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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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"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.

PHYSIOLOGICAL EFFECTS OF FLIGHT
(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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