Among Our Contributors

ROSEL G. BROWN —

one of the most interesting newcomers in the field, has appeared
in this magazine previously and had a story in Fredrik Pohl’s
STAR SCIENCE FICTION NO. 5,

AUGUST DERLETH —

equally prominent in the mystery field as the creator of the inimi-
table Solar Pons pastiches, is of course the author of some superb
material in the Lovecraft tradition,

GORDCN R. DICKSON —

appears only once in Don Day’s monumental Index to the SF mag-
azines 1926-’50. Since then, he has appeared in every magazine in
the field and is the author of several novels.

JOHN BRUNNER —

prominent British SF and fantasy writer and novelist, makes one
of his rare appearances in this haunting story about the adventures
of Gerald Howson, Psi.D., Curative Telepath First Class, W.H.O.
The sequel will appear next month.

LESTER DEL REY —

needs no introduction to any reader of SF and fantasy.

WENZELL BROWN —

author of more than twenty novels about contemporary matters
makes, we believe, a first appearance in the field with this article.

Dr. LESLIE R. SHEPHERD —

distinguished British physicist and space-travel authority, writes
on SPACE PHYSICS in an article published here through the
courtesy of Mr. Sam Moskowitz, former editor of SCIENCE FIC-
TION PLUS.

ERIC FRANK RUSSELL —

also needs no introduction to any reader of science fiction.

BELLE C. DIETZ —

President of the Eastern Science Fiction Association of Newark,
is active in New York fan activities,

Y. 1BN AHARON —

a frequent contributor to James Moseley’s Saucer News, is Editor
of the Journal of Correlative Philosophy, published by the Ad-
vaitan Buddhist Theosophical Society.



ANTASTIC
UNIVERSE.

SAVE YOUR CONFEDERATE MONEY,
BOYS .. ...
by Rose! G. Brown

HALLOWEEN FOR MR. FAULKNER .. 12
by August Derleth

I'VE BEEN TRYING TO TELL YOU .... 19
by Gordon R. Dickson

CITY OF THE TIGER .............. ... 28
by John Erunner

PLANET OF WASTE ................... 57
by Lester del Rey

THE ANTS OF IRELAND'S EYE ... ... 1
by Wenzell Browa

PHYSICS OF SPACE . .................. 69
by Dr. Leslie R. Shepherd

THE GLADIATOR ......... ... .......... 78
by Thomas Pyne

NEW IN SCIENCE ...................... 90
by Vzan Rowe

MINOR OFFENSE ...................... 92
by Dauiel I'. Galouye

THE COMANLEIGH ................ ... 104
by Myrle Benedict

A MANY LEGGED THING ............. 116
by Eric Frank Russell

FANNOTATIONS ... .................... 122
by Beile C. Dietz

THE SINISTER FLAME ................ 124

by Y. ibn Aharon

NOVEMBER 1959
Yol. 12 No. 1

HENRY SCHARF
Publisher

SHELDON WAX

Editortal Dwector

HANS STEFAN SANTESSON
Edior

J. WILLIAM LUSZCZ

Art Director

PETER M. VELTRE

Advertising Director

1":\:\"I'-\\"l‘l(' UNIVERSI. Vol. 12, No. 1. Published@ monthly by (PLAI AMERICAN PUDBLICATIONS,
INC., T Madison Ave., \r‘\\ Yorls 14, N. Y. Subscription, 12 issues §4.0y, single copies 33c¢, loreu,u
pn,(:-L exra, Ieemuul as secand class matter ag the post utlue Holyoke, Ma=s.. and New Youk,
N.Y (huulvh in fhi

lllL,l/llIE' are entirely fictitious and have no relation (o any mnouq living

or dend. 1959, by Ll’l ATOAMERICAN T'UBLICATIONS INC. PRINTED IN U,



PHYSICS OF SPACE

by LESLIE R. SHEPHERD, Ph.D.

RECENT advances in the field of
rocket propulsion have brought near-
er the possibility of flight above the
Earth’s atmosphere. Few people
doubt now that this will lead event-
ually to the successful accomplish-
ment of interplanetary travel. It is
not easy to predict how far we are
from this ultimate achievement, but
we can say that flight into space is
possible today, since we already have
vehicles capable of penetrating far
into the void.

The space between the planets is
a vacuum, several million times more
tenuous than the best we have been
able to produce in the laboratory.
Flight in this environment will in-
troduce a host of new problems, part-
ly from the extreme variations in
conditions from one point to another,
but mainly from the absence of a
protective envelope of air. Some of
these problems are chemical and bio-
logical, such as that of providing
and maintaining a breathable atmos-
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phere inside a vehicle. Others are
matters of physics—problems con-
nected with heat balance, cosmic ra-
diation, solar radiations, and meteors.
It is to these that we shall give our
attention here, beginning with the
problem of maintaining a correct
heat balance inside a space vehicle.
An appreciation of the nature of this
problem can be obtained by studying
the exchange of heat to and from
bodies isolated in a vacuum.

The Temperature Of objects in Space

THE TEMPERATURE of an ob-
ject at some fixed position in our
solar system is not a unique quantity.
It depends upon the nature of the
surface of that object, its size, shape,
and even its attitude. Indeed, these
factors can make considerable dif-
ference in temperature, so much so
that one object placed at Jupiter's
orbit might reach a higher tempera-
ture than another at the orbit of
Mercury.
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An object in space can gain or lose
heat only by the absorbtion or emis-
sion of electromagnetic radiation.
The sun itself emits radiation of
widely varying wavelengths, ranging
from one hundred-millionth of a cen-
timeter (low energy X-rays), up to
many hundreds of meters (radio
waves). A high proportion of this
radiation lies in the visible spectrum
with wavelengths between 0.38 and
0.76 microns, (10,000 microns = 1
centimeter), the maximum intensity
lying at 0.47 microns and only a
small proportion being emitted above
1.5 microns or below 0.25 microns.

All objects radiate electromagnetic
energy with a continuous spread of
wavelengths. The hotter the object,
the shorter the wavelengths. Thus,
while the sun at 6,000° K* emits with
maximum intensity at 0.47 microns
the maximum intensity from a good
emitter at 6,00° K occurs at 4.7 mi-
crons (the two quantities are inverse-
1y proportional).

The rate of emission of radiation
depends very sharply on the surface
temperature of the object. Radiation
from a perfect emitter varies as the
fourth power of the temperature, a
tenfold increase in the absolute
temperature resulting in a ten-thou-
sandfold increase in the rate of ra-
diation. A perfect emitting surface
at 1,000° K emits 5.7 watts per square
centimeter.

Not only temperature, but also the
nature of a surface determines the
rate of emission of radiation. The
ability of a surface to emit radiation
of a given wavelength is proportion-
al to its power to absorb that radia-
tion. The perfect emitter is a body
which is completely absorbent to
radiation of all wavelengths. Such a
body looks black, of course, and is
consequently called a black body.
The emissivity of a surface measures
its ability to emit radiation in com-

*Ths absolute zero of temperature is — 2730
centigrade, This is 0o K. To convert temper-
atures from Kelvin to centigrade, add 273.

parison with a black body. Thus a
surface with an emissivity of 0.5
emits radiation at only half the rate
of a black body, at the same temper-
ature and with equal area. Generally
speaking, the emissivities of surfaces
are temperature dependent; emission
is consequently not exactly propor-
tional to the fourth power of the
temperature.

Surfaces can be roughly divided
into three classes. In the first class
are those which absorb and emit
radiation almost perfectly, over a
wide range of wavelengths, so that
they can be considered to be black
bodies. The soot deposited from
burning camphor or acetylene comes
nearest to providing such surfaces.
In the second class are surfaces
which absorb and emit low wave-
lengths more readily than long wave-
lengths. Polished metal surfaces
come into this class; silver for exam-
ple, absorbs about 7% of solar radia-
tion, but at low temperature (long
wavelengths) emits only 29, as much
radiation as a black body. The ex-
treme example is polished zinc,
which absorbs 55% of solar radiation
but has only 5% of black body emis-
sion at low temperatures. Finally,
there are surfaces which absorb and
emit long wavelength radiation more
readily than they emit short wave-
lengths. In this class are metal ox-
ides, pigments, and most paints.
White metal oxides, in particular,
are very poor absorbers of solar ra-
diation (magnesium oxide surfaces
can be made which absorb only 2%),
but on the other hand, they approach
black body performance in the emis-
sion of heat at low temperatures.
Zinc oxide for example, has 95%, of
the ideal black body emission at low
temperatures but absorbs only 15%
of solar radiation.

If the three types of surface were
exposed to the sun’'s radiation in
space, the polished metal surfaces
would reach the highest tempera-
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tures, the oxide or pigment surfaces
the lowest temperatures, the black
body surface falling somewhere be-
tween (see page 72). This appears,
perhaps, to be a surprising result
to those who have been accustomed
to thinking of polished metal sur-
faces as best for maintaining low
temperatures inside spaceships ven-
turing near the sun. The temperature
is determined, in fact, not by the
ability of a surface to absorb the
sun’s radiation, but how this com-
pares with its ability to re-emit this
radiation at low temperatures.

The equilibrium temperature of a
surface exposed to the sun also de-
pends upon its orientation. A surface
at right-angles to the sun’s rays will
intercept more radiation than an
identical surface inclined to these
rays, and one lying parallel to the
rays, intercepts scarcely any radia-
tion, and would tend to go to a very
low temperature. The total surface
area of a sphere, is four times its
greatest cross-section, so the average
equilibrium temperature of a sphere
would be lower than that of a flat
plate of identical surface properties,
set at right-angles to the sun’s rays.

The determination of equilibrium
temperature in the case of a flat
surface is very simple. At the Earth’s
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orbit, 15 million kilometers from the
sun, a surface set at right-angles to
the rays receives solar energy at the
rate of 0.15 watts per square centi-
meter (at Mercury’s orbit it is 1 watt
per square centimeter and at Pluto
only one twelve-thousandth of a
watt). Supposing that the surface is
a black body, and that it may re-
radiate only on the exposed side (the
other side assumed to be covered
by a perfect heat insulator), then it
will absorb all of the solar heat. At
equilibrium 1t must radiate energy
at the same rate. The temperature
at which a black body emits 0.15
watts per square centimeter is 127°
centigrade, so this is the equilibrium
temperature of a single-sided black
body surface at the Earth’s orbit.
The corresponding value for a pol-
ished zinc surface is 460° C., and that

for a zinc oxide surface is -22° C.
The zinc surface would actually
melt,

A case of some interest is that of
a spherical spaceship, in which the
surface is kept at the same tempera-
ture all over, by circulating a heat-
transfer fluid round the walls to
convey heat from those regions re-
ceiving direct sunlight to those parts
which are in the shadow (see p. 72)
The equilibrium temperatures for

Position Solar Energy Temperature in degrees Centigrade
in Space (watts per
square meter) Sphere | Sphere 2 Sphere 3
Mercury 10,000 183 13 561
Venus 2.900 65 —&62 345
Earth 1. 500 10 —95 246
Mars &50 —41 —127 152
Jupiter 55 — 149 —195 —45
Saturn tb — &2 —216 —Ii06
Pluto 0.8 —230 —246 —193

The higher figures in column 3 may be rather inaccurate because of increase in emis.

slvity with temperature. The 1table shows that

a comfortable temperature at the Earth's

orbit Is obtained in a black sphere: at Mercury's orbit in the zinc-oxide-coaled sphere;
and somewhere in the asteroid belt in the polished zlnc sphere.
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such spheres at various points in the
solar system are given in the follow-
ing table. Three types of surface are
considered, sphere 1 being a black
body, sphere 2 a zinc oxide coated
surface, and sphere 3 a polished zinc
surface. It is assumed that no heat
is generated inside the vehicle.

The heat received by a vehicle in
the shadow of the Earth is a point
of some interest. Assuming an aver-
age surface temperature of 280° K,
and an emissivity of 0.5, the average
heat flux just above the atmosphere
would be 170 watts per square cen-
timeter (comparable to the solar heat
in the asteroid belt), A one-sided
surface exposed to this heat would
reach an equilibrium temperature of
-45° C. The nature of the surface

DIRECT SUNLIGHT
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OXIDE OR PIGMENTED
SURFACE

would be unimportant in this case,
because the distribution of wave-
lengths in the incident and emitted
radiation is about the same.

So far only external heating, by
the sun, has been considered. In a
space vehicle there inevitably would
be sources of heat (waste heat from
power plants, etc.), which might have
a considerable influence on the
temperature. All waste heat would
be conducted eventually to the walls,
unless it were excessive, in which
case it would have to go to special
radiating fins. Surprisingly little
heat would be required to maintain
a comfortable temperature inside a
spaceship, even out in interstellar
space where the heat received from
the sun and stars would bs neglible.

HEAT TRANSFER
FLUID

SPACE SHIP
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A polished silver surface with an
emissivity of .02 would lose heat at
the rate of only 9 watts per square
meter at 20° C. With such a surface,
a sphere of 10 meters radius would
need only about 11 kilowatts to main-
tain a pleasant internal temperature.
About 50 kilowatts would be re-
quired in the case of polished alu-
minium walls (emissivity .08).

It is interesting to note that a man
in a spacesuit having about 3 square
meters of polished aluminium sur-
face would feel comfortably warm in
deep interstellar space. His natural
bodily warmth (about 100 watts)
would provide enough heat to main-
tain a satisfactory surface tempera-
ture (see page 73).

Very high-power sources inside
space vehicles would probably be a
considerable embarrassment. A great
deal of the power wculd eventually
appear as heat, which could be dis-
sipated only by radiation. Such a
power plant might be part of a pro-
pulsion system, like an ion-rocket,
in which the waste heat might be
hundreds of megawatts. 100 mega-
watts of heat would require large
radiated fins, about 2,000 square
meters of black surface at 1,000* K,
for example, or 400 square meters
at 1,500° K. It appears likely that
spaceships will be rather luminous
objects.

The Effect of Meteoric Material

The density of solid meteoric
material in space, in the vicinity of
the Earth, is about 10** grams per
cubic centimeter. This is distributed
in a wide range of sizes, from huge
chunks of rock and iron, down to
microscopic particles with masses of
about 10% grams (one-ten-million-
millionth of a gram). Lower mass
particles cannot orbit arcund the sun,
because the pressure exerted by sun-
light falling on them is sufficient to
push them out of the soler system.
The size distribution of meteors is

NATURAL BCLY ‘WARMTH
C(ABOUT 100 WATTS)
PROVIDES ENCUCY HEAT
TO MAINTAIN SUITABLE
SURFACE TEMFERATURE,

3 3C METERS
GF FOLISHED
ALUMINUM
SURFACL,

S
such, that there are ten times as
many between 1 and 10 grams as
there are between 10 and 100 grams,
and ten times as many between 0.1
gram and 1 gram as between 1 and
10 grams, and so on.

The number of meteors with mass
greater than one gram which enter
the Earth’'s atmosphere in the course
of a day is only about 200,000. It is
easy to see from this that It is about
two million to one against a meteor
heavier than one gram hitting a
spherical vehicle of ten meters ra-
dius. The chances are two thousand
to one for meteors down to one milli-
gram, and only two to one against a
collision with a meteor of a micro-
gram or more. The really micro-
scopic particles in the region of
10 grams would bombard the
vehicle at a rate of millions per day.

The worst effect to be expected
from the continuous bombardment
by minute meteors would be a very
gradual deterioration of polished sur-
faces. More serious conseguences
would result from the fairly rare col-
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lisions with particles in the range
of 1 to 10 milligrams, although the
average frequency of such collisions
would be several years. Iron meteors
in this mass range would have diam-
eters in the region of a millimeter.
The range of meteor velocities would
depend upon the position and the
velocity of the vehicle. If it were
moving in the vicinity of the Earth
at a low relative speed, then the max-
imum meteor velocity would be about
70 kilometers per second.

Grimminger has attempted to de-
rive formulae for the penetration of
metcors into stainless steel and
dural. He assumed that meteors be-
haved like solid spheres and the tar-
get behaved like a dense compressi-
ble fluid. On this basis one finds that
an iron meteor of mass 1 milligram,
moving at 70 killometers per second,
would penetrate to a depths of 3
millimeters in steel and about 1 cen-
timeter in dural.

Grimminger’s assumption that the
steel or dural wall would behave like
a fluid is a natural consequence of
the high stresses set up in the mate-
rial by the impact. These would be
so great that all materials, no matter
what their tensile strength, would
flow freely like liquids. However,
this would apply equally to the me-
teor itself, which would behave
therefore like a drop of liquid, rather
than a solid sphere. On striking the
wall, the drop would spread laterally
as it penetrated. Momentarily, there
would exist, in the region of the im-
pact, a fluid mixture of meteor and
wall, with terrific internal pressure.
This pressure can be calculated easi-
ly from simple hydrodynamics. It
would exceed 10,000,000 times at-
mospheric pressure, in the case of
the very fast meteors. Obviously a
fluid under such high pressure would
explode outwards. Some of the fluid
would be driven further into the
wall, until the strength of the mate-
rial took a hand and prevented fur-

ther flow. Most of the fluid would
be blown back out, since there would
be little to resist it in that direction.
This would actually reduce the dam-
age which the meteor might otherwise
cause. The net result of the impact
would be in fact a crater whose depth
and radius, at the most, would be not
much greater than the diameter of
the meteor in the case of strong
materials, The amount of the mate-
rial excavated would be roughly pro-
portional to the energy imparted by
the meteor, and it would be smaller
in materials with high tensile
strength than in those with low
strength.

This picture is quite different from
that given by Grimminger and we
may well doubt the validity of his
penetration formulae. On the whole,
one would expect Grimminger’s the-
ory to overestimate the depths of
penetration and underestimate the
lateral damage.

Whipple has suggested the use of
thin sheets of material surrounding
the walls of space vehicles, to act as
meteor bumpers. The meteor and the
region of the bumper where it strikes
would be converted into a fluid at
high pressure, which would then ex-
plode outward both from the front
and rear of the bumper, leaving a
considerable hole. However, when
the exploding envelope reached the
true wall of the vehicle, it would do
no serious damage other than to heat
up the surface (see page 75).

An interesting result of the pres-
ence of the meteoric matter in the
solar system is its effect in scatter-
ing the light from the sun. The zo-
diacal light seen after sunset and
the counterglow in the night sky are
believed to result from the reflection
of sunlight from meteors. If this Is
the case, then space would not ap-
pear black to the voyager in the in-
ner region of the solar system. Any-
where inside the orbit of Mars there
would be an appreciable background
glow.
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Radiations Presenting a Pessible
Hazard

Ultraviolet radiations with wave-
lengths down to about 0.12 micron
and X-rays of about .001 micron have
been identified by means of instru-
ments carried in V2 rockets. These
radiations are absorbed in the upper
reaches of our atmosphere at heights
of about 100 Kms. The X-rays do not
actually come from the sun itself, but
from the solar corona, a band of very
tenucus material extending outward
for a million miles or more from the
sun. The effective temperature of the
gaseous part of the corona is be-
lieved to be about one million de-
grees centigrade. The ability of the
corona to emit X-rays is due to this
very high temperature and the con-
sequent high degree of ionization
existing in the gases of the Corona.

Soft X-ravs and ultraviolet radia-
tion can cause serious damage to the
skin of people exposed to them,

though the depth of penetration into
the body is very small. Acute sun-
burn is caused by ultraviolet radia-
tion below about 0.32 micron. Very
little of this radiation and none be-
low 0.28 micron can reach the sur-
face of the Earth.

Fortunately, all these radiations
are easily absorbed. A very thin wall
of steel would absorb the radiation
entirely, while ordinary glass is
opaque to all the solar rays below
about .34 micron. Quartz, on the oth-
er hand, is transparent down to about
0.17 micron and is therefore unsuit-
able.

One important effect of the ultra-
violet and X-radiation, is its action
upon glass windows in space vehi-
cles. Haber has pointed this out. The
effect has been known for many
vears in connection with the use of
glass vessels and windows, with
highly radioactive materials. The ab-
sorbtion of ionizing radiation in

SPACE

BODY OF SPACE SHIP

“METEOR BUMPER”

A\ ///METEOR
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many transparent materials leads to
the formation of color centers, grad-
ually resulting in loss in light trans-
mission. Over a period of 1 year the
change in transmission, due to the
solar X-rays alone, would be quite
marked. This effect is easily over-
come, however. The addition of
cerum oxides in small concentrations
inhibits the formation of color cen-
ters and reduces coloration by fac-
tors up to 10,000. Alternatively, the
use of plastics might be considered.
Lucite, for example, appears to be
about 1,000 times as resistant to col-
oration as is glass.

A more difficult problem is un-
doubtedly that set by cosmic radia-
tion, which is made up of a repre-
sentative sample of the atomic nuclei
of the Universe, moving at truly re-
markable velocities, mostly greater
than 90% of the speed of light. If we
measured the flux of these rays at a
small distance from the Earth, yet
sufficiently far to be out of the
Earth's magnetic field, we should
find that about two particles crossed
an area of one square centimeter eve-
ry second. About 8077 of these par-
ticles would be protons; 19% alpha-
particles (helium nuclei), and the re-
maining 1% nuclei of carbon, nitro-
gen, oxygen, and various elements
up to iron. Probably still heavier

H——LIVING TISSUE

nuclei are present, but in such small
proportions that measurements have
not so far proved their existence,

These nuclei carry high electrical
charges since they are atoms stripped
of the extra nuclear electrons, When
they pass through matter they exert
strong forces on the electrons in that
matter and pull them out of their
atoms, leaving behind a trail of
charged atoms and loose electrons
(referred to as ions). The density
of the ionization along the track of
the particle depends upon the velo-
city of the particle and its electric
charge. It is a minimum when the
particle is moving at 0.97 times the
velocity of light, and increases very
rapidly as it slows down. A proton
at 097 C produces 30,000 pairs of
ions per centimeter in moving
through water; a helium nucleus at
the same speed produces 120,000
pairs per centimeter; while a charged
iron nucleus produces 20 million
pairs per centimeter.

Another effect produced by cos-
mic radiation involves a very ener-
getic nuclear explosion which results
when a cosmic ray particle collides
with an atomic nucleus in the mate-
rial through which it travels. Most
cosmic-ray particles end their career
in this manner when they penetrate
matter. If we attempted to absorb
these cosmic particles in steel, we
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should find that a proton moved on
an average about 15 centimeters be-
fore making a collision, a helium nu-
cleus about 11 centimeters and an
iron nucleus about 5 centimeters.
The main consequence of these nu-
clear explosions is that high-energy
protons, neutrons, and mesons are
knocked out of the nucleus, and
these in turn can produce fresh ex-
plosions when they too make nuclear
collisions. The result is that, al-
though the number of original cos-
mic-ray particles decreases steadily
the further they penetrate into the
target material, the number of nuclear
explosions actually increases at first
‘and then falls off rather slowly.
Thus, although we could absorb most
of the heavier cosmic-ray particles
by interposing 10 centimeters of
steel, a worthwhile reduction in the
rate of nuclear explosions would re-
quire much greater thicknesses of
material.

The nuclear explosions produce, in
addition to high-energy fragments,
also medium-and low-energy alpha
particles, protons, deuterons, and tri-
tons. These, because of their low
velocity, produce very dense ioniza-
tion along their tracks.

The importance of cosmic rays in
space flight lies in their possible
biological effect. The ionization pro-
duced along the tracks of these par-
ticles can cause damage to the cells

which make up living tissue, and
thereby lead to their destruction. The
effectiveness of this ionization in
producing cell destruction depends
upon its density along the particle
tracks. The consequence of 'this is
that the most serious contribution to
biological damage caused by cosmic
rays, will come from the heavier par-
ticles (the nuclei ranging from car-
bon up to iron) on the one hand and
the nuclear explosions on the other.
The contributions from the two ap-
pear to be about equal.

Calculations indicate that cosmic
rays present a borderline hazard. Ex-
posures, measured in days or even
weeks, should lead to no serious con-
sequences, but periods of about a
year in space might result in ex-
cessive damage to the human tissues.
In that case some shielding would be
necessary to reduce the heavy cos-
mic-ray primaries and the nuclear
explosions. The latter in particular
might require excessive thicknesses
of material to effect worth-while re-
ductions. Materials of low atomic
weight are, mass for mass, more ef-
fective than high atomic weight
materials for this purpose. If such
shielding were necessary, one would
attempt to utilize some useful mate-
rial such as essential fuel or water
supplies, which of course would be
carried along anyway.



