ANy Amd Sticcc ficio

OCTOBER Including V enture Science Fiction
The Oath (short novelet) JAMES BLISH 5
Something ALLEN DRURY 23
[nside the Comet ARTHUR C. CLARKE 30
Welcome POUL ANDERSON 39
From Shadowed Places RICHARD MATHESON 47
[nterbalance KATHERINE MACLEAN 6}
The Sight of Eden HOWARD FAST 70
Ferdinand Feghoot: XXXII GRENDEL BRIARTON 81

Science: Stepping-Stones to the Stars ISAAC ASIMOV 82

Books ALFRED BESTER 92
How Lucky We Met WADE MILLER 95
A Few Miles (movelet) PHILIP JOSE FARMER 101
In this issue . . . Coming soon 4

Cover by Chesley Bonestell
(Unloading empty fuel sanks on the moon)

Joseph W. Ferman, PUBLISHER Robert P. Mills, eprror

The Magasine of Fantasy and Science Fiction, Volume 19, No. ¢, Whole No. 113, OCT.
1960. Published monthly by Mercury Press, Inc., at 40¢ a copy. Annual subscrip-
tion $4.50 im U. S. and Possessions, and Camada. $5.00 sn the Pan-American Umion;
$5.50 m all other countries. Publication office, Concord, N. H. Eauonal and general offices,
527 Madisom Avenue, New York 22, N. Y. Second class postage pasd at Comcord, N. H.
Printed in U. S. A. © 1960 by Mercury Press, Inc. Al mghts, incinding transiations into
other langwages, reserved. Submisstions must be accompansed by stamped, self-addressed on-
welopes: the Publisher assumes no responsibiiity for return of umsohicited manuscripts.

Alfred Bester, BOOK EDITOR lsaac Asvwmov, CONTRIBUTING SCIENCE EDITOR
J. Francis McComas, ADVISORY EDITOR Ruth Ferman, CIRCULATION DIRECTOR




The English expert, now living in Ceylon, takes us into the
nucleus of a spectacular comet, and poses a knotty survival

problem . .

. in a story we were briefly, and unworthily,

tempted to retitle “Manhood’s End.”

INSIDE THE COMET

by Arthur C. Clarke

“I poNT KNOW WHY I'M RE-
cording this,” said George Takeo
Pickett slowly into the hovering
microphone. “There’s no chance
that anyone will ever hear it.
They say the comet will bring us
back to the neighbourhood of
Earth in about two million years,
when it makes its next turn
around the Sun. I wonder if
mankind will still be in existence
then, and whether the comet will
put on as good a display for our
descendants as it did for us?
Maybe they'll launch an expedi
tion, just as we have done, to see
what they can find. And theyl
find us. . . .

“For the ship will still be in
perfect condition, even after all
those ages. There’ll be fuel in the
tanks, maybe even plenty of air,
for our food will give out first,
and we’ll starve before we suffo-
cate. But I guess we won’t wait
for that; it will be quicker to
open the airlock and get it all
over.
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“When I was a kid, I read a
book on polar exploration called
WINTER AMID THE ICE. Well,
that's what we're facing now.
There’s ice all around us, float-
ing in great porous bergs. Chal-
lenger’s in the middle of a cluster
of them, orbiting round one an-
other so slowly that you have to
wait several minutes before you-
're certain they've moved. But no
expedition to Earth’s poles ever
faced our winter. During most of
that two million years, the tem-
perature will be four hundred
and fifty below zero. We'll be so
far away from the sun that it’ll
give about as much heat as the
stars. And who ever tried to
warm his hands by Sirius on a
cold winter night?”

That absurd image, coming
suddenly into his mind, broke
him up completely. He could not
speak for memories of moonlight
upon snowfields, of Christmas
chimes ringing across a land al-
ready fifty million miles away.
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Suddenly he was weeping like a
child, his self-control dissolved
by the remembrance of all the

familiar, disregarded beauties
of the Earth he had forever
lost.

And everything had begun so
well, in such a blaze of excite-
ment and adventure. He could
recall (was it only six months
ago?) the very first time he had
gone out to look for the comet,
soon after eighteen-year-old Jim-
my Randall had found it in his
home-made telescope and sent
his famous telegram to Mount
Stromlo Observatory. In those
early days, it had been only a
faint pollywog of mist, moving
slowly through the constellation
of Eridanus, just south of the
Equator. It was still far beyond
Mars, sweeping sunwards along
its immensely elongated orbit.
When it had last shone in the
skies of Earth, there were no men
to see it, and there might be none
when it appeared again. The hu-
man race was seeing Randall’s
Comet for the first and perhaps
the only time.

As it approached the sun, it
grew, blasting out plumes and
jets, the smallest of which was
larger than a hundred Earths.
Like a great pennant streaming
down some cosmic breeze, the
comet’s tail was already forty mil-
lion miles long when it raced past
the orbit of Mars. It was then
that the astronomers realised that
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this might be the most spectacular
sight ever to appear in the heav-
ens; the display put on by Hal-
ley's Comet, back in 1986,
would be nothing in comparison.
And it was then that the admin-
istrators of the International As-
trophysical Decade decided to
send the research ship Challenger
chasing after it, if she could be
fitted out in time; for here was a
chance that might not come
again in a thousand years.

For weeks on end, in the
hours before dawn, the comet
sprawled across the sky like a sec-
ond, but far brighter, Milky Way.
As it approached the Sun, and
felt again the fires it had not
known since the mammoths
shook the Earth, it became stead-
ily more active. Gouts of lumi-
nous gas erupted from its core,
forming great fans which turned
like slowly swinging searchlights
across the stars. The tail, now a
hundred million miles long, di-
vided into intricate bands and
streamers which changed their
patterns completely in the course
of a single night. Always they
pointed away from the Sun, as if
driven starwards by a great wind
blowing forever outwards from
the heart of the Solar System.

When the Challenger assign-
ment had been given to him,
George Pickett could hardly be-
lieve his luck. Nothing like this
had happened to any reporter
since William Laurence and the
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Atom Bomb. The facts that he

had a science degree, was un-
married, in good health, weighed
less than one hundred and twen-
ty pounds, and had no appendix,
undoubtedly helped. But there
must have been many others
equally qualified; well, their envy
would soon turn to relief.

As the skimpy payload of
Challenger could not accommo-
date a mere reporter, Pickett had
had to double up in his spare
time as Executive Officer. This
meant, in practice, that he had to
write up the Log, act as Captain’s
secretary, keep track of stores,
and balance the accounts. It was
very fortunate, he often thought,
that in the weightless world of
space one needed only three
hours sleep in every twenty-four.

Keeping his two duties sepa-
rate had required a great deal of
tact. When he was not writing in
his closet-sized office, or checking
the thousands of items stacked
away in Stores, he would go on
the prowl with his recorder. He
had been careful, at one time or
another, to interview every one
of the twenty scientists and engi-
neers who manned Challenger.
Not all the recordings had been
radioed back to Earth; some had
been too technical, some too in-
articulate, and others too much
the reverse. But at least he had
plaved no favourites and, as far
as he knew, had trodden on no
toes. Not that it mattered now.
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He wondered how Dr. Martens
was taking it; the astronomer
had been one of his most difficult
subjects, yet the one who could
give most information. On a sud-
den impulse, Pickett located the
earliest of the Martens tapes, and
inserted it in the recorder. He
knew that he was trying to escape
from the present by retreating
into the past, but the only effect
of that self-knowledge was to
make him hope the experiment
would succeed.

He still had vivid memories of
that first interview, for the
weightless microphone, wavering
only slightly in the draught of air
from the ventilators, had almost
hypnotised him into incoherence.
Yet no one would have guessed:
his voice had its normal, profes-
sional smoothness.

They had been twenty million
miles behind the comet, but
swiftly overtaking it, when he
had trapped Martens in the ob-
servatory and thrown that open-
ing question at him.

“Dr. Martens,” he began, “just
what is Randall's Comet made
of?”

“Quite a mixture,” the astrono-
mer had answered. “and it’s chang-
ing all the time as we move away
from the sun. But the tail’s mostly
ammonia, methane, carbon diox-
ide, water vapour, cyanogen—

“Cyanogen? Isn’t that a poison
gas? What would happen i the
Earth ran into it?”
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“Not a thing. Though it looks
so spectacular, by our normal
standards a comet’s tail is a pretty
good vacuum. A volume as big as
Earth contains about as much gas
as a matchbox full of air.”

“And yet this thin stuff puts
on such a wonderful display!”

“So does the equally thin gas
in an electric sign, and for the
same reason. A comet’s tail glows
because the Sun bombards it
with electrically charged parti-
cles. It's a cosmic sky-sign; one
day, I'm afraid, the advertising
people will wake up to this, and
find a way of writing slogans
across the Solar System.”

“That’s a depressing thought—
though I suppose someone will
claim it's a triumph of applied
science. But let’'s leave the tail;
how soon will we get into the
heart of the comet—the nucleus,
I believe you call it?”

“Since a stern chase always
takes a long time, it will be an-
other two weeks before we enter
the nucleus. We'll be ploughing
deeper and deeper into the tail,
taking a cross-section through the
comet as we catch up with it. But
though the nucleus is still twenty
million miles ahead, we've al-
ready learned a good deal about
it. For one thing, it's extremely
small—less than fifty miles
across. And even that’s not solid,
but probably consists of ‘thou-
sands of smaller bodies, all mill-
ing round in a cloud.”

3
“Will we be able to go into the

nucleus?”

“We'll know when we get
there. Maybe we’ll play safe and
study it through our telescopes
from a few thousand miles away.
But personally, I'll be disappoint-
ed unless we go right inside.
Won't you?r”

Pickett switched off the re-
corder. Yes, Martens had been
right. He would have been disap-
pointed, especially as there had
seemed no possible source of dan-
ger. Nor was there, as far as the
comet was concerned. The danger
had come from within.

They had sailed through one
after another of the huge but un-
imaginably tenuous curtains of
gas that Randall's Comet was
still ejecting as it raced away
from the Sun. Yet even now,
though they were approaching
the densest regions of the nu-
cleus, they were for all practical
purposes in a perfect vacuum,
The luminous fog that stretched
round Challenger for so many
millions of miles scarcely dimmed
the stars; but directly ahead,
where lay the comet’s core, there
was a brilliant patch of hazy
light, luring them onwards like a
will-of-the-wisp.

The electrical disturbances
now taking place around them
with ever-increasing violence had
almost completely cut their link
with Earth. The ship’s main ra-
dio transmitter could just get a
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signal through, but for the last
few days they had been reduced
to sending “O.K.” messages in
Morse. When they broke away
from the comet and headed for
home, normal communication
would be resumed; but now they
were almost as isolated as ex-
plorers had been in the days be-
fore radio. It was inconvenient,
but that was all. Indeed, Pickett
rather welcomed this state of af-
fairs; it gave him more time to get
on with his clerical duties.
Though Challenger was sailing
into the heart of a comet, on a
course that no captain could
have dreamed of before the
Twentieth Century, someone
still had to check the provisions
and count the stores.

Very slowly and cautiously,
her radar probing the whole
sphere of space around her,
Challenger crept into the nu-
cleus of the comet. And there she
came to rest—amid the ice.

Back in the 1940’s, Whipple
of Harvard had guessed the
truth, but it was hard to believe it
even when the evidence was be-
fore one’s eyes. The comet’s rela-
tively tiny core was a loose clus-
ter of ice-bergs, drifting and
turning round one another as
they moved along their orbit. But
unlike the bergs that floated in
polar seas, they were not a daz-
zling white, nor were they made
of water. They were a dirty grey,
and very porous, like partly-
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thawed snow. And they were
riddled with pockets of methane
and frozen ammonia, which
erupted from time to time in gi-
gantic gas jets as they absorbed
the heat of the sun. It was a won-
derful display, but Pickett had
little time to admire it, at first,
Now he had far too much.

He had been doing his routine
check of the ship’s stores when he
came face to face with disaster—
though it was some time before
he realised it. For the supply sit-
uation had been perfectly satis-
factory; they had ample stocks
for the return to earth. He had
checked that with his own eyes,
and now had merely to confirm
the balances recorded in the pin-
head-sized section of the ship’s
electronic memory which stored
all the accounts.

When the first crazy figures
flashed on the screen, Pickett as-
sumed that he had pressed the
wrong key. He cleared the totals,
and fed the information into the
computer once more.

60 cases of pressed meat to
start with; 17 consumed so far;
quantity left: 99999943,

He tried again, and again,
with no better result. Then, feel-
ing annoyed but not particularly
alarmed, he went in search of
Dr. Martens.

He found the astronomer in
the  Torture = Chamber—the
tiny gym, squeezed between the
Technical Stores and the bulk-
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head of the main propellant tank.
Fach member of the crew had to
exercise here for an hour a day,
Jest his muscles waste away in
his gravityless environment. Mar-
tens was wrestling with a set of
powerful springs, an expression
of grim determination on his
face. It became much grimmer
when Pickett gave his report.

A few tests on the main input
board quickly told them the
worst. “The computer’s insane,”
said Martens. “It can’t even add
or subtract.”

“But surely we can fix it!”

Martens shook his head. He
had lost all his usual cocky self-
confidence; he looked, Pickett
told himself, like an inflated rub-
ber doll that had started to leak.

“Not even the builders could
do that. It's a solid mass of mi-
crocircuits, packed as tightly as
the human brain. The memory
units are still operating, but the
computing section’s utterly use-
less. It just scrambles the figures
you feed into it.”

“And where does that leave
us?” Pickett asked.

“It means that we’re all dead,”
Martens answered flatly. “With-
out the computer, we're done for.
It's impossible to calculate an or-
bit back to Earth. It would take
an army of mathematicians
weeks to work it out on paper.”

“That’s ridiculous! The ship’s
In perfect condition, we've plenty
of food and fuel—and you tell
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me we're all going to die just be-
cause we can't do a few sums.”

“A few sums!” retorted Mar-
tens, with a trace of his old
spirit. “A  major navigational
change, like the one needed to
break away from the comet and
put us on an orbit to Earth, in-
volves about a hundred thousand
separate calculations. Even the
computer needs several minutes
for the job.”

Pickett was no mathemati-
cian, but he knew enough of as-
tronautics to understand the
situation. = A  ship  coasting
through space was under the in-
fluence of many bodies. The main
force controlling it was the grav-
ity of the Sun, which kept all the
planets firmly chained in their
orbits. But the planets them-
selves also tugged it this way and
that, though with much feebler
strength. To allow for all these
conflicting tugs and pulls—
above all, to take advantage of
them to reach at the right mo-
ment a desired goal scores of mil-
lions of miles away—was a prob-
lem of fantastic complexity. He
could appreciate Martens’ de-
spair; no man could work without
the tools of his trade, and no
trade needed more elaborate
tools than this one.

Even after the Captain’s an-
nouncement, and that first emer-
gency conference when the entire
crew had gathered to discuss the
situation, it had taken hours for
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the facts to sink home. The end

was still so many months away
that the mind could not grasp it;
they were under sentence of
death, but there was no hurry
about the execution. And the
view was still superb. . . .

Beyond the glowing mists that
enveloped them—and which
would be their celestial monu-
ment to the end of time—they
could see the great beacon of Jupi-
ter, brighter than all the stars.
Some of them might still be alive,
if the others were willing to sacri-
fice themselves, when the ship
went past the mightiest of the
Sun’s children. Would the extra
weeks of life be worth it, Pickett
asked himself, to see with your
own eyes the sight that Galileo
had first glimpsed through his
crude telescope four centuries ago
—the satellites of Jupiter, shut-
tling back and forth like beads
upon an invisible wire?

Beads upon a wire. With that
thought, an  all-but-forgotten
childhood memory exploded out
of his subconscious. It must have
been there for days, struggling up-
wards into the light. Now at last
it had forced itself upon his wait-
ing mind.

“No!” he cried aloud. *“It’s ri-
diculous! They’ll laugh at me!”

So what? said the other half of
his mind. You've nothing to lose;
if it does no more, it will keep
everyone busy while the food and
the oxygen dwindle away. Even
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the faintest hope is better than
noneatall. . . .

He stopped fidgeting with the
recorder; the mood of maudlin
self-pity was over. Releasing the
elastic webbing that held him to
his seat, he set off for the Techni-

cal Stores in search of the mate-
rial he needed.

“This,” said Dr. Martens three
days later, “isn’t my idea of a
joke.” He gave a contemptuous
glance at the flimsy structure of
wire and wood that Pickett was
holding in his hand.

“I guessed you'd say that,” Pick-

ett replied, keeping his temper

under control. “But please listen
to me for a minute. My grand-
mother was Japanese, and when 1
was a kid she told me a story that
I'd completely forgotten until this
week. 1 think it may save our
lives.

“Sometime after the Second
World War, there was a contest
between an American with an
electric desk calculator, and a
Japanese using an abacus like this.
The abacus won.”

“Then it must have been a poor
desk machine, or an incompetent
operator.”

“They used the best in the U.S.
Army. But let’s stop arguing. Give
me a test—say a couple of three-
figure numbers to multiply.”

“Oh—856 times 437.”

Pickett's fingers danced over
the beads, sliding them up and
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down the wires with lightning
speed. There were twelve wires in
all, so that the abacus could han-
dle numbers up t0 999999999999
—or could be divided into sepa-
rate sections where several inde-
pendent calculations could be car-
ried out simultaneously.

“374072,” said Pickett, after
an incredibly brief interval of
time. “Now see how long you take
to do it, with pencil and paper.”

There was a much longer de-
lay before Martens, who like most
mathematicians was poor at arith-
metic, called out “375072.” A
hasty check soon confirmed that
Martens had taken at least three
times as long as Pickett to arrive
at the wrong answer.

The astronomer’s face was a
study in mingled chagrin, aston-
ishment and curiosity.

“Where did you learn that
trick?” he asked. “I thought those
things could only add and sub-
tract.”

“Well — multiplication’s only
repeated addition, isn’t it? All I
did was to add 856 seven times in
the unit column, three times in the
tens column, and four times in
the hundreds column. You do the
same thing when you use pencil
and paper. Of course, there are
some short cuts, but if you think
I'm fast you should have seen my
granduncle. He used to work in a
Yokohama bank, and you couldn’t
see his fingers when he was go-
ing at speed. He taught me some
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of the tricks, but I've forgotten
most of them in the last twenty
years. I've only been practising
for a couple of days, so I'm still
pretty slow. All the same, 1 hope
I've convinced you that there’s
something in my argument.”

“You certainly have: I'm quite
impressed. Can you divide just as
quickly?”

“Very nearly, when you've had
enough experience.”

Martens picked up the abacus,
and started flicking the beads
back and forth. Then he sighed.

“Ingenious—but it doesn’t
really help us. Even if it’s ten
times as fast as a man with pencil
and paper—which it isn't—the
computer was a million times
faster.”

“I've  thought of that,” an-
swered Pickett, a little impatient-
ly.
(Martens had no guts—he
gave up too easily. How did he
think astronomers managed a hun-
dred years ago, before there were
any computers?)

“This is what I propose—tell
me if you can see any flaws in
it. .. :
Carefully and earnestly he de-
tailed his plan. As he did so,
Martens slowly relaxed, and pres-
ently he gave the first laugh that
Pickett had heard aboard Chal-
lenger for days.

“I want to see the skipper’s
face,” said the astronomer, “when
you tell him that we’re all going
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back to the nursery to start play-
ing with beads.”

There was scepticism at first,
but it vanished swiftly when Pick-
ett gave a few demonstrations. To
men who had grown up in a world
of electronics, the fact that a sim-
ple structure of wire and beads
could perform such apparent mira-
cles was a revelation. It was also a
challenge, and because their lives
depended upon it they responded
eagerly.

As soon as the engineering
staff had built enough smoothly-
operating copies of Pickett’s crude
prototype, the classes began. It
took only a few minutes to ex-
plain the basic principles; what
required time was practice—hour
after hour of it, until the fingers
flew automatically across the wires
and flicked the beads into the
right positions without any need
for conscious thought. There were
some members of the crew who
never acquired both accuracy and
speed, even after a week of con-
stant practice: but there were oth-
ers who quickly outdistanced Pick-
ett himself.

They dreamed counters and
columns, and flicked beads in
their sleep. As soon as they had
passed beyond the elementary
stage they were divided into teams
which then competed fiercely
against each other, until they had
reached still higher standards of
proficiency. In the end, there
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were men aboard Challenger who
could multiply four-figure num-
bers on the abacus in fifteen sec-
onds, and keep it up hour after
hour. |

Such work was purely mechani-
cal; it required skill, but no intelli-
gence. The really difficult job was
Martens’, and there was little that
anyone could do to help him. He
had to forget all the machine-
based techniques he had taken for
granted, and rearrange his calcu-
lations so that they could be car-
ried out automatically by men
who had no idea of the meaning
of the figures they were manipu-
lating. He would feed them the
basic data, and then they would
follow the programme he had laid
down. After a few hours of pa-
tient routine work, the answer
would emerge from the end of the
mathematical production line—
provided that no mistakes had
been made. And the way to guard
against that was to have two inde-
pendent teams working, cross-
checking results regularly.

“What we've done,” said Pickett
into his recorder, when at last he
had time to think of the audience
he had never expected to speak to
again, “is to build a computer out
of human beings instead of elec-
tronic circuits. It's a few thou-
sand times slower, can’t handle
many digits, and gets tired easily
—but it's doing the job. Not the
whole job of navigating to Earth

(concluded on page 46)
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INSIDE THE COMET, by Arthur C. Clarke

(continued from page 38)

—that’s far too complicated—but
the simpler one of giving us an
orbit that will bring us back into
radio range. Once we've escaped
from the electrical interference
around us, we can radio our posi-
tion and the big computers on
Earth can tell us what to do next.

“We've already broken away
from the comet and are no longer
heading out of the Solar System.
Our new orbit checks with the
calculations, to the accura~+ that
can be expected. We're still in-

side the comet’s tail, but the nu-
cleus is a million miles away and
we won't see those ammonia ice-
bergs again. Theyre racing on
towards the stars into the freezing
night between the suns, while we
are coming home. . .

“Hello, Earth . . . hello, Earth
This is Challenger calling, Chal-
lenger calling. Signal back as
soon as you receive us—we’'d like
you to check our arithmetic—be-
fore we work our fingers to the

bone!”



