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PREFACE

This medical guide for flying personnel is intended to fulfil two
purposes.

1. It aims at discussing the important medical problems of the
flying service so that the flier obtains a modern scientific knowledge
of the medical aspects of flying which he can apply for the maintenance
of his health and to increase his flying capabilities.

2. It is further intended to give the physician of the air force the
fundamental medical knowledge in regard to aviation so that he may
counsel and instruct the flying personnel in the complex medical
questions which have to do with the flying service.

In order to fulfil this latter task it has been necessary to discuss
certain questions from the aspects of physics and physiology somewhat
thoroughly and in part somewhat theoretically. This is particularly
true of the physical introduction in the chapter ‘“Action of Acceleration
and Centrifugal Force” and its physiological explanation. These
passages, which are somewhat difficult for the person without medical
knowledge and which are enclosed in square brackets, the flier can
leave unread.



TRANSLATOR’S PREFACE

This translation was made for the benefit of the Medical Officers
attached to the Air Force, but it has been considered by those who
have read it so valuable that it has been printed so that it might be
available to all members of the Air Force. The translation reproduces
the original text as accurately as possible. The translator wishes to
express his gratitude to Lieut.-Col. A. A. James, Principal Medical
Officer of No. 1 Training Command R.C.A.F., who has kindly read
the entire manuscript and aided with his advice; particularly to Wing
Commander D'Arcy Greig, R.A.F., who has been of the greatest
assistance in finding the correct English rendering for the flying terms;
to Professor E. A. Bott for arranging for the photostatic copy of the
book; and to my colleagues Capt. W. R. Franks and Capt. G. E. Hall,
C.A.M.C,, Professors D. Y. Solandt and J. K. W. Ferguson who have
looked over sections of the book and criticized it for me. Certain of
the illustrations in the original have been omitted as they were not
necessary. Thanks are also due to Mr. A. H. Taylor for redrawing
some of the cuts and to Miss D. Caldecott for her care in preparing
the manuscript.

Toronto, June, 1940.
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A. INTRODUCTION

In the last few years the rapid development in construction has so
increased the performance of aeroplanes in climbing capacity, speed,
and turning ability that the limits of human adaptability to the effects
of altitude and of acceleration have been reached, and in part exceeded,
by attempts to fly these machines at full capacity.

We need only to think of the fact that in the last world height
record by a motor driven machine, a height of 17,000 m., 55,700 ft.,
above sea level was attained and that the ceiling of the new pursuit
machines is more than 10,000 m., 32,800 ft. ’

Without the use of oxygen human capacity for action decreases at
5,000 m., 16,400 ft., and heights over 8,000 m., 26,200 ft., without
oxygen may lead in a few minutes to death through oxygen lack.

The world’s speed record is now over 700 km., 434 miles per hour,
and not less than 500 km., 310 miles per hour, is required today from
mass-produced pursuit planes, and this has also been obtained by the
faster bombers. At these speeds sharp turns may lead to disturbances
of vision and unconsciousness. Fatal accidents are known to have
occurred due to the effects of height and of centrifugal force.

These few examples show us distinctly enough that it is no longer
sufficient today that a pilot should merely fly well and have mastered
the technical flying equipment. He must also know what he himself
and his crew can stand physically.

The crew of high flying planes must know where the danger limits
of physical endurance lie and by what means they can extend and
exceed these limits. Further, the pilot must know what deceptions of
sensation may occur during blind flying which may endanger the
safety of the flight.

In brief: The flying personnel must know the practically important
results of medical flying science, the purpose of which is to prevent
accidents arising from the inadequate adaptation of the human body
to the abnormal influences which arise in flying, and to increase the
human capacities as far as possible beyond what may be regarded as
normal.

The absolutely necessary and important knowledge for high flying
personnel is set forth in this guide in as condensed and as comprehen-
sible a form as possible. Further it is intended to give the medical
officer attached to the flying corps the fundamental knowledge neces-
sary for the medical guidance and the instruction of flying personnel
in the medical aspects of flying.
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B. HIGH FLIGHTS

1. The Atmospheric Air

(a) THE COMPOSITION OF THE ATMOSPHERE

The surface of the earth is surrounded by an air mantle whose
composition to the height of 12,000 m., 7.4 miles, remains approxi-
mately constant (fig. 1). (The latest investigations of the stratosphere
show that the mixture of gases in the air even above 12,000 m. changes
but slightly.) Oxygen can be shown to exist by spectral analysis of
the polar light even at altitudes above 100 km., 62 miles. About 4/5,
789%, of dry air is nitrogen and 219, about 1/5, is oxygen. Inaddition,
there occur in the air several rare gases, chiefly argon, which are
unimportant for human respiration and also water vapour in varying
amounts, on an average about 19,. This plays an important role
in the maintenance of the warmth of the surface of the earth, as it
decreases the radiation of heat from the earth’s surface to outer space
and forms the source of clouds, mists, rain, snow, and hail.

The cause of the uniform mixture of the air is the currents and
whorls, upwards and downwards, produced by the unequal warming
of the earth’s surface. These upward-directed currents make gliding
possible and are in part made visible by the sudden upward streaming
of the clouds. Above 12,000 m. in our latitudes these vertical mixing
currents become gradually less in the atmosphere and the stratosphere
begins. The limits lie lower at the poles and higher at the equator
(about 14,000 m., 8.6 miles) owing to the stronger radiation of the sun.

(b) THE AIR TEMPERATURE

The temperature, which decreases on an average about 6°C. for
each 1,000 m., 3,300 ft., of elevation, remains uniform above the lower
limit of the stratosphere and, depending on the time of year, is from
—50°C. (—122°F.); because here there is an equilibrium between the
incoming and outgoing radiated heat. Above this limit also, according
to modern views, the gases begin to form layers in accordance with
their specific gravities, so that over the oxygen and nitrogen floats
the thirteen times lighter hydrogen which, like the uninflammable
helium, we employ for filling balloons.

(¢) AIR PRESSURE AND DENSITY

Although the air at normal density in the neighbourhood of the
earth’s surface weighs only the 770th part of that of water, nevertheless

N .

the 100 kilometer high gas mantle on the earth presses upon each
square centimetre with a force of about 1 kilogramme. The atmos-
pheric pressure is capable of counterbalancing a column of 33 ft. of
water or of 760 mm. of mercury, Hg. The air is indeed, due to its
weight, increasingly compressed as it approaches the earth and thus
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F16. 1.—The atmosphere. Below 12 km. lies the so-called
troposphere, above this the stratosphere. The
atmosphere proper fades out at about 100 km., the
last layer being largely hydrogen.
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the density of the gaseous particles of the air are increased and hence
the air density and pressure.

On mounting above sea level the column of air decreases and hence
the air density decreases and also the atmospheric pressure (see atmos-
pheric pressure curve, fig. 2).

The atmospheric pressure and the air density are then at

5,000 m., 16,400 ft. only about 1/2
10,000 m., 32,800 ft. only about 1/4
15,000 m., 49,200 ft. only about 1/10

of the atmospheric pressure at
sea level.

(d) THE PARTIAL PRESSURE OF OXYGEN

The pressure that a gas or a mixture of gases exerts on all surfaces
is due to the movements produced by heat on the smallest gas particles,
the molecules. These molecules collide with the confining surfaces.
The sum of the forces of these blows of the molecules constitutes the
gas pressure.

The higher the temperature the greater the movement of the
molecules produced by the warmth, and consequently the greater the
energy produced by the molecular blows. If the number of the gas
molecules in a unit of space (i.e., the density) changes, the number of
molecular blows changes proportionately if the temperature remains
constant.

The pressure of a gas is therefore directly dependent on its tempera-
ture and on its density.

In mixtures of gases the molecular blows of the individual gas are
summed to give the total pressure. The fraction of the pressure due
to an individual gas is its ‘‘Partial Pressure.”

The purely physical action of a gas mixture is always dependent
on the total pressure.

The chemical action and the chemico-physical ability of a single
gas in a mixture to combine, for example of the oxygen in the air to
combine with the red colouring matter of the blood, is essentially
dependent on its partial pressure, i.e. merely on the number and
energy of the blows exerted by the oxygen molecules alone on the red
blood pigment. The partial pressure of oxygen in a gas is its fraction
of the total pressure. It is therefore at atmospheric pressure, 1/5 of
the total pressure, i.e. 1/5 of 760 mm. of Mercury =152 mm. Hg.
Pure oxygen, i.e. 1009, has at a height of 12,000 m., 39,300 ft., where
the total pressure is only 152 mm. Hg., the same oxygen partial pressure
as atmospheric air at sea level, namely 152 mm. (see fig. 2).

Therefore, for an adequate oxygenation of the blood, it is quite
unimportant whether the necessary partial pressure of oxygen is
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obtained by breathing air which contains only 1/5 of oxygen at normal
atmospheric pressure or by breathing pure oxygen when the atmos-
pheric pressure is greatly reduced at high elevations. Also, high
altitude sickness arising from a reduction of the total atmospheric
pressure can be produced just as well by lowering the oxygen partial
pressure as by decreasing the percentage of oxygen contained in an air
mixture breathed at a normal pressure.
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F16. 2.—Line 1—Curve of atmospheric pressure at various
heights which are indicated on the base line in kilo-
metres (3 km.=9800 ft.; 5=16.400; 8 =26.200; and
10=32.800). The pressures are shown on the left
in mm. Hg. and indicated in fractions of atmospheres
(atm.) along the curve.

Line 2—Curve of oxygen partial pressure in the
atmosphere.

Line 3—Curve of oxygen partial pressure in the
terminal air sacs of the lung.
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