the quantity o f  heat that the atmosphere is
capable of absorbing from an exposed part of the
human body. I t  may be likened to the tempera-
ture that the human body feels as distinct from
the actual temperature recorded by a thermo-
meter. T h u s  a  cold windy day feels more
uncomfortable (i.e. colder) than an equally cold
calm day. Th is  is because the wind causes the
natural rate of loss of heat by the human body to
be speeded up by greater evaporation and a more
rapid conduction of heat from the body.

15. The wind chill factor therefore depends on
both temperature and wind. F ig .  3 shows the
variation o f  wind chill factor with temperature
and wind speed. The figures for wind chill factor
are applicable to night-time or cloudy day-time.
On sunny days the human body absorbs some of
the sun's radiation. Therefore in sunny condi-
tions the values given should be corrected by
subtracting 100 during the morning and afternoon
and 200 during the two hours around midday.

16. When the wind chill factor reaches 1,400,
exposed human flesh begins to freeze, depending
on the degree of activity, circulation, and condi-
tion o f  the skin. When  the factor is 1,400 or
more, work i n  the open, travel, and l i fe in
temporary shelter are disagreeable. When the

FLYING IN ARCTIC CONDITIONS
wind chill factor reaches 2,000, exposed parts of
the body of the average individual, such as the
face, would freeze within less than one minute.
Under such conditions, work in  the open is
impossible and travel and l i fe i n  temporary
shelter would be  dangerous. I f  the factor
increases to 2,300, exposed flesh would freeze in
less than half a minute and travel and life in
temporary shelter would be highly dangerous.

17. I t  is estimated that a wind chill factor o f
2,000 occurs occasionally in the Arctic in mid-
winter. I n  late winter the probable upper limit
for the wind chill factor is estimated to be 2,600.
When considering wind chill it must be remem-
bered that it is a function of both temperature and
wind speed. Extremely high wind chill factors
can be set up locally in, for example, a propeller
slipstream.

Upper Winds and Temperatures
18. No t  a great deal is known about upper winds
in the Arctic. They are expected to be mainly
westerly and, on the average, not to be stronger
than the upper winds at the same level in neigh-
bouring temperate latitudes. T h e  wind speed
usually decreases towards the Pole. Je t  streams
may be encountered in the southern part of the
arctic region.

Fig. 4. W o r k i n g  Conditions

In high wind-chill conditions the first essential is to provide shelter for servicing personnel when work of a protracted
nature is being done. H e r e  the propeller is being used to support a tarpaulin shelter.
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19. I n  winter, conditions in the troposphere over
most of the region are usually considerably colder
than the standard I.C.A.N. conditions. Because
of the low tropopause the mean temperatures in
the lower layers of the stratosphere in the Arctic
in winter are only a little lower than the standard
I.C.A.N. temperature. .In the summer the mean
temperatures in the troposphere in the Arctic are
not very different f rom the standard arctic
I.C.A.N. temperatures but, again mainly because
of the comparatively low tropopause, the arctic
stratosphere temperatures are usually appreciably
higher than the standard arctic I.C.A.N. tem-
peratures.

Cloud
20. With the exception of most o f  the region
covered by the Greenland, Norwegian, Barents,
and Kara Seas, conditions are usually much
cloudier in summer than in winter. Overcast
days are frequent in summer, often in the form of
low stratus cloud, especially over the pack ice.
This seasonal variation is very well marked in the
north, over the pack ice, and over the northern
parts of Alaska, Canada, and Siberia. There the
average number of clear days per month may be
as much as 10 to 15 in mid-winter, while the
average number of overcast days per month may
be as much as 15 to 25 in mid-summer. Over
most of the Greenland, Norwegian, Barents, and
Kara Seas, there is little seasonal variation o f
cloud, and cloud amounts are high throughout
the year ; this region is regarded as one of the
cloudiest in the world.

21. Litt le is known about cloud tops in  the
Arctic. I t  has been reported that during bad
weather cloud tops have frequently been found
to exceed 18,000 ft. There is some evidence that
the depth o f  orographic cloud is very much
greater than one would expect. The  theoretical
maximum cloud top is given by the height of the
tropopause. Cloud tops are therefore unlikely to
exceed 25,000 ft. in the north and 30,000 ft. in
the south during the winter, and 30,000 ft. in the
north and 35,000 ft. in  the south during the
summer.

Visibility and Fog
22. I n  the absence of fog, atmospheric pollution,
or precipitation, visibility in the arctic region is
usually exceptionally good. However, in areas
where there is loose snow, even a moderate wind
will raise sufficient snow t o  reduce visibility

drastically ; and  in  blizzards the visibility is
practically nil. I n  winter intense surface tempera-
ture inversions are common over land and to a
lesser extent over the pack ice. These inversions
are often accompanied by light winds, and under
such conditions man-made pollution may reduce
visibility below the fog limit.

23. Advection fog is the most common type
occurring in  the Arctic. Radiation fog does
occur but is mainly confined to inland areas.
Over the open sea, the pack ice, and in coastal
districts, advection fog is very frequent in summer
and infrequent in winter. Inland, away from
water areas, radiation fog occurs most frequently
during the autumn and winter.

Ice Formation
24. I n  the summer the freezing level is below
2,000 ft. in the north, rising to 6,000 to 8,000 ft.
in the south, while in the winter the freezing level
is at or near the surface over practically the whole
area. Nevertheless it appears that ice formation
is less of a problem in arctic flying than it is in
flying in neighbouring temperate latitudes. The
rate of ice formation in clouds in the Arctic is less
than the rate in similar clouds in temperate zones.
Cumulus and cumulonimbus, the clouds in which
icing is liable to be most severe and rapid, are
unlikely to occur in the Arctic except over land
in the southern regions in the summer.

25. Clear ice may be experienced in the Arctic
but i t  is encountered less frequently than any
other type. Th is  risk of  encountering clear ice
increases sharply when flying i n  cloud over
mountain ranges such as the Alaska Range or the
Greenland ice cap. I t  is possible for freezing
rain to occur in the Arctic. I n  the north it is
probably very infrequent and is confined to the
summer months. I n  the south the frequency of
freezing rain is greater, especially over land, and
it probably occurs only during the winter.

26. Rime is by far the most common type of ice
formation experienced i n  the Arctic. Severe
airframe icing does not appear to occur frequently
but, once airframe icing has formed, it can persist
for a long time after the icing region is left and
the performance and range of the aircraft can be
seriously affected. There is some evidence that
propeller icing may be one o f  the major icing
problems in the Arctic. Under certain conditions
ice may form on an aircraft parked in the open.
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SPECIAL ARCTIC PHENOMENA
Sea Smoke Fog
27. One special type of fog that forms in the
Arctic is called sea smoke fog or arctic fog. This
type of fog occurs when cold air off the land or
pack ice moves over the relatively warm water of
the open seas. Evaporation takes place from the
sea at a rate corresponding to its own temperature.
The atmosphere, being at a very much lower
temperature, is unable to hold all the water
vapour. Some of the water vapour therefore
condenses, forming a dense fog. However, the
lower layers of the cold air are warmed by contact
with the sea surface. Convection is therefore set
up and the fog rises vertically giving it  the
appearance of smoke.

Ice Fog
28. A  phenomenon peculiar to the Arctic is
ice fog ; in  this case the small fog particles are
ice crystals. I c e  fog appears to be confined
mainly to the land areas but it may occur over
the pack ice. I t  is reported that this type of fog
is most prevalent and thickest in  inhabited
regions. According to reports it is comparatively
shallow in depth but, while vertical visibility is
usually reasonably good, horizontal visibility may
be very poor. This fact is obviously of great

FLYING IN ARCTIC CONDITIONS
importance to aircraft landing in ice fog condi-
tions. Cases have occurred where aircraft
running-up, taxying, or taking-off, have caused
ice fog to form on an airfield (Fig. 5). Motor
transport has at times produced ice fog, and it
has been reported that signal mortars fired by air
traffic control have induced the formation of the
fog. I t  has been stated that ice fog dense enough
and persistent enough to  become a  serious
problem to aircraft operations rarely occurs at
temperatures above —29°C. (-20°F.) and wind
speeds above 3 knots.

Aurora
29. The Aurora Borealis, commonly called the
northern lights, is o f  importance to aircraft
operations in the Arctic for two reasons. First,
the aurora could very well illuminate a target at
night-time. When the aurora display is at its
brightest it is quite possible to read large print
with only the illumination supplied by the aurora.
Secondly, aurora displays are almost invariably
associated with heavy interference with radio
communication. During displays of the aurora
complete radio black-outs are common.

Contrails
30. During the winter the surface temperature
over the land and pack ice may often fall below

Fig. 5. I c e  Fog
Condensed vapour from the exhausts creating a small local fog. One aircraft, running at high power at —50° F., can In

certain circumstances cause a fog which will blanket the airfield.
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the critical rnintra temperature of —23°C.(— 9°F.).
On these occasions exhaust condensation trails
may be formed on the ground and in the first
few hundred feet above the ground. Under these
conditions there is usually an inversion of tem-
perature in the lower levels of the atmosphere.
So, after climbing a few hundred feet, the aircraft
would cease making trails until at a height o f
about 12,000 ft.  when trail formation would
usually start again.

Refraction
31. When abrupt changes of temperature occur
with altitude, refraction effects cause many
peculiar phenomena. The appearance in the sky
or on the horizon of  objects that are normally
below the horizon is a common occurrence in the
Arctic.

AIRCRAFT PREPARATION FOR FLIGHTS
TO THE ARCTIC

Introduction
32. Aircraft design requirements call for  the
aircraft and i ts equipment t o  be capable o f
operation in all climatic conditions. Basically,
therefore, a n  aircraft should be  capable o f
proceeding t o  arctic areas with l itt le special
preparation. I n  practice the amount of special
preparation that is necessary depends on the
general standard of servicing of the aircraft and
on its modification state. A  well-maintained
aircraft should require little special attention.
The prime need is for the aircraft to be brought
to a first-rate state of serviceability, and for the
captain to satisfy himself that the preparations
outlined in paras. 33 to 36 have been made or have
been taken into consideration.

Airframes
33. Special attention should be given to  the
following

(a) A l l  parts o f  the aircraft that require
greasing, particularly flying and engine controls
and flexible drives, must be treated with low-
temperature grease.
(b) The flying control cables, i f  appropriate,
must be checked for correct tension.
(c) An a i r  drying device (methanol ant i -
freezer) should be fitted t o  the pneumatic
system.
(d) De-icer pastes must be applied to all stub
and whip aerials or similar projections.

(e) The cabin heating system must be capable
of efficient operation at low temperatures.
(f) Aircraft with high landing speeds should
be fitted with anti-skid type brakes.
(g) Sealing and draught proofing must be fully
effective and cracks i n  transparent panels
repaired.
(h) Oleo legs, fuel oil, coolant, and hydraulic
systems must be completely free from leaks.
All rubber pipes must be free from cracks, and
clips and hose connections tightened fully.
(j) The amount o f  leakage from airspeed
indicator, oxygen, and pneumatic systems
must be reduced to an absolute minimum.

Piston Engines and Power Plants
34. Special attention must be given to the starting
and lubrication of piston engines. O i l  dilution is
essential, and the captain of the aircraft must be
thoroughly familiar with the operation of the oil
dilution system and of its limitations as specified
in the engine air publication. T h e  following
preparation of  the engines and power plants is
required : —

(a) Oil dilution must be initiated and the initial
cleansing operations completed before depar-
ture.
(b) Provision must be made for the use of high
volatility priming, owing to the fact that fuel
does not atomize and burn easily a t  low
temperatures.
(c) Al l  oi l  cooler ducting must be properly
sealed to ensure against air leakage when oil
cooler shutters are fully closed.
(d) Oil pressure transmitter pipe lines between
the engine and transmitter unit must be reduced
to a minimum.
(e) I f  the engines are liquid cooled, a coolant
mixture of 60/40 glycol/water should be used.

Gas-Turbine Engines
35. Few precautions are necessary before opera-
ting gas-turbine engines i n  the Arctic, b u t
attention should be given to ensure that : —

(a) Turbo cartridge starters, i f  fitted, are
suitable for low-temperature operation.
(b) Precautions are taken against low-pressure
fuel filter icing, mainly due to precipitation of
water in solution in the fuel. The use of filter
heating or  methanol injection into the fuel
stream may be necessary.
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Special Equipment
36. The following special equipment should be
installed or carried

(a) An auxiliary power unit (A.P.U.) should be
fitted if the size of the aircraft permits.
(b) Covers must be available for all aerofoil
surfaces, for the wheels, cockpit, engines, and
propellers. The engine covers for piston-engine
aircraft should have provision for the attach-
ment o f  heater pipes from external ground
heaters. Covers or plugs must also be available
for oil-cooler and radiator openings and for all
other openings or orifices into which snow is
likely to penetrate (Fig. 6).

Fig. 6. Penet ra t ing  Action of  Snow
The side engine cowling of a Lincoln removed to show snow

which has entered an uncovered engine.

AIRCRAFT HANDLING
Introduction
37. The majority of  aircraft handling problems
occur on the ground and during take-off and
landing. A t  high-latitude aerodromes i t  is the
normal practice, during the winter months, to
clear runways or taxy tracks of most of the snow
by the use o f  snow ploughs and to pack the
remaining snow by rolling. I n  some instances
sand may be added to improve adhesion. Th is
practice is not general, however, and is unlikely
to be carried out where jet aircraft are operating,
since the sand tends to coagulate and to cause
compressor damage. Surfaces may therefore be
slippery and treacherous, and extreme care is
necessary to avoid accidents on the ground.

FLYING IN ARCTIC CONDITIONS
Taxying and Run-up
38. Before taxying, the condition o f  taxy-ways
and runways must always be ascertained so that
braking action can be assessed. I t  may be
desirable to resort to towing as a routine proce-
dure, particularly with jet aircraft. Obstructions
and even taxy-ways are difficult to see, especially
i f  fresh snow has fallen. Skids can easily be
developed and are difficult to control, so that all
taxying must be performed slowly. During thaw
periods slush is  an additional hazard and i f
thrown into wheel bays i t  may subsequently
freeze and cause malfunctioning of undercarriage
and door locks. I f  windscreen de-icers are fitted
they should be operated during the taxying
period ; alternatively the windscreen should be
kept clear of frost by the use of rag and de-icing
fluid.

39. Some special precautions are needed when
running-up before take-off. Spiked type chocks
are required to prevent skidding. T h e  aircraft
should be so aligned that blowing snow and
slipstreams are not hazards to other aircraft or
to personnel on the ground. I f  full-power checks
are necessary they should be carried out  i n
specially designated areas cleared o f  all snow
and ice.

Take-Off
40. A t  low temperatures, because of  improved
engine efficiencies, the take-off performance o f
an aircraft should be better than that obtained in
more temperate climates. However, the following
factors, which i n  some instances offset this
advantage, should be noted : —

(a) The combination of  cross-wind and poor
braking action can make i t  very difficult to
keep the aircraft straight on the runway until
adequate rudder control is obtained.
(b) I f  snow banks are present at the sides of
the runway they are a serious hazard if a swing
develops.
(c) Blowing snow can cause drifts to build up
quickly on a runway. Even i f  the drifts are
only a few inches deep they can cause a strong
tendency to swing.
(d) The retarding effect o f  soft snow on a
runway lengthens the take-off run.
(e) In certain conditions of cloud and light it
may be difficult to judge height and distance
after take-off.
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(f)  Blowing snow, condensation trails, or ice
fog, caused by aircraft which have taken off
previously, can seriously reduce visibility.
(g) After take-off the undercarriage should be
raised and lowered two or three times to free
any snow or slush which may have accumulated
during the take-off and which could cause the
undercarriage to freeze in the up position.
(1) In some coastal regions, where the humidity
is relatively high and the temperature more
moderate, carburettor icing can be a hazard
during take-off and immediately afterwards.
(j) A final check, just before take-off, should be
made to ensure that frost has not formed on
lifting and control surfaces, and that the
controls and trimmers are still free.

In Flight
41. During flight in arctic areas, navigation is
the most difficult problem. I n  general, arctic
areas are sparsely populated and airfields are few
and far between. The network of meteorological
observing stations is poor compared with neigh-
bouring temperate latitudes, and unexpected
weather deteriorations can take place rapidly.
Very thorough flight planning is required and
large fuel margins, to allow for possible long
diversions, may  b e  necessary. Equipment
unserviceability, which elsewhere would only be
regarded as a nuisance, may make it necessary in
the Arctic to discontinue the flight.

42. Other points of which note should be taken
are : —

(a) White Out. I f  low-level flight has to be
undertaken under conditions of  overcast or
haze and when the surface is snow covered, the
light may become so diffused that ground and
sky merge into one surface. This condition,
known as white out, can be extremely hazardous
as there is no natural horizon.
(b) Icing. I n  flight, icing is no more of a
problem, usually, than in  more temperate
latitudes. Hoar  frost and rime are the most
prevalent forms.
(c) De-Icing. Unless efficient de-icers are
fitted it may not be possible to clear icing from
the airframe. Even slight or moderate amounts
of airframe ice may cause a serious reduction
in range.
(d) Engine Temperatures. I t  may be necessary
to use higher r.p.m. than normally, and possibly

hot air to maintain adequate intake, engine,
and oil temperatures. Such action will also
reduce range.
(e) Exercising Controls. I f  the temperatures
are very low, the throttle, pitch controls, and
trimmers should b e  exercised a t  regular
intervals to prevent them from freezing.
(f) Clothing. Adequate clothing for low-
temperature survival should be worn or kept
close to hand together with survival equipment.

Approach and Landing
43. Temperature inversions are often found in
arctic regions. W h e n  letting down, the air
temperatures near the ground can be 15° to 30°F.
lower than those at medium altitudes. Engine
temperatures must be maintained when losing
height, if necessary by reducing speed and lowering
the undercarriage and flaps. With piston-engined
aircraft the use of hot air, and higher boost and
r.p.m. than normal, may also be necessary.

44. Other points which should be noted are : —
(a) I f  airframe icing is present, aircraft handling
characteristics and stalling speed should be
checked before landing.
(b) Wherever possible the undercarriage and
partial flap should be lowered at an early stage
as a functional check of the systems.
(c) Before landing an estimate of the runway
condition should be obtained from air traffic
control.
(d) Provided the airfield is well known to the
pilot, straight-in approaches are desirable i f
there is a risk of ice fog forming.
(e) Under "white out" conditions landing is
hazardous unless the runway is clearly marked.
(j) I t  is difficult to judge height and distance
when landing on a  snow-covered runway.
Extreme care is necessary on the approach and
when rounding out. Experience shows that a
flatter approach than normal, with power left
on until touch-down, is the safest technique.
(g) When there is slush on the runway, and its
length permits, landings should be made with
the minimum of flap to prevent damage by
slush thrown back by the wheels.
(h) Cross-wind landings on icy runways are
difficult and require very good timing and
judgment.
(j) Brakes must be used with extreme caution.
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SERVICING A N D  GROUND CHECKS

Introduction
45. The principles of the servicing of aircraft in
arctic and sub-arctic areas are given in A.P. 1441B,
Vol. 1 (The Servicing of Aircraft and Associated
Equipment i n  L o w -Temperature Conditions).
Captains and pilots o f  aircraft proceeding to
arctic regions should be familiar with the contents
of that publication, as satisfactory operation in
cold weather depends to a large extent on pilots
having a thorough knowledge of the servicing
problems likely to be encountered. Some of the
more important servicing precautions are outlined
in the following paragraphs, but reference should
also be made to Vol. 1 o f  the air publications
covering the aircraft and engine.

Pre-Flight Procedures
46. I n  addition to a thorough normal pre-flight
inspection, the following additional precautions
are necessary when working under low-tempera-
ture conditions ; their application in individual
instances depends on the weather and on whether
the aircraft is parked in the open or under cover.

47. Airframe.
(a) Aircraft covers must be removed with care.
All snow, ice, and frost must be cleared off the
surfaces of the aircraft. Th is  should be done
by brushing, if possible, and applying heat, and
followed by a thorough drying of the surface.
Defrosting fluid may also be applied, but
de-icing fluid should only be used as a last
resort as it tends to remove the grease from
control bearings and hinges. Particular atten-
tion must be paid t o  the surfaces around
turbine engines, as any snow or ice in this area
will melt on starting up and may subsequently
freeze again.
(b) Al l  control-operating devices and hinges
must be checked for freedom from ice, and full
movement o f  each control obtained. F u e l
vents must be free of ice ; al l  oleo leg pistons,
hydraulic jack rams, undercarriage locks, and
micro-switches must also be cleared o f  ice,
snow, or slush. Pre-heating should be used i f
necessary to remove snow or ice, but all traces
of water must be dried off after pre-heating.
(c) The canopy or hood must be examined for
signs of cracking.
(d) I f  the aircraft has been parked on ice, the
tyres must be checked to ensure that they have
not frozen to the ground. I f  not free, the tyres
should be inflated to one and a half times
normal pressure to break the ice, or the ice
should be melted.

48. Engines.
(a) No difficulty should be experienced i n
starting gas-turbine engines down to a tem-
perature of —30°C. ; below this temperature
pre-heating may be necessary. Turbo-starter
cartridges must be kept in a warm storage i f
the temperature is below 0°C., and precautions
to ensure engagement o f  the starter may be
necessary.
(b) Piston engines must be hand-turned before
starting, and a check made of the air tempera-
ture to determine whether it is below that for
which

(i) Normal engine priming is satisfactory (as
stated in the air publication). I f  so, high
volatility priming must be used or the engine
pre-heated.
(ii) The engine oil was diluted. i f  so, pre-
heating o f  the oi l  system, as well as the
engine itself, is essential. T h e  pre-heating
period depends on temperature and wind
speed and may be between one and three
hours.

(c) Starting and warm-up procedures are given
in the engine publication. Special care is
necessary with piston-engined aircraft to ensure
that the oil is thoroughly warm and is circula-
ting fully through the oil cooler, thus giving oil
temperature control, before boi l-off o f  the
diluent is started. The oil tanks must be topped
up if necessary after boil-off.
(d) An external power supply must be used for
starting, t o  avoid overloading the aircraft
batteries. The  starting loads are very high in
low temperatures, and starters must not be
kept turning for lengthy periods.

Post-Flight Procedures
49. The importance of careful post-flight proce-
dures is stressed. A  little time spent on ensuring
that the aircraft is adequately protected against
the weather will save endless difficulty. Care-
lessness may well involve serious damage to the
aircraft or engines. Some of the more important
aspects are : —

(a) The aircraft should be completely covered
when parked in the open, but the prevailing
wind strength may determine whether i t  is
practicable to fit covers. I f  they can be fitted
the covers must be tightly fitting and secure.
All pitot heads, static vents, and any orifices
through which snow could penetrate must be
covered. O i l  cooler and coolant radiators
should have blanks fitted. Exposed rams of
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electrically-operated controls must be left in
the closed position and all control surfaces
securely locked. The aircraft must be picketed
if high winds are expected.
(b) I f  the aircraft has to be parked on ice, or i f
the temperature is likely to alternate between
freezing and thawing, the aircraft should be
parked with the tyres resting on some material
that prevents adhesion.
(c) All  oleo leg and exposed hydraulic jack
rams should be cleaned and protected with a
film of hydraulic fluid.
(d) The aircraft must be chocked as soon as
possible (preferably with spiked chocks) and
the brakes released.
(e) Al l  aircraft using AVGAS should b e
refuelled as soon as possible and the tanks kept
as full as possible, consistent with the flights
planned, to prevent the condensation of water
and subsequent formation o f  ice in the fuel
system. I t  may be preferable to leave the tanks
of aircraft using AVTUR or AVTAG fuels
empty until immediately before flight, as the
use of heated fuel may be required. This will
be necessary in the absence of any system on
the aircraft to safeguard against low-pressure
filter icing, caused by the separation of water
in solution as the fuel becomes cold soaked.
( f)  I f  the aircraft is to be parked in the open
for more than four hours, and the temperature
is below —5°C., the batteries must be removed
and stored in a heated hangar, preferably on
charge.
(g) Before oil dilution the oil tanks of piston-
engined aircraft must be topped up to the level
recommended. I t  may be necessary to heat the
oil for  ease o f  pouring. A f t e r  oil dilution,
undiluted oil must not be added to the oil tanks.
The degree of oil dilution should be based on
that required for a temperature of at least 10°C.
below the expected air temperature at the time
of restarting. Accumulated condensed water
must be boiled off  or drained from the oil
system as recommended i n  the engine a i r
publication.

Servicing in General
50. Servicing principles are the same in arctic or
temperate climates, although additional precau-
tions are necessary i n  the Arctic. Personnel
servicing aircraft must be thoroughly familiar
with A.P. 1441B. T h e  following points should
be noted by all pilots : —

(a) Heated hangars arc a very great aid to
servicing and serviceability ; however, certain
aspects of the use of heated hangars should be
known. Rap id  changes in  temperature on
movement in or out of heated hangars cause
differential expansion and contraction, and
may cause fuel and/or other leaks and a
tendency for canopies to crack. The  aircraft
also tends to sweat when placed in a heated
hangar. Moisture caused in this way must be
removed before the aircraft is moved into the
open again, otherwise ice forms. The effect of
temperature change must also be allowed for
when changing oleo legs a n d  hydraulic
accumulators, and when inflating tyres.
(b) Servicing i n  the open i s  quite feasible
provided that adequate clothing is worn. The
use of shelters or wind breaks, and heaters is
essential, except for work of a minor character.
The time to do a specific job, however, unavoid-
ably increases. Gloves must be worn except
when working in awkward parts of the aircraft ;
if gloves are removed the items being serviced
must be continuously warmed. T h e  use o f
heat is also necessary when fitting or removing
flexible pipes.
(c) Care must be taken not to  overtighten
bolts, nuts, or control cables.
(d) All filters must be checked regularly for
presence of ice.
(e) The use of specially made-up wing mats
(canvas with wooden slats) is recommended to
minimize the danger of personnel slipping from
the wings.
(f) The need for special care of batteries, both
alkaline and lead acid, i s  stressed. L o ‘ ‘
temperature causes a loss o f  capacity and a
decrease in the ability to accept recharging.
Starter trolleys and aircraft batteries must be
stored in warm buildings and kept on charge
when possible. They should only be brought
out into the open o r  installed i n  aircraft
immediately before use. W h e r e  possible,
batteries should be transported between the
storage room and the aircraft i n  a  heat-
insulated container.

Servicing of Equipment
51. Special care is necessary in the maintenance
of all aircraft and ground equipment to ensure its
maximum serviceability in low temperatures. The
care of such items as aircraft covers, electrically-
operated equipment, and heaters, is particularly
important. Points for especial care are : —
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(a) In low temperatures the serviceability o f
heaters is of paramount importance. Operating
personnel must be thoroughly familiar with
their operation, and service them regularly.
Stringent observation of  safety precautions to
minimize danger o f  fires when using heaters
must also be stressed.
(b) The crankcases on all piston engines used
for ground equipment must be filled with a
thin oil, diluted by the addition of kerosene if
temperatures are below —25°C. Heaters
should invariably be used to assist starting.
(c) The addition of 1 per cent. alcohol to the
fuel of  internal combustion engines is recom-
mended to prevent icing troubles.
(c/) Ground equipment not in use should, i f
possible, be housed in  a  shelter o r  heated
building.

NAVIGATION
Introduction
52. Navigational methods are fundamentally
similar in any undeveloped, i l l-mapped part of
the world. I n  high latitudes, however, special
attention must be paid to the following features:—

(a) Definition of direction.
(b) Compass performance.
(c) Flight illumination.

Definition of Direction
53. True North i s  a  thoroughly unsuitable
datum o f  direction in  latitudes above 70°N.,
owing t o  the convergence o f  the meridians.
Rhumb line tracks are impracticable because of
their curvature, and great circle steering i s
inconvenient because of the constantly changing
heading. T o  avoid these difficulties the grid
navigation technique detailed i n  A .P.  1234A,
Section 2, Chapter 3, is used.

Compass Performance
54. The magnetic compass i s  an  unsuitable
steering instrument in high latitudes owing to : —

(a) Reduction in  strength o f  the horizontal
component of the earth's magnetic field.
(b) Imperfect knowledge of magnetic variation.

55. Unstahilized needle compasses o f  the P.10
type cease to function satisfactorily i n  a field
strength of less than 0.06 gauss ; gyro-stabilized
inductor compasses, such as the G.4 series, are
reputed to function correctly down to 0.03 gauss.

Fig. 7 shows the areas affected by the above
limitations and it will be seen that the geographic
pole and most o f  the Canadian Arct ic are
included.

56. The values o f  magnetic variation are high
and the positions o f  the isogonals are no t
accurately known. T h e  isogonals converge on
both the magnetic and geographic poles, so that
a comparatively small error i n  the assumed
position produces a large error in variation. I n
addition, magnetic storms cause temporary
changes in variation, the effects o f  which are
significant as far  afield as the east coast o f
Greenland. Thus, even i f  the magnetic compass
functioned satisfactorily, i ts  indications could
not be converted to true headings with any degree
of accuracy.

57. I n  areas where the above difficulties are
encountered, the magnetic compass must be dis-
carded and the aircraft steered on a directional
gyro. The  actual grid heading of the aircraft is
checked by astro compass at regular intervals
(20 or 30 minutes). T h e  gyro is not reset since
this would upset its wander rate ; instead the
navigator calculates the required alteration in
gyro heading to make good the intended grid
heading.

58. The gyro log also provides for the calculation
of the wander rate. This  is essential in case the
sky becomes obscured and astro-compass heading
checks cannot be made ; the aircraft must then be
steered on the assumption that the previously
observed wander rate continues to hold good.
Any action that would prejudice this assumption
(e.g. large alterations o f  heading) should be
avoided.

Flight Illumination
59. Astro observations for position fixing and
heading checks are not possible during twilight
periods, unless the moon or a planet happens to
be available. T h e  duration o f  twilight in high
latitudes is very sensitive to the aircraft's flight
path so that, unless great care is taken in selecting
the time of take-off, it is possible to fly for long
periods i n  unfavourable conditions o f  flight
illumination, i.e. the aircraft keeps pace with the
twilight band.

Navigation Aids
60. Astro. Ast ro  fixing is not possible during
the summer season of  total daylight, except for
the few days each month when the moon is
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favourably placed relative to  the sun. To t a l
daylight lasts from 21st March to 22nd September
at the North Pole, and from 20th May to 23rd
July at Lat. 70°N. Single position lines are avail-
able in summer but it is often nerecsary to observe
bodies at very low and even negative altitudes ;
special care is then required in the calculation and
application o f  corrections f o r  atmospheric
refraction.

61. Radio Aids. The immense logistic problems
act against the deployment of radio aids except
at bases developed for other purposes. Thus,
whilst homing aids are provided at most airstrips,
long-range fixing cover is not generally available.
Long-range aids are subjected to heavy inter-
ference from auroral activity, resulting in gross
inaccuracies and  sometimes complete radio
blackouts.

62. Map Reading. T h e  quality of  mapping of
the Arctic is improving rapidly, but great care is
still necessary when map reading. Coastal

regions are fairly accurately depicted in general
outline, but detail is often insufficient to allow
pinpointing or even localization unless a large
stretch of coast is visible. Inland, both ground
detail and vertical features are generally unreliable.
Even where the outlines of features are accurately
mapped their geographical positions may be in
error by several miles. M a p  reading is made
more difficult by snow cover, by variable coastal
ice, and by seasonal freezing o f  bays, inlets,
rivers, and lakes.

63. Radar. A l l  the factors in para. 62 affect the
reliability o f  fixing by search radar of  the I -12S
type. P.P. I .  interpretation is made particularly
difficult by the camouflaging effects o f  ice and
snow and the seasonal changes in those effects.

64. Dead Reckoning. The  limitations on fixing
emphasize the need for accurate dead reckoning
supported by frequent wind finding. Mul t ip le
drift winds are not favoured because the required
alterations in heading may affect the wander rate

Fig. 7. N o r t h  Polar Horizontal Magnetic Field
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of the steering gyro. W i n d  finding is therefore
confined, in the main, to the following methods:—

(a) By drift recorder, using a radar altimeter
to obtain the aircraft's true height so that a
groundspeed as well as a drift can be deter-
mined.
(b) By FI,S, tracking a suitable echo across the
P.P.I.
(c) By pressure pattern soundings, again using
the radar altimeter to obtain the aircraft's true
height. Only the cross-track component o f
wind velocity is determined, but this enables a
pressure pattern position line to be plotted.

flight Planning
65. Flight planning- considerations are the same
as those for long-range flying in lower latitudes,
but with greater emphasis on the following : —

(a) Fuel reserves t o  cater f o r  unforecast
weather conditions. T h e  density of reporting
stations in the Arctic is insufficient to allow
detailed forecasts to be made, and the radio
links between stations are often interrupted by
auroral activity.
(b) Flight illumination conditions, f o r  the
reasons outlined in para. 59.
(c) Safety Heights. I n  the present state o f
mapping, a l l  elevations indicated on maps
should be regarded as approximate.
(d) Crew Co-Operation. Gyro steering imposes
a set pattern o f  activity that must continue
regularly and without interruption. O the r
activities i n  the aircraft must therefore be
dovetailed into this pattern.

66. Blown snow can reduce the visibility to zero
and forecasts should be carefully checked for
wind velocity and snow conditions. Thick fog
can form very quickly in winter, especially near
coasts. T h e  trend o f  any wind shift should be
noted, since shifts of 45° can change the visibility
from unlimited to zero within minutes.

RADIO
General
67. Arctic weather conditions present consider-
able problems to  designers and operators o f
aircraft radio installations. The intense cold and
formation of ice adversely affect aerial insulators,
control cables, torsional drives, and rubber
insulation. The danger of aerial insulators being
short-circuited by ice can be reduced by the use
of an arctic grease, while the control cables and
torsional drives will not freeze up provided the

correct anti-freeze lubricant is used. L i t t l e  can
be done, however, to prevent the crystallization
of rubber insulation ; care should be taken to
avoid bending cables while they are cold, and
they should be inspected carefully before flight
for signs of disintegration.

Frequency Creep
68. Another design problem is frequency creep.
This phenomenon is likely to occur in all equip-
ment operating on preset frequencies i f  the
master oscillator control unit frequency has been
set up under normal conditions. The reason for
this creep is that the wide temperature variations
cause expansion or  contraction o f  wiring and
condenser plates, and so the master oscillator
creeps off  the desired frequency. Th i s  can be
obviated i f  crystal control is used, and is unlikely
to cause trouble if the radio equipment has been
set up and is operated in an adequately heated
cabin.

Limitations of Equipment
69. The operational usefulness o f  radio equip-
ment is considerably reduced in the Arctic, the
main causes of this being : —

(a) Unusually high levels of precipitation static
may occur, making reception difficult.
(b) Sky-wave propagation may  b e  erratic
owing to the effects of the aurora borealis on
the ionosphere.
(c) Frequency selection for long-range com-
munication proves difficult because o f  the
variation of the hours of daylight and darkness
between the transmitting and receiving stations.
It wil l  often be easier to  establish reliable
communications over North-South links than
over East-West links.
(d) Large errors i n  D / F  bearings due t o
refraction may occur where the coastlines are
irregular or precipitous.
(e) Primary radar systems are affected by the
poor conductivity of glacier formations which
may give misleading responses.
(f) The presence of areas of pure fresh water
from melting snow may result in the radio
altimeter losing its effectiveness.

THE HUMAN PROBLEM
Morale
70. The human problem is one o f  living and
working, possibly in a lonely and isolated place,
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under conditions of intense cold, and with long
periods of darkness. The maintenance of morale
is all-important. I t  may be necessary to stay
within the bounds o f  the camp and a  good
corporate spirit must be fostered. Every effort
should be made to fill leisure time with hobbies,
games, competitions, and similar activities. With
suitable safeguards, participation i n  survival
exercises, hunting trips, and winter sports will
familiarize men with their surroundings.

Food and Drink
71. A  generous diet is needed to maintain both
health and morale. I t  must include plenty o f
meat and fat, fruit juices, vegetables, and the
protective foods—butter and vitaminized mar-
garine. I t  will probably also be necessary to give
vitamin pills separately. Alcoholic drinks may
be available, but i t  should be remembered that
they raise the rate of heat loss from the body and
greatly increase the risks of exposure.

Clothing
72. Suitable ranges o f  clothing have been
developed for ground and air crews. They are
described in A.P. 1182E, Vol. 1, and consist of
wind-proof outer garments and multi-layer inner
garments which can be worn or left off as the
need arises. The outer garments are hooded and
particular attention is given to the protection of
hands and feet. I t  is extremely important to have
the proper sizes. I n  particular, socks must be
large enough. Clothing must be treated carefully
and kept free from moisture and oil since these
destroy the insulating properties of the material.
Torn items should be mended as soon as possible.
Bedding material must be kept dry and should be
aired when not in use.

73. Whilst in flight, clothing that is adequate far
survival purposes should be worn at all times.
Parachutes should not be allowed to  become
cold-soaked or they may become too stiff to open.
Emergency equipment adequate for low-tempera-
ture survival must be carried in the aircraft.

Frost-Bite
74. Liability t o  f rost-bite increases a s  t he
temperature falls and increases much more
rapidly as the wind speed rises. Further informa-
tion on wind chill factor is given in paras. 14 to 17
and Fig. 3.

75. Most likely to be affected by frost-bite are
the exposed parts of the face and the extremities.
The symptoms are numbness, stiffness, and a
greyish discoloration. A s  a  safeguard, men
working in the open should periodically check
one another's faces for the appearance of frost-
bite. The treatment is to thaw the affected parts
slowly, using body heat. Rubbing o r  rough
handling, which wil l  break the skin, must be
avoided.

76. I f  very cold metal is touched with the bare
skin, freezing will occur immediately and the skin
will stick to the metal. Forcible separation is to
be avoided. Where possible moderate heat should
be applied before separation otherwise skin
tissues may be torn resulting in painful wounds.
If  fuel or other volatile liquids are poured on
flesh, the temperature drop caused by evaporation
may cause frost-bite.

Care of Eyes and Skin
77. I n  daylight there is a risk of snow blindness
both when flying and on the ground. Protective
snow goggles must be worn whenever the glare
is in the least unpleasant. The use of cold cream
or lanoline will reduce the risk of painful chapping
of the face and hands.

Working in the Open
78. I f  heavy work is done in full clothing it is
easy to become overheated, even in extremely low
temperatures. Should garments become sweat-
soaked, rapid chilling occurs when the work is
completed. T o  avoid this, outer clothes should
be discarded whilst working and ankle, wrist, and
neck fastenings loosened to allow free ventilation.
The aim should be to maintain normal body
temperatures and this of necessity means accept-
ing a slower working tempo.
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PART 2 : SECTION 4

CHAPTER 10

FORMATION FLYING
Introduction
1. A  formation consists of a number of aircraft,
flying as an element, whose movements are con-
trolled by an appointed leader.

2. There are  t w o  categories o f  formation
flying : —

(a) Close Formation. This is used : —
(i) For take-offs, cloud penetration, and
landings—mainly by fighter aircraft.
(ii) For bombing and defensive purposes by
bomber aircraft carrying free guns.
(iii) For demonstration and show purposes.

(b) Battle Formation. T h i s  is used fo r  al l
tactical fighter operations, and is designed to
provide the best all-round search, the best
mutual cross-cover, and the best mutual fire
support.

Leadership
3. Successful formation flying is almost entirely
dependent on good leadership. A  formation is
commanded by the leader who is immediately
responsible for its security, for the heading flown,
for the tactics adopted, and for its safe return to
base.

4. The leader must fly in a position from which
he can communicate with all his pilots or, in large
formations, with leaders of sub-formations. H e
must be replaceable by a deputy leader, who flies
in a pre-arranged position relative to the leader,
and must be prepared at any time to take the
place and assume the responsibilities o f  the
leader.

BASIC CLOSE FORMATIONS
The Pair
5. The basis o f  all formations is the pair. A
section consists of two or three pairs. A  flight
consists of  two or three sections. A  squadron
consists of two flights. A  wing comprises two or
more squadrons. These are arbitrary figures that
vary in practice according to the unit establish-
ment and the tactical role of the units concerned.

Section Formations
6. Section Finger Four. Aircraft arc disposed as
shown in Fig. I.

7. Section Echelon. A i rc ra f t  are disposed as
shown in Fig. 2.

8. Section Line Abreast. Aircraft  are disposed
as shown in Fig. 3.

9. Section Line Astern. Aircraft are disposed as
shown in Fig. 4.

10. Section Box. Aircraft are disposed as shown
in Fig. 5.

11. The above formations are the standard
section formations. However, in certain circum-
stances, a section can consist of three aircraft. A
section of three can fly in vic, as shown in Fig. 6,
or in echelon, line abreast, or line astern. F o r
cloud penetration i t  is recommended that the
maximum size of  a close formation should be
three aircraft. A  three will invariably fly as a vie,
and a pair as an echelon, as it is essential for the
formating pilots to be able to see any hand signals
made by the leader.

Flight Formations
12. A  flight wi l l  usually f ly as two o r  more
sections. The  sections comprising the flight can
be disposed in  various formations ; a  typical
formation is shown in Fig. 7. Within the section
any of the formations mentioned in paras. 6 to 11
can be flown.

Squadron Formations
13. A  squadron will usually fly as two flights
which are split into sections of four. A  typical
squadron formation is illustrated in Fig. 8.

14. I t  will be seen that the whole system o f
formation flying is based on the vic, finger four,
line abreast, line astern, and box formations.
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Fig. I .  Section Finger Four
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Fig. 3. Section Line Abreast
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Fig. 4. Section Line Astern
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Plan View

3

Rear View

Fig. 6. V i c  Formation
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Fig. 7. Close Flight Formation
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Fig. 8. Close Squadron Formation
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CLOSE FORMATION FLYING TECHNIQUE
—BASIC CONSIDERATIONS

Relative Speeds
15. The driver of a car subconsciously judges the
speed of his vehicle in relation to others against
a background o f  fixed objects—trees, houses,
telegraph poles, etc.—which border the road.
Such a background does not exist in the air, and
the only way in which relative distances can be
judged is by mentally comparing the actual size
of an aircraft, as seen, with the size that i t  is
known to be.

16. The difference in size of an aircraft viewed
from six miles range and from three miles range
is very small, but the difference in size of the same
aircraft viewed from one mile and 800 yards is
very noticeable. The  effect of this is that when
one aircraft is overtaking another, even at a high
closing speed, the rate of approach appears very
slow at long ranges (5 to 10 miles) and seems to
increase almost imperceptibly until a  critical
range is reached, when the overtaken aircraft
appears to grow rapidly in size, and the true speed
of approach can be judged.

17. Judgment of distance in the air is a matter of
experience and practice, but pilots can attain
proficiency in the art more quickly if they realize
that the tendency is to underestimate the rate of
approach until the final stages. The  leader of a
formation should always fly at a constant airspeed
that is known to all pilots in the formation. B y
comparing his own airspeed with that o f  the
leading aircraft, a pilot joining a formation can
determine his actual overtaking speed.

. . . . . . . . . 2

NO.2 J O I N S  LEADER AT  ' A '
NO.3 JOINS LEADER A N  N 0 , 2  AT B
N0,4 J O I N S  N 0 , 3  AT  ' C '

Joining Formation
18. The time spent in joining formation serves
no useful tactical purpose, and the longer the time
taken to assemble a formation the shorter will be
the time that the formation can spend in the air.
For this reason, pilots must join formation with
the least possible delay.

19. Fig. 9 illustrates the procedure for joining
formation. A f t e r  the leading aircraft has taken
off, i t  should fly straight ahead for a distance
varying from 800 yards to one mile, according to
the type of aircraft, and thereafter commence a
gentle turn. T h e  second aircraft—No. 2 of the
formation—will then turn inside the leading
aircraft, so as to intercept it as soon as possible,
and the third and fourth aircraft will carry out a
similar procedure by turning inside the others.
This method o f  "cutting the corner" can be
equally well applied if the formation is composed
of sections of aircraft taking off together, instead
of single aircraft.

20. I t  is  important that the leading aircraft
should settle down to the agreed cruising speed
as soon as possible. The  following aircraft may
then fly at the same airspeed, gaining position by
the use of shorter radius turns. I n  this manner
leeway is rapidly made up and individual aircraft
are able t o  take up  their positions without
excessive changes in airspeed. I f  the following
aircraft either fly the same flight path as the
leading aircraft or make a turn of larger radius
outside the leader's flight path, they will have to
increase their airspeed in order to overtake, and
will consequently be obliged to make a large
alteration in airspeed before they can take up
their stations. Moreover, a great deal o f  time
and fuel will be wasted.

..44101 imilimmwaftfth,

f i l l
Fig. 9. Joining Formation after Take-Off
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21. A  useful hint, which enables the leading
aircraft to be intercepted during a turn in the
shortest possible time, is for the joining pilot to
maintain a rate o f  turn such that the leading
aircraft appears to be stationary in relation to
himself. I f  the leading aircraft appears to move
forward, the joining pilot should increase his rate
of turn until the leading aircraft again appears to
be stationary ; i f  it appears to move backwards
the rate of turn must be decreased.

Positions in Basic Formations
22. The intervals between aircraft in formation
are laid down in relevant air staff instructions,
and must be strictly adhered to. N o  attempt
should be made to practise formation flying in the
air until the correct positions for  each basic
formation are thoroughly learned.

23. Normally, when flying in vic, finger four, or
echelon formations in aircraft having wings with
no sweep-back, the pilots of the formating aircraft
align the tips of their mainplanes with the elevator
hinge of the aircraft next to them on the port or
starboard side, as the case may be. Wi th  piston-
engined aircraft a more forward position is used ;
here the wingtip of the formating aircraft should
be between the trailing edge of the wing and the
tailplane of the next aircraft. When flying in the
same formations in aircraft having sharply swept-
back leading edges, the formating pilot should
position himself so that he is looking along the
line of the leading edge of the aircraft on which
he is formating.

24. I n  line abreast formation, the correct position
can best be judged by reference to the cockpit of
the next aircraft. I t  is difficult to judge whether
one aircraft is truly in line abreast with another,
and the tendency is to formate a little too far back.

25. The correct position for line astern formation
can be judged by the relative size of the aircraft
ahead, or a part of this aircraft, as seen through
the windscreen o f  the formating aircraft. T h e
amount by which each aircraft must be stepped
down from the preceding aircraft varies according
to the slipstream from each type of aircraft, but in
general should be as small as possible. To o  large
a vertical interval between aircraft results in the
last member of  the formation flying very much
lower than the leader, and this may cause
difficulty in turns.

Keeping Station—Straight and Level Flight
26. To  keep his position constant in relation to

the leader of the formation, the formating pilot
may be required to adjust his position : —

(a) Longitudinally, i.e. backwards or forwards.
(b) Laterally, i.e. inwards or outwards.
(c) Vertically, i.e. upwards or downwards.

A keen sense of anticipation must be developed
so that correcting movements are kept t o  a
minimum.

27. Longitudinal Station Keeping. Changes of
position in the longitudinal direction are made by
using the throttle, and this in turn necessitates a
movement of the elevators to maintain position
vertically ; thus co-ordinated movements of the
two controls are used throughout. To  maintain
a constant position longitudinally, the throttle
should be moved in the appropriate direction
immediately any change is noticed or anticipated.
The throttle must be moved smoothly, and no
more than is necessary to correct errors. Rough
movements o f  the throttle generally result in
over-correction ; they are usually quite unneces-
sary, and the formating pilot will find that much
more is achieved by early, small corrections made
as smoothly as possible. A  much more serious
result of excessive throttle movements is that fuel
consumption is increased, which might be critical
on a long sortie. I t  must be remembered that a
clean aircraft usually accelerates quickly and
decelerates slowly because of its low drag, and
due allowance must be made for  this. J e t -
engined aircraft may have poor acceleration,
especially at low airspeeds, and also decelerate
slowly ; both effects must be anticipated.

28. Lateral Station Keeping. Changes in lateral
position are made by gentle use of aileron and
rudder. A n y  adjustment of lateral position may
affect the longitudinal position, so that small
movements of the throttle may also be necessary.
Steep banking should be avoided as the leader
must always be kept in sight.

29. Vertical Station Keeping. Position in  the
vertical plane is controlled by the elevators, and
in addition by the throttle when the corrections
are large.

30. A l l  pilots should aim to achieve smoothness
in their formation flying. T h i s  is particularly
important when flying i n  such formations as
echelon and line abreast, since the movement of
one aircraft in relation to another is accentuated
towards the outside o f  the formation. I f  the
second aircraft in the formation is flown roughly,
the pilot o f  the aircraft on the outside o f  the
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formation will have an extremely difficult task.
This may be simplified, however, by keeping
station laterally on the leader instead of  on the
aircraft in between, and the "whip" effect is
thereby reduced.

Keeping Station—Turns
31. Fig. 10 shows how, during a turn, the outside
aircraft describes a turn of larger radius, and the
inside aircraft a turn of smaller radius, than the
leading aircraft. To  maintain the correct position
relative to the leader, it is necessary for the outside
aircraft to increase speed, whilst the inside aircraft
must reduce speed. When a turn is initiated the
formating aircraft should endeavour to anticipate
an alteration in power. T h e  greater the lateral
distance between the leader and the formating air-
craft, the greater wil l  be the necessary speed

Fig. II.

Comparison of Turning
Paths in

Vertical Formations

Fig. 10.

Comparison of Turning

Paths in

Horizontal Formations

adjustments. I t  is this factor which limits the
manoeuvrability of large formations.
32. Fig. 11, showing three aircraft carrying out
a turn in line astern, shows that each aircraft flies
a longer distance than the aircraft above it. The
necessity for stepping down only the essential
amount, especially when large numbers of aircraft
are flying i n  this formation, can be plainly
observed.
33. The sensations experienced during turns in
vic formation, especially on the outside of such
turns, may at first be disconcerting. I t  will be
quickly learned that the outside aircraft is in no
danger of  slipping in onto the leading aircraft.
The control movements required fo r  keeping
station, as described in paras. 26 to 30, apply
during any manoeuvre—even during inverted
flight.
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34. I t  is a prerequisite of good formation flying
that the formating pilots should trust their leader,
and concentrate on  accurate station keeping
without giving too much attention to any parti-
cular manoeuvre which may be carried out.
Experience enables pilots to fly in formation and
at the same time to realize exactly what manoeuvres
are being executed ; u n t i l  this experience is
gained, any temporary disorientation which they
may experience should be ignored. The  impor-
tance of a thorough pre-flight briefing cannot be
over-emphasized.

Night Formation
35. Battle formation is not practical at night nor
is there any real call for i t  at present. Close
formations must normally be limited to pairs, but
in good conditions fours are quite practicable.

36. I f  dim/bright navigation lights are fitted, the
dim setting should always be used but, when
available, resin lights are much better. T h e
problems o f  station keeping in  the dark are
greatly increased i f  the leader's lights are in the
least dazzling. F o r  safety, Nos. 2 and 4 should
show their navigation lights.

37. On moonlight nights normal take-off in pairs
presents no difficulties but No. 2 should stagger
himself about 50 yards behind the leader. A
second pair can roll after the normal ten-second
interval.

FORMATION TAKE-OFF
General
38. Sections of three can take off in formation,
but when larger numbers are concerned i t  is
recommended that a formation take-off is carried
out in a series of pairs.

Stacking on the Runway
39. Aircraft are stacked as shown in Fig. 13, the
position o f  the first four  being repeated as
required. I t  may sometimes be preferable to
reverse this order, starting with No. 1 on the
right. Considerations are cross-wind and direction
of turn after take-off.

Take-Off
40. When in position, the leader will signal to
open up to pre-arranged r.p.m. against the brakes
and on receiving the "ready" signal from No. 2
will signal that he is starting to roll, opening up
quickly and smoothly to  the desired take-off
power. H e  will unstick at a safe speed and leave
an ample safety margin for gear and flap opera-
tion. The  No. 2 must concentrate on keeping
formation, not on making his own take-off. H e
should not close up on the original runway
spacing until safely airborne. Th is  reduces risk
of collision i f  a tyre bursts or, in a twin-engined
aircraft, if an engine fails. I t  is also important not
to lag when carrying external stores, bombs,
rockets, etc. I f  they are lost on take-off for any
reason, they cannot harm a correctly positioned
aircraft.

Interval Between Pairs
41. I n  clear weather, five seconds between pairs
is sufficient. I f  the join-up cannot be made below
cloud, a ten-second interval should be used.

Slipstream During Take-Off
42. To  minimize slipstream effects, pairs should
be briefed to pull high or hold low immediately
after take-off. T h e  low pairs aim to unstick
beyond the point where the preceding pair
became airborne.

9 - 3

+ -

4 -4

*  2

-jim-- C  RUNWAY

Fig. 13. Stacking for Formation Take-Off
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General
43. Formation landings are usually carried out
in pairs during straight-in G.C.A. approaches.
They can also be carried out by pairs or sections
of three in clear weather. The  same considera-
tions apply in both circumstances.

44. Formation landings should be attempted
only by pilots who have attained a high standard
of formation flying. Absolute confidence in the
leader is essential.

Technique and Procedure
45. After joining the circuit in the usual manner,
the leader turns down-wind and tells the forma-
tion that he is throttling back. Th is  should be
done smoothly and gently, so that the formating
pilots do not overshoot the leader. A t  the correct
speed, the leader should then give the order to
lower the undercarriages. T h e  formating pilots
must do  this and make any necessary tr im
corrections without looking away f rom the
leading aircraft, as position can easily be lost at
this stage. When the formation has settled down
after the undercarriages have been lowered, each
pilot must check that his warning lights indicate
that the undercarriage is locked down and check
visually that the undercarriage o f  the other
aircraft in the formation appears to be locked
down. Before turning across wind, the leader
should confirm with the formation that these
checks have been carried out.

46. The leader should make his cross-wind turn
so that the final approach will belong and straight.
The turn should be gentle and made at the highest
practical airspeed, so that the formating aircraft
will not be required to make large adjustments of
speed. A s  soon as the formation has settled down
after the turn, the leader should order flaps down.
This is the most critical part of the procedure.
The formating pilots must lower their flaps
immediately on receipt of the order or they may
overshoot the leader and be unable to regain the
formation. T h e  leader himself will lower up to
three-quarters flap only according to prevailing
conditions. Trimming should be carried out as
quickly as possible and the formation should
prepare itself for the turn onto the final approach.
The airspeed at this stage will be very much lower
than normal cruising speed, and pilots must
expect some sluggishness and lack o f  response
from the aircraft. On the other hand, the response
to throttle movements will appear to be greater

FORMATION FLYING
and this control should be used gently. I f  a
formating aircraft overshoots the leader at a low
airspeed, the pilot should regain formation by
turning away from the formation and then back
towards it again, rather than by throttling back
completely and raising the nose of the aircraft to
lose speed. The  latter procedure may lead to a
stall.

47. The turn onto the final approach should be
as gentle as possible, and the leader should use
as much power as possible so that the formation
can keep station comfortably. The final approach
should be made with the leader reducing power
gradually until the required airspeed is attained.
However, he should not throttle fully back until
on the ground, or, with a small airfield, until the
runway threshold has been crossed.

48. When the formation crosses the threshold
the leader should land normally. The formation
should keep station on the leader and not attempt
individual landings—in effect, the leader should
land the complete formation. Formation should
be maintained on the ground, the leader warning
the other pilots when he is about to apply brake.
The temptation to relax at this stage should be
strongly resisted, as a formation landing is not
complete until all the aircraft are stationary.

LANDING A  LARGE FORMATION
In the Circuit
49. I t  is important that each section of  a large
formation should spend a minimum of time in the
circuit for the following reasons : —

(a) To allow return to base with a small fuel
margin.
(b) To clear the circuit f o r  any following
formations.
(c) To get back to dispersal without delay for
quick turn-round.

Minimum circuit time is achieved by employing
the stream landing technique.

The Break, and Stream Landing
50. I f  the weather is suitable for a visual circuit
the leader of the first section should approach on
the heading of the runway in use at circuit height,
slightly on the dead side, with his formation in
echelon starboard (left-hand traffic). On  crossing
the runway threshold he should bank and pull
away sharply to the left, followed in order by the
rest o f  his section. Each should throttle well
back, open the  airbrakes and partial flap,
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maintaining a  continuous turn and selecting
undercarriage down at circuit height, opposite the
runway controller. I t  is important that each
member o f  the formation maintains the same
height as the leader on the down-wind leg. A
descending curve o f  approach should then be
started, flaps going fully down on the call "Finals".
Approximate spacing between aircraft should
be 800 yards. Other sections following should
approach up to 1,000 yards astern during the
run-up to the runway and time their break-off to
fit in behind the last aircraft o f  the preceding
section, thus making a continuous stream.

51. I f  a left-hand circuit is in force, the leader
usually lands on the left side of the runway and
No. 2 on the right, etc., but with a strong cross-
wind from the left he might land on the down-wind
side so that his slipstream would be blown clear.
In this instance, succeeding aircraft would, as
before, land on alternate sides of the runway. I t
is most important to avoid the use of high power,
particularly on the last part of the approach, as
this makes it very uncomfortable for succeeding
aircraft. The,speed over the threshold should be
slightly higher than usual and all aircraft must
run to the end of the runway before turning off.

52. The leader must consider the state o f  the
runway surface and i f  necessary instruct his
formation t o  increase their spacing. S o m e
considerations are : —

(a) Braking conditions on wet and/or slippery
runways.
(b) Short runways in light wind or very hot
weather.
(c) Partially obstructed or very bad surfaces.

53. A  landing formation must know o f  any
unusual conditions of runway or cross-winds and
the leader should always ascertain these from the
ground controller who will normally pass this
type o f  information as a  matter o f  routine.
Controllers should realize that there is much they
can do to help formation leaders.

CHANGING CLOSE FORMATION
General
54. Rapid and efficient changes of formation may
be required operationally (e.g. for the run-in and
break) or for the purpose of air drill. They are
an essential part of formation flying, and all pilots
should aim at the highest standards of promptness
and skill in their execution.

Intercommunication
55. A  prerequisite for the efficient control o f  a
formation in the air is a reliable system of inter-
communication. Normally R/T is used by the
leader to give orders to his formation, but for
pairs or threes a pre-arranged system of  visual
signals (para. 79) may be used when R/T is not
available.

56. Formation Code-Names for R/T Identification.
A formation o f  aircraft is controlled by  the
formation leader, and to  enable him to  pass
messages to or receive them from any particular
sub-unit o r  individual i n  the formation, the
following system o f  R/T callsigns has been
adopted : —

(a) Squadron Callsign. T h e  squadron i s
allocated a n  R a  callsign, e.g. "Dekko".
When the squadron is flying as a formation, the
leader is called "Dekko Leader".
(b) Section Cal/sign. Each section is allocated
a colour : "Red" ,  "Yel low", "Blue", and
"Green". The leader of each section is called
"Dekko Red One", or "Dekko Yellow One",
etc., as the case may be.
(c) Aircraft Designation. I n  each section the
aircraft are numbered one, two, three, and four.
I f  the section is "Blue Section", the aircraft are
named "Dekko Blue One", "Dekko Blue Two",
"Dekko Blue Three", and "Dekko Blue Four".

Lookout during Formation Changing
57. Changes o f  formation are made on the
commands from the formation leader, as detailed
in the following paragraphs. During all changes
of formation, it is vitally important that each pilot
should keep the rest of the aircraft in the formation
in view. I t  is extremely dangerous for any pilot to
lose sight of the other aircraft during formation
changes.

Section Formation Changing
58. Introduction. I t  is not intended to list all the
various combinations of formation changes, but
merely t o  give examples which illustrate the
principle involved.

59. Changing from Section Finger Four (Left-
Handed) to Echelon. The command is "DEKKO
BLUE SECTION—AIRCRAFT ECHELON
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PORT—AIRCRAFT ECHELON PORT—GO".
On the word "GO",  Nos. 3 and 4  move out
to port. When No. 2 sees that his way is clear
he drops back and down, then moves across
below the leader and comes forward into position.
Nos. 3 and 4 then close up.

60. Changing from Section Echelon Port  to
Section Finger Four. The command is "DEKKO
BLUE SECTION — AIRCRAFT CLOSE
FINGER F O U R  — AIRCRAFT C L O S E
FINGER FOUR—GO". O n  the word "GO"
Nos. 3 and 4 move outward. W h e n  No. 2 sees
his way clear he will drop back and down, then
cross over and take his position on the leader's
starboard wing. N o s .  3 and 4 then move into
position.

61. Changing from Section Finger Four to Section
Line Astern. The command is "DEKKO BLUE
SECTION — AIRCRAFT L INE  ASTERN —
AIRCRAFT LINE ASTERN—GO". O n  the
word "GO"  Nos. 3 and 4  move out and start
dropping back, No. 2 does the same and when
he sees his way clear moves over into close line
astern. When he is in position, No. 3 moves
in followed by No. 4.

62. Changing f rom Section Box  t o  Section
Echelon. T h e  command is "DEKKO BLUE
SECTION—AIRCRAFT ECHELON STAR-
BOARD — AIRCRAFT ECHELON STAR-
BOARD—GO". O n  the word "GO" Number 4
moves first, well out to starboard. When he is
clear No. 3 moves across below Nos. 1 and 2 and
takes up his position. N o .  4 then moves in.

Flight and Squadron Formation Changing
63. Changes of formation are made in accordance
with the  principles described, whatever the
number of airctaft in the formation. I n  order to
avoid danger o f  collision, however, certain
additional rules must be observed fo r  larger
formations.

64. When a flight is flying as two sections o f
four, the flight leader passes instructions to the
leader of  the second section. I f  the command
given by the flight leader involves a change in
formation within the sections themselves, the
aircraft o f  the leading section change on the
executive word. The second section moves to its
new position as ordered, but normally retains its

original section formation until the section leader
orders the change.

65. A  squadron or wing leader can call flights or
squadrons into any formation and the same
principle applies. Each section leader must call
the change of his own formation. The reason for
this is that the formation leader often cannot
judge the most favourable time for the change of
formation within the individual section.

66. The following details of a change in forma-
tion f rom fl ight echelon starboard, sections
close finger f o u r  t o  f l ight  astern, sections
echelon port, are given as an example o f  the
procedure and words of command adopted. The
flight leader orders : "DEKKO BLUE FLIGHT
—FLIGHT ASTERN, SECTION ECHELON
PORT—GO". Blue Section moves into echelon
port on the word "GO".  Green leader then
orders : " D E K K O  G R E E N  SECTION —
ECHELON PORT, ECHELON PORT—GO".
On the word "GO", Green Section moves into
echelon port, and the change o f  formation is
complete.

67. I n  certain circumstances it may be desirable
for the leader to call change o f  formation in
section, flight, or squadron positions at the same
time as change in aircraft position within the
sections themselves, e.g. "DEKKO SQUADRON
—FLIGHT LINE ASTERN, SECTION LINE
ASTERN, AIRCRAFT ECHELON STAR-
BOARD—GO". T h i s  departure f r o m  t h e
principle described in  the previous paragraph
must, however, always be covered by a thorough
briefing.

BATTLE FORMATION
Purpose
68. The object of battle formation is to provide
the best all-round search, the best mutual cross-
cover, and the best mutual fire support. A  single
aircraft, no matter how good the view from the
cockpit, can never give itself complete all-round
cover. A  pair  o f  aircraft, flying a  suitable
distance apart, can give each other complete
cross-cover. I t  fol lows therefore tha t  t h e
minimum self-contained fighting element consists
of two aircraft. I n  certain circumstances,
however, e.g. when No. 1 engages a target, his
attention is completely devoted to that target, and
while he continues to receive cover from No. 2,
No. 2 is vulnerable.
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The Pair
69. A  pair must fly line abreast to give mutual
support, sufficiently separated to give complete
rearward cover of each other but not so wide as
to lose flexibility (Fig. 12). T h i s  is the basic
element of all battle formations.

Fluid Four
70. Here the two pairs fly line abreast covering
each other (Fig. 14). Normally Nos. 1  and
3 search forward, Nos. 2  and 4  to the rear.
No. 3  positions himself stepped slightly u p
and looking towards the sun, the point from
which an attack is most likely to come.

Plan view

Rear view

Fig. 12. Bat t le  Formation—The Pair

Plan View

Rear View

Fig. 14. Ba t t le  Formation—The Fluid Four
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Fluid Six
71. Pairs may be flown closer than a fluid four,
without loss of cover, as there are more searchers
(Fig. 15). T h e  down-sun section are again
stepped slightly up. T h e  No. 2 usually takes
his position down sun.

Squadron Battle Formation
72. Circumstances dictate the precise deployment
but the example illustrated in Fig. 16 is typical.

73. When two  o r  more sections are flying
together t he  Nos. 3  position thei r  pairs,
whenever possible, so that they are not between
their section leader and the next section.

Cross-Over Turns (Fig. 17)
74. I f  the leader turns 90° to the right, the inside
pair crosses under his flight path, the outside pair
over. Should the turn be continued to 180° the
same procedure would be repeated in  a  con-
tinuous movement, the inside pair again crossing
under and the outside over. This rule is invariable
to eliminate risk of  collision. I t  is important to
note that in a perfectly executed turn each pair
has the same distance to cover and need make no
change in throttle setting. I f  a turn has put one
pair of a section up sun it should then cross over
to the other side.

4

4

3

Plan View

3
•

Turnabouts (Fig. 18)
75. A  formation may turn through 180° by using
the double cross-over method shown above, or
by turning with each pair in place as shown below.
This is known as a turnabout. I n  this manoeuvre
pairs inevitably lose sight o f  each other during
different parts of the turn. Fo r  this reason, when
the order to execute a turnabout is given, the
inside pair initiates it and is kept in sight by the
other sub-section leaders as long as possible until,
after about 120', the original outside pair must
set the pace for the remainder of the turn. I t  is
most important that the Nos. 2  f l y  round
the turn in such a way as to give the maximum
cross-over during the turn.

Defensive Breaks
76. I f  attacked from the rear the formation
should tu rn  towards the attacker as fast as
possible to give a maximum deflection shot. O n
the order to break right or left all aircraft turn at
maximum rate and full throttle. This can usually
be kept in the form of a hard turnabout but in
dire emergency i t  becomes necessary for each
aircraft to turn individually at its limit. Th is  is
inclined to split up a formation and invariably
leads to loss of vital combat speed which can be
recovered only by sacrificing altitude which may
well put the formation at a further disadvantage ;
a "panic" break of this sort is most undesirable
and its necessity almost always arises from lack
of alertness in the formation concerned.

1

2

2

Fig. 15. B a t t l e  Formation—The Fluid Six

RESTRICTED

Rear View

5

5
- A -

6



RESTRICTED R E S T R I C T E D

A.P. 129, VOL. 2, PART 2,  SECT. 4, CHAP. 10

4

Red Section

3

Red Section

RED F L I G H T

3 I

4 +  2

Blue Section

3

4

Yellow Section

BLUE F L I G H T

2

2

3

Blue Section

RED F L I G H T

2

2
—4--

BLUE F L I G H T
Green Section

FORMATION FLYING

4 4  4

Green Section
4

3

4
3

Yellow Section

Fig. 16. Typ ica l  Battle Formation—Squadron Formation

4

RESTRICTED RESTRICTED



RESTRICTED

FORMATION FLYING

4

L

(
Fig. 17. Cross-Over Turns

Fig. 18. The Turnabout

RESTRICTED

4- 4
+  3

) *

) *  2



RESTRICTED

A.P. 129. VOL. 2, PART 2, SECT. 4. CHAP. 10
High Altitude Jet Formation

Action

I Running up

Description of Signal I Action to be Taken on

EXECUTIVE SIGNALS

(a) Hand raised, forefinger extended up-
wards and revolved in horizontal plane.
(b) In M.E. aircraft, hold up the number of
fingers corresponding to the engine to be
run, and then carry out (a). (Engines are
numbered from No. 1 which is always the
port outer.)

Commencement or signal.

2. Ready for take-off ? Thumb-up.

3. Commence to take off Chopping motion forwards with edge o f
flat hand, fingers together.

Cessation of signal.

4. (a) Increase power
(b) Decrease power

(a) Positive forward movement of head.
(b) Positive backward movement of head.

10,asation of signal.

5. Turning Forearm vertical, hand flat and parallel
with line of flight, then moved right or left
as necessary.

Cessation of signal.

6. Straightening out Chopping motion forwards, with edge of
flat hand—as for 3.

Cessation of signal.

7. Airbrakes in or out Hand flat, edge forward with fingers parted,
then hand smartly down.

Hand down.

S. Flaps up or down Hand raised, fingers and thumb meeting
and opening alternately, then down.

Hand down

9. Undercarriage up or down As for "pulling the chain", clenched fist
moving up or down, forearm vertical.

Hand down.

10. Take over as leader Point to new leader ; then raise hand,
forefinger extended upwards, to indicate
No. I position.

Cessation of signal.

77. I t  is a characteristic of jet aircraft flying near
their ceiling that speed is easily lost but is hard
to gain without loss of height. F o r  this reason
the use of airbrakes or large reduction in power is
seldom justified. I f  overtaking, speed should
always be turned into height. I f  lagging, speed
can only be gained quickly by a shallow dive. I t
has been shown that in 90° cross-over turns, each
aircraft has the same distance to travel and that
there is no need for changes in power setting.
Badly judged turns almost always result in lagging
aircraft, and if  the formation is flying near its
limiting mach number it may be most difficult to
catch up even a short distance. A  lagging flight
is both vulnerable and unprepared for action, and
a leader may be forced to waste time and fuel
by making turns to get his flight together again.

Anticipating the Leader's Movements
78. Circumstances will often force a leader to
make awkward turns which do not approximate
to 90° or 180°. The only way a sub-section leader
can avoid being caught out and losing his position

is to think with the leader, anticipate his move-
ments, and prepare himself accordingly.

Radio Calls and Hand Signals
79. These must be standard, unmistakable, and
clear of any ambiguity : —

(a) R/T. A  call is made as follows : "DEKKO
BLUE, E C H E L O N  S TA R B O A R D ,
ECHELON STARBOARD, GO". The word
"GO" is the executive order. After it is given
a slight pause is observed before starting
to carry out the order. This is important where
flaps, airbrakes, or undercarriage are called for
in close formation, but does not apply to
orders given during battle formation.
(b) Radio Silence. Pilots should be prepared
to operate in conditions of radio silence and
should become accustomed to working with a
minimum of calls ; these are seldom necessary
in battle formation and in close formation
visual signals generally suffice. Below is a
table of the standard hand signals used in both
the Royal Air Force and Fleet Air Arm.

STANDARD HAND SIGNALS
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Action Description of Signal Action to be Taken on

1 I. Go into battle formation Clenched fist on forehead, hand in fore-and-
aft line of aircraft.

Hand down.

12. Close formation or reform
basic formation as briefed.

Lateral rocking of the aircraft.

•

Cessation of signal.

13. Relax close formation Hand raised with palm outwards, fingers
together, palm against perspex on  the
appropriate side.

Cessation of signal.

14. Go into echelon, port or
starboard.

Forefinger pointed at aircraft concerned
then moved across the face to indicate the
new position.

Cessation of signal.

15. Line astern—
(a) Close

(b) Extended

(a) Clenched fist, thumb extended to rear,
moving back and forth.
(b) Clenched fist, tapping back of head.

J.Cessation of signal.

16. Abandon aircraft Both fists clenched and moved downwards
in front of the face as though pulling an
ejector seat blind.

17. Climbing Forefinger pointing upwards. recsation of signal.

18. Descending Forefinger pointing downwards. Cessation of signal.

19. Levelling out Sideways movements of either hand, palm
down, fingers extended at face level.

Cessation of signal.

20. Escort me t o  base im-
mediately.

Continuous lateral rocking of the aircraft
followed by thumbs down signal.

21. Break formation Rapid sweeping movement o f  the open
hand, palm forward, fingers upwards in
front of the face.

Cessation of signal.

22. I  am returning/you are to
return to base.

Point at self/aircraft concerned then point
downwards.

23. Your aircraft is on fire
INFORMATIVE SIGNALS

Fly alongside and rock the wings to attract
the attention of the other pilot, then draw
the edge of the hand across the throat in a
cutting motion, afterwards pointing to the
area of fire. Continue this until acknow-
ledged by a thumbs-up signal.

24. My electrics have failed A map, Pilots' Notes, or any piece of paper
held against the perspex.

25. My R/T has failed (a) For an unserviceable transmitter tap
the microphone and give a thumbs-down
signal.
(b) For total failure (receiver) tap an ear-
phone then give a thumbs-down signal. I f
in open formation porpoise the aircraft.

26. Fuel state—
(a) F rom Leader. W h a t
is your fuel state ?
(b) By other Aircraft. M y
fuel state is low.
(c) I  have sufficient fuel
(in reply to leader's query).
(d) My fuel gauges are un-
serviceable.

(a) Clenched fist, thumb to mouth, head
back as though drinking.
(b) As for (a) above.

(c) Thumbs-up.

(d) Make signal (a) followed by thumbs-
down signal.

FORMATION FLYING

RESTRICTED



RESTRICTED

PART 2 :  SECTION 4
CHAPTER 11

TARGET TOWING
Introduction
I. Where air-to-air firing forms a part o f  the
training for the operational role, efficient target
towing plays an important part i n  ensuring
successful sorties, and it calls for a high degree of
skill from the towing pilot.

2. Most existing aircraft are easily adapted for
target towing with negligible loss of performance,
and all pilots on operational units with a target
towing commitment should, as a matter of duty,
qualify themselves for this task.

3. This chapter gives a brief description of  the
various types of  towed target and towing gear
in use, and the general procedure to be adopted
by towing pilots. M o r e  detailed information
about targets, special towing aircraft, and
associated equipment is given in A.P. 1492A.

TARGETS A N D  EQUIPMENT
Types of Target
4. There are three main types of target in use : —

(a) Winged.
(b) Banner.
(c) Sleeve.

All may be metallized or fitted with reflectors for
use with radar gunsights.

5. Winged Targets. The  only target of this type
in general use is the 25-ft.-span winged target
(Fig. 1). I t  is of steel and fabric construction and
is referred to hereafter as a glider.

6. This glider has four wheels which support it
on the ground at a negative angle of incidence.
This delays the take-off of the glider until the
towing aircraft is comfortably airborne. Similarly
on landing, once al l  four wheels are on the
ground, the glider should not rise again unless
heavily bounced o r  pulled o f f  by the towing
aircraft.

7. I n  flight the glider is trimmed to fly nose heavy
and, if released from the towing aircraft, it should
dive almost vertically.

8. A n  automatic release can be fitted to release
the cable from the glider as soon as i t  touches
down.

9. The best towing speed for the glider is 200 kts.
I.A.S. T h i s  figure should no t  normally be

Fig. I. 25-ft.-Span Winged Target

RESTRICTED



RESTRICTED

A.P. 129, V O L 2 ,  PART 2, SECT. 4 ,  CHAP. 11

Fig. 2. B a n n e r  Target (30 ft. 5  it. 6 ins.)

exceeded, but speeds up to 220 kts. I.A.S. may be
flown if the glider is undamaged and the occasion
demands it.

10. Banner Targets. T h e  standard banner or
flag target is made of nylon net and its dimensions
are 30 ft. x  5 ft. 6 ins. (Fig. 2). I t  has a metal
bar at the front which is weighted at one end to
make it fly upright.

11. The towing speed should not exceed 220 kts.
1.A.S., otherwise the life of  the banner will be
appreciably shortened.

12. Sleeve Targets. There are several types of
sleeve or drogue targets in use (Fig. 3). They all
consist o f  tapering sleeves of  strong reinforced
fabric, open at the front and closed at the rear
end. Sleeve targets are smaller and lighter than

the other two types already mentioned and their
maximum permissible towing speeds vary widely.

' Towing Cable a
13. A n  800-ft. nylon rope of  15-cwt. breaking
strain is used for towing most types of target ;
but flexible steel cable may be used and is avail-
able in several strengths. The target is connected
to the end o f  the rope or  cable by a 100-ft.
webbing towing link capable of  absorbing two
adjacent strikes from ball type 20-mm. ammuni-
tion.

Aircraft Towing Attachment
14. A  simple modification normally enables
suitable types of aircraft to tow targets, the usual
modification being the fitting o f  an electro-
magnetic release unit (E.M.R.U.) on the rear of
the ventral drop tank.

Fig. 3. 2 0 -ft. Drogue Target
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15. Electro-Magnetic Release U n i t .  T h e
E.M.R.U. consists basically of a hook operated
by an electro-magnetic unit (Fig. 4). 1 t  is set
manually as follows : —

(a) Cocking. T h e  cocking lever is depressed,
the hook is closed, and the lever is then
released again.
(b) Opening. T h e  hook may be opened by
pulling a toggle projecting from the front of
the unit.

16. The E.M.R.U. is connected electrically to the
aircraft camera circuit. When the camera button
is pressed the hook opens and the cable is released.
The camera circuit must first be made live, usually
by switching on the camera master switch and/or
the gun-butt Fire/Safe switch, as appropriate.
Where gun-butt switches are incorporated in the
circuit, they must be switched on to make the
circuit live when the undercarriage is down.

17. Pilots are reminded that pressing the gun-
firing trigger also operates the camera, which in
turn opens the hook.

TARGET TOWING
OPERATING PROCEDURE

Authorization of Flights
18. Before authorizing a towing flight, the person
responsible is to ensure that : —

(a) The pilot is qualified, correctly briefed, and
understands all local target-towing orders.
(b) The weather conditions and runway are
suitable for the take-off, flight, and landing.
(c) When a winged target is to be landed at
base, a competent officer or N.C.O. is available
to carry out the talk-down and that air traffic
control is informed.

Runway Length
19. The minimum safe runway length for towing-
off targets depends on : —

(a) Type of aircraft.
(b) Fuel load.
(c) Wind velocity.
(d) Type of target and length of towing cable.
(e) Airfield elevation.

Fig. 4. Electro-Magnetic Release Uni t
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WIND

Fig. S. Aircraft, Cable, and Target Layout for Drag Take-Off

20. The figures in the following table are given
only as a guide (they are representative of Meteor
aircraft), and it must be remembered that gliders
require a longer take-off run on the part of the
towing aircraft than other types of target.

Conditions

Favourable ...

Glider towed by jet-engined
aircraft with normal fuel
load. W i n d  conditions
normal

Glider towed by jet-engined
aircraft with full fuel load.
No wind ...

Minimum Safe
Length of RI W

1,200 yds. absolute
minimum

1,500 yds.

2,000 yds.

Methods of Taking Off with a Target
21. There are three methods of towing-off targets
in general use. They are referred to as : —

(a) Drag take-off.
(b) Normal snatch take-off.
(c) Full snatch take-off.

LAID OUT
IN LINE I
WITH TAKE—

! „OFF

I

22. Drag Take-Off. T h e  cable and target are
laid out along the runway behind the aircraft
(Fig. 5). This method is used on the following
occasions : —

(a) When taking-off winged targets.
(b) When flexible steel cable is used.
(c) When a strong cross-wind or the weight of
the target prohibits the use of  the other two
methods.

23. Normal Snatch Take-Off. This is the normal
method used for towing-off banner and sleeve
targets (Fig. 6). I t  has the following advantages
over the drag take-off : —

(a) Less wear on the equipment from abrasion
on the runway.
(b) Shorter take-off run.
(c) The full length of the runway may be used.

In very strong cross-winds, however, the rope
may tend to blow across the runway, and a drag
take-off must be used.

WIND •

Fig. 6. Aircraft, Cable, and Target Layout for Normal Snatch Take-Off
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TARGET TOWING
24. Full Snatch Take-Off. Th is  method (Fig. 7)
gives the shortest possible take-off run for both
the aircraft and the target, but its use should be
restricted to light sleeve targets, as the sudden
strain on the cable would otherwise be excessive.

25. Layout in a Cross-Wind. I f  the wind is
blowing across the runway, the equipment should
be laid out as close to the up-wind side as possible.
During the take-off, the target will drift down-wind
across the runway but, provided the pilot checks
the drift of the towing aircraft, the target should
be airborne before reaching the down-wind side.

Instructions for Towing-Pilots
26. Pre-Flight Check. T h e  aircraft release
equipment should be inspected for damage and
checked for correct operation. I f  an E.M.R.U. is
fitted the following checks should be made : —

(a) Cock the hook, and check that i t  locks
closed.
(b) Open it manually, and cock again.
(c) Operate the release electrically and make
sure that all the switches necessary to make the
circuit live, i.e. the camera master switch and/or
the gun-butt Fire/Safe switch, are left switched
on. I t  is most important to switch on the gun-
butt switch, where fitted, as the pilot must be
able to release the target in an emergency during
take-off.

27. On the Runway. A f t e r  marshalling the
aircraft into position, the ground handling party
will attach the cable to the aircraft ; the pilot
must not operate the flaps or dive brakes, run-up
the engines, or release the brakes until he has

been given the thumbs-up sign by the ground
party, and is certain that all personnel are clear
of the aircraft.

28. Take-Off.
(a) The shortest possible take-off is to be made
using the appropriate flap setting.
(b) Immediately after the take-off the aircraft
is eased into a steep climb to get the target into
the air as soon as possible.
(c) At  300 f t .  the angle o f  climb may be
reduced and  safety speed, i f  applicable,
attained.
(d) During the take-off run and on the initial
climb any tendency to drift, due to a cross-wind,
must be checked.

29. Towing To and From the Range. The terrain
between the airfield and the range may include
built-up areas, and a  route, which must be
specified in local orders, is selected to avoid them
as far as possible.

30. While towing to or from the range with the
type of equipment in use, speed is to be kept down
to 160 kts. I.A.S. and height below 1,000 ft.—
particularly when towing a glider—to reduce the
risk of breakaway and to localize the danger area
should release occur.

31. Pilots should avoid flying over even the
smallest village.

32. Should the target break away over land, i t
must be pinpointed and a full report submitted
on landing.

Fig. 7. A i r c r a f t ,  Cable. and Target Layout for Full Snatch Take-Off
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GENERAL INSTRUCTIONS
Man euvres and Weather Limitations
33. Turning.

(a) Unless otherwise instructed, level turns up
to rate 3 are permitted.
(b) When reversing steep turns, a short pause
should be made while straight and level to
allow the target to follow up smoothly without
straining the cable.
(c) Climbing and descending turns should be
restricted to rate 1 ; this applies to all turns i f
the tow length is less than 500 ft.

34. Climbing and Descending.
(a) The normal climbing or descending speed of
the towing aircraft is usually greater than the
maximum permitted towing speed of the target.
Towing pilots must therefore be very careful
not to let the speed build up while climbing or
descending.
(b) Pilots of jet-engined aircraft, when towing
present types of winged and banner targets, are
recommended to use a speed of 200 kts. both
for the climb and the descent. A t  high
altitudes, however, this speed may have to be
reduced.

35. Weather Limitations. The following limita-
tions apply to all types of target : —

(a) Targets are not to be towed in cloud, or
above more than 4/8 cloud, unless under direct
radar control.
(b) When steel cable is used, pilots are to avoid
flying near heavy electrical discharges, thunder-
storms, heavy showers of rain, hail, or snow.
(c) Icing conditions are to be avoided at all
times.

Range Orders
36. Local range orders, which towing pilots must
read and comply with,  should include the
following important points : —

(a) While on the range, the towing pilot acts
as range safety officer and is responsible for
giving the final "al l  clear" for attacks to be
made on his target.
(b) I f  at any time—even under radar control—
the towing pilot is not sure that it is completely
safe for an attack to be made on the target, he
is to order the attacker to cease fire at once.

(c) The towing pilot must be in continuous
two-way R/T contact with the attacker, and
with the controller i f  under radar supervision.
Unless other arrangements exist the exercise is
to stop if R/T contact breaks down.

Damaged Gliders
37. On completion o f  the exercise the towing
pilot must be satisfied, before leaving the range,
that the target is safe to tow over land again.
He should get a report on the condition of  the
glider from the pilot of the last attacking aircraft
and, i f  any doubt exists, the glider must be
released over the sea, well clear of shipping. A
reduction of  speed often steadies the flight of a
damaged glider and may prevent it from breaking
up.

Landing the Target
38. After leaving the range the towing pilot
usually flies to a waiting area near the airfield or
target dropping area and, on receiving permission,
enters the approach lane for the final run in.
Details of waiting areas and approach lanes are
contained in local orders ; only the final run in
and landing are dealt with here.

39. I t  is emphasized that cable and target can
do much damage, and may cause injury or death
if towed too low, or dropped in the wrong place.
The landing procedure detailed below must
therefore be carefully followed.

40. Cables, Banners, and Sleeve Targets. These
should be released over the dropping area at
500 ft. and 150 kts. T h e  reasons for giving a
specific height and speed are : —

(a) With practice it is easy to allow for drift
and to estimate where the target will fall.
(b) Dropping from 500 ft. ensures that the
target has no forward speed when it hits the
ground, and is  therefore less liable t o  be
damaged.

41. I n  a strong wind the target drifts a consider-
able distance after being released, and the pilot
must allow for this by releasing up-wind of its
desired landing point.

42. After operating the release, the pilot should
climb away steeply in case the target fails to drop.
He is usually told by R/T whether the cab!e has
been released or not, but i t  is a sound rule to
carry out this overshoot procedure after releasing
any type of target—it may prevent an accident.
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43. I f  only a few feet of cable remain attached to
the aircraft, the pilot may land with it on.

44. Gliders. Gliders are landed by talking them
down on to the runway in a similar way to G.C.A.
The talk-down should be done by someone—
preferably a pilot—who fully appreciates that the
towing pilot has to rely completely on the talk-
down information to  land a  target which he
cannot see. A  high degree of concentration is
required from both the pilot and the controller if
a safe, smooth landing is to be achieved. I t  is
vital for both to remember that any change of
direction or rate of descent of the towing aircraft
takes an appreciable time to affect the flight of the
glider.

45. Although it is primarily the responsibility of
air traffic control to select a runway for the glider
landing, the following points arc worthy o f
note : —

(a) The runway in use is not necessarily the
most suitable ; gliders may be landed in strong
cross-winds, a n d  a  long runway with no
obstacles on the approach is ideal.
(b) The talk-down controller must be able to
see the whole of  the approach and runway ;
the best position is out to one side, as shown
in Fig. 8.
(c) The sides o f  the runway should be kept
clear of personnel, aircraft, and equipment, as
the glider may swing off on landing while still
travelling fast.

TALK-DOWN
CONTROLLER

46. After establishing two-way contact with the
controller, the towing pilot should, unless told
otherwise b y  t h e  controller, approach a s
follows : —

(a) Approach the runway at a constant rate of
descent of  about 400 ft. per min., aiming to
cross the threshold o f  the runway at 400 ft.
This height may, however, be  altered on
instructions from the controller during the
approach.
(b) Keep the airspeed constant at 115 kts. or
below if practicable, using the appropriate flap
setting.
(c) On reaching the runway, continue t o
descend ; the glider should cross the threshold
at between 50 ft. and 100 ft.
(d) When told that the glider is at 30 ft., start
increasing power and, with the glider down to
10 ft., go into a steep climb without increasing
speed.
(e) The glider should then touch down. Release
the cable on  the order "CUT-CUT-CUT"
from the controller.
(f) Continue to climb as for normal overshoot
procedure, in case the glider has not released.

The approach detailed above is  under ideal
conditions, but if the glider is damaged, or if the
wind is gusty, the descent may not be steady.
The pilot must therefore be prepared for sudden
changes o f  instruction regarding his rate o f
descent, cut, or overshoot.

Fig. 8. Pos i t i on  of Talk-Down Control ler on the Air f ie ld
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47. When the glider is clearly visible to the talk-
down controller, he should inform the pilot and
start the commentary. The following information
should be passed at the initial stage : —

(a) Whether or not the glider is flying steadily.
(b) Wind conditions.
(c) The height at which to cross the end of the
runway. T h i s  depends on the distance the
glider is flying below the towing aircraft and
can only be judged by experience. I f  in doubt,
the pilot should be instructed to cross at 400 ft.
and any corrections should be given at a later
stage.

48. The talk-down consists mainly o f  estimates
of the glider's height, passed by the controller to
the pilot, in rapid succession. The  pilot should
also be kept informed of  the behaviour of the
glider during the commentary. Immediately the
glider touches down, the order "CUT-CUT-
CUT" is given.

49. I f  the glider shows any tendency to under-
shoot, i t  must be checked in good time. I f  it
becomes obvious that the glider will not touch
down on the first half of the runway, the order
"OVERSHOOT" must be given.

50. I t  is the duty of the controller to inform the
pilot whether or not the glider has released, after
giving the order to cut.

EMERGENCIES
Engine Failure
51. I f  an engine fails on take-off, the target
should be released immediately.

52. I n  the event of engine failure when towing
with a twin-engined aircraft, it should normally
be possible to drop the target over the range or
dropping area. A  towing aircraft with one
engine failed should not attempt to land a glider.

Fuel Shortage
53. I f  the towing aircraft has only sufficient fuel
for one approach, it is advisable to make sure of
landing the glider at the first attempt by carrying
out a steep approach and by "flying it in" should
it be necessary. If  the glider is obviously coming in
too high, the controller should give the order to
cut before it reaches the overshoot point half-way
down the runway.

54. I t  is better to release the target over the
range, before the fuel shortage becomes acute,
than to drop it over land on the way back.

Failure to Release
55. Another attempt should be made to release
the target after checking that all the necessary
switches are on. I f  fitted, the gun-firing trigger
should be operated a t  the same time as the
camera button.

56. I f  the target still fails to release, it should be
towed back over the range and the cable broken,
either by increasing speed or  by dragging the
target in the sea. The  aircraft should be landed
well up the runway with the remaining cable
attached.

57. I n  an emergency, a landing may have to be
made with the target attached. A i r  traffic control
should be warned as early as possible and a steep
approach should be made, landing well up the
longest runway available.

R/T Failure
58. I n  the event of R/T failure : —

(a) I f  the failure occurs over the range, the
attacker must be warned, by waggling the
wings, and the exercise discontinued.
(b) Gliders must be released over the range.
(c) Banner and sleeve targets may usually be
released over the  normal dropping area,
preferably after flying past and waggling the
wings to warn the ground personnel.
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CHAPTER 12

BASIC HELICOPTER FLYING TECHNIQUES
Introduction
1. Control o f  the helicopter usually presents
some difficulty t o  the experienced fixed-wing
pilot during the initial stages o f  instruction.
However, this initial difficulty is soon overcome
and helicopter f ly ing becomes absorbingly
interesting, continually presenting new problems
and new and sometimes amusing possibilities.
For this reason, unless restraint is exercised until
experience i s  gained, over-confidence i n  the
capabilities o f  both the aircraft and the pilot
may easily be bred ; the helicopter pilot should
always remember that although his aircraft is
capable o f  a  wide variety o f  tasks and can
operate from places that are inaccessible to any
other type of vehicle, he may be let down with
little warning and with surprising speed i f  he
mishandles the aircraft. I f ,  on the other hand,
the pilot is careful and uses the recommended
flying techniques, the helicopter is without doubt
the safest flying machine in existence.

Control of Power and r.p.m.
2. The collective pitch lever (the lever) with its
twist-grip throttle, is held in the left hand and it is
the use of this control that presents the greatest
difficulty to the student pilot. T h e  function of
the collective pitch lever is to control power and
r.p.m., and therefore height. I t s  effects are as
follows : —

Raising : increase i n  boost—decrease i n
r.p.m.

Lowering : decrease in boost—increase in
r.p.m.

Operation of the twist-grip throttle produces the
following effects : —

Opening : increase in r.p.m. and boost.
Closing : decrease in r.p.m. and boost.

The safe range of r.p.m. in flight is often quite
small, being limited on the one hand by the
maximum permissible engine speed, and on the
other by the coning angle, which increases as
r.p.m. fall owing to the reduction in centrifugal
force. A n  increased coning angle reduces the
effective rotor disc area, requiring increased
pitch if the lift is to be kept constant ; a  point is

reached at which engine power is insufficient to
overcome the high blade drag and the r.p.m.
then start to decrease. Th i s  condition, always
associated with low r.p.m., is known as overpitch-
ing and the control technique is designed to
avoid it at all times.

3. When increasing power, therefore, the initial
action must always be to first open the throttle
and then raise the lever. When reducing power,
however, the downward movement of the lever
increases rotor r.p.m., so this movement is made
first, the r.p.m. being kept constant by closing
the throttle as the pitch is reduced.

4. I f  it is desired to change the r.p.m. while at a
constant boost setting, the initial action is always
taken with the throttle, but as this always affects
the boost (para. 2) a  lever movement is also
necessary : —

Increase r.p.m.: open throttle, lower lever.
Decrease r.p.m.: close throttle, raise lever.

In the more common helicopter configuration
(i.e. single main rotor with tail rotor), any power
variation requires rudder correction owing to the
change in torque.

Control in Hovering Flight
5. I n  forward flight the effects of the controls on
height, attitude and direction are very similar to
those of fixed-wing aircraft, but their effects while
hovering must be much more clearly defined.

6. The cyclic stick (the stick) tilts the rotor disc
in the direction in  which the stick is moved.
Without t he  weathercock effect caused b y
forward flight this control movement results in
flight bodily sideways, or in any other required
direction, with the fuselage tilting in the same
direction as the rotor. Inertia causes a noticeable
lag between the initial change of attitude and the
subsequent aircraft movement, so attitude must
be the first concern of the pilot if he is to maintain
accurate stationary flight.

7. I n  the hover, therefore, the stick is used only
to control attitude and thus horizontal movement.
Height is controlled by the collective pitch lever,
and direction by the rudder pedals.
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Take-Off and Landing
8. Under all normal conditions the helicopter
should be hovered for a short period immediately
after take-off and before landing. Th is  is done
chiefly to ensure true vertical flight on leaving
and approaching the ground, and when taking off
it also gives an opportunity to check that the
C.G. is in the required position before going
into forward flight. T h e  hover should be
established at a height which gives a safe margin
for manoeuvre (with particular reference to the
tail rotor position in  relation to  the ground)
and which also ensures the maximum ground
effect (less power i s  required t o  hover), so
obtaining a larger margin o f  excess power for
corrections or emergencies. T h e  recommended
height is about the length of one main rotor blade.

9. Any horizontal movement, particularly side-
ways, must be checked during the time that the
weight of the helicopter is borne partly by the
rotor and partly by the undercarriage, as move-
ment at this stage causes out-of-balance forces in
the rotor system which may lead to ground
resonance. While increasing collective pitch and
power during take-off, various yawing, pitching,
and rolling tendencies are experienced, their
strength and combined effects depending on the
design of the particular helicopter. These effects
must be neutralized by use o f  the stick and
rudder controls so that a clean unstick is obtained
without wheel padding, i.e. a  lateral rocking
motion. I n  the single main rotor/tail rotor
type of helicopter the yawing effect is pronounced
and increases i n  magnitude as the aircraft
unsticks and friction between the ground and
undercarriage is lost. Throughout the take-off
r.p.m. must be kept high to avoid the danger
of overpitching. A  high r.p.m. to power ratio
implies a low pitch angle, which prevents the
blade drag becoming too great to be balanced
by the available power.

10. Landing is a less complicated problem, the
chief requirements being a true vertical descent
with a light but firm touch-down and a smooth
(not sudden) movement o f  the collective pitch
lever to zero as soon as contact is made ; the
correct use of the collective lever ensures that the
period during which the weight is being transferred
to the undercarriage is kept to a minimum so that
any lateral inaccuracies have the least chance of
inducing ground resonance. A  sudden down-
wards movement o f  the lever could mean that
blade lift would be lost equally suddenly with the
result that the blades could, in certain circum-
stances, drop so sharply that they strike against
the droop stops. (See para. 82.)

Take-Off and Landing Out-of-Wind
11. Ideally the take-off and landing should be
made into wind but there are times when this is
not always possible. T h e  basic take-off and
landing techniques apply equally in cross-wind
conditions, but in strong winds certain control
limitations exist which must be anticipated and
allowed for by the pilot.

12. During an out-of-wind take-off the tendency
for the rotor disc to flap back in relation to the
wind direction must be checked by use o f  the
cyclic pitch stick, otherwise the aircraft moves
horizontally when unsticking. I n  some heli-
copters the amount o f  rearward cyclic control
available is much less when compared with the
amount of forward control, and loss of control
can therefore occur during a downwind take-off
in a strong wind.

13. Directional control is also impaired during
an o u t -of-wind take-off o r  hover. W h i l s t
hovering in still air a considerable amount o f
anti-torque rudder is needed to counteract the
torque reaction of the main rotor. I f  the torque
reaction tends to turn the aircraft to port, then
right rudder must be used and the amount of
right rudder control remaining is thus reduced.
If, in addition, there is a cross-wind that tends to
weathercock the aircraft to port, then more right
rudder is required and in  a  strong wind ful l
rudder may be insufficient to maintain directional
control. D u r i n g  a  downwind take-off very
accurate directional control must be maintained
owing to the weathercock tendency (see also
para. 33).

14. A l l  these effects play a  part  when the
helicopter is hovering out-of-wind before landing ;
if the wind strength is high the pilot should, i f
possible, test the ability of the machine to hover
on the intended heading over an area that is
clear of any obstructions before approaching for
the actual landing. The selected heading should
if possible be one on which the effect o f  the
cross-wind is to turn the aircraft against the
torque reaction, i.e. assisting the tail rotor, so
that the maximum amount of rudder control is
available.

15. When heading across wind the helicopter
must hover with its rotor tilted into the wind and
the fuselage then tends to take up an attitude
parallel to the plane of the disc. O n  descending
for the landing one side o f  the undercarriage
therefore touches the ground before the other,
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making it essential for the touch-down to be made
as gentle as possible to minimize the rolling
movement as the other wheel comes down. The
strength o f  the rolling moment is considerable
owing to  the height o f  the C.G. above the
undercarriage (Fig.  1 ) .  A s  t he  helicopter
becomes laterally level during the touch-down, a
further rolling effect is encountered owing to the
tendency of the rotor disc to tilt away from the
wind (flapping due to airflow). T h i s  must be
countered by continuing to hold the cyclic stick
into wind after the landing is complete and until
the collective pitch lever is returned to its lowest
position.

Fig. I. Cross-Wind Landing

16. Approach and landing downwind should
only be made when there is no other alternative.
Such a necessity implies an obstructed landing
area, requiring a steep angle of approach at a low
forward speed ; i n  a strong tailwind this pro-
cedure may mean that the helicopter has an
effective backward airspeed which is potentially
dangerous, not only because of the reduction in
directional control but also because rearward
cyclic control may be lost owing to disc stability
making i t  impossible t o  arrest the forward
motion of the aircraft. Even when the tailwind
is not strong, translational lift is much reduced
and the rate of descent must still be kept very
low (less than 200 f t .  per  min.) t o  avoid
encountering the vortex ring state (para. 47).

17. The limiting wind speeds for take-off and
landing o u t -of-wind vary between types o f
aircraft but 15 knots is an approximate figure.
In some tandem rotor configurations the take-off
and landing is  more easily accomplished i n
cross-wind conditions, as this eliminates the rotor
interference which occurs when the aircraft is
headed into wind.
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Landing on Sloping Ground
18. The degree of  slope on which a complete
landing (i.e. the whole of  the aircraft's weight
transferred to the undercarriage) may be safely
made is not very great. Since the angle and
direction o f  the gradient may be difficult t o
detect in a confined area, all landings on unfamiliar
ground must be done with care. T h e  landing
technique is basically the same as that used for a
normal landing, but great care must be taken to
maintain a  constant rotor disc attitude and
fuselage heading while transferring the weight
from the rotor to the undercarriage.

19. As  shown by Fig. 2(a), first contact with the
ground is made by one main wheel. N o  attempt
must be made to make contact with the other
main wheel by use o f  the cyclic stick, as this
would mean tilting the rotor in that direction
and the helicopter would begin to fly sideways.
Full transfer of the weight to the undercarriage
must be made by downward movement o f  the
collective pitch lever, at the same time preventing
the rotor from following the change in fuselage
attitude by "holding off"  with the cyclic stick
(Fig. 2(b)). Th is  stage of  the landing must be

(a)

(b)

ROTOR H O R I Z O N T A L

FUSELAGE H O R I Z O N T A L—  —  —  _  —  —

ROTOR H O R I Z O N T A L

_  FUSELAGE

CYCLIC STICK
CENTRAL

INCLINED

CYCLIC STICK MOVED
TO STARBOARD T O
MAINTAIN ROTOR

ATTITUDE

Fig. 2. Landing on Sloping Ground
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carried out carefully ; i f  the cyclic stick reaches
its limiting stop before the whole of the under-
carriage is on the ground the attempt must be
abandoned, as beyond this point the aircraft is
uncontrollable and horizontal movement cannot
be prevented. I f  the undercarriage has a castoring
nosewheel and the aircraft tends to yaw down the
slope, careful directional control must  b e
maintained with the rudder pedals throughout
the landing. T o  assist in this the wheel brakes
should be applied during the initial approach.

20. When al l  wheels are on the ground, the
collective pitch must be lowered carefully, as this
reduces the lift which may still be required to
prevent movement down the slope on a soft or
greasy surface. R.p.m. must be kept high during
this stage t o  provide adequate directional
control from the tail rotor and to allow for a
rapid increase in power for take-off in emergency.
In this condition the helicopter is very prone to
ground resonance and must be lifted clear of the
ground immediately any inaccuracies develop.
It may be found impossible to reduce collective
pitch completely, but passengers or freight can
nevertheless be transferred to or from the aircraft.
Stopping the engine and rotor on an awkward
slope should be avoided where possible, as the
weight of the rotor blades when at rest is pulled
down the slope by gravity, causing them to swing
on their drag hinges and change their normal
angular separation (rotor systems o f  three or
more blades) ; this in turn shifts the rotor C.G.
from the hub axis and causes severe lateral
oscillation on restarting.

21. Landing on sloping ground requires a high
degree o f  accuracy o f  control, and should
frequently be practised as an exercise so that the
necessary degree of concentration can be achieved
without undue pilot fatigue.

Running Take-Off and Landing
22. A t  high altitudes both engine power and
rotor lift are reduced in the less dense air. I t
may be found, particularly at high A.U.W., that
the helicopter cannot be hovered before landing
and that a  vertical take-off cannot be made.
In these cases a  running take-off or landing
can be made provided that the area is sufficiently
large and has a good surface and unobstructed
approach.

23. To  take off, the helicopter is run forward on
the ground into wind until sufficient translational
lift is obtained to  l i f t  i t  clear. T h e  aircraft
should first be taxied (para. 26) into line with the

take-off path (that affording the maximum run
into wind and lowest obstructions). T h e  cyclic
stick should then be held well forward in order to
tilt the rotor disc and therefore the total reaction,
great care being taken not to cause the blades to
strike the droop stops as they pass the forward
position. T h e  rotor speed should be raised to
the take-off figure b y  opening the manual
throttle, and power then increased further by
raising the collective pitch lever. T h e  aircraft
then starts to  rol l  forward. A s  the lever is
raised the manual throttle must be opened further
to maintain r.p.m. until the throttle is wide open.
In this way maximum power is made available
for the take-off ; any further increase in collective
pitch would cause loss o f  rotor speed and
overpitching. Direction should be controlled
with the rudder pedals and no attempt must be
made to lift the aircraft off the ground by moving
the cyclic stick backwards as the only means of
obtaining more l i f t  is by  increasing forward
speed. T h e  stick must therefore be held well
forward until the helicopter lifts itself off the
ground, a t  which point the stick is  moved
positively back to check the sharp nose-down
pitch caused by the large forward tilt of the rotor
as the aircraft takes off. W h i l e  the aircraft
continues to accelerate after take-off, the stick
must be moved steadily forward again to counter
flap-back of the disc, the aim being to maintain
maximum possible forward tilt of the disc consis-
tent with production of lift, so that translational
lift builds up as fast as possible. A s  the airspeed
builds up and translational lift is increased, the
r.p.m. tend to rise ; this can be countered by
increasing collective pitch and so obtaining an
effective increase in performance and a steeper
climb away.

24. When landing at high altitude, the pilot may
have no safe method o f  checking that the
performance is adequate when forward speed
and therefore translational l i f t  i s  lost. T h e
flattest into-wind approach must therefore be
chosen and the aircraft brought down in a shallow
descent with low rate of descent and an approach
speed o f  about 40 knots. A s  the ground is
approached the descent path should be flattened
by gentle backward movement of the cyclic stick
so that speed is gradually lost at a height such
that the best grotind cushion effect is obtained
without endangering the tail rotor. Height must
then be maintained by increasing the collective
pitch and at the same time keeping the rotor
speed constant by opening the throttle. A s  in a
running take-off, a point is reached at which full
throttle is required to  maintain rotor r.p.m.
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and beyond which any further increase in collec-
tive pitch causes overpitching. When this stage
is reached the helicopter must be kept travelling
quite straight, with no drift and with a slight
nose-up attitude so that forward speed is gradually
reduced until the aircraft begins to sink. Care
must be taken here t o  avoid an  instinctive
upward movement of  the collective pitch lever,
and to level the attitude with the cyclic stick so
that the aircraft touches down with all wheels
simultaneously. Collective pitch must then be
reduced to  zero smoothly and brakes gently
applied to bring the aircraft to rest. A n  accurate
touch-down is essential, as any sideways shock or
bouncing may easily lead to ground resonance.
Excessive flaring must also be avoided as this may
cause l i f t  to be lost too quickly to allow the
attitude to be adjusted before touch-down ; the
danger of striking the ground with the tail rotor
is also present.

25. I t  is stressed that a  running take-off and
landing is used only under conditions where
performance is reduced, and must not be used
as a means of operating the aircraft at more than
the maximum A.U.W.

TAXYING
Introduction
26. The nemssity to taxy a helicopter arises very
infrequently and is confined, fo r  example, to
cases where lack o f  performance prohibits a
vertical take-off and landing. Except in such
necessity taxying should be avoided, particularly
over rough ground, as shocks transmitted via the
undercarriage to the rotor head may lead to
ground resonance.

Use of the Controls
27. To  taxy, the rotor disc must be inclined
forward to provide sufficient thrust to move the
aircraft while a t  the  same t ime producing
minimum lift. I f  too much lift is obtained the
aircraft becomes light and unstable on its under-
carriage. I t  is also necessary t o  obtain the
required total rotor reaction by a combination of
high r.p.m. and relatively low collective pitch,
since a high pitch angle with low r.p.m. increases
the possibility o f  severe blade flapping and
hence out-of-balance forces which could lead to
ground resonance.

28. The first control action should therefore be
to increase r.p.m. to a high figure (approximately
that used for take-off and hovering), keeping the
collective pitch to zero. The  cyclic stick should
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then be moved as far forward as permissible
for the aircraft type, and the collective pitch then
increased steadily until the aircraft starts moving.
(On some types the blades can be made to strike
their droop stops as they pass the forward
position. T h i s  must be strictly avoided since
it causes severe strain on the blade attachment
with the possibility o f  a  subsequent failure.)
Once the inertia of the aircraft has been overcome
and it is moving forwards slowly the collective
lever may be lowered slightly. Forward speed
should then be kept low and controlled by use of
the collective pitch lever while rotor r.p.m. are
maintained with the throttle. N o  attempt must
be made to control forward speed with the cyclic
stick, as any rearward movement of this control
from its maximum permissible forward position
results in an increase in the vertical component of
the total reaction and a reduction in the amount
of the total weight on the undercarriage. I f
reduction of collective pitch to zero is insufficient
to arrest forward movement, the wheel brakes
should be gently applied, and the cyclic stick
returned to the central position only when the
aircraft has stopped. Directional control i s
effected by use of the rudder pedals, and when
the aircraft is being taxied out of wind the cyclic
stick should be positioned slightly into wind to
prevent the rotor disc tilting away from the wind,
with its associated rolling effect.

Special Precautions
29. Great care is necessary when taxying over
rough or soft ground or up a gradient. The power
required to move forward may cause the aircraft
to begin rising and i f  this occurs the attempt
must be abandoned. T h e  helicopter must also
be brought to rest i f  severe lateral oscillation or
fore-and-aft pitching develops. T h e  latter is
particularly dangerous and no attempt must be
made to correct i t  with the cyclic stick as this
would involve tilting the rotor in the opposite
sense to that of the fuselage with a consequent
danger of striking the tail cone.

30. I t  is again stressed that taxying should be
avoided when possible owing to the danger of
resonance, and in this connection i t  should be
remembered that a helicopter which is unservice-
able for flying is also unfit to taxy.

SIDEWAYS A N D  BACKWARDS FL IGHT
Introduction
31. For  the purpose of manoeuvring in confined
spaces the helicopter can be flown sideways or
backwards by simply moving the cyclic stick, and
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therefore t i l t ing the rotor,  i n  the  required
direction. Because the airspeed in sideways and
backwards flight is limited to a low figure (para.
35), the amount of translational lift obtained is
also low, therefore high power is required and
these manoeuvres should normally be done only
at ground cushion height.

Aircraft Characteristics
32. I n  sideways flight the resultant sideways
airflow acting on the tail cone causes a tendency
to weathercock along the direction o f  flight ;
this must be corrected by use of opposite rudder.
The speed o f  sideways flight is limited by the
amount of rudder control required to maintain
the heading and so the speed should always be
low to ensure the maximum amount of control.

Control Movements and Disc Stability
33. I n  backward flight, directional control is also
complicated by the tendency o f  the aircraft to
weathercock into wind or into the relative airflow,
but when a wind is blowing two further problems
arise which demand careful and accurate control
and limit the backward airspeed.

34. When hovering into wind, the helicopter has
airspeed and therefore translational l i f t .  O n
beginning to move backwards, translational lift
is initially reduced and unless collective pitch
and power are increased a sharp loss of height
results. A s  backward airspeed is built up, the
stability o f  the rotor with airspeed causes a
tendency for the disc to tilt away from the direc-
tion o f  fl ight, requiring further backward
movement of the cyclic stick to maintain speed ;
if speed is increased too much the rear stop of
the stick is reached, making i t  impossible to
prevent the disc from flapping back (tilting
towards the nose) if the speed rises further ; the
fuselage attitude also changes with the disc.
When this forward t i l t  occurs, o r  when i t  is
initiated by a forward movement of  the cyclic
stick to arrest the backward motion, an unstable
increase in disc angle of attack occurs, causing
the disc to flap further and further forward until
airspeed is completely lost. I n  this condition not
only is the helicopter temporarily out of control
but full power is required to  maintain height
owing t o  the acute inclination o f  the total
reaction. A t  the higher weights full power may
not be enough to maintain height.

Speed Limitation
35. Sideways and backward flight in  confined
spaces must necessarily be carried out at very low

speed in the interests o f  accuracy, and in any
condition the speed should never exceed 15 knots.
This speed limitation for sideways and backward
flight also determines the maximum wind speed
for take-off, landing, or hovering out-of-wind.

36. Backward flight naturally implies restricted
visibility, and a combination of  sideways flight
and turning on the spot is usually a safer method
of manceuvring.

Turning on the Spot
37. This manoeuvre, in which the helicopter is
yawed through 360° whilst hovering over a point
on the ground, is effected mostly by use of the
rudder pedals ; in the single main rotor/tail rotor
configuration the function of  this control is to
vary the pitch o f  the tai l  rotor blades, thus
changing the magnitude o f  the ant i -torque
reaction produced. Since the tail rotor is geared
to the same drive shaft as the main rotor, an
increase in  tail rotor pitch also increases the
drag and causes a reduction in the r.p.m. of the
whole rotor system. The loss in  rotor r.p.m.
causes a loss of lift. A  reduction in tail rotor pitch
causes an increase in lift. These effects must be
countered by adjustment of the twist-grip throttle
to maintain r.p.m. I n  still air these are the only
considerations, although a  certain amount o f
cyclic stick displacement in the direction of turn is
necessary to turn the aircraft accurately in its
own length. I n  a wind, however, the cyclic stick
must be displaced into wind throughout the turn
to prevent the helicopter from drifting downwind.
The length o f  the tail cone should always be
borne in mind, and a good lookout maintained
in the opposite direction to the turn to ensure
that no obstructions endanger the tail rotor.

Transitions
38. The change from hovering to forward flight
or vice versa is called a transition, and involves
changes in lift and torque which initially present
a complex control problem t o  the  student
helicopter pilot.

39. To  move forward from the hover, the rotor
disc must be tilted forward by a forward move-
ment of the cyclic stick. A s  this is done, there is
an immediate loss of lift and height owing to the
reduction i n  ground effect and the forward
inclination of total reaction. To  keep the height
constant a  simultaneous increase in  collective
pitch and power is required. A s  forward speed
increases, however, translational l i f t  is gained
and r.p.m. begin to rise. T h e  throttle opening
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must therefore be reduced to check the increase
in rotor speed and a rudder correction is also
required to keep straight because of the change
in torque.

40. Transition to forward flight in the downwind
direction should be avoided whenever possible,
since the initial tendency to lose height is intensi-
fied by the loss o f  translational l i f t  which is
obtained during the hover by virtue of backward
airspeed. Further, the initial forward movement
of the cyclic stick results in an unstable increase
in disc angle of  attack (under the influence of
airflow from the rear) and severe nose-down
pitching with loss of rearward control may follow.

41. Transition from forward flight to the hover is
initiated by a backward movement of the cyclic
stick which tilts the rotor disc and total reaction
rearward. A s  speed decreases so does trans-
lational lift, and height must be controlled by
increasing the collective pitch, care being taken
to lead the upward lever movement by opening
the throttle, otherwise the consequent fall i n
r.p.m. causes overpitching. Rudder correction is
also required to counteract the increasing torque
and keep straight ; th i s  also tends to reduce
r.p.m. Fo rward  movement ceases wi th  the
helicopter in a nose-up attitude. T h e  attitude
must then be changed to that for the hover,
otherwise a backward movement occurs. A s  a
general rule the process of transition should be
done at a height which gives the benefit of the
ground cushion but does not endanger the tail
rotor in the nose-up attitude.

OTHER CONSIDERATIONS

Circuit Patterns
42. The flying characteristics o f  the helicopter
make the standard fixed-wing circuit procedures
unsuitable. I t  is i n  fact undesirable for  the
helicopter to conform to these procedures since
they seriously reduce its natural flexibility o f
operation and potential usefulness. Unless a
special procedure is used the helicopter is likely
to constitute a hazard and distraction to fixed-
wing pilots owing to its low speed and small
turning radius ; i t  is therefore essential to have a
circuit pattern which allows the  maximum
flexibility o f  operation and at  the same time
provides the minimum interference with fixed-
wing aircraft.

43. When helicopters a r e  operating f r o m
permanent bases which are also used by fixed-
wing aircraft, they should use the opposite
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circuit direction to that of the fixed-wing aircraft
and a maximum circuit height of 500 feet A.G.L.
Since the helicopter circuit is then on the dead
side o f  the fixed-wing circuit, and fixed-wing
aircraft do not normally descend below 1,000 feet
on this side, a safe separation of the two types is
achieved. A  portion o f  the airfield on the
helicopter circuit side of the runway in use and
bounded by a line parallel to, and at least 75 yards
from, the runway should be set aside as a
helicopter manceuvring area. I f  the runway in
use must be crossed, this should be done only
after clearance from A i r  Traffic Control, and
then at right angles over the centre of the runway.
When leaving or returning to the circuit area the
helicopter should fly at 200 feet A.G.L. and cross
the centre line of the runway in use at a distance
not less than one mile from the perimeter of the
airfield.

44. When approaching an unfamiliar airfield the
most convenient and accepted procedure is to
remain outside the circuit area at a height of not
more than 500 feet until called i n  by  the air
traffic controller. I f  the runway in use has to be
crossed, this should be done at right angles at the
centre of the runway and the helicopter flown to
the indicated landing position.

Overpitching
45. Overpitching is  the term applied t o  the
condition where an excessive blade pitch has led
to a high rotor drag which cannot be balanced
by engine power. T h e  resulting loss of  r.p.m.
causes loss o f  l i f t  and the helicopter sinks
uncontrollably, since any further increase i n
collective pitch only produces a greater loss o f
r.p.m. Overpitching is most likely to  be en-
countered when a t  maximum A.U.W. o r  a t
high altitude where the maximum engine power
is reduced by decreased air density, but it may
also be produced by mishandling the controls, an
example being the failure to lead with the throttle
when increasing collective pitch during a transi-
tion to the hover.

46. Although loss of r.p.m. does not necessarily
indicate overpitching, the remedial action i s
similar to  that for overpitching and must be
immediate. T h e  throttle must be opened fully,
and i f  the r.p.m. are still falling the collective
pitch lever eased downward with the throttle still
held fully open until rotor r.p.m. are restored ;
the collective pitch can then be readjusted as
required.
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Vortex Ring State
47. The vortex ring state occurs most commonly
during a powered vertical descent when the rate of
descent is much above 200 feet per minute. The
symptoms are a pronounced juddering through-
out the airframe and a rapidly increasing rate of
descent which is only aggravated by an increased
collective pitch. I f  the condition is allowed to
continue, the nose yaws and pitches down. A s
the condition only develops in a vertical descent
relative to the surrounding air, corrective action
must be to move the cyclic pitch stick forward
so as to cause forward flight.

48. I t  must be appreciated that to gain forward
airspeed from an uncontrollably high rate o f
descent may involve a loss o f  height of  about
300 feet. The onset of the vortex ring state when
flying close to the ground must be regarded as a
parallel to stalling on the approach in a fixed-wing
aircraft, i.e. to be avoided at all costs. To  this
end the rate of descent should not be allowed to
exceed 200 feet per minute when carrying out a
vertical descent or when approaching at a steep
angle.

49. The possibility of the vortex ring developing
quickly and without warning is probably highest
during the final stages of  an approach to land
when the approach has inadvertently been made
with a  l ight tailwind. I t  is therefore o f  the
utmost importance that the pilot should acquaint
himself as fully as possible with the local wind
conditions, however light, before making an
approach to land. I n  the absence of a positive
indication this may be done by flying round the
landing area at a low ground speed and noting
the drift. Vortex ring state may also be induced
when re-engaging the engine after a  vertical
autorotation unless a definite forward speed is
first obtained.

Ground Resonance
50. The theoretical considerations o f  th is
phenomenon are described in  Vol. 1, Part 1,
Sect. 1, Chap. 16, and from these it is apparent
that any out-of-balance force set up in the rotor
(by faulty blade damping, sideways motion on
landing, or  wheel bouncing) may give rise to
resonance. To  minimize the chances of resonance
it is necessary to ensure complete accuracy at all
times when taking o f f  o r  landing. D u r i n g
take-off, an excessive time spent with the heli-
copter's weight shared between the rotor and
undercarriage must be avoided and the aircraft
must be lifted positively and cleanly o f f  the
ground as soon as i t  begins to  feel " l ight";

for the same reason the collective pitch must be
reduced smoothly and quickly to zero on touch-
down. The helicopter is most prone to resonance
during a  running take-off and landing and
particularly while taxying.

51. The corrective action to be taken i f  ground
resonance occurs varies slightly according to the
actual conditions, but basically, as the phenome-
non results from contact with the ground, the
aircraft should be lifted clear immediately, and
if  possible the rotor r.p.m. should be changed to
alter the relationship between the rotor frequency
and the  undercarriage oscillation frequency
which is causing the resonance. I n  some con-
ditions, e.g. a running landing or taxying, the
power setting may be too low to lift the helicopter
clear of the ground quickly enough ; when this
is so the collective pitch should be reduced to
zero, the engine disengaged and the rotor brake
applied, the intention being to change the rotor
r.p.m. by the quickest means available.

52. I t  is stressed that ground resonance is a most
dangerous condition and i f  allowed to develop
may very quickly result in complete destruction
of the aircraft and injury to the pilot. I n  most
contemporary helicopters t h e  possibility o f
resonance is eliminated as far as possible in the
design stage and, given reasonable care and
accuracy in flying, need never occur.

Engine Failure
53. To  provide for engine failure a free-wheel
unit is fitted in the rotor drive to allow the rotor
to turn independently of the engine. I f  total or
partial engine failure occurs, the collective pitch
must be immediately reduced to ensure auto-
rotation and the engine switched off. I n  this
condition the aircraft glides at a steep angle and
with a high rate of descent, but good control and
manoeuvrability are retained. The  best airspeed
for the glide usually approximates to the recom-
mended climbing speed but, within limits, the
angle of descent may be reduced by increasing the
airspeed. A  further method o f  flattening the
glide is to reduce the rotor r.p.m. by raising the
collective lever. D o w n  to a certain l imit this
results in increased blade efficiency and therefore
increased lift, but it is important that high rotor
r.p.m. should be recovered before descending
below 200 feet. T h e  angle of  descent may be
increased by reducing the airspeed, to  zero i f
necessary, but ideally a forward speed of about
45 knots is required to build up the r.p.m. by
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flaring. A s  the recovery o f  useful airspeed
following a vertical or near vertical autorotation
involves a height loss of some 300 feet, it follows
that the corrective action for overshooting must
be made as early as possible as no effective
increase in airspeed can be made below about
300 feet A.G.L.

54. On approaching ground level, forward speed
is reduced sufficiently to  permit a safe touch-
down, usually b y  flaring (positive rearward
inclination of the rotor and fuselage) which itself
tends to increase rotor r.p.m. T h e  aircraft is
then returned to a level attitude and the higher
rotor inertia resulting from the increased r.p.m.
enables the collective pitch t o  be increased
sufficiently to check the descent completely just
before touch-down. O n  touch-down, the rotor
r.p.m. will be low and, consequently, the coning
angle high ; the collective pitch should therefore
be reduced smoothly to zero so as to avoid the
blades fall ing heavily o n  their droop stops
as l i ft  is lost. I t  should be noted that i f  the
collective pitch is reduced suddenly, the blades
will strike their droop stops—therefore a sudden
movement must be avoided. When the under-
carriage employs skids instead o f  wheels, the
pitch should no t  be  reduced unt i l  forward
movement on the ground has ceased, otherwise
the aircraft may nose-over.

55. On a good surface a touch-down speed of
up to 15 knots may be accepted with safety
provided the aircraft is kept accurately level
and without drift ; however, under true forced
landing conditions the aim should always be
to touch down with zero forward speed. Forward
speed should be reduced at as low a height as is
safely possible since the rate of descent in vertical
autorotation is high, making judgment o f  the
final hold-off difficult. I t  is also important that
the flared attitude should be restored to a level
attitude in good time before touch-down, as
once the collective pitch is increased the r.p.m.
fall, causing (together with a consequent upward
coning of  the rotor) a progressive loss of cyclic
pitch control.

56. Safety Height Margins. Du r ing  the trans-
ition from powered flight to autorotation a rapid
loss of height may occur, the amount of height
lost varying inversely with the airspeed at the
time of the engine failure. I f  the engine fails
whilst at a  normal cruising speed, the actual
height lost during the transition may be greatly
reduced by flaring. T h i s  increases the rotor
r.p.m. and lift and also aids the establishment of

BASIC HELICOPTER FLYING TECHNIQUES
autorotation by  inducing the upwards inflow
more quickly. I f ,  however, the airspeed is zero,
then about 400 feet is lost before ful l  auto-
rotational inflow is established.

57. Unless operationally necessary, therefore,
flight with zero airspeed should not be carried
out between 400 feet and the maximum height at
which ground effect is experienced, i.e. about
40 feet. Because engine failure involves a loss of
height and the reduction o f  speed by flaring is
only gradual, engine failure at very low heights
may have serious consequences i f  the airspeed is
high because it may not be possible to reduce the
airspeed sufficiently in the short time available
before the aircraft reaches the ground. A
typical airspeed/altitude graph fo r  safe auto-
rotative landing is shown in Fig. 3 ; i t  should be
noted that this graph does not have a general
application.
ALTITUDE (FEET)

30 4 0  S O  0 0  7 0

AIRSPEED ( K N O T S  1 A S . )

Fig. 3. Typical Airspeed-Altitude Graph for
Safe Autorotative Landing

0 1 0  2 7 00 S O  1 0 3

58. I t  is desirable that the final part o f  the
approach for an autorotative landing should be
carried out into wind ; i t  is important to re-
member that a considerable loss o f  height will
occur during an autorotative turn through 180°.
Whenever practicable the minimum height on
cross-country flights should be enough to allow
for such a turn. Because of  the steep angle of
descent in autorotation, unnecessary flying over
large towns, heavily wooded areas, and large
stretches of water should be avoided in a single-
engined helicopter.

59. The engine-off landing capabilities o f  the
helicopter provide a degree of safety not found
in other aircraft. Engine-off landings should be
regularly practised as an exercise by all helicopter
pilots, to promote their personal confidence in
the aircraft and to ensure that they are able to
land successfully after an engine failure.
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Flying at Maximum All-Up Weight
60. A n  increase in the A.U.W. requires more
power to  hover and thus reduces the excess
power available for the climb. The performance
varies considerably between types of helicopter,
but full power may be required in some types to
hover at maximum A.U.W. outside the ground
cushion, even at sea level and moderate tempera-
tures. Cruising flight (with translational l i ft)
presents no problem, but flight with little or no
forward speed should only be attempted a t
ground cushion height. Large changes in pitch
attitude should be avoided, particularly when
moving from the hover into forward flight and
vice versa, as the loss of lift involved owing to
the reduction in ground effect and inclination of
the total reaction requires a substantial power
increase to maintain height.

61. I t  should be remembered that the limitation
on maximum A.U.W. may be  imposed fo r
structural as well as performance reasons.

Centre of Gravity Position
62. I n  single-rotor helicopters the safe range
of movement o f  the centre o f  gravity is very
small, often being as l itt le as four  o r  five
inches. T h e  natural attitude o f  the fuselage,
pendulously suspended below the rotor head,
changes with C.G. position, becoming nose-down
with a forward position and more tail-down with
an aft position. Th is  change of attitude affects
the remaining available angular movement
between the rotor disc and the fuselage, and
therefore the amount o f  fore-and-aft cyclic
control available. I f  the C.G. position is beyond
the forward limit, therefore, it may be impossible
to keep the rotor disc horizontal owing to the
extreme nose-down attitude of the fuselage and
so impossible to stop the forward movement.
Conversely, with a C.G. position beyond the aft
limit, forward speed may be severely limited by
the cyclic stick reaching its forward stop. A s  the
normal C.G. range is generally forward o f  the
rotor axis some forward speed is usually possible
.even with the C.G. behind its aft limit, although
in severe cases speed may be limited to a few knots.

63. Since operational use o f  the helicopter
involves the carriage of widely differing loads it is
essential that the pi lot should take care i n
assessing the weight he is carrying and adjust the
C.G. position accordingly. I n  most single-rotor
helicopters the cabin is forward of the rotor axis
and therefore increased load leads to a forward
movement of the C.G. Adjustment is effected by

moving ballast aft or by stowing a portion of the
load in compartments aft of the rotor axis.

64. The safe C.G. range can be considerably
increased by using offset flapping hinges in the
design of the rotor head. The fore-and-aft range
is also greatly increased in  the tandem rotor
configuration, since the pitching moments may
be corrected by differential collective pitch o f
the rotors rather than by angular tilt.

Flying at High Altitude
65. The considerations relating to take-off and
landing at high altitude have been discussed in
para. 22, and i t  should always be remembered
that, even a t  a  comparatively l ight A.U.W.,
insufficient performance may be available t o
enable height to be maintained without forward
speed a t  altitude. A t  I .C.A.N. standard
temperature for the altitude, the most severe fall
in performance occurs above the rated altitude
for the engine ; even so, hovering in the ground
cushion is frequently possible above this altitude.
The assistance given by the ground cushion in this
respect is evident from the fact that the hovering
ceiling in the ground cushion exceeds that without
this benefit by several thousand feet.

66. For the best rate of  climb, I.A.S. must be
reduced as height is gained so that a T.A.S. is
maintained a t  which maximum excess horse-
power is available in  the same way as  fo r
fixed-wing aircraft. Maximum indicated cruising
speed is also reduced, as the higher blade angle of
attack required to obtain l i ft in the rarefied air
causes stalling o f  the retreating blade.

67. The necessity to fly at high altitudes over the
ground does not often arise. However, such a
flight requires particular care and accuracy in
the control o f  attitude. Unless the I.A.S. is
reduced at these altitudes the cyclic stick position
moves progressively further forward with gain in
height, leaving less forward control available for
attitude correction or manoeuvring. Therefore, if
any violent manoeuvre is  attempted, forward
control may be lost, resulting in a severe nose-up
pitch from which the aircraft then "falls away".
Visual references become more remote at height
causing control of attitude, without reference to
instruments, to be more difficult. T h e  pilot is
liable to experience vertigo effects.
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Flying in Tropical Conditions
68. Conditions of high temperature and humidity
cause a  loss o f  performance similar to  that
experienced at high altitude. This  is due to the
reduction in engine power and rotor efficiency.
The A.U.W. may have to be restricted to a figure
lower than the maximum quoted i n  Pilots'
Notes to ensure adequate performance.

Instrument Flight
69. Instrument flight in the helicopter presents
a number o f  problems which have been the
subject o f  intensive research for  many years.
One such problem is that o f  attitude control,
since attitude does no t  vary logically wi th
airspeed as in a fixed-wing aircraft. Fo r  instance,
it is possible to climb or descend at an airspeed
of 45 knots in the same nose-up attitude. Attitude
and airspeed must invariably be referred to a
power setting, and a l l  three are essential to
aircraft control. The artificial horizon becomes a
"master" instrument f o r  this reason, as the
airspeed indicator does not  give an accurate
indication of attitude by itself. A  modified type
of artificial horizon, adjustable in pitch and bank,
can be used ; however, the problem of instrument
failure remains, being temporarily overcome in
some cases by the use of two separately driven
instruments. Contro l  in  hovering flight or  in
flight at very low forward speed presents further
problems ; i n  the first place there must be some
reference to the position over the ground, and
this is impossible in fully blind conditions with
existing instruments without some highly sensitive
form of ground position indicator. N o  such aid
is available now. Moreover, existing airspeed
indicators are insensitive to very low speeds and
changes in pitch attitude at these speeds may
occur so rapidly as to defy accurate control.

70. Therefore, when flying in instrument condi-
tions a forward speed of about 30 knots or more
is essential. A t  this speed there is no particular
difficulty during cruising flight or when climbing
or descending through a layer o f  cloud when
visual flight conditions are known to exist beneath.
Use can be made o f  aids such as G.C.A. or
Controlled Descent Through Cloud and, since
the recommended speed (about 30 knots) is low,
a safe descent may be made to a lower minimum
altitude than in a fixed-wing aircraft.

71. For  ful l  utilization o f  the helicopter, the
ability to fly under I.F.R. conditions is required
of all pilots and should therefore be practised
regularly.

BASIC HELICOPTER FLYING TECHNIQUES
Night Flying
72. Many o f  the considerations o f  instrument
flight apply to night flight. A l l  helicopter pilots
should be able to fly their aircraft by night. Large
attitude changes must be avoided at  all  times
(particularly when taking off or when approach.
ing to land). Climbing and descending and the
cruising height are all controlled primarily by
the use o f  power. F o r  this reason the pilot
should know the approximate power required
for each stage of  his flight. A  landing area of
about 50 feet diameter should be marked by
lights ; most helicopters are fitted with landing
lights which should be used as necessary to
obtain contact conditions for touch-down. Wind
direction must be indicated by some method.

Starting and Stopping the Rotor
73. A  centrifugally operated clutch i s  i n -
corporated in  the rotor drive transmission to
allow independent running o f  the engine fo r
starting. W h e n  the engine is  running satis-
factorily the clutch is brought in to start the rotor
turning. T h i s  operation must o f  necessity be
done gently to  avoid snatching and excessive
torque loads o n  the rotor and transmission
drive shafts.

74. I t  takes some little time to complete the
clutch engagement, during which time the rotor
blades are prone to blade sailing in high winds.
To some extent blade sailing may be minimized
by engaging as rapidly as possible consistent
with smoothness, whilst holding the cyclic stick
in a position which holds the advancing blade
down as cyclic control becomes effective. During
the run-down the rotor should be braked as
quickly as possible whilst holding the stick in a
similar position.

75. These precautions are, however, only effective
in windspeeds o f  up to  about 25 knots and
beyond this speed blade tailing may be unavoid-
able. I t  should be noted that the helicopter
should be started up and run down well away
from obstructions and nor between or in the lee
of hangars where the effects of a gusty wind are
intensified. I n  cases o f  urgent operational
necessity the helicopter may be started up inside
a cleared hangar and then taxied outside for
take-off, o r  landed outside and taxied in  for
run-down. Th i s  emergency procedure must be
carried out under the direct supervision o f  a
squadron or flight commander.

76. The limiting windspeed f o r  start-up or
run-down is increased in some designs by having
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centrifugal droop stops which hold the blades
at a higher angle relative to the fuselage below
certain rotor r.p.m.

77. Blade sailing i s  especially l ikely when
starting up or running down in the gusty con-
ditions caused by another helicopter operating
in the close vicinity, o r  in  the slipstream o f
fixed-wing aircraft. F o r  this reason all  other
aircraft should not manoeuvre in the vicinity of
a helicopter while i t  is starting up or  running
down. I t  is the responsibility of  the helicopter
pilot who is about to start or run-down to check
that no other machine is manoeuvring within this
distance. T h i s  does not preclude helicopters
from being operated f rom confined dispersal
areas, as the danger only exists when rotor r.p.m.
are very low. When rotor engagement is complete,
ample cyclic control is available and the rotors
of other machines at rest may be held by hand if
necessary to  prevent excessive flexing while a
nearby helicopter is landing or taking off.

Icing
78. A  slight degree of  carburettor icing, which
may not be noticed in cruising flight, may cause
a significant loss of  power when the throttle is
opened to establish a hover.

79. Airframe icing is very much more serious in
a helicopter than in a fixed-wing aircraft for the
following reasons : —

(a) Since the wing loading (i.e. blade loading) of
the helicopter is generally very much higher
than that o f  most fixed-wing aircraft (e.g.
the wing loading o f  the Dragonfly is about
three times that o f  the Provost), a  small
amount of ice accretion on the blades is likely
to have a very large effect on rotor performance.
(b) Increase in blade weight due to ice accretion
causes a significant increase in the centrifugal
reaction and  therefore may  impose u n -
acceptable loads on the rotor hub.
(c) Slight inequalities in the amount o f  ice
accretion on individual blades cause blade
unbalance and, since blade balance is very
critical, severe vibration may result.
(d) In some cases, ice accretion on the rotor
head itself may interfere with the system for
controlling the blades.

80. I t  may even be  dangerous to  carry out
ground running of the rotor in foggy conditions
with very low ambient temperatures when ice

may form on the blades. Apar t  from the risk of
ground resonance resulting from blade unbalance,
lumps of ice may be thrown off at a high speed.

81. Helicopters should not be flown in  icing
conditions. I f  icing is encountered during flight a
landing should be made as soon as possible and the
ice allowed to disperse before taking off again. The
use o f  de-icing paste has been proved to  be
ineffective ; only when a comprehensive de-icing
system is available for the blades and rotor head
will prolonged flight in icing conditions be safe.

Overcontrolling with the Cyclic Pitch
82. Fundamentally, excessively large and rapid
changes o f  the disc attitude cannot be made
without the risk of the blades striking their droop
stops. When the disc attitude is changed too
rapidly, the inertia o f  the fuselage causes its
movement to lag behind the disc movement and
therefore the clearance between the blades and
their droop stops decreases until impact occurs.
When the blades strike their droop stops a
severe strain is imposed on the blade attachment
and structural failure can follow.

83. The blades can be caused to strike their droop
stops as they pass across the tail cone by : —

(a) Moving the control column violently
through an excessively large rearward move-
ment while the aircraft is at a high forward
speed, particularly i f  the C.G. is fully forward
and the aircraft is diving.
(b) Making a  too violent transition from a
vertical descent or ascent to horizontal flight,
and then over-correcting by a sudden rearward
movement of the control column.

84. The clearance between the blades and their
droop stops decreases as the coning angle
decreases. Therefore the higher the rotor r.p.m.
(the lower the coning angle) the less can the disc
be tilted during manoeuvres before the droop
stops are struck. T h i s  applies particularly
in autorotation, when the rotor r.p.m. are higher
than in powered flight, and therefore large and
rapid movements o f  the cyclic stick must be
avoided. T h e  entry into an  autorotation is
especially important, since the sharp reduction
of collective pitch produces, momentarily, a very
low coning angle.
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The Aircraft Carrier
1. A n  aircraft carrier is virtually a  compact
floating aerodrome ; her mobility enables fighter
defence and strike aircraft to be brought to bear
in areas outside the range of similar shore-based
friendly aircraft.

2. The ship is stored and provisioned so that, i f
necessary, she can remain at sea for long periods,
although she normally returns to  harbour at
frequent intervals for maintenance and replenish-
ment, thereby providing recreation for the often
overcrowded crew.

3. Basically a carrier consists of a hull on which
is mounted an oblong box ; the top of this box
forms the flight deck, and the interior the hangar,
below and around which are the living quarters,
workshops, storerooms, and engine rooms. Some
carriers have two hangars, one below the other.a'
Flight Deck
4. The flight deck, designed to give the maximum
area for aircraft to be flown-off and landed-on,
extends the full length and breadth of  the ship.
The landing area, which comprises about three-
quarters of the carrier's length, is angled between
5° and 10° to the centre line, and necessitates a

t d i a g o n a l  landing from starboard to port. T h e
angling of  the carrier's deck provides a greater
landing area for faster and heavier aircraft. A
further advantage over "straight-deck" carriers
is that aircraft which miss the arrester wires can
overshoot instead of  entering the crash barriers
which were necessary in "  straight-deck" ships to
protect aircraft positioned on  the deck park
forward.

PLAN O F  HANGARS

PLAN O F  FLIGHT DECK

Fig. I.
Plan View of the Flight Deck of H.M.S. Victorious

5. Along the sides of the flight deck, in the turrets
indenting its sides, is mounted the main gun
armament ; close-range weapons are located in
convenient positions on both sides of the ship.

6. Over the whole of the after part of the flight
deck, stretching athwartships, arrester wires are
provided. When an aircraft is approaching to
land, these wires are raised several inches off the
deck by supports so that at  the moment o f
touch-down a hook trailing below the aircraft
engages with one of  the wires. T h e  wire, each
end of which is attached to a hydraulic ram, yields
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less and less easily as the rams are extended,
thereby bringing the aircraft smoothly and quickly
to rest. Because of the low height of the wires
and their initial give, there is no danger of the
undercarriage becoming entangled.

7. Located right forward are the catapult tracks
—slots cut in the deck—one on each side of the
ship. F rom each slot projects a hook, which is
attached to the aircraft being catapulted and is
connected to  a propelling mechanism beneath
the deck.

8. Aircraft are transported between hangar and
flight deck by lifts, which form part of the deck
surface.

9. Generally speaking, more aircraft are carried
than can be stowed in the hangars. T h e  exact
number of  such surplus aircraft (which usually
amounts to about one-third of the total comple-
ment) is governed by the number which can

conveniently be parked forward clear o f  the
landing area. I n  rough weather these aircraft are
secured with additional lashings, from abreast the
island to right aft, to avoid heavy spray or seas
which may break over the bows. Space in the
deck park is limited, so i f  possible aircraft which
have become unserviceable in flight or are due
for inspection are struck down immediately after
landing ; those at short notice and those expected
to be required for the next range are kept in the
deck park.

Hangar
10. So that the best use may be made of available
space, carrier-borne aircraft are almost invariably
constructed with wings that can be folded when
not in use ; so that the width of an aircraft in the
hangar—or in the deck park—is little more than
that of its centre section. Folding and unfolding,
formerly manual operations, are now, wi th
rare exceptions, performed by a  power-driven
mechanism built into the aircraft.

Fig. 2. Catapulting
The bridle Is seen falling away below the aircraft. I n  the lower left corner can be seen the catapult engineers ;  t h e

directing officer is positioned at  the left centre
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11. Except when being manhandled, aircraft are
always secured to points in the hangar deck, since
shifting, due to motion of the ship or to a sudden
large alteration of course, would cause consider-
able damage as well as endanger life and the ship.

12. The various workshops connected w i th
aircraft maintenance are situated as close to the
hangar as possible and are equipped to deal with
all except major repairs. To  facilitate servicing,
petrol, oil, and air leads are provided in the
hangar as well as on the flight deck ; unless the

CARIUER OPERATIONS
circumstances are exceptional, however, aircraft
are not armed in the hangar.

13. The increased fire hazard in this type of ship
is guarded against by comprehensive fire-fighting
installations and strictly enforced safety regula-
tions. The hangar is divided into sections by fire
curtains which can be lowered from control
positions both inside and outside the hangar, thus
enabling any section to be quickly isolated. I n
addition, the ventilation can be cut  o f f  to
accelerate oxygen starvation and water sprays
from the roof can be brought into operation.

Fig. 3. P i l o t ' s  View of  the Flight Deck just before Touch-Down
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Preparing to Fly
14. The system of ranging aircraft on the flight
deck depends on the method by which they are to
be launched. T h i s  in turn is dictated by the
take-off qualities of the aircraft under given load
conditions, and the wind speed available. Piston-
engined aircraft without overload fuel tanks or
ordnance can usually be given a normal "free"
take-off, in which case the aircraft are spotted aft,
three abreast, with the flanking aircraft pointing
inboard. W i t h  heavily loaded piston aircraft,
jet-propelled, and propeller-turbine aircraft the
catapult is almost invariably required, and the
aircraft are consequently spotted aft and fed up
in the centre line of the deck to the catapult(s).
Engines are not started, however, until the chocks
are manned and the crews settled in, for the range
is so closely packed that propellers are often
only a few inches from parts o f  other aircraft.
When each pilot has run up his engine and

signalled that he is ready to take off, the Flight
Deck Officer (F.D.O.) is informed and, through
him, t h e  Officer-in-Charge Flying and the
Captain.

15. Meanwhile, the course and speed of the ship
have been adjusted to provide the wind required.
Charts in the flying control position in the island
show the wind speed needed for "free" or catapult
launches for each type of aircraft under various
load conditions. A  slight sink over the bows is
acceptable and is not infrequent when working
near the limits in a "free" take-off.

16. Turning the ship into wind to operate aircraft
is delayed until the last moment because to do so
earlier merely means that more ground has to be
made up to regain station thereafter. Th is  is a
vital factor in wartime.

Fig. 4. A  Sea Hawk About to Engage the Arrester Wires
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Flying-Off
17. As the ship turns into wind, chocks are
removed from the first aircraft ; the pilot taxies
forward far enough for his wings to be extended
without fouling flanking aircraft, and then
remains stationary on his brakes until waved
away by the F.D.O.'s green flag. Flying-off may
begin as soon as the officer-in-charge flying
switches on a steady green light, known as the
"affirmative", at his position on the island.

18. During the take-off, it is essential that the
aircraft are kept straight, since, particularly with
some aircraft, there is little clearance between the
wing tip and the island. However, because of the
high wind speed over the deck- 3 0  kts. or more
—positive rudder control is gained as soon as the
brakes are released and any tendency to swing can
therefore be checked quickly.

19. The aim of the F.D.O. is to get the range into
the air as quickly as possible. From the moment

CARRIER OPERATIONS
the first aircraft begins to move, ratings, known
as aircraft directors, rapidly marshal those behind
it to the take-off point. This operation requires
concentration from both pilot and director, for in
such congested conditions a  mistake could
seriously delay the fly-off, as well as cause
damage to other aircraft. As soon as each aircraft
is clear of  the ship, i t  jinks to starboard to
disperse its slipstream from the deck before
climbing away on the original heading. T h e
F.D.O. is thus able to keep the take-off interval
down to about 10 to 15 seconds.

20. Rocket-Assisted Take-Off. When, for any
reason, the available take-off run is insufficient,
additional thrust can be obtained from rockets.
These are normally fitted in pairs and mounted
on either side of the fuselage, in the neighbour-
hood of the wing roots. Each rocket provides
about 1,200-1b. thrust and has a burning time of
about four seconds. They are fired by the pilot at a
predetermined point in the take-off run where
maximum acceleration will be obtained.

Fig. 5. A  Sea Venom Engaging No. I  Arrester  Wi re
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21. Catapulting. A s  previously stated, the
catapult is used for launching loaded piston-
engined aircraft and practically a l l  turbine-
engined aircraft. Most jet aircraft require more
than 40 kts. of wind over the deck for a free
take-off, and in consequence the catapult has
become the primary means of launching them.
Catapults provide a  launching speed o f  over
100 kts., but owing to the high stalling speed of
jet aircraft the wind speed required over the deck
is considerable, and to provide it the carrier has
still to make use of her own speed or any natural
wind.

22. The aircraft is taxied into position on the
catapult, the pilot being assisted by guide boards,
and, in some carriers, . by mechanical means.
When correctly aligned, the catapult bridle is
attached to the launching hook(s) on the aircraft.
At a signal from the directing officer, the pilot

opens the throttle, and when ready for launching
raises his left hand momentarily. On  seeing this,
the directing officer gives the signal to launch.
The acceleration to which the pilot is subjected
is Zig and, provided he is correctly braced in the
cockpit, is  not unpleasant ; there may be,
however, a  false sensation that the aircraft is
climbing steeply. This impression follows from
the effect o f  the acceleration on the pilot's
vestibular organs and muscle sense, and needs to
be guarded against as the aircraft becomes
airborne. Launching intervals aimed a t  are
40 seconds per aircraft per catapult.

Landing-On
23. The procedure followed by aircraft returning
to a carrier is designed to complete landing-on as
quickly as possible, and to avoid interference with
aircraft from other carriers which may be in the
vicinity.

Fig. 6. The End of the Landing Run
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24. The aircraft first return to a waiting area,
from which they are called down by R/T to orbit
at 1,000 ft. adjacent to their carrier. From this
position each division (flight) is brought down by
its leader into the landing circuit, which is very
much the same as the standard airfield circuit, but
at a height o f  300 ft.  T h e  aircraft, o f  which
there should be not more than six at a time in the
landing circuit, are then spaced out at 30-second
intervals, and it is upon each pilot's ability to fly
the circuit accurately, maintaining his distance
from the next ahead, that the speed and success
of the landing operations largely depend.

25. Situated to port of  the landing area is the
deck landing mirror sight, designed to assist the
pilot in judging his flight path to the deck. This
consists, briefly, o f  a mirror, gyro-stabilized in
pitch., with coloured horizontal datum lights on
either side, and a white source light located abaft
the mirror. This light, reflected in the mirror, is
picked up by the pilot on his final approach, who
then adjusts his height according to the position
of the light in the mirror relative to the datum
lights. A  standby mirror is located on the
starboard side o f  the deck. A  steady throttle
setting is maintained throughout the approach,
except when large height and/or speed errors
exist. I f  all the wires are missed the pilot merely
continues up the deck and overshoots to port of
the bows. When the hook engages an arrester
wire the pilot cuts his throttle and the aircraft is
brought to rest in about 120 ft. I n  jet aircraft
little difficulty is experienced in lining up owing
to the excellent view inherent in these aircraft. I n
piston and some propeller - turbine aircraft,
however, additional concentration is required.

26. Each pilot turns in from his down-wind leg
at a  position abreast the carrier. T h e  final
approach is made with engine and should be at
as slow a speed as possible, compatible with full

CARRIER OPERATIONS
control and safety (usually about 10 knots above
stalling speed). A  short "straight-away" (final
approach path) is desirable, and he aims to cross
the stern of the ship at between 10 and 15 ft.

27. I f  the pilot cannot lower the arrester hook,
or in some other emergency when overshooting
may be undesirable or unacceptable, an emer-
gency barrier can quickly be rigged across the
landing area to prevent the aircraft going over the
side.

28. I f  during landing operations i t  becomes
necessary for the ship to  alter course, or  i f  a
hold-up on deck occurs, the officer-in-charge
flying can wave off approaching aircraft by firing
a remote-controlled Very light or by switching on
a distinctive light signal i n  the D.L. mirror
position.

29. A s  an aircraft comes to rest, it is pounced on
by ratings who clear the wire from, and retract,
the hook ; at the same time the arrester wires are
lowered. Taxying forward under the guidance
of directors, the pilot gets clear of the landing
area as quickly as possible, for the next aircraft is
only 30 seconds behind him and a few seconds'
delay i n  r e -erecting the arrester wires may
necessitate a wave-off. Wings are folded as the
aircraft taxies up the deck and it is finally parked
forward and the engine stopped.

Sea Rescue
30. A  helicopter, fitted with a winch from which
a strop may be lowered to the water, is available
for rescue o f  aircrew a t  sea. D u r i n g  flying
operations it is kept airborne, clear of the landing
circuit. I n  addition, a destroyer, when available,
is detailed f o r  rescue duties ; dur ing flying
operations she may be stationed astern o f  the
carrier.
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PART 2 :  SECTION 4

CHAPTER 14

PILOT NAVIGATION
Introduction
1. A i r  navigation is the art of guiding an aircraft
through the air, so that i t  arrives at a desired
position at a calculated time. Pi lot  navigation is
basically the same as conventional "navigator"
navigation, the difference being one of technique
only. The limitations of cockpit space preventing
the use o f  plotting instruments, and the pre-
occupation o f  the pilot with flying the aircraft
limiting the use of computors, together demand
simplified procedures wherever possible.

2. The varying roles of single-seat aircraft, such
as high-level interception, photographic recon-
naissance, low-level close support, have all tended
to prevent the adoption of any single recognized
method ; bu t  i f  the basic principles which are
common to  all forms o f  pilot navigation are
understood, more advanced methods and refine-
ments can be readily appreciated.

The Pilot Navigator's Problem
3. The basis of air navigation is the triangle of
velocities, fully explained in A.P. 1234A, Section
1, Chapter I, paras. 87 et seq. Crew navigation
entails the observation of the aircraft's progress
in flight so that true values are then used in
subsequent triangles of velocities to relate heading
and true airspeed to track and ground speed,
making precise navigation possible. I t  is possible
that at least two components of the triangle, i.e.
heading and true airspeed, wi l l  be recorded
automatically by dead reckoning (D.R.) instru-
ments.

4. Solution of navigational problems by triangles
of velocities i n  f l ight requires plotting and
computors, which are in the main denied to the
pilot navigator. Therefore his technique must
permit simpler interpretation of visual and radio
observations of flight progress.

5. Single-seat aircraft may be provided with an
air position indicator (A.P.I.), but this does not
eliminate the necessity for a computor and some
simple form of  plotting. A s  the speed o f  the
single-seater increases, however, t h e  pilot 's

ability to contend with this form of navigation
decreases. I n  je t  aircraft i t  i s  questionable
whether he should use any type o f  computor,
while any form of plotting is almost impossible.

6. For  the pilot navigator, flying and navigation
are allied activities, the predominance of one or
the other being decided by the operational role.
The navigational factors contributing t o  a
successful sortie are discussed under the following
headings : —

(a) The standard required.
(b) Flight planning.
(c) Aircraft performance.
(d) Mental dead reckoning.
(e) Map analysis and map reading.

STANDARD REQUIRED

Practical Limits Required
7. The standard of accuracy required varies with
the role. Long flights above cloud, without aids,
demand a  high degree o f  flying accuracy t o
maintain accurate D.R. O n  the other hand,
operational requirements reduce flying accuracy.
In such cases it may be necessary to maintain a
mean heading and airspeed and  b e  within
tolerable limits.

8. Accuracy, subject to the limitations imposed
by particular operational roles, should normally
be confined to : —

(a) Heading ±  2°.
(b) Speed f  5 per cent. of I.A.S.
(c) Altitude ±  200 ft.

Effect o f  Inaccuracies
9. Some effects of flying inaccuracies on naviga-
tion are given in the following examples : —

(a) Heading.
T.A.S. 4 5 0  kts.
Heading error 5 °
Time 2 0  mins.
Displacement from track =  12), n.m.
This is equivalent to an unexpected 37i-kt.
beam wind component.
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(b) Speed.
Planned I.A.S. = 200 kts. at 40,000 ft.
Actual I.A.S. =  205 kts., due to  careless

flying.
Result 3 2 - k t .  error in T.A.S., which

is equivalent t o  a  forecast
wind error of  32 kts. Th is
represents a ground error of
about 10 n.m. in  20 mins.

(c) Altitude. Accurate altitude to  within a
few hundred feet i s  o f  minor importance
navigationally, e . g . : —

At 40,000 ft. I.A.S. = 220 kts.
T.A.S. =  453 kts.

At 39,000 ft. I.A.S. = 220 kts.
T.A.S. =  445 kts. o r  8  kts.

error for 1,000 ft. error
in altitude.

2, PAR r 2, SECT. 4, CHAP. 14

FLIGHT PLANNING

Introduction
10. The increasing complexity o f  flying opera-
tions makes i t  necessary to minimize the time
spent on any one particular function in the air.
Accurate pre-flight planning, amended as neces
sary in flight by rapid mental calculations, will
contribute materially to the success of any sortie.

11. By careful study of the route before take-off,
a mental picture of the track can be formed. This
greatly simplifies the recognition o f  landmarks.
By flight planning, map reading can be confined
to definite times when check features are scheduled
to appear. T h e  sense of preparedness for what
lies ahead has considerable influence on successful
air navigation.

12. Flight planning is only possible for sorties
conforming to a strict flight pattern. Operational
factors often rule out the use of a flight plan, in
which case knowledge of  aircraft performance
and adeptness in the use of mental calculations
are important.

Ideal Flight Procedure
13. Pre-flight planning should normally b e
carried out on a basis which requires the pilot to
map read at the following intervals : —

(a) Immediately after leaving base, to provide a
definite point o f  departure and to establish a
time of departure as the basis of ensuing E.T.As.
(b) At  points along the track at appropriate
flying intervals to check the progress o f  the
flight, so that any deviations from the flight

plan may be noted and the necessary correc-
tions made.
(c) At a final point close to the destination, so
that previous alterations may be confirmed and
final adjustment made if necessary.

14. The frequency with which observations are
made depends on : —

(a) The accuracy of navigation required.
(b) The alterations demanded by operational
and other factors.
(c) The navigational aids available, including
opportunities for map reading.

Pilot Navigation Log Card (Form 4255)
15. The Pilot Navigation Log Card is designed
so that the information required in flight can be
recorded in the simplest manner. I t  has a scale
on the front lower edge of nautical miles on a
standard 1 /  500,000 topographical map. T h e
reverse is marked off in 5° and 10° divisions to
assist the estimation of angles.

PILOT NAVIGATION L O G  C A R D  ;(31ki-,

0

I .  1 'i31".14'110 0I I  I  I  ?  „
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\  \  \
M E  MO

T O T A L  T I M E

Oa I  4. I

Fig. I. The Pilot Navigation Log Card (Form 4255)
Showing Both Sides of the Form
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Preparation of Maps
16. Hard-and-fast rules cannot be specified for
the preparation of maps for air use. A  track line
is required to provide a datum for checking flight
progress, and flight intervals may be indicated on
it by any of the following methods : —

(a) Time Scales. These can be at intervals of
10 minutes (5 for high-speed aircraft) at the
estimated ground speed.
(b) Proportional Division. T h e  track may be
marked at I, a n d  I  intervals (or and 4) and
annotated with corresponding flight times.
Interpolation for mid-points by either method
is simple.
(c) Distance Scales. Ten-mile intervals provide
a useful reference in estimating distances and in
applying the one-in-sixty rule (see paras.
31to33), as also does the scale on the edge of the
log card.

17. When radio aids are to be used, the portions
of the compass rose applicable to each station to
be used, may be plotted at 100 intervals and
extended close to the track line, to simplify hand
plotting of position lines.

18. Dotted lines drawn at 5° or 10° on either side
of the track through departure and destination
points are most useful for quick examination of
heading alterations. T h e  angle of track error
can be estimated by noting the location of a
pinpoint in relation to the intended track and
drift line, and appropriate action taken as out-
lined in paras. 29 and 30.

19. Map sheets should be folded so that the
complete track coverage is possible with the
minimum number of  page turns, but without
refolding in flight. They should then be numbered

PILOT NAVIGATION
and stacked in order of use for insertion in the
cockpit. A n  emergency set of maps, enclosed in
an envelope and placed securely in the cockpit,
may relieve an embarrassing situation if a map
drops beyond reach or is blown out of the cockpit.

Planning Sequence
20. A  logical sequence for any flight involving
single-seater technique is as follows

(a) Review all information relevant to the
sortie (i.e. operational instructions, Form D,
navigation details, etc.). Decide on the aim of
the sortie and bear this in mind throughout
the planning.
(b) Study the synoptic situation. Obtain the
wind velocities and air temperatures required
for flight-plan calculations.
(c) Select a pre-flight planning chart, and a set
of maps for the route.
(d) Decide on the route to be followed (unless
already specified), considering the aim of the
sortie, the weather, the navigational aids avail-
able, and any other tactical factors involved.
(e) Draw in the tracks ; measure track angles
and distances and record them on the pilot
navigation log card.
(f) From the data given in Pilots' Notes or the
Operating Data Handbook, decide on R.A.S.
and fuel consumption for each stage of the
flight. Using the forecast temperature, convert
R.A.S. to T.A.S.
(g) Calculate headings to steer using the fore-
cast winds, and log them. Winds are usually
forecast for various stages of the flight and
should be interpolated where these stages do
not coincide with the legs to be flown.
(h) Re-check all calculations mentally.

340• 3 5 0 .  000•000.01

1 P. \

PROPORTIONAL T I M E  \  \
OR D I S TA N C E  M A R K S  \  \

‘‘\1:II

SECTOR I N  W H I C H  P / L i
ARE U S E F U L F O R  G / S  C H E C K

Fig. 2. Prepared  Track
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U) Transfer tracks to topographical maps to be
used in the air, and plot in the aids to mental
D.R. mentioned in paras. 16 to 19, marking in
also the E.T.As. at prominent check-points,
preferably in a contrasting colour.

(k) Draw in  tracks to  diversionary airfields
from the target area o r  other focal point.
Calculate headings, ground speeds, and dis-
tances to  run. W o r k  out flight times and
enter all data in the flight plan.

AIRCRAFT PERFORMANCE

Recommended Speeds and Engine Settings
21. One o f  the governing factors i n  every
navigational problem is that of airspeed. I t  is
also the main factor governing fuel economy in
level flight. Recommended speeds, together with
the power settings and fuel consumption, are
given in Pilots' Notes or in the Operating Data
Handbook.

Best Climbing Speeds
22. I t  is important to reach flight altitude as
quickly as possible so that fuel economy can be
achieved. The  best rate of climb is attained i f  a
particular airspeed and recommended power
setting are used f o r  each stage o f  the climb.
These vary with altitude and constitute the normal
climbing schedule for the aircraft type. They are
given in Pilots' Notes and/or the Operating Data
Handbook.

Time to Altitude
23. The performance data in Pilots' Notes and/or
the Operating Data Handbook give the time for
each stage if the climb to absolute ceiling is made
under I.C.A.N. conditions. These times are
most important in estimating fuel consumption
to operating altitude and wind effect.

Descending Speed
24. The best descending speed is a compromise
of three variables—power setting, indicated air-
speed, and rate of descent. While the navigation
problem is simplified by maintaining a constant
airspeed and rate of descent, the  resulting fuel
consumption may not be acceptable. A s  for the
climb, therefore, each aircraft type has a  set
pattern for descent on which navigation calcula-
tions must be based. The  basic types of descent
are detailed in Pilots' Notes and/or the Operating
Data Handbook.

Calculations of True Airspeed
25. The Climb. T h e  calculation of true airspeed
from indicated airspeeds which vary during the
climb is simplified by preparing a table based on
the performance charts and tables, showing the
variations of I.A.S. and times to altitude.

26. The Descent. A  similar table may be pre-
pared for normal descent, using the same method
as for the climb.

Changes from I.C.A.N. Conditions
27. Differences in temperature from the I.C.A.N.
standard, while affecting only the take-off dis-
tances and operational ceilings of piston-engined
aircraft, must be taken into account for  jet-
engined aircraft. Variation in the density of the
air caused by temperature change has a significant
effect on the time taken t o  reach operating
altitude. T h i s  in turn alters considerably the
navigation problem and calculations o f  fuel
consumption. Performance charts should there-
fore also be prepared for conditions both warmer
and colder than the I.C.A.N. standard.

MENTAL DEAD RECKONING

Definition of Mental D.R.
28. Mental D.R. is the mental calculation of an
aircraft's progress so that its position can be
assessed and alterations to heading and airspeed
estimated to arrive at a required destination at a
calculated time.

Use of Drift Lines
29. As  mentioned in  para. 18, drift lines are
useful for the estimation of  quick alterations of
heading by comparing pinpoints en route with
the intended track and drift lines. A s  an example,
in Fig. 3 a  pinpoint locates the aircraft over B,
approximately *ths o f  the distance from track
to a 5° drift line. The angle between actual and
intended track (track error) is therefore 3°.

5°— DRIFT LINE
— - - - - - - -  — T --1

ACTUAL TRACK F I X  B.

1 TRACK ERROR=3°
INTENDED TRACK 1

Fig. 3. U s e  of Drift  Lines to Determine the Track
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c1 0  MILES HERE =  I0°HERE

4 MILES HERE= 4714 x 60 = 6 ° H E R E - - - - \

1eamanniftiftwa..6_
60 4 0  2 0

BASIC APPLICATION O F  T H E  O N E -IN-SIXTY R U L E .

5 hikes .
Z • 6 0 .  30.

30 2 0

1

50 1 ,  .  I

\  , . . 1 7 0 . . "

I

0
0

9. 3 M  ' . °  . 0  0 0

s
r g

3 w r z :   a o Sg
2.4 C  - - - - -  , ,

Fig. 4. Uses of the Orie-in-Sixty Rule

TO D E T E R M I N E  T R A C K  A N G L E  : —
Estimate angle between track and meridian o r  parallel b y
observing displacement at an arbitrary distance from point or
intersection, and applying 1 : 60 rule. A d d  or subtract angle to
or from parallel heading.

CALCULATING A FIRST ALTERATION TO HEADING 60 :—

Track error •-• — x  3  ... 9*
20

Heading Correction at B,
(a) to destination,

— L  EBD
.... L  BAD +  L  BDA

60 x  3 +  60 x  3-, 20 6 0
...• 9° +  3°
.2 12°

(b) to return to track,
— 2 x  L  BAD
•-  2 X  9°
-  18°

(Heading altered 9° back at G)
HEADING C O R R E C T I O N  A F T E R  S E C O N D  F I X  O N
OPPOSITE S I D E  O F  T R A C K  : —
Heading alteration at C,

.• L  DCE

..  L  BCF +  L DCG
▪ 6 0  x  (3 +  2) +  60 X  2

40 2 0
— 7° +  6°
-  13°

HEADING CORRECTION AFTER SECOND F IX  ON SAME
SIDE O F  T R A C K  ( R E T U R N I N G  T O  T R A C K  B E F O R E

DESTINATION) Heading Correction at C,
—, z  DCE
▪ Z .  BCF — L CDG
.., 60 x  (8 — 3) _  60 x  3

25 3 5
-. 12° — 5°
... 7°

HEADING C O R R E C T I O N  A F T E R  S E C O N D  F I X  O N
SAME S I D E  O F  T R A C K  ( R E T U R N I N G  T O  T R A C K
BEYOND DEST INAT ION)  : —
Heading Correction at C,

... L  DCE

... L  DCG — L  GCE

.... L  CDO — L  BCF

... 60_ x  6  —60 x  (8 — 6)
25 3 0

.. 14° — 4°
-. 10°
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30. When the track error has been determined
relative to the point of departure, the heading is
altered by double the track error towards the
intended track. Then  an adjustment is made,
equal to track error, when the intended track has
been regained. T h i s  method is suitable up to
half-way along track. B e y o n d  this point a
closing angle is estimated. (Closing angle is the
angle between the new required track to destina-
tion and the original track.) The required altera-
tion fo r  destination is  then track error plus
closing angle.

The One-in-Sixty Rule
31. The one-in-sixty rule is based on the fact that
one nautical mile subtends an angle of  1° at a
distance o f  about 60 nautical miles ; 5  miles
subtend 5°, etc.

32. I n  applying the rule, the triangle relevant to
the navigational problem is identified, and the
ratio o f  the length o f  the long side to  60 is
established. Th is  ratio may then be applied to
the angle to reveal the length of the side opposite
to it ; or  conversely, to the opposite side to reveal
the angle i t  subtends. F i g .  4  illustrates some
practical applications of the one-in-sixty rule.

33. The assumption that a specific alteration of
heading results in a corresponding alteration in
track is not strictly true, because the direction
relative to the wind is altered ; consequently the
drift may not remain as i t  was before. F o r
alterations up to 20°, however, the change of drift
can be neglected. F o r  track alterations greater
than 20°, a new heading should be calculated by
the method given in para. 34.

GROUNDSPEED FACTORS

Fig. 5.
Diagram for Calculating Drift and Ground Speed

Estimation of Wind Effect
34. Fig. 5 interprets the angular relationship of
wind to track as two separate functions.

(a) Wind Effect o n  Ground Speed. T h e
maximum effect of wind speed is felt when wind
direction is from dead ahead or astern of track,
and decreases to approximately zero with a
beam wind. T h e  diagram gives the factor of
wind strength for intermediate wind directions,
which is added to  o r  subtracted from the
T.A.S. to give ground speed.
(b) Wind Effect on Drift. Similarly, the angle
of wind to track may be expressed as a factor
of the maximum possible drift resulting when
the wind is on the beam. Maximum drift is
determined by the one-in-sixty rule, using the
wind speed and T.A.S. vectors. The maximum
drift is then reduced by the factor for the wind
direction involved. When the drift is known,
the heading to steer can be calculated to make
good the particular track required.

These calculations are only approximations, but
are acceptable in pilot navigation.

True Airspeed Calculation
35. Two methods are given below for use in
mental calculations f o r  converting R.A.S. t o
T.A.S. Vol.  1, Part 1, Sect. 1, Chap. 2 should be
read in conjunction with these methods.

R.A.S.(a) R.A.S. -I-  60 x  Al t .  (in thousands o f
feet) =  T.A.S.
In this method, the R.A.S. is divided by 60,
then multiplied by the altitude in thousands of
feet. The product is added to the R.A.S.
Example :— R . A . S .  =  360 kts.

Altitude =  15,000 ft.36060 x  15 =  90 ; 360 +  90 =  450 kts.

(b) The second method expresses the airspeed
correction as a percentage to be added to the
R.A.S. under I.C.A.N. conditions. The follow-
ing table gives the percentage for each 5,000 ft.
The correction f o r  intermediate heights i s
obtained by interpolation.

5,000 ft....
10,000 ft....
15,000 ft....
20,000 ft....
25,000 ft....
30,000 ft....
35,000 ft....
40,000 ft....

• • •
•• •
•• •
• • •

7.5 per cent.
16 per cent.
26 per cent.
37 per cent.
50 per cent.
64 per cent.

... 8 0  per cent.

... 100 per cent.
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36. The method in para. 35 (a) is sufficiently accu-
rate for use up to 25,000 ft. The method in para.
35 (b) gives an approximation at all altitudes but
does not allow for compressibility error in the
A.S.I. Vol. 1, Part 1, Sect. 1, Chap. 2, para. 19,
deals with compressibility error in detail. There is
no need to memorize all the table, but sufficient
can be memorized for the usual altitude at which
the aircraft is flown.

Calculations for the Climb
37. For  altitudes up to 20,000 ft., the following
formulae may be used t o  determine a  mean
altitude for which the T.A.S. and wind velocity
(W/V) may be calculated and used throughout the
climb or descent : —

(a) For Constant Rate o f  Climb (or Descent).
Altitude at lower level +  change in altitude.
Example :—For a constant rate of climb from
2,000 to 20,000 ft., or descent through the same
levels, mean altitude (for planning)

• =  Lower level +  change in altitude
=  2,000 ( 1 8 , 0 0 0 )

2,000 9 , 0 0 0  = 11,000 ft.
(b) For a  Decreasing Rate o f  Climb. F o r
altitude at lower level +  change in altitude.
Example :—For a  decreasing rate o f  climb
from 2,000 ft. to 20,000 ft. mean altitude (for
planning)

=  Lower level +  change in altitude
=  2,000 +  3 (18,000)
=  2,000 +  12,000 =  14,000 ft.

38. The foregoing formulae are based on certain
assumptions of wind behaviour and aircraft rate
of climb, which frequently differ from actual
conditions. The variations are usually acceptable
in pilot navigation up to 20,000 ft., but above that
altitude they can no longer be ignored and more
accurate methods must be used, as indicated in
paras. 22 and 26.

Estimation of Distance
39. Constant practice on the ground in the mental
estimation of distances on maps of various scales
is necessary to improve accuracy. I n  addition,
the following aids may be used : —

(a) The P i lo t  Navigation L o g  Card. A
graduated scale of nautical miles on the normal
topographical map (1/500,000) is marked along
the lower edge o f  this card. I f  used with
1/1,000,000 maps, the distance measured will be
twice that  shown o n  the card ; i f  with
1/250,000, the distance measured will be half
that shown on the card.

(b) Hand Measurements. The span of the hand
from the thumb to  little finger provides a
reliable measure, i f  its dimension is known in
terms of the scales of maps used. The distance
from thumb-nail to knuckle crease is useful for
short distances.
(c) Parallels of Latitude or Reference Graticules.
On a map these provide useful visual aids to
distance measurement.

Estimation of Direction
40. As  with the estimation of distance, constant
practice is necessary to improve accuracy, but this
can be assisted by the use of one of the following
methods : —

(a) Pilot Navigation Log Card. T h e  reverse of
the log card is graduated in 5° and 10° divisions
and should be used to give the number o f
degrees to add to or subtract from the nearer
cardinal direction.
(b) Bisecting the Angle. Hav ing decided in
which quadrant the required track lies, the
angle can be estimated quite accurately by
progressively halving the sector in which it lies,
and finally interpolating the estimated "bracket
lines".

000°

045°

TRACK= 075.

Fig. 6.
Angle Bisection to Determine the Track Angle

Estimation of Time of Flight
41. Fractional proportion is the basis of mental
calculations of flight time. Fo r  example, suppose
it is required to estimate the time of flight to cover
250 n.m. at a ground speed of 190 kts. Ta k i n g
the nearest mult iple o f  6 0  t o  t h e  given
speed (180 kts., or 3 n.m. per minute), the
time o f  flight would be 250 divided by 3 =
83 minutes. Bu t  190 is 10/190 (or approximately
1/20) faster than 180, therefore the time of flight
must be reduced by 1/20 of 83, or 4 minutes. The
time of flight is therefore 83 — 4 = 79 minutes.
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42. I n  flight, once two definite fixes o f  the
aircraft's position have been located on the map,
the distance between them represents a known
time interval which then serves as a measure for
other distances, by using the usual methods of
interpolation—halving, doubling, etc. Knowledge
of ground speed is therefore not always necessary.

Amendments to Time or Speed of Flight
43. When fixes reveal that the ground speed is at
variance with the flight plan, mental calculations
are required to amend the E.T.A. or alter the
I.A.S. to maintain the planned E.T.A. I t  should
be appreciated that if any alterations of speed are
necessary they should be made as early as possible.

44. Amendment to E.T.A. can be estimated by
fractional proportion. F o r  example, an aircraft
arrives at a check point after 18 minutes flying
instead o f  the expected 20 minutes, thereby
gaining 2 minutes in 20, or 1/10. I f  50 minutes
of flight time remain, the aircraft may be expected
to gain a further 50 x  1/10, or 5 minutes of time.
Thus the aircraft will arrive 2 +  5 =  7 minutes
ahead of the original E.T.A.

45. A  method of calculating the required revision
of speed to maintain E.T.A. also involves two
stages, but is frequently much simpler, particularly
where fractional division o f  the track is being
used. Suppose that a flight is being made at a
T.A.S. o f  180 kts. and that the ground speed is
such that the total time should be 80 minutes, but
it is found that the aircraft is one minute late at
the first quarter mark. T h e  first stage is to
calculate how late the aircraft would be i f  no
adjustment were made, i.e. 4 minutes. With this
figure the following formula can now be used : —

Additional T.A.S. required
T.A.S. x  Time late on E.T.A.

Actual time to go to E.T.A.
180 x  4

59
=  12 kts.

Note : The use of I.A.S. instead of T.A.S. will
not normally cause appreciable errors.

or 180 x  60 4 (approx.)

46. Precomputation of T.A.S. Adjustments. Cal-
culations in the air to arrive at a readjustment to
T.A.S. can be reduced to a minimum by pre-
computation with the Appleyard scale when flight
planning. A s  an example, assume a distance of
240 n.m. has been flown at a T.A.S. of 160 kts.,
giving a D.R. ground speed of 180 kts. T h e
total time will be 80 minutes, and the aircraft

should be at the quarter, half, and three-quarter
marks at 20, 40, and 60 minutes respectively.

(a) First, precompute for being one minute late
at the quarter-way mark. The aircraft will have
covered 60 n.m. in 21 minutes, instead of 20,
so that its ground speed is 172 kts. instead of
180 kts. Speed must therefore be increased
by 8 kts. to regain the D.R. ground speed. I f
a further increase of speed is made to cover the
next quarter in 19 minutes the aircraft will be
back on schedule at the half-way mark. To  do
this it must cover 60 n.m. in 19 minutes, which
requires a speed of 189 kts., so speed must be
increased by a further 9 kts. until the half-way
mark is reached.
(b) Similarly, computing for one minute early at
three-quarter-way, it is found that speed would
have to be reduced by 9  kts. t o  regain the
D.R. ground speed, and by a further 8 kts. to
lose one minute over the next quarter of the
flight. A  note of these figures can be made on
the flight plan thus : —

Adjustments to T.A.S. f  Late + 8  + 9  kts.
for 1 min. in 20 l E a r l y  —9 —8 kts.

These figures will give, in the first column, the
necessary adjustment to T.A.S. to restore the
actual ground speed to the D.R. ground speed,
and, i n  the second column, the adjustment
necessary to gain or lose one minute over the
next section.
(c) Multiples of these figures can be used with
reasonable accuracy. F o r  instance, i f  the air-
craft were three minutes late at quarter-way,
speed could be increased by 3 x  (8 +  9) =  51
kts., and having regained schedule at half-way
speed could be reduced by 3 x  9  =  27 kts.,
to make good the D.R. ground speed over the
remaining distance. Similar ly,  i f  such an
increase was not practicable with the aircraft in
question, the speed could be increased by
3 x  8 =  24 kts., to restore the ground speed,
and then increased by 9 kts. which will enable
the aircraft to pick up one minute in each of
the remaining quarters.

47. The application o f  these calculations t o
increase airspeed, when time is being lost, i s
similar.

48. I t  should be realized that in a slower type of
aircraft it may be possible to use an Appleyard
scale for these ground speed calculations. Even
when this is possible, however, such calculations
should still be checked mentally in the manner
described above.
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Dog-Leg Procedures
49. When time has been gained, the dog-leg
procedure may be used to lose it. Heading is
altered 60° in either direction for the length of
time that is to be lost, then altered 120° in the
opposite direction for the same length of time to
regain track, when normal heading is resumed.
The aircraft will thus have flown two sides of an
equilateral triangle, and the time spent in flying
the dog leg will be twice that required to fly the
direct track (Fig. 7(a)).

50. A  similar procedure, altering heading first
30° in one direction, then 60° in the other until
track is regained, may be used for small adjust-
ments to E.T.A. F o r  every minute to be lost,
heading should be altered for 4 minutes away from
track, and 4 minutes towards track (Fig. 7(b)).

51. The use o f  dog-leg procedures t o  avoid
obstacles, bad weather, etc., enables E.T.As. to
be amended simply and quickly.

52. (a) I f  there is a choice of  a turn either to
port o r  to starboard for  the dog leg, i t  is
normally better to turn into wind, if there is a
cross-wind. T h i s  ensures that the original
track will be crossed on the second leg.
(b) When a large amount of time has to be lost
by dog leg, a single dog leg will take the aircraft
a long way from the original track, and i t  is
better to carry out a series of short dog legs so
that the aircraft remains close to the track.
(c) I t  should be noted that the aircraft will be
carried down-wind from track by a distance
equal to the wind effect for the extra time spent
on the dog leg. I n  conditions of strong cross-
wind, therefore, the aircraft may have to turn
early on the second leg to maintain its required
track.

TIME OF FLIGHT
c F R O M  A to Byia.C.

120 =--2xTIME FROM
A to B DIRECT

RESUME ORIGINALCOURSE
i I▶

PILOT NAVIGATION
MAP ANALYSIS

General
53. Every pi lot should be familiar with the
general properties of the various types of maps,
and the symbols used. I n  map analysis the
process is carried a step further and attention is
given to whole areas along the route, assessing in
detail the various features thereon so that a full
mental picture is  buil t  up. A p a r t  from i ts
operational use in familiarizing the pilot with his
flying areas, target, etc., this is an excellent way of
improving map reading ability.

Feature Analysis
54. When extracting detailed information, a
logical sequence o f  analysis is necessary. T h e
following is an example : —

(a) General location.
(b) Relief.
(c) Coastlines and water features.
(d) Agricultural and built-up areas.
(e) Communications.
(f) Special features.

The actual selection o f  features will depend on
the type of sortie.

General Location
55. Under this heading, the general aspects are
considered, e.g. whether the area is coastal or
inland, flat or mountainous. A n  area summary
for the route and surrounding area should then
be made. This  will consist of dividing the route
into sections having similar general characteris-
tics. F o r  example, heavily built-up areas, hil l
moors, and so on.

Fig. 7. Dog-Leg Procedures
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Relief
56. Relief is normally well portrayed on nearly
all maps by contours with or without layer tinting.
Such information can normally be assimilated at a
glance and the height of the highest ground in the
area assessed for safety purposes. However, when
low flying it is possible to obtain either cover or
valuable pinpoints from hills, valleys, etc., so that
a closer study becomes necessary. The approach
should then be as follows : —

(a) Are the hills in ranges and, i f  so, what is
their direction ?
(b) Are the slopes steep or shallow ?
(c) What are the minimum and maximum
heights of ground ?
(d) Are the valleys deep and broad or  just
shallow indentations, etc. ?

Coastline and Water Features
57. The nature of a coastline is important ; cliffs,
sand dunes, and width and nature o f  beaches
being the outstanding features. Indentations
such as estuaries, lochs, fiords, etc., are excellent
fixing features. The  direction of flow, size, and
watershed pattern form the basis of analysis for
rivers. Lakes are very distinctive landmarks,
being recognizable by their shape, type of shore,
position of  islands, and surroundings (marshes,
forest, etc.). T h e i r  relation to  other features
forms useful patterns which simplify map reading.

Agricultural and Built-up Areas
58. Again, the general features of  the area are
studied. The  shapes of wooded areas and types
of trees, ploughed or cropped land, and terracing
will, i f  indicated, give the pilot navigator a
valuable insight into what to expect on the sortie.

59. Built-up areas also form distinctive landmarks
by virtue of their size and shape, and the patterns
they form with other towns o r  line features.
Mines, brickworks, churches, cemeteries, etc.,
are usually indicated on the map and provide
easily recognizable pinpoints.

Communications
60. Roads and railways almost invariably lead
into important focal areas, and their patterns are
useful. Single and double tracks, embankments
and cuttings, bridges and tunnels, are aids to
identification. The road system may be examined
to observe the frequency, direction, and type of
surface. By-passes, bridges, traffic islands, etc.,
should be noted to complete the mental pictures.

Special Features
61. This heading covers the remaining miscellan-
eous features such as airfields, wireless stations,
power lines, oilfields, lighthouses, etc.

MAP READING
General
62. The following points are particularly applic-
able to single-seater technique. There are four
basic factors upon which the success o f  map
reading depends : —

(a) Knowledge of direction.
(b) Knowledge of distance.

Note.—(a) and (b)combine to make anticipation and
recognition of landmarks possible.

(c) Identification of features.
(d) Selection of landmarks.

Direction
63. The first action in map reading is to orientate
the map. B y  so doing the pilot navigator relates
the direction of land features to their representa-
tions on the map, and so aids recognition.

Distance
64. When the map has been properly orientated
it becomes easier to compare distances between
landmarks on the ground with their correspon-
ding distances on the map, thus facilitating the
fixing of position.

Anticipation of Landmarks
65. I n  pre-flight planning the relationship o f
easily recognizable features to the intended track
is noted, and a time established at which the
aircraft will be in their vicinity. Thus, in flight,
the map reader is prepared to make his visual
observations at a particular time, avoiding undue
diversion of  attention from other details o f  the
sortie.

Check Features and Priority Selection
66. The basic principle governing the selection
of best check features is the ease with which they
can be identified. They must be readily distin-
guishable from their surroundings. T h e  con-
spicuousness of any check feature depends on : —

(a) Angle o f  Observation. A t  l o w  levels
features are more easily recognized from their
outline in elevation rather than in plan. A s
altitude is increased the plan outline becomes
more important.
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(h) Dimensions of the Feature. A  feature which
is long in one direction and sharply defined in
the other is better ; t h e  length makes the
feature easier to see despite airframe restric-
tions t o  downward vision, and i ts shorter
dimension permits an accurate estimation of
the aircraft's relation to the feature, either in
tracking along it or in timing the movement of
flight directly above it.
(c) Uniqueness o f  the Feature. T o  avoid
ambiguity the ideal feature should be the only
one of its particular outline in the vicinity.
(d) Contrast and Colour. These properties play
a large part in the identification of a particular
feature. M a p  reading may be complicated by
seasonal variations, e.g. deciduous woods in
summer and winter, and landscapes before and
after extensive snowfalls. Contrast and colour
also play their part in identifying coastlines
after a long sea crossing.

Fixing by Map Reading
67. Map reading techniques largely depend on
the weather and are evolved for : —

(a) Conditions which permit continuous visual
observations of the ground.
(b) Conditions which limit visual observations
of the ground to unpredictable intervals.

Map Reading in Clear Weather
68. By means o f  a time scale on the track,
graduated either to the ground speed of the flight
plan or to the actual ground speed observed from
two or more previous fixes, the pilot navigator
can be prepared to look for a definite feature at a
definite time. A s  a  check on  identification
additional ground detail surrounding the feature
should be positively recognized.

69. Thus when in continuous contact with the
ground, map read from map to ground.

Map Reading in Cloudy Conditions
70. This technique is used when flying through
broken cloud or when descending through cloud.

71. The pilot first estimates a circle of uncertainty
for his position, based on a 10 per cent. error of
the distance flown from his last known position.
As a steady heading is maintained the circle of
uncertainty will move along with the estimated
D.R. position, increasing in diameter.

72. The pilot then studies the ground features
over which he is passing, noting outstanding
features and the sequence in which they occur. He
then attempts to identify these features on his
map within the circle o f  uncertainty and so
establish his position and track made good
(T. M . G.).

73. Thus when seeking to establish position, map
read from ground to map.

USE OF RADIO AIDS
Introduction
74. The basic requirement in pilot navigation is
to relate the actual progress of the aircraft over
the ground to the required track, so that any
corrections may be made to heading, airspeed,
or E.T.A. to arrive over a desired position at a
specific time. When map reading, the position
of the aircraft is  related t o  identifiable land
features, and the information interpreted b y
means of a map. When using radio observations,
the ground transmitting station takes the place of
the landmark and the information obtained o f
the aircraft's relation to it is interpreted by means
of maps or specially prepared radio charts. When
visibility permits both visual and radio observa-
tions, one can be used to corroborate the other.

75. The type of information obtained varies with
the type of radio aid ; some provide an immediate
fix while others merely reveal the bearing of the
aircraft from the aid.

V.H.F. D /F
76. The simplest method of checking track is to
request a true bearing from the point of departure
by V.H.F. D/F. This will reveal track error. I f
the error is doubled and applied as a correction
for the length of time that the aircraft has been
flying, track will be regained. A  simple alteration
of heading will then hold the aircraft on track.
Example :

1000 hours

1010 hours

1020 hours

Base. Set heading for B. Inten-
ded track 090°(T).
Q.T.E. B a s e  098°(T). A l t e r
heading 16° port.
Check Q.T.E. 090°(T). A l t e r
heading 8° starboard. I f  no check
Q.T.E., s t i l l  al ter heading 8 °

starboard.
True bearings from destination may be used to
determine the closing angle, or for simple homing.
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77. Ground Speed Checks. F l i g h t  planning
should have revealed D/F stations on either side
of track. Position lines obtained from these
provide accurate ground speed checks if the angle
of intersection with the track is at least 60°. F o r
convenience i n  plotting, the map should be
prepared as described in para. 17.

78. The calls made on V.H.F. should be carefully
planned so that every bearing received is useful.

Position Fixing, Using V.H.F.  D /F
79. From the foregoing it will be seen that two or
more intersecting position lines will give a fix.
For pilot navigation the need for rapid fixing
usually limits the number of position lines to two.
These should cut each other at as near to right
angles as possible.

80. As  bearings will usually be obtained succes-
sively, it will be necessary to transfer the first in
relation to the second. I f  the first bearing is taken
from a D/F station ahead or astern of track, its
transfer in relation to the next bearing will be
achieved simply by extending it.

81. The procedure for obtaining a two-position
line fix is therefore : —

(a) Obtain a true bearing from a station ahead
or astern of  track, and plot the appropriate
portion o f  the position line near the D.R.
position.
(b) Obtain a true bearing from a station on the
beam, and plot a portion of the position line to
intersect the first. The intersection of the two
is the fix at the time of the second position line.

82. V.H.F. D/F Fixer Service. I n  some areas
where fixer services exist, the above procedure is
unnecessary since three D/F stations will take
bearings simultaneously on an aircraft's trans-
mission. T h e  control station plots the bearings
obtained and relays the fix to the aircraft.

Tunable Beam Approach (T.B.A.)
83. With T.B.A. the beam directions are fixed
and therefore provide definite position lines only
when the aircraft is actually in the beam.

84. The beams likely to be used should be plotted
as true bearings (magnetic headings to the beacon
are usually quoted) at the pre-flight planning.
When approaching the beam the receiver is tuned
to the appropriate frequency, and the beam
signal should then be heard. I t  is important to

identify the beam by its call letters which interrupt
the beam signal at  approximately half-minute
intervals.

85. I f  the aircraft is flying a track which intersects
the beam, a clear A  or  N  will first be heard,
depending upon which sector the aircraft happens
to be in. A s  the beam is approached, the clear
letter merges with a steady background signal,
the combination being known as the twilight zone.
As the aircraft enters the beam the steady signal
only is heard ; and the passage through the beam
is timed until the letter of the opposite sector is
heard faintly through the steady signal. T h e
aircraft has now reached the twilight on the
opposite side of the beam. The times of entering
and leaving the beam are averaged, and the mean
time will be the time on the position line.

86. This type o f  position line can be used to
intersect other radio bearings or line features to
give a fix.

Voice Rotating Beacon
87. This is a ground transmitting station with a
constantly rotating aerial system which transmits
a beamed signal. A  voice recording is syn-
chronized with the rotation of  the aerial system
to announce the Q.D.M. for the beacon. T h e
voice transmissions are heard faintly until the
beam swings through the aircraft's position, when
they increase considerably i n  volume. T h e
Q.D.M. of the beacon is the direction announced
by the loudest voice transmission.

88. A  position line is obtained from this radio
aid. When the transmitting station is located at
the destination a homing can be made.

LOW-LEVEL PILOT NAVIGATION

General Review
89. Low-level navigation may be described as any
navigation carried out during flight less than
500 ft. above ground level. The main problems
of flight at low level arise from the more limited
panorama and the restriction in the use of radio
aids. A t  100 ft. over the sea the horizon is
nearly 12 miles distant ; bu t  over land at the
same height, the range of vision may be reduced
to less than a mile by undulating terrain. Thus
the number of landmarks visible at one time under
normal conditions is much smaller.
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90. Another difficulty is that of identifying land-
marks from an entirely different perspective. A t
high airspeed the plan outline of the individual
feature and the patterns it makes with others are
of l i t t le value when viewed obliquely. I n
addition, high-speed flight close to the ground
compels the pilot navigator to give more time to
flying his aircraft. Therefore, i f  low-level sorties
are to be carried out successfully, navigation must
be very efficient and, as far as possible, automatic.
This ability can only be attained by constant
practice, a thorough knowledge of the problem
involved, and application of the correct technique.
Since the radius o f  turn at high speed can be
several miles, allowance must be made for this
effect when large changes of heading are necessary.

Selection o f  Maps
91. While map selection is mainly a question of
personal preference, consideration should be
given to the number of  sheets involved for the
entire track before a final choice of scale is made.
While a inch  to the mile map is suitable for slow
aircraft, the i n c h  to the mile (1 /  500,000) is
usually better for high speeds.

92. Large-scale maps, such as the i n c h  to the
mile and the 1 inch to the mile series, are useful
when planning a sortie for which great accuracy
of detail is required in target areas and at turning
and check points. Large-scale maps invariably
show relief in great detail, and are valuable when
determining the best method of approaching and
leaving a defended area. Landmarks to identify
the starting point of lead-in features, etc., may be
selected from the large-scale map.

93. Having planned the flight on a large-scale
map, any relevant information on it not included
on the 1 /  500,000 map to be used in flight should
be transferred onto this map. The  in-flight map
should be thoroughly prepared before take-off.

Planning the Low-Level Sortie
94. I t  i s  impossible t o  complete a  detailed
planning thoroughly and successfully without a
comprehensive realization o f  what the sortie
involves. T h e  main point to consider at this
stage, when studying the available information in
conjunction with a map of  the area, is the best
route to be followed after considering the factors
discussed in the following paragraphs.

95. Mountain Ranges and High Ground. W i t h
these are associated changeable weather, bad

PILOT NAVIGATION
visibility, low cloud, turbulence, etc., involving
pinpointing difficulties. In tense concentration
is required to maintain a constant altitude above
rugged country.

96. Bad Weather Areas. The areas down-wind of
industrial centres should be  avoided as the
visibility in them is likely to be poor.

97. Sea Crossings and Landfalls. Sea crossings
should be kept as short as possible to facilitate
navigation, with due regard to tactical require-
ments. Coast crossing points should be selected
to give unmistakable landfalls well before the
actual crossing, e.g. promontories, high cliffs, or
lighthouses.

98. Length of Sortie. A n  indirect route should
never be followed at the expense of a reasonable
safety margin o f  fuel. I t  may be better t o
complete a  shortened route without overload
tanks and fewer available landmarks, thus gaining
tactical freedom and improved aircraft per-
formance.

99. Direction of the Sun. I t  is very easy to over-
shoot landmarks when flying into the sun, and
obstacles obscured by glare may be quite hazar-
dous. F ly ing up sun in industrial haze makes
map reading from low level difficult, and accurate
attacks virtually impossible.

100. Weather. The most carefully laid plans and
calculations are easily upset b y  unexpected
changes in the forecast weather. However, such
changes need not upset the pilot who possesses a
sound knowledge of weather in general, and local
weather in particular, and is prepared to back
that knowledge with common sense. When flying
in conditions o f  poor visibility care should be
taken not to lose visual contact. A s  soon as
contact is lost the aircraft should be climbed on
track up to the safety altitude.

101. Routing. W h e n  planning the sortie the
tactical factors must be correlated with the most
effective use of navigational aids when selecting
the route. O f  particular importance are line
features such as rivers, roads, or railways leading
to the target. F i g .  8  illustrates what well-
conceived routing can achieve. W h e n  large
changes of heading are made at high I.A.S. the
planning should allow for the radius of turn (the
diameter of the turning circle is approximately
equal to two-thirds o f  the speed in miles per
minute).
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Map Reading
102. When considering the suitability of a land-
mark as a check point on a low-level sortie, the
following points should be borne in mind : —

(a) The landmark must be clearly visible.
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Its height above ground level is  therefore
important.
(b) I t  must be the only feature of its particular
kind in the immediate area.
(c) I t  should extend on each side of the track
to absorb any likely track error.
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Fig. 8. Example of a Well-Planned Routing
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103. Examples of good low-level landmarks are
large wooded hills, towns on  hillsides, and
isolated coal-mines or factories, the slag heaps or
chimneys o f  which rise above the surrounding
countryside. H i l l s  and valleys are easily visible
from low level and will partly compensate for the
reduced field of vision.

104. T h e  number of  major pinpoints required
depends on the length of the sortie, the speed of
the aircraft, and the prevailing weather. A  first-
class pinpoint every 10 minutes is ideal in good
conditions ; but  i f  there is any doubt about the
accuracy of the forecast wind, or the visibility at
any point, a smaller time interval is advisable.

105. The pilot navigator should never orbit to
look for  features, as this upsets the carefully
prepared flight plan and time scales. I f  tactical
factors allow, however, a  climb t o  several
hundred feet just before the E.T.A. at the next
check feature increases the range and field o f
vision. T h i s  course i s  recommended when
uncertain o f  position in the early stages o f  a
sortie, but tactical considerations may preclude
it over enemy territory.

106. Finally, although it is impossible to maintain
a constant heading and airspeed at low level, the
experienced pilot navigator averages the errors
introduced by detours round obstacles, etc., by
applying equal corrections in the opposite sense
(see paras. 49 to 52) and will amend his E.T.A.
or airspeed by comparison of planned and actual
times of arrival over check features.

Feature Tracking
107. While D.R. is the usual basis of air naviga-
tion, its inaccuracies at low level can be largely
overcome by resorting to the technique of feature
tracking. T h e  fundamental principle o f  this
method is the use of topographical line features
(railways, roads, rivers, coastlines, mountains,
valleys, etc.) to provide a continuous and accurate
indication o f  track, thus permitting an exact
approach to points on or near the line feature.
Line features should be close to the desired track
and easily recognizable.

108. Funnels. W h e n  two such l ine features
intersect they are said to constitute a  funnel,
which is of great importance to the pilot flying by
D.R., as track errors can be corrected by flying
into a  funnel until one o f  the line features is
reached. T h i s  can then be followed to  the

PILOT NAVIGATION
destination or check point. Fig. 8 also illustrates
this technique.

HIGH-LEVEL PILOT NAVIGATION
Introduction
109. Some additional factors to consider when
navigating at high level are : —

(a) The difficulty of predicting high-level winds
accurately.
(b) Navigation i n  prolonged cl imbs and
descents.
(c) Map reading may be restricted by cloud.
(d) The altered perspective for map reading.
(e) The increased range of radio aids.

Selection of Maps and Charts
110. For high-level map reading a  scale o f
1 /  1,000,000 is recommended as a practical scale
as the need for detail on a map diminishes with
increased height.

Selection of Ground Features
111. I t  is not proposed to list all landmarks but
rather to give an order of usefulness for normal
flying a t  high altitudes. T h i s  i s  usually as
follows

(a) Coastlines.
(b) Lakes and estuaries.
(c) Large rivers and canals.
(d) Main roads.
(e) Large towns.
( f)  Railways.
(g) Small towns.

High-Altitude Navigation Technique
112. The climb is started at a convenient point
near the aerodrome. Dur ing  the climb a pin-
point may be obtained as a rough check on the
correct heading. A s  soon as possible after
levelling out the pilot navigator should pinpoint
his position to check the progress made during
the climb. A s  for navigation at any other level,
the aim is to obtain reliable checks on track and
ground speed at suitable flight intervals.

Map Reading
113. Map reading i n  clear weather is  much
simpler from high altitude than from low level
owing to the improved field of view and range of
visibility. Ground features are seen in plan as on
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a map ; t h e y  a re  more easily recognized
individually and the patterns they form with
other ground features are helpful.

114. While map reading i s  simplified, p in -
pointing becomes more of a problem, because it
is difficult to determine the true vertical from
aircraft to ground and downward vision may be
severely limited. T h e  position at any moment
can be established in  either o f  the following
ways : —

(a) By judging the bearing and distance from a
ground feature to one side of the aircraft.
(b) By observing the proportionate distances
of the aircraft from two recognized features,
one on each side of the aircraft.

115. I n  the first procedure, the judgment o f
distance may be developed by estimating the
distance between two ground features and then
checking the estimate against the actual distance
measured on a map. Wi th  practice, distances can
be estimated visually with sufficient accuracy.
With the map correctly orientated the bearing of
the aircraft from the check feature can be easily
estimated.

116. The second method is based on similar
principles except that with two ground features
appearing simultaneously, one on each side of
the aircraft, distance in terms of miles is unneces-
sary. The  distance from one is interpreted as a
proportion of the other, and the fix is then located
between those check features on the map in the
same proportion.

117. T h e  awkwardness o f  pinpointing can be
avoided by  selecting line features which run
parallel to the track or at right angles to it. Long
line features are easily seen from directly above ;
and by their relative direction along or at right
angles to the track serve as a check on track or
ground speed respectively. T h e  fact that track
and ground speed are not assessed simultaneously,
as they are with the pinpoint, does not detract
from the value of this technique.

CONSIDERATIONS OF HIGH-SPEED
NAVIGATION

Principal Considerations
118. While the basic navigational calculations
remain the same fo r  any flight speed, i t  is
interesting to analyse the possible influence o f

high speed o n  p i lo t  navigation technique.
Increased airspeed may be considered in two
ways : —

(a) For a given time, the distance travelled will
be greater.
(b) For a given distance, the time of flight will
be less.

119. The need for  accurate steering becomes
apparent, for any deviation from heading will
result in a larger displacement from track than
would have been the case at a lower airspeed, and
allowance must also be made for the distance
covered in turns as the radii of turns are greater.

120. Fractions of  minutes must now appear in
E.T.As. and allowance must be made for turning
radii, otherwise the aircraft may not come within
visual range o f  the required ground position.
Visibility and the speed of human reaction must
be given full consideration in  establishing the
safety factors of a low-level sortie.

121. A t  high speed, variation in airspeed has less
effect on the resulting ground position or E.T.A.
A 5-kt. error in  airspeed over a  distance o f
300 miles flown at 200 kts. causes an error of
about 7 miles in ground position, or an error of
2} minutes in flight time. A t  600 kts., the same
airspeed error results in errors of only 23- miles
in position or 15 seconds in E.T.A.

122. Wind effect also decreases with an increase
in airspeed, as the time in which it can influence
the flight is reduced. A  50-kt. wind, at an air-
speed of 200 kts. can produce a maximum drift
of 14f° and vary the still-air flight time for a
300-mile distance from 18 minutes less to 30
minutes more. A t  airspeeds of. 600 kts. the
same wind produces a 5° drift, and varies the
still-air flight time by only 21 minutes. Aircraft
capable of  600-kt. airspeeds usually operate at
altitudes where winds are generally stronger and
less predictable than those encountered by the
200-kt. aircraft. A n y  tendency to minimize the
effect of wind on high-speed aircraft is therefore
unwise until more is learned of the upper air.

123. I n  general, flying and navigating an aircraft
requires greater skill as speeds increase ; wind
errors decrease but steering errors increase ; and
although wind and airspeed errors result i n
smaller variations in E.T.A., seconds must now
be considered. F ina l l y,  the pilot navigator's
attention must be divided between flying and
navigating in unequal proportions, because the
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PILOT NAVIGATION
time required fo r  accurate flying is likely to
increase. Consequently, efficiency in navigation
must be maintained by complete familiarity with
the application o f  mental D.R. calculations
augmented wherever possible by accurate and
thorough pre-flight planning.

124. Track keeping can frequently be assisted
by careful routing as in  the case o f  low-level
navigation.

PROCEDURE WHEN UNCERTAIN OF
POSITION

Introduction
125. The procedure to be adopted by the pilot
navigator when he is uncertain o f  his position
cannot be laid down as a series of hard-and-fast
rules. I t  varies in each individual case.

126. A  pilot who has two-way communication
with the ground should, i f  at all uncertain of his
position, make full use of available D/F and fixing
facilities before it is too late for assistance to be
given.

No V.H.F.  Contact Available
127. Occasion may arise when V.H.F. contact
cannot be made and, in the absence of other radio
facilities, the pilot is unable to fix himself by
reference to the ground.

128. The subsequent action depends on numerous
factors including weather, terrain, the type and
endurance of the aircraft, always bearing in mind
the primary aim, which is :

"The successful completion of the mission or,
failing this, the landing of the aircraft".

129. I n  general the following guiding principles
prevail : —

(a) Safety. Check : —
(i) Safety altitude.

(ii) Fuel remaining.

(b) Why Lost .2 Check
(i) Compass reading.
(ii) I.A.S.

(iii) Wind velocity (if possible).
(iv) Operation of watch.
(v) Previous log entries.

(c) Action. T w o  examples o f  action which
might be taken under differing circumstances
are given in paras. 130 and 131.

Lost, No Visual Contact Established Without
Going Below Safety Altitude

130. Depending o n  t h e  prevailing weather,
locality, and remaining fuel, fly for range towards
the most suitable area for descent (generally over
the sea), and when within this area descend to the
minimum safe altitude. The  E.T.A. at this area
should be calculated depending on the D.R.
error since the last fix (see paras. 68 to 73). I f
contact is established when over the sea fly back
towards the coast. I f  minimum safe altitude is
reached without making contact, climb to the
safety altitude and, making allowance for D.R.
error, fly to an area suitable for abandoning the
aircraft.

Lost, I n  Visual Contact with Ground, and
Likely to Remain in Contact

131. F ly  f o r  endurance. T u r n  towards the
nearest unique line feature. Review the D.R.
position by taking into account all factors which
may have affected it. O n  the way to  the line
feature attempt to fix position by map reading,
using the techniques described in paras. 68 and
69. When position is established decide whether
destination or diversion airfield is within range.

132. I t  is essential to allow sufficient time for the
procedure to have a reasonable chance of comple-
tion, and action must never In any circumstance be
delayed.
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CHAPTER 15

SEARCH AND RESCUE ORGANIZATION

Introduction
1. Responsibility f o r  the search and rescue
service in  the United Kingdom is undertaken
jointly by the Royal Air Force and Royal Navy,
although the former is the more concerned. Both
service and civil search and rescue facilities are
co-ordinated and directed b y  Headquarters,
Coastal Command through a Rescue Co-ordina-
tion Centre (R.C.C.) established at each of  its

NORTHERN BOUNDARY UNDEFINED

LONDONDERRY

PLYMOUTH

NORE

SCOTLAND

group headquarters and at R.A.F. Aldergrove.
Fig. 1 shows the division of the United Kingdom
and surrounding waters into areas, each of which
is administered by an R.C.C. T h e  basis of  the
organization is that all information concerning
distressed aircraft is passed to the R.C.C. through
the appropriate A i r  Traffic Control Centre
(A.T.C.C.).

—  RESCUE AREA BOUNDARIES
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Fig. I. Search and Rescue Areas—United Kingdom and Surrounding Areas.
(A.L. 4, Mar. 58)
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2. Search and rescue in areas abroad are the
responsibility of the air officer commanding. An
R.C.C. is located in each area, but control varies
with the facilities available. I n  some areas, the
United Kingdom, under I.C.A.O. agreements,
accepts responsibility f o r  providing rescue
services for civil and service aircraft; in others,
facilities are available for service aircraft only.

3. Under an agreement with the Ministry of
Transport and Civil Aviation the Royal Air
Force has accepted the responsibility of providing
search and rescue facilities for British civil aircraft
operating in the United Kingdom, and in those
areas abroad where the Royal Air  Force is
responsible for search and rescue.

4. Organization at Air Ministry. Ops. (M)2 in
the Directorate of  Operations (Maritime and
Navigation), A i r  Ministry, is responsible for
policy and co-ordination of all rescue matters,
liaison with the Admiralty, and distribution of
rescue equipment.

Basis of Operations
5. Search for missing or distressed aircraft is
undertaken by aircraft of operational and training
commands and, when the missing aircraft or its
survivors are located, rescue is carried out by
helicopter or by surface vessel. S.A.R. aircraft
carry airborne survival equipment, usually
Lindholme gear, to drop to survivors to sustain
them until rescue craft arrive.

Search and Rescue Aircraft
6. (a) S.A.R. Helicopters. Tw o  S.A.R. squad-

rons—No. 22 Squadron, Coastal Command
and No. 275 Squadron, Fighter Command—
are equipped with helicopters for  rescue
operations. S.A.R. helicopters stand by for
rescue operations at  15 minutes' readiness
during the hours of daylight at strategic points
around the coast, where they are normally
deployed in pairs. Helicopters of the Royal
Navy are also equipped for rescue work and
can be called upon by the R.C.Cs. S.A.R.
helicopters are also established in commands
abroad.
(b) Coastal Command. Maritime reconnais-
sance squadrons form the backbone of air
search. A t  least two Coastal Command air-
craft equipped with Lindholme sea rescue
apparatus are maintained at standby readiness,
and if necessary a Shackleton aircraft carrying
the Mark 3 airborne lifeboat is made available.
Additional aircraft are alerted when required.

(c) Bomber Command. Bomber Command
provides standby aircraft equipped wi th
Lindholme apparatus.
(d) Fighter Command. Fighter Command
provides aircraft for search within an inland
belt 90 miles wide from Aberdeen to Portland
Bill and up to 40 miles from the coast between
the same points during the normal working
hours of the fighter sectors concerned.
(e) Transport and Flying Training Commands.
These commands provide search aircraft at
short notice. Transport Command can
provide aircraft equipped with Lindholme gear.
Transport Command will also warn and, if
practicable, divert transport aircraft on sched-
uled and special flights (but not aero-medical
aircraft) for search.
( f )  Naval Aircraft. Shore-based F.A.A. air-
craft are also available for search and rescue.
(g) United States Air  Force. T h e  respon-
sibility for search and rescue undertaken by
United States military aircraft in the United
Kingdom area rests with the 9th Air Rescue
Group, squadrons of which are stationed at
Manston and Prestwick. T h e  Manston
squadron uses helicopters and amphibians and
the Prestwick squadron is equipped to carry
airborne lifeboats. On request by the R.C.Cs.
these aircraft may also be made available to
assist in search for and rescue of distressed
Royal Air  Force, Fleet Air  Arm, or  civil
aircraft, in or around the United Kingdom.

Rescue Craft
7. Rescue craft are provided from the following
sources:—

(a) Royal Air Force Marine Craft. R .A.F.
marine craft units are established around the
coast for target towing, range safety duties,
flying-boat support, and search and rescue
duties. Selected units are on a 24hour standby
for S.A.R. and some are equipped with high-
speed target - towing launches which are
specially adapted for rescue operations at sea.
Other marine craft are used within the limits
of their range, seaworthiness, and availability.
(b) Royal Navy. T h e  Royal Navy maintains
duty destroyers at Plymouth and Rosyth for
emergencies at sea. These destroyers are under
the direct control of Naval commanders-in-
chief but are available for search and rescue at
the request and discretion of the R.C.Cs.
(c) Lifeboats (R.N.L.L). Lifeboats o f  the
R.N.L.I. may be requested to assist in rescue

(A.L. 4, Mar. 58)
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operations within 60  miles o f  the coast.
Although slow, lifeboats can be used in rough
seas where operation of  other craft is impos-
sible. Requests for their assistance should be
made by the R.C.C. through the local coast-
guard district headquarters.
(d) Merchant Shipping. I f  no other means of
rescue is available, merchant shipping may be
diverted from their courses to pick up survivors,
although such diversions are limited in distance.
Such assistance should be requested by the
R.C.C. through H.M. Coastguard.
(e) Ocean Weather Ships. Ocean weather ships
positioned on stations in the North Atlantic
may be dispatched fo r  search and rescue
operations. They can also provide distressed
aircraft with radar fixes, homing and naviga-
tion aids, and emergency flare paths for night
ditching.

Land Rescue
8. Mountain rescue units are based at Royal Air
Force stations in or near the mountainous districts
of the United Kingdom. These units are manned
by specially trained volunteers, and are equipped
with suitable motor transport and equipment.
Each mountain rescue unit maintains liaison with
police stations within its area and equips sub-units
formed from local volunteers. The units may be
alerted by the R.C.C. or by local action.

Signals Organization
9. Arrangements exist to ensure that distressed
aircraft obtain absolute priority and freedom from
radio interference for their calls for assistance.
These arrangements take the form o f  reserved
frequencies for distress messages and of varying
degrees o f  precedence which may be used in
certain stages of emergency. The following radio
frequencies are available specifically for use by
distressed aircraft. They are guarded throughout
the United Kingdom and in certain areas abroad
so as t o  provide continuous listening cover.
Ground stations relay distress messages to the
R.C.C. normally through the A.T.C.C., and
provide fixes for distressed aircraft.

(a) H/F D/F watch at  master diversion air-
fields on the R.N./R.A.F. world-wide distress
and rescue frequency 5695.5/3095 kc/s.
(b) M/F D/F watch at certain R.A.F. stations
on 399 kc/s.
(c) M/F  D/F  watch at  G.P.O. coast radio
stations on the international distress frequency,
500 kc/s.

SEARCH AND RESCUE ORGANIZATION
(d) V.H.F. R/T D/F watch at master diversion
and other  airfields o n  t h e  International
Aeronautical Emergency Channel, 121.5 me/s.
(e) The U.H.F. distress frequency is 243 me/s.

10. Despite the availability o f  the above fre-
quencies and facilities, distressed aircraft should
transmit first their distress calls and messages on
the frequency in use. A f t e r  this initial trans-
mission, a distressed aircraft should change to
the most appropriate distress frequency, re-
transmit the message, and obtain a  fix. T h e
degree of precedence to be used depends on the
urgency which exists at the time. Three degrees
of precedence are designated, and apply to the
following situations : —

(a) Safety. Aircraft not in immediate danger,
but under difficult conditions which may lead
to danger, e.g. uncertainty as t o  position,
weather conditions, etc. Precedence "TTT"
on W/T or "SECURITE" on R/T.
(b) Urgency. Aircraft  in danger, and in very
urgent need of assistance with the aid of which
the danger may possibly be overcome, e.g.
aircraft lost, fuel  shortage, partial engine
failure, etc. Precedence "XXX"  on W/T or
"PAN" on R/T.
(c) Distress. Aircra f t  threatened by serious
and imminent danger and in need of immediate
assistance, e.g. ditching. Precedence "  SOS "
on W/T or "MAYDAY"  on R/T.

Rescue Appointments
11. A  rescue officer is appointed at every com-
mand, group, station, and flying unit. H e  is
normally the navigation officer or is under the
direct supervision of  the navigation officer. A t
command and group headquarters, the duties of
the rescue staff officer are to advise the air officer
commanding-in-chief or air officer commanding
on al l  rescue organization and training. A t
stations, the rescue officer assists in training flying
personnel in the use of safety equipment. Instruc-
tion in wet dinghy drill is the responsibility of the
Physical Fitness Branch with the co-operation of
rescue officers.

DISTRESS PROCEDURE
General Considerations
12. Successful search and rescue action depends
on the early receipt of accurate information by
the rescue organization. Therefore the aircraft
captain should prepare to take action as soon as
trouble is suspected ; i t  is better to originate the
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call and then cancel it than to leave matters until
the full emergency occurs. The ground organiza-
tion, on receipt of the message and any other
relevant data, passes this to the R.C.C. immed-
iately. Sources of information on which action
is taken by the R.C.C. are given below. T h e
first two normally provide enough information
for a successful rescue ; the third source alone
seldom allows accurate calculation o f  the
position of a distressed aircraft.

(a) Signals Information. This usually takes the
form of  a transmission from the distressed
aircraft or an accompanying aircraft.
(b) Visual Information. T h i s  is based on
personal observation of an aircraft in distress.
(c) Overdue Action. This  is an assumption
that an aircraft is in distress because of non-
arrival at its stated destination.

The action to be taken by aircraft in any state of
emergency is given in Part 4, Sect. 3, Chap. 1.

Action by Ground Organizations (See Fig. 2)
13. Action by Members o f  the Public. A n y
member of the public who observes an aircraft
crash or in distress should : —

(a) Render all possible assistance immediately.
(b) Telephone the nearest civil police station,
R.A.F. unit, R.N. air station, or, in the case
of incidents at sea, the nearest coastguard or
lifeboat station. T h e  message should be
announced as a  FLASH call and will then
receive priority over any telephone system.

14. Action by Police. O n  receipt of a telephone
message or on observing a crash, the civil police
should transmit the information immediately to
the nearest R.A.F. station or A.T.C.C. ; or, if
the incident takes place at sea, to the local coast-
guard station.

15. Action by R.A.F. Units. A n y  R.A.F. unit
receiving a report of a distressed aircraft should
relay the information to the appropriate A.T.C.C.
If the station commander or his deputy is certain
of the reliability of the information, he may pass
it, at his discretion, direct to the R.C.C. H e
must also decide whether to undertake local
rescue action, by the dispatch of search aircraft,
mountain rescue units, marine craft, or local
R.N.L.I. lifeboats, and inform the A.T.C.C. of
any action taken and progress of his rescue efforts.

16. Action by Army Units. Army units should
pass any information to the nearest R.A.F. unit
or to  the nearest coastguard station i f  the
incident takes place at sea.

17. Action by Naval Units and H.M.  Ships.
Royal Naval air stations and H.M. ships should
pass reports to the naval command headquarters
which is in constant touch with the R.C.C.

18. Action by R.A.F. Signals Stations or G.P.O.
Coast Radio Stations. Any distress signal should
be passed immediately t o  the  appropriate
A.T.C.C.

19. Action by H.M. Coastguard Stations, Light-
house Keepers, and Light Vessels. A l l  available
information should be telephoned to the local
coastguard district headquarters. Coastguard
stations may also take immediate rescue action by
dispatching R.N.L.I. lifeboats, should they think
fit.

20. Action by Air Traffic Control Centres. The
A.T.C.C. is responsible for initiating distress
action on all overdue aircraft. The  senior civil
air traffic control officer takes action in respect of
civil aircraft, and the R.A.F. controller for service
aircraft. Before a request for search action is
passed to the R.C.C., the A.T.C.C. makes every
effort to ascertain the reliability of the informa-
tion and to ensure that the aircraft concerned has
not landed away from its destination. T h e
R.C.C. is usually alerted as soon as a piston-
engined aircraft becomes one hour overdue on its
flight plan E.T.A. ; but the time is also governed
by the type of aircraft involved and the require.
ments of the command concerned. I n  the absence
of positive information, rescue action is seldom
requested until it is considered that the missing
aircraft has exhausted its fuel. T h e  A.T.C.C.
passes all incoming reports of distressed aircraft
to the R.C.C., having first ascertained the
authenticity of the call, and integrated the report
with known aircraft movements to identify the
aircraft concerned. The senior R.A.F. controller
at the A.T.C.C. maintains close contact with the
R.C.C. throughout the emergency, and can assist
in the rescue action by diverting suitable aircraft.

21. Action by the Rescue Co-ordination Centre.
The senior officer on duty at the R.C.C. assumes
co-ordinating direction and control of all search
and rescue operations. H e  receives all informa-
tion from the A.T.C.C. and from other sources,
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Fig. 2. Organization of the Search and Rescue Service
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and keeps a  record o f  all available standby
aircraft. H e  is responsible to his A.O.C. for
taking appropriate rescue action. O n  receiving
the initial warning of an aircraft in distress, the
officer on duty at once brings suitable standby
R.A.F. or R.N. search aircraft to immediate
readiness. A s  soon as definite information is
received, he decides the area to be searched and
orders all necessary search and rescue action,
viz..—

(a) Search aircraft are dispatched from the
Coastal Command group o r  other flying
commands as necessary. The standby aircraft
normally undertake initial search duties, but
they may be reinforced by any available aircraft
at the discretion of the R.C.C. I f  the Royal Air
Force cannot provide sufficient or suitable
search aircraft, further assistance may be
requested from R.N. air stations.
(b) Suitable surface craft are sent to the distress
position. R.A.F.  marine craft are dispatched
if available, otherwise help is requested from
the Navy or from the nearest R.N.L.I. lifeboat

station. I f  the distress position is close to
shipping routes, a position broadcast is relayed
to all shipping through the G.P.O. coastal
W/T stations. The larger types of R.N. vessels
(e.g. standby destroyers) or merchant ships are
not normally sent to the distress position until
survivors are located or unless no other form
of rescue is possible.
(c) I f  the distress position is far out in the
Atlantic, the appropriate ocean weather ships
should be alerted (see para. 7(e)).
(d) I f  the incident occurs over land, the nearest
R.A.F. mountain rescue unit should be sent
out, and assistance requested from the local
police.
(e) All aircraft flying over or in the vicinity of
the incident should be warned by the A.T.C.C.
to keep a good look-out.
(I) I f  search action fails to reveal anything
within 12 hours, the B.B.C. may be asked to
make a "request news" broadcast on the civil
programmes.

Fig. 3. A  " W h i r l w i n d "  Helicopter Demonstrating the Use of a Rescue Net to Scoop up Floating Objects
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22. Action in Southern Ireland. I f  an R.A.F.
aircraft crashes in Southern Ireland, or in Irish
territorial waters, rescue becomes the respon-
sibility of Eire. I t  may be necessary, however, to
augment the Eireann rescue facilities with R.A.F.
search aircraft or mountain rescue teams. I f  so,
permission must first be obtained from the Eire
defence authorities, who are contacted through
the British Air Attaché, Dublin.

Aircraft Search Procedure
23. Search aircraft will normally be equipped
with the SARAH receiver by which they can home
on to the SARAH beacon carried by R.A.F.
aircrew. Naval and civilian aircraft do not carry
SARAH equipment. Where  possible, search
aircraft should carry some form o f  droppable
survival equipment t o  sustain survivors until
rescue can be effected. Whi l s t  on search, al l

,
Fig. 4. A  High-Speed Launch of the Type Used for Search and Rescue Operations
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aircraft look-out positions should be manned
continuously, so that no wreckage or survivors
can be missed. Look-outs should be changed at
half-hourly intervals to reduce eye strain and
boredom. I t  is important that all look-outs are
instructed to concentrate their attention on the
area of sea or land within the prescribed visibility
distance. I t  is useless to scan the horizon or
endeavour to sight a dinghy at distances over five
miles. A t  all times, search aircraft flying over
the sea must carry a prepared sea marker or
smoke float, to be dropped on sighting any likely
object. T h i s  marker has a dual purpose : t o
assist the pilot to locate the object and to provide
a reference point for recommencing the search.

Action on Locating Survivors
24. On locating survivors the search aircraft
should take the following action : —

(a) Drop a marine marker by day or a flame
float by night to ensure that visual contact can
be maintained.
(b) I n  daylight, i f  possible, drop survival
equipment to the distressed crew.
(c) Transmit a message to the R.C.C. giving
the position o f  survivors, using precedence
"Operational Immediate".
(d) Obtain an accurate fix by Gee, astro, D/F,
etc., and transmit this to the R.C.C.

(e) Mark the survivors' position by smoke or
flame markers. The  aircraft should not leave
the position until relieved by another aircraft.
(f) Where two aircraft sight a dinghy, the first
to do so should act as "leader" and stay with
the survivors. The second should contact and
guide surface craft to the position.
(g) Contact and guide vessels to the position
by flying low over the vessel, rocking the wings
and setting course in the required direction.
Green Very cartridges should be fired i f  the
ship does not respond.

Action by Aircraft Sighting Distressed Aircraft
25. Any  aircraft sighting a  crash landing o r
ditching should remain in  the vicinity o f  the
distressed crew, and transmit a message to its
own controlling ground station. I f  possible the
distressed aircraft or crew should be kept in sight
until rescue is effected. A n  aircraft intercepting
a distress or emergency message should endeavour
to take a bearing on the transmission and plot the
position. A  listening watch should be kept on
that frequency, and i f  no answer to the distress
call is received from a ground station the aircraft
should relay the call to its own controlling ground
station. A t  the captain's discretion, the aircraft
may proceed to the distress position.

A 2690. Wt. 35976. 28,000. 1/57. MCC. 557-2.
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PART 3 : SECTION 1

CHAPTER 1

FLYING FOR RANGE

Introduction
1. To  obtain the maximum range from turbo jet
aircraft they must be operated under known and
precise conditions of altitude, speed, and weight.
Any deviation from these conditions can only
result in performance penalties. T h e  operating
techniques for turbo-jet aircraft differ from and
are more exacting than those used for piston-
engine aircraft, and experience o f  operating
piston-engine aircraft for range is of little value
in the operation of turbo-jets.

2. Since range flying is of paramount importance
it is essential that the basic theory and methods
of flight planning and cruise control are under-
stood.

3. This chapter examines the factors affecting
the performance o f  turbo jet aircraft w i th
particular reference to  fuel consumption, and
gives the theory underlying the technique o f
range flying at subsonic speeds. T h e  practical
techniques often differ from the theoretical in
that some simplification is adopted, accepting
any small loss in range ; however, unless the
theory i s  understood the pi lot  cannot deal
efficiently with unexpected circumstances.

AERODYNAMIC CONSIDERATIONS
T.A.S./Drag Ratio
4. With turbo jet engines, fuel consumption is
proportional to thrust and not to power ; this
fact makes high altitude and a  high T.A.S.
essential to economic cruising. Because of the
fairly wide range o f  fuel density used, and
since i t  is the heat content o f  the fuel that is
important, i t  is necessary to consider the miles
flown per pound of fuel and not per gallon. (This
is one important reason for the use of mass unit
fuel gauges in turbo jet aircraft.)

5. Specific A i r  Range. T h e  miles flown per
pound of fuel is known as the specific air range
(S.A.R.) and can be expressed as :

T.A.S.

6. Since gross fuel consumption (G.F.C.) is the
product o f  specific fuel consumption (S.F.C.)
(lb. fuel/hr./ lb. thrust) and thrust, the S.A.R. can
be expressed as :

T.A.S.
S.F.C. x  Thrust

In level flight, thrust equals drag and therefore
S.A.R. can be equally well expressed as :

T.A.S.
S.F.C. x  Drag

7. Since at high altitudes the turbo jet is working
at high r.p.m., the S.F.C. can be regarded, for all
practical purposes, as constant. S.A.R. therefore
varies according to the variation in the T.A.S./
Drag ratio and this is the principal factor that
governs the range. I f  the T.A.S./Drag ratio is
high then greatest range is achieved and vice versa.

Basic Techniques
8. Irrespective o f  the technique used, i t  i s
always necessary to fly at a certain I.A.S. T h e
actual I.A.S. used depends on which technique is
in use. I t  has been shown that the range of a
turbo jet aircraft depends on the T.A.S./Drag
ratio. T o  keep the ratio at  its maximum the
aircraft must be flown at the optimum angle of
attack during the whole cruising period. Since
the A.U.W. falls during flight, the lift must be
adjusted to balance the reduced weight and this
can only be done by reducing the I.A.S. i f  the
angle of attack is to remain at the best setting.

9. There are only two principal techniques for
cruising for maximum range : —

(a) Constant altitude, reducing the I.A.S. as
the weight falls.

(b) Climbing cruise, gradually climbing as the
weight falls and reducing I.A.S. in this way.

These two techniques must be considered i n
Gross Fuel Consumption (lb./hour) d e t a i l ,  ignoring initially, compressibility effects.
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Basic Constant Altitude Technique
10. Fig. 1 shows a typical level flight drag curve
plotted against T.A.S. for a given A.U.W and
altitude. The T.A.S./Drag ratio is at a maximum
at that speed at which the tangent from the origin
just touches the drag curve ; a t  any other point
the proportion o f  drag is larger and the ratio
falls ; even though the drag is least at the lowest
point of the curve, the ratio of the corresponding
T.A.S. to the minimum drag is less than that
found at the point of tangency from the origin.

11. I t  can be shown mathematically that this
speed is about 1.31 times the T.A.S. corresponding
to the lowest point of the curve. F l ight  at this
speed means that a particular angle of attack and
hence lift coefficient must be used. Thus for a
given constant weight the same I.A.S. would
apply at all altitudes.

12. So far the speed problem is fairly straight-
forward but the first difficulty arises when the
question o f  variation in  weight is considered.
Apart from war load, fuel alone may account for
50 per cent of the A.U.W. at take-off. Obviously
advantage can be taken o f  the reduction in
weight as this fuel is used. First,  to obtain the
best T.A.S./Drag ratio, it is necessary to maintain
the same angle of attack. Therefore to reduce
the lift necessary for the decreasing weight and
keep the angle of attack constant, a lower I.A.S.
must be set ; th is  is done by reducing r.p.m.
(thrust). Since thrust equals drag in level flight,

0

less drag occurs, the overall effect being an
improvement in the overall T.A.S./Drag ratio
and thus range performance. (Even though the
T.A.S. is reduced because of the lower 1.A.S. at
the reduced power, the drag falls faster since i t
varies as the square of the T.A.S.)

Basic Climbing Cruise Technique
13. Although a  good range performance i s
obtained by using the method described above,
this is not the best result. Maximum range will
result when the drag is reduced without decreasing
the T.A.S. The T.A.S. can be kept constant, at a
reduced I.A.S., only by an increase in altitude.
Therefore the best result is obtained if the aircraft
is allowed t o  climb slowly at constant r.p.m.
as the weight falls so that the T.A.S. remains
constant while at the same time the I.A.S. falls in
proportion to the increased altitude.

14. However, when using the climbing cruise
technique a small difference arises. Because of
the slowly changing altitude the best T.A.S. is no
longer 1.31, but 1.19 x  the T.A.S. for minimum
drag. F o r  simplicity the mathematics o f  this
change are omitted. Using the climbing cruise
technique a t  this slightly lower speed, gains
in range of 15 to 20 per cent. are obtained when
compared with the constant altitude technique.
On a long flight such an advantage cannot be
foregone. T h e  constant altitude technique is
therefore suitable only for shorter flights where
maximum range is unnecessary.

TRUE AIR SPEED
Fig. I. Variation of Total Drag with Speed
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Compressibility Effects
15. Compressibility effects govern the final speed
selected, because they have an important effect
on the T.A.S./Drag ratio. Above  the critical
mach number (Merit), compressibility effects
increase rapidly to cause a fall in the T.A.S./Drag
ratio (because o f  the higher drag at the same
T.A.S.) and therefore a limit is set on the indicated
mach number (I.M.N.) for economical cruising.

16. Consider a n  aircraft operating i n  t h e
stratosphere in a theoretically constant tempera-
ture. T h e  speed of sound is therefore constant
and a fixed I.M.N. implies a constant T.A.S.;
therefore a cruising I.M.N. limit means a cruising
T.A.S. limit. A t  once, then, if the cruising T.A.S.
has a limit then the highest possible value o f
T.A.S./Drag (and hence the range of a particular
aircraft) also has a limit, which is realized when the
drag is least. Here,  then, under stratospheric
conditions, is yet another T.A.S. for cruising—
that for minimum drag—which gives the absolute
maximum range provided that the aircraft can be
handled without undue fatigue at this low I.A.S.
for long periods at altitudes near the ceiling. ( I t
is assumed that sufficient thrust is available at
these altitudes.)

17. The overall picture is now further compli-
cated in  that Merit depends on the angle o f
attack. Therefore at high angles of  attack the
compressibility drag rise starts at a lower I.M.N.
than at smaller angles o f  attack, i.e. Merit is
lower. Consider flight at the speed for minimum
drag ; this implies the use of a particular angle
of attack which has a  certain critical mach
number. I f  the I.A.S. is now increased slightly,
the angle of attack for level flight for the particular
weight must be smaller ; therefore the lower
angle o f  attack gives a  higher critical mach
number. I n  this way a higher T.A.S. is achieved
before the compressibility drag rise commences.
The higher T.A.S. is more significant than the
slight rise in drag due to the higher I.A.S. and,
provided that the increase in speed from that of
minimum drag i s  kept small, an  improved
T.A.S./Drag ratio occurs.

18. I n  practice, therefore, the best speed under
stratospheric conditions is not exactly the speed
for minimum drag but a somewhat higher one,
the exact f igure depending entirely o n  the
aerodynamics of  the aircraft concerned. I n  the
remainder of this chapter the variation between
types will, for simplicity, be ignored but should
be borne in mind when the minimum drag speed
is mentioned. F o r  a full understanding of these
techniques i t  is necessary to look more closely
into the effects of altitude.

Altitude Effects
19. First, the influence of altitude on the T.A.S/
Drag ratio must be considered when the aircraft
is at a given weight in level flight at a constant
angle of attack at various altitudes. W i t h  angle
of attack and weight constant, the I.A.S. and
drag are unchanged but the same I.A.S. gives an
increasing T.A.S. as altitude increases.

20. I f  there were no compressibility effects, as
altitude was increased at a constant I.A.S. the
drag at 40,000 feet would still be the same, but the
T.A.S. would be about double the I.A.S. Thus
the T.A.S./Drag ratio would have doubled and
would continue to increase with altitude. (This
principle emphasizes the importance o f  high
altitude in obtaining a  high S.A.R. from the
aerodynamic aspect alone. N o  matter how low
(i.e. favourable) the S.F.C. may be at sea level,
the very low T.A.S./Drag ratio at this height
absolutely precludes a high S.A.R.)

21. Because of  compressibility effects, the rate
of gain in the T.A.S./Drag ratio is not sustained.
At a constant I.A.S. a higher altitude means an
increase in I.M.N. A s  soon as the I.M.N. reaches
Mcrit any further increase in altitude at the
same I.A.S. results i n  Mal t  being exceeded ;
the drag immediately starts rising at a greater
rate and the T.A.S./Drag ratio decays rapidly.
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22. To  understand these points more clearly,
Fig. 2  should be consulted. Th i s  shows three
typical curves o f  drag versus T.A.S. i n  level
flight for an aircraft at a given weight flying at
sea level, 30,000 feet, and 45,000 feet. A l s o
shown is the 0.8 M. line for the standard tempera-
ture at the three heights—this is Mcrit for  the
aircraft under consideration.
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Fig. 2. Variation of Total Drag with Altitude

23. As  before, the angle which the tangent to
each curve makes with the horizontal is a measure
of the T.A.S./Drag ratio ; t h e  smaller the
angle, the higher the ratio and the greater the
S.A.R. N o t e  first that an increase in altitude
causes the angle to reduce. I t  can also be seen
that the best speed to fly at any particular height
is 1.31 x  the minimum drag speed (I.A.S. or
T.A.S.) until the drag curves have moved so far
to the right that compressibility causes the drag
curve to  rise steeply. F o r  this aircraft this
occurs at 45,000 feet, and owing to the steep
drag rise the best speed is now only 1.1 x  the
minimum drag speed. A s  the drag curve moves
still further to the right with increase of altitude,
towards the limit imposed by Mom, the point of
tangency approaches more closely the minimum
drag speed and the angle becomes still smaller.

24. T h e  considerations of paras. 20 to 23 apply to
cruising at 1.31 or 1.19 times the minimum drag
speed, the only difference being in the altitude at
which the T.A.S./Drag ratio starts to decay.
Since 119 is a lower speed (I.A.S.) than 1.31,
then at the lower I.A.S. Mau will not be reached
until a higher altitude ; therefore the T.A.S./Drag
ratio continues to increase to this higher altitude.

25. Consider now two identical aircraft, A and B,
flying at these speeds under optimum conditions.
A is flying at 1.31 x  minimum drag speed at a
constant altitude such that the I.M.N. is Wr i t -
B is flying more slowly at 1.19 times the minimum
drag speed on a climbing cruise but at a higher
altitude, so that the I.M.N. is also Mcrit- I n  the
stratosphere then, both aircraft have almost the
same T.A.S. but B, flying at the lower speed, will
have about 9 per cent. less drag. Thus the T.A.S./
Drag ratio and S.A.R. of B is about 9 per cent.
greater.

26. As  time passes and A  stays a t  1.31 x
minimum drag speed by reducing thrust as the
weight falls (para. 12), the T.A.S. decreases and
the mach number falls below Mcm. T h i s
decreases the T.A.S./Drag ratio by an amount
which increases with time of flight. T h u s  the
S.A.R. of B continues to exceed that of A by a
factor which increases with time.

600 27. I t  has been shown in para. 16 that the best
T.A.S./Drag ratio is obtained by flying at the
minimum drag speed. I t  can now be seen that
this is true only i f  the aircraft has the power to
fly at a higher altitude than A or B. Consider C
flying at minimum drag speed and therefore higher
than B at an I.M.N. equal to Writ- A l l  three
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aircraft have almost the same T.A.S. (limited by
Mcrit), but C has the lowest possible drag being
about 8 per cent. less than that of B and about
17 per cent. less than that of A at the start of the
cruise ; the  S.A.R. is increased in the same
proportion. This  benefit is obtained only by
flying at the minimum drag speed at the higher
altitude.

28. I f  B slowed down to the minimum drag
speed at its own altitude, the T.A.S./Drag ratio
would decrease ; b y  maintaining the same
I.M.N. (and T.A.S.) and climbing to the same
altitude as C, the I.A.S. would then automatically
fall to that for minimum drag. I n  this condition
the T.A.S. is at its maximum (at the Mcrit limit)
and the drag is least. This then is the absolute
maximum T.A.S./Drag ratio obtainable from the
aircraft and is the condition for maximum range.

29. Little m. T h e  ratio of the cruising I.A.S.
to the minimum drag I.A.S. has been given the
symbol m ; when speaking of this ratio "little m"
is generally used, to avoid confusion with mach
number (M). I f  m =  2  the cruising I.A.S. is
twice the minimum drag I.A.S. ; i f  m =  1.31 the
cruising I.A.S. would be 1.31 times the minimum
drag I.A.S., and so on.

30. The ideal conditions for range are therefore
obtained when m =  1 at such an altitude that the
I.M.N. is Writ. I n  practice some departure
from the ideal conditions is often necessary for
the following main reasons : —

(a) The aircraft may be tiring to fly, from the
handling viewpoint, for long periods at the
low I.A.S.
(b) There may not be sufficient thrust available
at this altitude to give the required speed.

31. I f  the ideal conditions cannot be achieved,
the best result is obtained by flying at the highest
possible altitude that can be reached, keeping
the I.M.N. at Mcrit. Here, because the altitude
is lower, the corresponding I.A.S. is greater
than that for minimum drag, i.e. i t  is greater
than 1. I n  fact the lower the altitude at which it is
necessary to cruise, still at Mcet, the higher is
the I.A.S. ; i.e. the greater does m become until
it reaches 1.19 if a climbing cruise is in use, or
1.31 i f  the constant altitude cruise has been
chosen. These conditions are shown in Figs. 5
and 6, which apply to no particular aircraft.

32. Fig. 3  refers to aircraft A,  B, and C  as
considered in paras. 27 and 28 and shows how
each has the same Mum but how, at the greater

altitudes, the I.A.S. reduces, i.e. m  gradually
reduces to unity.

LLT
C3
7

TAS/DRAG
— . A I R C R A F T  C  MERIT 0 .81  :  m  1 .0  1.17 x A

AIRCRAFT B  MERIT 0131 :  m  119 1 .09x  A

- -  AIRCRAFT A  MERIT 0 . 8 1 :  m 131 A

Fig. 3. Possible Range Techniques

33. Fig. 4 refers to para. 31 and shows B and C
in a climbing cruise and so gaining height slowly
with distance. B  is flying at Merit with m =  1.19
and C (the ideal) at a greater altitude also at
Mcrit, but with m =  1. Aircraft D  represents
the case of an aircraft which either : —

(a) Cannot achieve the ideal o f  C and for
some reason is forced to fly at a lower altitude.
(D is also at Writ but because of the lower
altitude the I.A.S. is greater than that of C
and hence m is greater than unity but less
than B's figure of 149) ; or
(b) Is uncomfortable to fly a  speed slower,
for example, than m  =  1.12. ( I n  this
case D  can go no higher without exceeding
Matt, and thus represents its practical best
cruising altitude.)

34. I f  it were necessary to use a climbing cruise
at an altitude lower than B the speed would be
m =  1.19, and the lower the altitude the more
would the I.M.N. fall below Merit.

35. I f  for some reason the climbing cruise was
not used, the speed required for a  constant
altitude flight would be m =  1.31 up to that
altitude where the I.A.S. corresponded to Mutt
at the start of the flight, i.e. the condition of
A in Fig. 4. For  level flight at a higher altitude
the speed would still be Mcrit to begin with and
m would reduce progressively if the level flight
altitude was increased until a speed of m =  1 was
reached at the maximum altitude.

ALTITUDE (FEET) x 1000

60

50

4 0

2 3  4
R A N G E  ( N A U T I C A L  M I L E S )  Y. 1 0 0 0

Fig. 4. Compar ison of Ranges
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Weight Effects
36. I t  has been shown (paras. 12 and 13) how
important it is to exploit the reduction in weight
that occurs during the flight and that this is
best done by using the climbing cruise technique
(constant I.M.N., angle of attack, and m). Thus
during the time that the weight is reducing, the
aircraft gains height and the I.A.S. falls off.

37. The weight, altitude, and I.A.S. are a l l
closely related during a climbing cruise. F ig .  5
illustrates such a  relationship for  a  cruise at
m =  1 and shows the increase in altitude and
reduction in w i t h  decreasing weight.

38. I t  was stated earlier that i f  the aircraft was
on a climbing cruise at a speed above m =  1
(say m =  1.19) but still at Merit, i t  would be
lower than if it were at m =  1 and Matt. T h e
only difference in the graphical representation
of such a cruise is that the line is lower than
that for m =  1,  and o f  course the I.A.S. is
higher. T h i s  is  illustrated i n  Fig. 6,  which
shows the relationship between weight, I.A.S.,
and altitude during these two cruises.

39. From such a graph it is possible to read off
the correct cruising altitude and I.A.S. for a given
weight during any particular cruise. The  line of
the graph can be extended in either direction
over the entire range of weights which can occur
on a given type of  aircraft. Th i s  information
is given in the Operating Data Handbook issued
for each type o f  long-range turbo-jet aircraft,
although a different method o f  presentation is
used. T h e  use o f  these graphs makes the
practical task of range flying simple, because all
the pilot need do is to keep the I.M.N. constant
at Mcrit and the I.A.S. looks after itself.

Effect of Dropping Bombs
40. I t  has been shown how the progressive
reduction in weight as fuel is used is made use
of by adopting a  climbing cruise technique.
The effect of a sudden loss in weight, as when
dropping a bomb load, must also be looked into.
This effect is illustrated in Fig. 7 which shows
the climbing cruise technique at Mcm and m=1.
The part of the curve A—B is unchanged ; at B
some 12,000 to 13,000 lb. of bombs are dropped
and the aircraft is then brought immediately
to the situation at  D,  i.e. i t  should be some
2,000 feet higher and the I.A.S. some 10 knots

less. These are the conditions which would
have been achieved had the weight of the bomb
load been lost gradually during the cruise.
A discontinuity occurs because o f  the sudden
loss of weight and the weight scale is shifted to
the new position as shown at C—E. The aircraft
climbs more quickly unti l  C  is reached and
thereafter follows the normal cruise path CE.

41. A t  the start o f  a long cruise at  a  high
commencing weight the cruising altitude may
be in the troposphere ; th is  does not modify
a particular cruise technique in any way. T h e
same considerations o f  m  and Mcrit still hold
good and the aircraft must still be allowed to
climb at a constant I.M.N. The  only difference
is that the T.A.S. reduces, owing to the tempera-
ture lapse rate, until the tropopause is reached.
The T.A.S./Drag ratio still improves, but more
slowly than in the stratosphere.

Temperature Considerations
42. A t  a  given pressure altitude a  change in
temperature has no effect on the I.A.S. and angle
of attack required for the flight condition. Since
the I.A.S. and angle o f  attack are unaltered
the drag remains the same. The  only difference
is that the T.A.S. changes because of the effect
of temperature on the air density. However,
Merit is  unaffected because the  temperature
change also changes the speed o f  sound in the
same ratio as it changes the T.A.S.

43. Aerodynamically, therefore, the only change
caused, e.g. by a rise in air temperature, is to
increase the T.A.S. giving a small gain in the
T.A.S./Drag ratio. A  reduction in temperature
causes a drop in T.A.S. and T.A.S./Drag ratio.

Conclusions
44. From the discussion above, certain con-
ditions are required i f  a high S.A.R. is to be
achieved from the aerodynamic point o f  view.
They are : —

(a) A high T.A.S./Drag ratio.
(b) I.A.S. as close to minimum drag I.A.S.
as acceptable.
(c) T.A.S. at Merit (never above).
(d) Reduction in  weight must be turned to
advantage (climbing cruise adopted).
(e) High altitude.
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ENGINE CONSIDERATIONS
Introduction
45. A  high S.A.R. (air miles per pound of fuel)
is equally important for range to both turbo jet
and p iston-engine aircraft. However,  t h e
turbo jet is much more sensitive to flight condi-
tions than the piston engine and, to understand
the changes i n  the cruising technique which
are necessary for turbo jet aircraft, it is necessary
to examine the variable factors that affect the
turbo-jet.

Thrust
46. The thrust (lb.) of a turbo jet engine depends
directly on two factors : —

(a) The mass flow (lb. of  air per unit time) of
air through the engine.
(b) The rearward acceleration imparted t o
this mass on passing through the engine and
subsequently expanding in the atmosphere.

47. The two above factors are governed by : —
(a) Entry speed of air into the intake.
(b) Atmospheric temperature (Absolute).
(c) Engine size (capacity of compressor).
(d) Atmospheric pressure.
(e) Engine (compressor) r.p.m.

9 0 8 0 7 0

Gross Fuel Consumption
48. The lower graph o f  Fig. 8  shows G.F.C.
(lb. fuel/hour) against altitude and r.p.m. for a
typical engine in the standard atmosphere. The
upper graph, which plots thrust against altitude
and r.p.m., can be seen to  follow the same
trend as the lower graph.

49. The Effect of Temperature on G.F.C. A t  any
given pressure altitude, a  constant thrust can
only be maintained, in conditions o f  changing
temperature, by correcting the T.A.S. and r.p.m.
Thus a n  increased temperature demands a
higher T.A.S. and r.p.m. and therefore a higher
G.F.C. A  drop in temperature has the opposite
effect. Later, when discussing the aircraft as a
whole, i t  is shown that temperature changes
have no effect on the S.A.R. However, tempera-
ture does influence the take-off and climb ;
an increase in air temperature at constant r.p.m.
reduces the thrust and take-off r.p.m. Dur ing
the climb, i f  r.p.m. are increased to maintain the
thrust the G.F.C. is raised, and i f  the r.p.m. are
kept constant the reduced thrust increases the
time to height. I n  both instances more fuel
is used to climb to any particular height.

RESTRICTED



RESTRICTED

/ I )

,15/o, 00 t
•60 41. ..,.

(3.94,

THRUST

—'3o oo
i? 0 0 0

if 0 0 0  p,A,t4lp

 i i. '9
; 4 f p .

FUEL CONSUMPTION

i

40
'•00,,,
io

Ir .>

1  0  R i t a0 4.,,,,,
4,..

'94f
-  • Pp4fp

3 , 0 0 0

2 , 0 0 0

CC
•  1 , 0 0 0

0

4 , 0 0 0

3 , 0 0 0

z

a. ▪ 2 , 0 0 0
2

0
U

-,
LL

1 ,000

0

O i g 0 0 0  20,000 30,000
ALTITUDE (FEET)

4opoo

Fig. 8. Thrust and Fuel Consumption

5 0 , 0 0 0

Specific Fuel Consumption
50. Specific fuel consumption is defined as the
pounds o f  fuel used per hour to produce one
pound o f  thrust. T h e  higher the thermal
efficiency o f  the engine, the lower the S.F.C.
at a  given T.A.S. T h e  biggest single factor
affecting the S.F.C. is the r.p.m. F ig .  9 shows
sea-level static curves for a centrifugal compressor
(Derwent) engine ; i t  can be seen that the S.F.C.
reduces (improves) rapidly with increased r.p.m.
until a  point is reached where i t  becomes a
minimum. Similar curves for axial flow engines
show that the S.F.C. curve is quite flat over
a fairly wide band of  cruising r.p.m. Provided
that the engine is operated within this band
of engine speeds the S.F.C. can be taken to be
virtually constant.

51. Although r.p.m. have the largest single effect
on S.F.C., other factors affect the final figure.
At a constant T.A.S. and r.p.m. a decrease in
temperature causes the S.F.C. to drop owing to
the improved thermal efficiency, since the
engine is working between wider temperature
limits. Thus under these conditions the S.F.C.

FLYING FOR RANGE
decreases up to the tropopause and thereafter
stays constant at higher altitudes. A t  constant
r.p.m. and altitude any variation in T.A.S. has
little effect on the thrust, but the engine B.P.C.
is sensitive to the increased compressor intake
pressure and causes an increase in the fuel flow ;
the increase in fuel consumption with no increase
in thrust causes a higher S.F.C.

Summary of Effects
52. Changes in T.A.S. have little effect on the
thrust of a turbo-jet engine (the reasons for this
are not within the scope of this chapter). How-
ever, the thrust horse-power (given by thrust x
T.A.S.) will of course increase. The performance
of the turbo-jet i s  affected b y  three main
variables : —

(a) R.p.m. Increased r.p .m. :—
(i) Increase thrust at constant altitude and
temperature.
(ii) Reduce S.F.C. rapidly at first but more
slowly a t  the higher end o f  the r.p.m.
range. T h e  highest engine speeds increase
S.F.C. slightly.
(iii) Increase G.F.C.

(b) Altitude. Increased altitude : —
(i) Reduces thrust at constant r.p.m.
(ii) Reduces G.F.C. because of (i).
(iii) Reduces S.F.C. up to the tropopause.

(c) Temperature. Increased temperature : —
(i) Reduces thrust a t  given r.p.m. and
altitude.
(ii) Increases S.F.C.

Conclusions
53. When flying f o r  range the best engine
cruising conditions are : —

(a) High r.p.m. for lowest S.F.C.
(b) High altitude, so that : —

(i) Thrust output a t  high r.p.m. i s  just
sufficient to obtain the desired speed and
so reduce the G.F.C. at these r.p.m.
(ii) S.F.C. is kept low.

THE AIRCRAFT AS A  WHOLE
Introduction
54. To  obtain an estimate of  the range perfor-
mance o f  a complete aircraft, the engine and
airframe characteristics must be combined. I n
general, a t  high altitudes, the  aerodynamic
considerations are  the  most important, the
engines being simply slaves to pronel the aircraft
at its most efficient speed.
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Speeds for Range
55. As  far as the range speed at high altitude
is concerned, the engine characteristics, with
one exception, have no effect on the airframe
considerations. The exception is the instance
when the engines cannot provide enough thrust
to realize the optimum conditions of m and Moir.
In this case the cruising altitude must be reduced,
thus raising the value of m. However, this state
of affairs is unlikely to  occur on long-range
turbo jet aircraft, since they are designed with
this feature in mind so that just sufficient power
is available to realize the optimum speeds at the
designed cruising altitude.
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56. However, development has resulted in the
selected engines giving a higher thrust than that
envisaged, so that a reserve of power is available
at the designed operating altitude. T h e  higher
thrust gives no improvement in cruising altitude
or speed because Muir and the speed for mini-
mum drag are dictated by purely aerodynamic
reasons, and are closely related to a narrow band
of altitudes, departure from which brings a
reduction o f  performance. T h e  power reserve
does give one advantage in that it can be used to
ensure that optimum conditions are always
available despite large variations in temperature,
although, if too much reserve is in hand, the more
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severely throttled engines, operating at too low
r.p.m., would realize a poor S.F.C. and have an
adverse effect on range.

57. From para. 56 i t  follows that, with fully
developed engines giving a large margin of thrust
over that required for optimum conditions, either
the engine must be throttled to give ideal airframe
results or the airframe must be sacrificed to the
engine. T o  obtain maximum efficiency, engines
are usually required t o  operate at maximum
continuous r.p.m. ; however, i f  this principle is
followed unthinkingly in  al l  cases, eventually
more thrust is produced at maximum continuous
r.p.m. than is required to  give Merit at  the
correct value for m. A n y  attempt to keep the
speed at Mcrit results i n  the aircraft climbing
above the optimum altitude ; the same I.M.N.
means the same T.A.S. (in the stratosphere), and
therefore I.A.S. fal ls below the ideal figure
giving a value of m which may be less than unity.
The drag is then greater and so the T.A.S./Drag
ratio decays, decreasing the S.A.R. Therefore it is
most important that only just enough thrust
(r.p.m.) is used to give Muir at the correct value
of m at the appropriate altitude.

58. Even though the use of r.p.m. higher than
those required f o r  optimum conditions w i l l
decrease the S.A.R., the resulting increase in
altitude may give an operational advantage that
is worth the loss in S.A.R. T h e  ability of  the
aircraft to gain this extra altitude depends on : —

(a) There being a margin of r.p.m. in hand.
(b) The aircraft handling well when m is less
than unity.

Altitude Effects
59. Climbing Cruise in Stratospheric Conditions.
During a climbing cruise in the stratosphere at
constant Mcrit and constant m, the drag is
decreasing in proportion to the drop in density.
At constant r.p.m. the thrust is decreasing in the
same proportion. Thus  having set the correct
r.p.m. (so that the thrust equals the drag) all
that need be done is to check that the r.p.m.
remain constant so that as altitude is gained the
thrust continues to equal the drag.

60. Climbing Cruise in Tropospheric Conditions.
In the troposphere, owing to the temperature
lapse rate, the T.A.S. decreases as altitude is
gained at  constant I.M.N., and therefore the
drag is decreasing faster in proportion to the air
density. A t  constant r.p.m. the thrust is falling
off less rapidly than in proportion to the density

since the temperature is  falling as height i s
gained. Therefore i n  the troposphere some
adjustment o f  the r.p.m. may be necessary.
Since the time spent at these altitudes should not
normally be long these adjustments are not large.

61. Since practically the whole cruise is done in
the stratosphere the cruising technique is simple.
The pilot merely flies at the correct I.M.N. and
checks that  the r.p.m. are constant a t  the
appropriate figure. A  navigational advantage of
this technique is that the T.A.S. remains the
same while in  the stratosphere at a  constant
I.M.N.

Temperature Effects
62. I n  para. 60 it was stated that, for a change in
temperature, the r.p.m. have to be corrected to
give the same thrust and the T.A.S. is decreasing
on a climb at constant I.M.N. F o r  a rise in
temperature, higher r.p.m. are necessary for a
given thrust and the fuel consumption rises.
Provided that the thrust required can be obtained
within the  r.p.m. limitations, t he  increased
consumption is balanced by the airframe advan-
tage gained from the higher temperature and thus
the S.A.R. is unchanged.

Conclusions
63. I t  has been shown that for  aerodynamic
reasons alone, increased altitude brings increased
S.A.R., and at the same time engine efficiency is
improved froM the higher r.p.m. needed ; t he
lower temperature encountered also helps t o
increase engine efficiency with a negligible loss in
airframe performance.

CLIMB, DESCENT, A N D  EMERGENCIES
Introduction
64. So far only the cruise aspect of the matter
has been considered and i t  now remains t o
examine the climb and descent. A l s o ,  since
emergencies often affect altitude, the effects o f
engine or airframe failure must be considered.

Climb
65. Since high altitude is all-important for  a
high S.A.R. i t  is essential to reach the initial
cruising altitude as quickly as possible. T h e
climb is therefore made at the highest permissible
power. Although this implies a high r.p.m. and
G.F.C., i t  i s  the most economical method.
Increased temperature raises the fuel consumption
either because o f  using more r.p.m. to restore

RESTRICTED



RESTRICTED
A.P. 129, VOL. 2, PART 3, SECT. 1, CHAP. 1
the thrust or because of a longer time to height
because of the reduced thrust. The aircraft must
be climbed to a certain altitude at which a certain
I.A.S. and I.M.N. are coincident ; the altitude
concerned is found from the Operating Data
Handbook and, in terms of pressure altitude, is
independent of any change in temperature.

66. This can be seen by considering a certain
pressure altitude and the effect of a temperature
rise to above standard. Because the pressure is
the same and the temperature higher, the air
density must have dropped ; the speed of sound
also increases and therefore the same I.M.N.
results in a higher T.A.S. The increase in T.A.S.
is balanced by the lower density to give the same
I.A.S. Thus a temperature change has no effect
on the "coincidence" altitude expressed as a
pressure altitude.

Descent
67. The most economical method o f  losing
altitude is to start the descent before the destina-
tion is reached at a rate that allows the aircraft
to arrive over the destination at  the required
altitude. I n  this way the altitude attained during
the cruise is  most efficiently converted into
distance.

68. I n  a no-engine glide started from 55,000 feet
a certain turbo jet aircraft could glide about
180 miles in still air, the angle o f  glide being
about 3°. F o r  optimum results this would be the
best method of  descending but, for purposes of
pressurizing and operating aircraft services, all
the engines cannot be shut down. I f  the live
engine(s) gives 1,000 lb. of thrust (cruising descent)
then the angle of glide would reduce to about 2°
and the glide range would increase to about
220 miles.

69. A t  a  constant altitude o r  on a  climbing
cruise, a  turbo jet bomber with an assumed
S.F.C. o f  1 lb. fuel/lb. thrust/hour uses some
2,000 lb. o f  fuel to cover the last 220 miles to
overhead at base ; a  further 1,000 lb. is used to
descend into the circuit giving a total of 3,000 lb.
fuel. When using the cruising descent only about
1,000 lb. of  fuel would be required to bring the
at i n t o  the circuit from a point 220 miles
away. The more economical descent usually takes
longer but this is not necessarily a disadvantage
at this stage of a flight.

70. To  achieve the best results the descent must
be made at a certain I.A.S. (or, at high altitude,
I.M.N.) which depends on the A.U.W. T h i s
speed is always less than the cruising speed for
the same A.U.W. and the I.M.N. is less than
Mcrit. Smal l  changes in speed do not have a
marked effect on the descent range, thus enabling
some spacing between several aircraft intending to
land at the same base.

Engine Failure During Flight
71. I f  an engine fails the total thrust is reduced
and can no longer equal the drag, therefore
altitude i s  unavoidably lost  and the lower
T.A.S./Drag ratio decreases the range. The
amount of loss in range depends on the amount of
altitude lost and the latter is governed by the
reserve of thrust (r.p.m.) available from the live
engines ; a t  the  normal optimum cruising
altitude it is unlikely that sufficient reserve thrust
is in hand to counter the loss o f  one engine.
Therefore a loss o f  altitude inevitably follows
until the thrust from the live engines increases to
the point where it can balance the level flight
drag and stabilized conditions are regained.

72. I n  general the height lost is such that any
subsequent climbing cruise should be done at
m =  1.19 and at the I.M.N. at which this value
of m is achieved.

73. After engine failure (Fig. 10) maximum
continuous r.p.m. should be set and the aircraft
allowed to drift down at the I.A.S. corresponding
tom = 1.19 for the prevailing A.U.W. I f  this is
done the stabilization height i s  approached
gradually and once level flight is attained the
I.M.N. should be noted and the climbing cruise
started once more at this constant I.M.N. I f  a
large power reserve is available after failure o f
one engine, it may be possible to maintain Mcrit
at a higher altitude at a value of  m somewhat
lower than 1.19, i.e. under more favourable
altitude conditions.

74. The technique for range after failure of one
or more engines is, then, to assume a certain
lower cruising I.M.N. and to allow the aircraft to
lose height by a certain amount before resuming
the cruise climb at the same I.M.N. The mach-
meter continues to be the master instrument and
the A.S.I. serves purely as a reference instrument.
The Operating Data Handbook gives details of
the speeds and altitudes concerned with range
flying after engine failure.
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Pressure Cabin Failure
75. I f  cabin pressure is lost the aircraft is forced
to descend rapidly, to  about 36,000 feet, and
thereafter t o  cruise a t  a  constant attitude.
Maximum range is then achieved by flying at
m =  1.31. A s  the A.U.W. falls, the I.A.S. must
be reduced by throttling or stopping some of the
engines. However, for operational purposes and
in the interests of navigation, the speed is often
kept constant ; the resulting loss in range is not
great and i f  the recommended landing reserve of
fuel is available a constant speed can be justified
in most cases.

FLIGHT PLANNING
Introduction
76. For  the attainment of  the maximum range
the advantage gained by  using the climbing
cruise technique is such that it rules out any but
the smallest deviations. O n  flights for which the
maximum range is all-important, therefore, the
climbing cruise is the correct technique. T o
attain the optimum range performance the
aircraft must be flown a t  precise speeds and
altitudes which are adjusted to fit the A.U.W. and
other variables. Even though the technique so

70

far as the pilot is concerned is simple, the speeds
and altitudes obtained fo r  a  particular flight
from the Operating Data Handbook must be
carefully observed.

Long-Range Aircraft
77. For  long-range aircraft the Operating Data
Handbook contains in  graphical form all the
performance data required for  flight planning
and includes figures for the engine failure case.
Full instructions and examples are given on the
use o f  the graphs and on the flight planning
procedure.

78. The speeds given for the cruising stages of a
flight are given as I.M.N. or I.A.S., whichever is
more convenient, but I.M.N. is usually employed.

Short-Range Aircraft
79. For  short-range aircraft, range data is given
in Pilot's Notes in tabular form. A n  example of
such a table is shown in Fig. 11, and includes
climb, descent, and cruise data. I n  the cruise
data tables it should be noted that the individual
speeds are those for maximum range, and that a
constant altitude technique is used because it is
simpler from the operational aspect and the
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From
(ft.)

To
(ft.)

Fuel
Dist. Mins.

Gall. lb.

Sea Level 10,000 15 120 8 2
20,000 30 240 18 31
30,000 45 360 30 5
40,000 60 480 52 71

10,000 20,000 15 120 10 11
30,000 30 240 22 3
40,000 45 360 44 51

20,000 30,000 15 120 12 1/
40,000 30 240 34 41

30,000 40,000 15 120 22 2 1

From.
(ft.)

To
(ft.)

Fuel
Dist. Mins.

Gall. lb.

40,000 30,000
20,000
10,000
S.L.

2
6

12
21

20
50

100
170

7
14
22
30

1
2
31
5

30,000 20,000
10,000

S.L.

4
10
19

30
80

150

7
15
23

1
21
4

20,000 10,000
S.L.

6
15

50
120

8
16

11
3

10,000 S.L. 9 70 8 I f

FUEL STATE-GALLS. ( A v r A G ) 290 260 208 155 104
Sea Level

I.A.S. 380K.
(210-420)
ANM/100 lb.:-12-9
lb./hr.:-2,960

Range (ft.) 227 195 144 93 42

10,000
20,000
30,000
40,000

287
324
356
363

246
270
292
295

174
183
187
184

102
96
82
72

29
-
-
-

10,000 ft.

I.A.S. 360K.
(275-390)
ANM/100 1b.:-17.8
lb./hr.:-2,240

 Range (ft.) - 259 187 115 43

20,000

30,000
40,000

-

-
-

288

316
322

200

210
210

115

106
98

27

-
-

20,000 ft. I .A.S.  330K. 0.72M
(260-350)
ANM/100 lb.:-21-7
lb./hr.:-2,000

Range (ft.) - 304 217 130 43

30,000
40,000

-
-

338
350

233
237

128
125

23
-

30,000 ft. I .A.S.  290K. 0.77M.
(230-310)
ANM/100 lb.:-26-2
lb./hr.:-1,720

Range (ft.) - 358 252 147 42

40,000 - 365 254 142 30

40,000 ft. I .A.S.  245K. 0-82M.
(220-260)
ANM/100 lb.:-28.1
lb./hr.:-1,640

Range (ft.) - 382 270 158 46

- - - - - -

FUEL STATE-GALLS. ( A v r u R ) 280 250 200 150 100
FUEL STATE-LB . 2,240 2,000 1,600 1,200 800
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CLIMB D ATA

CLIMB AT  MAXIMUM POWER

TOTAL FUEL . . .
TAXY AND TAKE-OFF . . .
LANDING ALLOWANCE . . .

(excluding Descent Fuel)

... 2 , 5 1 0  lb./314 gall.

... 2 8 0  lb./35 gall.
480 lb./60 gall.

DESCENT D ATA

280 knots, 40° flap Airbrake in 7 , 0 0 0  r.p.m.

CRUISE D ATA

RESTRICTED



RESTRICTED

percentage loss in what is in any case a small
range is not large. Beneath the maximum range
speed, a speed band is given in brackets ; use of
any speed within this band should not cause more
than 5 per cent. reduction in the range obtainable
at the optimum I.A.S. A l l  the ranges shown are
calculated to  leave the recommended landing
allowance of fuel (480 lb./60 gall.).

80. For  intermediate altitudes the correct figures
should be obtained by interpolation. The climb
and descent data tables give the information used
when changing altitude. T h e  times given in the
sea-level climb data are from "wheels rolling".
Distance covered on the climb is included, where
necessary, in the cruise data, but descent distances
must be allowed for separately, since the descent
can be made either from overhead o r  some
distance from the destination ; however, allow-
ance is made in the cruise data for fuel used on
the descent. Similarly, the fuel used for taxying
and take-off has been allowed for in the cruise
tables, i.e. the fuel figure shown in the first column
of the cruise data table is the fuel remaining after
the taxying and take-off allowance has been
subtracted.

81. The cruise table shown consists o f  five
separate altitude blocks which show : —

(a) The level flight range to  the let-down
point at a particular height for various fuel
states.
(b) The optimum range I.A.S. at the particular
altitude with the approximate A.N.M. per
100 lb. fuel used and the approximate gross
fuel consumption in lb./hr. A lso  shown is the
band of speed (I.A.S.) within which not more
than 5 per cent. loss in range will occur. A t
altitudes above 20,000 feet, the I.M.N. is also
given.
(c) The range including the distance covered
on the climb i f  a climb is made to any other
altitude during flight.

Pre-Flight Planning
82. First, enter the cruise data table in  the
sea-level (top) block at the fuel state applying
immediately after take-off ; i n  most cases this
will be in the first column.

83. Select the altitude that  gives maximum
range for the fuel state. T h e  range includes the
climbing but not the descent distance. (Absolute
maximum range is obtained by adding on the
descent distance, provided that the let-down is

FLYING FOR RANGE
started at that distance from the destination at the
correct r.p.m. and aircraft configuration.)

84. For  short flights, inspect the sea-level block
and select that altitude at which the distance to be
covered requires the least amount of fuel—this is
the best altitude for the flight.

In-Flight Planning
85. A t  any stage of a flight the available range
can be found by comparing the prevailing fuel
state with the level flight range in the altitude
block concerned.

86. I f  an increase in range is required or i f  the
cruising altitude has had to be increased, the new
range can be obtained by entering the appropriate
altitude block at the immediate fuel state and then
moving downwards within the block until the new
altitude is reached. Figures in heavy type are
opposite the best altitude f o r  the maxim m
increase i n  range. A b o v e  th is altitude n o
improvement is obtained i f  the flight is made to
overhead, but reference to the descent table may
show that some advantage can be gained by
climbing to  a  higher altitude i f  the distance
covered on a range let-down is added to the range
shown for the higher altitude and the let-down
is then started at the appropriate distance from
the destination. (See example in para. 93.)

87. I f  a descent to a lower altitude is necessitated,
the new range is shown by moving direct from
the range shown for the prevailing altitude for the
immediate fuel state to the range for the lower
altitude.

Specimen Flight Plan
88. As  an example of the use and flexibility o f
the charts, consider a proposed flight using the
data in  the specimen tables. Assume that a
distance of 335 miles is to be covered.

89. Since the tables allow fo r  the fuel used
during taxying and take-off, and climb and
descent, no separate allowance need be made.
Further, the cruise table also leaves the aircraft
with the landing allowance in hand after having
flown the distance indicated.

90. Therefore, for a flight of 335 miles, the cruise
data table should be entered at  the sea-level
block where it can be seen that under the column
headed 290 galls. AVTAG (2,240 lb.), i.e. fuel
available immediately after take-off, the range at
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20,000 feet is shown as 324 miles. Th is  is 11
miles short o f  the required distance, but on
looking at the descent data i t  can be seen that
a gradual descent from 20,000 feet at the specified
r.p.m. and aircraft configuration realizes a
further 15 miles. This distance added to 324 miles
gives 339 miles, slightly more than required.
Therefore provided a gradual descent is started
15 miles before the destination at the r.p.m. and
configuration shown in the descent data table,
20,000 feet is the minimum altitude.

91. I f  the flight is to be made to overhead at the
destination before letting down, then 20,000 feet
(324 miles) is too low for cruising. B y  interpolat-
ing between the figures f o r  20,000 feet and
30,000 feet i t  is evident that at 25,000 feet the
range is 340 miles ; therefore for an overhead
flight 25,000 feet would be the minimum altitude.

Example of In-Flight Planning
92. Assume that the flight is  being made at
20,000 feet as in para. 90 and that at the point
when 208 gallons AVTAG (1,600 lb.) o f  fuel
remains it becomes necessary to divert to another
airfield 230 miles away. T h e  tables are then
used as follows : i f  the aircraft is kept at the same
altitude, it can be seen, from the 20,000 ft. block,
that a distance of 217 miles can be covered with
the fuel remaining. However, i f  the aircraft is
climbed to 30,000 feet the range increases to 233
miles and at 40,000 feet to 237 miles. Therefore it
is necessary to climb to at least 30,000 feet and
cruise at the appropriate speed for this altitude
i.e. 290 knots. Maximum range for the fuel

available is shown in bold figures and entails
climbing to and cruising at 40,000 feet. I f  a
gradual descent were made from these altitudes
the respective distances shown in  the descent
data table should be added to the range shown in
the cruise data table, and the let-down started at
the appropriate distance from the destination. I f
the fuel remaining were 155 gallons AVTAG at the
same altitude, then the cruise table shows that
there would be a loss in range i f  the aircraft
were climbed.

93. A  final example of  the in-flight use of  the
tables is given by considering the aircraft a t
20,000 feet with 155 gallons AVTAG (1,200 lb.)
fuel remaining. The range available under these
conditions is 130 n.m. and no advantage is
indicated b y  climbing t o  a  higher altitude.
However, i f  a  range let-down is  made from
20,000 feet, then, and from the descent table, a
further 16 miles can be added making a total of
146 n.m. I f  the aircraft is climbed to 40,000 feet
the range is reduced (125 n.m.), bu t  i f  the
distance covered on  a  range let-down f rom
40,000 feet (30 n.m.) is added to the reduced range,
the total range is 155 n.m. I t  can be seen in this
example that, i f  the flight were to be made to
overhead a t  the destination followed b y  a
maximum rate descent, the flight would best be
continued at 20,000 feet ; i f  a range let-down
could be used it would pay to climb to 40,000 feet
and start the l e t -down 30 n.m. before the
destination, even though the indicated range was
less because o f  the advantage gained from the
greater let-down distance.
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Introduction
1. Flying for endurance implies flying under a
set of conditions which realizes the minimum fuel
flow and so the longest possible time in the air
on the fuel available. T h e  need for maximum
endurance arises less frequently than that for
maximum range but  circumstances can arise
which require aircraft to loiter, or stand-off, for
varying periods of time during which fuel must be
conserved. Whereas range flying is more closely
concerned with specific fuel consumption and
A.N.M.P.G., endurance flying is concerned with
the gross fuel consumption, i.e. the weight of fuel
consumed per hour.

Principles
2. Broadly, since the fuel flow is proportional to
the thrust, the fuel flow is least when thrust is
least ; therefore maximum level-flight endurance
is obtained when the aircraft is flying at the I.A.S.
for minimum drag, because in level flight thrust is
equal to drag.

3. Maximum endurance is  obtained a t  a n
altitude which is governed by engine considera-
tions. Although for a given set of conditions the
I.A.S. fo r  minimum drag remains virtually
constant at all altitudes, the engine efficiency
varies with altitude and is lowest at the lowest
altitudes, when the engine must be severely
throttled to provide the low thrust required.

• 4. To  obtain the required amount of thrust most
economically the engine must be run at high
r.p.m., i.e. at a large throttle opening. Therefore
maximum endurance is obtained by flying at such
an altitude that, with the engine running at or
near optimum cruising r.p.m., just enough
thrust is provided to realize the speed for minimum
drag. A b o v e  the optimum altitude little i f  any
additional benefit is obtained, and in some cases a
slight reduction may be found owing to burner
efficiency decreasing a t  o r  about the highest
altitude at which level flight is possible at the
speed for minimum drag. I n  general, optimum
endurance is obtained by  remaining between
20,000 ft. and the tropopause at the recommended
I.A.S. and appropriate r.p.m. ; t he  greater the
power/weight ratio of the aircraft the greater will
the optimum height be. W i t h  aircraft having
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high power/weight ratios, maximum endurance
is obtained at the tropopause.

5. The method given in para. 4 should only be
used for maximum endurance i f  the aircraft is
above or near the endurance ceiling, otherwise i f
the aircraft i s  climbed f rom a  much lower
commencing altitude, endurance will be reduced
through the higher fuel flow required on the
climb.

6. To  sum up, therefore, when maximum
endurance is required the aircraft should be flown
at such an altitude that the thrust required to give
the I.A.S. for minimum drag is obtained at an
r.p.m. setting high enough to give reasonable
engine efficiency. This r.p.m. should be as high
as possible and therefore the altitude should also
be kept high so that the thrust available just
realizes the required I.A.S. I t  will rarely pay to
climb to a higher altitude unless the commencing
altitude is very low, and even then level flight
at the recommended I.A.S. should be resumed as
soon as the lowest economical height has been
reached ; the  extra fuel used to  climb can
neutralize any benefit gained b y  increased
endurance at high altitude.

7. On engines having variable swirl vanes the
consumption increases markedly if the r.p.m. are
so low that the swirl vanes are closed. I f  the
altitude is low enough to cause the swirl vanes to
close at the r.p.m. required for minimum-drag
I.A.S., the aircraft should either be climbed to
the lowest altitude at which minimum-drag I.A.S.
can be obtained with the swirl vanes open or the
r.p.m. increased to the point at which the vanes
open, accepting the higher I.A.S., or, on twin or
multi-engine aircraft, one o r  more engines
should be stopped and the remaining engines run
at a more efficient r.p.m. to realize the speed for
minimum drag.

Effect of Weight on Endurance
8. Drag and thrust at the optimum I.A.S. are
proportional to the A.U.W. T h e  lower the
weight the lower the thrust and fuel flow.
Endurance varies inversely as the weight and not
as the square root o f  the weight as in  range
flying ; this is because in pure endurance flying
the T.A.S. has no importance.
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Effect of Temperature on Endurance
9. I n  general, the lower the ambient air tempera-
ture the higher the endurance, and vice versa.
However, the effect is not marked unless the
temperature differs considerably from the stan-
dard temperature for the altitude. In  any case, the
pilot can do nothing but accept the difference,
since any set of circumstances requiring flying for
endurance usually ties the aircraft to a particular
area and height band.

Twin- and Multi-Engine Aircraft
10. When flying fo r  endurance on twin- and
multi-engine aircraft, one o r  more engines
should be stopped, as applicable. I n  this way
the live engines can be run at optimum cruising

r.p.m. and so under most economical conditions
for the thrust required.

Use of the Fuel Flowmeter
11. The flowmeter is a useful aid when flying for
endurance. I f  the precise speed is unknown, the
throttle should be set at the r.p.m. which realize
the lowest indicated rate of flow with level flight
for the particular altitude.

Reporting Procedure—Aircraft Endurance
12. Whenever reporting the remaining endurance
of the aircraft, the pilot should give the time for
which he can remain airborne. I t  is confusing
and dangerous to report endurance in terms of
gallons or weight of fuel remaining owing to the
possibility of being misunderstood.
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CHAPTER 1

FLYING FOR RANGE
Introduction
1. To  cover the greatest air distance on the fuel
available, the airframe, engine, and propeller must
all operate at their most efficient settings. Since
an aircraft is rarely flown to its limit of range, the
term "flying fo r  range" is  normally used t o
indicate maximum fuel economy over any flight
stage. Although financial economy is desirable,
the main requirement is that of a maximum fuel
reserve at the end of a flight stage for use during
possible stand-offs or diversions.

2. For  every aircraft there is an I.A.S. at which
the total drag, and the power required from the
engine to counteract this drag, is least. T h e
propeller converts power into thrust (equal to
total drag), but always with some conversion
losses, which are at a minimum when the propeller
is operating at  its best setting. When  these
requirements are satisfied, the maximum number
of air nautical miles per gallon (A.N.M.P.G.) of
fuel is obtained.

3. The pilot may be unable to achieve this ideal
condition, f o r  reasons outlined later i n  this
chapter, and maximum fuel economy cannot be
obtained. However, guidance is given in Pilot's
Notes on handling each type o f  aircraft, and
graphs are supplied from which can be determined
the best speed, height, and engine settings for the
particular flight.

Derivation of Range Speed
4. The greatest fuel economy is not obtained by
flying as slowly as possible, since high power is
needed to fly at very low airspeeds owing to the
large induced drag. T h e  level fl ight speed
produced b y  using minimum power is  also
unsuitable since the resulting l ow  speed i s
uneconomical in terms of distance travelled per
gallon used.

5. I t  will be shown that maximum range in level
flight at a certain A.U.W. is obtained at the I.A.S.
at which the total drag is least (provided that the
correct engine and propeller settings are used),
as follows : —

On a  given flight, assuming that the fuel
consumption depends on the power setting to
obtain the desired I.A.S., and the time during

which this setting is used, then for a given I.A.S. :
Fuel used per hour depends on the power :
POWER is proportional to DRAG x  T.A.S.

Therefore for a given distance (time) total fuel
used depends on :
POWER x TIME o: DRAG x T.A.S. x  TIME

cc Drag x  DISTANCE
Thus, the less the drag the less the fuel used for
a given distance, and also the greater the distance
flown on a fixed quantity of fuel. Since the total
drag depends on the T.A.S. there is only one
speed at which minimum drag is realized in level
flight—this is the speed for maximum range.

Variation of Total Drag
6. The total drag for a given aircraft configura-
tion varies with airspeed and the angle of attack,
but these are interrelated as shown in  Fig. 1
(sea-level total drag curve for  a  hypothetical
aircraft, plotted against T.A.S. which in this case
is also I.A.S.). Minimum total drag is obtained
at an I.A.S. of 150 knots, which is therefore the
optimum range speed for this aircraft. Below
this speed the induced drag, associated with the
high angle of  attack, increases the total drag ;
at a  higher speed profile drag rises steeply,
despite the smaller angle of attack.

TOTAL

DRAG (lbs.)'

103 200 T . A . S .  (I.A.S.) Ku .

D t t  D

ANGLE of ATTACK

L  R A T I O
D +

RANGE SPEED
ISO K m

Fig. I .  De r i va t i on  of Range Speed
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I f  a cruising speed of 175 knots were desired, it
might for instance be possible to use : -

1 lb. boost, 2,850 r.p.m. ;
3 lb. boost, 2,400 r.p.m. ;
5 lb. boost, 2,000 r.p.m. with full throttle.

The last setting would give best fuel economy.
In general, consumption increases with r.p.m.
and the effect of certain mechanical considera-
tions mentioned in para. 26 et seq. The G.F.C.
gives little indication o f  the efficiency of the
aircraft in making use of the power obtained,
and to ascertain the most economical setting
for a required speed it is necessary to determine
the amount of  fuel used per hour at various
power outputs.
(h) Specific Fuel Consumption (S.F.C.) (lb. fuel
used per B.H.P. per hour). I f  the fuel con-
sumption in pounds per hour is plotted for
each point throughout the power range of the
engine, a curve is obtained similar to that in
Fig. 3. T h e  best S.F.C. is  obtained at  a
moderate power setting, by  the use o f  full
throttle and minimum r.p.m. ; i f  i t  can be
arranged that this setting also propels the
aircraft at the correct I.A.S., maximum fuel
economy results.

lb./bhp/hr.

sac 9 0 0  ' s o  1.100 7.100 I ,700 D.H.P.

4 tro s  e  000 7  000 CCM 9.000 ALTITUDE

Fig. 3. Variation of S.F.C. with Power

Airframe/Engine Combination
11. By calculating the total drag at the minimum-
drag speed the designer can determine the thrust
horse-power (T.H.P.) required t o  obtain this
speed. A  propeller is then selected which absorbs
least brake horse-power (B.H.P.) from the engine
in producing the T.H.P. required, but, even under
ideal conditions, the propeller efficiency rarely
exceeds about 80 per cent. Next ,  the designer
selects an engine which gives : —

(a) Sufficient power for the take-off and flight
performance required.
(b) The required power for range speed, when
using full throttle and minimum r.p.m.
(c) The lowest S.F.C. when using range power.

The airframe and engine are carefully matched to
provide the best combination possible, within their
individual limitations, but this may not always be
practicable on aircraft with specific roles and a
compromise must be made.

Determination o f  Best Altitude t o  Obtain
Maximum Range

12. The two factors concerned with the determin-
ation of best altitude to obtain maximum range
are : —

(a) The power required at range I.A.S.
(b) The power available, at various altitudes,
using full throttle and minimum r.p.m.

Fig. 4 shows the relationship between the B.H.P.
available and altitude, for  a  certain aircraft ;
the engine has a two-speed supercharger which
can maintain the weight of the induction charge
up to the low-gear rated altitude of  9,000 feet.
In constant temperature conditions at altitude,
the sea-level power output would therefore be
maintained up to rated altitude ; but  assuming a
decreasing temperature lapse rate, the lower
temperature at altitude results in a heavier and
denser charge, which causes the power output to
increase to some extent with height up to the
rated altitude, as shown by Fig. 4.  Certain
mechanical factors, such as decreased exhaust
back-pressure at the higher altitudes, add to this
effect.

13. Above this altitude the power available falls
off steadily until the supercharger high gear is
cut in. Pr ior to this an altitude is found at which
the power available is just equal to the power
required to give range I.A.S. The power required
has been rising steadily with altitude, owing to
the factors outlined in  para. 8  ; b u t  at  this
altitude the requirement is just fulfilled. There-
fore this is the range height for these conditions ;
it is defined as : —

"The full-throttle height for the power
required to give the recommended range
speed, using minimum r.p.m., weak
mixture, and supercharger low gear."

Referring to Fig. 3, it can be seen that as altitude
is gained the S.F.C. at first falls, until range height
is reached, after which i t  again increases. O n
some aircraft i t  may be necessary to  use the
maximum weak-mixture boost to maintain range
speed, especially at a high A.U.W. T o  some
extent this may restrict the altitude at which the
aircraft can be flown for range ; bu t  usually a
boost setting less than maximum weak mixture
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may be used. The effect of increased weight is to
move the power required curve to the right, the
intersection wi th  the power available curve
occurring at a lower altitude in Fig. 4. A t  full
throttle the extra power is obtained by using
higher r.p.m., so that in extreme cases it may be
necessary to use high r.p.m. and rich mixture
initially, reducing r.p.m. as the weight decreases
until weak-mixture maximum boost can supply
the required power.

Factors Affecting the Choice of Range Speed
14. With the information given up to this point,
the pilot should be able to climb the aircraft to
the recommended height, set full throttle, and
reduce r.p.m. to the low value required for range
speed, as given in Pilot's Notes for the particular
flight condition. The final choice of range speed
may be influenced by one or more o f  the five
additional considerations outlined below.

Recommended Range Speed
15. On most aircraft, the optimum range speed
is a  comparatively l o w  I.A.S., and  unless
maximum range is essential the range speed can
be increased by about 10 per cent. in the interests
of control with only a slight fall in fuel economy.
This is made possible by the shallow slope of
the total drag curve in the region of  minimum
drag ; the new speed is known as the recom-
mended range speed.

ALTITUDE
F1.11000

22

20

18

16

14

10

CEILING AT  RANGE I ,  A,S,

C.

5' • •

BEST RANGE ALTITUDE

/

8 1 0  1 2
B N R. (x100)

Effect of Variation in Cruising Altitude on Range
16. Flight Above Recommended Altitude. A s
altitude is increased above the recommended
height for maximum range, the power available
will fall, while the power required for range
I.A.S. will rise steadily. I t  will be necessary to
increase power b y  using additional r.p.m.,
since the throttle is already fully open. A t  a
fixed throttle setting, the power is proportional
to the r.p.m. and, in fact, at the absolute ceiling
of the aircraft, full throttle and maximum r.p.m.
are in use. The  behaviour of the boost pressure
during this change o f  altitude will depend on
the increase o f  r.p.m. required to obtain the
desired speed at the new altitude. A  l imit is
imposed by the maximum weak-mixture boost
setting, for while it may be possible to maintain
the desired speed by using rich mixture, this
will cause a marked drop in range. T h e  pilot
may be obliged to accept the speed produced
by maximum weak-mixture boost, provided i t
does not fall too far below the best range speed.
A further complication is introduced by the use
of high supercharger gear, for the boost will rise
appreciably when this is engaged. I n  all cases,
the S.F.C. will rise significantly with the use of
higher power, and range w i l l  decrease pro-
gressively as altitude is increased above the
recommended height.

E

Tso,so A  =
Q B =  P o w e r  required at range I.A.S.

C =
O '

D  =  P o w e r  available at maximum R.P.M.
f Q  a n d  full throttle (LOW  GEAR)

0  0
O o  P o w e r  available at maximum R.P.M

0 0  0 E  =  a n d  full throttle (H IGH GEAR)

o  0

O
O
O

O

O

O

O

O

O

0
O

14 1 6  1 8  2 0  F i g .  4 .  V a r i a t i o n  o f  B o o s t  a n d  B . H . P.
w i t h  A l t i t u d e

Power available at minimum R.P.M
and full throttle ( L O W  GEAR)

Power available at minimum R.P.M
and full throttle (H IGH GEAR)
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17. Flight Below Recommended Altitude. D e -
scending from the recommended altitude, the
power available first increases (Fig. 4) until the
rated altitude is reached, after which i t  falls
steadily. Power required, on the other hand,
falls steadily with decreasing altitude, resulting in a
growing power surplus. The pilot may either accept
the higher speed obtained (with increased drag and
deterioration in L/D ratio), or close the throttle
to maintain the recommended range I.A.S.
The first is much more acceptable, since not
only is  a  higher cruising speed obtained, so
reducing the time during which these adverse
conditions apply, bu t  the loss i n  range ex-
perienced is far  less than that which would
result from running the engine fo r  a  longer
period a t  a  severely throttled, and therefore
uneconomical, setting. Using full throttle and
minimum r.p.m., the boost rises as altitude is
reduced, and must not be allowed to exceed the
maximum weak mixture limitation ; the speed
obtained a t  this power setting may be the
acceptable maximum, further reduction i n
altitude being met by closing the throttle to keep
the boost within limits.

Effect of Variation in All-Up Weight on Range
18. The angle o f  attack for minimum drag is
constant, regardless of any variation in A.U.W. ;
consequently any change in  l i f t ,  due to  the
changing weight, must be met by an alteration
in speed. The  best speed is proportional to the
square root o f  the A.U.W. A  practical and
useful rule for  estimating changes o f  I.A.S.,
necessary to compensate for changes in A.U.W.
up to 20 per cent., is to vary the I.A.S. by half
the percentage variation i n  A .U.W.  ; e . g .
A.U.W. reduced by 10 percent., I.A.S. reduced
by 5 per cent., giving an increase of 7 percent. to
8 per cent. in the range. The  fact that fuel con-
sumption is not proportional to the A.U.W., as
might be expected, is due to the variation in
S.F.C. through the power range of the engine ;
the power setting producing the lowest S.F.C.
being suitable only at a particular A.U.W. I n
practice many short-range aircraft may b e
flown without varying the speed, while on larger
aircraft it may be sufficient to use one speed on
the outward journey and a  modified speed on
the return flight. Para. 34 et seq. examine the
various methods o f  cruise control for  range,
including the effect of  variation in A.U.W. on
the speeds to be used ; once the pilot has decided
which method to adopt, reference may be made
to Pilot's Notes for practical details of handling.

FLYING FOR RANGE
Effect of Increased Drag on Range
19. Any  increase in total drag impairs the L/D
ratio and increases the power required for range
speed. Anything a pilot can do to eliminate
excess drag improves range, especially wi th
such excrescences as radiator gills, flaps, and
hatches. M a n y  aircraft carry external stores,
causing extra drag which must be accepted ; i n
such cases, if the effect on performance is marked,
Pilot's Notes include the figures f o r  these
configurations. T h e  best I.A.S. may be con-
siderably reduced if the extra drag is appreciable,
but this may be preferable to the still greater
consumption resulting from misguided attempts
to maintain range speed at all costs.

Effect of Wind on Range
20. During an "out-and-home" flight in given
wind conditions, the total fuel used is greater
than that used on the same flight in still air.
This is due to the greater number of  air miles
flown, which are proportional to the strength
of the wind component. T h e  effect may be
explained by taking a hypothetical aircraft with
the following operating data : —

Cruising I.A.S.
Cruising T.A.S.
Cruising altitude ...
Flight distance . . .

Fuel consumption
Flight conditions:-

120 kts.
130 kts.
5,000 ft.
2 x 100 n.m. (out and

home)
42 gal ls./hr.

(a) Still air
(b) 50 kts. headwind
(c) 50 kts. tailwind

(a) Still Air (Out and Home)
Flight distance ... 2 0 0  n.m. total
Ground speed ...
Flight time . . .
Fuel used ...
Air miles covered

130 kts.
92 mins. (1.53 hr.)
64 galls. approx.
200 n.m.

(b) Into 50 kts. Headwind (Out)
Flight distance ... 1 0 0  n.m.
Ground speed ... 8 0  kts.
Flight time . . .  7 5  mins. (1.25 hr.)
Fuel used ... 5 2  galls.
Air miles covered 1 6 2 . 5  (130 x 1.25) n.m.
(c) In 50 kts. Tailwind (Home)
Flight distance ... 1 0 0  n.m.
Ground speed ...
Flight time . . .
Fuel used ...
Air miles covered

180 kts.
33 mins. (0.55 hr.)
23 galls.
71.5 (130 x 0.55) n.m.
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During the flight in 50-knot wind conditions, the
air miles increase from 200 to 234 (162.5 +  71.5);
the fuel consumption from 64 to 75 (52 -I- 23)
gallons. A  heavier aircraft, which has a higher
fuel consumption per air mile than a lighter air-
craft, is affected to a greater extent than a lightly
loaded one. To  reduce the air miles flown it may
seem advisable to fly the aircraft faster in a
headwind and vice versa ; but  in practice it is
not worth making any change in 1.A.S. unless
the wind is very strong—of the order of 50 knots
or more. I n  this case the I.A.S. should be
increased by 3 per cent. to 4 per cent., if it can be
done without the use of rich mixture. F o r  a
tailwind, there will be a three-fold gain in reduc-
ing the I.A.S. by as much as 10 per cent. The
recommended range speed is usually some 10 per
cent. greater than the best speed ; the latter may
be used while still maintaining a high cruising
speed. Greater fuel economy results at  the
reduced power setting used at the lower speed ;
finally, a greater time is spent in the beneficial
effect of the tailwind component. There is no
question of control difficulty at this lower speed,
for it lies in the medium speed range of the air-
craft, being some 20 per cent. higher than the
minimum-power level flight speed a t  which
control difficulty may be experienced. Engine
handling presents no problem, for while the
throttle is fully open power can still be reduced
by decreasing the r.p.m. I f  this proves imprac-
ticable, i t  may be advantageous to leave the
engine and propeller at optimum settings and
reduce output b y  climbing slightly ; some
advantage may then accrue from the increased
wind velocities normally found aloft.

Factors Affecting Range Obtained
21. Since maximum fuel economy is obtained
when flying at range speed, it follows that the
factors which affect the choice of speed used also
affect the range obtained. I n  the case of altitude,
even with the correct speed, maximum range is
not achieved unless the correct altitude is used
for a given A.U.W. T h e  following additional
factor must be considered.

Effect of Air Temperature Variation on Range
22. A t  a given throttle opening and pressure
height, the power output falls if the temperature
of the intake gases is increased, since the density
and weight of the induction charge fall. T o
maintain the original power output, the throttle
must be opened, or, if it is already fully open, the
r.p.m. must be increased. I n  both cases fuel
consumption rises and the range is impaired.
The effect of  an air temperature increase on

range is generally slight, owing to the greater
T.A.S. obtained for a given I.A.S. in the less
dense air. However, i f  the intake gases are
heated by the use of a carburettor anti-icing
device, the effect may be considerable since no
alleviation is obtained from a  higher T.A.S.
The magnitude of this effect depends mainly on
the type of carburettor.

Practical Handling for Range
23. Climbing. There  are three methods o f
climbing economically to the cruising altitude : —

(a) The rich mixture climb, a t  optimum
climb speed.
(b) The weak mixture climb, at optimum
range speed.
(c) The weak mixture climb, at  optimum
climb speed.

The most economical method depends, amongst
other things, on the airframe and engine char-
acteristics, and on the A.U.W. ; the  correct
method for a given set of conditions may be
ascertained from Pilot's Notes. I t  is generally
considered that the weak mixture climbs are the
most economical, provided that the rate o f
climb is not too slow, and that cooling difficulties
can be overcome. The graph of Fig. 5 shows the
typical climb path and distance covered on the
climb for a heavy aircraft, when each method is
employed. While the rich mixture climb uses
less fuel to reach the desired height, owing to the
reduced time spent at high power, the weak
mixture climb is more profitable when the same
ground distance has been covered.

ALTITUDE
(ft.)

Miles Covered on Climb

(I) RICH M I X T U R E
maximum continuous

(2) WEAK M I X T U R E
maximum Continuous

(3) WEAK MIXTURE
maximum continuous

Optimum Cl imb Speed

Optimum Cl imb Speed

Optimum Range Speed

Fig. 5. Economical Methods of Climbing
to Range Altitude
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Use of Supercharger
24. The use of high supercharger gear results in
greater mechanical power losses, and a higher
boost and/or r.p.m. are required for the same
power output, compared with low gear settings.
The extra power is used to  drive the super-
charger at the higher speed. Th is  reduces fuel
economy, and consequently the change to high
gear should be delayed until the low gear full-
throttle height fo r  climbing power has been
reached ; i.e. until the boost has fallen by the
amount specified in Pilot's Notes. O n  aircraft
fitted with automatic supercharger gear changes,
the control i s  set to  change gear a t  a  pre-
determined height, frequently that which gives
maximum performance fo r  a  combat climb.
For maximum economy when such controls are
fitted, the switch should be set to "Manual" and
the changeover to "Auto" made only when the
altitude, or the fall in boost specified in Pilot's
Notes, has been reached.

Descending
25. Best fuel economy in the descent is achieved
by using the optimum range speed, with power
adjusted to give the required rate o f  descent.
Because S.F.C. tends to rise at the lower end of
the cruising power range, the A.N.M.P.G. may
fall appreciably i f  power is reduced too much,
and in  this case i t  is preferable to obtain the
required rate of descent by increasing the I.A.S.
rather than by reducing power to a very low
value.

Cruising
26. Maximum economy under cruising con-
ditions is achieved only i f  careful consideration
is given to the following factors : —

(a) Mixture setting.
(b) Boost and r.p.m. setting.
(c) Supercharger gear.
(d) Use of hot air for the carburettor.
(e) Use of carburettor air filter.
( f )  Position of radiator or cowling gills.

27. Mixture. I f  rich mixture is used not all the
fuel is completely burnt, and at high powers the
excess fuel acts as a coolant to prevent detona-
tion. Since consumption may be increased by
as much as 30 per cent., rich mixture is used only
for take-off, .climb, or when the power required
cannot be obtained by the use of maximum weak-
mixture boost and r.p.m. Weak mixture should
be used at all other times, since complete burning
of the fuel ensures maximum economy. I f  there

FLYING FOR RANGE
is no manual mixture control, weak mixture is
automatically obtained at boost pressures at or
below the weak mixture limit stated in Pilot's
Notes. O n  certain engines (Bristol), the throttle
quadrant is marked at the economical cruising
boost setting, at or behind which weak mixture
is obtained. I f  the range I.A.S. must be exceeded
for some reason, rich mixture must be used with
maximum rich-mixture boost, and the r.p.m.
reduced t o  maintain the required speed. A
periodic change t o  weak-mixture continuous
setting should be made, and once it is found that
as a result of reduction of weight by consumption
of fuel, etc., the required speed can be maintained
in weak mixture, the flight should be continued
as described in para. 28.

28. Boost and r.p.m. I t  was stated in para. 10
that high boost and low r.p.m. usually give best
economy. O n  most aircraft the use o f  ful l
throttle and minimum r.p.m. a t  the range
altitude and moderate A.U.W. produces less
than maximum weak-mixture boost ; i n  the
early stages o f  a flight, however, higher r.p.m.
may be needed to give the required speed, and
this may cause the boost to reach, or even exceed,
the weak mixture maximum. B u t  as A.U.W.
falls, the r.p.m. can be adjusted to give the lower
speed required, and the boost falls. T h e  lower
limit of the r.p.m. adjustment is usually governed
by the generator cut-out r.p.m., or by the onset
of marked vibration ; the latter may also occur
at other r.p.m., and these settings should be
avoided. I f ,  a t  fu l l  throttle with maximum
permissible weak-mixture boost and minimum
r.p.m., the I.A.S. is still above that required,
further reduction of power can be achieved only
by a reduction of boost. I t  may be possible to
achieve a balance of power by climbing slightly
(see para. 16). O n  aircraft fitted with inter-
connected throttle and propeller controls, the
r.p.m. lever should always be set to the AUTO
position. A f te r  long periods at high boost and
low r.p.m., the use of high-octane fuels may result
in lead oxide being deposited on the spark plugs,
valves, and the interior o f  the combustion
chamber ; this may be prevented by the addition
to the fuel o f  ethyl dibromide and similar
compounds. Alternatively, the r.p.m. should be
increased t o  maximum permissible fo r  short
periods at intervals of 15 or 30 minutes during
flight, and afterwards returned to cruising r.p.m.

29. Supercharger Gear. Max imum range i s
generally produced by using low gear, but at
moderate and high altitudes the use of low gear
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may necessitate high r.p.m. t o  maintain the
desired I.A.S. Under such conditions it would
be profitable to  use high gear, but when in
doubt Pilot's Notes should be consulted for the
correct choice of supercharger gear.

30. Carburettor Air Intake. Unless the carburet-
tor is temperature-compensated, the use of hot
air must enrich the mixture, impairing range and
fuel economy. The  effect may be serious owing
to the factors outlined in para. 22, but much
depends on the type of carburettor. The mixture
provided by some carburettors, with the intake
in the cold position, i s  very weak, causing
overheating and rough-running at high boost
low r.p.m. settings ; consequently the engine
runs better with the intake in the hot position.
In such cases, owing to the loss of power from
the excessively weak mixture in "cold" air, there
is little or no loss in range when using "hot" air.
No general rule can be laid down, but, unless
specified in Pilot's Notes, cold air should be used
at all times unless icing conditions are expected.

31. A i r  Filter. Where an air  filter is fitted,
unfiltered air should be used in flight, since any
interference with the airflow into the engine
reduces engine efficiency.

32. Radiator Shutters and Cooling Gills. Where
thermostatically-controlled shutters are fitted, the
AUTO position should be selected, thus ensuring
the minimum cooling drag compatible with
maintaining temperature limitations. Manually-
operated devices should be closed as far as
possible while maintaining the correct tempera-
tures.

PROCEDURE TO OBTAIN
MAXIMUM FUEL ECONOMY

Summarized Procedure
33. The procedure for setting an aircraft to fly
for maximum range may be summarized as
follows : —

(a) Climb to the recommended altitude, using
the method outlined in Pilot's Notes.
(b) Set the throttle fully open.
(c) Reduce the r.p.m. until the recommended
1.A.S. is obtained.
(d) I f  necessary, adjust the speed for prevailing
wind conditions.
(e) Use weak mixture whenever possible.
(f) Use l o w  supercharger gear whenever
possible.

(g) Use carburettor COLD AIR.
(h) Select air filter OUT.
(j) Select the best setting of the radiator flaps
or cowling gills.
(k) Reduce drag to a minimum by trimming
the aircraft correctly and checking that al l
hatches are closed, flaps retracted, etc.

CRUISE CONTROL TECHNIQUES
Introduction
34. I n  the foregoing paragraphs i t  has been
assumed that the aircraft is to be flown for the
greatest range. T h e r e  are  three principal
techniques whereby an aircraft can be flown for
range. These are : —

(a) Adjusting the recommended range I.A.S. to
the correct value as the A.U.W. falls.
(b) Maintaining a constant I.A.S.
(c) Maintaining a constant power.

35. Fig. 6  shows the comparative effects on
A.N.M.P.G. o f  employing these methods and
shows I.A.S./A.N.M.P.G. curves for a  typical
four-engine aircraft, at four different weights, at
10,000 feet, and includes the optimum range
speed (PQ), the recommended range speed (OA),
a selected constant I.A.S. (OB), and the speed
produced a t  various weights using constant
power. The three methods are discussed below.

o A

60

0

0

Q

qcP c

0

ISO 1 6 0  1 7 0  1 8 0  1 9 0
175

KNOTS I.A.S.
Fig. 6. I .A .S .  versus A.N.M.P.G. for a Four-Engined

Aircraft

200 210
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FLYING FOR RANGE
Varying the Range Speed wi th Decreasing

A.U.W.
36. By  adjusting the recommended speed during
flight for changing conditions o f  A.U.W., the
greatest economy i s  obtained on  long-range
flights. T h e  greater the distance to be covered
the greater the advantage in using this method.
The advantages and disadvantages of this method
are : —

(a) Advantages.
(i) I t  is suitable for flight distances over
which the less efficient methods of operation
cannot be used with safety.
(ii) I t  is best used when maximum payload
is more important than saving time.
(iii) It ensures maximum fuel economy.

(b) Disadvantages.
(i) It gives the longest flight time.
(ii) I t  is often difficult to compensate for
variable winds with any degree of efficiency,
and flight planning is complicated.
(iii) Frequent power adjustments may be
necessary to maintain an exact I.A.S.

Constant I.A.S.
37. (a) Advantages.

(i) Maximum range m a y  b e  closely
approached if a suitable airspeed is selected.
(ii) One airspeed is sufficient for the normal
weight and altitude range of most aircraft.
(iii) Fl ight planning and navigation are
simplified.

(b) Disadvantage. M o r e  fuel must be carried
to provide the same safety margin when
compared to the recommended range speed
technique used over the same distance.

Constant Power
38. (a) Advantages.

(i) This method achieves acceptable fuel
economy f o r  short distances, where the
weight of  the fuel is a small proportion of
the A.U.W. T h e  larger and more efficient
the aircraft, the greater becomes the absolute
distance over which this applies.
(ii) Maintaining constant power is usually
the simplest procedure, affording less chance
of incorrect operation of the aircraft.
(iii) At any given initial power, and therefore
airspeed, for similar conditions, this method
gives a shorter flight time than the other
two methods.

(b) Disadvantages.
(i) Its efficiency falls rapidly as the flight
distance and fuel used increases. The  high
initial power necessitated b y  the initial
weight must be maintained, or alternatively a
lower power may be selected which at the
initial weight may affect controllability.
(ii) The difference i n  power requirement
between this and other methods increases
progressively as the flight continues, particu-
larly when the A.U.W. i s  considerably
reduced, e.g. when bombs are dropped.

Summary
39. Where fuel economy is less important than
flight time, or  on short flights involving little
fluctuation in A.U.W., the constant I.A.S. o r
constant power methods are more suitable. I n  all
other cases the constantly-adjusted recommended
range speed method is usually the best.

USE OF FLIGHT PLANNING CHARTS

Introduction
40. To  assist in preparing the accurate flight
plan essential to any flight, Pilot's Notes include
flight planning charts comprising three curves
plotted against T.A.S. T h e  I.A.S. is not used
because in  still a i r  the T.A.S. represents the
actual ground speed at any height, simplifying
the flight planning process.

41. Each chart consists o f  three interrelated
sections, in which the A.N. M.P.G., engine r.p.m.,
and consumption in  gallons per hour are all
plotted against T.A.S. for various A.U.W. There
may be two or more charts for particular heights,
while a  means o f  assessing the reduction i n
weight due to fuel consumption, and its relation
to the speed used, may also be included.

42. The altitudes are chosen taking into account
the role o f  the aircraft and, where appropriate,
its performance i n  both high and low gear.
Fig. 7 shows a typical flight planning chart for an
aircraft at 5,000 feet in low gear. Charts may
also be included which take into account the
effect of carrying certain external stores, and of
variation in fuel quantity carried.

43. A  full explanation of the method of  using
flight planning charts is given in the succeeding
paragraphs.
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T.A .S .  K N O T S

14 0 1 5 0  1 6 0  1 7 0  1 8 0  1 9 0  2 0 0  2 1 0  2 2 0TOTAL GAL./HOURS

4

230
 1 3
 1 2
 1  1
 1 0

0 9
0 8
I C O N S TA N T  B O O S T
 R.P.M.  REDUCING n r  2 5 0 0

140 I S O  1 6 0  1 7 0  1 8 0  1 9 0  2 0 0  2 1 0

T.A .S .  K N O T S

60,000 lb.

70,000 lb.

80,000 lb.

Fig. 7.

275

250

225

200

175

150

- . 1 2 5
220 2 3 0

Typical Flight Planning Chart for a Piston-Engined Aircraft at 5,000 ft. in Low Gear
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FLYING FOR RANGE
Procedure for Use of Flight Planning Charts
44. Selecting the Cruising Altitude. After making
allowance for adverse winds or  other factors,
select the altitude a t  which the peak o f  the
relevant A.N.M.P.G. curve gives the highest
A.N.M.P.G. O n  short flights it may be uneco-
nomical to climb to a high altitude, since the fuel
used on the climb may not be recovered during
the brief flight at that altitude.

45. Selecting the Cruising Speed. When maxi-
mum economy is more important than flight
time, select an airspeed about 10 knots above that
corresponding to the peak o f  the A.N.M.P.G.
curve for  the starting A.U.W., i n  the upper
section of the chart. Taking any pressure error
into account this should give an I.A.S. within
10 knots o f  the speed recommended in Pilot's
Notes for maximum range. I f  a given E.T.A.
is to be achieved, first divide the distance by the
time available. Correct for the expected wind
and allow f o r  the distance covered on  the
climb. The required T.A.S. is the result, and the
chart may then be used as before to ascertain the
r.p.m. and fuel consumption. I f  the T.A.S.
obtained is high the fuel consumption is greater
than when flying for maximum economy, and
conversely, no advantage is gained by flying at a
lower T.A.S. than that corresponding to the
peak ' of the relevant A.N.M.P.G. curve, i n
order to achieve the desired E.T.A.

46. Selecting the Cruising r.p.m. The edge of a
rule, placed vertically on the chart on the airspeed
selected, intersects the appropriate r.p.m. curve,
in the centre portion of  the chart, at the value
which gives the selected T.A.S. when using
maximum cruising boost. I f  flying above the full-
throttle height for this boost at selected r.p.m.
the boost actually obtained should be accepted,
unless Pilot's Notes for the type indicate that, for
these conditions, i t  would be advantageous to
change to high gear. I n  flight the predetermined
r.p.m. may not give the required I.A.S. and
hence T.A.S. ; t h e  resulting I.A.S. should be
accepted unless, when flying for range, it is more
than 10 knots above or below the recommended
I.A.S. I n  this case power should be adjusted to

keep the I.A.S. within these limits. I f  flying for a
required E.T.A. the T.A.S. should be maintained
by adjustment of the r.p.m., and, in both cases, a
new fuel consumption estimate is required. This
can be determined from the chart by finding the
fuel consumption corresponding t o  the new
r.p.m. setting.

47. Determining the Fuel Consumption. T h e
intersection o f  the edge o f  the rule with the
appropriate gallons per hour curve in the lower
section of the chart will show the fuel consump-
tion. Knowing the fuel consumption i t  is now
possible to calculate the time taken to reduce the
weight by an arbitrary figure, say 5,000 lb. A t
this stage of the flight the I.A.S. can be adjusted
(according to the rules stated in para. 18) to
give the new recommended speed to correspond
with the reduced weight. A t  the same time the
new power setting can be determined from the
flight planning charts ; i f  the rule now intersects
the flat portion o f  the A.N.M.P.G. curve, the
available power at maximum cruising boost and
lowest practicable r.p.m. i s  greater than the
power required. T h e  boost should be reduced
accordingly.

48. Planning a "Constant-Power" Flight. A f t e r
selecting the altitude to be used, a  T.A.S. is
selected which will, in effect, be too slow for the
initial half of the flight and too fast for the latter
half. F o r  maximum range on a constant-power
flight, the T.A.S. is slightly above that correspond-
ing to the peak of the A.N.M.P.G. curve for the
mean A.U.W. o f  the flight. T h e  required
r.p.m. and the fuel consumption, which do not
vary significantly during the flight except for the
climb, can then be ascertained from the chart.

49. Determining the Endurance Speed. T h e
aircraft should be flown at the speed correspond-
ing to the minimum value o f  the gallons per
hour curve at the foot of  the chart, unless this
speed (after conversion from T.A.S.) is less than
the minimum practicable level f l ight I.A.S.
Owing to considerations of control and manoeuvre,
the recommended endurance speed given i n
Pilot's Notes may be greater than the speed thus
obtained.
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EFFECT O F ON RANGE
SPEED

ON RANGE E N D U R A N C E
OBTAINED S P E E D

ENDURANCE
OBTAINED

VARIATION IN
A.U.W.

Speed varied by  ha l f
percentage variation in
A.U.W. (up to 20%)

Varied by three-quarters
of the percentage varia-
tion in A.U.W. Weight
down, range up

As for range speed As for range

ALTITUDE Unaffected by altitude Ma x i mum a t  range
height, reduced above
and below

Unaffected by alti-
tude

Maximum at sea
level

WIND Increased 4 to 5 %  in
headwinds over 50 kt.
and vice versa

Reduced economy o n
round fl ight i n to  and
downwind, compared
with round flight in still
air

No effect No effect

ADDITIONAL
DRAG

May be reduced in cases
of large drag increment

Reduced in  proportion
to drag increase

Must be  ma in -
tained, even i f
extra power neces-
sary

Reduced in pro-
portion to  addi-
tional drag

VARIATION IN
TEMPERATURE

No effect Range reduced i n  i n -
creased outside tempera-
tures, but offset by in-
creased T.A.S. owing to
falling density

No effect Reduced, b u t  t o
greater extent than
range fo r  similar
conditions

USE OF
ASYMMETRIC
POWER

Reduced, or only pos-
Bible w i th  very high
power

Varies from considerable
reduction to small reduc-
tion ; never an increase

Normally obtain-
able, but rich mix-
ture may be neces-
sary

Reduced, b u t  t o
much less extent
than range f o r
similar conditions
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Range on Asymmetric Power
50. The aim should be to maintain as closely as
possible the recommended I.A.S. using weak
mixture. I f  altitude cannot be maintained at
this power and I.A.S. two courses of action can
be considered : —

(a) Accept the rate of descent, if practicable, in
order to maintain the range speed using weak
mixture. When maximum range is essential
this method is best ; the  altitude eventually
settles at a constant figure since the power
required a t  a  given I.A.S. decreases with
altitude.

(b) I f  altitude must be maintained then there
is no alternative but to use a  rich mixture
power.

There is an infinite number of variables between
(a) and (b) and the exact power used depends on
the prevailing conditions of altitude, distance to
go, and A.U.W. Each case must therefore be
judged on its merits, bearing in mind that the
recommended range speed is the most efficient,
and that the greater the departure from this speed
the greater is the loss in range.

SUMMARY OF RANGE A N D  ENDURANCE F LY I N G
PISTON-ENGINE AIRCRAFT

RANGE ENDURANCE
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PART 3 : SECTION 2
CHAPTER 2

FLYING FOR ENDURANCE
Introduction
I. To  keep an aircraft airborne for as long as
possible on the fuel available, the I.A.S. should
be that at which the engine consumes least fuel.
Endurance (measured in hours) is obtained by
dividing the fuel available (in gallons) by the
gross fuel consumption (G.F.C.) in gallons per
hour. Since the G.F.C. is assumed to be propor-
tional t o  the power output, maximum fuel
economy is obtained by using the level-flight
speed corresponding to the lowest power output
from the engine.

2. This speed is determined by the aerodynamic
characteristics of the airframe, the S.F.C. of the
engine at the power output required, and by
propeller efficiency. I n  practice the speed may be
modified by variation in  the A.U.W. and by
handling considerations.

3. The actual endurance obtained depends on
the A.U.W., the altitude, the outside air tempera-
ture, and the external condition of  the aircraft
itself. Wind has no effect on endurance.

Derivation of Endurance Speed
4. By gradually reducing the power during level
flight, a speed and power is eventually reached at
which the aircraft can just maintain a height at
which there is no margin of control for handling
purposes. I f  the total drag and T.A.S. are known,
this minimum power may easily be calculated,
since the Power ----- Total Drag x T.A.S. Assum-
ing the fuel consumption in gallons per hour to be
proportional to the power output, the speed for
minimum power gives maximum endurance.

5. I t  is interesting to note that at this low speed
the drag is greater than when flying at range
speed which is higher, while the power output is
less. This is because the power depends on two
factors (drag and airspeed) which alter when
power is reduced, but not in proportion. I t  can be
seen from Fig. 1 that an appreciable reduction
can be made in the speed for minimum drag
without incurring any large increase in drag. The
overall effect is a reduction in the product of the
two factors, although drag has increased and
speed decreased.

6. I n  practice, flight at the speed for minimum
power is  not practicable since al l  ability t o  F i g .  2. Derivation of Endurance Speed
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manoeuvre disappears, and  engine handling
problems arise. F o r  these reasons a margin o f
speed is added to improve the manoeuvrability,
resulting in  a  recommended endurance speed
which should be maintained within plus or minus
five knots. Endurance speed may be defined
as:

The level flight speed produced by the use of
minimum power, plus a margin for control and
manoeuvre.

It is stated in Pilot's Notes for each type o f
piston-engine aircraft.

TOTAL
DRAG

AIRSPEED (Knots T.A.S.)

Fig. I. Variation of Total Drag with Speed

7. From the power-required curve for a typical
aircraft (Fig. 2) the best endurance speed would
appear t o  be  95 knots. T h e  recommended
endurance speed would be some 10 knots above
this speed.

B H.P

I
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8. The recommended I.A.S. for endurance is
considerably higher than the minimum possible
flight speed, primarily because of the large rate of
drag increase at the lower speeds (Fig. 1). Flight
at these speeds would entail the use of higher
powers than that for maximum endurance, and at
full power, level flight is possible on some aircraft
at speeds well below the power-off stalling speed.

Effect of Altitude on Endurance Speed
9. The effect of increasing altitude on the curve
of Fig. 2 would be to shift the power-required
curve upwards and to the right, thus increasing
the T.A.S. corresponding to minimum power ;
this increase in the T.A.S. is obtained automati-
cally by maintaining the same recommended
I.A.S. regardless of the altitude. Therefore the
same I.A.S. should be used, irrespective of the
altitude, at a given A.U.W.

Effect of Weight on Endurance Speed
10. This is the only operational consideration
which may require the use of a speed other than
that recommended. The  angle of attack at the
speed for minimum power is constant, irrespec-
tive of the weight. I n  consequence, the variation
in lift with a  changing A.U.W. is met by a
corresponding variation in speed. Pilot's Notes
sometimes indicate the speeds to be used for
various conditions of A.U.W., but a useful rule
for estimating the change in I.A.S., necessary to
compensate for a  change in A.U.W. up to
20 per cent., is to vary the speed by half the
percentage variation in weight.

Factors Affecting the Endurance
11. Variation in A.U.W. Since speed changes are
obtained by varying the power, it follows that
less power is required for the reduced I.A.S.
associated with a  lower weight, and that fuel
consumption will be proportional to the weight
of the aircraft. A  10 per cent. reduction in
A.U.W. increases endurance by about 7 per cent.

12. Effect of Altitude. I n  level flight, maximum
endurance falls with altitude. Assuming the fuel
used per hour to be proportional to the power
used, this can be proved in the following manner :

Power used =  Total Drag x
For a, given I.A.S. the drag is the same at all
altitudes but the corresponding T.A.S. increases
with height. I t  follows that the power required
for endurance speed increases with altitude, as
does the fuel consumption, and endurance is
therefore reduced. Although maximum endurance
is obtained at sea level, a safety limit is imposed in
practice ; i f  flying in cloud, the local safety

height must be used and in clear conditions a
height of at least 1,000 feet above ground is
recommended. T h e  approximate decrease o f
endurance time with altitude is as follows :

At 10,000 feet : 85 per cent. of that at sea level
At 20,000 feet : 75 „  5 5  f  t
At 30,000 feet : 60 „  f  f  f

This relationship may be modified slightly by the
changing S.F.C., as the power required varies
with change of altitude. I f  the necessity to fly for
endurance arises when at  altitude, a  descent
should be made to the lowest safe and practicable
altitude.
13. Effect of Additional Drag. Since the recom-
mended speed must be maintained to provide
adequate control and manoeuvrability, more
power must be used to counteract extra drag
arising from the carriage o f  external stores.
Endurance will be improved by any measures the
pilot can take to ensure that the aircraft is
aerodynamically clean ; however, with a large
increase in drag, the best I.A.S. is obtainable only
at a  higher power setting, thus reducing the
endurance.
14. Effect of Temperature Variation. A t  high
atmospheric temperatures, the air density, the
weight of the induction charge, and therefore the
power output, are all reduced. T o  maintain a
given I.A.S., an increase in boost and/or r.p.m.
is necessary, and there may be a considerable loss
in endurance. When flying for range the less
dense air at altitude gives a greater T.A.S. for a
given I.A.S. and the effect of temperature increase
is slight.

Handling t h e  Ai rcra f t  f o r  Max imum
Endurance

15. Maximum fuel economy is obtained only if
full consideration is given to  the following
factors : —

(a) Boost and r.p.m. While the ideal combina-
tion for fuel economy is high boost and low
r.p.m., it may be impossible to maintain the
correct endurance speed without reducing
throttle opening. A t  low r.p.m. settings this
may cause the r.p.m. to fall below the lower
constant-speeding limit, and they are therefore
directly controlled by throttle movement. The
speed may therefore have to be obtained by a
medium throttle setting and a low acceptable
r.p.m. I t  may also happen that the lower
r.p.m. limit is dictated by  the generator
charging r.p.m. I n  very low atmospheric
temperatures, sustained cruising at low power
may give rise to engine temperature problems,
while on some aircraft it may not be possible to
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use weak mixture at very low throttle settings.
The pilot should make the choice of  engine
settings in the light o f  circumstances at the
time.
(b) Mixture. Wherever possible weak mixture
should be used, since the excess fuel in rich
mixture is expended only on reducing com-
bustion temperatures. Cru is ing  i n  h i gh
atmospheric temperatures may cause over-
heating i n  weak mixture, which may be
alleviated by the periodic use of rich mixture
at appropriate intervals.
(c) Supercharger Gear. A t  the low altitudes at
which the aircraft is flown for endurance, low
gear i s  invariably i n  use. I f  i t  becomes
necessary to fly at high altitude the best fuel
economy is obtained by using full throttle for
the boost required, with r.p.m. reduced to give
the required speed. L o w  gear usually provides
enough power even at the highest altitudes.
(d) Carburettor Air-Intake Shutter. Unless in
icing conditions, "COLD" air should be used,
since pre-heating of the intake gases results in
reduced power output and impaired fuel
economy. T h e  degree to which endurance is
affected depends on the type of  carburettor,
and instructions on the use o f  the intake
shutter are included in Pilot's Notes.
(e) Air  Filter. Better fuel economy results i f
the air filter is out of operation in flight, since
least restriction is caused to the airflow into the
engine. However,  when at the low altitude
selected f o r  endurance, sustained cruising
with the filter out o f  operation may cause
excessive engine wear, and it may be advisable to
bring the filter in. Th is  applies especially in
tropical countries where dust may extend some
distance into the atmosphere.

16. Technique f o r  Endurance Flying. T h e
technique fo r  f lying f o r  endurance may be
summarized as follows

(a) Fly at the lowest safe practicable altitude.
(b) Adjust the throttle and r.p.m. to give the
recommended speed for the prevailing A.U.W.
Maintain this speed within five knots.
(c) Use weak mixture, carburettor cold air, air
filter out of operation.
(d) Trim the aircraft correctly, and reduce all
additional drag such as that caused by hatches,
flaps, radiator shutters, etc.
(e) Jettison any excess load possible if maximum
endurance is required.

Comparison of Range and Endurance Speeds
17. Since endurance implies minimum power and
range implies minimum drag, comparison of the
two speeds is not easy. However, the endurance
speed may be identified by referring to Fig. 3,
which plots power required against T.A.S. for a
certain aircraft. The speed requiring minimum
power is found at the base of the power curve.
The range speed for this aircraft would be that
giving the highest ratio o f  Speed, and may be

Power
found by drawing a tangent from the origin of
the graph to the power curve. The  range speed
occurs at the point of tangency.

B. H. P.

ENDURANCE RANGE
SPEED SPEED

TRUE AIRSPEED (KNOTS)
Fig. 3. Relat ionship between Range and

Endurance Speeds

18. Range and endurance speeds differ for each
type o f  aircraft, but in general the endurance
speed is about 80 per cent. of the range speed.

Endurance on Asymmetric Power
19. Endurance is  decreased by failure o f  an
engine on twin o r  multi-engine aircraft. T h e
reduction in endurance is smaller, however, than
the reduction in range under the same conditions.
This is because, while the range speed cannot
usually be maintained without the use o f  rich
mixture, endurance speed can often be maintained
by the use o f  a higher weak mixture power.
The main cause of the increased fuel consumption
is the higher G.F.C. o f  the live engine, which
exceeds the G.F.C. o f  both engines in normal
endurance conditions.
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po.CHAPTER 3

EFFECT OF VARIATION IN SPECIFIC GRAVITY O F  FUELS O N
RANGE AND ENDURANCE

Introduction
1. Fuels now being used are permitted to have
wide variations i n  specific gravi ty.  S u c h
variations can have a significant effect on range
and endurance.

2. The range o r  endurance per  volumetric
gallon depends upon the number of heat units
(B.T.Us.) i n  a  gallon o f  the fuel used. T h e
number o f  B.T.Us. per pound weight o f  all
approved fuels does not vary more than 3 per
cent. and for practical purposes may be consider-
ed as a constant. T h e  number of B.T.Us. per
gallon may thus be considered as varying with
the density of the fuel used, i.e. specific gravity.
The specific gravity itself depends on:—

(a) The basic specific gravity a t  normal
temperature (15°C.) of  the fuel used (a con-
siderable range is permitted for certain fuels).
(b) The fuel  temperature i n  the aircraft's
tanks at the time. Th is  factor applied for all
fuels whether for piston or jet engines but in
the past i t  has generally been disregarded.

When the specific gravity o f  the fuel varies
substantially f rom that o f  the reference fuel
range, corrections are necessary.

Approved Fuels for Jet Engines
3. (a) AVTUR—an aviation kerosene having a

specific gravity of 0.8 at 15°C.
(b) AVTAG—a gasoline fuel which is per-
mitted to have a specific gravity of 0.751 to
0.802 at 15°C. (normal AVTAG has a specific
gravity of  0.770 at 15°C.). Th is  wide range
has been accepted so that the oil industry may
be free to draw upon sources of crude oil in
many parts of  the world, which have widely
varying physical properties.
(c) AVGAS—a high-octane gasoline used for
piston engines which has a specific gravity of
0.720; i t s  use wi th  je t  engines has been
approved in emergency only.

Range of Specific Gravity
4. The extreme range o f  specific gravity fuels

at 15°C. may therefore vary from 0.720 to 0.825;
variations in temperature between +40°C. and-
30°C. have the effect of  increasing the extremes
to 0.68 and 0.86.

Flight Planning
5. A t  present every endeavour is being made to
maintain the specific gravity o f  AV TA G  a t
approximately that o f  "normal" AVTAG and
in any event between 0.750 and 0.790—a
variation which may be disregarded when making
a rough computation of range based on the use
of Pilot's Notes. F l igh t  planning charts and
data in Pilot's Notes are based on the use of
AVTUR unless otherwise stated.

6. When using AVTAG having a specific gravity
between 0.750 a n d  0.780 a n  approximate
correction for safety in temperate conditions is a
deduction o f  7  per cent. from the range o r
endurance estimated from such data. A  de-
duction of 5 per cent. is sufficient if it is known
that the specific gravity o f  the fuel i n  bulk
storage is not less than 0-76.

7. When the flight planning data includes a
statement that i t  has been based on the use of
AVTAG, n o  correction i s  necessary under
temperate conditions i f  AV TA G  within the
range 0.750 to 0.790 is used. I f  it is necessary
to make a flight using AVGAS (see para. 3(c)) a
reduction in range o f  16 per cent. should be
allowed for if the flight planning data is based on
AVTUR, or  o f  10 per cent. i f  i t  is based on
AVTAG.

Computing the Variation in Range
8. When the specific gravity of  the fuel differs
considerably from the specific gravity o f  the
reference fuel on which the Pilot's Notes data
are based an estimate of the loss or gain in range
can be made from the tables now being included
in Pilot's Notes; these give the approximate
distances in nautical miles by which the range
will vary for increments o f  differences in  the
specific gravity of the fuel used. When no such
table is given in Pilot's Notes a computation of

(A.L. 4, Mar. 58)
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range loss or  gain can be calculated from the
formula:—

R = t — r  x F D
r C
R =  Range loss o r  gain i n

miles.
t =  Specific gravity o f  the

fuel used.
r =  Specific gravity of refer-

ence fuel.
As found <  ( A V T U R  =  0.80 or

from A V T A G  =  0.77)
chart F  =  Total fuel available i n

pounds.
D =  Distance covered on

cruise.
C =  Fuel used for cruise in

pounds.
Note : If t—r 's positive, i.e. if t is greater than r
then R will be positive indicating a gain in
range, and vice versa.

When it is required to determine what quantity
of fuel o f  a  different specific gravity will be
required to achieve a given range the quantity in
pounds shown on the chart should be multiplied
by -t.

Effect on Gauge Readings of Specific Gravity
of Fuel Used

9. Contents gauges of the paciter type calibrated
in gallons are slightly affected by the difference
in the specific gravity of fuel used. T h e  variation
in indicated contents is roughly proportionate to
the specific gravity of the fuel used. I t  can be
assumed unless otherwise stated in Pilot's Notes
for the type that gauges are calibrated for AVTUR
—specific gravity 0.80. Thus when the specific
gravity of the fuel used is less than that of the
fuel for which the gauges are calibrated the
gauges will give a lower reading and vice versa.
For example:—

When using AVTAG (s.g. 0.77) the reading on
gauges calibrated f o r  AV T U R  (s.g. 0.80)

0•77
will be —080 x 100 = 96 per cent. approx. of the
correct figure.

Gallons gone flowmeters are not affected by the
specified gravity of the fuel used.

Note: The accuracy of existing type contents
gauges in any case should not be relied on too
exactly. Fo r  flight planning purposes the
quantity of fuel available with full tanks should
be assumed to be that quoted on the appropriate
flight planning chart or table in Pilot's Notes.1

(A.L. 4, Mar. 58)
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CHAPTER 1

FIRE IN THE AIR
Fire Risk
1. Precautions against fire are design require-
ments for all aircraft. Th is  fact, together with
the development of safety devices and extinguisher
systems, has reduced the risk of fire in modern
aircraft. F i res ,  other than those caused by
enemy action, usually originate in the engine bay
after mechanical failure of the engine or ancillary
components. Defects in the induction, compres-
sor, turbine exhaust, fuel, o i l ,  o r  hydraulic
systems, also constitute fire hazards.

2. A  fire elsewhere in the aircraft seldom occurs,
unless caused by short-circuiting of the wiring,
mishandling of pyrotechnics, leakage of the fuel
system, or unauthorized smoking by passengers
or crew. Pi lots  should familiarize themselves
with : —

(a) Fire warning and extinguisher systems.
(b) Action to be taken in the event of fire.
(c) Layout of fuel system.
(d) Main structural details of the aircraft.

Fire Warning
3. Fuselage Fires. Normal ly,  adequate f i re
warning is given by the presence o f  smoke, a
little o f  which wi l l  quickly f i l l  the fuselage.
Prompt action by  the crew wi l l  successfully
combat this type o f  fire. Opening cockpit
windows may fil l the cockpit with smoke and
fumes owing to the induced forward draught, and
windows should therefore be kept closed until
the fire is out, when they may be opened to
remove toxic fumes. The extinguisher fluid used
in pressure-cabin aircraft, a water-glycol mixture,
does not produce toxic fumes but it should not be
used to combat fires involving burning liquids or
electrical equipment.

4. Engine-Bay Fires. V i s u a l  indication o f
engine fires may not be immediate owing to the
position of the engine, and pilots are assisted by
red fire-warning lights in the cockpit, operated by
flame switches in the engine bays. F i re-warning
lights show a steady red in the event of fire, and
are usually fitted close to, or  recessed in, the
feathering push-button o f  the respective engine
in multi-engine piston aircraft. On  some aircraft
the warning lights are in the centre of the fire
extinguisher push-button.

5. Fuel Tank-Bay Fires.
(a) On some aircraft a separate fire warning and
extinguisher system is fitted for each o f  the
tank bays. These systems, which are independ-
ent of the engine fire-extinguishing systems, are
usually f u l l y  automatic, though manual
controls may be fitted.
(b) Should a fire occur in a tank bay fitted with
an automatic system, the flame switches will
operate, the  system w i l l  function, a n d  a
warning light, i f  fitted, wil l  come on in the
cockpit.
(c) In manually-operated systems the pilot will
have to operate the appropriate fire extinguisher
push-button when the fire warning lamp comes
on. Bo th  systems are operated automatically
by inertia switches in  the event o f  a crash
landing ; however, the push-button, i f  fitted,
should always be pressed as an additional
precaution after a crash landing.
(d) Tank-bay f i re-extinguishing systems are
intended to cope with fires outside the tanks
caused by leaks, etc., but afford no protection
against explosions within the tanks. Nitrogen
systems are also installed in some aircraft to
afford protection against fires and explosions
within the tanks.

Special Considerations
6. The following special considerations should
be noted : —

(a) Some fighter aircraft have no provision for
extinguishing tank-bay fires, but  a  warning
light in the cockpit warns the pilot that he
must prepare t o  leave the aircraft. T h e
flame switches in this system are provided with
test switches for checking purposes.
(b) In some aircraft the suppression of a fire in
the tank bay exhausts all extinguisher bottles,
with the result that a subsequent engine fire
cannot be extinguished by the fire-extinguishing
system.
(c) I f  the indication of fire has been given only
by the glowing o f  a warning light, the pilot
should throttle back and reduce speed as
quickly as possible and take the action stated
in para. 7 ; at the same time he must endeavour
to ensure that a  fire has, in  fact, occurred.
This is to  cover the possibility o f  a faulty
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warning device. I f  the light continues to glow
but no other indication of  a fire is given, the
flight should be continued at reduced power
and a landing made as soon as practicable.
Pilot's Notes give additional information when
this consideration applies particularly to certain
aircraft.

Preparation to Abandon Aircraft
7. On suspecting a fire, the captain should warn
the crew to prepare to abandon the aircraft or,
i f height precludes any form of abandoning the
aircraft, to prepare for a crash landing.

8. Should the fire show no signs of abating after
action has been taken to extinguish it, or if there
is a risk of  explosion or structural failure, the
captain should give orders to abandon aircraft if
height permits. I f  there is sufficient height, pilots
should no t  hesitate t o  abandon the aircraft
rather than attempt a crash landing. Landing
with the aircraft on fire is seldom justified and
very dangerous ; there is little chance of saving
the aircraft after landing, and there is a great risk
that the fire may increase or cause structural
failure at an altitude where it would be unsafe
to abandon the aircraft.

9. I f  the aircraft is too low to be abandoned a
crash landing will be necessary. Fuel should not
be jettisoned as the proximity of the fuel vapour
to the fire may cause an explosion. Drop-tanks,
whether containing fuel o r  not,  should be
dropped at the pilot's discretion. Tanks in the
fuselage bomb bays, drop tanks, and ventral
tanks, should always be jettisoned in the event of
a fuselage fire and before a crash landing.

Action to Extinguish Fire (Piston Engines)
10. An  engine fire is most probably a fuel or of I
fire. The supply of fuel should be shut off and the
engine throttled back and stopped i f  possible.

11. Although the  f i re  may b e  checked b y
operating the fire extinguisher, as soon as the
brief action of the extinguisher is finished the fire
is liable to recur if the engine is still running. To
obviate the presence of unburnt gases the ignition
should not be switched off until the engine has
stopped or nearly stopped ; the fire extinguisher
should then be operated.

12. i f  the propeller can be feathered, the follow-
ing actions must be taken : —

(a) Close the throttle.

(b) Feather the propeller.
(c) Turn off the fuel to engine.
(d) When the engine has stopped, switch off the
ignition and operate the fire extinguisher.
(e) Set main oxygen regulator to emergency.
( f )  Turn off any cockpit hot air supply from
the engine bay, to prevent the entry of fumes.

13. I f  the propeller will not feather, the following
actions must be taken : —

(a) Close the throttle.
(b) Move the r.p.m. control-lever t o  the
minimum r.p.m. position.
(c) Turn off the fuel to the affected engine.
(d) When the propeller has slowed to minimum
r.p.m., switch off the ignition and operate the
fire extinguisher.
(e) Set main oxygen regulator to emergency.
( f )  Turn off any cockpit hot air supply from
the engine bay to prevent the entry of fumes.

Action t o  Extinguish F i r e  ( Tu r b o  -Jet
Engines)

14. The principles applied to piston engines are
also applicable t o  t u r b o  jet engines, t h e
sequence being : —

(a) Turn off the fuel (L.P. and H.P. cocks, in
that order).
(b) Close the throttle.
(c) Reduce speed as quickly as possible.
(d) Operate the fire extinguisher.
(e) Set main oxygen regulator to emergency.
( f )  Turn off the supply of cockpit air from the
engine concerned.

For further information pilots should refer to
Pilot's Notes for the type.

Note. T h e  L.P. cock is shut off first to
cut off  the fuel supply at its source.

Action of Fire Extinguisher Systems
15. On most installations, all the fire extinguishers
fitted in an engine bay discharge simultaneously
when the fire extinguisher push-button is pressed.
On some semi-automatic installations the fire
extinguishers operate i n  stages, with a  time
interval between each stage.
16. On piston-engine aircraft, the sequence is
started automatically by the flame switches which
operate relays when the feathering push-button
is pressed. T h e  fire extinguisher push-button
should always be pressed as the last action of the
drill as a  precaution against failure o f  the
flame switches.
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17. Flame Switches. There  are two types o f
flame switches in use

(a) Fusible Flame Switches. When fire breaks
out the metal switch melts or fuses, and by so
doing completes the circuit which switches on
the f i re-warning light. W h e n  the f i re i s
extinguished the warning light continues to glow.
(b) Resetting Flame Switches. T h i s  type o f
flame switch completes the circuit and switches
on the  f i re-warning l ight when a  certain
temperature is reached. T h e  switch is made
to function whenever the temperature exceeds
the set figure and not necessarily by fire alone.
In many aircraft this type of switch is fitted in
the engine bay or at certain positions near the
jet pipe and will function when a failure, such as
a split combustion chamber or damaged jet
pipe, admits very hot air into the engine bay.
When the light comes on, the engine must be
throttled back and speed reduced as quickly
as possible ; i f  the light then goes out the
initial indication was caused by a failure of the
type described above and the flight can be
continued at reduced power and a landing made
as soon as possible. I f  the light remains on
the probability o f  a fire exists but the pilot
should always endeavour t o  confirm this
before completing the fire dr i l l .  On aircraft
where this consideration is particularly applic-
able Pilot's Notes gives additional guidance.

Refer to Pilot's Notes for the type of flame switch
fitted to particular aircraft.

Engine Not to be Restarted
18. No  attempt must be made to restart an
engine after an engine-bay fire has been success-

fully extinguished. T h e  fire is liable to recur i f
the engine is restarted, and the fire extinguisher
system will not act again until replenished on the
ground.

Accidental Operation o f  Fire Extinguisher
Systems

19. I f  the fire extinguishers have been accident-
ally discharged the following action should be
taken : —

(a) Piston Engines. Continue the flight with
the throttle not less than two-thirds open, and
after two or three minutes return to normal
flight conditions. This minimizes the corroding
effect of the extinguisher fluid and fouling of
the sparking plugs, as it ensures rapid dispersal
of the methyl bromide, which vaporizes
rapidly at temperatures of +4° C. and above.
(b) Turbo-Jet Engines. F l i g h t  should b e
continued for two or three minutes at not less
than two-thirds maximum permitted r.p.m.
before returning to normal flight conditions.
(c) Accidental Operation of Hand Extinguishers.
I f  an extinguisher using methyl bromide, or any
other chemical having a  toxic nature, i s
discharged inside the aircraft, a l l  available
ventilation should be opened immediately. The
hand extinguisher chemical provided i n
pressure-cabin aircraft does not give off toxic
fumes.

20. Operation o f  the fire extinguisher system,
accidental or deliberate, must be reported after
landing so that the necessary action can be taken
to minimize corrosion and fouling and t o
replenish the extinguisher system.

RESTRICTED



RESTRICTED

PART 4 : SECTION 1

CHAPTER 2

FIRE ON THE GROUND
Refuelling and Starting Precautions
1. During refuelling operations the electrical
services (including radio and radar equipment)
are not to be operated.

2. Electrical fuel contents gauges may be switched
on before refuelling, but they should not be
switched off until refuelling is completed and the
aircraft is free from fumes. A l l  mechanical
refuelling appliances must be earthed before
refuelling.

3. Fire-extinguishing equipment must be avail-
able to the ground crew whenever an engine is
started. Should a fire occur, the ground crew
should immediately warn the pilot by picking up
a fire extinguisher or by using the hand in a
"throat-cutting" motion to  indicate that the
engine must be stopped.

4. Some aircraft are fitted with an external
intercom socket for use by ground crew when
starting aircraft engines. I n  this case immediate
verbal warning can be given to the pilot if a fire
occurs.

Action to Extinguish Fire
5. Piston-Engine Aircraft. I t  is not advisable to
open the throttle, as the fire may be an
induction-system fire which can be  sucked
through the engine. Opening the throttle may
greatly increase the severity of  the fire. The
engine must be stopped immediately a warning of
fire is received or seen. T h e  drill is:—

(a) Close the throttle.
(b) Stop the engine, using the fuel cut-off,
slow-running cut-out, or, if neither is fitted, by
switching off the ignition.
(c) Turn off the fuel, and switch off the booster
pump if fitted.
(d) Switch off the ignition, if not already off.

6. An intake fire may be dealt with by the ground
crew blanketing the intake as soon as the
propeller stops. Wi t h  any other type of fire,
including a serious intake fire, the ground crew
should use fire-extinguishing equipment and/or

call for the pilot to operate the fire-extinguisher
system if he considers it necessary. H e  should
not do this before the engine has stopped, as the
fire might otherwise recur as soon as the brief
action of the extinguisher is finished.

7. On light aircraft with unsupercharged engines
it is possible to extinguish small intake fires by
turning off the fuel and opening the throttle, but
if the pilot is doubtful of the effectiveness of this
method he should carry out the actions of para. 5.

8. An engine which has been on fire must not be
re-started until i t  has been examined. A n
exception to this is an intake fire which has been
extinguished by blanketing the intake without the
use of a fire extinguisher.

9. Turbo-Jet Engine Aircraft. Should an engine
fire occur, as distinct from torching experienced
on some engines (the emission of flames and
burning fuel from the jet pipe), the throttle
should be closed and the L.P. and H.P. cocks
turned off (in that order) followed by the booster
pumps. T h e  pilot should operate the fire
extinguisher as soon as these actions have been
completed. I f  the fire does not go out, external
fire extinguishers should be used. After any fire,
including torching which wa,s severe enough to
warrant stopping the engine, the engine should
be examined for damage.

Turbo-Jet Engine Torching
10. After any failure to start, a certain amount of
fuel collects on the ground under the jet pipe.
A subsequent attempt to start will sometimes
cause torching, which ignites the fuel on the
ground. T o  prevent this type of fire, the aircraft
should be moved to another position whenever a
faulty start has resulted in spilt fuel.

11. Use of Asbestos Blanket. O n  certain types
of jet aircraft on which the jet efflux passes close
to the tailplane during starting, the tailplane
surface may be scorched by the effect of wind on
the efflux. I n  such cases an asbestos blanket
should be placed over the tailplane before
starting.

(AL. 4, Mar. 58)
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pk.Overheated Wheels and Brakes
12. When the brakes have been severely over-
heated, they should be allowed to cool naturally
if fire i s  no t  apparent. T h e  application o f
CO2, water o r  foam causes rapid cooling and
contraction of the heated metals which sometimes
results in explosive fractures; wheel fragments

have caused damage at 500 ft .  from such a
fracture.

13. I f  a wheel catches fire, it should be approach-
ed from a fore or aft direction not in line with
the axle, thus obtaining some protection from
the tyre.4

( A i .  4, Mar. 58)
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PART 4: SECTION 2

CHAPTER 1

ENGINE FAILURE DURING TAKE-OFF AND IN FLIGHT
Introduction
1. Flight on asymmetric power is the condition
when, owing to engine failure, an aircraft is
flown with an unbalance of thrust about the
normal axis, this unbalance causing a yawing
moment which i s  counteracted b y  suitable
displacement of the control surfaces.

2. The handling techniques used for flight on
asymmetric power are common to both jet and
piston-engine aircraft, differing only in engine
handling considerations. Pilot 's Notes give
details of the technique and speeds required when
using asymmetric power, the information in this
chapter being of a general nature. I t  is emphasized
that Pilot's Notes, A.M.F.O.'s, and the Flying
Order Book should be studied before practising
the use of asymmetric power.

The Basic Problem
3. I f  one wing-mounted engine of  a twin- or
multi-engined aircraft fails when under power,
two immediate effects occur : —

(a) A yawing moment is applied owing to the
asymmetry of the thrust line. O n  propeller-
driven aircraft the yaw is aggravated by the
possibly high drag of the windmilling propeller.
The total moment can be very large, particu-
larly when at full throttle and at low speeds,
and is the primary cause of  any handling
difficulties.
(b) With propeller-driven aircraft, a  rolling
moment is applied owing to the reduction in
the slipstream velocity, and hence lift, over the
wing behind the failed engine ; this effect is
usually small and well within the ability of the
ailerons to counter, except possibly at very low
speeds or when high lift flaps are used.

4. I f  corrective action is not taken immediately,
the aircraft yaws towards the dead engine
causing a skidding motion which, via dihedral,
results in a roll towards the dead engine ; at the
same time the nose starts to drop. This further
effect of the yaw is often very strong.

5. I t  is important to grasp the fact that the
yawing moment is the root o f  the problem.
Therefore the first corrective action by the pilot
must be to stop the yaw either by the immediate
application of  rudder against the yaw or by

throttling back the live engine, or a combination
of both. T h e  first reaction should not be the
instinctive one of using the ailerons to oppose the
yaw and roll movement, since the drag of the
down-going aileron may accentuate the yaw.

Forces Acting o n  the  Aircraft when o n
Asymmetric Power

6. An aircraft can fly steadily on a straight course
under asymmetric power with an infinite number
of combinations of  bank and sideslip, i.e. of
aileron and rudder settings. Th is  apparently
complex statement can be shown to be, in fact,
a simple one when the matter is considered from
the viewpoint of the side forces acting on the
aircraft.

7. Since an aircraft is subject to the laws of
motion, if it is moving in a straight line there can
be no side force acting on it ; i f  this was not so
and an unbalanced side force was acting on the
aircraft the flight path would inevitably be curved.

8. The three principal factors contributing to the
existence or otherwise of a side force are:—

(a) Side-Slip (Yawing Motion). A  side-slipping
motion sets up side forces, since the fuselage
and fin act as aerofoils.
(b) Rudder. When rudder is applied, a side
force is generated at the rear of the aircraft
which tends to yaw the nose in the opposite
direction, the aircraft pivoting about the C.G.
(c) Ailerons. When the aircraft is banked the
direction of the total lift vector is tilted, giving
one upward component that balances the
weight and one sideways component that acts
as a side force.

In addition to these major factors are the minor
but still possibly appreciable effects of : —

(d) Torque. Propeller torque tends to roll the
aircraft in the opposite direction to that o f
propeller rotation and increases with power.
Torque has a slight effect on the margin of
control while using asymmetric power ; i f  the
torque reaction tends to lift the dead engine,
i.e. oppose the rolling moment due to the
side-slip, then its effect is  beneficial. O n
aircraft having contra-rotating propellers there
is no torque effect, since the torque of each
half of the propeller counteracts the other.
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(e) Yawed Plane of Propeller Rotation. When
the plane of rotation of the propeller is not at
right angles to the path of flight, the strength
of the yawing moment (propeller thrust (lb.) x
distance f rom the C.G. (ft.)) i s  changed.
For example, i f  the port propeller rotates
clockwise (viewed from the rear) then yawing
the nose to starboard (side-slip to port) means
that the blades on the right-hand (down-going)
side of  the propeller disc are operating at a
higher angle of attack by virtue of the changed
relative airflow and thus give more thrust.
This shifts the centre o f  thrust to  the same
(right-hand) side of the disc. I n  this example
the yawing moment o f  the engine would be
reduced owing t o  the effectively shortened
distance from the C.G. I f  the direction o f
rotation were reversed, the yawing moment
would be increased.
( f )  Slipstream Effect. One engine can have a
greater effect than the other on the yawing
characteristics of the aircraft ; depending on
the direction of rotation of  the propeller, the
spiral path of the slipstream meets the fin and
rudder at an angle of attack.

Balanced Flight
9. Consider, f o r  simplicity, the three major
forces alone. I f  these can be arranged so that the
net side force is zero, then the aircraft will fly on a
constant heading and is therefore controllable.
Fig. 1 shows three possible modes of flight at a
constant heading (zero side force) on asymmetric
power under a given set of conditions.

10. I n  Fig. 1  A  the side force caused by the
yawed fuselage and fin is balanced by the side
force set up by the deflected rudder, so no bank is
needed. I n  this condition the needle or ball of the
slip indicator is central—no side-slip is indicated.

11. I n  Fig. 1 B  the fuselage and fin are not
yawed and hence no side force is derived from the
fuselage and fin. T h e  rudder must be used to
counter the yawing o f  the live engine and the
rudder side force is then counteracted by banking
towards the live engine to obtain a balancing side
force. Some side-slip is indicated by the ball or
pointer.

12. I n  Fig. 1 C  the rudder is central and the
aircraft is side-slipped until the yawing moment
arising from the side force set up by the directional
(weathercock) stability counters the  yawing
moment of  the engine. Since this produces a
greater side force than in  the example at B,
more bank (about 15°) is needed to obtain the

ENGINE FAILURE DURING TAKE-OFF AND IN FLIGHT
greater balancing side force needed. A  large
amount of side-slip is shown by the slip indicator.

13. In  practice, at low speeds, most pilots fly
somewhere between Fig. 1 B  and C  with the
wings banked slightly (not  more than 10°)
towards the dead engine ; a t  higher speeds no
bank is necessary. W i t h  the rudder central,
about 15° of bank is required at low speed but,
since a higher total drag is set up by the extreme
yawed attitude, this method is undesirable since
it can lead to fin stall and loss of control and in
some marginal cases the drag may be so high
that level flight cannot be maintained.

Rudder Effectiveness
14. From the foregoing it can be seen that the
effectiveness of the rudder is of prime importance
to the prevention of yaw. Rudder effectiveness
on a given aircraft depends on the I.A.S. I f  the
I.A.S. is decreased progressively at a constant
power setting under asymmetric conditions, a
speed will be reached below which the aircraft
can no longer be directionally controlled with the
rudder at its maximum deflection. Below this
speed the aircraft wil l  yaw, and then roll un-
controllably.

Critical and Safety Speeds
15. (a) Critical Speed. T h i s  is defined as the

lowest possible speed o n  a  mu l t i -engine
aircraft at which, at a constant power setting and
aircraft configuration, an individual pilot is
able to maintain a straight course after failure
of one or more engines.
(b) Safety Speed. This is defined as the lowest
speed above the stalling speed at which, on an
aircraft i n  the take-off configuration, and
following failure at take-off power of the engine
whose failure most affects directional control,
a safe margin o f  control is ensured for  the
average pilot ; the safety speed is therefore
always higher than the critical speed as defined
in sub-para. (a).

Critical Speed
16. The critical speed is affected by : —

(a) The power output of the live engine.
(b) The angle of bank.
(c) Altitude.
(d) Weather conditions (turbulence).
(e) Loading (C.G. position).
(f) Setting of the flaps.
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(g) On propeller-driven aircraft, which engine
has failed. (Slipstream effects.)
(h) Asymmetric drag.
(j) The strength and skill of the pilot.

I f  at any time the speed falls below the critical
speed and the aircraft cannot be prevented from
yawing, power must be reduced on the live engine.
Any attempt to do otherwise is of no avail. The
live engine must be throttled back until the yaw is
controllable.

17. Power Output of the Live Engine. A s  the
force initiating the yaw is proportional to the
thrust on the live engine, then for a given I.A.S.
more rudder w i l l  b e  required t o  maintain
directional control as the thrust is increased.
Therefore the higher the thrust from the live
engine the higher the I.A.S. at which the pilot
reaches ful l  rudder deflection and directional
control is lost.

18. Angle of Bank. Bank  should not be used
unless it is necessary in the interests of control.
The maximum amount used should not exceed
10°, and i t  is easy to over-estimate this small
amount and thus worsen the situation. Ideally
the wings should be kept level whenever possible,
since the slip indicator can then be kept centred
thus giving a positive instrument indication that
balanced flight is being maintained ; as long as
the slip indicator is central with the wings level,
the aircraft must be steering a straight course and
the speed must therefore be above the critical
speed.

19. Altitude. The thrust from the live engine for
a given throttle setting decreases with the height,
and therefore the critical speed for full power at
altitude is less than at sea level.

20. Weather Conditions. O n  a day with rough
and gusty conditions the margin o f  control is
reduced. I f  the rudder is almost fully over in one
direction, a very limited amount of movement is
available f o r  corrections necessitated b y  a i r
turbulence.

21. Loading (C.G. Position). Since all yawing
movements take place about the C.G., i f  the
aircraft is at an aft C.G. at the time of engine
failure the effective moment arm of the rudder is
reduced. The greater the permissible limits in the
travel of the C.G. the larger will be the difference
between the effects of  engine failure at the two
C.G. limits.

22. Setting of the Flaps. T h e  position o f  the
flaps may have a marked effect on the airflow
over the tail surfaces. A s  this effect varies from
type to type no general rule can be laid down.
The effect on a particular type can be found by
experiment and i f  it is significant it is mentioned
in Pilot's Notes.

23. Propeller-Driven Aircraft. Whenever pro-
pellers are used the considerations of para. 8(d) to
( f)  apply. I n  addition, any drag that can be
reduced on the same side as the dead engine
reduces the total force tending to yaw the aircraft
in that direction. O n  most propeller-driven
aircraft this is best achieved by feathering the
propeller of the failed engine and placing such
items as gills and oil coolers to the minimum
drag position ; i t  should be noted that the
minimum drag position is not necessarily the
fully closed position but usually slightly open, so
that the surface o f  the adjustable shutter lies
parallel to the lccal airflow.

24. Strength and Skill of the Pilot. O n  many
aircraft, when high thrust is being used at low
speed, the foot loads are considerable and the
physical strength and length of leg of  the pilot
have an important bearing on the amount o f
rudder he can apply. A  skilful pilot can concen-
trate his entire attention on controlling the air-
craft directionally while completing his other
actions almost instinctively. T h e  position and
availability of the trim tabs also have a bearing
on the amount of rudder that can be applied.

Safety Speed
25. The safety speed, which should be attained
as soon as possible after take-off, gives the
average pilot a margin of  control so that i f  an
engine fails while still a t  take-off 'power and
with the aircraft in the take-off configuration, the
aircraft will not immediately become direction-
ally uncontrollable. T h e  pilot has time, there-
fore, to take corrective action in spite o f  any
temporary delay caused by the unexpectedness of
the failure and the lag in his own reaction time.
Engine failure at safety speed means that control
can be maintained and a straight course steered
by means of instant and coarse use of the rudder
and the use of the ailerons as required ; no other
immediate action need be taken.

26. Some aircraft, when taking off at or near
their maximum weight, cannot maintain height
if an engine fails ; i n  this case the power of the
live engine should be used to make a controlled
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landing, the undercarriage being raised, or at
least unlocked, i f  the landing area is unsuitable
for a  wheels-down landing. When the power
available f rom the remaining engine is  just
sufficient to maintain height, delicate handling is
necessary, and care must be taken to avoid all but
the shallowest turns while positioning the aircraft
for a landing.
Identification of the Failed Engine
27. On all types o f  twin-engine aircraft there
is no problem in identifying the failed engine;
the aircraft will always yaw towards the failed
engine. However, on an aircraft with four piston
engines the yaw only indicates on which side the
failure has occurred and does not identify the
failed engine. I n  the absence o f  fire or other
obvious damage, the engine instruments should
be checked and i f  there is  stil l no  obvious
indication of failure the inboard engine should be
throttled slowly back. I f  the yaw does not
increase it can be assumed that this is the failed
engine. I f  the yaw increases then the other
engine has failed. A s  soon as positive identifica-
tion has been made the propeller of  the failed
engine should b e  feathered. O n  turbo-jet
aircraft the falling j.p.t. and r.p.m. will always
show the failed engine.
Acceleration on Asymmetric Power
28. The ability t o  accelerate o n  asymmetric
power depends on the amount of power that can
be used while control is retained and the reduction
that can be made in the drag.
29. Engine failure in the most adverse configura-
tion and at the highest weight (i.e. wheels down,
partial flap), makes it essential that the drag be
reduced to a minimum, so that the aircraft can
accelerate to a safe speed on the power available.
Therefore the undercarriage and flaps should be
raised and jettisonable stores dropped as soon as
possible.
30. When the aircraft is at the critical speed, two
methods o f  attaining a  safer condition, o r  a
combination of them, can be used. The necessity
to increase the speed is paramount. The aircraft
can be dived until control has been regained or
the live engine may be partially throttled back.
In practice a combination of these methods is the
normal procedure.
31. Although it is important to know the critical
speed for a given set of conditions, it is also of
value to know the speed at or above which, under
the worst conditions, directional control can be
maintained.
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ENGINE FAILURE DURING TA K E -OFF

Considerations
32. Engine failure during take-off on a twin- or
multi-engine aircraft can be considered under
three main headings : —

(a) Engine failure below the refusal speed
(refusal speed is defined in para. 33).
(b) Engine failure above refusal speed but
below safety speed :—

(i) O n  the ground.
(ii) I n  the air.

(c) Engine failure above safety speed.
On some later types of aircraft, full control can
be maintained after engine failure at any stage,
and the take-off completed in all but the most
adverse conditions of runway length and A.U.W.
The considerations o f  this chapter are centred
around aircraft on which control can be lost after
engine failure.

Refusal Speed
33. The refusal speed is the maximum speed, for
a given length of runway, from which a particular
aircraft could be brought to rest in the remaining
length of a dry runway, using maximum (anti-
skid) braking applied not more than five seconds
after one engine has failed.

Engine Failure Below Refusal Speed
34. I f  the failure occurs below refusal speed,
abandon the take-off. I f  for some reason i t
becomes apparent that the aircraft cannot be
stopped or obstacles avoided, the undercarriage
must be raised. T h e  decision to  deliberately
swing the aircraft wi th the wheels down is
seldom justified in view of  the more extensive
damage incurred w h e n  t h e  undercarriage
structure collapses under a side load.

Engine Failure Above Refusal Speed but
Below Safety Speed

35. On the Ground. Abandon the take-off and
proceed as in para. 34. I t  is almost certain that
the wheels will have to be raised.

36. In the Air. O n  the majority of heavily laden,
high-performance aircraft this usually means a
forced landing straight ahead. T h e  live engine
should be used within the limits imposed by the
critical speed, to  select the best landing area.
However, if the critical speed has been attained,
and particularly i f  the overall conditions allow
power to be reduced on the live engine, then the

(A.L. 4, Mar. 58)

RESTRICTED



RESTRICTED
A.P. 129, Vol.. 2, PART 4, SECT. 2, CHAP. 1
immediate corrective use o f  rudder assisted i f
necessary by a slight amount of bank may enable
the aircraft to be kept on a straight course. T h e
undercarriage should be raised and all jettison-
able external stores should be dropped, and, on
propeller-driven aircraft, feathering action should
be taken. I f  any bank has been applied to assist
directional control, it should be taken off as soon
as directional control i s  assured, as any but
the smallest amount detracts from the perform-
ance and complicates the procedure i f  the
emergency has occurred under instrument condi-
tions, since the slip indicator is displaced from
the central position.

Engine Failure Above Safety Speed
37. Whether the aircraft will climb or not, the
following actions must be taken immediately an
engine fails. I f  the aircraft is very low and will
not climb, i t  may not be possible to complete
this procedure before forced landing. Neverthe-
less, as much o f  the following dri l l  as time
permits should be completed : —

(a) Keep straight by instant and coarse use of
the rudder, and i f  necessary lower the nose to
maintain speed.
(b) I f  airborne, raise the undercarriage.
(c) I f  applicable, feather the propeller.
(d) Trim the rudder i f  the foot load is very
heavy.
(e) I f  necessary, jettison al l  external stores
that may safely be jettisoned.
(f) If the flaps have been used for take-off, they
usually impair the ability to climb and should
therefore be raised as soon as a safe height is
reached.

38. A s  indicated below, subsequent actions
depend on the ability to climb on asymmetric
power : —

(a) Doubtful Climb. I f ,  after carrying out the
immediate actions detailed above, the ability
to climb is in doubt, continue to use full power
and raise the nose gently in an attempt to gain
height ; but the airspeed must not be allowed
to fall below the critical speed.
(b) No Climb. I f  the aircraft loses height, the
choice of landing area is restricted ; bu t  full
use should be made of the live engine to reach
the best available landing space, keeping the
I.A.S. above the critical speed for the amount
of power being used.

(c) Satisfactory Climb. I f  the aircraft wi l l
climb, a turn in either direction may be started
at a safe height and the aircraft flown to a
suitable position for landing.
(d) Power Used. The use of take-off power may
be continued as' long as i t  is necessary, but
power should be reduced to  the maximum
continuous figures as soon as this may be
done safely. Wh i l e  at  ful l  power and low
I.A.S. the temperature of the live engine should
be watched closely.

TWIN-ENGINE AIRCRAFT—
ENGINE FAILURE IN  FLIGHT

Autopilots
39. 0.When an .auto-pilot is in use the pilot on
watch must be strapped in, in case of auto-pilot
failure which may cause large control deflec-
tions. 411 I f  the auto-pilot is in use when engine
failure occurs i t  should be disengaged at once.
Unless Pilot's Notes state otherwise, i t  may
however be re-engaged subsequently provided
the forces can be trimmed out. A f ter  alterations
in power and speed the auto-pilot should be
disengaged again and the aircraft retrimmed.
Immediate Actions
40. The following immediate actions should be
taken:—

(a) Rudder. Keep straight b y  instant and
coarse use of the rudder, putting the nose down
if necessary to keep the speed above the critical
speed.
(b) Trim. Tr i m  out any foot load, aiming to
keep the slip indicator central.
(c) Throttles. W i t h  piston engines, close the
throttle o f  the failed engine, then reopen i t
slowly to see i f  any power is available (see
Note after sub-para.( f)). I f  there is no power,
close the throttle again and set the r.p.m. con-
trol lever to the minimum r.p.m. position.
With gas-turbine engines, close the throttle and
H.P. cock as soon as possible after engine
failure has been identified.
(d) Increase power as necessary on the live
engine and then retrim the aircraft.
(e) On piston-engine aircraft i f  the cause o f
failure cannot be found and remedied, feather
the propeller of the failed engine.
( f )  When flying on instruments and/or if any
difficulty is experienced in checking the swing,
it may be advisable to throttle back all engines
and put the nose down to maintain directional
control more easily; power on the live engine
may then be increased.

(A.L. 4, Mar. 58)
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Note : O n  all propeller-driven aircraft, i f  a
definite mechanical failure and/or fire occurs, stop
the engine and feather the propeller immediately.
I f  the cause of the failure is unknown, then on
piston-engine aircraft the propeller should not be
feathered until a systematic check has been made
around the cockpit in an attempt to locate the
fault.

Subsequent Actions
41. Check the possibilities o f  reducing drag.
Sec that the flaps and undercarriage are fully up
and that the bomb doors are properly closed. A s
far as possible, close all apertures.

42. I f  difficulty is experienced in  maintaining
height, disposable load and then fuel should be
jettisoned as required. T h e  power on the live
engine should only be increased above maximum
continuous to prevent a dangerous loss of height.

Piston-Engine Performance a t  Altitude on
Asymmetric Power

43. The ability to climb on asymmetric power
depends on both height and speed. Since the
variation o f  power with height o f  the piston
engine is determined by several variables, the
handling technique t o  obtain the  optimum
performance i s  n o t  straightforward; this i s
especially so when two-speed superchargers are
fitted. The ceiling in both high and low gear is
very much reduced. I n  the example illustrated in
Fig. 2 the power at the high gear full-throttle

1500 POWER
AVAILABLE
LOW GEAR

CCLa 1,000

2
CC
0  5 0 0

ENGINE FAILURE DURING TAKE-OFF AND IN FLIGHT
height is less than the power required to maintain
height at that altitude. T h e  ceiling on asym-
metric power is, therefore, the low gear ceiling of
about 11,000 feet. Fig. 3 shows the effect of speed
on the same aircraft ; i t  is just possible to main-
tain the ful l-throttle height o f  10,000 feet at
145 knots. A t  a  lower speed the ceiling is
higher ; but, even at the best climbing speed of
120 knots, at heights above about 11,000 feet it
will be necessary to descend until height can be
maintained, unless load can be jettisoned. I f ,  for
economy, power is reduced to the weak mixture
maximum, the ceiling will be still further reduced.
It follows that : —

(a) A fairly rapid loss of height is to be expected
initially i f  the failure occurs very much above
rated altitude. T h i s  height is given in  the
engine manuals and sometimes in Pilot's Notes.

(h) The rate o f  descent becomes less as the
aircraft approaches the ceiling on asymmetric
power ; this is usually near the rated altitude.
Thus i f  conditions permit, descent should be
made at least to the rated altitude.

(c) I f  height is still lost slowly at the rated
altitude, level flight may yet become possible
as fuel is used and so reduces the weight.
Although the engines develop less power below
full-throttle height, the aircraft requires less
power to fly at a given I.A.S.
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Fig. 2. Asymmetric Power—Performance Curves
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44. I n  general the aim should be to maintain the
recommended range speed, but i f  height cannot
be maintained in  weak mixture at this speed,
conditions wil l  govern which o f  the following
actions should be taken : —

(a) Accept a small rate of descent, if practicable,
to maintain the range speed in weak mixture,
when maximum range i s  o f  paramount
importance.
(b) Use rich mixture, i f  required, when it is of
primary importance to maintain height.

100

100

2 0 0

An infinite number o f  variables exist between
sub-paras. (a) and (b), each being governed by the
particular conditions. Every case should always
be judged on its merits, remembering that the
range speed is the most efficient speed.

Range Flying on Asymmetric Power
45. This aspect of range flying for both piston-
and jet-engined aircraft is  dealt with i n  the
appropriate chapters o f  Part 3, "Range and
Endurance".

100 1 1 0  1 2 0  1 3 0
INDICATED AIR SPEED

Fig. 3. Asymmet r i c  Power—Effect of I.A.S. on Level Flight

140 ISO

RESTRICTED



RESTRICTED

PART 4 : SECTION 2

CHAPTER 2

TWIN-ENGINE AIRCRAFT' APPROACH AND LANDING
Introduction
1. I f  unable to maintain height on asymmetric
power with the undercarriage and flaps up, there
is only a limited choice of action which is normally
confined to using the available power for : —

(a) Keeping the rate of descent to a minimum.
(b) Reaching the best available landing area.

I f  an airfield cannot be reached, a  wheels-up
landing, using flaps as required, must be made.
I f  possible the landing area should be chosen
while there is at least 1,000 feet o f  height in
hand. I f  an airfield can be reached, the best
course of action will be governed largely by the
amount of height in hand ; i f  this is less than
1,000 feet it will normally be advisable to make a
wheels-up landing, unless the aircraft is fitted
with a rapid-acting and low-drag undercarriage ;
i f  more than 1,000 feet is available a wheels-down
landing may be justifiable. I n  the latter case the
undercarriage should be lowered in  the usual
position on the downwind leg, and the flaps
selected as required when i t  is certain that the
landing area can be reached. I f  unable to main-
tain height o n  asymmetric power wi th the
undercarriage and flaps up, the pilot alone can
best decide his course of action, depending on the
circumstances prevailing, the height, rate o f
descent, and the drag o f  the lowered under-
carriage.

Turn-and-Slip Indicator
2. Ful l  use should be made of the turn-and-slip
indicator during the  circuit and  approach.
Particularly when increasing power, the slip
indicator should be kept central, i.e. wings level,
so that any uncontrollable deviation gives an
immediate warning of the imminence of control
difficulties. I f  the slip indicator moves from
its correct central position and cannot be re-
centralized by rudder movement, power must be
reduced on the live engine or the nose lowered
to increase speed, or a combination of both. The
turn-and-slip indicator is of  paramount import-
ance when going round again on asymmetric
power, for it is at low speeds and high powers that
the greatest care is required.

3. The remainder o f  this chapter deals with
aircraft on which it is possible to maintain height

on asymmetric power with the undercarriage and
flaps up.

Approach and Landing
4. Before returning to an airfield, check by radio
the weather conditions prevailing for landing.
I f  these prevent an  approach f rom normal
circuit height, or if visibility is seriously restricted,
an early diversion should be made while ample
height remains.
5. After joining the circuit, the undercarriage
should be lowered in the normal position on the
downwind leg and a t  the same time power
should be  increased t o  compensate f o r  the
increased drag. I t  must, however, be borne in
mind that i f  only partial hydraulic power is
available, or if the hand pump has to be used, it
will take longer than usual to lower the under-
carriage. Normally the aim should be to have the
undercarriage locked down before beginning the
base leg, so that this action does not interfere later
with judging the approach. T h e  airspeed must
not be allowed to fall below the critical speed for
the amount of  power required for going round
again (go-around power).
6. The flaps should be partially lowered to the
maximum lift position. I f  setting the flaps to the
maximum l i f t  position gives better handling
characteristics this can be done earlier in the
circuit, before lowering the undercarriage. T h e
best point at which to lower flap is not the same
for all aircraft and the pilot must judge this from
his experience of the type. F u l l  flap should be
lowered only when certain o f  reaching the
required runway and when definitely committed
to the landing.

7. Decision Height. O n  the base leg al l  the
pre-landing checks, with the exception o f  full
flap, should be completed before turning onto
the final approach. A f t e r  turning in, height
should be reduced steadily down to the decision
height. T h i s  height, which varies between
different types of aircraft and on some types has
no practical significance, is the minimum safe
height from which a go-around could be made
with the flaps at not more than the maximum-
lift setting and the speed at or above the critical
speed for go-around power. O n  some aircraft
the handling characteristics are such that a
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go-around can be done from any height ; but on
others considerable height may be needed to
ensure a safe margin above the ground during the
time that height is being unavoidably lost while
the requisite drill is carried out. Pilot 's Notes
state the required drill and advise on the decision
height. The Flying Order Book, also, often states
limitations on the decision height to be applied
when practising landings on asymmetric power.

8. On reaching the decision height the pilot must
decide finally whether or not to continue with the
approach and landing. U n t i l  this decision is
made the speed must be held above the critical
speed for go-around power.

9. After deciding to land, the flaps can be used
as required, the airspeed progressively reduced
and the live engine used as necessary, within the
limits of rudder control, to adjust the approach
path as for a normal approach. The aim should
be to cross the runway threshold at the height
and speed for a normal approach for the particular
A.U.W.

10. Rudder t r im should n o t  be  taken off ,
because it will assist when using the live engine
on the approach.

Undershooting
11. I f ,  after deciding to land and having dropped
the speed to below the critical speed for go-
around power, it is found that the airfield cannot
be reached, on no account should the nose be
raised and an attempt made t o  stretch the
approach to the airfield, because the speed will fall
below the critical speed for the power used.
Power must never be increased beyond the limits of
rudder control. T h e  undercarriage should be
raised, or at least unlocked, and the live engine
used, within the limits o f  rudder control, to
regulate the rate of descent, to avoid obstacles,
and to  reach the best available landing area.
Flaps should be lowered, fully i f  possible, and a
crash landing made.

Going Round Again
12. The latest stage at which to decide to go
round again is after the final turn towards the
landing area and before more than maximum-lift
flap is lowered. The  height must be equal to or
greater than the decision height.

13. Regardless of height, however, the airspeed
must be at or above the critical speed for go-
around power, and i f  necessary a shallow dive
should be made to maintain the speed.

14. I f  it is decided to go round again, the throttle
should be opened smoothly to the power required
(the turn-and-slip indicator is a very important
instrument at  this stage) and then, i n  quick
succession, undercarriage and flaps should be
raised (in the sequence given in Pilot's Notes) to
reduce the drag most rapidly. A s  soon as
possible, check the rate o f  descent and climb
away.

15. I f  ample height is in hand when it is decided
to go round again, it is usually best to lower the
nose and dive slightly to accelerate more quickly
and gain the biggest possible margin over the
critical speed ; rudder drag is thus reduced and
the subsequent rate of climb improved.

16. On aircraft with good handling characteristics
on asymmetric power there is often no critica
need, i.e. the aircraft can be controlled at fulfil
power at any speed and could even be taken off
under these conditions. T h e  initial part of the
take-off run might have to be done at a slow
rate of  power increase so that the rudder and
assistance given by a steerable nose wheel, i f
fitted, could effectively balance the rate of increase
of power. Alternatively, on aircraft having more
than two engines, symmetric power could first be
applied normally on opposite engines and then
the power of the odd engine fed in progressively
as the speed increased ; t h e  take-off run will
be considerably longer and when, through
operational necessity, such a  technique i s
specifically authorized, the A.U.W. must be the
minimum possible under the circumstances.

Mislanding
17. Mislanding is defined as going round again
because of  a heavy bounce on touch-down, or
some other behaviour on the part of the aircraft
which would cause difficulty in completing the
landing. O n  aircraft having no critical speed at
go-around power or a critical speed lower than
the touch-down speed, mislanding is possible.
Power should be increased smoothly, i.e. slam
accelerations avoided, and the rudder used to
keep straight.

18. On aircraft having a critical speed at go-
around power higher than the touch-down speed,
any attempt t o  misland and use go-around
power will result in an immediate uncontrollable
yaw and roll. On  such aircraft the most that can
be done is to cushion any bounce or high hold-off
by using as much power as can be held on the
rudder, and no attempt should be made to go
round again.
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CHAPTER 3

MULTI-ENGINE AIRCRAFT-FAILURE OF
ONE OR MORE ENGINES

Introduction
1. The handling techniques for flying twin-engine
aircraft on asymmetric power apply equally to
aircraft having four  o r  more engines. O n
multi-engine propeller-driven aircraft the torque,
slipstream, and other effects result in a higher
critical speed when these effects act i n  the
direction which adds to the yawing action of the
live engine. I f  the effects act to oppose the
yawing action of the live engine the critical speed
is reduced. Because of these characteristics, the
live engine realizing the maximum adverse yaw is
known as the "worst" engine for asymmetric
power. I f  the aircraft has counter-rotating
propellers, then torque, slipstream, and other
effects are neutralized and the critical speed is
the same for opposite engines and there is no
"worst" engine.

2. A s  the failure of one engine on a four-engine
aircraft deprives the pilot of only a quarter of the
total power available, the ability to  maintain
height and climb is less impaired than by the
failure of one engine on a twin-engine aircraft.

3. The failure of an inner engine on a four-engine
aircraft should no t  lead t o  serious control
difficulties because of  the smaller moment arm
producing correspondingly small asymmetric
effects. A s  far as ease of handling is concerned,
the effect o f  a failure o f  an outer engine is
comparable to, though in general less severe than,
the failure of one engine on a twin-engine aircraft.
I f  both engines on one side have failed a four-
engine aircraft can be considered as a twin-engine
type with one engine failed.

Failure of One Engine During Take-Off
4. The principles outlined in Chapters I  and 2
of this section are applicable to failure o f  an
outer engine, except that the power available for
climbing away is reduced by only 25 per cent. as
opposed to 50 percent. in the case of a twin-engine
aircraft.

S. The safety speeds given in Pilot's Notes apply
to the failure of the worst outer engine. I f  an
inner engine fails, the safety speed is much lower.

6. I f  an outer engine fails below the critical
speed, i t  is always necessary to close, at least
partially, the throttle o f  the opposite outer
engine to maintain directional control. I t  may
then be possible to complete the actions outlined
in Chapter 1, paras. 37 and 38, and then, consist-
ent with rudder control, to increase power on the
live outer engine and climb away. I f  a landing
becomes inevitable, power should be used within
the limits of rudder control to govern the rate of
descent and to select the best possible landing
area.

7. I f  an inner engine fails it is usually possible to
complete the emergency actions and climb away.

Failure o f  More than One Engine During
Take-Off

8. I f  the aircraft is still on the ground, the
actions detailed in Chapter 1, paras. 34 to 36, as
applicable, should be carried out. I f  the speed
at the time of failure is above the refusal speed
given in  the Operating Data Handbook, the
undercarriage should be raised.

9. I f  airborne, but at a low altitude at the time of
engine failure, a crash landing ahead is almost
inevitable if the A.U.W. is high. Such power as
can be countered with the rudder should be used
to check the rate o f  descent, and to assist in
choosing a suitable landing area.

10. I n  the later stages of the take-off, i f  there is
height and speed in hand it may be possible to
continue climbing after completing the immediate
actions detailed in Chapter 1, paras. 37 and 38.

Failure of One or More Engines in Flight
11. The principles are the same as those outlined
in Chapter I, paras. 39 to 43. W i t h  any three
engines still available i t  should be possible to
maintain height at all but the highest altitudes,
using maximum continuous power. I f  i t  is
necessary to fly at the highest possible altitude,
some load may have to be jettisoned.
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12. A n  engine failure may not be apparent at
once (this applies both to  piston-engine and
turbo jet types) and may pass unnoticed for some
time unless a frequent check is made on engine
temperatures and the aircraft performance. O n
piston-engine aircraft, the r.p.m. and boost on the
failed engine may not change since the propeller
still attempts to constant-speed and the automatic
pilot, if engaged, may mask any tendency to yaw.
At moderate airspeeds, the failed engine can be
detected by setting the propeller speed controls
to give maximum r.p.m. and noting which
engine does not respond fully. I n  other circum-
stances a continuous fall in engine temperatures
will show the failed engine. Alternatively, the
tendency to yaw should be trimmed out and the
throttles of the engines on the side of the suspected
failure independently closed and then opened
again. When the throttle of the failed engine is
closed there will be no further tendency to yaw,
thus indicating which engine has failed. I f  the
automatic pilot is in use when engine failure is
discovered, it should be disengaged. On turbo-jet

aircraft, engine failure is shown immediately by a
fall in j.p.t. and r.p.m. on the engine concerned.

Landing
13. A  circuit and landing on three engines should
be carried out exactly as for a normal circuit and
landing, keeping the airspeed above the critical
speed for go-around power until the decision to
land has been made.

14. Going round again o n  three engines
should present n o  difficulty (see Chapter 2,
paras. 12 to 16).

15. When both engines on the same side have
failed, a  circuit and landing may be made
using the technique described i n  Chapter 2,
paras. 4 to 11.
16. Going round again on two engines is usually
only possible i f  the aircraft is at a light landing
weight and has an adequate rate of climb ; Pilot's
Notes give advice on this point.
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CHAPTER 1

DISTRESS ACTION AND CREW DRILLS
Introduction
1. The chapters in this section should be read in
conjunction with the emergency procedures laid
down in A.P.3322 (Supplementary Flight Infor-
mation Document) and with Part 2, Sect. 4,
Chap. 15, of this volume.

2. I f  circumstances arise which necessitate a
forced landing on land or water or the abandon-
ing of an aircraft by parachute, immediate and
almost automatic execution of the correct drills is
essential.

3. Emergency drills are evolved in order to avoid
panic and to  ensure the quick, safe exit o f
personnel with al l  necessary rescue aids and
survival equipment from a distressed aircraft ;
they should set out clearly the duties o f  every
individual in the aircraft, whether crew member or
passenger. Dr i l ls  must be practised regularly so
that they become automatic. I t  has been proved
beyond doubt  t ha t  automatic and  instant
response founded on efficient dr i l l  has been
responsible for the saving of life in many incidents.
In practice drills the simulation of injury by one
or more crew members has proved a valuable aid
to training. I t  is the aim of this chapter to set out
the basic essentials of the drills for abandoning
aircraft, crash landing, and ditching.

Signals Action in an Emergency. (See also
Part 2, Sect. 4, Chap. 15, paras. 9 to 12)

4. States of Emergency. There are three states
of emergency, termed safety, urgency, and
distress.

(a) Safety. Th i s  is the state existing in bad
weather, or when the crew are uncertain of
their position, o r  under similar potentially
dangerous conditions.
(b) Urgency. A n  aircraft is said to be in a state
of urgency when it is in urgent need of assistance
to extricate it from a dangerous situation, e.g.
aircraft lost, fuel shortage, partial engine
failure, etc.
(c) Distress. A n  aircraft is said to be in distress
when it is in serious and imminent danger and
in need of immediate assistance, e.g. ditching,
crash landing, or baling out.

5. The signals action to be taken will always be
appropriate to the state of emergency existing.
There is, however, one guiding principle common
to all states of emergency ; i.e. i f  there is any
danger, however slight, o r  any likelihood o f
danger, a  ground station should be immediately
informed. A n  unnecessary signal can (and
should) always be cancelled, but deferred signals
action may result in the disappearance o f  an
aircraft without trace. There is a definite signals
procedure appropriate to each of the three states
of emergency, detailed i n  t h e  fol lowing
paragraphs.

6. Safety—Signals Action. Transmit the inter-
national safety signal "Securit6" (pronounced
SAY-CURI-TAY) three times b y  R / T,  o r
"T I "  three times b y  W / T,  followed b y
particulars of the navigational or meteorological
circumstances. I n  addition, the safety message
is to contain as much of the following information
as can be supplied : —

(a) Estimated position and time established.
(b) Heading.
(c) 1.A.S.
(d) Altitude.
(e) Nature of assistance required.

7. Safety and urgency signals should always be
addressed to  the nearest ground station and
preferably to an air traffic control centre. i f  there
is any doubt as to the nearest ground station, the
transmission should b e  addressed t o  " A l l
stations".

8. Urgency—Signals Action. Transmit the inter-
national urgency signal "Pan" three times by
R/T, o r  " X X X "  three times by W/T, on the
frequency in use, followed by the information
detailed below : —

(a) Estimated position and time established.
(b) Heading.
(c) I.A.S.
(d) Altitude.
(e) Typc of aircraft.
( f )  Nature of danger and assistance required.
(g) Intention of aircraft captain.
(h) Endurance (in hours and minutes).

RESTRICTED



RESTRICT ED
A.P. 129, VoL. 2, PART 4, SEcr. 3, CHAP. 1
The transmission should be repeated on the
M/F, H/F, and V.H.F. emergency frequencies.
I f  no contact is established with any ground
station, or i f  doubt exists as to which ground
station should be called, the transmission should
be made on the V.H.F. international distress
frequency, i.e. 121.5 mc/s on R/T (or 500 kc/s on
W/T). I f  for any reason (e.g. radio failure) it is
necessary t o  make pyrotechnic and/or visual
signals t o  indicate urgency, the landing o r
navigation lights should be switched on and off at
irregular intervals, or a succession of white Very
lights fired.

9. Distress—Signals Action. I f  automatic emer-
gency equipment (e.g. I.F.F.) is provided it should
be switched on and the distress call, followed by
the distress message, transmitted on the frequency
in use, as detailed in sub-paras. (a) and (b). The
distress message should follow as quickly as
possible after the distress call, since ground
stations do not answer a distress call but listen
out for the distress message which is expected to
follow it. The  distress call and message should
be repeated on the V.H.F., M / F,  and H / F
emergency frequencies.

(a) Distress Call.
(i) "Mayday, Mayday, Mayday" on R/T ; or
"SOS, SOS, SOS" on W/T.
(ii) "This is" (on R/T), or "DE" (on W/T).
(iii) The aircraft callsign should then be
transmitted three times.

(b) Distress Message.
(i) "Mayday, Mayday, Mayday" on R/T ;
or "SOS, SOS, SOS" on W/T.
(ii) "This is" (on R/T), or "DE" (on Wm.
(iii) The aircraft callsign should then be
transmitted three times, followed by the text
of the message, which should include as
much of the information detailed in para. 8
(a) to (g) as time permits. Th is  should be
followed by two periods, each of about ten
seconds' duration, during which the trans-
mitting button should be depressed, or ( i f
the transmission is by W/T) by two dashes,
each of about ten seconds' duration.
(iv) The aircraft callsign should then be
transmitted once, followed (on R/T) by the
word "Over", or (on W/T) by the letter "K".

(c) Action i f  the Distress Message i s  Not
Acknowledged. I f  the distress message is not
acknowledged, the distress call and message
should be  broadcast o n  the international
distress frequency. When an aircraft is forced

down on land and all normal distress pro-
cedures have failed, a  call may be made on
the W/T frequency within the amateur band,
7,000 to 7,150 kc/s.
(d) Action when Ditching, Crash Landing, or
Baling Out. When ditching, crash landing, or
baling out is inevitable, the aircraft callsign
should be transmitted and the R/T remote
control switch (if fitted) turned to the transmit
position, or (with W/T) the morse key should be
clamped down.
(e) International Visual Distress Signals. I f  it is
necessary to  use pyrotechnics for signalling
distress, parachute flares showing a red light,
or one or more red Very lights should be used.

10. Cancellation o f  Emergency Signals. I t  is
essential that Safety, Urgency, and Distress
messages should be cancelled i f  the emergency
ceases to exist. The cancellation should be made
on all frequencies on which the original message
was dispatched, and should be amplified by an
explanatory message.

Crash Landing and Ditching Stations
11. Approved crash landing and ditching stations
are decided upon for all types o f  aircraft, the
following main points being borne in mind : —

(a) The parts of the airframe that are safest and
strongest.
(b) The parts of the airframe that are weakest
and likely to break off or crumple on impact.
(c) The position of escape exits.
(d) The likely places for severe inrush of water
(in ditching cases only).
(e) The presence of projections likely to cause
injury.
(f) The position o f  equipment which may
become dislodged easily.
(g) An aft facing position is always preferable
to a forward facing one.
(h) The crew members detailed to  open or
jettison escape hatches.
U) The even distribution o f  essential duties
such as warning passengers, closing bulkhead
doors, etc.
(k) The method to be adopted in removing and
taking out of the aircraft the internally stowed
emergency equipment and the allocation o f
this responsibility among the crew members.
Similar considerations apply to any externally
stowed emergency equipment.
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(I) The order of leaving the aircraft, allocating
the use of escape hatches as equally as possible.
(m) In ditching cases only, the crew members
detailed to operate the dinghy manual release
or launch the valise dinghy.

12. Crash landing and ditching stations seldom
differ, but occasionally slight changes have to be
made for the reason given in para. 11 (d).

Examples o f  Crash Landing and Ditching
Stations

13. I n  aft-facing crew or passenger seats with
safety harness secured, the feet should be braced
against suitable supports, with the hands holding
or braced against parts of the aircraft structure ;
the head should be braced against the back of the
seat. I f  the back of the seat does not provide this
support, the head should be clasped and braced
in the hands, with the fingers firmly interlocked
behind the head.

14. A n  alternative position is for some crew
members and/or passengers to be seated on the
floor facing aft, with their backs against suitable
supporting surfaces, e.g. a main spar or bulkhead.
The feet should b e  braced against suitable
supports and the head clasped and braced in the
hands, the fingers being firmly interlocked behind
the head. A  variation is to have a second person
adopt a similar position supported by the knees
of the first person. This  attitude should also be
used on some types o f  transport and troop-
carrying aircraft, where webbing straps about two
feet wide are provided for fastening across the
fuselage immediately prior to crash landing or
ditching to afford the necessary back support.

15. Another alternative position is to lie on the
fuselage floor, face upwards, w i th  the feet
forward against a fixed portion o f  the aircraft
structure, the  knees flexed, and the  hands
gripping suitable handholds. A  development is
to have two people lying on their backs side by
side, each with one arm round the neck of the
other, and the free hand holding a  suitable
handhold in the aircraft structure.

16. When seated in  forward-facing seats with
the safety harness secured, the feet should be
braced against suitable supports, with the hands
holding or braced against parts of  the aircraft
structure. Whenever possible, when using this
position, the head should be braced with one arm
across the forehead, and the hand gripping a
suitable handhold or other part of  the aircraft
structure.

DISTRESS ACTION AND CREW DRILLS
Proceedure to be Adopted when Crash Landing

or Ditching
17. Warning o f  Crew and Pacwngers. T h e
captain should pass the preliminary warning
immediately an emergency arises, followed when
necessary by the executive order over the inter-
com for crash landing or ditching, i.e. "  Prepare
for crash landing" o r  "Dinghy prepare fo r
ditching". I f  there i s  insufficient t ime f o r
preparation, the captain should add to this order
"Take immediate crash landing stations" o r
"Take immediate ditching stations".

18. The intercom message should be duplicated
on the call light and/or warning horn—"CCC"
for crash landing, "DDD" for ditching—and the
crew member nearest to the wireless operator
should give him verbal warning in case he has not
received the captain's warning. I n  passenger-
carrying aircraft, a t  least one crew member
should inform the passengers and also assist them
to take u p  their  crash-landing o r  ditching
stations.

19. Captain—Immediate Action.
(a) Warns crew. States intention.
(b) Takes the appropriate distress action.
(c) Prepares the aircraft for crash landing or
ditching.
(d) Secures his safety harness and ensures that
his personal safety equipment is in order.
(e) Ensures that the appropriate distress action
is being taken, and that the rest of the crew are
carrying out  their allotted duties and are
taking up their ditching and/or crash landing
stations.
( f)  Keeps the crew informed of  the aircraft's
height and any other relevant information.
(g) Orders the wireless operator to his crash
landing o r  ditching station. T h e  wireless
operator should remain at his set for as long as
possible and be the last to take up his emer-
gency station.
(h) Jettisons the hood on single-seat aircraft.
(j) Just before the touch-down, warns the
crew to brace.
(k) When the aircraft has come t o  rest,
releases his safety and parachute harnesses
and leaves the aircraft through the allotted
hatch, taking with him, after ditching, the
correct items o f  survival k i t .  A f t e r  crash
landing, he should leave the aircraft as quickly
as possible owing to the fire risk. When the
fire risk has passed, he should return and
collect all useful kit and equipment.
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20. Captains o f  aircraft must appreciate that
emergency signals should be made as early as
possible t o  enable the greatest measure o f
assistance to be given to  the aircraft. Rad io
transmissions should, therefore, be commenced
as soon as the captain has reason to believe he
may have to ditch, or to crash land in territory
where the necessity for rescue will arise.

21. Navigator—Immediate Actions. O n  receipt
of the captain's warning the navigator should : —

(a) Determine the aircraft's position.
(b) Pass this position to the wireless operator
together with the true heading of the aircraft,
altitude, and a short weather report, including
if possible visibility and (if ditching) the state
of the water.
(c) Pass the  estimated position o f  crash
landing or ditching to the wireless operator.
(d) Inform the captain o f  the surface wind
velocity.
(e) Destroy secret papers. Place charts, with
latest positions marked, in a satchel ready to
take out of the aircraft.
(f) Carry out any further duties as set out in
the drill, e.g. jettison the appropriate escape
hatches, ensure that the bomb doors arc closed,
etc.
(g) Take up his crash-landing o r  ditching
station.
(h) Brace when ordered.
(j) Leave the aircraft when it has come to rest
through the allotted escape hatch, taking with
him, after ditching, the items of survival kit for
which he is responsible. A f te r  crash landing,
leave the aircraft as quickly as possible owing
to the fire risk. I f  there is no fire, return and
collect all useful kit and equipment.

22. Wireless Operator—Immediate Action. O n
receipt of the warning he should : —

(a) Take the appropriate distress action.
(b) Turn the I.F.F. to emergency.
(c) Pass any fixes and bearings received to the
navigator.
(d) Transmit the estimated position o f  crash
landing or ditching given by the navigator.
(e) Destroy secret papers.
(f) On the captain's order, take up his crash
landing or ditching station, after clamping the
morse key.

(g) Brace when ordered.
(h) Leave the aircraft when it has come to rest,
through the allotted escape hatch, taking with
him, after ditching, the items of  survival ki t
for which he is  responsible. A f t e r  crash
landing, he should leave the aircraft as quickly
as possible owing to the fire risk. I f  there is no
fire, he should return and collect all useful kit
and equipment.

23. Remainder o f  Crew—Immediate Actions.
The actions of  the remainder of a crew do not
involve similar technical responsibilities to those
of the pilot, navigator, and wireless operator.
Nevertheless, they may be required to assist in
other respects, for example —

(a) One member, usually the second pilot or
engineer, should help the captain to  secure
his safety harness, attach his single-seat-type
dinghy, i f  applicable, and b e  o f  general
assistance to him.
(b) One or more members should jettison the
appropriate upper o r  side hatches and, i f
ditching, should check the security o f  the
lower hatches.
(c) One member should check that the survival
equipment is available for immediate removal
and that all  loose items o f  equipment are
properly stowed.
(d) In passenger-carrying aircraft, at least one
member should ensure that the passengers
carry out their correct drill.
(e) Assist in jettisoning equipment.
(f) Take up crash landing or ditching stations
as soon as possible after essential duties have
been carried out.
(g) Brace when ordered.
(1) After ditching, leave the aircraft through
the allotted escape hatch with the correct items
of survival kit. A f te r  crash landing, leave the-
aircraft as quickly as possible through the
correct exits owing to the fire risk. I f  there is
no fire, return and collect all useful ki t  and
equipment. I n  either case, passengers should
be helped to leave the aircraft safely.

Action by the Pilot
24. The safety harness should always be tight
and locked but, i f  worn, the parachute harness
should be released so that i t  does not impede
escape. A t  the moment of touch-down, an arm
held across the forehead with the hand gripping
a convenient hold will reduce the risk of injury
from gunsights and similar projections.
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General

25. Stowed emergency equipment should not be
removed from stowage until the aircraft has come
to rest.

DISTRESS ACTION AND CREW DRILLS
26. A l l  crew members should be familiar with
each other's duties, in case a member is injured.
27. I t  is of the utmost importance not to relax or
move until the aircraft has come to rest.
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PART 4 :  SECTION 3

CHAPTER 2

FORCED LANDING TECHNIQUES AND OTHER
LANDING EMERGENCIES

General Considerations
1. A  forced landing is a landing which was not
allowed for in the flight plan. When an emergency
arises which necessitates a descent and landing,
two courses of action are open to the pilot : —

(a) Abandoning the aircraft.
(b) Landing at the nearest airfield or on the best
available terrain.

2. Pilot's Notes for the smaller high-performance
aircraft sometimes advise against an attempted
landing and recommend abandoning the aircraft
unless the selected area is known to be satisfactory
in all respects. Since landing on an unprepared
surface would probably entail severe damage to
the aircraft and possible injury to the crew, i t
may be wiser to abandon the aircraft in such an
emergency to  ensure the safety o f  the crew.
However, the types o f  emergency that can be
encountered are many and varied and occasions
are possible on which there is no option but to
land.

3. I f  there is no alternative but to  land the
procedure to be adopted depends on the circum-
stances prevailing at the time of the emergency,
the main considerations being : —

(a) Whether or not engine power is available.
(b) Altitude.
(c) Aircraft type and its flying and handling
characteristics.
(d) Weather.
(e) Nature of the terrain.
( f)  Day or night, i.e. the amount of light.
(g) Whether to land with the undercarriage
raised or lowered.

4. Sound airmanship can either obviate the need
for a  forced landing or, i f  one does become
necessary, give the pilot the greatest chance of
completing i t  successfully. S u c h  points o f
airmanship are : —

(a) Thorough pre-flight planning, including a
review of the weather expected for the flight, a
check of the main features of the terrain over
which the aircraft is to  fly, the radio aids

available at each stage, and the correct action
to take if diverted.
(b) Conscientious preparation o f  the aircraft
for flight.
(c) Maintaining a  mental idea o f  position
during flight, and the sensible use of radio aids
to verify this.
(d) Noting the type of terrain over which the
aircraft is flying so that, i f  a forced landing
becomes necessary, as little time as possible
need be spent i n  searching fo r  a  suitable
landing area.

5. The decision as to the best course of action
must be made quickly, and the frequent practice
of emergency drills and procedures gives the pilot
the best chance of instinctively doing the correct
thing should t h e  emergency arise. I f  a n
emergency arises the captain should not hesitate
to ask for aid by radio, using whatever degree of
priority is deemed necessary.

Position of the Undercarriage
6. The aircraft captain must make the decision
as to whether or not to lower the undercarriage
for a forced landing in a particular emergency.
Several factors must be considered in making the
decision and Pilot's Notes and Flying Orders
may also give guidance.

(a) I f  the aircraft has a retractable tail-wheel
undercarriage, then fo r  a  landing on open
countryside the wheels should be kept retracted.
I f  this is not done there is a risk of nosing over
and the aircraft coming to rest in the inverted
position.
(b) I f  the aircraft has a retractable nose-wheel
undercarriage, experience shows that in many
cases i t  is best to  lower the wheels for  a
landing on open countryside. B y  so doing the
risk o f  injury is minimized, since the initial
impact is cushioned by the undercarriage and
the fuselage may be held clear of  the smaller
obstructions immediately after touch-down.
Full brake can be applied giving a  high
deceleration. I f  the ground is very rough, loss
of any or all of the undercarriage legs, although
causing perhaps greater damage to the aircraft,
also results in a faster deceleration.
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7. When landing with the wheels raised the
impact forces are transmitted directly to  the
aircraft and crew ; also a landing in this configura-
tion tends to lead to faulty approach speeds—
either too high o r  too low. Especially with
aircraft having swept wings t h e  nose-high
attitude on touch-down causes the nose t o
"slap" down on impact, and this is a possible
cause of spinal injuries. Lowering a nose-wheel
undercarriage ensures that the heavy impact
when the nose whips down is cushioned by the
nose wheel and the landing impact is absorbed by
those parts o f  the aircraft intended fo r  this
purpose.

8. On nose-wheel aircraft with straight wings
the landing on open country can usually be made
safely with the wheels retracted, provided o f
course tha t  t he  external stores have been
jettisoned ; however, there is nothing to prevent
the captain from deciding to lower the wheels i f
he considers that this would be an advantage
under the circumstances.

9. When landing any type of  aircraft with the
wheels retracted the aircraft should be flown
onto the ground as slowly as possible, the
vertical rate of descent at the moment of touch-
down being kept to a minimum. I t  is better to
touch down slightly fast than to stall the aircraft
and allow it to drop to the ground with a higher
rate of descent.

Types of Forced Landing
10. The various types o f  forced landings can
usually be considered under two main headings:—

(a) Forced landings with power.
(b) Forced landings without power, or  with
only partial power.

The first deals with situations where the pilot
has power available to control the aircraft down
to the point of touch-down on a chosen landing
area. The second deals with instances where the
pilot has to rely on his judgment and skill alone
because, i f  any power is available, i t  is only
enough for him to make relatively small correc-
tions to his descent path and not enough for a
normal circuit and landing.

FORCED LANDINGS WITH POWER—DAY
Introduction
11. The circumstances of a forced landing with
power may vary f rom the relatively simple
condition of landing in good weather on a strange
aerodrome t o  landing in  poor weather in  a
restricted area such as a field in open country.

Normal Diversion
12. Landing a t  a  diversion airfield should
present no problem, since full landing instructions
can always be obtained from Air Traffic Control
using t h e  common airfield frequency, t h e
command guard frequency, or i f  necessary, one
of the distress frequencies. I f  radio contact is
impossible, circuit information can be obtained
from the signals square. F o r  aircraft having a
long landing run the main item to check is the
runway length.

Forced Landing Away from an Operational
Airfield

13. A  pilot finding himself in difficulties should
make the decision to carry out a forced landing
while sufficient fuel  and t ime remains. I f
possible, thirty minutes should be allowed for the
complete procedure although less time is accep-
table under favourable circumstances. Once the
decision has been made the pilot should inform
all occupants of the aircraft of his intention so
that each can carry out the crash actions applicable
to the type of aircraft, and he should at once set
about finding a  suitable landing area. T h e
method of selecting that area and keeping it in
sight in  bad weather, the positioning for the
final approach, and the decision whether or not
to land with the undercarriage lowered (paras. 6
to 9) are al l  decisions which call for  sound
airmanship, common sense, and judgment. T h e
factors which influence these decisions are
discussed in the following paragraphs.

14. Visibility. I n  good visibility, the pilot need
only reduce speed sufficiently to allow himself
enough time to assess the suitability of fields in
the immediate vicinity. I n  bad visibility, how-
ever, he must reduce speed to  the minimum
consistent with safety, i.e. adopt bad-weather
low-flying procedure i f  this has not already been
done ; otherwise it will be extremely difficult to
select a field and then keep it in view.

15. Choice o f  Landing Area. I n  North-West
Europe, and particularly in the United Kingdom,
there are many disused airfields with runways
which are quite suitable f o r  a n  emergency
landing. I f  such an airfield has a  white bar
painted beneath the normal white cross displayed
on the runway threshold, this indicates that i t
has been inspected within the last six months and
found to be fit for emergency use. However, a
pilot should stil l make a  thorough low-level
inspection to  determine the suitability o f  the
surface. A  landing should not be made on an
airfield with the letters "EX" painted in white on
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the runway, as this denotes that explosives are
stored there. I f  a disused airfield is not available,
a field or other suitable area having the following
characteristics should be chosen : —

(a) A suitably long run, preferably into wind.
(b) The surface should be reasonably smooth,
hard, and free from obstructions.
(c) The field should not have a pronounced
slope.
(d) The leeward boundary should not have any
high obstructions. ( I t  is a further advantage if
the windward boundary is also unobstructed
so that, i f necessary, the aircraft can go round
again.)
(e) The ideal field should be near some means of
communication such as a road or a house.

I f  a field is inspected and found to be not wholly
suitable, the pilot then has to decide whether he
should seek a better one, or whether the fuel state
or other emergency demands a n  immediate
landing on that field.

16, Preliminary Technique. A f t e r  a  field has
been selected, a bad-weather circuit (paras. 17
to 21) should be flown to make a preliminary
inspection of the field and to locate it relative to
prominent landmarks. T h i s  i s  a  necessary
precaution in case the field becomes lost from
view. A n  inspection run at a slow safe speed,
using partial flap, should then be flown. Th i s
entails an approach as for  a  normal landing
(the pre-landing checks being completed except
for the lowering of the undercarriage), and then
at the lowest safe convenient height the aircraft
should be levelled and flown across the field at
the slowest safe cruising speed. The  path of the
inspection run should be slightly to one side of,
and parallel to, the intended landing path. This
inspection run enables the pilot to : —

(a) Check the intended approach path for
obstructions, etc.
(b) Thoroughly examine the surface o f  the
intended landing path.
(c) Assess the drift.

While flying over the field, the compass reading
should be noted as a basis for course steering for
subsequent circuits of  the field. I f  visibility is
bad, conspicuous landmarks should be noted to
enable the field to be found i f  temporarily lost.
An accurately timed circuit (discussed in para. 17)
should be made if the field cannot be kept in view
all the time. When the windward boundary of
the field has been reached, the aircraft should be
climbed t o  circuit height o r  as high as the

existing weather conditions permit, whichever is
the lower. A  further inspection run can be made
if required and i f  the fuel state and other
considerations permit.

Bad-Weather Circuit Procedure
17. When circumstances demand a  forced
landing (whether on an airfield or elsewhere) in
poor visibility and in  the absence o f  runway
approach aids, a  timed and accurate circuit
should be flown around the selected landing area
so that, i f  it disappears from view during certain
stages of the circuit, the pilot can be certain of
seeing the landing area ahead of him on the final
approach. This type of circuit (Fig. 1), accurately
flown, can be used to place any type of aircraft
in a suitable position from which a landing can be
made ; any errors of alignment need not be more
than about 100 yards.

18. Airspeed. The airspeed for flying in reduced
visibility is given in Pilot's Notes and should be
used for this type of  circuit. Whi le  the speed
used on the downwind leg is not critical, both
turns must be made at the same I.A.S.

19. Rate of Turn. I t  is important to the accuracy
of final alignment with the runway that accurate
Rate 1 turns are flown using the same airspeed
for each turn.

20. Drift. D r i f t  should b e  assessed before
starting the circuit. T o  compensate for  wind
effect during the two turns, about three times the
angular drift allowance for the airspeed should be
made on the downwind leg.

21. Final Approach. Af te r  about the first 135°
of the final turn, the landing area or airfield
approach lighting should be visible. ( I f  necessary,
clear-vision panels should be used.) The  touch-
down point can then be kept in view by a gently
curved final approach. I f  conditions are such
that contact is not made at this stage, the full 180°
turn should be  completed and the runway
heading ±  drift allowance steered ; t he  speed
should be reduced to the correct approach speed
and the pre-landing checks completed.

Final Approach and Landing
22. When the decision to land has been made,
the final circuit should be started. The necessary
pre-landing checks should be done even i f  a
wheels-up landing is intended, and the canopy,
escape hatches, and external stores should be
jettisoned as appropriate. T h e  harnesses of all
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the occupants must be tight and locked, and
crash positions adopted. The approach should
be made using the short-landing technique, which
involves crossing the threshold of the field at the
lowest safe approach speed with power on and
full flap lowered. When in a safe position and
near the ground the throttle should be closed and,
assuming that the wheels are retracted, the
touch-down made in a tail-down attitude. I f  the
wheels have been lowered, brakes should be used
to stop the aircraft as soon as possible.

FORCED LANDINGS WITHOUT
POWER—DAY

Introduction
23. The reliability o f  modern engines makes
forced landings without power an infrequent
occurrence, but since engine failure is possible,
pilots must know what such a landing entails and
develop the necessary skill to complete it ; this
skill can only be obtained by frequent practice.
A forced landing necessitated by partial engine
failure should be treated similarly to one caused
through total engine failure.

Start final accurate
rate I  turn as so
spired

24. The procedure f o r  a  power-off forced
landing depends on the type of aircraft and the
flight circumstances when engine failure occurs,
i.e. it will depend on whether a forced landing is
necessitated by : —

(a) Engine failure at low altitude, i.e. during or
immediately after take-off, or when flying very
low with insufficient surplus speed to  gain
height, or when flying beneath low cloud.
(b) Engine failure at higher altitudes.
(c) Failure of one or more engines on a multi-
engine type, when the  pilot i s  unable to
maintain or gain height and has no alternative
but to land.

Engine Failure During the Take-off Run
25. Engine failure during the take-off run in the
case of twin- and multi-engine aircraft is discussed
in Section 2, Chapter 2, paras. 32 to 38. F o r
single-engine aircraft, i f  the remaining distance
is insufficient to bring the aircraft to rest before
encountering rough ground c r  obstructions the
pilot must decide whether or not to raise the
undercarriage. I f  external fuel tanks are carried

Fly runway reciprocal
beading k  3 a drift.
start timing.

30 secs., for 1000 yds.
landing run. Add 1 sec.
for every 100 yds. in
esceu. (for fast aircraft
20 secs. for 1000 yds.)

Check vital actions

Start circuit. Track along
runway and check drift.

initial approach. Ile at bad
weather circuit speed a l
one third flap lowered.

Steer runway heading
L I )  drift. Lower full flap,

reduce to approach
speed. Descend to lowest
safe height.

Fig. I. Bad Weather Timed Circuit
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every effort should be made to jettison these ; i f
there is no time then, depending on the circum-
stances, it may be preferable to leave the wheels
down. I f  the aircraft collapses onto the external
tanks there is a serious risk of fire.

Engine Failure After Take-off
26. (a) For twin- and multi-engine aircraft see
Section 2 ,  Chapter 2 .  O n  single-engine
aircraft, i f  total failure occurs while the speed
is lower, o r  only slightly more, than the
gliding speed, the throttle should be closed,
care being taken to maintain a safe gliding
speed and a  landing made virtually straight
ahead. While, at low speed and altitude, it is
seldom possible or safe to turn back to the
airfield, moderate changes of heading can be
made to avoid obstacles or turn into wind.

(b) On most turbo jet aircraft the rate o f
acceleration is such that, shortly after becoming
airborne, the airspeed is considerably higher
than the gliding speed. I n  these types o f
aircraft it is possible to convert the speed into
a higher altitude and lower speed so that i t
may be possible to regain the airfield after
engine failure. T h i s  procedure should be
attempted only i f  the speed is substantially
higher than the gliding speed ; the speed should
not be allowed to fall below this speed until
the aircraft is on the final stages of the approach.

Engine Failure at Low Altitude
27. Engine failure when low flying has almost the
same implications as stated in para. 26, except
that there will probably be excess speed available
which can be exchanged for a higher altitude and
lower speed thus giving the pilot a greater choice
of landing area. I f  the speed is high, it is possible
on aircraft fitted with fully automatic ejection
seats to gain enough altitude to permit abandon-
ing the aircraft.

Engine Failure at Altitude
28. Unlike engine failure on take-off, where very
rapid action is called for, engine failure at a
reasonable height gives time to assess the situation.
There may also be time to find the cause o f
engine failure and even to  remedy i t  and to
select from a number of possible landing areas.

29. I f  partial power is still available, a forced
landing without power should b e  made i n
case the failure becomes complete. I n  such
circumstances it would therefore be most unwise
to try to reach a distant airfield. However, i f  an
airfield were reasonably near and the intervening
area no worse for a forced landing than that
below the aircraft when the failure occurred, e.g.
over the sea, i t  would be logical to attempt to
reach that airfield.

30. Possible Causes of Engine Failure. When an
engine fails, the pilot should try to locate the
cause of failure and, if  possible, rectify the fault
after first gaining height by using any excess speed
and then selecting and turning towards the chosen
landing area. Some common causes o f  engine
failure are given below ; a l l  these causes, with
the possible exception o f  carburettor icing and
some forms of mechanical defect, usually result
from poor airmanship : —

(a) Jet Engines.
(i) Fuel shortage.
(ii) Mishandling of fuel system.
(iii) Mechanical defect.

(b) Piston Engines.
(i) Fuel shortage.
(ii) Ignition switches knocked off.
(iii) Mishandling of fuel system.
(iv) Mishandling of mixture control.
(v) Overheating.
(vi) Carburettor icing.
(vii) Mechanical defect.

Wind Velocity
31. A  mental note of the wind velocity at take-off
should alwitys be made and checked during flight
by reference to indications on the ground (e.g.
smoke, but not from moving objects such as
trains). This knowledge can be of great value if
the need for a forced landing arises.

Selection of the Landing Area
32. When making a  forced landing without
power it should be realized that there is only a
limited time in which to search for a suitable field,
and an inspection run cannot be made. Therefore
the habit o f  searching periodically for suitable
landing areas should be cultivated. The frequency
of such surveys depends on the altitude at which
the aircraft is flying.
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33. The requirements for a suitable landing area
are : —

(a) A large enough area with a suitable surface.
(b) The approach path should be free from high
obstructions, since these reduce the effective
landing run by increasing the distance between
the boundary of the field and the touch-down
point.
(c) The area should be level, but slight gradients
can be tolerated. ( I t  is difficult to judge the
topography of an area from the air. Indications
of the direction o f  slope are the position o f
rivers, lakes, and marsh ground relative to the
area, and the light and shade cast on the
ground by the sun when i t  is low on the
horizon.)
(d) Secondary considerations are that the
landing area should be near some means o f
communication so  that  assistance can be
quickly obtained and salvage work facilitated.

34. Surface of the Landing Area. The ability to
recognize various types o f  surface comes with
experience. A  guide to these is given below in
their order of suitability for forced landings with
the undercarriage up.

Surface H o w  Recognized
Stubble . . .  . . .  A n  even buff colour, regular

lines being visible f rom l o w
altitudes.
Usually a mottled green, varying
from dark green i f  low-lying
and damp to brownish green i f
dry or burned by the sun.
An even sandy colour without
dark spots o r  lines. O n  a
beach, the sand a  few yards
from the water's edge is usually
suitable.
A rich, dark uneven green.

Grassland

Firm sand

Young grain
Crops . . .  R e g u l a r  lines will be visible at

low altitudes.
Young root crops S i m i l a r  t o  gra in crops, b u t

regular lines will be visible at a
greater height.

Ploughed land . . .  T h e  colour varies with the nature
of the soil, no vegetation being
visible. I f  furrows arc visible,
land along them i f  the under-
carriage is not retractable.

Ripe grain C o l o u r  varies with the type o f
crop from buff to golden brown.
I f  there is any wind, movement
of the grain will appear in waves
flowing in the direction o f  the
wind.

Surface
Heathland

Marshland

Rocky uneven
ground

Forest . . .

How Recognized
A mottled, brownish green
colour, usually in large areas on
high ground. I t  is often covered
or partly covered with gorse or
heather. T h e  surface is usually
pock-marked with rabbit holes,
etc.
Dark green, wi th  sti l l  darker
green spots or  patches. Scat-
tered pools of water or streams
can generally be seen i n  the
vicinity.
As for heath land, plus rocks of
various colours.
The colour depends on the time
of the year and the types o f
trees, but recognition is easy.

A landing on any of  the above surfaces, except
forest or rocks, should usually entail little risk of
injury to the crew. However, i f  the aircraft has
a fixed tail-wheel type undercarriage, the hazard
of nosing over must be appreciated and the
landing area selected accordingly. I n  general,
stubble and grassland are the only surfaces
suitable for safe landings with a fixed tail-wheel
undercarriage.

Personal Equipment
35. (a) Parachute harness should, i f  possible, be

unlocked so as not to impede escape. T h e
safety harness should be tightened t o  give
maximum security.
(b) Helmets, oxygen masks, and gloves should
be worn for protection against injury and fire,
with all unnecessary leads disconnected and
securely stowed. Goggles or visors should be
lowered as an additional safeguard.

Selection of the Landing Path
36. Having chosen the landing area it is necessary
to select the best landing path. T h e  choice of
this depends on : w i n d  direction, length o f
landing run, gradient, and obstructions. Ideally
the landing path should be into wind, but i f  a
considerably longer run can be obtained by
landing across wind, then this should be chosen.
If  the wind is light it may be better to land uphill
and downwind. A  landing path which entails an
approach over obstructions should be avoided,
since the effective landing run will be curtailed.
The best landing path will be one combining the
best of the above features.
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Circuit and Approach
37. Unless the circuit and approach are correctly
judged the forced landing will probably not be
successful. O n l y  by conscientious practice can
the required skill and judgment be acquired and
kept at a high level. Unless the pilot is familiar
with the characteristics o f  his aircraft in  an
engine-off forced landing, an appreciable element
of luck enters into whether or not it will have a
happy conclusion.

38. The circuit and approach pattern varies
widely between types of aircraft and is primarily
decided by the rate of descent on the gliae and the
gliding speed. T h e  gliding angle may be dis-
concertingly steep when full flap is lowered and
the round-out may therefore have to be started in
good time to avoid a g stall.

39. The forced landing pattern for any type of
aircraft can be built up on what are known as key
points. F i g .  2  illustrates an example o f  an
imaginary pattern based on three such keys. I f
the altitude at the time o f  the emergency was
lower than, say, the high key, then the pilot would
have to position his aircraft so that the medium
key was reached as the first check on the pattern.
I f  unable to attain the altitude for the medium
key then the low key point would have to be used.

40. When practising forced landings to establish
a circuit pattern, the pilot should remember that
there should be a margin in hand to allow for

MEDIUM KEY 4,000 FT.
ABOVE TERRAIN

FORCED LANDING TECHNIQUES AND OTHER LANDING EMERGENCIES
varying wind strengths. To  this end the low key
point should be sited so that the final approach
to the touch-down point can be made by using a
wide turn (for little or no wind) or a more direct
course (for a strong wind).

41. When manoeuvring in the circuit pattern i t
should be remembered that the ground elevation
should be subtracted from the indicated altitude
(QNH) to give the altitude above the ground.

42. A t  all times the landing area should be kept
in view and all turns should be towards the field ;
violent S turns on the final stages of the approach
should be avoided, since the loss of height in such
turns may be excessive and i t  becomes more
difficult to judge the touch-down point ; further,
the danger of  an inadvertent stall is increased.
By establishing a definite base leg and low key
point the pi lot can adjust the approach by
turning early i f  undershooting or delaying the
turn if too high.

43. While o n  the  downwind and base leg
portions of the pattern it is important to keep at
the optimum distance from the touch-down point.
To assist in this, the pilot should note the amount
by which the wing or some other portion of the
airframe overlaps the landing area while on the
down-wind leg, particularly when at the correct
medium key position. To  ensure that the correct
distance is maintained at the low key point, a
reference point on the windscreen or nose can be
used.

RECOMMENDED
GLIDING SPEED

HIGH KEY 7,000 FT.ABOVE TERRAIN

•••
TOUCHDOWN AT,`••`

RECOMMENDED SPEED
Fig. 2. Typical Forced Landing Pattern showing Key Points
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44. Use o f  Propeller Controls. O n  piston-
engine aircraft having a  constant-speed pro-
peller, drag can be reduced and a flatter glide
path achieved by selecting the minimum r.p.m.
(coarse pitch) position. However, on certain
types, high engine r.p.m. are needed to change
pitch and little will be gained by using the propeller
control. The  difference to the angle of glide is
considerable on  high-powered aircraft having
multi-bladed propellers, and the use of minimum
r.p.m. greatly increases the gliding range of the
aircraft. However, this pitch alteration may
upset the pilot's judgment i f  he has been in the
habit o f  practising forced landings with the
propeller control at a fine setting in readiness for
the overshoot. T h e  propeller pitch setting
should therefore be governed by circumstances.

Typical Forced Landing Procedure
45. When the engine fails, any speed in excess of
the best gliding speed should be converted to
height. O n  slow aircraft this increase will be
small but on fast types several thousand feet may
be gained. Unless there is height to spare the
pilot should then choose the landing area and
quickly plan and begin the circuit before trying
to locate and remedy the cause of the failure. A t
the same time any other occupants should be
ordered to prepare for a crash landing.

46. The pre-landing actions should be done as
early as possible. These include deciding on
whether to lower the undercarriage, propeller
lever as required, and the harnesses tightened
and locked back. T h e  crash actions, which
involve jettisoning of the canopy, external stores,
escape hatches, and turning off the fuel cocks
and ignition switches, should be delayed until
definitely committed to the landing.

47. Time permitting, a distress call should be
transmitted from as great a height as possible to
obtain maximum range. F r o m  then on sound
judgment by the pilot is needed and he should
make the approach, bearing in mind the points
discussed above. Finally, i f  it becomes obvious
that a successful landing cannot be made in the
original field, an attempt can be made to land
in a nearby alternative.

48. The Approach and Landing. The  approach
must be made sufficiently fast to ensure good
control right up to the time of touch-down ; with
no power available the speed should be not less
than that for  a  normal glide approach. O n

swept-wing aircraft approach speeds greater than
the normal approach speed are recommended in
Pilot's Notes ; the excess speed can be used to
prolong the glide safely i f  undershooting, and i f
the approach has been correctly judged the
surplus speed is not necessarily an embarrassment
i f  the surface is reasonably level and free of the
more solid obstructions. Excess height can be
eliminated by a slight dive, or on some types of
aircraft by side-slipping.

49. I f  the landing area is partially obstructed and
a collision is possible, the touch-down point
should be judged so that the aircraft covers the
greatest distance before colliding w i th  t h e
obstacle. I n  this way the impact is minimized
and the risk of injury reduced.

Special Notes for High-Performance Aircraft
50. A l l  the considerations i n  the  preceding
paragraphs apply equally to jet and piston-engine
aircraft. However, with some jet  aircraft a
number of additional factors arise.

51. Swept-Wing Aircraft. Two additional points
arise when considering aircraft having swept
wings and high wing loadings : —

(a) I f  the final glide approach is made at an
appreciably lower speed than that recom-
mended, the rate of descent and gliding angle
are greatly increased.
(b) When touching down at the normal speed
the attitude is markedly nose-up. T h e  nose
pitches down sharply on touch-down, resulting
in a possibly heavy impact i f  the wheels are
retracted (para. 6 ) .  T h e  effect i s  more
pronounced i f  the  touch-down speed i s
abnormally low, since the nose-up attitude is
further exaggerated.

Maintenance of the correct gliding speed is a very
important requirement when making a forced
landing with this type of aircraft, since the effects
of the increased drag at low speeds are much more
pronounced than with straight-wing aircraft.

52. For  all types of high-performance aircraft it
is recommended that,  unless t he  proposed
landing area is known to be completely satisfactory
in all respects, the smaller types having touch-
down speeds of above about 120 knots should be
abandoned rather than landed after an engine
failure. Pilot's Notes give advice on this point.
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FURTHER CONSIDERATIONS FOR

BOTH TYPES OF FORCED LANDING

Preparation of the Aircraft
53. Before a forced landing the captain should,
where applicable, consider the following points:—

(a) Jettisoning of Stores. A l l  external stores
should be jettisoned if the aircraft is over open
country ; bombs should be dropped safe and
the bomb doors closed.
(b) Jettisoning of Fuel. Unless the aircraft is,
or has been, on fire, surplus fuel can be
jettisoned from some types of aircraft and the
jettison cocks then closed. Fue l  should be
jettisoned early to allow as much time as
possible for the fuel that has settled on the
fuselage and mainplanes to dry, otherwise the
sparks caused by friction on touch-down may
cause fire. D r o p -tanks should be released,
whether containing fuel or not.
(c) Fuel Cocks, Battery, and Ignition Switches.

(i) I f  committed to  a  power-off forced
landing, all fuel cocks and (where applicable)
ignition switches should be turned off. The
battery should be kept on only for as long as
its services are required to operate items
such as the radio or certain instruments. I t
should be switched off before the touch-
down is made. A l l  these precautions are
necessary to reduce the fire risk. I f  the
battery operates the fire extinguisher system,
then of course it should be left on.
(ii) I f  engine power is available, the battery
switch should be treated as above and, when
the aircraft has come to rest, the fuel and
ignition must be turned off ; however, i f
circumstances permit and the actions can be
carried out without prejudice to the touch-
down, the fuel and ignition may be turned off
just before the touch-down is made.

(d) Hatches. A l l  lower hatches should be
secured and the appropriate upper side escape
hatches opened or jettisoned.
(e) Loose Equipment. Loose items of equip-
ment in the fuselage should be either jettisoned
or securely stowed.
(f) Personal Considerations. A s  a precaution
against injury and fire al l  crew members
should wear their helmets, oxygen masks,
gloves, and goggles or visors for extra protec-
tion, al l  unnecessary leads being securely
tucked away ; whenever possible inter-com-
munication with the pilot should be maintained.

(g) Cockpit Hoods or Canopies. These items
should be dealt with in accordance with the
advice given in Pilot's Notes. Damaged hoods
or canopies should not be jettisoned unless the
aircraft is to be abandoned immediately. The
aerodynamic characteristics o f  a  damaged
hood or canopy may have altered appreciably,
and therefore when jettisoned may cause loss
of control through striking and damaging the
tailplane or fin.

Aircraft Handling
54. I f  engine power is available a short landing
should be made, touching down as early as
possible from a  final approach made at  the
lowest safe speed of the aircraft. I f  only partial
power is available, it should be used to make a
safe landing in the chosen area, the approach
speed being a  little higher than for a  short
landing. I f  no power is available, a high degree
of judgment is required and the final approach
should be made as for a normal glide approach.

Use of Flaps
55. Full flap should normally be used in the final
stages of the approach unless the aircraft has
characteristics which make this unwise, e.g. rapid
loss of speed and very steep descent. Use of flap
during a powered approach increases the drag
and more power is therefore required for a given
speed ; this in turn gives the added advantage of
better control. Use  of power also reduces the
stalling speed.

Use of Engines
56. On propeller-driven aircraft with two or
more wing-mounted engines, the engines should
be throttled right back just before the touch-down
and, i f  practicable, the ignition switched off,
because a propeller which is windmilling in fine
pitch is less likely to break off and strike the
fuselage than when the engine is under power.
The risk of a propeller breaking off and striking
the fuselage is probably greater if it is feathered,
as the blades, being edge on, are more liable to
break off than to bend. However, i f  a crash
landing is necessitated by engine failure, the
propeller of any failed engine should not be

. unfeathered before touch-down. I n  these circum-
stances the captain should, where possible, send
the crew to suitable crash positions aft, and if the
aircraft has dual controls he should, if practicable,
complete the landing in the seat farthest from the
feathered propeller.
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Forced Landing without Power
57. The factors discussed up to this point apply
in principle to all types of aircraft, but there are
additional important considerations which are
normally more applicable t o  turbo jet types.
These concern the effect o f  the loss o f  certain
ancillary services following complete engine
failure and the subsequent effect on the handling
of the aircraft during the descent and landing.
These considerations are : —

(a) Loss of Heating Services. Loss of cabin
heating and demisting services, i f  operated by
the failed engine, may lead to heavy misting
and icing on both the inside and outside of the
canopy during a descent from high altitude.
The use o f  the external liquid de-icer and
electrical windscreen de-icer would ease the
problem, since both should still work satis-
factorily. D i rec t  vision panels wil l  also be
valuable. I f  necessary, a  rag soaked i n
glycol, which should be carried for the purpose,
can be used to remove ice from the inside of
the canopy.

(b) Powered or Power-Assisted Flying Controls.
When powered or power-assisted flying controls
are used, engine failure and the subsequent
use o f  an emergency manual flying control
system may result in severely limited manoeuvra-
bility even at low speeds, and comparatively
very high stick forces may be necessary to
position the aircraft for the forced landing.
Pilot's Notes give guidance on the character-
istics o f  the aircraft in these cases, and the
recommendations made should be carefully
studied. T h e  circumstances governing the
forced landing, the amount of control remain-
ing and, possibly, the time for which i t  is
available, w i l l  dictate whether the aircraft
should be abandoned o r  whether a  forced
landing can be attempted.

(c) Flight Instruments. T h e  endurance and
charge state o f  the aircraft battery o r  the
standby battery fo r  the operation o f  gyro
instruments during a descent from considerable
height through a  great vertical thickness o f
cloud may be limited, and the approximate
time for which it is available should be known
by the pilot. Some aircraft have a sufficient
reserve of  battery poWer to keep the V.H.F.
set, electrical f l ight instruments, and the
pressure-head heater operating for  a t  least
thirty minutes, but on  others the time is
considerably less ; Pi lot 's Notes may give
guidance on this point.

Landing
58. Immediately before the touch-down the
battery isolating switch should be turned off,
unless by so doing the fire extinguisher system is
rendered inoperative (see Pilot's Notes). O n
nose-wheel aircraft, at the moment of impact the
nose will pitch down sharply followed by rapid
deceleration and possibly further violent shocks
until the aircraft finally comes to rest. I t  is
. important not to  relax until the aircraft has
stopped. F i re  extinguishers should be operated
at the  f i rs t  opportunity af ter  touch-down.
Immediately t h e  aircraft has stopped, t h e
occupants should leave through the recommended
exits as quickly as possible and clear the aircraft
on the upwind side. N o t  until the fire risk has
passed should the crew return to  collect the
emergency equipment.

GLIDE CONTROLLED DESCENT
General Procedure
59. Provided he is within gliding range o f  a
suitable airfield, the pilot of an aircraft that has
had complete engine failure at height should be
able to carry out a successful forced landing on
the airfield i f  there is a cloudbase of  at least
3,000 feet and good visibility below. The  basic
procedure involves homing to overhead, making
a spiral descent through any cloud, and complet-
ing a glide approach and landing. T h e  pilot
should : —

(a) Transmit a  distress message giving the
height and type of aircraft. From this informa-
tion the most suitable airfield within gliding
range can be alerted to take control o f  the
aircraft. •
(b) Glide at the optimum range speed and
home to overhead. I f  the cause of the forced
landing is a flame-out, an attempt to relight
should be made when at the proper height.
(c) When overhead, increase speed by 50 knots
and start a Rate 1 descending spiral. T h e
excess speed is required for adjusting position
in the circuit after breaking cloud.
(d) Transmit every half-minute, giving heading
and height. From these transmissions, control
can inform the pilot of any adjustments to the
orbit to allow for the wind effect and bring the
aircraft to the correct position on the downwind
leg.
(e) When below cloud, position the aircraft
for a glide approach and landing. T h e  flaps
should be lowered only when it  is clear that
the runway is within reach ; i f  there is  a
tendency to overshoot, surplus height can be
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lost by diving slightly and accepting the higher
touch-down speed.

.60. This procedure should prove effective for a
cloudbase o f  3,000 feet or more, but only by
constant practice can pilots and controllers
achieve a high standard o f  accuracy. Dur ing
practice a small amount of flap should be used to
offset the effect of idling thrust.

ENGINE FAILURE IN OR ABOVE CLOUD
General Considerations
61. I f  the engine fails while flying in or above
cloud, the main considerations are : —

(a) Type o f  surface over which the aircraft
is flying.
(b) Height of the cloud base.
(c) Type of cloud.
(d) How long the instruments wi l l  remain
reliable after engine failure.

62. The aircraft should be abandoned unless the
following requirements can be met : —

(a) The cloudbase is such that the pilot will
have time, after breaking cloud, to judge the
suitability of the ground for a forced landing
and then to select a field and position the
aircraft, o r  to  abandon the aircraft i f  the
terrain is unsuitable.
(b) The pilot can control the aircraft during the
descent, allowing for the degree of turbulence
in the cloud and the time for which the gyro
instruments will remain reliable. I f  the engine
(piston o r  jet) i s  st i l l  windmilling i t  w i l l
normally provide sufficient suction to operate
suction-operated instruments ; i f  there is no
suction they will be unreliable after about two
to three minutes. O n  aircraft with electrically-
driven gyro instruments, provided the batteries
are well charged, the instruments wi l l  be
completely reliable for the descent even from a
considerable height. I f  a complete electrical
failure occurs they wil l  be reliable for only
two to three minutes.

FORCED LANDINGS A T  NIGHT
Introduction
63. A t  night, landing emergencies fall into the
following categories : —

(a) Engine failure soon after take-off.
(b) Engine failure at altitude.
(c) Landing at a strange airfield after being
diverted or lost.

Engine Failure After Take-off
64. The actions to be taken after engine failure
on take-off at night are the same as those for
daylight, with the addition that the landing lamps
should be switched on so that the ground can be
seen and major obstructions avoided.

Engine Failure at Altitude
65. Following engine failure at height by night
an attempt at a forced landing can seldom be
justified. The aircraft should be headed for open
country and abandoned while sufficient height
remains. The only normal exceptions to this rule
would be : —

(a) I f  there were exceptional conditions o f
moonlight and visibility, the area beneath was
known to be suitable, and obstructions could
be clearly seen.
(b) I f  the failure occurred within gliding
distance of an airfield, the runways of  which
could be seen. ( I f  in radio contact all available
lighting aids should be requested ; i f  not,
firing a  red Very light at  any point would
indicate a state of emergency, and the airfield
would be kept clear by Aerodrome Control.)

Landing at an Unknown Airfield
66. A  landing at an unfamiliar airfield presents
no problem, particularly i f  in radio contact and
landing instructions are obtained. I f  this is not
possible, however, the necessary information can
be obtained from inspection o f  the lights and
the movements of other aircraft. I f  the aircraft
is flown along the runway at 600 to 800 feet above
the ground and a green signal cartridge is fired,
aerodrome control will know that radio contact
cannot be made and priority for a landing will be
given by appropriate lamp signals. T h e  length
of the flarepath can be assessed by allowing
300 feet between flares on a goose-neck flarepath,
and the same distance between the runway contact
lights of the Mk. 2 and 3 lighting systems. When
high intensity uni-directional runway lighting is
used, the lights viewed from the direction o f
approach are 100 feet apart, but when viewed
looking downwind along the runway, as after
take-off, the visible lights are 300 feet apart.

OTHER LANDING EMERGENCIES
Landing Without Brakes
67. Many aircraft need the assistance of brakes
to stop in the length of runway available unless
the runway is very long and/or the wind is strong.
I f  the brake system has failed a safe wheels-down
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landing is possible in suitable conditions. T h e
main factors to be borne in mind are

(a) I f  possible divert to an airfield having the
longest run into wind. I t  may be necessary to
jettison all external tanks and stores in case
the wheels have to be retracted.
(b) I f  the area is suitable, land on the grass
on the emergency side of the runway to obtain
better deceleration.
(c) Cross the runway threshold at the correct
speed and touch down as early as possible.
(d) On landing, hold the nose wheel high off the
ground to obtain the maximum drag, and stop
the engine. Additional drag may be obtained
by opening the airbrakes, bomb doors, and
canopy on the approach. The canopy should,
whenever possible, be open to prevent possible
jamming in the closed position should the
aircraft be  damaged i n  overrunning the
airfield.
(e) In light winds use the runway giving the best
combination o f  length o f  run  and uphi l l
gradient.
(f) If it becomes obvious that die landing space
will be  inadequate, the wheels should be
retracted. T h i s  w i l l  normally entail t he
operation of some override device.

68. I f  a pilot considers that he will be unable to
stop, wheels down, in  the space available, he
should land with the undercarriage down and
then raise it at a suitable distance from the end
of the runway.

Landing with a Burst Tyre
69. To  land with a burst tyre, the pilot should
make a  normal wheels-down landing unless
Pilot's Notes for the type advises otherwise. The
landing should be made on the runway, and after
the touch-down the wing on the burst tyre side
should be held up with aileron. Differential use
of engines assisted by judicious use of brake may
be necessary to minimize the resultant swing after
the burst tyre has settled firmly on the ground.

Crash Landing on an Airfield
70. I f  i t  becomes necessary to  land with the
wheels up a t  an airfield, the landing should
normally be made on a runway and not on the
grass. Less damage is incurred by landing on a
runway and there is less risk of injury to the crew.
A normal approach and touch-down should be
made. W i t h  swept-wing aircraft it is important
that the touch-down speed is not lower than the
usual speed so as to avoid touching down in a
marked nose-up attitude.

Landing with One or More Wheels Unlocked
71. I f  one main undercarriage leg fails to lower
or lock down, the subsequent action depends on
the circumstances, the type of  aircraft, and the
experience of  the pilot. Some aircraft sustain
least damage from a crash landing, others from a
landing on the remaining wheels.

72. I f  committed to a landing when, for example,
the port undercarriage leg has failed to lower or
lock down, a  normal approach and landing
should be made. Immediately after touching
down, stop the engine and turn off the fuel and
battery, i f  this can be done without prejudicing
the success of the landing. The  ailerons should
be used to keep the port wing up for as long as
possible. When the wing eventually touches the
ground the aircraft will swing in that direction,
and careful use of the brakes should be made to
control the severity o f  this swing as far  as
possible. The aircraft will always swing towards
the unlocked wheel, therefore the landing path
and runway should be chosen with this point in
mind. The runway with the largest possible area
of unobstructed ground, on the side towards
which the aircraft will swing, should be used. The
aircraft may travel as much as 400 yards away
from the runway before stopping.

73. Nose Wheel Not Locked. I f  the nose wheel
fails to lower or lock down the subsequent action
depends on circumstances. The nose wheel may
have been prevented from lowering by snagging
on an obstruction in its wheel-bay—wherever
possible the main wheels should be bounced on
the runway in an attempt to free the nose wheel.
I f  committed to a landing with the main wheels
locked down and the nose wheel unlocked or up,
a normal approach and landing should be
made and the nose held well up for as long as
possible ; a s  the speed falls o f f  the elevator
effectiveness decreases and the nose eventually
settles on the runway ; a t  this point the brakes
can be used to help to stop the aircraft. O n
certain aircraft (see Pilot's Notes) least damage
will result from a crash landing. Immediately
after touching down, stop the engine and turn off
the fuel and battery. Less damage results from
this type of emergency when a hard runway is used
instead of grass.
74. When such an emergency arises, drop tanks
and external stores should be jettisoned and the
landing made with the canopy open or jettisoned.
On certain aircraft it may be possible to use fuel
in a tank sequence which will give an aft C.G.,
thus enabling the nose to be held up for a longer
period.
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75. Pilot's Notes and Flying Orders often give
guidance on the best method of dealing with the
emergencies detailed in paras. 67 to 74.

Landing on Wet or Icy Runways
76. Aircraft having high touch-down speeds and
fitted with narrow-tread, high-pressure tyres must
be landed with care on wet or icy runways.
Because of the small area of tyre in contact with
the runway, the wheels can be locked when using
only a small amount of brake. Locked wheels
result in a serious reduction in braking effective-
ness, as the wheels, in effect, ski along the surface
with very little friction.

77. I f  the runway is wet or otherwise slippery,
consideration should be given to the advisability
of diverting to a dry airfield or using a longer
runway.

78. I f  there is no alternative but to land, then
the brakes must be used with care since there may
be no indication that the wheels have locked.

Intermittent locking of either wheel is shown by
brief, irregular crabbing movements. I f  anti-skid
(Maxaret) brake units are fitted, even though wheel
locking is eliminated, the amount o f  useful
braking effect available can be seriously reduced.

79. In  the absence of anti-skid units, the faulty
use of brakes on a slippery runway can lead to the
position in which the pilot, already using the
maximum amount o f  useful braking, applies
port rudder—and so more port brake—to
change the heading of the aircraft slightly ; the
effect of this action is to lock the port wheel
and markedly reduce its braking effect, so
causing the partially braked starboard wheel to
become in comparison more effective and so
cause a turn to starboard, not to port as expected.
The natural tendency of the pilot is to apply still
more port brake but this will only aggravate the
situation. T h e  correct action is to anticipate
such a  possibility and to release the brakes,
maintaining the port rudder, and then gently
re-apply the brakes.
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Direction of Approach and Ditching
1. Pilot's Notes for individual aircraft recom-
mend the procedure to be adopted when ditching
cannot be avoided. I n  general, except where
circumstances forbid, the aircraft should always
be abandoned by parachute, as an unsuccessful
ditching invariably has serious consequences.
The remainder of this chapter is a guide to the
technique t o  b e  adopted when ditching i s
unavoidable.

2. The aircraft should always be ditched into
wind i f  the surface of the water is smooth, or i f
the water is smooth with a very long swell. I t
should, however, be borne in mind that in many
conditions it is advisable to ditch along the swell
and across wind, accepting the higher touch-down
speed and the resulting drift. A  direction o f
approach which is a compromise between waves,
swell, and wind direction may be the best choice.
The danger of nosing into large waves or swells
in an into-wind ditching is generally greater than
the danger involved i n  ditching across wind,
consequently ditching into a swell or large waves
should be  avoided whenever possible. T h e
limiting condition is that in which the drift in a
cross-wind ditching cannot b e  counteracted
while maintaining control near the stall ; i f  it
is known that the aircraft is likely to nose in, the
ditching should be made into wind to reduce the
violence of impact.

Direction of the Wind
3. Swell is  the undulating movement o f  the
surface caused by past or distant winds. T h e
direction of  the swell does not necessarily bear
any relation to the surface wind.

4. The wind direction may be indicated by
wind lanes, i.e. the streaked effect made on the
surface as the wind ruffles the water. Although
doubt may remain as to which of two ways the
wind is blowing, the streaked effect is more
noticeable when looking downwind.

5. When the surface is unbroken, gusts may
sometimes ripple the surface in  great sweeps
which indicate the direction of the wind.
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DITCHING
6. I n  general, waves move downwind except
when very close to a shoreline, or in fast-moving
estuaries.

7. Wind strength may be  gauged f rom the
appearance of the water, but only if the wind has
been blowing with,the same force and direction
for some time.

State of the Water
8. Water always appears from the air to  be
calmer than it really is. I n  particular, swell can
only be properly appreciated close to the surface ;
it may be of far greater consequence in ditching
than the more obvious, but smaller, waves which
are caused by the immediate action of the wind.

9. I f  the wind is not moving with the swell, but
across i t ,  a  "cross-sea" is created with waves
running in a different direction from that of the
swell.

10. I f  possible, fly low over the water and study
its surface before ditching. P i l o t s  should
endeavour to bear in mind the state of the water
and wind, rather than leave observation and
estimation until an emergency arises.

Personal Equipment
11. Life-saving waistcoats should be worn at all
times while flying over water or inland within
five miles of the coast (A.M.F.O. 369/4 refers).
They should not be inflated until the need for
them is near, as they swell at altitude. I f  large
ditching exits are provided, the jackets may be
fully inflated before ditching; b u t  if the exits are
small, jackets should be partially inflated by
mouth before ditching, and fully inflated with the
cylinder after leaving the aircraft.

12. Parachute harnesses should b e  removed
when practicable, unless they are attached to a
dinghy.

13. Helmets, with leads tucked firmly away,
should be retained for protection in the dinghy.
Before ditching, when an automatic pressure-
demand oxygen system is fitted, the oxygen mask
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should be kept in place, 100 per cent. oxygen
selected, and the emergency switch deflected to
either side ; this allows the crew member to
breathe while escape is made from a submerged
aircraft. (See Vol. 1, Part 1 Sect. 7, Chap. 4,
para. 17.) The oxygen tube should be disconnected
before leaving the aircraft, and the helmet
retained.

14. Collars and neckties should be loosened or
removed.

15. Emergency equipment should not be re-
moved from its stowage before ditching.

Gauging Height
16. Judgment of height over water is difficult,
especially when it is very calm or at night.

17. The aneroid altimeter is unreliable for this
purpose. On  some aircraft the trailing aerial can
be used, the wireless operator signalling the
captain when the current drops as the aerial
weight hits the water.

18. The radio altimeter, when fitted, should be
used in preference to other methods, especially
at night.

19. During night ditchings the landing light may
be helpful in gauging height. I t  must be borne
in mind, however, that the bright light may
upset the pilot's night vision and in mist the
reflection causes a glare which may obscure the
surface of the water.

Aircraft Handling—General
20. Pilot's Notes state the correct procedure for a
given type of aircraft, but the following general
considerations apply: —

(a) Jettison all external stores and drop tanks
and, if possible, as much fuel as time permits.
Pilot's Notes advise on whether or not to
jettison the canopy ; some aircraft are best
ditched with the canopy closed, jettison action
being taken after the aircraft has come to rest.
(b) The speed and rate of descent should be as
low as possible consistent with safe handling,
yet adequate to allow a margin after rounding-
out, so that sufficient control is present to
control the attitude up to the moment of
touch-down, and to attempt to prevent the
tail striking a wave crest or swell top which
might cause the aircraft to nose in.
(c) The best compromise in relation to waves,
swell, and wind, should be chosen.

(d) The wheels should be retracted. I f  down,
or partially down, every effort should be made
to retract or at least to unlock the under-
carriage.
(e) A tail-down attitude should be adopted
when touching down by holding off until
excess speed is lost. The speed at the instant
of impact should be as low as possible to
reduce the subsequent deceleration and the
amount of damage to the aircraft.

21. Use of Flaps. Unless not recommended in
Pilot's Notes the flaps should be lowered to
reduce the touch-down speed. I t  is better, i f
possible, to use a medium setting and not to lower
the flaps fully. Little, if any, further reduction
of speed is obtained by using more than take-off
flap. The use of full flap may well impair the
ditching characteristics of the aircraft, and also
give an undesirably high rate of descent.

22. Use of Power. T h e  value of power during
ditching is so great that when it is certain that
the coast cannot be reached, the pilot, having
decided to ditch, should always do so before fuel
is exhausted. I f  a ditching must be made for
reasons other than fuel shortage, the bulk of the
fuel should be jettisoned i f  possible. Provided
control can be maintained, power should be used
to ensure the flattest approach and the slowest
touch-down. T h e  propellers of failed engines,
or of engines not needed during the approach,
should be feathered.

23. Lights. Before ditching at night, all internal
lights should be dimmed to accustom the eyes to
the external darkness, but the upper identification
lamp may be put on if it does not cause reflections
that upset vision. T o  facilitate the escape of
passengers, cabin lights should be left on i f
practicable. After ditching, all lights should be
left on as an aid to search aircraft should the
aircraft remain afloat, and to assist when collect-
ing equipment and boarding the dinghy.

Behaviour of the Aircraft on Impact
24. An aircraft ditching in a tail-down attitude
will usually encounter a small initial impact as
the rear of the aircraft strikes the water. A  much
more severe second impact and violent decelera-
tion will usually follow and the nose will tend to
bury as the aircraft comes to rest. T h e  nose
should always be held well up after the first
impact. I f  the ditching has been made too fast
the aircraft may bounce ; i f  it does, the control
column should be held hard back. The aircraft
may also slew to one side after impact.

RESTRICTED



,-.41111ka.

RESTRICTED

25. The crew should not relax or move until the
aircraft has come to rest. They  should be
prepared for a double impact, the first when the
tail of the aircraft strikes, then a second and
greater shock as the nose hits the water. They
should also be prepared for the aircraft to slew
to one side.

Dinghy Drill
26. Built-in Dinghies. W h e n  dinghies a re
carried in built-in stowages, one of the crew
should be detailed to operate the manual release
when the aircraft finally comes to rest. I t  should
be borne in mind that a dinghy can be lost by
premature operation o f  the release. A  crew
member should be detailed to assist the dinghy
from its stowage and into the water, and then to
prevent the cordage becoming entangled or the
dinghy being swept under the wing or fuselage,
or punctured by jagged objects.

27. Valise Dinghies. Valise dinghies stowed in
the aircraft should be launched by a crew member
through one of the escape hatches. I t  is essential
to check that the cord operating the CO, bottle
which inflates the dinghy is attached securely to
the aircraft so that, when the valise is thrown
into the water, the cord is pulled taut, thus
actuating the cutter and releasing the CO,.
Whenever possible the dinghy should be launched
in the water on the downwind side to facilitate
getting it clear of the wreckage and to reduce the
risk of entanglement with the sinking aircraft.

28. Boarding the Dinghy. The following recom-
mendations are important : —

(a) As soon as the aircraft comes to rest,
emergency equipment should be removed from
stowages, the aircraft vacated as soon as
possible through the escape hatches, and the
dinghy or dinghies boarded. The importance
of trying t o  keep dry cannot be  over-
emphasized. O n  some aircraft, ropes are
provided a t  the escape hatches t o  assist
personnel to leave the aircraft and board the
dinghy.
(b) Do not jump into the dinghy or it may be
damaged.
(c) Dinghy Inverted. I f  the dinghy is inverted
and cannot be righted from the aircraft, one
man should jump into the sea and right it by
either of the following methods : —

(i) Grasp the handling patches on the
bottom of the dinghy with both hands, lean
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back and haul on them, with the knees on
the buoyancy chamber, and be prepared for
momentary immersion.
(ii) I f  there are no handling patches on the
bottom of the dinghy, place the feet on the
bottom of the ladder and haul on the two
nearest stabilizing pockets, leaning back as
in the first method.

(d) Do not jump on to an inverted dinghy, as
this will expel air trapped underneath and make
righting more difficult.
(e) To board from the water, grasp the ratlines
with one hand and the bottom rung of the
ladder with the other, pushing it down to help
insert the foot, then pull up with both hands
on the ratlines.
(f) A fully inflated life-jacket helps in boarding
from the sea. A  coiled rescue line on the
dinghy may be used to help other crew members
to reach the dinghy.

29. After Boarding the Dinghy. When instructed
by the captain, cut the painter with the floating
knife carried near the point of attachment of the
painter and paddle away from the aircraft ;
while the aircraft floats, remain in the vicinity to
increase the chance of being located. Check the
dinghy for leaks, and if necessary use the leak-
stoppers provided. Connect the topping-up
bellows and inflate the dinghy until it is rigid ;
This may assist crew still in the water to board.
Bail out any water and rig the dinghy cover. I t  is
important to keep as dry as possible, but do not
remove clothing whether wet or dry.

Single-Seat Dinghy, "  K " Type
30. Pull in the lead and, if the dinghy has not
left the pack, rip off the cover and grasp the
bottle. P u l l  out the locking pin and slowly
unscrew the valve ; one turn opens fully. Inflate
slowly, assisting the dinghy to unfold ; rapid
inflation may cause the air outlet to choke with
ice caused by adiabatic freezing.

31. Board by the narrow end aided by the loop
handles, but if the other end rises, let go and give
the dinghy a little push to fill the water pocket.

32. I f  the crew member is exhausted or injured,
he can board more easily by only partially
inflating the dinghy and then turning over on his
back and easing the dinghy down and under him.
When aboard, inflation should be completed and
the dinghy bailed out.
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15,000 75 45
10,000 65 35
5,000 45 25
1,000 20 12
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33. When aboard, the drogue should be thrown
out to make the dinghy ride the waves better and
ship less water.

34. I f  the dinghy capsizes, remove the hood and
the apron elastic and slide out head first.

35. The "K"  type dinghy is easy to paddle if the
water pocket is collapsed and the drogue hauled
in ; to  paddle, lie well back and use the forearms
only.

36. I n  rough weather it is generally safer not to
attempt a  landing but to  l ie o f f  shore until
sighted. I f ,  however, the sea conditions inshore
and the nature of the foreshore appear favourable,
an attempt to land is justifiable.

ULTRA RESCUE BEACON (SARAH)
Introduction
37. The ultra rescue beacon is a radar beacon
small enough t o  be carried i n  a  life-saving
waistcoat. S o m e  models have facilities f o r
R/T two-way communication.

Method of Use
38. To  operate the beacon remove the aerial
cover ; when this is done the aerial automatically
erects itself and the beacon transmits a continuous
signal.

39. The equipment consists of a battery pack in
the life-saving waistcoat, and the aerial which is
attached to the waistcoat in a convenient position.
Improved models incorporate a  microphone/
telephone and on/off switch control for two-way
voice communication.

Range
40. The power output is 16 watts which should
give the ranges set out below : —

Search S e a  Range L a n d  Range
Aircraft at ( m i l e s )  ( m i l e s )

(feet)

When the beacon is used for R/T, satisfactory
two-way speech is possible when the searchers
are in the immediate vicinity o f  the survivor.
Fixes from an altitude of 500 feet are accurate to
within a distance of 200 feet.

Battery Life
41. The battery provides for 15 hours continuous
operation on the beacon only, plus one hour of
R/T operation.

1 . 4
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