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LECTURES IN AEROSPACE MEDICINE
INTRODUCTION
by
COLONEL ROBERT H. BLOUNT, USAF, MC
COMMANDANT
SCHOOL OF AVIATION MEDICINE

1 feel greatly honored to welcome you to this second
series of '""Lectures in Aerospace Medicine' at the Scheol
of Aviation Medicine. If we compare the titles of this year's
lectures with those of last year, we recognize many of the
same topics and perhaps the same speakers. I want to
emphasize, however, that additional data will be forthcoming
from this nationally ard internationally known group of
experts who have accepted our invitation to appear as guest
lecturers during the coming week.

I would be remiss if I failed to tell you of some of the
accomplishments made by our own staff during the past year,
the details of which you will hear later by the researchers
themselves. Customary and expected advances in fundamental
research were punctuated frequently by spectacular successes

achieved under space and space-equivalent conditions.




Heading this series of successes were two biological
flights from Wallops Island in which the Mercury Capsule was
povrered by the "Little Joe' rocket. At the request of the
National Aeronautics and Space Adrainistration, these flights
included trained, instrumented monkeys, for the purpose of
studying effects of acceleration, weightlessness, noise and
vibration on biological and behavioural functions, As everyone
now knows, the animals tolerated the stresses without serious
difficulty. Sam and Miss Sam will be very happy to personally
greet each of you during your tour uf the School's facilities
this Wednesday afternoon.

Somewhat later, true space flight was achieved with three
mice (Sally. Amy and Moe) aboard an Atlas Missile which reached
a very high altitude and traveled several thousand miles down range.
The life cell which housed these animals, and miniaturized devices
which permitted the transmission of viability data, were designed
and built at the Aerospace Medical Center, All passengers were
recovered alive and healthy, and each of the two fe nales has
already producec a normal litter. Long term studies of these

an.mals and their progeny will, of course, be made.




Two very unusual opportunities for the study of radio-
biological hazards :ssociated with the Van Allen Belt and otber
space radiation sources were realized recently in orbital flights
aboard Discoverer vehicles. Discoverer XVII in November 1960
carried an integrated package containing physical and biological
dosimeters through approximately fifty hours of orbital ilight,
thirteen of which provided exposure to a massive flux of very
high energy protons resulting from a major solar flare.
Discoverer XVIII in December 1960 carried a similar package
containing some eighty physical and biological targets. Prelimi-
nary analyses of both sets of results suggest that the orbital
environment of Discoverer is safe with respect to normal cosmic
radiation, but more careful analyses will have to precede any
final conclusions.

Another series of high altitude experiments worthy of
special ncte was accomplizhed during the summer of 1960 wher
the School of Aviation Medicine joined with the Air Force
Special Weapons Center to assess space radiation effects on
plant and animal life. Four balloons, each carrying an integrated

biological package, were successfully flown from a site in




Minnesota and recovered. Although some of the specimens
exhibited radiation damage, most did not.

I must also mention that several studies involving partial
simulation of the space znvironment were conducted in ground-
based facilities and at conventional altitudes in the F-100F
aircraft., Although less spectacular than true-space experiments,
they have neverthelegs contributed heavily toward the under-
standing and control of man in a space environment. The most
relevant of these was conducted in a sealed space cabin simulator
in which two Air Force officers successfully completed a "flight''
of slightly over thirty days. This 1light not only permitted an
assessment of the chamber as an experimental facility, but it
also furnished extensive data on the physiological and behavioural
cffects of unusual gaseous environments, special diets, prolonged
confinement, and semi-isolation.

The problem of weightlessness, particularly difficult to

etudy in a gravitational field, was approached through two

radically different methods, parabolic profiles in the F-100F

aircraft and prolonged periods of water immersions, with correlated

studies of physiological and psychological variables. Successes in




this area have depended markedly upon the School's very o
substantial capability in bioelectronic instrumentation.

Why do I tell you of our achievements? May I quote
Major General Otis O. Benson, Jr. in his opering remarks of
last year? He said, '"We dare to offer this series of Aerospace
Medical Lectures because we feel that we have a modicum of
both tradition and experience in these fields, '' unquote.

Ladies and Gentlemen, our experience has increased
considerably this past year, our scientists are more confident,
and the Aerospace Medical Center is now, and will become
increasingly so, the very hub of bicastronautics research and
development throughout the free world. That is why we wiil
continue to offer this series of lectures.

In concluding, I feel that the following information per-
taining to the composition of our distinguished audience for this
lecture series might be of interest to you. We have:

Distinguiehed representatives
from Allied Naticns. . . . . . e .. 28

Representatives from MEND Program.. 42
Officers of the Air Force . . . . . . . . 49

Officers of the Army. . . . . .. .. .. 15

Cificers of the Navy. . . . . . o s oD




Air Force Reserve Officers. . . . . . . 30
Officers of the Air National Guard. . . . 15

Representatives of the National
Aeronautics & Spazz Administration. 3

Representatives of the Federal Aviation.. 6
Agency

Representatives of the Aerospace .
Medical Association. . . . .. ... 32

Graduate Resident Students . . . . . . . 15

Program Participants (Speakers and
Chairmen). . . . . . .. ... ... 30

Representatives from Universities,
Research Foundations and Private
Industry . . . . .......... 115

TOTAL 385
May each of you, ir whatever capacity you now serve,
be inspired anew to contribute to the advancement of man's
knowledge in this international endeavor in the conquest of space.
I am grateful to you all for the sacrifices made in order to attend
our program this week, and sincerely hope that you may visit us

again next year.
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Hubertus Strughold, MD, PhD**

Ladies and Genilemen: I consider it a great privilege to begin
this International Aerospace Medical Lecture series with a discussion
of the "Biopnysics of the Space Environment."

From the viewpoint of biophysics for the purpose of manned space
flight we must consider space under the following basic aspects:

1. Space as a "vacuum" environment with its various general
physiological and sensory physiological consequences.

2. Space as an environment containing matter such as
meteoric material, dust particles, molecules, and atoms.

3. Space as an environment of perticle or corpuscular

r\-.... -
13

rays, including cosmic rays of both solar and galactic origin. ¥
4. Space as a wave radiation environment with the sun

as the dominating source, considered with regard to the three

ecological important sections of the electromagnetic spectrum:

heat radiation, visible radiation, and shortwave ionizing radiation.

NOTE: This manuscript reflects the views of the ¢uthor and should not be
congidered official Air Force policy,
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Biophysics of the Space Environment
H. Strughoid

5. Space as a magnetic field force environment which per se
has no direct effect upon the astronaut but is indirectly very
involved because of its influence upon the topographical distribution
of energetic particles.

5. Space as an environment of gravitational forces, which

determines the distribution and kinetic energy of meteoric material

and, as a background factor, influence the velocities of space

vehicles, their routes and time of exposure to some of the space factors.

Now the environment of space is not uniform throughout the
solar system. It shows tremendous topographical variations and
temporal fluctuations in most ot the environmental conditions. This
leads us to a kind of "geography" of space or, more to the point, to
a Spatiography. A topographical space chart of this kind must, of
course, include the question, where: above the earth's surface and
above that of the neighboring celestial bodies the various space
factors begin. Especially, the inclusion of the earth's higher,
partially space-equivalent, atmospheric strata is important because
they may become the operational regions for new typas of aerospace
craft. It also conforms better with the title of this aerospace medical

lecture series.




Biophysics of the Space Environment 0

H. Strughold

Some of the aforementioned space factors such as meteoric
material, high energy particles their concentration in magnetic
fields and other ionizing radiations will be discussed in special
lectures. In order to avoid dugplication, I would like to confine
mvself to some biotechnologic aspects of the vacuum characteristics
of space, to some conditions in space which are specifically related
to our special senses such as communication, iight and thermal
radiations, and finally to the gravitational conditions, which are,
in add:ition to propulsion, responsible for the topographical and time
pattern of space flight trajectories.

a. Biotechnologic aspect of space as a "vacuum'" environment.

Space is usually referred to as "empty space" or a "vacuum."

3 it is--in the sense of

Containing only a few gas particles in 1 cm
physical definition--an extreme vacuum with a pressure in the order
of 107 ¥4mm Hg; for comparison, the best vacuum obtainable in the
laboratory is in the order of 10" 10mm Hg.

The chemical constituterts of this gaseous medium include
hydrogen, oxygen, nitrogen, sodium, and others. Hydrogen is
predominant. Most of these elements, at least in the inner portion
of the solar space, are ionized by ultraviolet of solar radiation.

Consequently, space contains ions and electrons. In addition, the

sun continuously-~and especially after flares--emits large amounts

3
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Biophysics of the Space Environment

H. Strughold

of electrons. Furthermore, the solar corona which consists
essentially of electrons may reach as far as the distance of the

ea th. The total number of electrons at the earth's orbital distance

is about one hundred to several hundreds per i cm3

. Electrically
charged gaseous material is called plasma. Thus, the environment of
space is a very thin plasmatic medium, at least within the realm of the
inner planets.

Now, from a physic'ogic point of view space is an extreme
vacuum even though there are some topographical density variations
in the gaseous and plasmatic medium. The only question--but a very
important one--remaining is: how deep into the earth's atmosphere
does this vacuum condition reach from a physiological standpoint or,
as seen from the earth's surface, at what altitude do the physiological
vacuum effects become significant? As has been shown by H. G. Armstrong,
1935 (1), at an airpressure of 47 mm Hg the body fluids at a temperature
of 37°C start to boil just the same as if there were no pressure
at all, as in space. Biobarometrically, at this pressure level,
the vacuum begins for the human body, and since 47 mm Hg
corresponds to @ height of about 20 km (12 mi), at this altitude

the atmosphere becomes space--equivalent in this respect. On

Mars this condition is found at an altitude of 3 1/2 km (2 1/4 mi).

LTS




Biophysics of the Space Environment
H. Strughold

Compared with the critical effects of hypoxia and dysbarism,
ebullism, as body fluid boiling is called (J. Ward) (2), represents
a hypercritical condition for the human body and requires at its
threshold the same antivacuum protection (full pressure suit) as in
the hard vacuum of space or on the moon, which has such a rarified
atmosphere that its surface pressure is as low as that found on
earth at an altitude of 100 km (62 mi). Biotechnologically, a

vehicle flying above the 20 km level is an aerospace craft, But

from the standpoint of flight dynamics it still follows the laws of
aerodynamics as an airplane. The pertinent characteristics, namely
aerodynamic lift and navigation by control surfaces, terminate around

80 to 100 km {50 to 60 mi), which is called the von Karman line. ;

Extended regions below this line have remained, so far, virgin areas
in aviation, but the development of new high performance aerospace
vehicles such as the B-70 may change this situation, which will put
these altitudes into the focus of aerospace medical attention.

The von Karman line is the dividing line between aerodynamics
and ballistics. From here on navigation by control surfaces has to
be replaced by reaction control. But there is still air resistance
producing drag. This aerodynamic effect comes to an end at the

"mechanical border" of the atmosphere: around 200 km (120 mi) (H. Haber) (3)
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This is the dividing line between ballistics and celestial mechanics, or
astrodynamics. Above this line we encounter permanent weight-
lessness. Dipping below this line produces the sensation of weight
which will gradually occur in a returning winged space vehicle, a
design which froin a medical point of view can take advantage of
the aerodynamic navigation possibilities, at least below the

von Karman line. Incidentally, la st September the International
Aeronautical Federation in Geneva tentatively agreed to call a
vehicle flying beyond 100 km (62 mi), which is the extreme

value for the von Karman line, 2 space craft.

But satellite flight, the first phase of true space flight, is
possible for some duration only above the mechanical horder of the
atmosphere (200 km). If we ignore air resistance or drag effect
encountered by a fast~ flying vehicle, most of the natural physical
environmental space conditions are found at somewhat lower altitudes.
Nevertheless, we shall use as an observation altitude for our further
discussion of the space environment that of 500 km (300 mi) as a kind
of standard orbit which is located in a true space environment and yet
not too far away from the eaith's effective atmosphere and just below

Van Allen's radiation beit.
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Biophysics of the Space Environment
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b. _Space as a communication environment. In the foregoing

discussion we began with some mechanical effects of the atmosphere
and their absence in space. I would like to add another mechanical

phenomenon; namely, propagation of sound which can be perceived

by the human ear in the range from about 20 to 20,0600 cycles per sec.
In an environment with only 16 to 100 gas molecules in 1 cm3
propagation of these mechanical vibrations is out of the question.
Space therefore is deadly silent. Actualiy, this space characteristic
appears gradually witlin the higher and upper atmosphere.

Robert Beyle (4) in the 17th century rnoticed that the sound
of a little bell susperded by a silk thread inside an airtight
glass globe connected to @ vacuum pump, which he called "pneumatical
engine," weakened when the air pressure therein was reduced.

And E. Schroedinger (5) in 1917 made calculations about the
relation of sound propagatior to the free pathway of the air
molecules. As soon as the free path of the air molecules is in the
order of the wave length of sound, propagation of .jound ceases.

The wave length of sound perceptable by the human ear is in the
order of | cm to 15 meters. The free path of the air mciecules

approaches the length of sound waves in the higher stratosphere.

P R R
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The result is that first waves of shorter length cr the higher

tones are damped out and finally as altitude increases the lowar

tones alsc disappear. The region where this occurs lies between

80 to i60 km (50 to 100 mi). The temperature of the atmosphere causes

some variations. Nevertheless, with regard to transmissibility of the

circumterrestrial environment for sound, we can differentiate three regions:

the acoustic zone from sea level to 80 km (50 mi}, the hypacoustic zone
from 80 km to 160 km (50 to 100 mi), and above this transitional zone
the anacoustic void of space. It is here where silence 5f space hegins.
Sound barrier, Mach number, supersonic and hypersonic speeds now
become meaningless; the latter replaced by the astronautical velocities.
From the outside the astronaut will hear nothing except the tiny
tinny impact sounds of micrometeorites contrasting ominously against
the deadly zero decibel environment of space. This, of course, does
not mean that he is faced with a communicative acc‘c.mstical isolation.
Fortunately there is a radio window in the ionosphere which provides a
communication channel with the ground stations. Basically, then,
radio waves are the method of communication in space and also between
astronauts walking on the moon, and preferably on Mars. This is, of

course, different within the space cabin itself or on a moonbas« which

Yo
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contains an artificial atmosphere dense enough for sound
propagation.

Another even more important sensory physiological function
in space flight is vision, because in the weightlecs state the eye is
the only sense organ that can provide information about orientation
in space. This leads us to the discussion of--

c. Space as a photic environment. Actually the iight

conditions in space are of medico~biological interest in two respects:
with regard to vision, and
with regard to photosynthesis as a methoed for biological
recycling of the respiratory and metabolic end products.

I shall confine myself to the liuman physiological aspect; namely,
vision, since photosynthetic recycling will be discussed in a special
lecture.

The retina of the human eye is sensitive to the range from
3800 to 7000 g\of the electromagnetic radiation spectrum. This is
the physiologic optical window, through which we perceive the
panorama of the world around us and of the Universe.

The light conditions in any environment are determined by the
kind and distance of the light sources and the optical properties

of the envircnment, i.e., transparency, its light refracting,

.
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reflecting, scattering, and absorbing power. Illuminance, i.e.,
luminous flux incident on unit area expressed in lux or meter
candle (formerly foot candle) and luminance of photometric
brightness or luminous intensity of any surface expressed in nit
{forrerly in millilambert), are the two photometric terms and urits
of measure intemationally used for a quantitative analysis of a
photic environment. (See Annex)

We understand more clearly the exotic light conditions in
space by comparing them with those in our familiar environment:
the atmosphere. The atmosphere in its lower and higher regions
contains quintillions to quadrillions gas molecules in 1 crr.3, and
numerous aerosol particles. Space contains merely some 10 atoms
and some hundred electrons in the same volume unit. This accounts
for the photic differences between these environments. The strong
atmospheric light-scattering, especially in the short wave portion
of the visual spectrum, produces the blue sky light and reflection
of light by ice crystals in the higher atmosphere, forms an
aureole surrounding the sun and blurring its rim. Behind this veil

of indirect sunlight the stars remain invisible and the moon is barely

10
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discernible. On a cloudless noon at middle altitudes the luminance
of the blue sky, about 25° from zenith is about 1600 nit (H. Habern),
(3). And solar illuminance at sea level can reach intensities as
high as 108,000 lux (H. Haber) (3); (E. O. Hulbert) (6).

In contrast, in the almost pe' fect vacuum of space there is no
indirect sunlight by Raleigh scattering. The sky, therefore, is dark
despite a bright shining sun. There is some faint background luminosity,
the zodical light, which is also visible on earth. This is indirect
sunlight reflected by dust and micrometeorites and may extend as far
as the region of Jupiter. Nevertheless, the darkness of the sky in
space is greater than the night sky on a moonless night on earth.

It is the night air glow, a faint diffuse light emitted by atomic

oxygen, nitrogen and sodium in the upper atmosphere brought into excited
states by solar ultraviolet radiation, that gives the night sky on earth

a slight bluish luminosity. Its luminance is in the order of 10"4 nit

and that of the sky in space 10—5 nit, i.e., by a factor of 10 lower. The
darkening of the sky begins even within the stratosphere as has been

observed by Jean Pickard (7); A. W. Stevens and O. A. Anderson (8)

11
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H. Strughold
D. C. Simons (9), and M. D. Ross; and M. L. Lewis (10). At 30 km
(18 mi) the luminance of the sky decreases to 30 nit and at 160 km
(100 mi) the final value 10> nit is reached. This is the transitional
zone from atmospheric optics to space optics.

Against the low field brightness of the sky in space the stars
are visible at all times and they do not twinkle because no atmospheric
turbulence interferes. Also because of the absence of a light-
reflecting and light -scattering medium the sun now shines without

an aureole as a luminous disk on a black backgroudd. The sun's

corona which consists essentially of electrons and extends as far

as the orbit of the earth, scatters some of the light emitted from the
photosphere, amounting totally to one-half of the brightness of the
full moon (M. Waldmeier) (11). But against the brilliance of
the solar disk this will not be perceptible by the human eye.

Also, it might b~ interesting to learn whether or not astronauts

will be able to perceive the so-called Gegenschein, or counterglow~-

a faint luminosity far above the earth's atmosphere opposite the sun,
the cause of which is still a matter of dispute. Some astronomers
think it is solar light reflected from a concentration fo dust, others

theorize that it is an airglow type of light produced in a miniature

12
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cormetray tail of atmospheric material which the earth might possess.
Solar illuminance at the top of our atmosphere amounts to roughly
149,000 lux (H. Haber, 3; F. S. Johnson, 12; R. B. Toolin and V. G.
Stukatis, 13). This extra-atmospheric value is occasionally called the
solar illuminance constant. At sea level, solar illuminance is maximally
168,000 lux, as aiready mentioned. Such are the basic differences
between the atmospheric and extra~atmospheric photic environ-
ment in nearby space during the day: a bright sun shining out of
a blue sky of indirect sunlight and a brilliant solar disk sharply
contrasting against a permanent black surrounding.
The more or less evenly distributed, diffused illuminaticn
on earth--a very important general function of planetary atmos-
pheres--is missing in space. The low field brightness or blackness
of the sky in space combined with an intensive illumination from the
sun, represents physiologically a strange optical situation approx-
imated on earth only under artificial conditions; for example, in
theatrical stage lighting. Eve ything that is exposed to sunlight--
qutside and inside the cabin--appears extremely bright; everything
in the shadow is dark. Light and shadow dominate the scenery.

This photoscotic condition poses problems in the field of contrast

13
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vision and retinal adaption, and requires special attention in human

engineering of the space cabin windows (P. Cibis, 14; H. W. Rose, 15).

Now, let's examine the light conditions in deep space including
the whole solar system from Mercury to Pluto, (O. Ritter and
H. Sirughold, 16). The darkness of the sky does not change
significantly except that it may become a shade darker in the extra-
jovian space because of the disappearance of the zodiacal background

light, Interesting to us is solar illuminance because it varies

according to the inverse square to the distance law, Table I.
Accordingly, the value of 140,000 lux found at the terrestrial orbital
distance increases in the region of Venus to 270,000 lux and at
Mercury's distance to 940,000 lux; it decreases at the

distance of Mars to 60,000 lux; at Jupiter's distance to 5,200 lux;
and at the mean orbital distance of Pluto to 90 lux. The extremes
on both sides of this scale of solar illuminance represent--from a
human physiclogical point of view--a hyperphotic and hypophotic
zone with @ more or less tolerable zone between the two, extending
some 100 million km (60 million mi) in the sunward direction, and
perhaps several 100 millic.. km in the opposite direction, as seen

from the earth's orbital distance. This euphotic or biophotic belt

14
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together with the euthermal belt (see later) is an important compconent
in the concept of a general life-favoring zone, or ecosphere, in the
solar system (H. Strughold) (17).

At this point it might be interesting to consider the apparent
size of the sun as seen at the distances of the various planets.

Tc an observer on Mercury, the diameter of the solar disk
would appear more than twice as large as seen from the earth. As
seen from Mars, the sun would have a considerably smaller
apparent dimension --about two-thirds of the size famiiiar to us.

At the distance of Jupiter, the sun's diameter is one~fifth as
large; and at the distance of pluto, the sun would appear only

about three times larger than the evening star (Venus) appears to

T S
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us under the most favorable conditions. .

And yet, the illuminance from the sun at the mean distance of
Pluto is still 90 lux; this is considerably higher than the threshold for
color vision. Belos;v 10 lux, color discrimination becomes difficult.
Solar illuminance decreases to this value in the region about three
times the distance of Pluto, or about 18 billion km (or more than
10 billion mi) from the sun. Here, then, begins the colorless world

of interstellar space, as far as it is related to the sun's illuminating

15
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power. And the sun, itself, as seen with the eyes of an interstellar
space traveler, gradually joins .he conventional astronomical scale
of stellar magnitudes.

Looking into the sun is hazardous, because this can cause a

thermal coagulacion of the retinal tissue or a retinal burn of the

kind observed after atomic flashes or as often described in the
ophthalmological literature under the name eclipse blindness,
(scotoma helieclipticum) which can be acquired if a solar eclipse
is observed with an insufficiently smoked glass. In milder cases
the injury may be a retini:is solaris. Precaution in this respect
and protection of the eye by automatically functioning lignt and
heat absorbing glasses are indica.ed (H. Strughold, O. L. Ritter) (18).
The danger of a retiral burn is acute as long as the sun appears as
a disk with an angular diameter larger than about 2 or 3 minutes

of arc (O. L. Ritter) (19). This is the case as far as the distance
of Satum.

Now let us return to the photic scenery in the region of space
which is of immediate interest to us: the arena of manned sa:ellite
fiight, represen.ed by our standard observation satellite at 500 km
aliiiude. From this altitude a territory of nearly 5000 km (3000 mi)

in diameter is within reach of the orbiting astronaut's eye. He will

16
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have, of course, the impression that he is standing still in space and
that the earth is rotating below him. Of special interest will be the
earth as a source of light. The visible cap, if sunlit, may have
a brightness ranging from 1000 to 30,000 nit, dependent upon the
features of the landscape and cloud conditions. From a distance of
about 6 earth radii, at which 90% of half of the planet can be
overlooked, the mean albedo of the earth of 0.36 can become fully
eifective. At our assvumed standard satellite height the
illuminance of the solar light reflected from the earth can reach
20,000 lux (H. G. Merril) (20). This might easily cause a dazzling
glare (as described for intra-atmospheric altitudes by T. C.
McDonald (21), especially when the orbiting astronaut emerges
out of the earth's shadow.

Not everywhere is there sunshine ard earthshine in nearby space.

There are the umbrae and penumbrae of the earth and of the other not self-

luminous celestial bodies. (Table II). The umbra or full shadow of
the earth extends in the form of a cone tc 1,385,000 km; that of the
moon to 375,000 km, and the giant shadow cone of Jupiter is 90
million km in length. These shadow cones are not visible to the
astronaut, because of the absence of light ~scattering gaseous matter.

He will become aware of them only when he is moving through them,

17
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in which case the sun is blocked out of the black sky. This is

satellite night. The satellite night is always shorter than the

satellite day. At our standard orbit it lasts only 33 minutes

as compared with 6] minutes of the satellite day. Moving through

the penumbrae represents dusk and dawn for the satellite occupants,

lasting only several minutes at our orbital altitude. But there are,

of course, many variations in the duration of the phases of the

satellite day-night cycle, dependent upon the inclination of the

orbit. This day-night cycle situation requires artificial day-~night

cycling of the astronaut's phases of sleep, rest, and activity,

vhich will greatly be influenced by the state of weightlessness.
Now, the satellite night is nc¢.t only a night from a photic

point of view, it is also always a "cold" winter night because solar

thermal irradiation is blocked out also.

d. The thermal environment of space. Knowledge of the

thermal condition is important with regard to temperature control

of the space cabin. But the temperature and heat prcblem in space
is often misunderstood, because we vsually think in terms of the
! sat climate on earth. Heat transfer in our atmosphere takes place

by conduction, convection, and radiation.

In the extreme vacuum of space, heat transfer occurs exclusively by
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radiation. Heat transfer by conduction from the few gaseous
particles, even if they have a very high kinetic energy or tempera-
ture, is practically zero. Heat transfer by convection also does
not occur in space except in cases when "hot" plasmatic material
is blown into the region of the earth, but its density is too low to
have any significant thermal effect upon a space vehicle. So, heat
transfer by radiation remains practically the only type in space we have
to reckon with.

At the top of the earth's atmosphere the intensity of heat

irradiation (essentially infrared and visible light) is about

2 1

2 cal em™ “min~*, called the solar constant. On the earth's
surface at noon, under favorable weather conditions thermal
irradiance is never higher than two-thirds of this value, ber: .2 3%
of reflectimn of radiation back into space, and heat absorption by

atmospheric water vapor and carbon dioxide. Using the terrestrial

solar constant as a base line, thermal irradiance at the orbital

distance of Venus nearly doubles, and in the region of Mercury 1.

is more than six times -3 high, namely 13 cal cm'zmin"l: at the
distance of Mars it decreases to less than one-half; at Jupiter's

distance to one-twenty-seventh, i.e., 0.7 cal cm'?‘min'l, and in A

the remote region of Pluto it drops to one sixteen-~hundredths of
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the terrestrial solar constant; namely a littie over 0.001

cal cm~2min~! Table I, (O. L. Ritter and Strughold) (t6}. Such
is the thermal radiation climate in the solar space: extremes in
its inner and outer portions and a somewhat temperate region on
poth sides of the orbit of the life-sustaining earth.

These extreme variations in solar thermal irradiance require
modifications in cabin temperature control measures for inter-
pianetary space operations or may ever. set limits to them. In
the hyperthermal intra-venusian and certainly in the intramercurian
space, astronauts would ='n into a kind of solar heat barrier as
symboiized by the legendary flight of Icarus. A penetration into the
hypothermal regions beyond Mars and jupiter would make the sun's
rays too weak for utilization in cabin temperature¢ control, and
would then require a sun independent, nuclear heating system.
Both extreme situations are illustrated by an asteroid which comes
very ciose to the sun and therefore has been called Icarus by its
discoverer W. Baade, Mt. Palomar, 1949. But its very eccentric
orbit, which “as a period of revciution of 409 days, carries it also
very far away from the sun. It has been estimated that the surface

temperature of Icarus at its perihelion some 30 million km from

20
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the sun or halfway between Mercury and the sun rises tc some
500°C and at the aphelion between Mars and Jupiter it should
drop somewhat below the freezing point of water. This natural
celestial body shows us what we can expact for an artificial
celestial body in the hyperthermal and hypothermal regions of
the solar space.

But presently and in the near future, we are more concemed
with the situation encountered in the more or less temperate
regions around the earth and up to Venus and Mars which we might

call the euthermal belt in the solar system. An earth satellite

2 1

orbiting below the Van Allen belt is exposed to 2 cal cm™ “min™".
The temperatures measured within the shell of the Explorer and
Vanguard satellites were well within the physiologically tolerable
range, around 25°C. But here the shadow cones of the earth have
to be included in our consideration. The slight variations in solar
thermal irradiance on a trip to the 340,000 km distant moon are
practically within the range of error of the terrestrial solar
constant. An expedition to Venus has to reckon with a peak

2 1

exposure of 4 cal cm” “min”™*, and in the neighborhood of Mars a

1

2nin~!, This is a

space ship will encounter a low of 0.9 cal cm™

21

e

o
ke p e

3




ot T PO S I

o SN B o MO AL 2P -

<

PRI

Biophysics of the Space Environment

H. Strughold

difference of more than 3 cal cm~2min~!, which means that
even within our euthermal zone it makes a great difference with
regard to cabin temperature control whether the space ship is
Venus bound or Mars-bound. The bioengineering problem in
modifying the heat absorbing and reflecting surfaces, however,
should not be too difficult to achieve a suitable equilibrium
temperature (K. Buettner) (22). But it is also obvious that on
very long-lasting space journeys (many months) the optical
and thermal properties of the surface of space vehicles will
deteriorate due to erosion by micrometeoritic material.

e. The gravitational environment of space. The

picture of the biophysics of space is not complete if we do not

include the gravitational situation in space, because the gravitational

field forces determine to a great extent the routes and velocities

of space vehicles, and consequently the duration of their exposure

to the various environmental space factors. In astronautics we

are particularly interested in the sphere of predominant influence
of the gravitational field forces of a celestial body. We can call
this volume unit in space, briefly, gravisphere (H. Strughold and

O. L. Ritter) (23). We can actually differentiate between an
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inner and an outer gravisphere. The inner gravisphere represents
the region within which the gravitational attraction of a planet is
able to hold a satellite in orbit. It is the potential satellite sphere.
The outer gravisphere includes the distance beyond the potential
satellite sphere within which the gravitational forces of a
celestial body are still strong enough to cause considerable
perturbations of the trajectory of a space vehicle. For us, of
most importar.ce is the inner gravisphere, and it is this concept
we have in mind when we talk of gravispheres in the following:
The (inner) gravisphere of the earth extends to 1.5 million km

(1 million mi), which is four times farther than the moon.

Beyond this distance the gravitational field of the sun becomes
predominant and a space vehicle becomes a satellite of the sun,
or planetoid. Table IIl shows the radii of the satellite spheres

of all the planets. They grow in size as a function of the mass of
the planets and of their distances from the sun, because solar
gravity becomes weaker with increasing distance. The sun's
gravisphere extends to about half the distance to the nearest

stars, i.e., 2 light years.
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The moon's gravisphere reaches to 60,000 km (36,000 mi)
from its center. When a rocket crosses this earth-moon gravita-
tional divide it can, if properly guided in direction and controlled
in velocity, become a satellite of the moon. The
gravisphere concept clearly delineates where planetary space ends
and interplanetary and interstellar space begins. It is also
useful for a better understanding of the first, second, and third
astronautical or cosmic velocities.

The first astronautical velocity is the orbital velncity.

The circumterrestrial circular velocity near the earth's surface

amounts to 8 km (5 mi) per second. With increasing altitude

the orbital velocity decreases and the period of revolution of the

satellite increases correspondingly, which is of interest medically.
Table IV shows the orbital characteristics (velocity and

period of revolution) of earth satellites in freely selected °

alt-itudes beginning above the mechanical border of the atmosphere.

The orbits are projected against the topcgraphy of the Van Allen

radiation belt and accordingly subdivided into 3 groups: those below

the Van Allen Belt (low orbits), those within the Van Alilen Belt

(medium orbits), and those above this belt (high orbits). (24, 25)
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The arena for manned satellite flight will be confined to low
orbits, not higher than 800 km (600 mi). The middle orbits
reaching up to the outer border of the outer zone of the Van Allen
radiation belt, around 15 earth radii, are presentiy the forbidden
orbits for manned satellite flights unless suitable shielding cai be
provided. In high orbits a satellite vehicle would be exposed solely
to the general omnidirectional flux of energetic particles and, of
course, to the temporal dangerous winds of solar plasma. This shows
us the importance of a combined consideration of some ecological
conditions and gravitational motion~-dynamics in space. Knowledge of
the orbital flight characteristics also informs us how long a satellite
vehicle travels through the shadow of the earth, or is exposed to
solar electrcmagnetic radiation, wnich we discussed earlier.

Similar combined ecological and gravitational consideraiions
can be applied to circumnavigation of the moon with the exception
that the moon has no radiation belt. This can be concluded from
the Russian recordings of the magnetic field of the moon which is
400 times weaker than that of the earth. Consequently manned satellite
flight around the moon would not be confine<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>