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Sy/vaﬁia/EEG has the answer

Standard photoconductors respond primarily to visible light.
Recently, the Sylvania Electronic Components Group tackled
the tricky problem of making these cells “‘see in the dark."”

The answer is ingenious. Sylvania developed a photocon-
ductor with a special phosphor that emits visible light when
subjected to the invisible rays of ultraviolet.

The new Sylvania UV photoconductor has numerous appli-
cations. For instance, it can accurately detect the presence of
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a man or a mouse in a dark room flooded with “black light,”
or monitor your furnace by the color of its flame.

Advanced component design such as this is the result of
integrated research and engineering in all of the basic sciences.

One of the components developed by Sylvania ECG may
solve a problem you have i.i system design.

Sylvania Electronic Components Group, Sylvania Electric
Products Inc., 730 Third Avenue, New York, N. Y. 10017.

GENERALTELEPHONE & ELECTRONICS

SYLVANIA/ECG OFFERS NEW CAPABILITIES IN: ELECTRONIC TUBES + SEMICONDUCTORS e MICROWAVE DEVICES s SPECIAL COMPONENTS e« DISPLAY DEVICES




FREE Album From

The_Jongines Symphonette*

To Introduce

THE WORLD’S MOST HONORED MELODIES AND SONGS OF

F R E E ! This magnificent : ”"

Longines Symphonette M NGI\F
album of The World’s C'”’“
Most Honored Waltz- H RA
es! Over 11 selec- = m,,,‘"ﬁn Mg
tions...FREE when Oy i D Sty o KLy
s eand ""40;,,
you preview the B ROm e
. Treasuryof Love B
~ and Romance!

he most beautiful, familiar, popular music ever written. .. per-

formed in brilliant high-fidelity or stereo...by the Longines
Symphonette and The Choraliers! Romance from far-a-way places
..college songs...waltzes...dances...traditional songs...melo-
dies and songs that soar high with happy memories!

Sweetheart of Sigma Chi—Girl of my Dreams—Beyond The Blue
Horizon—I'm Falling In Love With Someone—Intermezzo—Liebes-
lieder Waltz—Some Day—Deep In My Heart, Dear—Smoke Gets In
Your Eyes—and many, many more of the songs and melodies you
know, love and grew up with.

Just a few of more than 55 selections

The Longines Symphonette

and the Choraliers directed by

Mishel Piastro!

AN

of T2¥

Owver 55 Selections

PURE VINYL
RECORDS

Just $1295

less than 24¢ a selection!

REABURYT OF SONGS & MELODIES UF EOVE an.

LISTEN FREE FOR TEN DAYS
Send for the new Treasury of The World’s Most Honored Songs of
Love and Romance, along with your Free Waltz album. Play all 5
records—over 55 selections—again and again. You must be delighted
in every way... thrilled by the “Living Sound” fidelity. .. enthralled
by the virtuoso performances...or return the Treasury, owe noth-
ing and keep the Waltz album! Own the Treasury for just $5 a
month until the full price of $12.95 plus shipping and handling
($1.25 additional for stereo) is paid. The Longines Symphonette
Treasuries are available only through this offer. Mail coupon today!

in 10 sides of the melodies and songs of Love and Romance... Mﬂll COHPOTI Bflow for FREE Walfz ﬂlbunl

Golden Days Sweetheart of Sigma Chi i
Fledermaus Selections Open Thy Blue Eyes i
Consolation Valse Sentimental I
Falling in Love with Someone Love, I Have Won You |
I'm Always Chasing Rainbows Among My Souvenirs |
One Alone When Day Is Done |
Daybreak The Voice of the Bells |
Romanza Anduluza Best Things in Life Are Free |
Dancing in the Dark Smoke Gets in Your Eyes |
Only Make Believe Just Like the Ivy, I'll Cling to You |
Fur Elise —and many, many more of I
Intermezzo the songs you know :
Erotik and have long wanted to own! 1

The Longines Symphonette Recording Society
Longines-Wittnauer Bldg., Fifth Avenue, New York 34, N.Y. 10036

h my FREE giflt olbum, The World's Most Honored Waltzes, along with the
ry of wn;a ond Melcdies of Love and Romance. After 10 days | may keep the
album, return the Treasury and owe nothing or remit just $5 @ month until

Wa
$12.95 plus hgnd\ ing and shipping is paid (add only $1.25 for stereo]. R291.017
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Famed epic of the
world of the future

DOUBLED,,

— ORIGINALLY PUBLISHED IN THREE
VOLUMES AT A COMBINED PRICE OF $10.50

Yours =10

with a short trial membership

in the Science Fiction Book Club

HIS brilliantly exciting chronicle of the world of the future

combines three great science fiction classics for the first

time in one huge volume. FOUNDATION ... FOUNDATION

and EMPIRE . ..and SECOND FOUNDATION are among

the most thought-provoking, compelling epics ever to come

from the pen of the distinguished research biochemist and
leading science fiction writer, Isaac Asimov.

FOR
ONLY

How to Get This Unusual Value for only 10¢

Because yvou are an Analog reader, the Science Fiction
Book Club would like to acquaint you with the most imagina-
tive, informative; entertaining new science fiction books as
they are written. That is why we have arranged to send you
THE FOUNDATION TRILOGY for only 10¢ with a Trial
Subseription to the Club.

Here’s how the Club works: each month it offers a really
superb new science fact or fiction book at a fraction of its
regular price. Even though these books sell for $2.50, $3.00
and up in their original editions, Club members get them
FOR ONLY $1 EACH — in special full-length, hard-cover edi-
tions. Extra-value books cost more. And the Club tells you in
advance what each monthly selection will be. During your
Trial Subscription you agree to take as few as four books
in the next twelve months. After that you may take as few or
as many books as you want, and you may cancel at any time.
It’s a deal that is hard to beat.

Mail Coupon With Only 10¢

THE FOUNDATION TRILOGY costs new members only
10¢ with a short trial membership. After seven days, if you
are NOT delighted, return the book and your membership
will be canceled. Otherwise you will be enrolled in the Club
as a Trial Member, and you need take only four books in the
next twelve months. Mail the coupon foday to: Science Fiction
Book Club, Garden City, New York

SCIENCE
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SPECIAL OFFER

10 ANAlOG_READERs

= ne Foundation Trilogy

Y 12,067 it was clear that the massively cor-
rupt Galactic Empire was near total col-
lapse. Its myriad worlds had already begun to
war among themselves, plunging the universe
into barbarie chaos. Civilization seemed doomed.
But master scientists laboring to ensure that
civilization would be preserved during the dark
ages to come, established twin “Foundations” at
opposite ends of the Galaxy, to form the nucleus
of a new civilization, and in time to unite across
the Galaxy to form a new . .. a stronger...a
more enduring Second Empire.

In Foundation and Foundation and Empire,
we follow the course of the First Foundation as
it rekindles the light of civilization in an ever-
increasing portion of the Galaxy — and as it is
confronted by its greatest crisis: a dangerous
mutant, an evil yet brilliant psycopath whose
soul-consuming desire is conquest of the Galaxy!

Because he was a pitifully small, emaciated
creature, it was only too late that men realized
the strange power of his enormous brain —
power to read men’s minds, discover their sub-
conscious thoughts, destroy their wills, reduce
his enemies to efficient puppets eager to per-
form his slightest wish!

Within a decade, he tyrannized the entire
Galaxy — except for the Second Foundation.
And this became his mania — to find and conquer
the Second Foundation., Everything in the
Galaxy must be his! ...

900000000 0CRFSNOGOOOOIBSIOIOBNODOIBOORBOY

SCIENCE FICTION BOOK CLUB
Dept. 4-AE-7, Garden City, N. Y.

1 enclose 10¢ to help cover shipping. Please rush me Isaac
Asimov's FOUNDATION TRILOGY, and enroll me as a
Trial Member in the Club. Then, every month send me the
Club’s free bulletin, “Things to Come,” which deseribes
coming selections. For each book I accept, I will pay only
$1, plus shipping, unless I take an extra-value selection at
a higher price. I need take only four books within a year
and may resign at any time thereafter.

NO RISK GUARANTEE: Tf not delighted with THE FOUNDA-
TION TRILOGY, I may return it in 7 days, pay nothing,
owe nothing, and my membership will be eanceled.

NaMe, . cssecssscncsccnsssssssasssnnssansssssnetscnnniste
Address..eeessvss R R W R R PE L A D g S
O gl DRSS S b M S Zone....State......cu0s

If under 18, parent must sign here.......cqvrcesssscccssass
(Offer good in U.S.A. only.)
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Three~lime winner of the Hugo
Award, ““America’s acknowl-
edged master of science fiction”
(Chicago Tribune) now tells the
story of a civilization evolving in
a huge spaceship lost between

the stars. $3.50
Also by Robert A. Heinlein
GLORY ROAD $3.95
PODKAYNE OF MARS $3.50
STARSHIP TROOPERS $3.95

STRANGER IN A STRANGE LAND $4.95
AT ALL BOOKSTORES OR FROM

G. P. PUTNAM’S SONS
200 Madison Ave., N.Y. 10016

The new Heinlein!
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Of course six of the large for-
mat Analogs go into one Space
Saver binder.

But did you know that eight old,
small-size magazines can be pre-
served and protected in one of
the Space Savers?

They are just 2.50 each, and
three Space Savers hold two full
years of the small size.

Send check to Analog, Dept.
BB-3, P. 0. Box 1348, Grand Cen-
tral Station, New York 17, New
York.

Dear Mr. Campbell:

As usual 1 enjoyed the February
issue of Analog and especially your
editorial; however, I have a hole to
pick in it. You said that a technologi-
cally equipped man could “defeat,
without serious effort, any nontechno-
logical attacker.” If this is always, or
almost always true, why is there still
all that fighting in Vietnam? How
come the government troops armed
with the most modern weapons and
greatly outnumbering the Viet-Cong
have yet to win?

Mike TrpTon
210 S. Grevillia
Inglewood, California 90301

1. Both sides are technologically
equipped.

2. Neither side is made up of tech-
nological people; the weapons are not
of their own production.

3. The communists believe—righily
or wrongly makes no difference!—in
their cause. The government troops
are, in effect, in morale and esprit,
mercenaries.

Dear John,

I am writing out of what is to me a
matter of annoyance. The pique is
occasioned by the arrogance of mete-
orologists who maintain that Atomic-
and Hydrogen—bomb testing has “No
effect whatsoever upon the weather.”

Now, mind you, I do not dogmati-
cally state that it does; I merely main-
tain that it might. In fact, I have a
strong opinion that there is cause to
believe it does, but I have as little evi-
dence to support that belief as the

BRASS TACKS

meteorologists have for the contrary
supposition.

What are the arguments used by the
professional weather-guessers against
the proposition that A&H-bombs af-
fect the weather? Well—there are
usually three.

1. The biggest bomb explosion lib-
erates far less energy than a storm.
In fact, say they, a mild winter storm
generates more energy per hour than
a five-megaton bomb.

2. Dust clouds from tests are not
heavy enough to screen out the sun’s
rays sufficiently to cause a tempera-
ture drop great enough to initiate a
storm.

3. The increment of radiation does
not stir up storms.

My position is that all of these are
whistles in the dark. The first propo-
sition is based on the idea that the
increase in total available energy is
insufficient; the second, that the de-
crease of available solar energy is in-
sufficient. The third is flatly false, as
can be demonstrated in a cloud
chamber, and as was demonstrated by
Langmuir and others on clouds, while
the first two constitute a eircumlocu-
tion, thus destroying the validity of
both.

I am reminded of a tale that is told
concerning Lavoisier, one of the first
great chemists, and also a professional
weather-guesser. Said he, when farm-
ers brought to him pieces of pitted
stone which, said they, had fallen
from the sky, “There are no stones in
the sky; therefore, no stones can fall

ANALOG SCIENCE FACT  SCIENCE FICTION



from the sky.” Bringing this remark
up to date, “Atomic bombs cannot
have any effect upon the weather,
therefore Atomic bombs do not have
any effect upon the weather.”

The introductory arguments being
completed, perhaps an analogue or
two may point up the fallacies inherent
in them.
evacuated ten-liter
quartz flask, introduce four grams of
Benzene and ten grams of Chlorine.
Do this by dim artificial light. Observe
that the resulting pale yellow-green

A. Into an

cloud is quite stable; the flask won't
even get warm. Get behind two inches
of glass; now allow a one-square-
centimeter beam of direct sunlight to
fall on the flask. If the resulting ex-
plosion doesn’t blind and deafen you,
you may have realized that it took very
little incident energy to release a hell
of alot of energy! (A very few packets
of UV of the proper frequency—and
bingo! a chain reaction!)

B. Take a pinhead of Lead Azide.
Place (gently) against fifty tons of
TNT. Attach one copper wire to each
side of the Lead Azide. Attach the
other two ends of the wire to a Ford
Coil. Energize the coil with a battery.
If you're still around, repeat the ex-
periment without the TNT. Sounds
like a cap pistol, doesn’t it? Hardly
impressive at all. In fact, you might
say that the initiating energy was
minuscule—but where did that city
block go to? And whence this hole?
“Obviously,” there isn’t enough
energy in that little bit of Lead Azide
—oh, yes? Well—the energy liberated
by that TNT in comparison to the
energy of Azide
hm-m-m . ..

C. Take aone-thousand ton, roughly

the Lead was—

spherical, boulder. Balance it on a
mountain top. Looks pretty, doesn’t
it? Now, lean against it. Thank you.
You really didn’t use much energy to
demolish forty million board feet of
timber, thirty-seven houses, two super-
markets and a church, now, did you?

Examples could be multiplied, but
it is hardly necessary. A friend of mine
in an Airlines weather bureau says,

continued on page 93
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ELECTRONIC ENGINEERS

NOW FORMING:

A NEW
SYSTEMS
MANAGEMENT
GROUP

in advanced range technology

This new hand-picked group of senior technical managers will perform an
important function for Pan Am’s Guided Missiles Range Division at Cape
Kennedy. Its members will have responsibility for the development, acquisi-
tion, and operational capacity of major range instrumentation systems at
the Atlantic Missile Range.

Project management assignments are currently open on the following sys-
tems: MISTRAM, GLOTRAC, MIPIR, Telemetry, Real-Time Computer
Center, Range Instrumentation Control System, and ARIS ships.

Reporting to the Division Manager, this staff management group will be
responsible for planning, organizing, directing and coordinating the collec-
tive efforts of functional technical groups, and acting as GMRD advisor
to system contractors. The goal: to provide more effective range support
by meeting system performance specifications, controlling costs, meeting
schedules, and obtaining maximum usable data during test operations for
the life of the system.

These new systems must be ready to support the nation’s coming space and
missile programs, such as: GEMINI... MOL...GEMINI B... APOLLO
...ASSET...and TITAN III.

If you have a BS degree in EE (Masters preferred) and 7 or more years of
project management background in CW or pulse radar, data handling, com-
munications or telemetry, we invite you to write, in strictest confidence, to
Manager, Professional Employment, Dept. 85G

GUIDED MISSILES
RANGE DIVISION

PAN AMERICAN WORLD AIRWAYS, INC.
P. 0. BOX 4465, PATRICK AIR FORCE BASE, FLORIDA
AN EQUAL OPPORTUNITY EMPLOYER




Technologies
in systems design at IBM

Project:
to produce angstrom-thin units
automatically

An automatie film-fabrication
process is essentially a miniature
“factory.” It has the problems of
a full-sized plant squeezed into the
space of a closet. The carefully
controlled conditions of a labora-
tory thin film process must be
maintained—but at the same
time, the process steps must move
reliably and at high speed.

To produce a circuit with the
correct electrical or magnetic
properties on its one and only pass
through the vacuum fabrication
process, many variables such as
temperature, pressure and deposi-
tion rate must be held in delicate
balance. This calls for solution to
a host of instrumentation problems
in measurement and control, and
a basic understanding of the
physical and chemiecal nature of
the deposition process.

IBM engineers and scientists have
made substantial progress in the
field with development of a num-
ber of experimental thin film
“factories.”” IBM developed the
first continuous thin film fabrica-
tion line for the Navy in 1962.

This line moves substrates suc-
cessively through four vacuum
chambers. The line turns out
hundreds of circuits an hour, con-
taining thousands of resistive
and capacitive components.

Recently, IBM scientists auto-
mated a fabrication process for
experimental eryogenic circuits.
The process variables needed for

a particular circuit configuration
arestored on punched cards and fed
to a control system. All fabrication
steps and process conditions are
automatically controlled, resulting
in thin film circuits with highly
uniform, reproducible electrical
properties.

But any factory can be improved.
Now IBM is developing processes
to fabricate different varieties of
thin film circuits. Fabrication
speed is being increased as well.
There are many opportunities
right now to make important
contributions to these and other
IBM scientific and engineering
projects. Send your resume to:
Manager of Corporate Employ-
ment, IBM Corp., Dept. (742U,
Armonk, New York 10504. IBM
isan Equal Opportunity Employer.

There is room for achievement at

IBM.
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EDITORIAL BY JOHN W. CAMPBELL
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The greatness of the Roman Empire
depended in large measure on its sta-
bility over generations of human time,
on the massive public works programs
the Romans achieved, and on reliable
military strength. And these things, in
turn, depended on an enormous mass
of human muscle power—sheer man-
power—and an enormous stretch of
territory. Among Man’s greatest in-
ventions are Fire, the Wheel, and—far
less celebrated, but truly almost
equally great!—the horse-collar. The
Romans didn’t have the horse-collar—
and without that, you can’t attach any
work load to the muscle power of a
horse. Previous to the “Dark Ages”
triumph of the horse-collar, the Ro-
mans had to attach a load to a horse by
putting a rope around the animal’s
neck—the only part of the beast a rope
could stay on. This has the undesirable
effect of cutting off the horse’s air in-
take if he pulls very hard.

So all that public works program,
all agricultural work, every type of
labor had to be carried out by human
muscle power. The Roman Roads are
famous—and deservedly so. They were
the world’s first solidly engineered,
firmly based, and well-maintained mil-
itary roads, linking a huge empire to-
gether.

Their base, however, was not simply
engineering; engineering without phy-

sical, objective work to carry it out is
useless.

Rome itself had no decent building
stone—some very unsatisfactory and
rather ugly volcanic rock was about
all that occurred nearby. The marble
buildings of the Empire period came
from quarries in the colonies—Egypt,
in particular.

The stability of the economy—food
for the Roman people—was founded on
the fact that with colonies stretching
completely around the Mediterranean,
north all the way to Caledonia, and
east beyond the Euphrates, the cli-
matic conditions were so variable, the
sheer extent so great, that a drought
or severely rainy season would not af-
fect all the colonial areas at once.

Since all agricultural work, as well
as all public works building. has to be
done entirely by human muscle power
—oxen could be hitched to plows, et
cetera, by tying a rope around their
horns, but they are slow, and very in-
efficient; they eat about as much as
they produce—manpower and area of
agricultural land was essential. The
greatest empire in terms of military
power was, necessarily, that which had
the greatest available manpower.

For one thing, to maintain a body
of trained specialists in warfare—a
true standing army—takes not only the
manpower of the army itself, but suffi-
cient agricultural manpower to sup-
port those fighters in nonproductive
“idleness”. Cavalry was expensive;
the horses ate like horses, the men ate
almost as soundly, and neither horse
nor cavalryman produced anything.
But without the defensive power of the
Legions, the Empire would have been
overrun.

Down through history, the power of
a culture has been pretty accurately
measured in terms of numbers of men,
and acres of tillable land, multiplied
by a factor representing the efficiency
of organization of the culture.

Rome gained supremacy originally,
starting with a small number of citi-
zens and a tiny area, by having the
most efficient organizational system in
the Italian peninsular area. Then when
the Romans had added more man-
power and area, they maintained and
improved their organizational system,
and presently dominated the entire
Mediterranean area. In the later Em-
pire period, the organizational effi-
ciency had dropped very low indeed—
but they had so vast an area, a popula-
tion, and such a network of military
roads that still Rome remained the
dominant power.

But the pattern of power and Em-
pire were well-displayed by Rome. The
fundamental secret was organization,
backed up by colonial supplies of eco-
nomic goods and manpower.

That pattern remained throughout
history . . . up till about the middle of
the last century. And the change that
came then signaled the end of
Colonialism.

At about the middle of this century,
the full meaning of that change was
finally being felt; the result has been
the “liberation” of colonies all over
the world—which has been done with
brilliant propaganda arguments that
make it appear a great, Liberal move-
ment. The oppressed colonial peoples
(sob .. .sob...) have, at long last,
been given their freedom—their inde-
pendence—their right to individual
dignity in the world of nations.

That’s one way to put it.

continued on page 91

THE END OF COLONIALISM



In any area where there are no fully satisfactory theories—
there is an opportunity for the amateur student to make a real contribution.
In the field of solar system genesis, there is

no fully satisfactory theory—and this new theory, I feel,
offers some highly interesting new approaches.
How “close” is a “close passage” of just-forming proto-stars?
Ten billion miles? A hundred?
W hat happens when a stellar core plows through the “atmosphere”
of such a proto-star at Mach 50 or so .. ?

WILLIAM F. DAWSON | BEN BOVA

ORIGIN OF THE SOLAR SYSTEM

“There is a tide in the affairs of
men,” says Shakespeare’s Brutus. The
Bard might also have observed that
there is a tide in the history of sci-
entific theories.

Theories on the origin of the solar
system have gone through many ebbs
and floods, starting with the ancient
Sumerians. Each theory seems to
sweep across the intellectual horizon
and gather more adherents as it rises.
It reaches a crest in popularity and
then breaks against a solid wall of

fact—usually some observational evi-
dence that the theory cannot explain.
Then it ebbs away, to be replaced
by a new, incoming tide.

This article will propose a new
theory on the formation of the solar
system. Not that astronomers and as-
trophysicists are lacking in theories;
they have more than they need al-
ready. But cosmology is one of the
few fields of scientific endeavor where
an amateur can still make a contribu-
tion. The theory to be presented here

may be no better—or worse—than
those in vogue now among the pro-
fessionals. It is an idea that seems
worth discussing. Perhaps it can
explain some of the unanswered
questions that have haunted earlier
explanations of the solar system’s
origin.

The big problem with theories
about the formation of the solar sys-
tem, of course, is that the solar
system is so complex and variegated.
Table 1 gives some of the bald facts:
note particularly the wide divergen-
cies in densities and spin rates. There
are many other oddities to worry
about. Body sizes in the solar system
range from the Sun’s 850,000-mile
diameter to dust particles of about
10 centimeter. Jupiter alone contains
two-thirds of the mass of all the plan-
ets combined, yet there are comets a
hundred times Jupiter’s goodly size

Rotational Velocity of Main Sequence
Stars shows dramatic slowdown in
older, cooler stars ( from F5 on). This
may indicate that B, A, and early F-
type stars are too young to have al-
lowed MHD-braking interaction with
gases surrounding such stars. Sun is

a GO star.

Opposite. Ring Nebula in Lyra: result
of an ancient nova explosion. Gases
show no indication of planet-building.
Instead they are expanding smoothly

away from parent star.
MT. WILSON & PALOMAR OBSERVATORIES PHOTO
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that weigh practically nothing at all.
All the planets lie in almost the same
plane—but not quite. Four of the
planets are giant-sized iceballs, four
others are small chunks of rock and
metal, and the remaining one—Pluto
—is a cryogenic question mark. If
Pluto’s density is actually the figure
shown on Table 1, then the planet is
denser than the densest element
known on Earth: osmium.

The solar system is weird. One
planet has rings around it. Why only
one? Why one at all? Next to the
largest planet of all is a ring of plane-
tesimals. Uranus rolls along on its
back with its pole pointing toward the
sun, instead of standing reasonably
upright on its axis, as do the other
planets. Venus is covered with clouds,
rotates in a direction opposite that of
all the other planets, and actually has
a “day” that is longer than its “year!”
Earth is brimful of water, but no other
planet has shown a trace of liquid
water on its surface. The Moon has a
density completely different from
Earth’s; and the Earth-Moon system
comes closer to being a double planet
than a planet-and-satellite combina-
tion. Why? Explain it. Go ahead.

The wonder of it is not that so many
theories have been tried and shown
wanting. The amazing thing is that
people still try!

Practically all the theories proposed
to date can be classified into two cate-
gories: evolutionary and revolution-
ary. The evolutionary type of theory
sees the formation of the solar system
as a natural sequence of events, a
completely ordinary and perhaps even
inevitable consequence of the birth of
a star. In contrast, the revolutionary
theories picture the solar system being
formed as the result of a cataclysm of
some sort; in this view the formation
of planets around stars is a very rare
event. Moses, for example, considered
this Earth to be so unique that a spe-
cial act of God was necessary to create

10

it. Fred Hoyle—to take a first-rate
modern cosmologist — believes that
planetary systems are formed quite
naturally around stars, and that their
creation can be explained by the laws
of physics and chemistry.

At the moment, the natural-sequence,
evolutionary type of theory is gener-
ally accepted by most astronomers.
The evidence to support it is mostly
indirect, as we shall soon see. There
are also some serious gaps in the chain
of reasoning. But to understand the
situation fully, we should go back a
little and get some historical perspec-
tive.

The first really scientific explana-
tion for the solar system’s origin was
put forth about two hundred years ago
by the German philosopher Immanuel
Kant and the French astronomer
Pierre Simon de Laplace. This was the
so-called “nebular hypothesis.” Kant
and Laplace suggested that the solar
system might have originated in a gas
cloud—a nebula—surrounding the sun.
The gas condensed and formed the
planets, satellites, meteoroids, comets,

el S e T N - e

N

etcetera. This was a natural-sequence,
evolutionary type of theory. There was
no reason why similar events could
not occur on other stars, according to
the Kant-Laplacian view.

The sharp edge of mathematical fact
burst this theoretical balloén about a
hundred years later. James Clerk Max-
well, one of the giants of nineteenth-
century mathematical physics, proved
on paper that a gas cloud simply
would not behave in the way the nebu-
lar hypothesis demanded. Maxwell
showed mathematically that if all the
matter now contained in the solid bod-
ies of the solar system was originally
zaseous, the gas cloud would have
been far too thin to condense into
planets. Instead of condensing, the
cloud would have dispersed into in-
terstellar space.

Long after Maxwell’s death, astron-
omers found some observational evi-
dence to support his conclusions. They
have photographed stars that have
gone through a nova phase in the past,
and blown off some of their gaseous
envelope. The gas flows smoothly away
from the stars, and shows no tendency
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whatsoever to condense into discrete
clumps and form solid bodies. The
mass of such a post-nova cloud is on
the order of 10™* of the mass of the star.
Assuming that the masses of the nova
star and the sun are roughly equal—
stellar masses vary least of all stellar
parameters—we can compare the mass
of the nova cloud directly to the mass
of the solar system’s solid bodies. The

planets, et al, of the sun can hardly be
more than 2 x 10 solar mass. This is
within an order of magnitude of the
nova cloud. If the nova cloud is ap-
parently too thin to condense into
planets, we could conclude—with Max-
well—that our planets could not have
coalesced out of a cloud 2 x 107 the
sun’s mass.

The nebular hypothesis collapsed
under the impact of Maxwell’s rigor-
ous logic, and a new catastrophic-
cause theory took its place. This was
the
pressed in its most definitive form by

“stellar encounter” theory, ex-
Thomas Chrowder Chamberlin, a ge-
ologist, and Forest Ray Moulton, an
astronomer, both Americans. Reduced
to its simplest terms, the Chamberlin-

YERKES OBSERVATORY PHOTO

ORIGIN OF THE SOLAR SYSTEM

Moulton theory pictures a star pass-
ing near enough to the sun to pull out
a filament of gaseous material—an im-
mense gravitational “tidal” effect. The
gas finally condensed to form planets,
etcetera. Since stellar encounters are
rare indeed, this was a revolution-
ary theory; the sun was considered to
be one of a very, very few stars pos-
sessing a planetary system.

Even at the high tide of its popu-
larity, many people regarded this
theory with suspicion. Stellar encoun-
ters of the sort envisoned by Cham-
berlin and Moulton are rare almost
to the point of absurdity. It can be
calculated—from the density of stars
in the Milky Way, their velocities and
life spans—that the average star will
live out its multi-billion-year existence
without coming close to such an en-
counter. This reduces the chances of
forming a planetary system to some-
thing approaching uniqueness. If there
is anything that will make a good
astonomer worry, it is a suggestion
that the Earth or sun is in some way
unique. The lesson of Copernicus has
been well-learned.

There were more than suspicions
working against the Chamberlin-Moul-
ton theory. Evidence began to pile up
against it, too. For one thing, a fila-
ment of gas pulled from the sun’s in-
terior would be no more likely to
coalesce into planets than the Kant-
Laplace nebula. Even though the fila-
ment might be more massive, it would
also be much hotter, and therefore
would tend to disperse into space that
much more easily. More important,
spectroscopic analysis of the sun
showed that it consisted almost en-
tirely of hydrogen and helium, with
a smattering of heavier elements. The
planets seemed to have very different
chemical compositions. The Earth and
the meteorites—the only bodies avail-
able for direct study, even today—cer-
tainly contain comparatively little hy-
drogen or helium. If the planets were
pulled directly out of the sun, the argu-
ment went, how can they have chemi-
cal compositions so different from the
sun’s?

By the middle of the Twentieth Cen-
tury, the stellar-encounter theory had
passed its high tide of popularity and
was ebbing away. It was replaced by
a shiny new version of the nebular
hypothesis.

T}'li,\‘ IlP'.\'-_\'E‘t-D](I Co]l(,'(‘l]t can be
called the “dust cloud” theory. It is
now accepted. in one variation or an-
other, by practically every serious pro-
fessional astrophysicist. Since it repre-
sents the most modern concepts and
the best thinking of today’s cosmolo-
gists, it will be worthwhile to examine
the dust cloud theory in some detail.
As we shall see, it accounts for many
previously unexplainable phenomena.
But at the same time, there are several
serious questions that this theory still
cannot answer. Like the theories that
preceded it, the dust cloud concept is

open to doubt—and new ideas.

Double Cluster of Stars in Perseus.
The sun might have been born in a
similar young cluster, some five billion
years ago. The spiral arms of the Milky
Way and other spiral galaxies are rich
in such star clusters, which are appar-

enh')' [H't*t'u’ing gmumis of young stars.
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The dust cloud theory envisions the
entire solar system—sun, planets and
all—as originating together. Astron-
omers have observed many clouds of
dark dust and gas mixtures, light-
years in diameter, sprinkled through
interstellar space. They believe that
these globules of matter are the be-
ginnings of stars, and are now con-
densing and becoming hotter. In time
they will become true stars. Dr. George
H. Herbig of Lick Observatory has
photographed what may well be the
birth of new stars. The theorists are
all agreed that new stars are constantly
being formed out of the loose gas and
dust in the Milky Way. The Great
Nebula in Orion, for example, is such
a complex of swirling gas, dust, bright
young stars, and these distinct globules
of dust-and-gas.

Thus the reasoning is that the whole
solar system originated in such a
dust/gas cloud. It is assumed that the
primoridial cloud was more massive
than the sun itself is today—about
twenty per cent more massive, at least.
Since the planets of the solar system
are only about 2 x 10 of the sun’s
present mass, this means that some-
thing like ten times the present mass
of the planets—or more—has somehow
disappeared from the solar system
since its formation. Explaining that
somehow is one of the major problems
of the dust cloud theory.

The dust/gas cloud is assumed to
have consisted almost entirely of hydro-
gen, since the interstellar gas observed
today is mainly hydrogen. Other ele-
ments were probably present in the
cloud—a few per cent of helium, and
traces of heavier elements, These had
been “cooked” earlier in the interiors
of older stars, and spewed into space

Great Nebula in Orion, an active star-
building region, studded with hot
young stars, glowing gas, and dark
dust/ gas clouds.

MT. WILSON & PALOMAR OBSERVATORIES PHOTO
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through stellar flares or explosions.

The original temperature of the
cloud was quite low: about 50°K
( -370°F), according to Dr. Fred L.
Whipple of the Smithsonian Astro-
physical Observatory. This is approxi-
mately the ambient temperature of
nonluminous objects in interstellar
space. The “dust” grains imbedded in
the surrounding gas probably con-
sisted mainly of hydrogen compounds
—water, ammonia (NH;), methane
(CH,), which can be called ices—and
grains of heavier silicates and metals,
which can be called earthy particles.

The cloud was rotating. How the ro-
tation began is unexplained. Perhaps
the cloud’s own irregular shape caused
it to begin spinning, or the unequal
gravitational attraction from nearby
star clusters or even the central mass
of the galaxy itself might have been
the cause. Regardless of the source
of the rotation, the dust cloud theory
must postulate some spinning motion.
It is also assumed that the cloud con-
tained a weak, but not negligible, mag-
netic field.

There we have the ingredients for
the solar system, according to the dust
cloud theory. A vast cool cloud of dust
and gas, perhaps a light-year or more
in diameter, at least twenty per cent
more massive than the present-day
sun, with a magnetic field, and spin-
ning slowly.

Now we throw in the laws of physics
and watch a solar system take shape.
But keep your eyes open. The laws of
physics may not be completely equal
to the task.

As the cloud rotated, it contracted ;
simple physics tells us that much. Also,
as it shrank, its density must have in-
creased and its central temperature
had to rise. The cloud began to fall in
on itself, and convert gravitational
energy to thermal. The dust cloud’s
collapse might have taken place with
surprising speed, astrophysicists now
believe: perhaps in only a few million
years. (Anything under a hundred
million years is an eyeblink in as-
tronomy.)

Now we have a newborn star—a
protosun, we can call it—a glowering
reddish mass of rather warm gases,

about 3000°K (5000°F), at the sur-
face. At this temperature the icy par-
ticles originally present in the cloud
have certainly been vaporized, and
probably most of the earthy particles
have also. Vaporized, but not disso-
ciated, Compounds such as water, for
example, are still present as water
vapor; they have not been dissociated
into their constituent elements. If and
when the temperature drops suffi-
ciently, these compounds will return
to the liquid or solid state.

The protosun has now shrunk to a
diameter of the order of Mercury’s
orbit, roughly forty times its present
size. Probably its surface is indistinct;
such young stars often pulsate irregu-
larly, astronomers have discovered.
Despite its size, though, the protosun
must still possess all the angular mo-
mentum of the original dust/gas
cloud. In other words, it must be spin-
ning very rapidly: a revolution every
few hours, perhaps. This is very differ-
ent from the rotation rate of today’s
sun—one revolution in about a month.

Now the plot thickens. The theorists
explain that the protosun’s very rapid
rotation caused it to spin off a disk
of gas from its middle. This equatorial
disk eventually reached several billion
miles into space. Since it was thin,
compared to its diameter, the disk
radiated away its own internal heat
quite effectively. Its temperature
dropped to the point where the earthy
materials could condense out of the
gaseous phase and into solid particles
again. When that happened, the ices
could have condensed onto the earthy
grains. The process of building planets
began.

Remember, Maxwell’s mathematics
showed that planets could not con-
dense out of a gas cloud that was only
as massive as the present combined
mass of the solar system’s solid bodies,
According to the dust cloud theory,
the planetary disk spun off from the
protosun’s equator was between ten
and one hundred times more massive
than the planets, satellites, comets,
planetoids, meteoroids, etcetera, all
combined. It is agreed that solid

bodies could coalesce out of a cloud
that thick.
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Presumably, the planets began to
form out of turbulent eddies within the
planetary disk. The disk gases would
be viscous—sticky—and little bubbles
of turbulence would form within it. At
these eddies, the dust particles of
earthy and icy materials would tend
to collect and coalesce. Eventually
small bits of matter would grow into
sub-planetary sizes. The planetesimals
aggregated into true planets. Accord-
ing to the theory.

Remember that these solid bodies
represent only a small fraction of the
total material of the planetary disk—
between ten and one hundred times
more matter remained gaseous and
was never “collected” into solid bod-
ies. All right then: where is this gas?
Not in the solar system, we know. How
did it get out of the solar system?

We now have two serious problems
with the dust cloud theory: (1) the
protosun’s rotation rate is too rapid
to fit present-day fact; and (2) there
is a huge amount of interplanetary
gas to dispose of somehow.

The theorists can solve these prob-
lems, if vou grant them the assump-
tion that the gas in the planetary disk
was ionized—some of the atoms had
detached.
Ionized gases—also called plasmas—
can conduct electricity and support
magnetic fields. You recall that inno-
cent-sounding assumption that the
original dust/gas cloud contained a
weak magnetic field? Now we will see
the necessity for that assumption,

The cloud’s contraction into a pro-
tosun would serve to intensify the
original magnetic field. When the pro-
tosun spun off its planetary disk, the
ionized gases bore part of the mag-
netic field along with them. We can
visualize the field’s lines of force as
huge, pliable loops, pulled out from
the poles of the protosun and stretch-
ing along the distended disk.

one or more ele(‘trons
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The theorists claim that this mag-
netic field would interact with the pro-
tosun and the ionized gases of the
planetary disk in two ways. First, it
would transfer angular momentum
from the sun to the disk. That is, the
protosun’s rotation would slow down,
and the disk’s would speed up. Second,
it would cause the loose gas in the disk
to fly outward and leave the solar sys-
tem. Presumably, the increase in the
gas’ angular momentum would be the
agent of expulsion, but this is still
open to question. Thus, with one grand
wave of the hand, and the magic
name of the rather new science of
magnetohydrodynamics (MHD), the
theorists can explain both the slow ro-
tation rate of today’s sun, and the loss
of the excess gas of the planetary disk.

In all fairness, there is one piece of
evidence—circumstantial, but evidence
—to support the MHD-slowdown con-
cept.

Astronomers classify the stars by
letters that denote their
range, starting with Class O at the
hottest end. of the scale, and going
down to Class M. (There are a few
other classes used for peculiar stars
that need not bother us now.) The
classification sequence is 0.B.A.F.G,
K.M—easily remembered by reciting,
“Oh, Be A Fine Girl, Kiss Me.” Each
classification is divided into ten sub-
classes. Thus, while Alpha Centauri A
is a G4 star. the sun is a GO; both are
yellowish stars, and the sun is slightly
hotter. Blue Rigel is a B8, and red
Betelgeuse is M2,

What has this to do with anything?
Wait a moment. A star’s temperature is
a fairly good indication of its age: the
hottest stars—the O,B,AF types, are
the youngest. Now, astronomers can
determine a star’s spin rate by studying
its spectrum. When the spin rates of
many thousands of stars are com-
pared, a staggering anomaly appears.
The hot young stars—Class O and B—
are whizzing away at rotational veloci-
ties of something like 150 miles per
second. But this spin rate decreases
rapidly for Class A stars, and con-
tinues to plummet in Class F. By Class
F5, the spin rate has dropped to that
of the sun’s,

temperature

Many of the proponents of the dust
cloud theory claim this bit evidence
shows that young stars—up to Class
F5—have not been in existence long
enough to allow MHD braking to slow
their spin rates. Older stars, such as
the sun, have had their angular mo-
mentum absorbed by the planetary
disk. In the meantime, they claim fur-.
ther, the gases of the disk have been
expelled from the solar system and
wafted back into interstellar space. We
are left with a young star and a group
of planets,

From here the story becomes
straightforward. The sun continued to
contract until its central temperature
became high enough to ignite the
proton-proton sequence of thermonu-
clear fusion. The sun stopped contract-
ing, as gas and radiation pressures
struck an equilibrium with gravita-
tional force. The sun became a steady,
dependable member of the Milky
Way's main sequence of stars.

Meanwhile, the planetesimals that
had condensed out of the planetary
disk were aggregating into still more
substantial chunks of solid matter. The
details of how the planets were formed
from these bits and pieces have not
yet been worked out to anyone’s sat-
isfaction. Presumably, Jupiter and the
other giant planets retained large
amounts of the original planetary disk
gases before these gases were expelled
from the solar system. The small,
dense inner planets did not—they were
formed primarily from the solid mat-
ter and held onto very little interplane-
tary gas.

Fred Hoyle has raised the question
of a sticking agent. How could chunks
of solid matter aggrecate, he asks,
unless there was some sort of glue to
hold them together once they had col-
lided? Without a sticking agent, the
chunks would recoil from each other
like a pair of celestial billiard balls.

Dust/Gas Globules in NGS 2237 Neb-
ula in Monoceros are apparently in
process of breaking up into small units,
which then condense to form individ-

ual stars.
MT. WILSON & PALOMAR OBSERVATORIES PHOTO
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Also, recent studies have suggested
that two bodies colliding under such
conditions would not be an agent of
growth, but a method of destruction.
Even a body as massive as the Moon,
it has been shown, would lose mass as
a result of being struck by a large
meteoroid. Thus the entire idea of
forming planets by aggregating small
bodies is open to serious doubt.

There are plenty of other problems
unsolved, besides. Although theorists
can invoke MHD interactions to ac-
count for the expulsion of the excess
interplanetary gas, no one has shown
—even on paper—how these reactions
would take place. Remember, the ex-
tra gas had to be postulated to allow
the planets to condense, and get
around Maxwell’s objection to the old
Kant-Laplace theory. Once the planets
are formed, the gas must be removed,
because it certainly is not there today.
Would the gas remain in the solar
system long enough for the planets to
be formed, and then conveniently blow
away ? There are, at present, no num-
bers to support this tidy bundle of as-
sumptions.

There is also a basic problem about
the chemical composition of the sun
and planets. The Chamberlin-Moulton
theory, you recall, was shot down
partly because it was found that the
planets were not of the same chemical
composition as the sun. The dust cloud
theory explains this by claiming that
the planets formed from the earthy
and icy particles within the original
dust/gas cloud, while the sun is com-
posed of the huge bulk of the cloud—
almost entirely hydrogen.

But more recent evidence has shown
that there is a good bit of hydrogen
and helium even in the solid bodies of
the solar system. The giant planets are
predominantly hydrogen and helium.
So are the comets. It turns out that the
chemical composition of the solid
bodies, taken as a whole, is not very
much different from the composition
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of the sun itself. Full circle! The prob-
lem that the dust cloud theory was
called on to alleviate turns out to be
no problem at all. Where does that
leave the theory?

There are other nagging little
doubts. To invoke MHD forces for ex-
pelling the “extra” interplanetary gas,
we must assume that the gas was at
least partially ionized. It would be dif-
ficult to ionize such a gas, except
thermally. Heat would strip electrons
from the gas atoms, if the temperature
were high enough. But the dust cloud
theory also requires that the inter-
planetary gas was cool enough to allow
the earthy, and perhaps even the icy,
materials to condense out of the vapor
and form solid particles. Could the
gas have been hot enough to be
slightly ionized and at the same time
cool enough to allow ice crystals to
form?

Then, too, there is the question
about eddies in the planetary disk. Tt
is assumed that these eddies were the
focal points for the start of planet-
building. But G. J. Odgers and R. W.
Stewart of the Dominion Astrophysi-
cal Laboratory, Victoria, Canada,
pointed out in 1957 that such eddies
would be extremely short-lived. The
dominant feature of turbulent gas flow
—where eddies are found—is that the
structure of the turbulence changes
rapidly, chaotically. The eddies postu-
lated in the planetary disk might not
have lasted long enough to allow par-
ticles to congregate and begin build-
ing planets.

The dust cloud theory, like the
theories that preceded it, is far from
a complete and satisfactory answer to
the question of the solar system’s
origin. It raises almost as many prob-
lems as it solves. Its popularity, you
might suspect, stems from the fact that
it is basically an evolutionary, natural-
sequence, type of theory. Those who
believe in the dust cloud theory can
also believe that most—if not all—stars
like the sun eventually form planetary
systems.

To be useful, theories must be
rooted in observational evidence. We
saw that there are some pieces of evi-

dence that tend to support the dust
cloud theory. But two major points of
the theory are unsupported by any evi-
dence whatsoever: the idea that the
planetary disk was ten times or more
as massive as the present combined
mass of the planets, et al; and the
claim that this excess gas was ex-
pelled from the solar system, and
therefore cannot be observed today.
Without evidence to support them,
these two tenets become major weak-
nesses of the dust cloud theory. If a
better theory of the solar system’s
origin is to be brought forth, it must
have even stronger ties with observa-
tions. So let us briefly turn to the
observational evidence at hand, and
see where it leads us.

Even without a telescope we can see
that the sky is filled with stars. The
evidence is very strong that stars are
being formed continuously out of the
gas and dust of interstellar space. A
good telescope will show that many
stars are double or multiple groups.
Of the six stars nearest the sun, four
are double stars, and one—Alpha Cen-
tauri—is a triplet. Spectroscopes show
that a great number of stars, perhaps
half of those in Milky Way, are double
or multiple stars. Castor, for example,
is actually three sets of double stars—
a stellar sextuplet.

But even with the most senstive in-
struments, no one has seen a single
planet circling another star. Astron-
omers have deduced that a few of the
nearest stars have “dark companions”
orbiting around them, however. These
dark companions have been detected
because of the barely-discernible grav-
itational pulls they make on their
parent stars. But they are quite in-
visible. Are they planets, or extremely
small, dim stars? Their masses are
all well above the mass of Jupiter.
which means that they are completely
unlike anything in our own solar sys-
tem. Probably they began to form as
a normal star does, but simply ran out
of building material before they gath-
ered together enough mass to allow in-
ternal nuclear fusion reactions to
begin. Hence they are nonluminous.

continued on page 81
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Introducing our first science-fiction ghost story, and a new author.
The Liralan invaders took over Earth by the simple process

of putting everybody into a coma . . . except for Grandpa’s Ghost.
They'd have done better to knock out Grandpa

and leave everybody else awake . . .

WILLIAM R. BURKETT, JR.

ILLUSTRATED BY KELLY FREAS
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PROLOGUE

At eleven a.m., Greenwich Time, 2432 A. D., upon what
was to be his last day on Mars, Donald Shey was
rudely awakened by the shrill ululation of sirens passing
beneath his third floor hotel window. He sat bolt upright
in bed, listening tensely. So soon? he wondered. If so, 've
overslept, or they're jumped the gun.

His eyes lighted on the bedside clock and his tenseness
vanished. No. The time was not yet. It was one p.m. in
Cairo and twelve o’clock in Rome and there were still ten
hours to go. And the sirens had been of the police, not
Civil Defense.

Nearby, the sirens died horrible moaning deaths, and
anxiety of a new kind gripped him. Had he been sniffed
out at last? With so little time left to trickle away, was
he to be taken? Were feet already pounding on stairs,
shifting impatiently on escalators bearing them to his
floor? Were guns in hands, fingers ready on triggers?

With such thoughts galvanizing his actions he leaped
out of bed and started throwing on clothes, shoving his
feet into the insulated half-boots that were standard Mar-
tian footgear. Then he was fumbling with the boots’ laces
and cursing his slowness. Plague of the Black Stars, would
those laces never fit properly over their grommets . . . ?

A heavy knock came at his door.

He froze, laces forgotten, hand on his gun. “Who is it?”

“Room clerk, sir. Just remindin’ you that check-out
time is twelve sharp, Green. And th’ Earth Ferry you
booked passage on leaves at two. It’s getting on towards
time.”

Immensely relieved, Shey replied, “Uh . . .
about to come down. Thanks.”

“All part o’ th’ service.” Footfalls retreated down the
hall, paused. Came a muffled knock, then an indistinguish-
able exchange between the clerk and some other late-abed
customer.

Shey took several minutes to let his twanging nerves
recover before he finished dressing. Six months—on any
calendar—was just too long for this kind of assignment.
He was too jumpy . . . plenty of time later to dwell on the
drawbacks of his profession. Right now he had a job to do.

Sighing wearily he put on his coat, picked up his travel
bag and left the room. At least he didn’t have to leave in
the grand old manner known as “shooting his way out”.
At least he was spared that. That and the rooftop and
alleyway chase sure to follow, with flamer-fire crackling
about like summer lighting.

Downstairs he hurried through the formalities of check-
ing out, knowing his haste would be looked upon as that
of one who doesn’t relish throwing away the price of

was just
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another day’s lodging. Then he went into the hotel dining
room, ordered breakfast and sat long over a cup of coffee
waiting for Martian night to fall. In the early dusk he
hailed a cab and named the spaceport on the northern edge
of town as his destination.

Traffic was heavy by virtue of the fact that several of
Rusted Plains’ mines were changing shifts. While the cab
threaded its way north, Shey kept a close watch for signs
of a tail. By the time he reached the spaceport he was
fairly sure he wasn’t being followed; nevertheless. to be
on the safe side, he went inside and mingled with the
crowd a bit before departing by a side exit and taking a
cab at a stand belonging to a different company. Giving
the driver an address on the far side of the city he sat
back and forced his nerves to unkink by sheer will power.
It’s getting, he thought morosely, where I'm afraid to go
on the streets.

But in nine hours it would all be over. He hoped.

The cab dropped him within a block of the garage
apartment he had rented under the name of William
Howards and the driver said, “Two-ten.”

Shey handed him three ones, yawned broadly. “Sure
feel sleepy today. Must be the weather. How about you?”

“Nah. I'm used to it.”

“Not sleepy at all?”

“Nah. Anybody gets used to it if they’re here long
enough—but the air and these turned-around days gets ’em
all at first.”

Shey smiled. “Yes, I imagine it does.” He waved away
his change, watched the cab’s taillights out of sight before
heading for the apartment. You may not be sleepy now,
he thought. But give yourself time.

Give the entire population of the Solar System time.

About nine hours’ worth.

That’s all they’ve got left.

He let himself into the apartment, went upstairs and
changed into heavily-insulated clothing suitable for wear
beyond the city’s atmospheric enricheners and radiant
heating. Then he went down to the garage.

The three-wheel jetcar within had its tanks full, its
engine checked and its tires flattened for sand travel: in
its luggage compartment resided a heap of tools com-
monly used for prospecting Mars’ barren plains. Standing
beside it, he took out all documents signifying that he was
one Donald Shey, Terran businessman, and burned them
thoroughly, scattering the ashes. A battered billfold re-
placed his pigskin one, complete with papers certifying
the fact that he was William Howards, dune rat.

ANALOG SCIENCE FACT « SCIENCE FICTION




awwiL Lt
RIS s

ST

e
Z

(=

VNG

GELYT
o
\

) N
0

/S

(4 e
S
o

iy

SLEEPING PLANET



All that remained now was to ascertain that his in-
halator was in his mackinaw pocket and in workable
order, and to leave his discarded clothing and travel bag
in a tool locker by the door. He entered the car, punched
the remote stud for the doors and swung carefully out into
the street, jets throttled down. A while later and he was
miles away, roaring over an expressway that led to the
Outer Gates. Here the outskirts of Rusted Plains dwindled
away and ended a half-mile short of the big bomb-screen
generators and a mile from where the screen would rise
when in use. Beyond lay open, untamed Mars.

He approached the Outer Gates, rolled into the slot
with the lighted attended sign and cut his motors. A burly
individual with the unmistakable gait of a born Martian
ambled up as he dropped his window.

“Prospector?” he inquired.

Shey nodded.

“See your license, please?”

He handed it across confidently. The forgery would
pass muster; of that he was sure. The attendant wasn’t
here to doubt the validity of licenses; what he was placed
here to doubt was the sand-worthiness of vehicles ventur-
ing out.

The prospecting permit was handed back. “Your sand-
pilot’s certificate?”

That got the same brief scrutiny. Then Shey got out and
stood shivering in the wind coming off the open dunes
while the Martian inspected his car, poking here, prying
there, revving the motor, kicking a tire and noting each
action carefully in a small notebook. Finally he stepped
back.

“You're all o.k., Mr. Howards. Have a good trip.”

“Thanks.” Shey got back in. “See you.”

“Yeh. Good luck.’

He throttled up and rolled through the Gates onto the
cold bleak surface of virgin Mars, ghostly in the pale light
of the planet’s twin moons.

Two hours later the jetcar sat silently on the lip of a
millennia-dry watercourse and Shey was crouching miser-
ably in a shallow indentation in the gully’s side, hands
numb, his breath coming in gasps even the inhalator
couldn’t altogether calm. From the squat black box before
him came a muted humming that gently vibrated the
single, slender antenna that extended to a height approxi-
mately level with the car above. He watched the telltale
grimly, afraid to retreat to the warmth of the jetcar’s
cabin for fear of missing the response to that silent sum-
mons now flashing starward.

Following his thoughts, he looked up at the stark splen-
dor of the Martian night sky. Somewhere out there in the
void, unknown and unsuspected, the fleet awaited his
signal.

And time was growing short.

W hy don’t they answer ... ?

The telltale glowed.

He pounced on the headset, slipped it into place.
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“...Acknowledging. Sleeper acknowledging. Sleeper
acknowledging . . .”

He triggered a stud, cutting short that chant. “This is
DS on Mars. Ready to report.”

He waited patiently for the time-lag to bring his answer
back—“Go ahead. Ready to receive.”

“The word”—Shey paused, took a deep breath, sud-
denly overwhelmingly aware of the tide of events he was
setting into motion—“the word is Go.”

“The word is Go,” came back the distant voice, repeat-
ing.

“That’s right.”

“All right . . .” The voice hesitated, and he got the im-
pression that the word was being passed. Then, “You've
done a commendable job; the general thanks you.”

Shey grinned. “He can thank me personally before too
long. Tell him that for me, will you?”

“Will do.” The voice sounded dubious. “Over.”

“And out,” he responded. The telltale faded away. Con-
tact was broken. He looked at his wrist watch. A little
more than six hours were left.

He closed down the transmitter, tucked it back into its
hideaway in the gully’s wall and clambered back up to the
car. Minutes later and he was skimming back for Rusted
Plains in a swinging arc that would bring him to a gate
other than the one he had left by. There was no point in
arousing the burly gateman’s suspicions as to the brevity
of his trip.

It would never do to spend his last few hours on Mars
in a Terran Security prison.

I

The sky was dark over London when Bradford Dono-
van took his delivery truck out into the streets and began
his nightly run. The tires spun as they hit the level after
climbing out of the subterranean garage, and left a little
rubber on the pavement, for this was one of the bad nights
and Donovan was feeling irritable.

As he rolled, he viewed the darkened streets and build-
ings with a jaundiced eye. London, the Twenty-fifth Cen-
tury. Bigger, higher, deeper—an unkillable manmade
growth upon the British Isles, and its distinctive English
flavor gone beyond recall, banished by the winds of time
and stellar trafficking. London of the Twenty-fifth Cen-
tury resembled nothing so much as the New York of the
Twentieth—big, uncouth and brawling.

Which was why the cool pressure of the gun under his
jacket was so reassuring. Kid gangs—yet too young to be
drafted and much too combative to confine their exercise
to legalized sport—had discovered a new diversion: trap
the late-night delivery vehicle, loot it, burn it and rough
up the driver. The insurance companies could stand the
gafl and no one was hurt, particularly.

No one except the hapless truck driver.

Donovan growled under his breath. Anyone attempting
to slap him around was first going to comb lead out of
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his eyebrows. Tonight especially, he was looking for
trouble to start.

He turned on the radio, got a husky feminine voice
singing one of the freshly-written and highly popular war
ballards, “The Saga of the Scout.”

“. .. And fast cruisers abaft of his beam.
‘God,’ said the Scout, ‘I'll never get out.’
But nevertheless turned on the steam . ..”

Without waiting to hear if the Scout got out, Donovan
changed stations.

Again, the voice was female. Most of the disk jockeys
and announcers formerly heard were wearing uniforms
and fighting Larrys ninety parsecs out. This time it was
news.

“. .. Mad Hatter will be in Londonport for minor re-
pairs the week of the twenty-ninth. Relatives and friends
having men aboard the Hatter may contact Base Head-
quarters for details concerning the possibility of dirtside
liberty.

“So much for the comings and goings of our boys in
uniform. As for the weather, a continuing warming trend
can be expected over much of England for the remainder
of the week, but Old Man Winter is on the way. For those
of you having business on the continents, may we recom-
mend Stop-Wear, the superior lubricant for the engines of
your aircars. Especially to those who have business in the
Americas, Stop-Wear will provide that extra margin of
safety for those trips across the wintry North Atlantic...”

He tried again.

This time he recognized the voice of Johnny Hatcher,
a favorite recording artist before the war, since killed in
action on some nameless asteroid.

... The stars are shining brightly, hanging in
the void—
Their beauty catches at the throat, their cold heat
chills the soul . . . -
Space is deep and space is cruel, but a man’d be
paranoid—
To hate the suns that warm the worlds that are the
Black Sea’s shoals . . .”

And again.

“. .. The draft call for November is expected to reach
an all-time high, and the government has announced new
emergency measures designed to free more able-bodied
men for the war effort. If you are an independent business-
man, remember: Hire the Handicapped—you’ll be freeing
a man for the front lines.”

Click!

Donovan cursed softly and stared out through the wind-
shield. His left hand strayed from the steering wheel,
smacked his thigh soundly. The plastic masked by his
trousers gave back a dull thump.

Plasteel legs and modified robot muscles to give them
mobility—mobility superior in some ways to flesh and
blood. But according to the Military Board, it made him
half a man. And a fifty-year-old half-man is simply not
military material.

SLEEPING PLANET

“Free a man for the front lines.”

But not half a man.

Half a man can push a truck normally handled by a
brute with more muscles than a gorilla, less brains than a
gnat, while the gorilla-gnat points and fires a gun half a
galaxy away. Even a robot could handle this run—but
robots were too scarce nowadays to sacrifice to the gangs.
Not so a cripple such as himself.

Cripple!

He gritted his teeth and his plastic foot nudged the ac-
celerator a little. The truck began to vibrate gently as the
extra speed shifted the load. It shot past deserted inter-
sections, under dim or burnt-out street lights—this was
one of London’s meaner sections.

Cripple!

Had been a time when Bradford Donovan hadn’t been
a caricature of a man with robot’s legs; had been a time
—twenty years ago—when Bradford Donovan had taken a
stellar voyage with his bride of six months, a voyage that
lasted another half-year with the result that their first son
was born in vacuo.

At the end of that voyage had been Risstair, world of
promise and possible wealth; world within, and under
the jurisdiction of, the Llralan Empire, but open to Ter-
ran trappers. In the years that he was there his lend-leased
trapping line had prospered, thanks to his skillful traps
and ready rifle. The Donovan brand had become familiar
to Terra-side furriers and his signature to bankers dealing
in out-world trade. Things were progressing nicely; Jane
had given him another son, and a fat bank account
awaited their return to Terra. Another two years, he fig-
ured, and they could return to Terra wealthy enough to
want for nothing the rest of their natural lives.

Then, on a regular run of the traps, there had been the
smell of death in the air.

He could never forget it—that distinctive, incredibily
delicate odor exuded by all dying Risstairan life. Often he
had wondered if any get-rich-quick character would de-
cide to attempt distilling and bottling the essence for sale
to Terran females, but no such scheme had developed
while he was on Risstair.

The odor of death had been overpowering, drawing
him to the woodland glade irresistibly. And in the glade—
the mangled bodies of three Risstairan woodcutters clus-
tered about their loaded logging sled and kept company
by a pair of marq carcasses, one with an axe-split skull,
the other with a crossbow quarrel in its brain.

They had been hit fast, without warning or provoca-
tion, and from the rear. His flesh crawled. That meant one
thing on Risstair: rogue pack in a kill-sweep.

And the home station was six miles away through the
gathering dusk.

Almost, he made it. The sounds of everyday activity
around the station were coming to his ears and the jungle
was thinning away to only an occasional thicket growing
stubbornly beneath the tall and wide-spaced trees.
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That sparsity of cover was the only thing that saved his
life.

Out of the corner of his eye he caught sight of a bound-
ing shape that rushed at him with the speed of a grey-
hound closing on a rabbit. There had been no time to
shoot—instead, he leaped straight up. With his still one-
gravity accustomed muscles in the lesser pull of Risstair,
it had been a good jump—a fantastic jump. The marq,
startled, had lunged after its soaring quarry, but lacked
the proper timing. Three-inch fangs had slashed across
him at a point halfway up the thigh.

The shock of the hit was such that it deadened the pain.
Turning as he fell, Donovan fried the recovering marq
with a full-strength squirt from his long-barreled flame
rifle and took another slash from a second beast quarter-
ing in from the opposite direction. That one died with its
head cindered, but there was a third, a fourth, a fifth . ..
he held down the trigger and waved the gun like a wand,
laying a path of flaming destruction around him. The
squalls of scalded beasts had mingled with the guttering
song of his rifle, but they had come right through the
flames with the terrible singlemindedness only a marq in
a kill-craze could exhibit. Dying jaws, already headed for
the ground, slashed his legs again and again, and the
number and seriousness of the wounds had put him on
his back and helpless.
~ But the margs had finally had enough. With twelve of
their number gone and the flame rifle lashing the area
all about like blind lighting, even they were at last dis-
couraged and went in search of easier prey.

And the night was still, but someone was screaming
and would not shut up and he realized vaguely that it was
himself, and voices were calling his name, but distantly,
distantly . . .

And then there was nothing. Nothing until he awoke in
a Federation Naval hospital back inside Federation ter-
ritory and was told that his legs were gone—that the
choice had been simple for the medic on the ship bringing
him in, his legs or his life. And in the months that fol-
lowed—months in which, he now realized, he had behaved
more like a frightened child than the man he thought him-
self to be—he had come to believe that the medic had made
the wrong choice. It had been a long and bitter road down
from the lofty status of outhunter with money in the bank
to that of lowly truck driver with a budget that seldom
balanced.

This last was the final blow. The Federation could take
his sons and train them as fodder for Imperial guns—his
young, strong sons with their lives still before them—but
it refused an embittered old man the right to give the
ending of his life some dignity and purpose . ..

Abruptly, without preamble, the raid-alarms began to
moan from the rooftops.

Donovan came out of his reverie, startled, and looked

around.
He had passed into a better section of town, in which
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aircars moved to and fro over rooftop runways, gleam-
ing groundcars slid through the well-lighted streets and
the quality and number of pedestrians had shot upward.

But the aircars were diving for the roofs, the ground-
cars were pulling in at the curbs and the pedestrians were
vanishing from sight with magical speed. As if spewed
from sidewalk gratings, characters wearing yellow arm-
bands and helmets topped by amber flashers appeared,
gesticulating wildly and mouthing instructions, London’s
ancient heritage of raids from the sky and experience
gained during the past year seemed to have instilled in its
populace an instinct for diving promptly, accurately and
without question into the nearest hole.

Donovan pulled over, parked and got out. Locking the
truck, he glanced at the star-spangled sky and then hur-
ried after a group of citizens looking for their hole. As
he joined the tag-end a warden joined the van and ushered
them through a door that gave onto a foyer and so through
to a seemingly endless series of stairs. The group clattered
downward in grim silence, and Donovan followed. After
long enough to have reached Hell, the warden halted be-
fore a steel door, swung it open. Donovan fully expected
to see an imp waiting to show them-in, but was disap-
pointed. The room in which they found themselves was
filled with wooden benches, had a partitioned room in one
corner. A long, low cabinet took up one wall. A short-
wave set resided on the cabinet. Naked, yellow-painted
I-beams jutted horizontally through the space; dim light
bulbs were mounted thereon.

The crowd filled up the benches rapidly. Donovan sat
in a pool of shadow and lit a cigarette.

Heavy feet sounded on the stairs, came through the
door and became attached to a uniformed policeman. He
dogged the door behind him, took two heavy steps into
the shelter and gave a quick look round.

His gaze paused briefly on Donovan’s cigarette. “Douse
the butt,” he said, and headed for the shortwave.

Donovan went on smoking.

The cop must have sensed something amiss, for he
turned back. For a long moment he seemed at a loss as to
how to cope with this bare-faced insubordination. Then
he reacted typically for one who has the law in his pocket
and glories in abusing the privilege. He took a menacing
step forward, hand going to his night stick.

“Maybe you don’t hear so good. I said ‘Douse the
butt.”

“I hear fine, Why?”

“Just get rid of it.”

“But—”

“No buts.” The cop unslung his night stick, used it to
point at a plastic-fronted list of shelter conduct rules fas-
tened to the door. “Yuh see that? Them are standard-
procedure rules, and I know ’em by heart, They say an
officer of the law, whether off-duty or on, shall be the
authority in any shelter in which he takes refuge.”

“SO?”

“So douse the butt or grab grief.”
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In his present mood, Donovan was more inclined to
grab grief, but in view of the circumstances he abstained.
The cigarette died under his heel. “Satisfied, Bossy ?”

“Oh, so you're a wise one, eh?"” The cop gave him the
cold eye.

“Not at all,” contradicted Donovan, undismayed by the
glare. “I simply wonder why, when we have purifiers in
these holes, you forbid me one of life’s few enough
pleasures.”

“Purifiers have been known to fail, and we might be
locked up in here for quite a spell.”

“Oh, come now—that’s reaching a bit far, isn’t it?
Aren’t you just throwing your weight around to keep up
your own nerve?”

“No,” said the cop, unconvincingly. “No, that’s not it.”

“What then?”

“Just chalk it up to my dislike of smoke getting in my
eyes,” snapped the arm of the law, growing apoplectic.

“Now shaddup!”

With poor grace, Donovan shaddup. Authority when
in the hands of chumps—or of anyone else, for that matter
—rubbed him the wrong way. Being ordered around was
the surest way of unleashing his quick temper. But, again
in view of the circumstances, he bowed to stupidity. The
same kind of stupidity that kept him Earthbound while
men with less on the ball-but with the proper number
of natural limbs—tried to hold back the Larry advance.

The radio crackled, said loudly, “Condition Red Maxi-
mum! Condition Red Maximum! Central Control Canada
reports three full-strength assault waves inbound past
Jupiter. Repeat, Condition Red Maximum. E. T. A. first
wave, fifteen minutes; advance scouts, momentarily . . .”

Overhead, sudden deep-throated thunder rolled. It
started as a mutter, passed quickly to a bellow, then a
deafening howl. At its peak, the shelter trembled ever so
slightly and loosened dust sifted in the weak light of the
naked bulbs. The occupants of the shelter grew still and
tense, waiting.

As suddenly as it had come it was gone, fading to a
waspish buzz and then dying away altogether. For a
seeming eternity, there was only silence. Then the warden
straightened from the instinctive crouch he had dropped
into, wiped shiny perspiration from his forehead.

“W heweee!” he breathed shakily. “That was a close
'un! Bet there ain’t a whole pane of glass left in London.”

“Glass can be replaced,” came a voice from beyond
Donovan’s eye-range. “I’ll be happy if there’s a city left.”

“Me, too,” endorsed another.

The cop scowled darkly. “You shouldn’t talk that way
—we don’t have anything to worry about.” Then his
authoritative demeanor was spoiled when he gave out with
a wide-mouthed yawn.

Donovan turned to his neighbor. “At a time like this, he
tells us we shouldn’t worry about things like low-flying
enemy ships, and then tops it off by gaping like a sick hip-
popotamus. What do you think ...”

SLEEPING PLANET

He never finished the sentence; his thought hung un-
said.

His neighbor, a piglike man nursing a battered brief
case and wearing a wrinkled suit, was slumped untidily
against the wall. His mouth was hanging open; from it
seeped gentle bubbling noises. Porky was in dreamland.

Incredulously, Donovan looked back at the cop. That
worthy was hanging onto an I-beam as if it were the
proverbial straw and he the drowning man. Even as Don-
ovan watched he slowly and jerkily slid down the beam
until he prostrated himself at its base. Now he seemed to
be worshiping the sickly fifteen-watt bulb fixed thereon.

The warden turned from where he had been speaking
softly into the short wave, glanced without much curi-
osity at the fallen cop. “He seems a ha’ fallen down,” he
observed thickly. Then he yawned.

“And you don’t think that’s curious?” inquired Dono-
van.

The warden regarded him owlishly, pushing his helmet
farther and farther back on his head until it fell off and
hit the floor with a resounding clang. The amber flasher
shattered and went out.

“Wazzat yew say?”

“You don’t think his passing out that way is . . .
began Donovan, then hushed as another wash of propul-
sor noise swept over from the north and dwindled into
the southeast. When quiet returned, he noticed a sound
not present before in the shelter.

Snores.

He peered hard at the assemblage, and cold prickles
began to dance along his spine.

Three-quarters of the occupants of the shelter were
sprawled or slumped or hunched about with no care for
their posture. As he watched, his eyes began to water and
he rubbed them violently. The atmosphere of the shelter
suddenly seemed unbearably thick. He blinked again. And
again. The room seemed to reel just a bit.

Crash!

”»

He swung his head around dopily, wasn’t too sur-
prised to see the warden on the floor, one arm draped in
brotherly fashion about the cop’s broad shoulders, the
other pinned beneath the short-wave set where he had
dragged it from the cabinet as he fell.

There was movement in the shelter. Donovan glanced
up.

The ceiling came rushing down.

He cried out involuntarily, threw