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Editorial by Stanley Schmidt

INVENTIONS
WANTED

ithin the last couple of
weeks (before this writ-
ing), two noteworthy
events occurred. One of
them received a great deal of publicity;
the other did not. History may well
show both to be more important than
many onlookers believed at the time.
One was the fiftieth international
meeting, in Baltimore, of the American
Institute of Aeronautics and Astronau-
tics—the first scientific meeting I have
attended which included science fiction
writers as invited speakers on its regular
program. Most of the speakers were sci-
entists, engineers, industmalists, politi-
cians, and military men who are shaping
into reality many of the dreams of sci-
ence fiction. The inclusion of science
fiction writers seemed to me an unprec-
edentedly open acknowledgment of the
way science and fiction have goaded
each other on in the past, and may en-
courage an even more fruitful interac-
tion in the future. One special session,
open to the public, was a panel of sci-
ence fiction writers, during which Fred-
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enk Pohl talked about ‘‘social inven-
tions,’’ such as new political and
economic systems, and the way they are
often both products and producers of
“‘hardware’’ inventions. (Consider the
automobile, for instance, and the ways
our society has changed since before its
advent.) The Baltimore meeting also
included a showing of a film about
‘“High Frontier,”’ a novel, space-based
system of national defense—nonnuclear,
aimed at survival rather than ‘‘Mutual
Assured Destruction,’’ and purely de-
fensive—proposed by a team of scien-
tists, engineers, strategists, and econ-
omists led by Lt. Gen. Daniel O.
Graham (U.S. Army, Ret.).

My other noteworthy event—the one
with lots of publicity—was the huge
disarmament rally in New York City on
June 12, held in conjunction with a spe-
cial United Nations session on disar-
mament. [ wasn’t there, but I had highly
regarded house guests who were, so I
have some knowledge of it from a per-
spective other than that of the news
media. (Coincidentally, [ simultane-
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ously had another highly regarded house
guest who is professionally involved in
the development and evaluation of nu-
clear weapons systems. See? Peaceful
coexistence is possible!) Nobody knows
how many people were at the ‘‘anti-
nuke’’ rally (people who have made
their own counts of crowds have de-
veloped a healthy distrust of news re-
ports), but I have heard no estimates
lower than half a million, and some well
over a million. It was the largest polit-
ical demonstration in U.S. history, and
while it was the first of its kind here,
there have been many in other countries
recently, seeking at least a reduction in
nuclear arms by major powers, and in
some cases considerably more.

Needless to say, efforts at disarma-
ment are controversial—to put it mildly.
People who have aligned themselves
with one side or another (there are, of
course, many more than two) often take
heated shots at those on ‘‘the other.”
Some who believe a continued buildup
of nuclear arms i1s essential to our sur-
vival dismiss proponents of disarma-
ment as ‘‘naive, unrealistic, and
unpatriotic,’’ assuming that they are ig-
norant of the dangers of extermal inva-
sion or even conspiring to facilitate it.
Some advocates of disarnmament paint
a pretty black picture of everything and
everybody military, hinting that they
can have no motives more admirable
than those of the greediest conqueror in
history or comic book.

I happen to know, from personal con-
tacts, that there are individuals in the
“‘military-industrial complex’’ whose
motives are a good deal subtler than
that—who sincerely believe, on the ba-
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sis of all information at their disposal
(which may include some not available
to the general public), that what they
are doing must be done to ensure their
country’s survival. I also know that
there are ‘‘anti-nuke’’ protesters who
have done a great deal of research, are
acutely aware of the dangers, and have
been thinking very hard about better
ways to cope with them.

Certainly there are extremists and
naive or simplistic individuals—on both
broad sides of the controversy. I would
personally tend to class as extremists
those people who really believe that
MAD (Mutual Assured Destruction) is
a sensible basis for a defense program.
I would also class as extremists those
few disarmament advocates who want
immediate, total, unilateral disarma-
ment, without considering the fact that
there are external threats and suggesting
an alternate form of defense against
them. I would call simplistic those par-
ticipants on either side of the fence who
totally dismiss everybody on the other
without listening to what they have to
say.

From my admittedly limited point of
view, two propositions seem fairly clear
and central to the whole debate:

1. There are external threats to the
security of this or any other country,
and there will be others in the future.
Pure, total, unilateral disarmament,
without the adoption of a well-thought-
out alternative method of defense against
those threats, could well be suicidal
—mavbe not immediately, but eventu-
ally.

2. MAD i1s mad. Continued escalation

of a nuclear arms race seems most un-
likely to benefit anybody in the long
run, and a balance of terror 1s hardly a
worthy way for a ‘‘civilized’’ species
to keep itself alive. If anybody actually
uses the nuclear arsenals already avail-
able, nobody wins (except perhaps in
the most grimly ironic sense)—and
everybody loses. Each major faction
already has more than enough capability
to destroy the other in an unblocked first
stnike, and there is no state deader than
dead. As mountain climbers say in re-
gard to falling, ‘‘After fifty feet, it’s all
academic.’’ The sole justification of-
fered for continued increases is to give
each side enough ability to block and
retaliate to insure that if A destroys B,
B can take A with it. Some solution,
huh? The theory, such as it is, is that
neither side will dare wse its weapons
because doing so would destroy attacker
as well as attackee. Personally, I've
never found it very convincing. History
suggests that if a capability exists,
sooner or later somebody will use it—no
matter how crazy it is. There is also the
possibility of accidental discharge of
weapons. Most people would agree that
loaded firearms should not be kept in
the house, but our govemnments are
keeping gadgets which can do vastly
more damage as a result of a negligibly
larger ship.

The only positive protection against
nuts and klutzes, it seems, 1s to see to
it that nobody has that kind of wea-
ponry. If it’s true that any capability we
have will eventually be used, the only
way to positively prevent that use is to
remove the capability.
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““But,’’ people often protest at this
point, ‘‘the cat is out of the bag. There’s
no way to get it back in, ever again.’’

True enough, if the cat 1n question
is knowledge of nuclear processes. As
John Campbell liked to say, ‘‘Mother
Nature is a blabbermouth.’”’ Bum the
books on nuclear physics this year, and
you just make your children vulnerable
to whoever rediscovers the contents
next. Nor, quite emphatically, would I
want to see them bumed. -Allow me to
point out a fine but exceedingly impor-
tant distinction: nuclear theory never
killed anybody; only specific applica-
tions can do that. You not only can’t,
but shouldn’t, destroy the knowledge.
Knowledge is always at least potentially
useful, and never more than potentially
dangerous. Nobody who lacks the hard-
ware has the actual capability of wreak-
ing havoc. If everyone is prevented from
building or owning nuclear bombs, the
danger goes away—no matter how
knowledgeable everybody is about the
nucleus. (I, for one, would like to see
most people a lot more so—but that’s

another story. It’s called ‘‘Evil Spir-
its.”’)

How, in practice, can you make sure
that everyone, worldwide, disarms? |
don’t know. Compared to what it’s
probably going to take, I've barely be-
gun to think about it, and I haven’t met
many people who have a really impres-
sive head start on me. [ suspect it's a
formidable job—but impossible? I'm no
more prepared to assume that than I am
to assume that interstellar flight is im-
possible—or than I was to assume that
lunar flight was impossible thirty years
ago. A big job, yes, probably requiring
fundamentally new ways of looking at
things. But if lots of the brightest, most
imaginative people in the world begin
working on it now, thinking not in terms
of why it can’t be done, but in terms of
how it can

I expect answers.

Meanwhile, what’s to be done about
the danger of extermal attack while
everybody 1s still armed to the national
teeth? MAD is a dead end. How about

(Continued on page 148)
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BEGINNING S

The torn shred of aluminum light-sail
rippled lightly down through the thin
atmosphere to settle on the calm ocean.
The unmanned interstellar probe the sail
once had carmied was heading back out
into the blackness of space, its flyby
study of the Barnard Star planetary sys-
tem completed. The messages from the
probe would reach Earth six years later.
The micro-thin film of aluminum was
no match for the ammonia-water ocean
covering this egg of a planet, and the
sail dissolved into a bitter taste of alu-
minum hydroxide.

Clear "White "Whistle was warming
on the ocean surface in the red glare
from Hot. Hot suddenly became less.
The lessness was not like the darkness
that came from a storm shadow, but

much sharper. It was almost as if

Sky:Rock had suddenly moved in front
of Hot. Suddenly there was a thin sharp
taste of bitterness in the ocean.

Clear "White "Whistle dove under the
ocean to escape the bitterness, then
came to the surface. The taste was still
there—another dive—it was there too.
A deep, sounding dive a long distance
away it was still there, but the
sheet of darkness was being eaten by
the ocean and Hot peered through the
holes.

For a long time Clear "'White "Whistle
tasted the binterness and thought about
the strange thing that had come from
nothing but was something. Thoughts
came to it about exploring the nothing
above, but that was impossible.

‘But only carefully contrived math-
ematical propositions are truly impos-
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sible, mused Clear 'White ‘'Whistle. ']
can look into nothing, although poorly.
I know Hot and Warm are sources of
light and heat, but though I have tried
hard, I cannot see them. If only my look-
ing portions could be focused like my
seeing portions

A thought came and the large amor-
phous white blob of jelly condensed.
Clear "White "Whistle turned into a dense
white rock and sank to the bottom of the
ocean. The concentrated whiteness of
its brain now thought at a higher rate.
Equations for a focusing detector based
on time differences went through a so-
phisticated mathematical transforma-
tion to become the equations for a

focusing detector using distance differ-

ences—a detector that would ‘‘look’
using light instead of ‘‘seeing’’ using
sound. The mathematical solution now
obvious, Clear 'White Whistle, the
toolless engineer, dissolved and swam
again to the surface as a long undulat-
ing white cloud. The thinking had taken
a long time. Hot was gone. It had moved
behind Sky:Rock, a large object that
hovered motionless in the sky above this
region of the ocean. The shadow line
on Sky:Rock had moved around to the
other side and Sky:Rock no longer gave

off its rocklike reddish-grey light. The
sky was not completely dark, however,

for Warm had risen and was now a weak
flare overhead.

Using the mathematical equations as
a guide, Clear "White 'Whistle formed
a portion of its body into a sphere and
removed the white thought to leave a
clear gel. Through the crystalline sphere
streamed the rays of light from the heav-
ens, to come to a crude focus in the
opposite hemisphere. The white flesh

Analog Science Fiction/Science Fact



next to the clear sphere looked at the
tiny pattern of light impressed on its
surface. The light patterns showed Warm
as a tiny disk of mottled red. Around
Warm were smaller bright lights with
sharp cusps and fuzzy edges.

A further adjustment of the sphere
into a crude lens, and the distorted spots
turned into smaller disks. As the lens
focused on the moons of the giant red
planet, Gargantua, the blackness of the
night sky blossomed with thousands of
tiny pinpoints of light. Clear "'White’
Whistle stared with its newly invented
‘““eye’’ at the multicolored stars in the

sky and wondered.

STOPPING S

‘‘Laser beam contact!”’ the computer

announced to General Virginia Jones,
its normally soothing baritone taking an
imperative edge.

““Wha?"’ murmured General Jinjur,
rousing from her stupor in front of a
television screen displaying an old John
Wayne battle movie. Deep within her
mind she sensed a martinet screaming
at her, ‘‘Wake up, you dummy! You're
in charge!’’ She shook her head. This
was no way for a mission commander
to act. She floated clumsily across the
control deck to pull herself into the cen-
tral command seat.

‘‘Report ship status, James!’’ she
rasped in a weak imitation of her parade
voice.

James spoke through its imp, which
was nestled in her hair. *‘I detect low-
energy laser beams from Earth. It is time
to bring Prometheus to a stop at Bar-
nard. I quit putting the No-Die drug in

Rocheworld

your water a month ago. It 1s now time
for the rest of the crew to be taken off
of it.”’ There was a slight pause and the
friendly voice of the computer took on
a formal note. ‘‘As Commander, you
have the authonty to countermand this
prearranged plan, but you will have to
elucidate your objections in detail.’

Jinjur blinked at the last few confus-
ing words as James dropped back into
its normal voice: ‘‘But you do want me
to stop the drug, don’t you, Jinjur?’’

Appalled by her mental weakness at
this cnitical juncture, Jinjur grabbed her
thick cap of fuzzy hair and shook her
head with her muscular black arms,
trying to wake the numbed brain inside.
““Yes! Yes! Do it! Flush out the tanks,
get nd of that stuff' I want to be me
again!’’

‘““Take 1t easy, Jinjur,’’ said James.
““I will do it right away. It will take a
few months, however, before everyone
recovers completely. 1 will be looking
forward to it. It has been dull playing
nursemaid to a bunch of ageless imbe-
ciles these past four decades.’’

Jinjur, knowing that the computer had
everything under control, let her stupe-
fied brain relax and floated slowly back
to the TV to watch the Mannes on the
screen storm up the beach for the thou-
sandth time.

Three months later the members of
the crew were back to their normal aging
rates and IQ levels. The precursor laser
beam from the solar system had been
getting stronger as Mercury Center tuned
up the laser transmitter system. Full
power would come in about ten days,
and they needed to get ready. A few had
strayed from their work stations to peer
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in fascination down the Earthside sci-
ence dome at the orange speck of light
glowing like a bnght jewel in the belt
of Omnon.

“I’'m almost glad they had trouble
building the transmuitter lens, so they had
to triple the laser frequency into the vis-
ible to compensate,’’ said David Grey-
stoke, trying to absorb every nuance of
the scene with his artist’s eye. ‘‘It al-
ways bothered me that we could never
see the laser beam that was pushing us
because it was in the infrared.”’

““Don’t you wish we weren’t moving
so fast, so Orion’s jewel would look like
an emerald instead of a topaz?’’ said
Gretchen Krupp. The tall Chief Engi-
neer flipped her single long yellow braid
back over her shoulder to keep it out of
David’s eyes as they both looked down
through the dome. The precursor beam
was not very strong, but it did give a
perceptible acceleration to the sail, and
the crew had to readjust from decades
of living in free-fall.

“It’ll change,’’ said David. ‘‘We’re
moving at 20% of light now, so the blue-
green laser frequency is red-shifted by
18% to orange. But as we come to a
stop at Barnard, it’ll move back to
green.””

“‘Like modern alchemists,’’ mused
Gretchen. ‘‘Transmuting topazes to em-
eralds.’’

“‘Just a wave of the magic relativity
wand.’’ -

They heard noises at the airlock and
turmed to see the Chnstmas Bush op-
erating the airlock controls. The large
bush-like motile that the computer used
as its “‘hands’’ was getting ready to go
out. The inner airlock door opened and
the Christmas Bush seemed to drop all
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its needles as it came apart. The major
trunk and limbs stayed in one piece, but
1,080 of the 1,296 twig-sized clusters
on the bush detached themselves and
swarmed into the lock, each one about
two centimeters across. Like the main
Chnstmas Bush, each glittered with tiny
colored lights that came from laser
diodes that the motiles used for sensing,
communication, and power transmis-
sion. James pumped the lock down, then
opened the outer door. The twigs
swarmned out across the hull to the
shrouds that stretched out to connect the
central payload with the sail, whose sil-
very sheen stretched past any honzon
the human eye could see. Like mice
climbing a ship’s hawser, the twigs
marched 1n single file, splitting their
forces each time they came to a branch-
ing in the shroud pattern. The crew
watched the progression of the mites for
a while over the monitors, but soon lost
sight of them in the orange glare. The
twigs moved rapidly, but they had 300
kilometers to go and would not reach
their posts for nearly a day. ~

Jinjur was at her console on the com-
mand deck, monitoring the loading of
a copy of James’s memory into a com-
puter stationed on the outer rim of the
sail. It was one of three redundant units
spaced around the rim of the sail. The
computers had stayed dormant during
the trip out. They were not as powerful
as James, but were complex enough to
be semi-intelligent and had been given
names.

It was the job of Snip, Snap, and
Snurr to run the deceleration stage of
the interstellar sailship. Prometheus was
now only a quarter of a light-year from

Analog Science Fiction/Science Fact
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Bamnard, and it was time to stop. To do
that, the sail would be divided into two
pieces: a circular inner portion 300 kil-
ometers in diameter that supported the
main spacecraft with the crew, and an
outer ring-shaped portion, a silvery
doughnut 1000 kilometers in diameter
with a 300-kilometer hole.

On the way out, the complete 1000-
kilometer sail had worked as a single
unit, driven by the infrared light pres-
sure from the launching lasers in orbit
around Mercury. The deceleration phase
was trickier, however, and would re-
quire all the brainpower of Snip, Snap,
and Snurr if the humans were to be
brought safely to a stop at Barnard. The
outer ring sail had to be reconfigured
Into a concave mirror. Its purpose: to
reflect and focus the beam of laser light
coming from Mercury Center onto the
the payload sail to slow it down.

“‘David,’’ said Jinjur. ‘‘Stop admir-
ing the pretty lights and go back to your
computer console. The computer dump
into the triplets is about done. I want
you to check and make sure everything’s
okay.”’

David looked up at Gretchen and
raised his eyebrow, the fine orange-red
hairs almost invisible in the orange
glare. Having worked with computers
all their lives, both knew that if any
problem had eluded the checks built into
the transfer program, there was little
chance a mere human could find it.
Nevertheless, David tore himself away
from the view and padded over to take
his seat at a computer console. He took
James and the triplets through their ver-
ification routines and nodded to Jinjur.

“‘Ringsail computers operational,
General Jones,’’ he said.
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Hearing the use of her military title
made Jinjur wince a little. David was
right. She had been overbearing, but this
mission had had its share of bad luck
already. She gave David a weak grin.
Still unrepentant, however, she roared
in a voice that those on starside swore
they could hear through the lift-shaft.
‘“Stand by for breakaway'! 10-9-
] '

One-third the way out on the sail,
1,080 mechanical tarantulas waited for
their light-beam orders. A pulse of laser
light from the remains of the Christmas
Bush standing up in the starside science
dome carried a coded signal out to each
of them, and the tarantulas started walk-
ing, snipping the weak links between
the inner and outer sail. The spiders had
to travel almost two kilometers, snip-
ping as they went. It was about an hour
before they finished. The spider-imps
then started their day-long journey back
across the 300-kilometer sail and down
the shrouds to reattach themselves to the
Christmas Bush.

The orange laser beam became
stronger. The outer ringsail accelerated
under the light pressure, while the inner
sail, with its heavy payload section, ac-
celerated more slowly. As soon as the
two portions had drifted a few thousand
kilometers apart; Jinjur took command
and tumed the central sail around to face
the focused energy coming from the
ringsail. Since the ringsail had ten times
the surface area of the central sail, the
latter now received ten times as much
pressure from the ringsail as from the
solar system. The acceleration on the
humans built up again, stronger than
before, but now it was a deceleration
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that would bring them to a stop at Bar-
nard.

““This 1s terrible,’”’ said Richard
Redwing as he stomped heavily about
the lounge. He almost dropped his
squeezer as he collapsed into a chair and
stuck there. He looked with annoyance
at Sam Houston, who had found some
old Scotch bottles in his room and was
now practicing pouring water from one
to the other.

“It’s only 1/10 gee, Richard,’’ said
Sam. “‘It’s about what we expect on the
moons about Gargantua, so it should be
good practice for you."’

““You can have it,”’ said Richard.
“‘I'll stay here on Prometheus and let
you go down.’’

As the days passed, the tenth-gee ac-
celeration built up an appreciable ve-
locity difference between the slowly
decelerating central sail with its heavy
payload and the ningsail, shrninking in
the distance. After a few months even
the human eye began to notice the dif-
ference in colors impinging on the light-
ship. Toward Barnard, the brilliant
beam from the tiny doughnut of the ring-
sail slowly changed from orange to red,
while from the other side, the direct
beam from the Earth began to take on
a definite yellow tinge. After a year the
beam from Earth had shifted color from
topaz through amber to emerald, while
the ringsail beam had darkened to a red
so deep that only some of the crew could
see it. They were now within light-
months of Bamard and the crew took
out telescopes, particle counters, and
other sensors and began collecting the
scientific data that was the primary rea-
son they had been sent on the long jour-

Rocheworld

ney. They soon were all busy looking
out the rechnstened *‘Bamnardside’’ sci-
ence dome, studying the deep red sun,
the supergiant planet Gargantua with its
retinue of moons, and the double-planet,
Rocheworld, with its strange figure-
eight shape. As they were passing
through the outer asteroid belt beyond
Gargantua, the science activities took
more and more of their time. Only
David occasionally made himself travel
to the starside science dome to look in

awe at the brilliant aquamarine jewel
studding Orion’s belt.

A few months later the time came to
turn off the laser beam. The central sail
had been slowed until it was firmly in
the gravitational grasp of the dull red
star, while the nngsail carrying the
abandoned semi-intelligent orphans,
Snip, Snap, and Snurr, faded into in-
visibility among the sprinkle of stars in
the heavens. The whole crew was
watching out the starside science dome
as the time came. The blue-green aqua-
marine flickered, then guttered slowly
into oblivion, leaving a faint yellow-
white star 1n its place. They had armved
at Bammard’s Star, their home for the rest
of their lives.

With the laser power off, Prometheus
had to make do with the weak red pho-
tons from Barnard. Although not pow-
erful enough to have slowed the lightsail
in its headlong relativistic flight, the
light pressure was enough to swing the
sail 1nto a looping orbit that took Pro-
metheus on a journey past the major
planets in the system. By using the light
from Bamard to add to their orbital
speed, Jinjur and James could travel
away from the star to the outer portions
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of the system. Tilting the sail the other
way would slow their speed in orbit and
allow Prometheus to drop in closer to
the sun.

Sailing carefully, Prometheus ren-
dezvoused with Gargantua and allowed
itself to be captured in a trajectory that
would take them past all of the moons
in this miniature solar system.

After a preliminary survey of the
Gargantuan moons, Jinjur started the
long tnp back into the inner Bamard
system to map Rocheworld, the most
interesting feature of this strange stellar
system.

"““How does 1t look, Thomas?’’ she
asked, looking off to her nght at the
handsome black astrodynamicist.

‘‘James and I have the trajectory of
Rocheworld pretty solid, but we found
something that raises some questions,’’
said Thomas St. Thomas. **We have old
data from the flyby probe that we're still
arguing about. James thinks it’s too per-
fect. Either there’s been absolutely no
change in Rocheworld’s orbit in fifty-
plus years, or else there’s been a sig-
nificant shift and things just happened
to match up when we got here. I’'m ar-
guing that the second is implausible, but
James seems to want to believe in the
laws of entropy, that things must run
down, and it is impossible for Roche-
world’s dynamics not to have changed
in fifty years.’’

‘“What’s the problem?’’ asked Jinjur.

‘“James and I have tracked Roche-
world’s two planetoids very carefully
with radar. Rocheworld is in a highly
elliptical orbit with a period that James
is sure is exactly one-third that of the
orbital perniod of Gargantua. The ellip-
tical orbit brings it within 4,600 me-
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gameters of Barnard at peniapsis, then
it swings out.to 32,000 megameters at
apoapsis. Once every three orbits,
Rocheworld passes within 6,000 me-
gameters of Gargantua.’’

““That’s just outside Gargantua’s moon
system! That sounds significant,’’ said
Jinjur.

‘“James and 1 think that one of the
two parts of Rocheworld must have once
been a moon of Gargantua, with the
other one being another moon in an el-
liptical orbit or an interloper from outer
space. The only way we’ll find out is
to visit there.”’

““Okay,’’ said Jinjur. She looked
across the control deck at the two aero-
dynamicists and pilots, Col. George
Gudunov and Anelle Trudeau. ‘‘Had
enough sightseeing, you two?’’ she
asked. ‘‘Don’t forget, we’ll be back to
study Gargantua’s atmosphere,.in more
detail after we’ve completed the survey
of Rocheworld. At least on Rocheworld
you'll be able to get in some flying
time.’’

George punched a few more keys on
his console, pointed to a few features
on the screen, and watched as the com-
puter extracted a few more bits of in-
formation out of the closeup picture of
a giant hurricane on the slowly rotating
super-massive planet. He turmned and
looked at Arielle, working at the next
console. The young Quebec beauty
queen looked back at the old Air Force
flight instructor and shrugged.

‘““We have so many picture of Gar-
gantua we know him outside in,’’ she
said.

““All yours, Jimjur,’’ George said. He
wearlly got up from the science console
chair, and stumbling a bit on unused
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legs made his way to the lift-shaft and
his bed. Anelle went to bed too, but

first she stopped off at the sick bay to
get patches for her cracked fingemails,
then the galley to get a bite to eat. She
had a double helping of proto-cheese
with real garlic from the hydroponic
gardens, two algae-shakes with energy
sticks mixed in for crunch, then, still
hungry, finished with a dessert consist-
ing of a half-pound of white-meat sticks
from Chicken Little—her real-meat ra-
tion for a week—sliced into thin strips
and hot-cooked with James’s secret rec-
ipe of herbs and spices.

When Prometheus had first arrived
at Gargantua, Rocheworld was on the
inbound leg of its highly elliptical tra-
jectory. While they were taking pictures
of the giant planet and its moons, the
tiny double-planet went through its
close penapsis passage about Barnard.
The point of closest approach was on
the side of the sun where they were.
They tried to follow it across the distant
red disk with telescopes, but most of the
detail was hidden by the deep red glare
of the fuzzy globe of light. Rocheworld
was now coming out again to meet
them, slowing rapidly as it climbed up
out of the deep gravity well. They
dropped inward, then applied full light-
braking to match orbits with the twin
planets.

Like a pirouetting pair of gumdrops,
the two planetoids that made up Roche-
world whirled along their orbit. The two
lobes were gravitationally distorted into
egg shapes that looked like an infinity
symbol when seen through one of
Thomas’s low-power camera lenses.
Six years later on Earth, the scientifi-
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cally blurred but artistically fascinating
image would be ‘‘the’’ Christmas card
of 2076.

Jinjur approached the double planet
with caution. ‘‘Don’t get too close,
James,’’ she said. ‘I want you to spiral
in slowly and montitor the shape of the
sail as you do. The rotating double-
lobed gravity pattern of that eggbeater
1s something that neither you, nor I, nor
the designers of the sail ever had any
experience with.’’

‘] am already noticing some tilt-brim
flutter of the sail,’’ said James. ‘It is
easily damped out by the actuators.™

“‘Just don’t get careless,”’ wamed
Jinjur. *‘The last thing I want to do is
spend the rest of my life under an um-
brella with a tear in it.”’

Jinjur padded to the science consoles
and looked over the shoulders of the
planetologists, Sam Houston and Rich-
ard Redwing, as they busily ordered the
various image Sensors into operation.
She had to hoist her chunky body up
onto her velcro-tipped toes to see, since
both men were over two meters tall.
Mechanical sounds came from the cen-
ter of the control deck as different sen-
sors emerged from their storage places,
took turms looking out the Bamardside
science dome at the nearby planets, then
retracted back into their niches.

‘“How does it l1ook?’’ she asked.

‘“The visible and infrared images are
excellent,’”’ said Sam. ‘‘But the X-ray
and gamma-ray images are blurred by
the atmosphere. Also, the radio images
show nothing but modest temperature
variations. There don’t seem to be any
radiation belts, which means a low mag-
netic field.”’

“‘Does that mean there’s no shielding
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from cosmic rays?’’ asked Jinjur, slightly
concerned.

““Nothing to worry about,’’ said Sam.
““Although the atmosphenc pressure is
only about 20% of Earth’s, the gravity
iIs lower, so the scale height is much
higher. There’s a deep blanket of air to
stop the cosmic rays. In fact, it’s so
thick that the two planets share a com-
mon atmosphere.’’ *

‘I think we’ll be able to fly from one
lobe to another in the Dragonfly aero-
space plane without having to switch to
rocket propulsion,’’ said Richard.

““That doesn’t sound right to me,”’
said Jinjur. ‘‘Aren’t they a couple of
hundred kilometers apart? Increased
scale height or no, there isn’t going to
be much atmosphere left at those alti-
tudes.’’

“The gap is only 80 kilometers,’’
replied Richard. ‘*And don’t forget that
the gravity drops to zero between the
two planets, so the ‘gravitational’ alti-
tude there is different than the physical
altitude.’’

““What a weird planet,’’ said Jinjur.
‘““What else have you leammed?”’

““Why don’t you show her some of
the pictures?’’ said Sam. *‘I'll keep the
sClence Ssensors going.’’

Richard flashed some images across
his screen 1n rapid succession and stopped
at a picture that showed the two lobes
fully illuminated.

““This 1s the best shot that shows the
egg-shaped tidal distortion of the two
lobes,’’ said Richard. ‘‘That particular
shape was first calculated in the 1880s
by a French mathematician named E.W.

Roche. That’s why this system got the
name Rocheworld. He was pnmanly
interested in the shapes of two closely

Rocheworld

spaced binary stars. I’'m sure he never
thought that there’d be a binary planet
named after him."’

He switched to a close-up picture of
one of the lobes. It showed a moun-
tainous region with deep valleys.

“‘Sure looks rocky,’’ said Jinjur.

““That’s why this lobe of Rocheworld
1s called the ‘Roche’ lobe,’’ said Rich-
ard. It just happens that the word ‘roche’
means ‘rock’ in French.”’

"‘How come the valleys are all going
the same way?’’ asked Jinjur.

"“That’s the rift valley region,’’ said
Richard. ‘‘Let me get another version."’

The screen flickered some more and
finally stopped with a close-up picture
of a large conical mountain peak with
a rounded top and 60-degree slopes.

““That’s the pointy part of the Roche
egg,”’ said Richard. ‘‘The mountain
peak is a part of the original Roche
sphere that was pulled up into this shape
as the two planets slowly came toward
each other due to tidal friction. Sam and
I expect that the rift valleys were formed
at that time, with the ‘stretch marks’ in
rings where the material was pulled up.

““What we don’t understand are the
deep valleys going ‘downhill.” They
look almost like river valleys, but they're
completely dry. That’ll be one of the
first things we want to look at when we
land there."’

"“What’s that fuzzy thing there on the
side of the mountain?’’ she asked.

““That’s a volcano,’’ said Richard.
““You’d expect a lot of tectonic activity
In a region under as much stress as that
one. Here, let me get some action in the
picture.”’ He punched a few keys and
the picture was replaced by a 12-image
stop-motion replay of the eruption of
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two volcanos to each side of the conical
mountain. The plumes blossomed straight
out from the sides.

‘““How come the plumes don’t fall
downhill?’’ said Jinjur.

““That’s one of the strangest things
about the shapes that the Roche math-
ematics predicts,’’ said Richard. ‘‘The
surface of that conical mountain with
its 60-degree slopes 1s all at the same
gravitational potential, even though the
shape is not a sphere. The same goes
for the other lobe, where the mountain
is made of water.’’

Richard switched to another image.

There was the same conical shape, but
Jinjur could tell from the color and
smoothness that it was the surface of an
ocean.
‘“This is the wet lobe,’’ said Richard.
“It’s named the Eau lobe, since ["eau
means water in French. The shape of
the Eau lobe is almost identical to that
of the Roche lobe, except that its surface
1s almost completely covered with a
water-ammonia ocean. The ocean 1is
shallow on the outer portion of the lobe,
because we can seec Some crater rims
and mountain peaks showing through,
while on the inner portion the ocean gets
much deeper because it is pulled up into
a mountain by the gravitational attrac-
tion of its twin.’’

‘It looks like it ought to fall down,’’
said Jinjur.

‘“What’s even more remarkable is
that the gravity at the top of the moun-
tain is only a half-percent of an Earth
gravity, while at the base of the moun-
tain the gravity rises to a tenth of a gee.
This is one time when you have to forget
your long-taught prejudices about the
behavior of water under gravity and be-
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lieve the mathematics. The surface of
that water mountain is all at the same
gravitational potential, and the water 1s
just seeking its natural level. The moun-
tain doesn’t just stand there looking im-
possible, though. There’s plenty of
action. Let me show you the movie that
Sam and I put together. Roll it, James.”’

As the double planets rotated about
each other each six hours, the tides and
heat generated by Bamard pushed the
occan and atmosphere around. Each
half-rotation, the water mountain would
drop 20 kilometers, then nse again, dn-
ven by the tides. The atmosphere,
meanwhile, driven by a combination of
tides and heat, sloshed back and forth
once per revolution. When the water
mountain was rising and the atmosphere
was going from Roche to Eau, the peak
of water would be strangely calm, with
only small breakers showing at its base,
for the air was rushing down the slopes.
Three hours later, the wind would be
blowing up along the nsing slopes of
water. As the wind moved upward, it
drove the water ahead of it. The wind-
driven swells moved toward the peak,
where the gravitation was weaker and
the surface area smaller. The energy in
the wave motion was concentrated into
a smaller area, and with less gravity to
keep the wave amplitude down the
swells grew into waves that reached
hundreds of meters in height as the grav-
itation and the available surface area
dropped to nearly zero at the same time.
The ring-waves climbing up the moun-
tain became larger and larger and finally
met in a ring-geyser that shot a fountain
of foarny water up toward the zero-grav-
ity point between the planets. There the
geyser dissolved into a spray of water

Analog Science Fiction/Science Fact



THE SCIENCE-FICTION WRITERS SERIES

Isaac Asimov

The Foundations of Science Fiction
JAMES GUNN

‘“As readable as one of Asimov’s novels. Jim Gunn, as one of our
foremost science fiction teachers and one of our ablest writers, is
superbly qualified, and the book strikes me as the best sort of
criticism....An essential book for the student of science fiction, a
delight for every serious fan, and a tempting dish for the casual
reader.”’ Jack Williamson

ROBERT A. HEINLEIN: AMERICA AS SCIENCE FICTION
H. Bruce Franklin

Winner of the 1980 Science Fiction and Fantasy Award

“Not merely a critical work, but also an excellent survey of Hein-
lein’s entire career and output.” The San Francisco Chronicle

THE SCIENCE FICTION OF H.G. WELLS

Frank McConnell

“A wholly laudatory effort.” The Washington Post
“A lively, readable book...contains some of the best readings of
Wells’s early work that I know of.” Samuel Hynes

At bookstores, or direct from the publisher, postpaid

OXFORD UNIVERSITY PRESS

Department ECAB
200 Madison Avenue, New York, NY 10016

Gunn:; ASIMOV

cloth $18.95 paper $6.95 I enclose my check/money order for
Franklin: HEINLEIN $
cloth $22.50 __ paper $4.95
McConnell: WELLS ge\?;‘:h‘"ge my LI Mmiercharge
cloth $22.50 paper $4.95
o — Card No. Expiration Date
Address =~~~ === Signature

City ———————————— Offer good in USA only.
State _____ Zip_____ Please add applicable sales tax.

L------—--------



vapor, some of which drifted across the
zero-gravity point to spawn tornadoes
and thunderheads over the Roche lobe.
The clouds dropped rain which dried to

salt-specks before it reached the rocky
surface below.

““A lovely place,’’ remarked Jinjur.
**Shall we drop in for a visit?’’
““Yes!"" said Sam. ‘‘Drop us down

right on the equator of the rocky one.
That’s far enough from the tornado belt
that the lander won’t be disturbed, and
I can poke around in the rocks while
you flyboys and girls go fishing on the
other lobe.’’

‘““This planet is the dream of an as-
trodynamicist,’’ said Thomas. ‘‘I'd like
to ‘bug’ it all over before we go down
for a close look, especially the Lagrange
points. They’re very sensitive to orbital
perturbations.’’ )

‘I thought you only had Lagrange
minima when one mass is bigger than
the other, like the Sun and Jupiter,"’
said Jinjur.

““They’re much more stable then,”’
said Thomas. ‘‘Especially the co-orbit
points. But you get almost the same
thing when the two masses are the same
size. There’s the obvious minimum
where the gravity drops to zero between
the two planets, then there’re the famous
L-4 and L-5 points, the only truly stable
ones.’’

‘“Those 1 know about,’” said Jinjur.
“They’re always 60 degrees ahead or
behind the planet in 1ts orbit around the
sun.’’

““In this system it’s different,’’ said
Thomas. ‘‘Since the two planetoids are
the same size, the Lagrange points are
not at 60 degrees, but 90 degrees. That’s
where I want to put the communication
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satellites. The gravity minimum will
keep them there with minimum fuel, and
any perturbations will give my Roche-
world computer-model some exercise.
Perhaps we’ll learn something.’’

““Will they be able to communicate
well from there?’’ asked Jinjur.

‘““Two comsats at the L4 and L-5
points will cover most of the two worlds
except for the outer poles,’’ said Thomas.
“I propose to put another comsat in
counter-orbit to their rotation so that we
get frequent contact with any point on
the two lobes.™’

““Fine,’’ said Jinjur. ‘‘You and
Gretchen go up the shaft, break them
out, and transfer them to the lander.’’

Thomas headed for the 60-meter-long
lift shaft that ran up the center of Pro-
metheus. As the lift elevator was rising
through the ceiling of the control deck,
James jerked it to a halt just in time to
prevent the edge of the lift from cutting
the flying body of Gretchen 1n two as
she streaked to join Thomas on the
doughnut-shaped platform of the lift.

““Gretchen,’’” said James in a dry
voice.

“Don’t try that ‘tired Butler’ voice.

on me, James,’’ said Gretchen. ‘‘I de-

signed you with plenty of safety margin
in the lift elevator. 1 merely used a little
of that margin for my last dive. Up we
go!"’

The lift started again and went up
through the ceiling to level 44. There,
three comsats, Clete, Walter, and Bar-
bara, were activated and carried to the
hydroponics deck. The humans with
their robotic load entered the humd
green world of waterfilled walls and
made their way down one of the short
cross-corridors to a porthole in the ceil-
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ing that led to one of the four Surface
Landing & Ascent Modules that Pro-
metheus carried. The porthole was open,
and Thomas looked up to see the innards
of SLAM I and the flashing green limbs
and short red hair of a busy heavy-lift
pilot strapped into an acceleration har-
ness, checking out a long-dormant,
sleeping giant of a rocket. Crouching
low, Thomas launched himself through
the porthole overhead. Securing him-
self, he reached down to take one of the
comsats from Gretchen.

As Gretchen stored the comsats away,
Thomas went over to talk to Elizabeth
*Red’’ Vengeance, hanging upside down
in the blue pilot harness. Elizabeth
looked up from the console.

*“I've found one malfunction and
three ‘out of spec’ indicators in the
countdown list, and they’re all on out-
side sensors,”’ she said. *‘I was going
to send the Christmas Branch out to in-
vestigate, but why don’t you do it?”’

Red busied herself at the console
while Thomas made his way upward
from the bridge deck of the SLAM and
through the pristine but cramped crew
quarters deck to the ‘bottom’ deck.
Everything was upside down from what
it would be once the SLAM were under
acceleration or sitting on one of the pla-
netoids of the Bamard system. He put
on a suit, then went to the side air lock
and punched some keys built into the
wall next to the door. A strange, yet
familiar, computer voice spoke to him.
It was Jack, James’s alter ego for the
computer in the SLAM.

*‘1 can have the Christmas sub-branch
assigned to this lander make the in-
spection,”’ said Jack.

‘“They taught me in flight school to
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always check out my plane personally
before I fly,’’ said Thomas. The door
hissed open and he stepped in on the
ceiling of the air lock. After some
pumping noises, his suit ballooned out
and the outer door swung open. The
strange accent of Jack spoke through the
computer 1mp in his suit.

““Don’t forget James has Prometheus
under acceleration. Please use your
safety lines,’’ said Jack.

“Right,”’ said Thomas, fastening a
hook into a nearby ring and stepping
out. He activated his ’stiction boots and
moved along the curved hull of the mas-
sive rocket. He wommed a little about the
stability of the forty-year-old fuel under
his feet, but there was little he could do
about it now, for the nearest fuel depot
was six light-years away. He marched
down the hull in the low acceleration
to the ‘top’ of the SLAM to check out
the errant sensor modules.

‘“Three tired solid-state detectors and
one micro-meteorite strike,’’ said
Thomas to Red Vengeance as he took
ofT his helmet and handed it to Gretchen.
‘1 upped the voltage on the detectors
and they’re back in spec, and the Christ-
mas Bush sent out a branch with a re-
placement for the punctured unit.”’

The lander soon filled up with its
crew, who were busy shifting their per-
sonal belongings from their luxurious
apartments on Prometheus to the crowded
vertical beds they would be using while
the SLAM was in free fall. A few days
passed, the checkout was completed,
and it was time to go. Jinjur escorted
George Gudunov to the lock between
SLAM I and Prometheus.

““I wish 1 were going down,’’ said
Jinjur.
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“‘I thought you never wanted to see
dirt again,’’ said George. ‘‘Especially
if 1t had gees holding it down.”’

“It’s only 10% Earth gravity,’’ said
Jinjur. ‘‘Besides,’’ she said wistfully,
““1it’s been 44 years.’’

“Doesn’t ime fly when you’re men-
tally incompetent,’’ said George. ‘‘Okay.
Next planet you get to go down with the
exploration crew and I stay at home
minding the ship. See you in a few
months.’’

““Take your time and do it right,”’
said Jinjur. ‘“We have the rest of our
lives for exploring, but only four lan-
ders.”’

““‘See you soon,’’ he said, and closed
the airlock door, making sure it was
space-sealed.

‘““We're ready to go, Jack,’’ he said
to his imp. He heard pumps working
and the outer lock door creaked slightly
as the air in the small volume between
the SLAM and Prometheus was pumped
out. George’s personal imp jumped off
his shoulder to the door and searched
the seams for any sign of leakage. Find-
Ing none, it jumped back to his shoul-
der. For a few seconds George felt both
naked and bereft, for it was the first time
in over four decades that his personal
imp had left its perch on his shoulder.
James could afford the luxury of a lock-
imp on Prometheus. Life would be more
spartan for Jack’s landing crew.

George cycled through. Gretchen
Krupp was waiting for him, standing on
the ceiling. She and Jack’s Christmas
Branch double-checked the docking air-
lock, then Gretchen tumed to check out
the many instruments on the science

consoles. She was apparently able to
read the labels and indicators as easily
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upside-down as rightside-up. George
paused at the wedge-shaped passway
through to the next deck, and holding
onto the ladder rungs welded into the
consumables column that ran through
the center of the ship, he looked up to
see Arnelle, Richard, and Sam busy
stuffing equipment and supplies into the
storage bins next to the galley.

‘“‘Breakaway in five minutes,’’ he
warned.

““We’ll be ready,’’ answered Sam.

George continued around the central

column, walking on the ceiling of the
bridge. Carefully avoiding the large
glass docking window at his feet, he
nodded at Thomas St. Thomas and Red
Vengeance, who were buckled into the
blue and red pilot and co-pilot harmesses
in front of their consoles, then continued
on to the computer and communication
consoles.
. ‘Jack 1s ready,”’ said David Grey-
stoke up at George. Like the two pilots,
he was hanging from the floor in a green
zero-gee harness.

‘“‘Prometheus has given us clearance
for breakaway,’’ said Gretchen from the
console next to David’s.

‘“Take her away, Captain St.
Thomas,’’ said George.

Thomas grasped the controls and nod-
ded at Red. She flicked a red switch
cover and threw the switch that had been
protected underneath. There was a loud
clunk from the docking port overhead,
followed by a series of clattering npples
as the clamps that had held SLAM I to
the outside of the lift shaft on Prome-
theus were retracted. Nothing hap-
pened, for they were still held to the
sailship by its acceleration.

Thomas pushed a control forward and
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the bridge crew hanging from the ceiling
sagged a little deeper in their hamesses
as the acceleration increased. Thomas
and Red looked out their docking port
window as the huge cylinder tilted and
swung out from its cradle on the light
ship. As soon as the edge of the hydro-
ponics deck on Prometheus had been
cleared, Thomas switched to other con-
trol jets and slowly flew the ponderous
cylinder out through the shrouds and
away from the sail.
‘“The Eagle has left its nest,’’ said
George to his imp.
- **Good hunting, Eagle,’’ said Jinjur’s
voice.

As soon as Thomas had pulled them
away from their berth and out from be-
tween the shrouds, he turmed off the
maneuvering jets and they were in free
fall. Suddenly George felt upside-down
and quickly floated around to point the
same way as the rest of the crew.

““This sure i1s easier than trying to
leave a tumbling asteroid,’’ said Red,
as she watched out the docking port at
the slowly twirling lightsail and its cy-
lindncal payload with the wedge-shaped
gap 1n one side.

‘““‘All we have to do is stay cool and
float, while the starlight pushes it out
of our way,’’ said Thomas.

After about an hour Prometheus was
20 kilometers away. Using low thrust
from the main rockets, Thomas steered
the Eagle away from the sail and into
a rendezvous orbit with Rocheworld.

For two days they spiraled in from
orbit, letting Jack get used to the strange
double-lobed rotating gravitational field
and taking detailed close-up pictures of
their planned landing place.
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‘“‘Looks just like Mars,’’ said Sam to
Richard.

‘“With fewer boulders,’’ said Richard
as he blew up the picture on the screen
until he could see the pixels. ‘‘Looks
like it’s been swept clean. We could
land just about anywhere with no trou-
ble.”

““Why don’t we make it by this
mesa,’’ said Sam. ‘‘That 10-meter scarp
should give us a good cross-section of
the crust for a first look.’’

“‘Looks like the edge of a stream-
bed.”’

““So do a lot of features on Mars,’’
said Sam. ‘‘But all those streams flowed
millions of years ago, and the waters
that flowed dned up and went away.
Here there was probably a lot of action
when the Gargantuan moon and the in-
terloper first interacted, but since Eau
i1s some 40 kilometers smaller than
Roche, it’s just that it rained more on
the lowlands than up in the Roche
mountain plateau, and all the water
ended up on Eau. My guess is that those
stream beds are as old, if not older, than
the ones on Mars."”’

‘““The only way to find out 1s to go
down and count craters,’’ said Richard.
‘“But don’t you want to land on the
mesa, just in case?’’

‘““Then my excursions on the dirt-
buggy will be limited to the mesa,’’ said
Sam. ‘“‘And I plan to take longer trips
than that. The stream-bed near the chiff,
Jack.”

*‘I will inforrn Captain St. Thomas,’’
said Jack. -

Eagle approached Rocheworld in the
ecliptic plane, but going in the opposite
direction to the spin of the planetoids.
As they moved closer and closer, the

Rocheworld

orbital track on Red’s console took on
a wavy appearance as the two lobes
pulled the track this way and that.

‘“Having any navigation problems,
Jack?’’ she asked her 1mp.

‘*Newton’s laws are still valid, Eliz-
abeth, even though 1t may not look like
it on the track replay. I do have to carry
the calculations a little farther than nor-
mal before | truncate the senes, though.’

“I'm glad you’re doing this and not
me, ’ said Red. ‘‘Intuition can get you
in trouble this close to those whirling
dervishes.’’

‘‘Intuition has served humans well,”’
said Jack. “‘It is their strongest point as
a computational system. Like most
strengths, however, it is also one of their
weakest points.’’

Thomas overheard the exchange.

“Don’t feel bad, Red,’’ he said. “‘I
think you're the cutest computational
system I've ever seen.’’

Red smiled and somehow felt a lot
better.

“It’s time to release Barbara,’’ said
Jack.

“I’ll get her,”’ said Gretchen, who
had been floating around the deck with
little to do. She pulled herself over to
one side of the bridge and opened a stor-
age locker.

“I'd appreciate a hand out of here,”’
said a contralto voice through Gretchen’s
1mp.

Gretchen grasped the communica-
tions satellite carefully at the base of its
antenna and pulled it free from its fas-
teners. She nudged the heavy spacecraft
around the bend to the docking port en-
trance. Jack checked out the lock and
Gretchen opened the door. Carefully she
inserted the comsat in the exact center
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of the lock, careful that its folded an-
tennas would clear the outer door.

‘“‘Keep in touch, Barbara,’’ she said.

*“That’s my job."”’

Gretchen closed the door to the dock-
ing lock, then went around the central
column and nodded at Red, who had
moved to the pilot position. Red had
fastened herself into the blue safety har-
ness even though the planned acceler-
ations would be negligible.

Red watched the orbital track until
the wavy track had neared its minimum,
then her finger gave a slight nudge to
a button on her control stick. Gretchen
felt a slight tug on the sticky patches of
her cormdor boots.

Nicely done, she thought. It's those
years in the asteroid belt.

The velocity difference imparted by
the tiny flare of control jets was small,
but a minute later Gretchen could see
Barbara slowly rise up out of the dock-
ing port without a single trace of spin
or tumble. When the comsat was about
10 meters away, Gretchen sent it a mes-
sage.

““You may fire jets when ready, Bar-
bara.’’

There was a burst of tiny jets as the
spacecraft rotated its orientation, then
a larger burst as the comsat took off to
take up its station in an orbit that rotated
in an opposite direction to that of the
two planetoids. That way it would pass
over each outer pole twice each rotation
so that no point would be out of sight
of a comsat for more that three hours.

‘“This is Barbara, signing off,’’ said
the comsat as it flew out of sight.

With the comsat launched in 1ts
counter-rotating orbit, Red expertly ro-
tated the huge cylinder end over end.
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As the spacecraft rotated to a halt, Red
talked to her imp.

‘“Announce imminent gees to all
hands, Jack,’’ she said.

““Thrust will commence in one min-
ute,”’ boomed Jack’s voice throughout
the ship.

The penod of thrust lasted for fifteen

minutes. The tilt of the spacecraft came
back to horizontal as the rotation of the
lobes slowed and stopped until they
were stationary. Bamard was in the sky,
and the two lobes were bnlliantly lit
with a flat red glow.

““L-4, Gretchen,’’ said Red’s voice
through the communication imp. ‘‘Time
to dump Clete off.”’

Gretchen left her seat in front of the
viewport on the deck below and floated
her way back through the galley and up
the passway to the storage locker.

“*L-4, Clete,”’ said Gretchen.

‘‘Jack so informed me, Miss Krupp, '’
said Clete through her imp. **If I might
trouble you?”’

““No trouble at all,”’ said Gretchen,
taking the heavy satellite out of the
locker and pushing it through the free-
fall air to the docking port. ‘‘Just part
of the taxi service.’’

She cycled the lock and went back
to watch Red do another of her mintmal
bursts.

‘““You're on the up cycle, Clete,’’ said
Gretchen. ‘‘Keep bouncing so we can
see you at the cold poles.’

““This 1s Clete, signing off,’’ replied
the comsat.

““Let’s take a break before we insert
the last one,’’ said Thomas to Red.

‘“Let me move Eagle to the inside
first,’”’ said Red. **“With Clete bouncing
up and down through the L4 point, we
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don’t want to be in the way when 1t
comes back down.’’ She fired a burst
from the attitude jets, then tumed the
controls over to Jack.

““Give Thomas and me a call in eight
hours, Jack. We're going to rack up a
few winks.”’

Eagle’s two pilots snaked their way
down through the passway, and George’s
grey thatch appeared in the wedge as
soon as they left.

‘““Since it’s going to be quiet for a
while, Gretchen, 1 thought you, Anelle,
and I could check out Dragonfly.’’

“I"'d like David along, too,’’ said
Gretchen, as she swam to the passway
and ottered through..

‘““Are you sure the seals are okay,
Jack?’ said Gretchen. ‘‘Shouldn’t I
wear a suit for the first time?"’

‘I have imps inside both the lock and
the boarding port,”’ said Jack through
her imp.

“I’ll still suit up and go first,”’ said
Gretchen gruffly. She pulled open the
suit locker and got out her suit. *‘Here,
George,”” she said, handing him her
helmet. ‘‘Check me out.”

““‘Sure, Gretchen. Sure,’’ said George,
helping her with a sleeve. For someone
who could put a suit on with her eyes
closed, she was now awkward and
clumsy.

David looked at George and then
Arielle, who was trying to pretend she
wasn’t there. David finally put in his
oar.

““Gretchen,’’ he said. ‘“Stop being
mad at yourself just 'cause you’re cau-
tious. You're not being too fussy about
safety. Just do your job, and do it nght.
We're in no hurry. The last thing we
want to lose is you."’
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Gretchen stopped in mid-jerk on a
zipper. She took control of herself, and
the rest of the suiting took place in re-
cord time. In her full spacesuit, she went
through the first door of the airlock that
would take them to the cockpit entrance
of Dragonfly. The door closed and
George listened to her through his imp.

‘“‘Boarding port pressurized?’’
Gretchen asked Jack.

““My imp there reports so,’’ replied
Jack.

“Open the door,”’ said Gretchen.
George could hear some mechanical
noises through the wall, but there was
no sound of air escape. He peered
through the porthole in the door and saw
Gretchen pull a cloth wiper from her
thigh pocket and wave it in front of the
seal surrounding the fuselage of the
acrospace plane. After a while he saw
her crack her helmet back on and reseal
it. Then she went to the door built into
the co-ptlot side of the Dragonfly and,
lifting panels, pushed the door inward.
She cracked her helmet once again and
stuck her head in to look down the long
comridor. She floated back out, put her
helmet back on and sealed it, then care-
fully closing and sealing each door she
had opened, made her way back into the
Eagle through the airlock.

“‘I think it’s safe to go in without
suits,’’ she said. She was sure, now that
she had checked personally. She made
her way to the suit-locker, shaking off
George’s offer of help,”while Arielle,
David, and George cycled through and
floated without suits through the narrow
co-pilot hatch into the magical realm of
the aerospace plane—Dragonfly. Ar-
iclle was the first through the hatch.

‘“‘Hello, Arielle,’’ said Jill’s beautiful
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soprano voice. ‘‘I'm glad to see you
again. Is Rocheworld as interesting to
fly in as Titan?"’

‘““Ho!’’ said Arnielle. ‘It is much in-
teresting. We can go very high there.
There are lots of therals and we can
fly from Roche to I’Eau.”™

‘‘Jack says that we won't even need
rocket assist,’’ said Jill. **That’s good.
I’d much prefer to always keep that for
emergencies. | do so hate to use up my
consumables.’’

David swam in through the lock, all
business.

*‘Self-check routine zero,’”’ he com-
manded.

““7613FF.’’ said a mechanical voice
through his 1mp.
““Check,’’ said Jack.

David consulted a printed checklist
and nodded agreement.

‘‘Self-check routine one.”’

“‘Surface Excursion Module One going
through systems check,’’ reported Jill’s
beautiful voice. There was a long pause.
During the wait, Anielle and David were
joined by George and Gretchen.

**Five sensors out of spec, two tanks
with measurable level of degradation
contaminants, and a missing flask in the
galley,’’ Jill finally reported.

““This one?'’ said Anelle. ‘I was
going to fix me a shake.™’

‘““Wait till after checkout!’’ exploded
Gretchen. ‘‘Right now Jill is too busy.’’

““Oh. That’s why we no have algae-
shakes.’’ Anelle put the flask back and
swam up the length of the comdor to
join George on the flight deck. They
took Jill through a few simulated land-
ings, while Gretchen, back on the en-
gineering console, inserted a few

Rocheworld

‘‘emergencies’’ to keep them all in prac-
tice.

““That’s enough,’’ said George, after
he had botched an engine-out landing
and Anelle had intervened at the last
second with a blast from the space thrus-
ters to float them to a stop. ‘‘Jill looks
In good shape, and it’s time for Thomas
and Red to pull gees to arc over to
L-5 and dump Walter. Let’s seal up
Dragonfly and get some dinner.”’

“‘I'll be there later,’’ said Gretchen.
““Have to check out those low sensor
readings and the impunty reports.’’

“l be glad to eat your dinner for
you,’’ said Arielle as she unbuckled and
flew out the hatch.

““You just leave my dinner alone,”’
shouted Gretchen after her. * you
skinny bottomless pit!!"’

After dinner Thomas and Red went
upstairs to the bndge, with Gretchen
following to monitor the systems on the
engineering console. The rest of the
crew gathered in the lounge to watch
the scene out the viewport and to settle
their meals in the acceleration.

““Shall I take the co-pilot hamess?”’
asked Red, as they made their way up
the passway.

““Nope,’’ said Thomas. ‘‘I may be
good at up and down, but for the
roundy-rounds, you’re the pro. You get
the blue hamess and I'll watch and see
how you do it.”’

Eagle was 1n a synchronous orbit
about Rocheworld. To move from the
L-4 point to the L-5 point, Red decided
to bounce up out of the plane of rotation
far enough so that when they came back
down, Rocheworld had slipped in an
extra half-rotation on them. She tilted
the Eagle and initiated thrust in the main
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rockets. The viewers in the lounge on
the deck below sank into their seats as
the tilted sceme slowly rotated in the
viewport. Darkness set on Eau as Roche
blocked the sun. They looked down at
the northern cold poles as the sun rose
again on Eau. Large circular storms
could be seen on the cold crescent as
a snow of water and ammonia rained
down on the mountain of water. They
came to a halt at L-5, where Walter was
dispatched in a bouncing orbit that al-
ternated with that of Clete. Now, like
the outer poles, neither cold pole was
more than three hours away from a com-
sat. As they were dumping Walter, Bar-
bara came zipping past In its counter-
rotating orbit.

““This is Barbara checking, one
two three ”
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