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OPEN TO WONDER

The Pinwheel was now framed against the whole expanse of Earth. Dawn still felt strong acceleration
into the compartment's floor, but it was lesser now as gravity countered the centrifugal whirl. Their air,
too, thickened as the tree's walls exuded a sweet-scented, moist vapor.

The spectacle of her whole world, spread out in silent majesty, struck her. They were nearing the top of
their ascent, the Pinwheel pointing vertically, as if to bury itself in the heart of the planet.

She wondered what would happen to them next. The Pinwheel throbbed. She had felt its many
adjustments and percussive changes as it struggled against both elements, air and vacuum, so this latest
long undulation seemed unremarkable. Only a short while ago she had thought that the ravenous green,
eating at the pale deserts, waged an epic struggle. Now she rode an unending whirl of immeasurably
greater difficulty.

The kinetic whirligig of all these events dizzied her. The last few days had stripped away her comfortable
preconceptions, leaving her open to naked wonder. She was beyond fear now, in a curious calm. Ideas

floated through her mind like silent fireworks. She looked down and in a glance knew that the Earth and
the Pinwheel were two similar systems, brothers of vastly different scales. . . .

—From "Blood's A Rover"
by Gregory Benford

BAEN BOOKS edited by T.K.F. WEISSKOPF

Tomorrow Sucks (with Greg Cox)
Tomorrow Bites (with Greg Cox)
Cosmic Tales: Adventures in Sol System
Cosmic Tales: Adventures in Far Futures (forthcoming)

INTRODUCTION

Strange adventures on other worlds, the universe of the future.

—motto of Planet Comics
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Why do we need tales about "Strange adventures on other worlds, the universe of the future"?
T.K.F. Weisskopf

"To imagine is not to fashion charming make-believe. . . . Out of the known or knowable, Imagination
connects the remote, reinterprets the familiar, or discovers hidden realities."

—From From Dawn to Decadence: 500 Years of Western Cultural Life
, Jacques Barzun

As I'write this it is the eve of the hundredth anniversary of the Wright Brothers' flight off the North
Carolina dunes. And I have come to realize that I am not going to be living in the age of humanity's great
expansion into space. [ will not be on the Nina , the Pinta nor the Santa Maria , let alone the
Mayflower . Instead, I am living in the age of St. Brendan and Lief the Lucky. I can witness humanity's
first tentative steps in the direction of the endless frontie—but the chances of me, personally, getting out
there are small. Still, at least I can read stories about it! If we as a species are going to get there, we have
to remember that we want to go.

I've long thought that it's one of science fiction's most important jobs to explore the future in fiction.
Decisions about what kind of future we want to aim for can be played out in the pages of our magazines
and novels. As Travis Taylor's story and article illustrate, the dreams of the writers become the dreams of
the engineers and scientists who shape the direction of our technology. You want to make a difference in
the world—write science fiction that will touch the hearts of these people.

It seems obvious to me that staying on one planet is a dead end for humanity. And I like humanity, in
general, if not all its specific manifestations. Flush from conquering a new continent Americans of the early
twentieth century had a positive vision of the future. We in the West went from horse-drawn carriages to
rockets in less than fifty years. Now, in darker times, we seem to be on the road to losing the stars, losing
the urge to explore. Science fiction needs to clear away the light pollution and show us the glories of the
stars again. Show us where we can go next. Show us where progress should lead.

One of the most positive visions we can have of the conquest of space is that it will be strange and
dangerous, but also in some ways familiar. There will be humans, living their everyday lives, albeit in
exotic locations and only because of amazing technological developments. Several of the stories herein
describe that kind of existence. And some take us a little farther beyond. . . . There is beauty and wonder
in this universe, and whether man makes it his business or God ordains i, it is a noble calling to answer to
destiny, search that wonder out and reveal it for future generations.

If you'd like to see more Cosmic Tales , there will be another volume coming out later in 2004,
Adventures in Far Futures . If you'd like to see more beyond that, or to comment on these volumes,
write to me care of Baen Books, P.O. Box 1403, Riverdale, NY 10471. Or you can write directly to me
at toni@baen.com.
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MCANDREW AND THE
LAW

Scientist and dreamer Arthur Morton McAndrew was one of my favorite science fiction
characters. He was one of Charles Sheffield's, too. In his introduction to The Compleat McAndrew
(made incomplete by this story, by the way), Charles referred to him as an alter ego. Charles
loved speculating about how far science would go, and his nonfiction volume Borderlands of
Science is invaluable for any science fiction reader. For the McAndrew series he always included
an afterword telling the reader just where the known science in each story stopped and the
speculation began. Charles Sheffield died last year, soon after completing this story and before
such an afterword could be written. Science fiction will be the less for his passing.

Charles Sheffield

It's widely accepted that there's no such thing as a free lunch. I suppose anyone with a brain in her head
would realize this applies equally well to dinner, but some people never learn; so there I was, sitting
across the table from Professor Limperis and fully expecting him to pick up the tab.

He's a wily old bird who puts a high value on his time, a fact which I've known for as many years as I've
been visiting the Penrose Institute. And today we were far from there. I was on vacation, ready to follow
the progress of the Grand Solo Solar Contest out in the Belt. What were the chances that Limperis had
traveled several hundred million kilometers for the doubtful privilege of taking me to dinner?

At the moment he was busy telling me that it was hard times for the Institute, with research budgets
squeezed tighter and tighter. I nodded sympathetically, but to be honest my mind was otherwise engaged.
I like to gamble on the outcome of the Grand Solo Solar Contest, and a prime entry for the GSSC had
just entered the dining room. I guessed that he massed between five and six hundred kilos.

In the GSSC, fat is good because the contest is just what the name suggests. You do the
Belt-Jupiter-Mars run alone , with no assistance. "No assistance" means no fuel, no food, no water.
Also, no ship. You are provided a suit with an oxygen supply and built-in fusion and chemical drives.
Solo means solo. The materials to power the drives have to come from the competitor's own body.

That's where judgment enters the picture. The chemical and fusion drives are lipid based, and a
competitor draws reaction mass only from his or her own body fat. That's why the hard-to-say "Grand
Solo Solar Contest" is better known as Fat Man's Run.

With some people, the will to win inevitably takes over. In a pinch, the drives run at reduced power on
muscle and sinew. I have seen a competitor, what was left of him, dragged out of the race by the
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marshals when his total body mass was down to sixty pounds. He might recover, after a fashion, but he
would never race again. He would also never walk, run, or have sex, even in low-gee. When I saw him,
skin hung off his spongy skeleton like rags on a frame of twigs. And still he was complaining about being
removed from the race.

I became aware that Professor Limperis's eye was on me. He knew I had been distracted by my
potential dark horse, and he was quietly waiting.

"I mentioned that finances were tight, Jeanie," he said at last, "but I didn't tell you the worst of it. Mac
has another pet project stuck in his head, and there's no way the Institute can afford to do it. I told him
that. So he took it on himself to try his hand at fund-raising. He went to Fazool el-Fazool to see if the
man could help out."

That was a real shock. McAndrew fund-raising? Money means less to him than it does to a groundhog.

Limperis saw my look of astonishment and misinterpreted it. "You know Fazool?"

"I've never met him. But he's McAndrew's -mother's . . . friend."

"Ah!" Limperis's chubby face lit up. "That explains a lot. I only know Fazool as one of the System's
richest people. But if he's McAndrew's mother's—er . . ."

"Friend."

"Right. Her friend. Then it makes sense that Mac would get a hearing. More than that, he received a
promise of the money he needs for his new project. But there's a condition."

"That doesn't surprise me. Rich people like to stay rich. Fazool will want a return on his investment."

"It's not that kind of condition. Fazool wants his son, Abdi el-Fazool, along on the expedition. He says it
will be a—er—a broadening experience for the lad."

I could agree with that. I've had near-death experiences with McAndrew all too often.
Limperis was watching my face. "You don't like the idea?"

"I don't. How old is Abdi el-Fazool?"

"Eleven."

"Then I certainly don't. But if you think that Mac will take any notice of what I-—or you—think, you
should know better. The man's a human mule. Particularly when one of his pet ideas is at stake."

"Jeanie, he listens to you more than anyone."
This, while true, was hardly relevant. But something else was going on here.
"Professor, I understand that money is tight at the Institute—it's tight everywhere with today's economic

conditions. Fazool's money must be a great temptation. But money or no money, won't Mac need the use
of Institute equipment to perform his project?"
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"Assuredly. What he has in mind would be impossible without it."

"Then if you're so worried about this, why not just say no? Fazool's a powerful man, and I'm sure he has
lots of influence. But he can't force the Institute to do whatever he fancies, even with Mac's blessing."

Limperis eyed me thoughtfully. He's as sharp as they come, and normally he's inscrutable. This time,
though, I could read what was in his mind. It was, How much can I afford to tell her?

"It's not quite that simple, Jeanie," he said at last. "McAndrew views his expedition as a research activity,
but not everyone sees it that way. Others at the Institute believe that we may be in sight of a new and
inexhaustible source of free energy."

"There can't be any such thing," I began, then paused. Others at the Institute. 1 suspected that [ was
talking to one of them. "Can there?"

He coughed. "Well, there might be. There just might. And as you can imagine, it's very difficult for the
Institute to say no to a project that won't need a penny of our funds and holds out even the remotest
chance of unlimited free energy. I'm in a spot, Jeanie."

It was dawning on me. Limperis didn't want me to zalk to Mac. We both knew that was a waste of
breath. He wanted me directly involved, because he was worried about McAndrew's judgment and
possible fate. And, of course, if Limperis was worried he thought I should be doubly so.

As I was. He had me, and he knew it. I was about to be sucked in. Forget my holiday and Fat Man's
Run, I must fly out and talk to McAndrew. As I said, some people never learn.

Limperis didn't tell me what McAndrew's infinite energy scheme was all about. Better, he said, that it
should come from McAndrew himself. That was his way of ensuring that I would head out to the Penrose
Institute as soon as possible to clear up the mystery.

The Institute had settled into one of its rarer research locations, down near the Vulcan Nexus. Although
an excellent site for solar observation, it is one of the places in the solar system that I least like to visit. It
is perfectly safe—they tell you—but the Sun is only two million kilometers away and occupies half the
sky. An unprotected human exposed to the intense flux of radiation will fry and die in ten seconds.

That sort of risk means nothing to a man who has spent a large fraction of his life thirty meters from a
kernel, a shielded Kerr-Newman black hole. I found McAndrew staring through a set of specially
designed optical filters at the naked solar surface. Prominences a million kilometers long sprang out at
him—at least, they sprang out at me.

The greatest theorist since Einstein and the greatest combination of experimenter and theorist since
Newton was dressed in dirty long johns. His thinning hair straggled down over his face. He was in his
bare feet, and he was sitting cracking his toe joints in a way that I found both infuriating and disgusting.

Was this scraggy unwashed specimen of humanity also my longtime companion and the father of my
child, the man to whom I had been faithful (mostly) for over twenty years? Apparently it was. McAndrew

is not the only one who needs to have his head examined.

"Jeanie." He greeted me with the vague pleasure of a man reacting to an Institute minion who has brought
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him an unexpected cup of tea.

"All right, that's enough." I have my limits. "Arthur Morton McAndrew, I traveled four hundred and
eighty million kilometers to see you. Either you give me a proper hello, or you're a dead man."

That got through. Mac stood up and enfolded me in an awkward embrace. Twenty years of hard work
was paying off. With luck, in twenty more he might start acting close to human.

I plunged right in, because on my trip to the Institute it had occurred to me that young Fazool, rather than
McAndrew, might well be Limperis's biggest source of worry. An unsuccessful expedition was one thing.
An unsuccessful expedition that killed off a child of the super-rich was quite another. Rich men tend to
have powerful friends, and that could hurt the Institute—Limperis's baby.

"Where's the boy?" I asked.

McAndrew frowned at me. "Who?"

I said slowly, "Mac, I am not here to play games. I am referring to Abdi el-Fazool, the son of Fazool
el-Fazool. Where is he?"

"Ah. He's not here yet. He's flying in on a private vessel, right behind yours. Be here within the hour."
"And you agreed with his father that you would take him with you?"

"Well, yes. I did do that."

"T assume he doesn't have two seconds of space experience?"

"Actually, you're right. He doesn't."

Mac was being a clam. I might have to wait until we were heading out, when with a more intimate
environment I could wheedle anything out of the man. I changed tack.

"This expedition of yours. How many people will be going on it, and what roles will they play?"
"Ah. That's a very good question. There's me and you, of course."

"Me?" I should have known what was coming from the minute that Limperis sat down with me at the
dinner table, but now I had absolute proof.

"Sure. I don't know why, but approval for the use of the ship—it's going to be the Hoatzin , because
we'll need something with the balanced drive—was conditional upon you coming as well. Didn't Limperis
tell you that?"

"He did not."

"I guess he overlooked it."

"I guess he must have." Trying to explain certain aspects of reality to McAndrew is a waste of time.
"Who else is going?"
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"Well, we don't have much extra capacity, because the Hoatzin has to take along a lot of special
equipment including a space pinnace designed to withstand high accelerations. The only other person will
be young Abdi."

"That's it? Me, you, and Abdi el-Fazool?"

"That's it."

I felt the worry-knot in my stomach loosen. In many ways McAndrew is like an eleven-year-old himself,
and .I'w dealt with him for long enough. If I couldn't handle two of them, I deserved whatever was
coming.

"Can we go along and meet Abdi's ship when it docks? I'd like you to introduce me."

"We can go to where he'll be docking. But I can't introduce you."

"Why not?"

"Because I never met him."

"Mac, he's the son of your mother's friend."

"He is that. The son by another woman, and he lives with her. But we'll go meet him."

"Might you consider dressing first?"

He glanced down at himself, and seemed surprised by what he saw. "Oh, aye. I suppose I could use a
bit of a wash and brush up."

"And a shirt, and a pair of trousers. Maybe shoes."
"Right. Give me a couple of minutes."

As he washed and dressed I learned what Mac knew about Abdi. It was not encouraging. The
information came from Mac's mother, whose information came from Fazool el-Fazool, who apparently
spent almost no time with his son. Chain those together, add distortion or misinterpretation at each link,
and our knowledge of Abdi el-Fazool consisted of three items: he was male; he was eleven; and he had
recently been expelled, for reasons unknown, from the most expensive school on Earth.

Given McAndrew's reference to a private vessel, I expected that Abdi el-Fazool would arrive aboard
some expensive space yacht. However, the ship that floated in to dock at the Institute was a
tired-looking charter vessel. The umbilical between the ship and the Institute's airlock established itself, it
seemed to me, unusually quickly.

The lock began to open. As it did so a brown-skinned boy, small for eleven years and with short hair
and dark-brown eyes, popped through the half-open hatch. He wore a red shirt and short tan pants, and
carried a knapsack on his back. Almost before he was inside he was glancing about him, as though
taking in everything with one rapid sweep. A crewman followed, more slowly, and fixed a dull eye on
McAndrew.

Page 8



" Arthur Morton McAndrew?"
"That's me."

The crewman nodded and sighed heavily. "Abdi el-Fazool, delivered according to contract. All yours,
and welcome to him."

He thrust a yellow sheet into McAndrew's hand, backed away into the umbilical, and had the hatch
closing before McAndrew and I had time to speak.

Abdi looked up at Mac. "I could have flown that ship, you know, but he wouldn't let me try. He kept
throwing me out of the control room." Then, without a pause, "My father says that you are the greatest
scientist in the solar system but he's wrong about a lot of things. And you"—those alert brown eyes
turned to me—""you must be Captain Jeanie Roker. You don't look like a spaceship captain. My father
says that you're McAndrew's keeper. Is that true?"

"

"Did you once take a circus troupe out to the prison colony on Titan, and the prisoners and circus
performers got all mixed up with each other, and it was a horrible mess? It must have been really neat."

"That's one word for it." I glanced at McAndrew. He had the dropped-jaw half-wit expression that often
said he was deep in thought. This time, I didn't think so.

"Abdi," I said, "if you like we can give you a tour of the Institute. We'll show you where you'll be staying
until the expedition is ready to leave."

"No need for that. On the way here, I downloaded complete plans of the Institute. To get to my room
you go that way." He pointed up and to the left. "Before I go there, though, I want to have a good look
round this place."

"If you would like someone to come with you—"

"No. More fun if I find things out for myself. Maybe I'll see you at dinner."

And he was gone.

I glared at McAndrew. No one would call him a man sensitive to nuances, but apparently he read
something in my look.

"Jeanie," he said anxiously, "this expedition is going to cost an awful lot of money, and Abdi is the key to
getting it. If we don't take him along, his father won't come up with two cents. Fazool isn't much
interested in science."

"If you want my opinion, Fazool is much interested in having his son out of the way while they try to find
another school that's fool enough to take him."

I was wasting my breath. McAndrew went right on, "But with Fazool's support we can fly the Hoatzin

out beyond the Edgeworth-Kuiper Belt and the Kernel Ring. Without that support—and that means
taking Abdi along—I don't have a prayer."
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"I suppose you have a good reason to want to be out beyond the Kernel Ring? It's not a place I'd
choose for a vacation."

He stared at me. Finally he decided that I was joking about the vacation part, and said, "Don't you want
to know what's out there, Jeanie?"

"Mostly nothing, I thought."

"Aye, mostly nothing. But something strange, too. We seem to have discovered a region that's locally
negentropic—a place with negative entropy. That's why we have to go out there, to make sure it's what it
seems to be."

I didn't scream, though I rather felt like it. If you want to pick one word in science that makes me
uncomfortable, "entropy" will do fine. I have degrees in gravitational engineering and electrical
engineering, and [ know all the thermodynamic and information theory formulas. But still I don't have a
satisfying fee/ for what entropy means.

The glare that I gave McAndrew would have melted lead. "Correct me if I'm wrong," I said, "but haven't
you often told me that the whole of life is negentropic? It builds up from a state of disorder, to one with a
high degree of organization and order."

"Quite right."

"So aren't you, and I, and everyone at the Institute, and every living thing, negentropic by definition? We
decrease entropy, because we turn disorder into order."

"Aye. We are. But surely you understand how that's possible?" And, at my shake of the head,
"Och!"—the strongest trace I could find in him of his Scots ancestry, other than an unyielding obstinacy.
"Jeanie, entropy can decrease locally , of course it can. Don't you remember the laws of
thermodynamics?"

"I thought I did. Law Number One: energy is conserved. Law Number Two: in any closed system,
energy always must proceed from an organized to a less organized form. In other words, entropy, which
is a measure of the degree of disorganization of energy, must always increase."

"There! You said it yourself. Just what I was -saying."
"I did? It seems to me I said the exact opposite." As usual in a technical conversation with McAndrew,
my head was beginning to spin and I was convinced that I would come out knowing less than when [

went in. "Mac, I said that entropy must always increase."

"In a closed system, Jeanie. You said that. /n a closed system. You and me, we don't live in a closed
system. We get energy from outside—from the Sun, from power kernels, from radioactivity."

"So the Second Law of Thermodynamics is wrong?"
"No!" McAndrew sounded horrified. "The Second Law of Thermodynamics, wrong? Never. It's the

most important and best-established law we know. In physics, it's THE LAW. Do you know what
Eddington said?"
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"No." I had the feeling I was about to find out.

"He said." McAndrew paused, and his eyes went vacant. It's one of life's mysteries that a man who has
trouble remembering what he ate for lunch can recall, verbatim, whole pages of text and thousands of
formulae that he has not seen for thirty years. "Eddington said: 'The law that entropy always
increases—the second law of thermodynamics—holds, I think, the supreme position among the
laws of Nature. If someone points out to you that your pet theory is in disagreement with
Maxwell's equations—then so much the worse for Maxwell's equations. If it is_ found to be
contradicted by observation—well, these experimentalists do bungle things sometimes. But if your
theory is found to be against the second law of thermodynamics I can give you no hope; there is
nothing for it but to collapse in deepest humiliation. ' " McAndrew came back to life. "Jeanie, the
second law of thermodynamics isn't just a law of physics. It's the law."

"So it can't be violated. This place you want to go, out beyond the Edgeworth-Kuiper Belt; is it receiving
a flux of energy from somewhere outside, the way the rest of the solar system does from the Sun?"

"NO."
"Is there a power kernel nearby, or radioactive materials?"
"Not a sign of either."

"Then, according to what you yourself just said, it can't be a region of negative entropy. Otherwise the
second law of thermodynamics would be violated."

"Y ou might think so."
"But you have some other explanation?"

"Aye. I think I do." His face took on a furtive and secretive expression. I'd seen it many times before,
and I wasn't sure how much more I would get out of him today. He didn't like to talk about his ideas
when they were "half-cooked," as he put it.

I took the initiative. "This place you want to go. How far away is it?"

"It's local, well within the Sun's gravitational sphere of influence. About a twentieth of a light-year—the
Hoatzin will take us there comfortably in sixteen days of shipboard time."

"And there's a source of energy there, right? Energy coming in from nowhere?" I took a jump in the dark
based on what Limperis and McAndrew had told me. "It's as though there's a hole in the universe."

"More matter than energy, though of course the two are exactly equivalent. But then, you'd expect—"
He stopped and stared at me. "A hole. How did you know that?"

"From Limperis. He's as excited about this as you are." I wasn't making the last part up. You couldn't
read Limperis from his facial expressions, but it was a safe bet that he—along with all the Institute
-scientists—couldn't wait to send an expedition to learn what was going on.

To guarantee funding for a trip to a hole in the universe, they would agree for Abdi el-Fazool to be taken
anywhere, at any time. In fact, if Fazool el-Fazool had made it a funding condition that his son had to be
chopped up on arrival and baked in a pie, [ would not take bets on the Institute's dinner menu.

Page 11



During the next few days I concluded that my worries had been excessive. We saw Abdi only at
mealtimes, and then it was for the few minutes that it took him to wolf down his food and run.

Also, the preparations for our outward flight proceeded at magical speed. Instruments that we needed
were produced within an hour of my request. Equipment tests were done in record time, and ship's
supplies seemed to appear almost before we asked for them. In my innocence, I patted myself on the
back for my clearly defined and timely requests.

I learned the truth on the day before our scheduled departure. Early that morning, Ulf Wenig and Emma
Gowers paid me a visit. Wenig is the master of compressed matter stability, while Emma Gowers is the
system's top expert on multiple kernel arrays. More relevant today than their impressive talents was their
appearance. Wenig is small and slight, with a luxuriant and well-groomed black mustache. He is rather
vain about his looks, and always well turned out. Emma Gowers dresses like a whore, but a high-class
whore, with never a hair or a stocking seam out of place.

This morning a rat had apparently been chewing on Wenig's moustache. His face was pale. His eyes,
like Emma Gowers's, were bloodshot. She wore thick and patchy makeup, which, together with an
ill-matched pink blouse and dark-green striped skirt, was enough to turn her into a clown. I considered,
and rejected, the notion that the two had spent the night engaged in some novel and physically demanding
form of vice.

"Captain Roker," Wenig said. "We understand that the Hoatzin will depart tomorrow. However, we
have heard that the ship is already fully equipped and tested. We are here to make a formal request. We
would like you to advance your time of departure, and leave today."

"Dr. Wenig, you know I can't do that. There have to be final inspections."

"We know. The parties responsible for those inspections have all agreed to perform them today."

"But why? What's the rush?"

"Abdi el-Fazool, that's what the rush is."

"Why? What has he done?"

"What has he done?" Wenig's voice rose about two octaves. "You're asking me, what has he done?"
"Steady, UIf." Emma Gowers took over. "You ought to ask, what #asn't he done. My latest experiment,
in which I use a linear array of kernels to reproduce results of classical diffraction: it's ruined, because that
little bugger left a dead frog in the middle of the optical bench and nobody knew it was there until too
late. It's not just the two of us, Captain Roker. Everybody at the Institute wants him gone. He's been into
everything. It's not that we don't like kids—though right now, I'll admit that I hate the guts of anyone
who's eleven years old."

"That boy is a Child of Satan!" Seeming to realize that this statement called for justification, Wenig

rushed on, "Two years of work, wasted! Because Abdi el-Fazool wondered what would happen if you
turned oft a compressed-matter field. He's lucky he wasn't killed."
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" Weare unlucky that he wasn't killed." Emma Gowers ran her hands through her blond curls, adding to
her raddled look. "Please, Jeanie, in the name of sanity and for everyone's sake, get that boy out of here."

"I'll see what I can do."

And I would; though it did occur to me that removing Abdi el-Fazool from the Institute would do
-nothing for me or McAndrew. We were going to be stuck with him in the confined quarters of the
Hoatzin for a sixteen-day outward trip; and, unless we were driven to execute him and dispose of the
body, Abdi would also be with us during the sixteen-day return.

I've flown the Hoatzin and the sister ships that use the McAndrew balanced drive so often that they no
longer appear strange to me. Others, seeing one of the vessels for the first time, usually do a double-take.
Abdi was no exception.

"That thing?" he said. "We're supposed to fly in that? Where are the crew's quarters?"

I could see his point. The object we were drifting toward was nothing like a conventional passenger or
cargo ship. From a distance, all you could see was a flat plate like a big solid wheel, with a long axle
protruding up from its center.

"Look closely," I said. "See that thing like a little round bubble out near the far end of the axle shaft?
That's the living quarters— a/lthe living quarters,"

From the blank look on Abdi's face I realized that I would have to go through the explanation of the way
the ship worked. The disk was a hundred meters across, made of compressed matter and stabilized
electromagnetically. It was not much more than a meter thick, but with a density of fifteen hundred tons
per cubic centimeter the gravitational pull on nearby objects was formidable. A person sitting at the
middle of the disk when the ship was at rest would feel a force of more than a hundred gees, enough to
flatten any human. However, gravity as a force falls off rapidly with distance. A few hundred meters
away, along the axis of the disk, the pull of the disk would be only one gee—a comfortable environment
for the crew, sitting in the cramped sphere that constitutes the living quarters.

Now start the drives. The drive units are all situated around the perimeter of the disk, and they
accelerate everything in the direction away from the central column. Provided that you slide the sphere of
the living quarters along the shaft toward the disk at the appropriate rate as the drive acceleration
increases, the total force for anyone sitting within that capsule will remain at one gee. That's true whether
the ship is accelerating at two gees, ten gees, or one hundred gees.

The only physics involved is the equivalence principle, which states that a gravitational force cannot be
locally distinguished from an acceleration. The idea is simple and even self-evident—provided that you

happen to be McAndrew, who designed it. I understood it myself after the second explanation.

I'll say this for Abdi: he was smart beyond his years. He understood the concept the first time around.
And he asked a couple of good questions.

"What would happen if the sphere with the living quarters got stuck and you couldn't slide back along the
shaft?"

"Been there, done that. You'd have to keep the drive turned on."
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"And accelerate forever?"

"Unless you found a way to free the sphere. This isn't just theory, Abdi. It happened on one of the first
tests."

"Neat! Wish I'd been there. Hey! What happens if you leave the sphere when the ship's accelerating at a
hundred gees?"

"Nothing you would enjoy. If you leave on the side closer to the mass plate, gravity pulls you into it and
squeezes you flat. Leave on the side away from the mass plate, and before you know what happened the
ship's out of sight and you're alone in empty space. Don't even think of it, Abdi."

"I won't. But then what's that for?"

He was pointing to the little space pinnace, seated at the very end of the long central shaft.

"That's only for use when the drive is off. The pinnace is at a fixed position on the end of the axle. When
the drive is at maximum, it feels an acceleration of a hundred gees. Everything in the pinnace is designed

to stand that, but you aren't. If you stayed inside it, you'd be killed. Squashed like a bug."

"Squashed like a bug." Abdi repeated the words with relish. "Neat. But can I take a look at it now, while
the drive is off?"

I hesitated. I wanted a private chat with McAndrew, but I also didn't care for the idea of Abdi poking
around inside the pinnace.

While I was still dithering, McAndrew said gruftly, "All right, then. But I want you back here in half an
hour, or I'll be there after you. You look, but you don't touch. Understand?"

"[ understand."

That should have been enough, but I remembered what Ulf Wenig and Emma Gowers had told me. I
added, "Don't touch the controls or anything else on your visit to the pinnace. Do you hear me? For the
time being, it's strictly hands off."

"I hear you. And I heard McAndrew."

"So do what you are told."

"T always do what I'm told." Abdi sounded aggrieved at the very idea he might consider any other course
of action. "And I don't do what I'm told not to do."

It wasn't until much later that I realized the full significance of Abdi's reply. But I was still not totally
convinced, so as Abdi headed off to the pinnace I turned to McAndrew.

"Are you sure we can trust him?"

"From everything I've heard, we can. The lad likes to be into everything, but if he's told something
specific, the way we just did, then he'll follow instructions."
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It did cross my mind to wonder why Abdi had been kicked out of his school if he obeyed the rules so
well, but a different question was on my mind.

"Mac, you know how small the living quarters are here in the Hoatzin . I don't know much about Abdi,
but I can already tell you one thing. He's a hyperactive child if ever there was one. He'll buzz around the
living space like a wasp in a bottle. The trip out will take sixteen days. What are you planning to do with
him while we're on the way?"

The expression on McAndrew's face told me that he had never given it a moment's thought. To him, a
sixteen-day trip was an opportunity to sit, stare at the cabin wall, and indulge in prolonged mental
gymnastics. Finally he shrugged and looked at me hopelessly. "Do you think he might be interested in a
course in statistical mechanics?"

"Mac, he's eleven , for God's sake. Would you have been interested in a course in statistical mechanics
when you were eleven? Oh, never mind, don't bother to answer that. I'll find a way to keep Abdi
occupied. But when the time comes, I'll want my reward."

"What reward?"

"Mac, stop being literal-minded." No chance of that. "For starters, you can tell me what secret you've
been sitting on since I arrived."

"Secret?" He was all bland innocence. "I don't have a secret."
k %k ok

But I was sure he did. And once we were heading out he retreated into his private mental world. I might
have been at a loss, but something that Abdi had said at our first meeting gave me an idea. It was his
ambition—at least until he changed his mind—to be a spaceship captain. He was fifteen years and a lot
of hard work away from that, but if he was willing I could give him a running start.

It turned out he was a good student, given that he was so fidgety he had to be hopping about and doing
something different every twenty minutes. He was enormously inquisitive, and wanted to know how
everything worked. One of the communications units had not been performing up to par when we left the
Penrose Institute. With Abdi's assistance, I stripped the unit down to discover the problem. Then there
was the job of putting it back together from the thousand bits and pieces scattered around the living
quarters.

That was enjoyable, and in a perverse way I welcomed Abdi's company. Of course, given the tight
space in the Hoatzin , Mac and I didn't get any chance for personal interaction. That would have been
tolerable, too, except that near the end of the outward run Mac had the gall to say to me, "You and your
worrying. Hasn't this been the smoothest trip you could ask for?" He rubbed his hands together. "In a
couple of hours the drive goes off. And then the fun starts."

At the halfway point the ship had turned and begun the deceleration phase. From the living capsule I had
a clear view out along the central shaft to open space beyond. I had looked that way occasionally for the

past eight days, and seen nothing. More to the point, I saw nothing now and we were almost there.

"What were you expecting, Jeanie?" McAndrew said, and Abdi, who had also been staring out, turned
to watch the two of us.

"Well . .." A hole in the universe? That was something neither I nor anyone else had ever seen. I vaguely
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imagined streams of light and particles, jetting out like a great fountain into space. "You said that matter
was appearing from nowhere. I thought we would see it."

"It depends what you mean by see it . A hundred million tons appear every hour, but the caesura —the
hole in space—is three hundred kilometers across, and naturally it's three-dimensional. Spectroscopic
analysis suggests that almost everything coming through is neutral hydrogen, and it disperses rapidly.
When you do the arithmetic you find that the region ahead is much less dense than the air we're breathing.
I doubt anyone would have picked this up if there hadn't been a refractive effect around the whole region.
The images of distant stars change from points to little rings of light." He smiled. "There's something
interesting going on, no doubt about it."

"You're not thinking of taking the Hoatzin any closer, are you?" I knew that McAndrew's sense of
danger was about as well developed as his dress sense.

"No, no. I expect that the region is safe enough, but we'll park at a distance with the drive off. There's a
whole slew of observations that I'm keen to make."

Reassuring? It might have been, except that the space pinnace was hanging out at the end of the central
axle.

I persisted. ""You brought a pinnace all this way, and you don't plan to go near the region at all?"

"Well, I wouldn't go quite that far. It would be fascinating to see what it's like close up. But I would
never do that until I was sure we were safe. It's observations first, today and tomorrow. Then we'll see.
Would you like to help set up the instruments?"

He addressed that question to Abdi, who -nodded eagerly. So once the drive went off and we hung
motionless in space—I could still see nothing ahead—the two of them headed out to the very end of the
axle. A cluster of special instruments had been set in place there before we left the Institute.

For the next peaceful half day [ was alone with my thoughts. One result was that by the time they rolled
back into the living capsule, tired and hungry, I had decided that McAndrew's explanations to date
provided more confusion than clarity.

"I know there's matter coming out from nowhere." I had already eaten, and I watched the other two as
they gobbled down everything in sight. "But Mac, that doesn't make any sense to me. Matter must come
from somewhere ."

He wiped his mouth on his shirt sleeve. "Oh, it does. It's a standard prediction of brane theory."
"Brain theory—the way we think?"

"No, no. B-R-A-N-E. The word's short for membrane, and the result follows from an old extension of
superstring theory. Things that lie close together on a multidimensional membrane—separate universes, if
you want to think of them that way—can touch. One theory suggests that our whole universe began when
two neighboring brane elements collided. We're looking at something much smaller here, just one little
region of contact between us and a neighboring universe. Of course, there may be billions or trillions of
others like it, scattered around in places too far off for us to see them."

He had finished eating, and now he yawned. "T'll go into detail tomorrow if you like. But it's been a long
day, and I want an early start."
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"That's all right." I suspected he had gone as far as he could without becoming unintelligible to me. "Get
some sleep. You too, Abdi, so we'll all be up bright and early in the morning."

I expected resistance—Abdi hated to go to bed—but for a change he didn't argue. He stood up without
a word, and was gone.

He was also gone the next morning, though McAndrew and I didn't realize it at first. [ was saying, "If he
doesn't get his sleepy head out of his bunk in the next few minutes, he'll miss breakfast," when
McAndrew interrupted.

"The pinnace!" He was staring out of the cabin's top window.
"What about the pinnace?"

"It's not there."

"You think it came loose and drifted away?"

"I don't see how it could." He was already struggling into a suit. Before he was half done with that I was
over at Abdi's bunk, pulling back the curtain.

"Mac, Abdi's not here! He must have taken the pinnace."
"I don't think so. We told him not to, and he agreed."

I was thinking back. "That's not quite true. We told him that he wasn't to do anything with the pinnace
before we left the Institute . We didn't say a word about after we arrived. I think Abdi interprets things
in his own way. If you tell him not to do something, he won't. But anything that's not explicitly forbidden,
he treats as permitted."

As I spoke I was using the external sensors to scan space in all directions. "Where could he have gone?
I see no sign, and the pinnace has a low-thrust drive. It's not designed to take you far away."

"Oh Lord." McAndrew paused with one arm in his suit and leaned his head back against the living
capsule wall. "All those questions he asked yesterday. I assumed the little bugger had just a casual
interest."

"

"Mac, stop speaking in riddles and tell me what's going on. Where is Abdi? And what's—

He held up his hand. "I know where he is. I have to go after him. Before that, you need to understand
what we're getting into. It could be dangerous."

"If Abdi is in danger, we can't sit around for explanations."

"The full story can wait, but there are things you absolutely have to know. You see, Jeanie, it's a
two-way street. It has to be. If matter can emerge from a neighboring universe into ours, matter from
here must be able to go there. I was hoping that the transfer might work for something a lot bigger than
individual atoms. That's why I brought the pinnace, in case we had a chance to go next door and learn
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what it's like."
"And you told all that to Abdi N"

"I might have. I suppose I did. But I would never have dreamed of trying the transfer until we'd made
hundreds of measurements using small probes, and we knew it was safe."

"Were you thinking you might come out somewhere dangerous—near a star, maybe, or a planet?"

"Worse than that, Jeanie. We're seeing what looks like hydrogen atoms coming through, and you might
say that's a good sign because it suggests physics there isn't much different from what it is here. But tiny
changes in the weak force or the strong force would make any atom quite different in its properties. I'm
not sure that life as we know it can exist on the other side."

"Y ou mean Abdi could already be dead?"

"That's what I'm afraid of. Either way, this is my fault. I have to go and find him. We don't have another
pinnace, but I doubt that he has gone far. The drive on a suit should be enough."

He was starting forward when I grabbed his arm. "The pinnace has a communications unit. You said that
radiation goes between the universes. We can call Abdi, and ask where he is."

"We can. But take a look." He nodded toward the console. "No carrier signal. Either the unit on the
pinnace was never turned on, or Abdi switched it off."

I was still gripping his arm. "Mac, why do you imagine Professor Limperis and the others at the Institute

wanted me to travel with you?" That earned a blank stare, and I went on, "They trust that I'm cautious,
and they know for sure that when you get an idea in your head, caution is the last word anyone would

apply to you."
"You said we don't have time for philosophical discussions. Now you're trying to start one."

"Not philosophical. Practical. Mac, you mustn't try universe-hopping alone. Either we both go, or
nobody does."

"That's a terrible idea. Abdi and I need a backup. Suppose we both get in trouble?"

"Suppose you do. What am I supposed to do? Sit here at the edge of creation until supplies run out,
then turn and head for home? I would have no idea how to act if you disappeared."

He pursed his lips and said nothing.

I continued, "On the other hand, if I went looking for Abdi and you stayed here, you could take action if
I was in trouble. You know a thousand times as much as I do about where we are, and what's going on."

"If it were a million times as much it might not be enough. Jeanie, you can't travel alone through the
caesura and into the other universe."

"Nor can you. And I'd be no help back here."

And that, after a lot more argument, kind of settled the matter. We would both be going—but not before
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McAndrew insisted on telling me more than I wished to know about the overall situation.

"It's natural to think about the material that enters our universe, because that's what we see. But the
second law of thermodynamics is more complex than that. Let me give you an example, Jeanie."

We were makings preparations to leave the Hoatzin in our suits alone. We could stay away from the
ship for up to thirty hours, then it was return or die.

He went on, "Suppose you have a box divided into halves by a solid partition. Nothing can pass through,
not even heat. Call the boxes A and B, and imagine that they represent separate universes. On each side
of the partition you have matter. Let's say it's a gas. The temperatures are the same in A and B, and so
are the pressures. If the gas on each side of the partition is perfectly mixed, that's as disordered as you
can get. Entropy is at a maximum on each sides. Now you make a hole in the partition. Is there any
observable effect from making that hole?"

I was dying to leave, but if he said I needed to know, I was forced to accept his rambling. I said
impatiently, "The gases from both sides mix, but they were at the same temperature and pressure to start
with. Things were as random as you could get. You shouldn't notice any difference at all."

"Shouldn't, and wouldn't. But suppose I give you another piece of information. Suppose the gas in box A
is different from the gas in box B. Maybe, it's oxygen in A and hydrogen in B. Before the hole was made,
the gas on each side had maximum entropy and maximum disorder. I couldn't produce energy from the
gas inside either box. But once I make the hole we have a combined system . Hydrogen molecules from
B start going into A. If I'm sitting in A, I will notice the change and I can measure it. [ will say to myself,
'Aha! Entropy is going down around that hole.' | know, because if I strike a spark the new hydrogen
molecules will combine with some of the oxygen molecules, and produce energy.

"But now suppose I'm sitting in B. Oxygen molecules are arriving, so near the hole I can strike a spark
and combine them with some of the hydrogen to generate energy. I will reach the same conclusion as |
did in A. Entropy in B is decreasing, too."

"Mac, entropy always increases . Isn't that the second law of thermodynamics?" As usual when [ talked
with McAndrew, I was more confused instead of less. "You have it decreasing in both boxes."

"That's right. It must, since the situation is perfectly symmetrical. But because of the hole connecting
them, neither A nor B is now a closed system. The complete system is (A + B), and it's the entropy of
that which has to increase. It may not look like it to someone in either box, but the total degree of
randomness is going up. Eventually, all the gas will be perfectly mixed."

"We see things from only one box. Is that your point?"

"Part of it. But I want to emphasize the symmetry. We have matter coming in from outside—from
another box or another universe. And things can run both ways. If matter comes from there to here, it can
just as likely go from here to there."

"Separate atoms and molecules."

"Sure. But maybe more. What we lose must be different from what we gain, or we'd see no entropy
change. Maybe bigger things can go the other way. Like the pinnace."
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"And Abdi."

"Right. And the problem is, we have no idea how much energy his arrival might trigger in the other
universe."

"But we're going to find out."
"I suppose we are. Unless you will let me go alone—"

As I said, when he gets an idea in his head he never gives up. Of course, that doesn't mean you have to
let him act on it.

The hole in the universe was invisible, but McAndrew had plotted its boundary and knew exactly where
it was. A hundred meters from the edge he halted and said over his suit radio, "Can you hear me?"

"As clear as if you were sitting next to me on board the Hoatzin ." Which I wished was the case. I
looked back at the ship, less than ten kilometers away. The central shaft and living-quarters were
invisible, but the mass plate hung like a silver coin in space.

"We stay close, Jeanie. We move forward together, and make sure we can still see and talk to each
other."

We gripped gloved hands. Side by side we drifted toward the caesura, the nothing, the
three-dimensional hole in the wall of the universe. I felt nothing, but without warning the darkness around
me disappeared. | moved through a shimmer of light, multicolored and constantly changing. No longer in
any place that I could recognize, I suspected I was between universes.

The display of my inertial guidance system, designed to track position in three-dimensional space,
suddenly went blank. It lit again after a few seconds, but its spatial coordinates had reset to zero values.
At the same time, everything around me went dark. My suit radio filled with a roar of static.

"Mac, where are we?" I hoped my voice was calmer than [ was.

"We made it through in one piece." His voice was a near-unintelligible thread of sound, but I could hear
the satisfaction. "So chances are that Abdi is all right. Hold on, and set your suit to roam. I'm going to try
different frequencies."

Nothing happened for about thirty seconds. While I waited I realized that the space surrounding us was
not completely dark. A faint, pearly radiance glimmered in from all directions. It was just enough to show
the outline of my arm.

"How about that? Better?" McAndrew's voice was much clearer.

"Lots better. I can hear you now. Do you know what's going on?"

"Sure. We've arrived in a universe where the dominant radiation is at radio frequencies, probably

generated by discrete sources. I picked the quietest region I could find and tuned us to it. Visible
wavelengths seem to come from a general background. If there are stars, they are radio stars."
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His words were distinct enough, but there was a curious background echo to them, as though everything
was being repeated a fraction of a second later. I turned on my helmet light and directed its beam at
McAndrew.

There he was, clear and unmistakable, but faint shadow images of his suit marched away to left and
right, above and below, diminishing ghostly arrays that shrank in size until they merged into the pearly
background.

"Mac, turn on your helmet light and point it at me."
Not one light appeared, but a whole constellation of them. They blinded me to anything beyond.
I said, "What do you see?"

"Same as you do, I imagine. I'm only guessing, mind, but I'd say this is a spacetime with a totally different
structure. It's built of discrete units on a macro scale, at least so far as optical properties are concerned. |
want to try an experiment." His hand released its hold on mine. "Stay right where you are, Jeanie."

I certainly wasn't going anywhere. I kept my light focused on McAndrew's suit, and watched uneasily as
it receded from me. It was no more than fifty meters away when the structured array of images turned
into a bland glow, little brighter than the background.

"Mac, I've lost you. You've disappeared."

Not a word of reply, only the steady hiss of static. The urge to drive my suit toward the direction where
I'had last seen him was very strong. I fought it, hovering frozen in space. I could hear my pulse, loud in
my ears. I counted the beats. Sixty—eighty—a hundred. On the hundred and twelfth beat, a suited figure
popped back in sight, accompanied by its retinue of ghostly images.

"I'm seeing you again, Jeanie," Mac said. "And hearing you. Is it two-way?"
HYeS "

"That's reassuring. [ was afraid for a minute we might be in a spacetime with asymmetric affine
connections, and no metric."

He reassured a lot easier than I did. But perhaps not, because his next words came in a voice more
serious than I had ever heard before.

"Here's the problem, Jeanie, and I must admit it's not one I'd ever anticipated. We need to find Abdi and
the pinnace, but we seem to be stuck with a distance limit of fifty meters for any form of electromagnetic
propagation. If the common region is the same size in the two universes, then we're dealing with a space
about three hundred kilometers across. That gives us a finite volume to search, which is good news. The
bad news is the length of time it will take us if we're stuck with traverses that are only a hundred meters
wide. We'll run out of air and fuel for our suit drives, long before we're done."

"That would only be in the worst case, Mac. Don't we expect Abdi to stay close to the place he came
in?" Something had gone dreadfully awry, when I was the optimist and McAndrew the pessimist. "We
have to look for him. What else can we do?"
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"I don't know. Let me think for a minute."

I didn't like the sound of that. McAndrew's "minute" for thinking could sometimes last for days. But after
only a few moments he said, ""You've spent more time with Abdi than I have. How smart is he?"

"Very. But Mac, he's just a kid."

"Aye. But children often think clearer than older people. They have fewer falsehoods cluttering up their
brains. He's sure to have looked outside the pinnace, and he'll have made no more sense of that than we
have. Less, because he doesn't have the physics to let him interpret what he sees. So what does he do,
Jeanie, assuming he's bright and he's logical?"

I said slowly, "He knows he can't rely on anything he sees outside the pinnace. So all he can rely on

iS_H
"—what's inside . He won't learn anything from sensors that record external conditions. But the readouts

that tell him his absolute position in inertial space should be working, because they're working in our own
suits. And mine reset to count from zero when we transferred here."

"So did mine. I saw it happen. But we've been drifting ever since."

"We have indeed. But we can reverse course and take ourselves back to zero position coordinates. That
will place us on the edge of the region. Abdi insisted that he could fly the pinnace. Assume that he's right,
and that he's smart. Then he can take himself back to zero coordinates, too. That will be where he
entered this region."

"But Mac, we have no idea whereabouts he was on the edge when he did that. It could be a long way
from where we came in."

"True enough. But it has to be on the boundary of the three-dimensional space. That changes the
problem, replacing a three-dimensional search by a two-dimensional one. All we have to do is set up a
systematic procedure to cover the boundary."

I knew he would already be working out a plan to search a spherical shell rather than the whole interior.
In fact he apparently had one already, because he was zooming off in what seemed to me like an
arbitrary direction. Without arguing, I followed McAndrew and his attendant arrays of ghost images.
Every wasted breath decreased Abdi's chances.

"Of course," he said as we flew along through nothing, "our strategy for finding Abdi relies on there being
a peak probability with respect to his intelligence."

He would philosophize at the gates of Hell, and I knew from experience that there was no point in trying
to stop him.

"If Abdi's not smart enough," he went on, "he'll never think to go back to the origin of his inertial
coordinates. On the other hand, if he is super-smart he will head back to and through that origin of
coordinates, to take himself right through the transition zone and into the universe from which he came.
For all we know, Abdi could be safely back on board the Hoatzin , wondering where we are. Maybe
we should have taken a quick look there ourselves, before trying this search. Or maybe we had it right
the first time, and only one of us should have come here while the other stayed behind in case Abdi
returned."”
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Or maybe we should never have agreed to take a hyperactive eleven-year-old with us into the
unknown.

Before I could do more than frame that thought, all discussion of alternatives became academic. If time is
Nature's way of stopping everything from happening at once, it failed to fulfill its function. The digits on
my suit's inertial coordinate readout, which had been ticking steadily toward zero, became an unreadable
blur. I felt an acceleration stronger than the suit was designed to provide. McAndrew said, "What the
devil," in a tone somewhere between excitement and astonishment; and in that same single moment, the
pinnace sprang into view straight ahead. The hatch was open. Before I had time to think of aiming for it, I
was through. McAndrew followed, to sprawl beside me on the deck. A split-second later the pinnace
itself was darting off at high acceleration in a new direction. Everything around me became a dazzling
whirl of rainbow hues.

The colors faded and vanished at the same moment as the acceleration ceased. I was given no time to
catch my breath. McAndrew grabbed hold of my arm. I saw Abdi on his other side, also being towed
toward the still-open hatch.

Toward, and through.

We were outside the pinnace again. I recognized familiar star patterns, but had no chance to savor them.
The Hoatzin was a few hundred meters away, and McAndrew was dragging all three of us
single-mindedly toward it.

"Mac!" It was both a question and a protest.

He said one word: "Inside." Then he was pushing us through the Hoatzin 's lock, cycling it at maximum
speed before we had cleared the opening.

As the lock filled with air I said, "What's the hurry? We're back in our own space, in our own ship.
We're safe."

"Aye. Now we are. But look." He reached a gloved hand down to the waist of his suit, grabbed a
handful of material, and pulled. The suit—made to withstand a pressure of up to fifty atmospheres,
impervious to radiation, and tougher than the most hardened -composites—ripped away to show
McAndrew's unzipped tunic and bare belly.

I gripped the left arm of my own suit in my right hand and tugged. Half the sleeve ripped away like wet
paper. If that had happened a few minutes earlier, while we floated in vacuum . . .

"Abdi?" I said.

n

"I'm—I'm—" His teeth were chattering. "I'm . . .

Either he was trying to tell me that he was alive, which I already knew; or that he was all right, which he
certainly wasn't. I stripped off my useless suit and helped him out of his. He was close to catatonic,
nothing like the inquisitive and self-confident lad of yesterday.

"When did you realize, Mac?" I gestured at the remnants of my suit, which had disintegrated as I
removed it.
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"That they would soon be good for nothing?" His own tattered and discarded suit was on the floor and
he was at the Hoatzin 's control panel. "Soon after we made the transition. My suit's condition monitors
suggested it was protecting me, but destroying itself in order to do it. The physical parameters of the
neighboring universe may be close to our own, but they're not close enough for long-term survival."

"And you didn't mention that to me?"

"What good would that do? Anyway, who was to say that the readings meant anything over there. I
knew that the only way to make a test could be fatal. The only thought in my head was to find Abdi as
fast as we could, and then get back here."

"And you did it. Mac, no one should ever suggest again that I'm needed on your expeditions to get you
out of trouble. This proves it. I couldn't have saved us. And I still don't understand how you did it."

He had finished work at the controls and the Hoatzin was turning in space, aligning us so that we were

set to accelerate back toward Sol. With the rotation completed but the drive still turned off, he swiveled
his chair to face me.

"If I thought for a minute I could get away with that line back at the Institute, Jeanie, I might give it a try.
But you know me. I'm the System's most incompetent liar. I didn't find Abdi and the pinnace. I didn't
bring us out through the transition zone to our own universe. I didn't save us. You saw the way that your

own suit accelerated. How did you imagine I could make that happen, when I wasn't even touching you?"

If McAndrew was the System's worst liar, sometimes I think I'm the slowest person in the System to
catch on. "If you didn't," I said. "And / certainly didn't. . . ."

I turned to stare at Abdi, who had not moved a millimeter.
McAndrew said, "No. Of course not."
"Then..."

"Not me, you, or Abdi. We didn't save ourselves. Somebody knew we were in trouble, and they gave
us a hand."

"Then there's /ife in the other universe? More than life. Intelligence. "

"It looks that way." McAndrew initiated the drive. There was no feeling of acceleration, but the living
capsule began edging along the axle toward the mass plate. We were on the way home. "I'm wondering
ifthey will believe that there's intelligence in our universe, given the way we blundered in. We have to
return there."

He wasn't looking at me, but he must have sensed my instinctive shake of the head. He went on, "We

have to, Jeanie. First contact, and already we owe them. We have to go there again—if only to seek a
chance to pay them back."

There's something about youth. I don't know quite what it is. I only know I don't have it any more.

On the fifth day of our return journey to Sol, I was watching Abdi dissect a fragment of the helmet of his
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ruined suit. He had said not a word regarding his experiences in the neighboring universe, and when [
asked him about it he told me he didn't remember anything that had happened. He didn't feel that he had
nearly been killed, because at eleven the whole concept of mortality is alien. He seemed his old self again.

Or maybe not quite his old self. I saw a caution that had not been there before, a new
look-before-you-leap deliberateness in Abdi's actions. And he was making notes, something he had
never done. Fazool el-Fazool had said he hoped that a trip with McAndrew would be a broadening
experience for his son. Against all the odds, it seemed to have worked out that way.

And McAndrew himself? Well, Abdi may have learned, but Mac certainly hadn't. He couldn't wait to
get back to the Institute, where he planned to organize and outfit a new expedition better prepared for
the unknowns of the other side.

He didn't want to hear me play the role of Cassandra, telling him how close he had come to being killed,
warning him how next time he might not be so lucky. He wanted to talk to Limperis about his ideas, and
he spent most of the return trip sitting impatiently at the communications console.

Of course, the general cussedness of Nature guaranteed that when the first faint carrier signal reached us
from the Institute, McAndrew would be taking a food break and I would be at the communications
console.

"Can you hear me?" I said. "This is the Hoatzin . We are on our way home, and heading straight to the
Institute." At our range it was audio only, and I waited patiently through the round-trip signal delay.

"We are receiving you." The operator's voice was weakened and distorted by extreme distance. "Do
you need help?"

"No. We've had difficulties, but we're safe now." Then my brain caught up with my mouth. We had not
been in touch with the Institute since we left. The communications equipment was in perfect working
condition. How did they know we had been in trouble? "What makes you think we might have
problems?"

"Well, the flight plan that you filed shows an outward travel time of sixteen days, and a return travel time
almost exactly the same. But you've only been gone for twelve days."

McAndrew had come back to stand behind me after the first exchange. He was holding a huge
sandwich and his mouth was crammed too full to speak, but while I sat and gawped at the console, he
slapped his knee. As soon as could swallow, he spluttered, "I knew it! Or I would have known it when I
sat down to make drive settings, if only I'd had the sense to believe the evidence of my own eyes!"

"Mac, in normal speech, please. Not just your idea of normal speech, either—use the sort of language
that I can understand."

"In a minute, Jeanie." He leaned over me and said into the console microphone, "Everything here is just
fine, and we have results more exciting than you can ever imagine. Contact Professor Limperis. Ask him
to organize a conference for senior Institute staff the minute that the Hoatzin docks. And tell everybody
that they'll want to be there."

He turned to me, beaming.

"Mac, I thought we didn't have anything—unless you count nearly getting killed."
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"Och, that was nothing." He dismissed the near miss with death with a wave of his hand. "We found a
new universe, with intelligence in it—ftiendly intelligence, by the look of it, because they saved us. What
more could you ask? But there's more, a whole lot more. Look at that control panel, and tell me what
you see."

Since there were about four hundred separate readouts and dials, I saw far more than I could take in. I
said, "How about a hint?"

"Start with the chronometer. You can end there, t0o."

I stared at the instrument. "It's wrong! Days wrong."

"It is. How many days?"

"A bunch. Twenty-one, or twenty-two. Mac, it's reading earlier now than when we arrived at the
caesura. [ know, because I recorded the time when we turned off the drive. That instrument is supposed
to be foolproof. I can't imagine what could make it malfunction the way it has."

"Nor can I. And I think it didn't. When we passed through the caesura, we entered a universe where
time runs in the opposite direction from here. At a different rate, too—we felt we were only there for a
short while, but we traveled back more than three weeks. The Hoatzin was close to the caecsura. We
know matter passes through . . ."

I turned to look around me. Over at the other side of the living capsule, Abdi was quietly at work on his
suit helmet. McAndrew's words disturbed him not at all. And McAndrew was smiling at me, not at all

like a madman. Was I the one who was losing it?

"Mac, do you realize what you're suggesting? If you're right, anyone could travel out, just the way we
did, and they would have a way to move backward in time."

"Aye."

"But that's impossible. Time travel is impossible. The whole idea leads straight into loads of paradoxes."
"It does seem to." He sat down next to me, and suddenly seemed to notice what he was holding. He
lifted the sandwich to his nose and sniffed, as though he had never seen it before. He nodded. "Salami.
And paradoxes. Right enough. We'll have to work through those, but that will be part of the fun."

"And causality, Mac? What about causality ? It's a law of nature."

"It is. It is indeed."

He nodded thoughtfully, and took a bite. His next words were distorted and barely intelligible.

"Causality is a law of nature, true enough. But Jeanie, that's all it is. A law of nature. It's not like the
second law of thermodynamics. It's not The Law."
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JAILHOUSE ROCK

If you have ever wondered how a dashing hero is made, here is some insight, in a story set on the
rough and ready frontier that our solar system will turn into in the next few hundred years. It is
the origin of a character whose mature exploits were chronicled in Martian Knightlife.
Disclaimer: I don't make the puns, I just print 'em. . . . And hats off to Leslie Charteris, creator of
The Saint, who inspired the author. . . .

James P. Hogan

It was storm season in the southern hemisphere of Mars. Above the turbid orange clouds currently
obscuring the western parts of Hellas Planitia and the region toward the equator, the "Mocha" freighter
flew on a heading north of west. A thousand yards behind, the Skyguards escort gunship that was
accompanying it to Lowell base, still a quarter of the planet away, maintained station slightly above and to
starboard. Unseen satellites passing high overhead sent periodic updates on the vessels' progress to a
monitoring program running in the computers at Skyguards' headquarters, located at Lowell.

As flying machines went, the Mocha was ugly and ungainly—a boxy, open-frame center-body designed
to hold a variety of cargo modules; an independently maneuverable crew module in front; one from a
selection of propulsion modules attached behind; and on the sides, either high-lift wings for atmospheric
duty, or boosters capable of low-orbit injection to connect with the satellite transfer stations. But it was
well suited to its role of hauling miscellaneous loads around the newly opening-up planet. Its name
derived from the official designation of MOdular Cargo HAndler. Naturally, everybody called them
Mocha ships.

At the rear of the flight deck in the crew module, rookie recruit trooper Kieran Thane sat cramped on a
folding jump-seat between the rear bulkhead systems panel and an equipment rack, one arm resting on a
run of power cables crossing the wall ribs, a close-quarters autocarbine wedged next to his leg beneath.
The vessel was owned and operated by a general carrier at Zerolon base on the far side of Mars from
Lowell that styled itself grandly "Haulers of Fame," and was carrying a cargo of space weaponry and
programmable munitions that would fetch premium bid prices among the various mercenary forces,
commercial rivals, and other squabbling enterprises taking form among the Belt habitats and beyond if it
happened to go astray. Hence, the armed escort ship. Kieran had been put aboard the Mocha as link
man between its crew and the escort commander, as routine required. The vessel was built to minimal
surface utility standards, which meant that everyone was wearing EV suits with helmets close by, ready at
hand.

"Escort Leader calling Mocha." The voice of Lieutenant Coombs sounded in Kieran's phones.
"Acknowledge and report."

"Roger. Everything normal here," Kieran responded over the circuit.

"I read you. Out."
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The three-man crew's captain, who was called Ursark and occupied the c-com station on the far side of
the nav-display table, looked at Kieran with a mixture of cynicism and amusement. "Right on time again.
That's a regulation-scrubbed toy soldier you've got there, kid. Does he come with a key sticking out of
his back, or batteries?"

"T... guess everyone does things the right way until they get to know where they can cut corners," was
all Kieran could think of to say in reply.

"Well, I'm sure glad it's not me who stands to get shot while he's learning," Ursark drawled. He seemed
to be trying to goad. Kieran wasn't sure why. Probably just part of his nature. Kieran didn't respond, but
kept his eyes on the windshield in front of the other two crewmen and watched the slowly creeping vista
of whipped cotton candy stirred by descending canyons of clearer air. Occasional upthrusts of rock
loomed as shadows, sometimes breaking through into the sunlight like yellow-brown icebergs riding in an
ocean of orange foam.

Ursark was swarthy-skinned and fleshy in build, with oily black hair, several days' growth of stubble,
and a barking laugh that revealed strong teeth while asserting disdain and defiance. His eyes were black
and depthless, betraying nothing of what might be taking place within. But Kieran conceded inwardly that
he had a point in his own artless way. The troopers dubbed the commanding lieutenant "Thumper"
Coombs—everything was undeviatingly as ordained and stipulated in the book. But at least they weren't
having to take orders from somebody learning in a combat mission situation, Kieran reflected. That
would have been a lot worse.

He rested his head back against the painted metal bulkhead and idly surveyed the other two crew.
Bolen, doing the piloting, was lean and muscular with somewhat drawn features and short reddish hair.
He seemed to go about his work easily and competently. Kieran wondered what other tempting offers
there might be for somebody like him out here—as opposed to working for the regular carriers or other
agencies that employed pilots. Demand was said to be such that they could virtually name their own pay.
Maybe the added kick of mixing a little danger with the job wasn't something that appealed to everyone.
In the engineer's station next to Bolen was Wallax, black-haired, square-chinned, and rugged-faced. He
had said little, not allowing Kieran to form any clear impression of him—although there had been a hint of
an aggressive streak. Somehow, the three didn't really fit the image that Kieran would have guessed for
an off-world flight-crew; but then, what experience did he have to guide him as to what should be
expected in these distant places where humankind was finding new homes? As the freighter droned on
above the wilderness, his thoughts drifted to the wider picture that he found himself part of.

Although still officially a "base," Lowell was creeping outward along the canyon bottoms from an
intersection of canyons in the complex of Valles Marineris, merging its original dome structures between
new roofs spanning between the walls to already become an incipient city. Earth had rebounded from its
century of institutionalized technophobia and, with the advent of fusion, strong-force catalysis, and other
nuclear technologies that had revolutionized just about everything from space transportation to materials
extraction and processing, humanity was finally bursting from its home world to pick up again at what
should have been the next step back in the years when the Apollo monuments were left on the Moon.
Mars was opening up. The Belt worlds, natural and artificial, were seeing the beginnings of what some
predicted would become a dizzying diversity of cultures and lifestyles. A few adventurous souls had
established what looked like being a permanent human presence among the moons of the gas giants.
Amid all the vitality, restlessness, innovation—and inevitably, rivalries and differences—comfortable
Terran notions of a common system of enforceable law had been left behind. Some said it would follow
eventually; others maintained it was already a dead concept, and some new system for restraining
excesses and dispensing justice would have to be invented. In the meantime, there was plenty of work for
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go-it-alone operators like Skyguards, protecting life and property, and, where expedient or arguably
justifiable, generally helping to "promote interests."

The Mocha's engine note changed suddenly to a succession of juddering coughs, bringing Kieran back
from his musings. The craft dipped and banked to port, throwing him forward from the seat and causing
him to grab at a side bracing. An alarm note wailed as the pilot's panel lit up with red indicators. Outside,
the horizon of cloud titled and swam sideways across the windshield. Bolen slammed the controls to
manual and threw a worried look back at Ursark.

"What is it?" Ursark barked.
"Major thrust loss. Synchronizer failure. Double-X category malfunction."
"Power system's screwed! We have to go down!" Wallax shouted.

"Escort Leader to Mocha Rider," Lieutenant Coombs's voice said. "You're altering course and attitude.
What's happening?"

"Some kind of power failure, sir," Kieran answered. "The engineer says they have to put down."

"Hell, we're not asking for permission," Bolen yelled over his shoulder as he wrestled the manual stick,
and Wallax called numbers and flipped switches. "Whatever he thinks doesn't come into this." The
Mocha nosed into a descent, then angled back to use its braking thrusters, the main power note
steadying but falling. Orange haze enveloped it, becoming denser, streaking past the windshield and ports
to give a sudden hint of the craft's velocity. Bolen watched the forward radar imager and centered on
what looked like a straight run of reasonably flat terrain ahead, clear of obstructions and boulders,
flanked by rocky bluffs on both sides. "That's our only chance," he yelled to Ursark.

"Go for it," Ursark told him.

Kieran spoke into the stem mike on his suit collar. "It looks like a genuine emergency, sir. We're out of
options here. Trying for a clear strip dead ahead at . . ." He raised his voice to call to the front. "What's
the range of that?"

"Five miles," Bolen answered.
"Five miles."

"We're following you down," Coombs advised. "Tell the captain that I'm calling Lowell for an emergency
pickup."

Kieran passed on the message and braced a foot against one of the metal steps coming up from the
doorway behind, which led back to the access section, where the suiting chamber and airlock were
located. A hazy, colored version of the radar image appeared dimly beyond the windshield, growing
larger, flattening out, and then expanding to meet them as the Mocha came down. Additional dust blown
up by the retros blotted out what view there was for the final few seconds before the skids struck with a
jolt and a brief shriek of metal racing over frozen sand and rubble. The craft went up on a bounce,
grounded again, and eventually scraped its way to a halt. As the dust thinned outside the windows and on
the viewscreen, Ursark cut to a rearward shot showing the escort ship landing through the storm, maybe
a hundred yards back. The Mocha's engines died, and the hiss of sand blowing over the outside hull
became audible for the first time.
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Ursark looked across at Kieran. He was showing his teeth, smiling in a strangely satisfied way that
wasn't at all consistent with the situation. Kieran returned a puzzled look and was about to
speak . . . when Wallax produced a pistol and leveled it at him.

Kieran shook his head noncomprehendingly. "What—"

"Not a word, kid." Ursark's voice was cool but menacing. He leaned over the nav-display table and
reached across to tear the mike from Kieran's suit collar. Then he indicated the autocarbine by Kieran's
leg and motioned with a hand for Kieran to hand it over. "Slow and easy, butt first, okay? Nobody has to
get hurt."

Bolen was calling from the pilot's console. "Hello, Sandman. Do you read? Are you out there?"

A voice answered, patched through to the cabin speaker. "I hear you, Bird. You're a few hundred yards
past the marker. We're on our way."

"Gotcha."

Coombs came through in Kieran's ear. "Escort Leader to Mocha Rider, report situation," But Kieran
had no means of reply. "Come in, Rider. . . ."

Kieran lifted his weapon clear from the wall, reversed it, and set it in Ursark's waiting hand. "What's
going on?" he demanded.

"Wait," Ursark answered, and stared expectantly at his viewscreen, still showing the shape of the
gunship nose-on, standing in the murk. Wallax kept Kieran covered. Kieran followed Ursark's gaze. At
the pilot's console, Bolen operated some switches, and an electric whine came from the rear, which
Kieran recognized as the sound of the loading door of the cargo module opening. Maybe ten seconds
passed by. . . . And then a quick series of flashes lit up seemingly behind the gunship, which lurched
visibly, accompanied by the crump-crump-crump of weapon fire sounding deceptively distant in the thin
atmosphere. A window opened on the screen to present a side view of the -gunship—evidently coming
from an external source—that showed the rear end of its fuselage torn and holed, its the tail surfaces
shredded. Then another burst of tracer streamed from a point near the camera and raked the stern engine
pod. The damage was localized away from the personnel compartment, which was farther forward,
Kieran could see; but the gunship wasn't going anywhere. It had been reduced to little more than a
life-support shelter in the desert.

Coombs hadn't fully grasped the situation. "Mocha crew, alert! We are being attacked. Secure—" But a
new voice cut him off, sounding on a channel evidently directed at the gunship, but which Bolen or
Wallax had patched to the speaker circuit. "Calling you Skyguards turkeys. Can you hear me in there?"

Coombs replied. "I hear you. What is—"

"Your bean can is immobilized and covered by heavy infantry weapons." Which meant ordnance
capable of taking the gunship apart at that range. "Sit tight, and this can be easy on everyone. You're not
calling any shots. And let's not forget that we still have one of your people in the freighter." The viewpoint
that the image was coming from began moving forward past the nose of the stranded gunship, and then
ahead of it. Moments later, a smaller, approaching blur appeared on the screen showing the view
sternward, and transformed into a general-purpose desert crawler—used all over Mars for survey work,
exploration, scientific expeditions, and the like. It halted just short of the Mocha, and two figures clad in
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heavy-grade EV suits and helmets got out. They crossed through the sand spray toward the Mocha and
disappeared from the viewing angle. Bolen switched to a camera showing the inside of the cargo module
with its loading door open and the two figures just coming in off the ramp. "The voice that had spoken
before announced, "Okay, we're in."

"We've got you, Roney," Ursark confirmed.
"Then let's move it."

Bolen closed the loading door. The engines started again, rose in volume, and Kieran felt the craft
-moving.

"Escort Leader to Mocha Rider. Our position appears to be compromised. Unknown hostile elements
are approaching you and are heavily equipped. If you are receiving this, offer no resistance. Repeat, do
not resist."

Ursark flexed his console mike in Kieran's direction and gestured toward it, at the same time leering
derisively. Despite himself, Kieran felt his face flush with embarrassment at his own helplessness. "Yes,
sir," he acknowledged self-consciously.

"That's a good soldier," Ursark said.

The voice that Ursark had addressed as Roney came over the speaker again. "Calling the bean can. Just
to let you know, we've left a functioning crawler about a hundred yards in front of you. It'll get you by
until help shows up if your support system's shot. 'Bye turkeys."

The Mocha bumped its way up to speed, lifted off, and rose into the storm, by then growing darker with
the first shades of evening.

Since there was no internal access forward, the two additional hijackers—for it was obvious that the
whole thing had been a setup all along—remained in the cargo module. No doubt Coombs had already
put out a distress call and reported the incident; but provided the Mocha relied on its navigation aids and
stayed below the ceiling of the storm blanketing the region, the satellites would have little chance of
finding it optically or on infrared—and naturally, the tracking signal being transmitted previously would
have been switched off. Since its course was unknown, the area that it might be in increased with the
square of the distance covered as time went by. A thousand miles of flying would generate over three
million square miles to get lost in—and plenty of time to switch the cargo to a different vehicle, or
whatever else the hijackers had planned.

Ursark's manner mellowed somewhat, now that the critical point was past. He produced a flask and
some plastic mugs, poured out three coffees and passed two forward, along with a couple of
film-wrapped sandwiches and a bag of chips, and then looked quizzically at Kieran, as if in an
afterthought. "Eat?" he invited.

Kieran had no idea how long it might be before another opportunity might present itself. In any case, he
was getting hungry. He nodded. "Sure. . . . Thanks."

Ursark filled another mug and pushed it across the nav table, following it with another sandwich. He
unwrapped one for himself and began munching, at the same time watching Kieran curiously. "You know,
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you're not so bad, kid," he grunted finally. "You keep it cool, know what I mean? Not the kind that loses
his head and acts stupid. Somebody like you could do okay if you had connections." He smacked his lips
noisily and worked something from his teeth with his tongue. "Any idea what you could make, working
for the right people?" He studied the expression on Kieran's face—firm, not looking for a fight, but
refusing to concede or be drawn into anything either. "Still pumped up with principles and ideology, eh?"

"Give him another ten years," Bolen said without taking his eyes off the dust veils whipping by outside. "I
used to fly for one of the enforcer outfits too, once."

"I never knew that. . . ." Ursark seemed about to say something more, when Roney spoke from the
cargo module.

"Hey, Urse?"

"What?"

"I don't think we're going to have enough air here to last all the way to Quentas."

Ursark's eyes flickered alarm in Kieran's direction. "Watch your talk," he said into the mike.

"Oh. .. right. But we need to put down somewhere along the way and get fresh bottles from the cab."
Ursark turned his head in Bolen's direction. "Did you hear that? Can do?"

Bolen was already keying in a query to change the flight plan. A revised course appeared on a terrain
map showing on one of his screens, and a string of numbers unrolled across the bottom. "There's a hard
pad we can put down at forty minutes from here," he announced. "Increases final ETA by . . . less than a
half hour. We should be okay."

"Forty minutes from now," Ursark relayed back. "Reckon you can hold out till then?"
"Yeah. Shouldn't be a problem," Roney replied.

Quentas, if Kieran remembered correctly, was a mesa-like geographical feature somewhere near the
edge of the deserts of Elysium.

Night had fallen by the time the Mocha set down. The flight-deck screens and the view through the
windshield showed the surroundings to be in a flat depression fringed by a rocky scarp—ypossibly a
crater rim—appearing as disconnected crests and edges picked out against shadow by starlight filtering
down through the still dusty air. But they seemed to be out of the storm. Kieran made out structures of
some kind outlined dimly a short distance away—a construction gantry, maybe, and several storage
sheds.

Moving awkwardly in his suit in the confines of the cabin, Ursark went back into the access section,
taking his helmet. From the doorway behind where he was sitting, Kieran heard the clatter and clinking of
bottles being taken from a rack, sounds of Ursark securing his helmet, and finally a suit monitor's triple
beep confirming systems to be functioning normally. Then came the whirr of a the inner lock door
opening, Ursark shuftling through, and the lock closing again. In the flight deck compartment, Wallax
studied his fingers between glancing at Kieran, his pistol still close at hand. Bolen opened the cargo
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module door and reactivated the view of the inside to show Roney and his companion moving out onto
the ramp to stretch cramped arms and legs in the light that had come on within.

"Any coffee left back there?" Bolen asked. Wallax passed him the flask. Bolen refilled his mug and
returned to contemplating the scene outside, immersed in thoughts of his own.

Something was odd, Kieran realized. Why would Ursark have bothered putting on his helmet and going
outside to take the bottles back, when Roney and the other with him were already fully suited? Ursark
could simply have left the bottles in the lock chamber to be retrieved from the outside. The answer came
when Ursark appeared in the view on the screen, and while Roney and his companion took turns
attaching the replacement bottles to each other's packs, entered into an animated discussion with them
over another channel, this time not switched though to the cabin: They wanted to have a private
conversation. . . . And then, when Kieran had been watching with more-or-less detached interest for
perhaps a minute, it suddenly hit him what it was they needed to talk privately about. After Roney's
careless talk earlier in which he had let slip their destination, the problem was what to do with zim —with
Kieran! And now, guessing the subject of the debate, he was virtually able to follow the exchange from
the gestures and body language—even in suits.

Roney—somehow Kieran knew which was Roney—arms spread, hands upturned; then a one-handed
throwing-away motion, followed by hands crossed, opening to make a breast-stroke movement: What's
your problem, Urse? He knows too much. Get rid of him, it's simple. Then the whole thing's
behind us, clean and over.

Ursark—two-palmed restraining gesture; window—wiping movement; side-to-side shoulder swings,
emphasizing shaking of the head. Finally, both hands turned up in appeal: Wait a minute, think about it.
That's a whole different rap than for a heist if things screw up. I didn't agree to that kind of ride.
He's just a kid, for chrissakes.

Roney's companion—half-turn away; pause; turn back, one arm sowing seed. Either way, I don't care.
Can we just get this settled? We're wasting time.

The chilling realization came home to Kieran that they were arguing over his life. Wallax's idle toying with
the pistol, and Bolen's studied detachment took on a whole new, sinister significance. He felt his mouth
and throat turning dry. He was the kind who knew how to keep cool, Ursark had said, not one to lose
his head. Yeah, right. . . . Not losing your head could come fairly naturally when you had no choices to
make.

Then Ursark's voice sounded over the cabin speaker. "Calling the kid soldier. Get helmeted up and
move your ass out here. Okay?"

Kieran stared around dazedly, trying to tell himself this couldn't be happening. He'd signed up for a tour
away from Earth on what sounded like an exciting job, that was all. It wasn't supposed to end like this,
and so soon. He looked at the others in a silent, desperate plea. Bolen continued staring implacably
through the windshield. Wallax cradled the pistol more securely in his palm and looked up.

"I guess that means you," he said laconically.
For an insane moment Kieran tried estimating distances by eye with thoughts of trying to grab for

it. . . but it was pointless. He got up numbly from the jump-seat and picked up his helmet from the ledge
where he had set it.
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"I'm not hearing an answer," Ursark's voice said from the speaker.
"He's on his way," Wallax replied.

Moving mechanically, as if someone else had taken control, Kieran went down the steel steps to the
access section, initiated the lock cycle, and donned his helmet while the lock was filling. When the
indicator changed to green he entered, heard the inner door close behind, and waited for the chamber to
exhaust, refill with Martian air, and for the pressures to balance. The outer door slid aside, and the
conveyor step carried him down six feet to the surface. His dreamlike sensation enhanced by the
thirty-eight percent Earth-normal gravity, he walked back toward the opened cargo door. Ursark was
waiting at the bottom of the ramp. Farther back, the other two were maneuvering something down from
its stowage space between the center-body frame and the propulsion module. Kieran saw that it was the
vessel's "scooter"—an open, two-person electric runabout carried by most larger craft for extending the
range of surface activities; on occasion, they had also proved their worth as lifeboats. While Roney and
the other proceeded to strip the radio and emergency beacon from the scooter's electronics box, Ursark
filled Kieran in.

"Okay, so this is the deal. There's a Triple S on a bearing of two-forty degrees from here that you should
be able to make in four to five hours. You've got extra air and water under the seat. We can't leave you
with a live transmitter, but there's a homer that'll give you a fix when you get close enough. Just hope you
don't hit problems. I know the chances aren't perfect, but they're the only ones you've got." Surface
Survival Shelters, containing food, life-support gear, medical kits, and other essentials, usually located at
radio navigation beacons, were dotted all over Mars for use in emergencies. Mars had no magnetic field;
the electronic compasses worked off the satellite grid. Kieran opened his mouth behind his helmet visor
to say something, but Ursark cut him off with a wave. "There's nothing to discuss. That's it. On your way,
kid. Adios."

Wa-it a minute! . . .

Kieran had covered maybe three miles, when the subconscious processing going on in his brain suddenly
delivered its conclusion that something wasn't right. He eased back the scooter's throttle, slowing the
procession of sand and rocks through the scooter's headlight beam to a crawl to free up more of his
attention to pondering what. . . . And then it came to him.

This had shown every sign of being a professionally planned and executed operation. The people staging
it might be crude in some ways, but they weren't dumb. Professionals would have made sure to leave the
crawler and come away from the hijack with fresh air bottles—or at least, bottles full enough to get them
where they wanted to go. So, the Mocha had never been heading for Quentas.

Why, then, had Roney said it was? The only reason could be: for Kieran's benefit! The whole thing had
been a setup to feed Kieran false information, which he was now supposed to take back and report,
sending everyone who would be searching off on wrong trails all over Elysium. While the hijackers

did . .. what?

The scooter came to a halt as Kieran followed the thread through further. Already, his blood was rising
again, this time not only from the humiliation of being disarmed and made a hostage, but from being taken

for a fool and used as a dupe as well.

If the Mocha wasn't going to Quentas, then in all probability the destination it had been heading for was
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right here—to do whatever was due to happen next, while Kieran was purring his way sedately on a
jaunt across the desert. Why would the hijackers waste any of that time going somewhere else now? And
he surely hadn't seen or heard any sign of the ship taking off since he'd set out, so something more was
detaining them. His best guess was still that it was rendezvousing to transfer its cargo to some other craft.

Kieran turned off the headlamp, eased the scooter into motion again, and U-turned between the dunes
to set off back the way he had come. He could manage without the lamp now, anyway. Phobos was
-rising—on a clear night it could appear three hundred times brighter than Venus seen from Earth—and
even with the residual dust from the storm he was easily able to follow his own tracks. He wasn't sure
what he intended doing—get access to a radio; disable the craft somehow; cause some kind of mischief.
But he was mad and had a score to settle.

The glow from lamps illuminating the area where the Mocha lay was visible before Kieran reached the
last intervening ridge. He ditched the scooter on the reverse slope, and after taking a flashlamp,
binoculars, and some tools that he thought might be useful from its utility compartment, continued from
there on foot. The sight waiting for him when he reached the jumble of dusty rocks forming the crest and
peered cautiously down was the one thing he hadn't thought of in all his conjecturing.

The ship was standing with its tail end in a pool of arc light, its wings removed and lying a short distance
away on either side. In their place, two orbital—injection boosters were in the process of being attached.
And the plan became clear in all its ingenuity and deviousness. The searchers could waste as much time
as they wanted scouring Elysium—or anywhere else on the surface they liked; it wouldn't do them any
good. For the cargo wasn't being diverted or disposed of anywhere on Mars at all. The rendezvous with
another, probably longer-range craft was going to take place in orbit. Which made perfect sense in terms
of getting the load the farthest distance away in the least time; and it would fetch far higher prices, say,
out among the Belt frontier worlds. The only problem Kieran could see was short-term: the risk of radar
detection while in orbit.

Fine. But what was he supposed to do about it? He tried tuning his suit's receiver to pick up the
cross-talk between the hijackers but was unable to find the channel. To be expected, he supposed. They
would be using some obscure frequency to minimize the risk of stray signals giving them away. Kieran
found a hollow deep in shadow, where light wouldn't chance to reflect off his helmet or equipment, and
propped himself back against a rock to contemplate the scene and wait for some inspiration.

The two booster tubes were attached at their forward ends, just short of the front of the Mocha's
center-body, but presumably loosely, since their tail ends were still resting on the ground before being
lifted into line. That meant there was a fair bit of work to be done yet—and hence time. Three suited
figures were working around the booster tails, in the center of the lighted area. On the far side of the
Mocha, some kind of tractor vehicle mounting its own headlamp was moving out from the sheds outlined
behind. As it came closer to the arc lights, Kieran saw the gleam from the twin silver cylinders angling
upward like gun barrels but supporting a curved cradle, and identified it as the mobile hydraulic ram used
to elevate a Mocha from horizontal to vertical attitude for booster launching. As he continued watching,
another figure came down the steps from the crew module and went back to join the others. The
doorway continued emitting orange internal light. Curious, Kieran checked with the binoculars and saw
details of the interior cabin itself, not just the inside of the airlock chamber. It meant that both the inner
and outer lock doors were open. To avoid repeatedly having to wait through the lock cycle to go back
and forth to the flight deck, since they were working in suits anyway, the hijackers had tanked the cabin
air and left the entrance permanently open until they were ready to depart. Kieran sat up as an excitement
that he already knew somewhere deep down he wasn't going to be able to resist suddenly seized him.
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Three already out, one just having joined them, and one driving the ram unit. The five were all accounted
for. And the way inside was right there, beckoning to him—at the front end, with the approach from that
direction dead ground behind the ship's body. And even with Phobos in the sky, for anyone working
under the arc lights, everything beyond their perimeter would be blackness anyway.

But what did he think he was going to do? . . . Yet even as he asked himself the question, a plan was
forming in his mind. All craft carried a radio distress beacon as standard equipment—independent of the
main systems, easily accessible, and operated by simply removing a safety latch and pushing a button. He
could be in and out in a minute. The Mocha would be a flying lighthouse, and he could raise the alert
when he reached the Triple S. . . . Or better still, at the cost of remaining in the Mocha a few minutes
longer, he might even be able to radio from there and have the ship recovered before it got off the
ground. Who'd be a "kid" soldier then, huh? He snorted to himself at the recollection. Checking through
the plan revealed no flaw. Kieran pulled himself up onto his feet and began working his way around
through the rocks and shadows toward the vessel's noseward side.

The approach to the ship went smoothly, as he had hoped. The ram was in place underneath the stern
by this time, manned but facing away from him, its stabilizing spades extended into the ground. The final
stretch had been his greatest worry. But now that he was dead ahead of the ship, he saw that the
door-side booster, still angling downward from just behind the crew module to the ground, in fact
screened him from the working area—a bonus which hadn't been obvious from his original vantage point.
He gained the steps without a hitch, and a matter of seconds later was through the open airlock chamber
and inside the access section of the crew module. The distress beacon would be somewhere around the
captain's station on the flight deck. Kieran had just started climbing the steps into the forward
compartment, when the whole structure lurched suddenly, causing him to grab at a handrail. The floor in
front of him continued rising like a drawbridge, making him stagger backward, until he lost his footing and
had to cling to an edge on the rotating wall, while the way through to the flight deck transformed into an
impossible trapdoor moving up over his head. Finally, to avoid being thrown to the bottom of what was
becoming a well below the lock access door—now almost lying sideways—he clawed his way into the
stowage bay alongside the lock chamber and fell among the spare suits and special-duty garb that were
kept there. He lay like a layer in a sandwich between items that were taking on the role of being "under,"
and others pressing down on him from "over," until he was fully horizontal, at which point the motion
ceased. His thoughts would need a moment to reorganize, but it was already obvious what had
happened: The Mocha had been elevated before the tail ends of the boosters were secured, not after, as
he had assumed. In fact, already he could hear clunking noises coming through the structure from the
stern, which sounded like the fastenings being made. Of course! ... He groaned inwardly as the obvious
reason came to him—too late. Why bother lifting the boosters against gravity to align them in the
horizontal position, when they would align themselves automatically once the ship was vertical? And that
also meant that there probably wasn't as much time left as he had presumed, either. No sooner had he
thought it, when more clunks sounded, this time much closer—as if the top ends of the boosters had
snapped secure and fast under a spring loading as soon as the alignment was correct. Which meant that
the operation was virtually completed!

Kieran was still lying in the suiting bay, his mind a blank, waiting vainly for some continuation from there
to suggest itself, when he became aware of a motor sound coming from outside the open lock now below
him, getting nearer. Scuffling noises followed of somebody entering, and then a brief series of clacks
sounded all the way up to the flight deck—a ladder being released from somewhere for forward access
when the ship was vertical. A figure climbed from the chamber below and actually stopped at the suiting
bay to slide shut the concertina-net that retained the contents—Kieran could see him through a chink in
the suits and accessories burying him. A second figure followed from the lock, then a third, after which
the motor noise came again, this time receding. Kieran could only conclude that the ram did double duty
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as a telescopic access-platform elevator—or maybe some other equipment was used. It didn't make
much difference which. Either way, it seemed the crew were already boarding for departure. This was
confirmed when the motor noise came again to deliver the final two hijackers. It receded once again,
probably under remote control now, the two came through the lock, this time closing both doors, and
followed the previous three up to the flight deck. The door up to the nose compartment slammed, and
Kieran found himself left on his own.

Several minutes passed, but the indicators on the arm panel of his suit showed no sign of normal air or
cabin pressure being restored. For a while, anyway, it seemed the inside would remain at suit
environment conditions. Kieran couldn't think why this should be—but at least he had a supply of fresh
air bottles back here. Then the whirrs and whines came of pumps and other machinery starting up within
the ship. Kieran had barely finished improvising the best he could manage for a g-couch, when the
boosters and main engines fired.

After the engines cut, the ship drifted in freefall for a little under an hour. Having nothing better to do,
Kieran remained where he was, rearranging the contents of the bay for better concealment in case
somebody decided to make a sudden excursion back. Then the engines started up again—but at low
throttle, nothing like the power for liftoff from the Martian surface. Kieran's first thought was that they
were maneuvering to match with another craft as he had guessed. But then came a gentle, barely
perceptible jolt, followed by a short burst of scraping noises coming through the structure that sounded
like the lightest of touchdowns, in the course of which Kieran felt himself sliding in the direction that had
originally been "down" to make contact with his feet—barely; he felt as light as a snowflake—on what
had started out being the floor when he first came aboard. Then the engines cut again.

There was some kind of gravity or gravity—equivalent out there. Conceivably, they could have matched
course with some kind of rotating structure and now be sharing its centrifugal force. But the scraping
sound had sounded wrong—too much like a rock-and-dust landing—which could only mean that they
were on one of Mars's tiny satellites. The flight time seemed about right. And yes, of course—that would
answer Kieran's question of how the hijackers hoped to hide from radar detection until their rendezvous
ship arrived. Neat! If so, it would almost certainly have to be Deimos, Mars's smaller, outer moon, often
described as a scarred potato, measuring something like ten miles in the long direction and seven or so
across the middle. The larger moon, Phobos, about twice the size in both dimensions, was being turned
into a transfer port for connections between surface shuttles and long-range vessels, and had too much
work going on about its surface and in excavations to provide a hiding place. Kieran could only hope
now that the hijackers' plans here didn't call for clothing or other gear from the stowage bay that he was
concealed in.

He stood motionless, pressing himself against the rear wall while the earlier sequence was reversed, and
the five hijackers came back from the flight deck to exit through the airlock, again leaving the doors
open—it was clear now why they hadn't bothered filling the cabin for the short-duration flight. The déja
vu replay continued with jolts and internally transmitted vibrations coming through of work being done on
the structure . . . and then all of a sudden it ceased, and the surroundings became uncannily still. After a
while, Kieran's fears began rising that the hijackers might have departed by some other means and left
him stranded here. His anxiety eventually forced him to come out and creep into the airlock chamber to
risk a peek outside to see what was happening.

He found himself looking out at a miniature version of Mars—a yellow-brown desolation of dust and
rock, some boulders and impact ridges, but with a black, starry sky. The Sun was low, near the close,
visibly curved horizon, shedding a weak light and casting long shadows. Oddments of constructions and
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abandoned materials from previous visitations littered an area to one side, but there was no sign of
current human presence. Yes, this could only be Deimos.

Moving to the outside of the lock chamber and edging his head past the doorway, Kieran saw now why
the crew module he was in had suddenly gone quiet. The hijackers had decoupled it from the cargo
frame, and two of them that Kieran could see were now working farther back, apparently preparing to
disconnect the propulsion module. The intent was doubtless to ready the cargo module for pickup by a
longer-range vessel—possibly, as Kieran had surmised, for onward transport to the Belt. The loading
door of the cargo module was open again, and another figure glided out even as Kieran watched, making
him duck his head hastily back inside the airlock again. So he was alone in the crew module, and the
crew module was detached.

Hmm . . . Kieran's first plan for extracting come-uppances had failed. But the nature of the situation was
already causing mischievous wheels in his head to begin turning again.

The Mocha crew module did not possess a propulsion system of its own. However, it was fitted with
low-power, directable thrusters for course correction and independent maneuvering when in orbit. If
Kieran's memory served him right, surface gravity on Deimos was somewhere around a thousandth of
Earth normal—and it certainly felt like it. Escape velocity was only twenty feet per second—Iess than
thirteen miles per hour. You could get off this place on a bicycle! Now, Kieran wasn't about to attempt
any detailed calculations in his head, but surely, he thought, without anything else attached to it, there had
to be a good chance that the maneuvering thrusters would be sufficient to get the crew module away. At
least, away from Deimos—there could be no contemplating a descent to the surface of Mars, of course.
But once off Deimos he would share its orbit around Mars, and from there he could radio down for a
relief ship and wait in comfort and at leisure to be picked up—hero of the day, with the five hijackers
captives, marooned on their rock as securely as in any lockup. It was all so deliciously simple.

With a plan of action now clear, delay could only decrease its chances. Using his arms more than his
legs, Kieran hauled his way through to the flight deck, floated himself down into the pilot's station, and
secured himself. Only then did the realization come that exactly what to do next wasn't as obvious as he
had unwittingly assumed. Oh, like all recruits he had taken basic piloting skills during training, and as part
of his self-education he had watched Bolen through the flight out from Zerolon and thought he had
assimilated most of what was involved. . . . But the array of instruments and controls confronting him now
seemed suddenly a lot more formidable than he remembered. And Bolen had never had reason to
actually use the maneuvering thrusters.

Kieran activated the console, and after some trial and error succeeded in setting the controls to
manual—he would never have deciphered the routine for directing automated sequences. Inspection of
the panel labels, a system identification chart and guide that he located with one of the screens, and
systematic elimination of what was irrelevant brought him to the thruster startup, throttle, and direction
controls, which he figured would be all he'd need initially. From the system guide, it seemed that the
thruster system coupled automatically to the manual control stick. Great news! It meant that coordinating
them would be pretty much like flying a basic trainer. He could worry about how to operate the radio
when he was safely off Deimos, he decided. Thus resolved, Kieran stretched a hand toward the starter
switches, flexed his fingers over them for a moment, stared out at the bleak landscape while he gathered
his nerve . . . and then he released the Enable safety lock.

Everything went wrong within seconds of his opening up the throttles. The nose lifted okay—faster than
he had expected—and starfield filled the windshield; but the vessel carried on turning until yellow-brown
rock came into view again, this time from the top, and he realized he was looping completely over. Trying
to correct somehow added a rolling component, making things worse. This was nothing like regular
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flying. As Kieran tried desperately to pull out of what was becoming a turning, inverted dive, the craft
slewed sideways, adding another dimension to what had already become too convoluted a motion for
him to follow. The horizon tilted crazily with rock and sky in the wrong places, rotating, rising, and sliding
by all at the same time; then the metallic bulk of the Mocha's cargo module suddenly appeared, growing
larger for a split second . . . before the rending crash came, and the jolt of Kieran's being thrown against
his seat -harness—he might have been virtually weightless, but he still possessed mass and
momentum—as the cavorting crew module slammed into it.

Kieran's senses came back together raggedly. He was practically upside down. One side of the
module's nose was buckled inward, part of the hull breached, and the windshield shattered below canted
control panels. Screeching sensations reaching him through the stick still gripped in his gauntlets told of
metal tearing against metal as the thrusters continued driving futilely. Kieran reached out dully and cut the
throttle, bringing stillness. Spray was vaporizing into the vacuum from a ruptured pipe. He didn't know
what risk there might be of an explosion, but with his mental faculties still only half-functioning, his first
instinct was to get out. He released the harness, fell lightly to the cabin ceiling, and clambered back over
the door lintel into the access section. The airlock was angled downward, and with some awkward
contortions he lowered himself out onto the surface, ducked from beneath the body, and stood up. The
crew module had impacted against the far side of the cargo frame from the loading door and now hung
partly entangled in it. Kieran tested his limbs, body, neck, and head warily. As far as he could tell, he was
unharmed. There was still no sign of anyone else. But after what had happened, he could hardly pretend
any longer that he wasn't here. He had no place else to go. Drawing a deep breath of suit air to prepare
himself for whatever the consequences would be now, he glided his way in light, sailing bounds that
barely seemed to touch the ground around to the ship's other side.

The loading door was open, but no one was outside. Kieran reached the ramp, cleared it in a slow
bound, and stopped to peer in. There was nobody inside either. He entered to check behind and
between the banks of containers and crates. Nothing. Mystified, he came back to the door and scanned
the landscape as far as he could see. There was nobody anywhere.

The military shuttle bringing the Skyguards relief force arrived a little over four hours after Kieran's radio
call came in at Lowell. A Major Sileski commanded the party, accompanied by Lieutenant Coombs, still
chagrined somewhat after his experience but relieved to know that the news wasn't all bad. They found
Kieran looking relaxed and grinning cockily outside the open door of the cargo module, which he had
adapted into makeshift shelter from the Sun, now high.

"We were worried about you, Thane," Coombs said, giving Kieran a congratulatory pat on the shoulder.
"Intelligence turned up some grim things about that bunch. They've got quite a record." He turned to
survey the terrain and the ship with its partly detached propulsion module. The upturned crew module
rammed into its other side would have been visible as the shuttle descended. "So I guess they got away,
eh? Too bad—but there'll be other times. The main thing for now is that you're okay. I take it you were
mixed up in that crash. Are you all right? No broken bones or anything?"

"I'm fine, sir," Kieran acknowledged. His grin broadened. "And you don't have to worry about other
times. Everything's under control. They didn't get away."

Coombs looked puzzled. "What do you mean?" He looked around again. "Where are they?"

"Under confinement, sir. They should be coming over pretty soon. It takes about two hours. . . ." Kieran
glanced at the readout on his arm panel. "In fact, they're due again just about now."
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Coombs shook his head bemusedly. Major Sileski was equally at a loss. "What are you talking about,
trooper?" he demanded.

Kieran nodded his head inside his helmet to indicate the direction behind them. "About half a mile away,"
he said. "You have to look up." It took them several seconds to pick out the specks, a couple of them
growing lighter and darker as they tumbled in the sunlight, sailing slowly toward them above the horizon.
"They've spread out a bit since the last time around," Kieran commented. "I guess you'll need to send a
couple of EV mobiles up to fish them down with cargo nets."

For the five hijackers were in freefall around Deimos. It so happened that they had chosen that time to
hold a conference in the open bay of the cargo module, when Kieran crashed into the other side. The
impact was all it had taken to eject them with sufficient velocity to attain orbit. Fortunately, they were
going round in the "short" direction, in which the surface of Deimos was almost circular and didn't
intersect with their trajectory anywhere. Not that it would have done them much harm if it had—the
impact speed would only have been eleven miles per hour. It was fortunate because it had prevented
their getting their hands on Kieran.

"My God! . . ." Coombs gaped disbelievingly. "Are they all right?"

"They were the last time I checked," Kieran said. "You can pick them up on channel one twenty-six."

The two officers adjusted their radios. Strangled shouting that Kieran recognized as Ursark's streamed in
as from above, the Mocha came into sight. " Don't think you're getting away with this! We've got
your number, kid! NOBODY does this to me and walks! There's gonna be pay day! You'll find

out! ... I'm gonna send you straight to—"

Sileski was staring at Kieran in undisguised astonishment. "It's the most extraordinary display of initiative
I've ever come across," he declared. "What made you think of it?"

"I was unarmed, sir. They were five. Where else was there to put them?"
The major still looked incredulous. "What's your name, son?" he inquired curiously.
"Kieran, sir. The guys call me Knight—on account of the initials."

"Hm." Sileski nodded approvingly. "The chess piece that makes complicated moves. Well, you've sure
lived up to that. You'll go a long way."

Kieran did his best to look modest—not easy, given his present circumstances and state of mind. "Yes,
sir. I think I've been told that today already," he replied.

WINDOWS

Page 40



In hard science fiction there is a test that all writers must pass when constructing a future
history—how do we get there from here? Jack McDevitt shows us not the first step into space, but
maybe the first step back into space.

Jack McDevitt

The moon was big . It was an enormous gasbag of a moon, like the one Uncle Eddie used to ride down
at the fair grounds, when she'd stand only a few feet away, watching it strain against the lines and then cut
loose and start up. She used to wish for the day Uncle Eddie would take her soaring above the treetops,
but he said he couldn't because of insurance problems and eventually the gasbag went down and Uncle
Eddie went with it. Janie thought of that last flight as she gazed at the foreboding presence dominating the
night sky. The moon looked as if i# was coming down. It was dim, dim as in dark, not at all like the bright
yellow globe that rides the skies of Earth. It was a ghost moon, a presence, a thing lit only by stars.

"If there were more light," said the voice in her earphones, the voice that sounded a bit too cheerful, "it
would look silver and blue. Its name is Charon, and it's less than a third the diameter of our moon."

"Why does it look so big?" asked Daddy.

"Do you know how far the Moon is from the Earth?"

Daddy wasn't sure. "About a million miles," he said.

"That's close, Mr. Brockman." The Al was very polite.

"[ think," said Janie, trying not to sound like a know-it-all, "it's 238,000 miles."

"That's very good, Janie. Right on the button. But Charon is only twelve thousand miles away."

Janie did the arithmetic in her head. Multiply by ten and Charon was still only half, one-twentieth of the
distance of her moon. "It's close," she said. She'd known that, but hadn't understood the implications.
"It's right on top of us."

" Very good, Janie," said the voice. It belonged to a software system that was identical to the Al that
had made the later flights, the Iris voyages, the Challenger run, the Long Mission, and the circumsolar
flight on the Eagle . All the data from those missions had been fed into it, so in a sense, it had been there.

Its name was Jerry. Same as the originals. The onboard Al was always Jerry , named for Jerry
Dilworth, a popular late-night comic of an earlier era. Daddy had commented how much the voice

sounded like Jerry Dilworth, for whom Daddy had a lot of affection.

The sky was dark. This place never really experienced daylight. She wondered what it would be like to
live where the sun never rose.

"But it does rise," Daddy explained.

"I know," she said. He meant well, but sometimes he just seemed to go out of his way to misunderstand

Page 41



her. Of course it rose, and for all she knew it might be up there now among all those stars, but who could
tell? It was no more than a light beam.

She lowered her gaze and looked out across the frozen surface, past the Rover. A few low hills broke
the monotony of a flat snowfield. It was lonely, quiet, scary. Solitudinous . Janie liked making up new

words from the vocabulary list.

The Rover was the sole man-made object on the planet. It looked like a tank, with sensors and antennas
aimed in all directions. The International Consortium seal, a blue-white globe, was stenciled on its hull.

"It's really much lighter than it looks," said Jerry. "Especially here, where the gravity is light."
"Nobody's ever been to Pluto, Janie," said Daddy. "It's very far."
Of course no one had been to Uranus or Neptune either. But never mind.

A bright star appeared over the hills and began climbing. " Do you know what it is, Janie?" Jerry
asked.

She was puzzled. Another moon? Was there a second moon she didn't know about?

Daddy put his hand on her shoulder. "That's the Ranger," he said.

Oh, yes. Of course. Given another moment she'd have thought of it herself. "I know, Daddy," she said.

" ... Orbits Pluto every forty-three minutes and twelve seconds."

The place felt cold. She pulled her jacket around her shoulders. This little stretch of ground, the hills, the
plain, the snow, had been like this for millions of years, and nothing had ever happened until the Ranger
showed up. No dawn, no rain, nobody passing through.

"Once in a while," said Jerry, "the ground shakes a little."

"That's it?" asked Daddy.

"That's the whole shebang." Jerry waited, perhaps expecting another question. When no one said
anything, he returned to his narrative: "The snow isn't the kind of snow you'd see at home. It's frozen
carbon monoxide and methane. . . ."

He went on like that for a few minutes but Janie was no longer listening. When he paused she touched
her father's arm. "Daddy, why did the missions stop?" The magazines said it was because there was no
place else to go, but that couldn't be right.

"Oh, I don't know, honey," he said. "I think it was because they cost too much."

"In fact," said Jerry, "unmanned missions are much more practical. Not only because it's a lot cheaper to
send an instrument package rather than a person, but also because a lot more can be accomplished.

They're safe, and the scientific payoff is considerably better."

"That's right," said Daddy.
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"People can't go on deep-space missions without getting damaged. Radiation. Zero gravity. It's a hostile
environment out there."

This was the reason Janie had come. To put her question to the machines that ran the missions. To get it
straight from the horse's mouth. "Jerry," she said, "I can understand why you would like to go, but what's
the point of running the missions if we have to stay home?"

She could almost hear Jerry thinking it over. "It's the only practical way," he said finally, "to explore the
environment. But it's a good way. Most bang for the buck. And nobody gets hurt."

Daddy squeezed her hand.
"Seen enough, Janie?" the Al asked.

She didn't answer. After a moment the snowscape and the Rover blinked oft and she was sitting with
sixty or so people in the viewing room. Music started playing and the audience began talking and getting
up and heading for the doors. A group of teens in front of her were deciding about going down to the gift
shop for a snack. Somebody in back wondered where the bathroom was.

"That was pretty good," said Daddy.

They drifted out with the crowd. Janie had never been to Washington before, had never been to the
Smithsonian. She'd done the virtual tour, of course, but it wasn't like this, where she could fouch a coffee
cup that had been to Europa, pass through the cabin of the Olympia , from which Captain D'Assez had
looked down for the first time on the Valhalla impact basin. She could try on a suit like the one that
Napoleon Janais had worn on Titan. And stand before the Mission Wall, where plaques honored each of
the thirty-three deep-space flights.

They wandered down the shining corridors, lined with artifacts and images from the Space Age. Here
was a cluster of antennas from Archie Howard's transmit station in the Belt, where he'd directed
operations for almost a year until someone decided that mining asteroids wasn't really feasible and the
whole project collapsed. And Mark Pierson's jacket, with the logo for Jupiter VI, the mission which had
made it back leaking air and water while the entire world watched breathlessly. And a replica of the
plaque left on lapetus. Farthest from home. Saturn IX. August 3, 2066.

There were portraits of Yuri Gagarin, Gus Grissom, Christa McAuliffe, Ben Maclntyre, Huang Chow,
Margaret Randauer, the whole range of heroes who had taken the human race out toward the stars over
the course of almost a century.

"Are we ever going back, Daddy?" she asked.
He looked puzzled. "Home, you mean? Of course."
"No. [ meant, to the moon. To Mars. To Europa.”

Daddy was a systems technician in a bank. He was more serious than the other kids' dads. Didn't like to
play games, although he tried. He even pretended he enjoyed them but she knew he would rather be
doing something else than playing basketball with her. But he never yelled at her, and he encouraged her
to say what she thought even if they might not share the same opinion. It was hard for him. She couldn't
remember her mother, who had died when she was two. He studied her, and then looked around at the
pictures of Luna Base, of a crescent Jupiter, of Deimos, of a launch gantry at the Cape. "I don't think so,
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darling," he said.

They were standing just outside the exhibition hall, which contained a mock-up of Mars Base. She could
see part of the dome, a truck, and an excavation site.

"There's no point in people going," Daddy was saying. "Robots can do everything we can, can go
anywhere, and it's safer."

"Daddy, I'd love to see Charon. Really see it."

"I know. We all would, love." She could tell he had no idea what she was talking about. "The money
that's been saved by not sending people out there has been put into doing real science. Long-range
missions to the edge of the solar system. And beyond." He smiled, the way he did when he was going to
do a joke. "Of course, I won't be here when the long ones get where they're going. But you will. You'll
get to see pictures of whatever's at Alpha Centauri and, what is it, Something-Eridani. That wouldn't have
happened if we'd stayed with the manned program." He waited for a response. "Do you understand what
I'm saying, Janie?"

"Yes, Daddy."
Where, Janie wondered, was Hal Barkowski?
"He was something of an embarrassment," said Daddy. "I think they'd just as soon everyone forgot him."

Hal was the father of artificial intelligence. He'd been Janie's hero as far back as she could remember,
not because of his work with advanced sentient systems, but because he'd been at Seaside Station on
Europa when President Hofstatter, during her first month in office, cut off U.S. support for the
international space program. The ships had been ordered home, everything and everybody, but
Barkowski had insisted on staying at Seaside, had refused to come back even when the last ship left, had
stayed and directed the machines until they'd broken through the ice. He'd sent the sub down into the
ocean and kept reporting for seventeen months, but the survey had revealed nothing alive, nothing moving
in those chilly depths, and eventually, when he was sure no one would be coming back to get him, he'd
shut down the base Al, told the world that the president of the United States was a nitwit. And then he'd
opened his air tanks.

"He thought," Daddy told her, "that he could bluff them. That he was too important, had won too many
awards, that they couldn't just abandon him. I thought so too. We all did." He shook his head at the
man's arrogance. "Didn't happen."

Louise Hofstatter was still in office and was immensely popular. Though not with Janie.

She had been seven years old when they'd left Europa, and she'd prayed for Barkowski, had gone to
bed every night thinking how it must be for him all by himself millions of miles from anyone else. She
hadn't understood it then, hadn't been able to grasp why he'd stayed behind. That was probably because
the search hadn't been successful, no life had been found, and it had seemed such a waste. But she knew
now why he'd done it. The search was all that mattered. What you found or didn't find was beside the
point. She prided herself thinking that, if she'd been there instead of Barkowski, she'd have done the
same thing.

Daddy led the way into the Martian exhibit, and they looked at the world flag and the excavation gear
and Janie climbed onto the truck and sat in the front seat, pretending to drive. The sun was high
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overhead, pale and small, but the sky was dark anyhow, though not nearly like the sky at Pluto.

" Hello, Janie." The voice startled her. It came out of the earphones, female this time. It sounded like
Miss Harbison over at Roosevelt. " Welcome to Mars."

"Thank you."

"My name is Ginger, and I'm the base Al. Is there anything you'd like to know?"

"How fast will this go? The truck?"

"It's capable of speeds up to fifty-five miles per hour, although we wouldn't run it that fast."
"Why not?"

"We don't have roads. It would be dangerous."

"What does it use for fuel?"

"It uses batteries."

She imagined herself bouncing over the uneven terrain. Vroom. Look out for that ditch. Cut hard on the
wheel.

Ginger explained how the base had functioned, showed her where the landers had been serviced, how
fuel had been extracted from the ground, provided a simulated flight in an orbiting communication
satellite. She'd raced above the red sands, chirping with joy, and thought how it must have been to lift
away from Moonbase and ride the rockets out to Io and Titan. She laughed and begged Ginger for
more.

She was accustomed to the house Al and the school Al and the Al down at Schrodinger's. They were
all wooden and serious and addressed you with tiresome formality. The one at school even yelled at you
if you blocked the corridor while classes were changing. But Jerry had seemed more realistic, somehow.
More like a person. And Ginger sounded vaguely as if she would have enjoyed a good party. "Were you
actually there, Ginger?" she asked, pulling off the VR helmet. "Mars?"

"No. I've never been out of the museum."

"Oh." She shifted her position on the truck seat, which was too big for her.

"I'm the same model, though."

"Will you have a chance to go someday?"

"To Mars?"

HYeS."

"Marsbase is shut down, Janie."

"Well, yes, I mean, I knew that. But I meant, will you have a chance to travel on one of the missions?"
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"No. I don't think so."

"I'm sorry."

There was a tinkling sound like water tumbling over rocks. As if Ginger was having problems with a
relay. Or reacting without words. " It's okay. I'm only a data processing system. I don't have
emotions. No need to feel sorry for me."

"You seem too alive to be just software."

"I think that's a compliment. Thank you."

"May I ask a question?"

"Of course."

"How old are you, Ginger?"

"Fifteen years, eight months, four days. Why do you ask?"

"I was just curious." And after a moment: "You're older than I am."

"Yes. Does that matter?"

"Are you aware that you're an AI?"

"Ah, a philosophical young lady, I see. Must be top of the class."

"I'm serious."

"Wouldn't you rather just look at the rest of the base?"

"No. Please. Are you aware who you are?"

"Yes. Of course."

"But you're not supposed to be, are you? I thought Als were not conscious."

"Well, who's to know? My instructions call for me to give the illusion of consciousness. But whoever
knows for sure what's conscious and what isn't? Maybe that stairway over there is watching us."

"You're kidding me."
"Not entirely."

It was hard to believe. But Janie thought about the Als going out to the Oort Cloud, and the one headed
for Alpha Centauri, who wouldn't get there for a thousand years.

Riding alone.
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Like Hal Barkowski on Europa.

She climbed down, making room for a pushy ten-year-old boy. Daddy told her she looked as if she'd
have made a good astronaut. He said it as if she were only ten herself but she controlled her irritation.
"Daddy," she said, "do they really not feel anything?"

"Who is that, honey?"

"The Als."

"That's correct. They're just machines."

"Including Jerry and Ginger."

"Yes. Just machines." He actually seemed to be enjoying the exhibit. He was looking around, shaking his
head in awe. "Hard to believe we actually managed to send people to all those places. Quite an
achievment."

"Daddy, how do we know? That they're just machines?"

"That's a tough one," he said. "We just do."

"But how?"

"Your friend Barkowski, for one reason. He says so. And he designed the first generation of sentient
systems." He glanced at her. "In this case," he added, " sentientdoesn't literally mean aware." He held up
an index finger and spoke into his mike. When he'd finished he nodded. "Ginger tells me all the
deep-space systems were designed by him."

"That would include her," said Janie.

He shrugged. "I suppose so."

They went into the dome, which was pretty primitive. Plastic tables and chairs, a bank of monitors, some
obsolete computer equipment, a half-dozen cots. Windows looked out over the reddish sand. She
approached one and thought how the landscape never changed. Like Pluto. No lights anywhere. No
movement. No rain. No flowers. Zip.

Maybe Daddy was right. Maybe people should stay home.

"You don't really believe that." Ginger's voice again. Different now. More intense. "Hold on to the
dream, Janie. Interplanetary vehicles should have viewports and bases should have windows. And there
should be somebody to look out the window. If we don't have that, we'll take the temperature of
Neptune and not get much else."

"That's a strange way for an Al to talk."

"Whatever."
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" Youcan look, Ginger. You have sensors. You can probably see better than I can."”

"No. I can look, but I can't see. I can't describe what's out there. I can't penetrate things the way you
do."

Janie laughed, but she felt the hair rise on the back of her neck. "Are you sure you don't have any
feelings?"

" Absolutely." The voice was serene again.

"And you think people should go? On the long flights?"

"[ think you should go."

"Me?"

"Somebody should go who can get out of the ship and look at the peaks on the moon and know what it
means. Someone should throw a party on lo. Someone should capture her feelings in a poem that people
will still be reading a thousand years from now."

"Yeah," she said. "I'd love to do that."

"Then do it."

"But how? There's no program anymore. I can't ride on the ships they send out now."

"How old are you, Janie?"

"I'm thirteen."

"A child."

"I'm not a child."

"It's okay. You won't always be so young."

"I'm a teenager."

"Your time will come. When it does, take hold of the hour. Make it count."
k ok o3k

"The Al said you could go to Alpha Centauri?"

"Not exactly, Daddy. She told me, when I got the chance, I should go."
"Probably tells that to all the kids."

"It seemed a strange thing to say."

"[t probably has a bug somewhere. Don't worry about it." They strode out through the doors onto
Constitution Avenue. It was damp and rainy, but the air smelled of approaching spring. "They ought to do
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something about the damned things. Get them fixed." Daddy flagged down a taxi and they climbed in. He
gave Aunt Floss's address, where they were staying, and the vehicle slipped back into traffic.
"Encouraging kids to do crazy stuff. It's probably Barkowski's programming. Man dumb enough to miss
the last bus off Europa, what can you expect?"

CLEANING LADY

I was introduced to this author by Jim Baen, who bought his first novel, Warp Speed, out of the
slush pile—er, from the backlog of unsolicited manuscripts. Based on that book, full of exuberant,
old time SF feeling, and the fact of the author's multiple degrees, Jim decided that SF had gone
long enough without a "Doc" in the house. Dr. Travis Taylor was given the nickname "Doc" by
his students some years back. Like the legendary E.E. "Doc" Smith of Lensman fame, "Doc"
Travis was ready to take his place in the pantheon of SF writers. The author assures me this story
could take place within the next seventy-five years, sooner if the solar sails he is working on with

NASA get funded. . . .

Travis S. Taylor

It really had been a good idea. I mean there are plenty of asteroids that are big enough to cause
problems if they hit the Earth that pass by our orbit every three or four years. So it was a good idea for
us to figure out ways to "clean up" the local neighborhood a little. I'm not a scientist or an engineer, I'm
just your typical lady sailor, but I can tell you right out that we never considered the consequences of
space terrorists!

I had been driving solar sails for about ten years for one of the larger mining guilds when the eggheads
came up with the idea of cleaning up the near-Earth objects (NEOs) that might one day cause a threat to
Earth. It looked like fun work and a steady paycheck, which I needed, so I sent in my resume. I was
more than qualified; after all, I have sailed more than six medium-sized asteroids from the far side of the
asteroid belt to the mining station near Eros. You see, it's easy to radar and seismograph search the Belt
for mineral-rich asteroids. The things are typically small enough that two or three good solar sailing tugs
can pull them in to the mining facility in short order. The larger ones have to be brought in by bi-modal
nuclear thermal and nuclear electric propulsion barges or mined on the spot, which is much more
dangerous.

Well, I was hauling in a small rock from the Earthside of the Belt to the mine when I got the call to come
work for the "cleaning crew." I was more than happy to get into the government union and out of the
commercial mining guild. Sailing about the Belt was fun, don't get me wrong, but it was more like treasure
hunting than a career and until you find a big treasure you go hungry.

As a "cleaning lady" I would be a civil servant and have all the benefits that go with that; I was looking
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forward to knowing I would get three squares a day again. So what was the new job? I would fly
helmsman on a new one-hundred-kilometer-diameter hoop-supported solar sail ship made of the new
super-lightweight carbon-carbon nanotube fiber mesh. The total spacecraft mass is only about three
thousand kilograms. Wow!

My job on this great new ship would be to fly in formation with two others and we'd go out to a
matching orbit with a particular NEO as it came in on its perihelion or its closest approach to the sun.
These Earth-crossing NEOs typically have perihelia at about one astronomical unit. In other words, they
come into Earth's orbit twice on their way around the Sun. Occasionally they time this right and smack
right into the Earth. That's what took care of the dinosaurs, most likely.

I've been a "cleaning lady" for a little more than two years now and it has really been fun. The idea
works great: we fly over and meet the NEO and the three formation-flying sailing ships spread out
around it with a tether connecting all three. The tether is made of some new-fangled
carbon-nanotube-spun fiber or some such damn thing. Like I said, I'm not a scientist, but I can tell you
that the fiber tethers are the strongest rope ever put together by mankind. An engineer ex-boyfriend of
mine told me that a piece of the tether the thickness of a human hair could hold up a nuke tug in one
gravity, and those damn things weigh over twenty thousand kilograms! I since checked on it and he was
right. Of course, that is the only thing that that sorry SOB didn't lie to me about. Anyway, sorry I get
irked when I think about Johnny; he just up and left more than a year ago now and never called me back.

After we catch the NEO with the tether net, we tug on the thing with the sailing ships as much as we can
in order to alter its orbit. Here is the really cool part: we alter the orbit of the NEO just enough so that
not only will it never hit the Earth, but it definitely will hit Mars in a few orbits. Each orbit of these NEOs
is only about four or so years long so they end up at Mars pretty quickly. Why hit Mars? Why hit Mars!?
Have you been living under a rock?!

People have plenty of room on Earth right now, but in less than a hundred years at the rate we are
growing there won't even be elbowroom! Mars is close and almost Earth-like. If we increase the
temperature on Mars and add some dust to its atmosphere, in just a few decades, or maybe a century, it
might be livable. Oh, we will still probably have to wear oxygen masks, but no need for pressure suits.
Once the NASA boys and girls were through playing around on Mars and decided that there wasn't any
life there that we could harm, it was decided to try our hand at terraforming. Of course the environmental
wackos have been bitching about altering God's natural habitat ever since, but I don't hold stock in any of
that.

Actually, the real reason for the terraforming wasn't terraforming at all. That NEO that just missed the
Moon about eight years ago really had scared the public enough to initiate the politicians into the new
policy of "cleaning up the neighborhood." The eggheads came up with the idea to kill two birds with one
stone. In fact, it makes sense that if the rock is taken out of space then it ain't likely to hit Earth now don't
it?

So that decision was made about twelve years ago and we had successfully removed seventeen
asteroids and already crashed them into Mars. About ten other asteroids would be impacting Mars in a
few short years and we were currently chasing many more and altering their orbits.

I was coming off a two-month vacation Earthside and had to hook up with my sail tug crew as they
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caught up with the newest NEO acquisition at its perihelion near Earth. I would pack up tomorrow and
then catch an Earth-to-orbit (ETO) hop up to the Elevator and from there I would take the Elevator up
to geosynchronous earth orbit (GEO). At GEO my plans were to catch a lift with a nuke tug to match
orbits with my sailcraft, the Boy's Life.

But for now, I had one more day on the beach. Two months ago when I came into Cocoa Beach as
soon as I got home, there was Johnny. We had argued and fought and I told him to get lost, but he just
wouldn't leave. After about two weeks of his persistence I gave in and he had been with me ever since. |
expected that he would leave me again just like he had the year before, but Johnny is cute, good in the
sack, and besides I'm going back to spacing for another year or so anyway. I deserve a pleasurable fling
every now and then, right?

The last night Johnny and I were lying beside each other on the beach looking up at the night sky. The
Elevator was particularly bright.

"Isn't that beautiful, Tamara?" He pointed up at the Elevator and stroked my hair with his other hand.
"Sure it is, John-boy. But you should see it from up there. The view is much better," I told him.
"Well, I just might. I wasn't going to tell you until tomorrow but . . . I signed on with a nuke tug crew."

"Really?" Johnny had never been a spacer; in fact he was more of an environmentalist. "I would have
never expected that."

"This way I thought I might get closer to you somehow." He smiled and batted his eyes at me. I kind of
giggled.

"Johnny, once I get on the Boy's Life I will be there for the better part of a year. Orbital mechanics just
doesn't allow any diverging from that schedule. I don't see how you will get any closer to me. In fact, you
will probably be much further away." I told him that perhaps he could get out of flying on a nuke tug if he
explained he had no clue of how such things worked.

"Oh, I realize that. I am an engineer, you know," he stated. "I meant closer metaphorically. Besides, it
will be different and fun and I'm looking forward to seeing you off tomorrow. My tug is the one that
you're taking to your solar sail." He smiled again.

Our last night on Earth was a good one.

The next morning I showered and shaved and clipped my hair down to regulation. Johnny and I dressed
and then made our way over to the Cape. We both processed through customs and met our respective
organization representatives to punch in our start time and then we boarded the ETO rocket. I never will
get used to the ETO hops. The three gravities are pretty rough and the fear of one of those millions of
moving parts seizing up and no longer moving scares the hell out of me. The outcome of one of those
parts stopping while extremely hot volatiles are flowing through them doesn't sound appealing to me. But
we made it safely to the Space Elevator just above low earth orbit (LEO).

The Elevator is really just a huge solid and rigid tether with compartments attached to it. Elevator cars

ride up and down the tether causing a momentum transfer to and from the tether. Since the cars weigh
much less than the rigid tether, the tether's orbit is only lowered a few meters while the Elevator car's
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orbit rises many thousands of kilometers. Johnny explained to me that there was something about
conservation of momentum involved here. I understood how the damned thing worked but I guess
Johnny felt more like a smart engineer getting to explain it to me. I just kept my mouth shut and acted the
dumb blonde.

At the top of the Elevator we hopped Johnny's nuke tug, the Prometheus, and pressed onward for the
Boy's Life . 1 pointed out the view of Earth to Johnny and he watched out the portal the whole
trip—well, except for when he was throwing up. The high—gravity, microgravity, and low-gravity mix of
our trip had really taken a toll on him. I kind of felt sorry for him. But by the time we were approaching
my sail a week later, he had acclimated himself to the environment pretty well.

Johnny and I kissed and said our goodbyes and then went our separate ways. Or so I had thought. By
the time I embarked and ingressed to the command cabin of the Boy's Life, the Prometheus had come
about and passed close enough to one of the tethers holding the sail formation and the NEO to burn
through it with its ion propulsion system's plasma exhaust. Captain Billy was hailing the Prometheus and
not being very successful at it. After a moment or two of confusion, Billy finally got through and a video
image from the bridge of the nuke ship came through. It was Johnny's face on the screen!

"This is the Mars Environmental Protection Organization telling the people of Earth that it is wrong to
bombard other planets with disaster from space. We will show you what it is like!" Johnny's face was
bloodied and there were several bodies lying lifeless on the bridge of the Prometheus. Several other men
and women were standing around Johnny with automatic weapons. How they had gotten those weapons
on board is still a mystery to this day.

"Johnny! What are you doing?" I cried, neglecting bridge protocol. The captain just eyed me with his
peripheral vision. We were friends and he had trusted me for years.

"Ah, my sweet Tamara. You have been corrupted by the expansionist nature of the evil capitalists and
will have to learn that what you are doing to Mars is wrong!"

"You're nuts!" I screamed and then the Boy's Life listed and lurched and I knew that Johnny had burned
us loose from the NEO as well. The low-mass solar sail spacecraft had been cut loose and was beginning
to pitch forward. Of course it was pitching very slowly and it would take days for the two
-hundred—kilometer-diameter disk to pitch through ninety degrees. I jumped into my helmsman seat and
began counteracting the unexpected forces or lack thereof. Then I set the automated correction
algorithms to full control of the pitch-correction controls. The computer would make the minor
adjustments to the control sail vanes and solar light pressure would remove the unwanted pitch in a few
hours.

With two of the sailing ships now untethered from the NEO it only made sense for the third ship to let go
as well. The NEO was on its outbound leg and now had odd perturbations to its orbit. There is no way
that the slight perturbations would push the sail into Earth in short term. Even if its orbit were modified
enough that it would impact Earth in a few orbits or so, we could simply come out and catch it with
another sail formation and fly it out of the way. I didn't understand what these so-called Mars
Environmental Protection Organization nuts had in mind.

"Captain," I asked, "are there protocols for dealing with this type of thing?"

"Well, there probably are but I've never heard of them," Captain Billy replied.

""Yeah, this has never happened before to my knowledge and I've been flying sail tugs for years." What
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should we do? The sail tethers would have to be reconnected before we could grab the asteroid and it
would take hours to do that.

The navigator, Carol "Jelly" Wilson, looked up from her computer system. "Captain, I think I understand
what they have in mind."

"Well, don't keep us hanging, Jelly," he said.
"The orbit of the NEO now tracks right over the Belt, sir."
"So what, Jelly? It will go over the Belt not hitting anything," I responded.

"Well, yeah, Tami, but . . . they only need a few meters per second of delta-V to bring the inclination
down. If they bring the inclination down just a few degrees then the NEO will plow right through the top
of the Belt."

"I see," Captain Billy said. "They want to play bumper pool with the Belt and scatter rocks throughout
the system!"

"That's right, sir. And with that nuke tug they have more than enough delta-V to do just that." Jelly
frowned and shook her head.

"With that many collisions I don't know if we could stop all of the newly created NEOs," I said. "The
Earth could be totally devastated!"

"Then it's settled. We can't let them push down the inclination of that rock." The captain ordered, "Jelly,
see if we can plot a course that will allow us to catch them and drag it back up out of harm's way."

"Yes, sir!"

Jelly worked on the course trajectory for about an hour or so. There was no big hurry; the Belt was
weeks away and she had calculated that the nuke tug would have to push the NEO continuously for four
or five days to move it down enough into the ecliptic to cause problems. We had time. What we didn't
have was speed or maneuverability.

By the time Jelly had finished her calculations, the nuke tug had positioned itself against the NEO and
had started pushing it. Captain Billy had discussed options with the other sail tug drivers and with
headquarters but nobody had come up with a solution. We were far enough from other vessels that
nobody could catch us in time to help. All we could do was to sit and watch. So all three of the sail tugs
floated along behind the asteroid in loose formation just in case we came up with an idea.

Jelly did believe that we could net the NEO and pull it up and over the Belt since the solar sail
propulsion ships don't run out of fuel this close to the Sun, because sunlight is the fuel. The nuke tug, on
the other hand, would run out of reaction mass if it ran continuously in just eight or nine days and there
would be no way it could push the NEO all the way to the Belt. We were more than two weeks from the
Belt and had many kilometers of tether, so we could just hook up the tethers, catch the NEO again, and
pull it up against the nuke tug until it ran out of fuel. We would prevail because we had an endless fuel
supply and the nuke tug didn't. So we had figured out a plan.

We suited up and took the long ride from the control room, located in the hoop on the circumference of
the sail tug, down one of the radial support beams to the central hub of the sail. The tether system is
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located in the middle of the sail on the central hub so the force from dragging the NEO is in the center of
pressure and mass of the sail. You see, the sail is really a giant hula-hoop two hundred meters in
diameter. The hoop itself is two stories thick and this is where the crew lives. There are also three
support booms (one every hundred and twenty degrees) that run radially from the hoop inward to the
central hub where the tether mechanisms are. The hoop and booms are made of
carbon-nanotube-reinforced polymers and titanium struts. The sail material itself is a carbon-carbon
nanotube fiber mesh. There are heavier-duty compartments spread about the hoop to offer crew
protection in case of solar flares, but the ship is mostly super-lightweight stuff.

We spent hours outside in pressure suits repairing the tether release mechanisms and setting them up for
a NEO catch. Normally we just let go of the tether and if we want to hook up again we just reel out
more tether and the super-small coffee-can-sized satellite or picosatellite on the end of the tether flies to
meet the picosatellites from the other two sail tugs. The problem here was that when the tethers are
usually released there is an automatic tension placed on the tether reel to avoid a backlash or "bird's nest"
to spring backward into the tether reel. If the reel is let free with no tension on the tether, the entire tether
tries to unwind itself while still on the spool. So we had a knotted-up and tangled-up mess that we had to
unwind while in spacesuits. That was not an easy task and it took hours. But once we got the "bird's nest"
loose and unwound, we spooled the tether tight and hooked up the next picosatellite in the hopper. Our
counterpart sail tugs had to go through the same process. We were all real tired after this and I was
expecting to put in for extra class hazard pay for the unscheduled EVA.

Unfortunately, the nuke tugs can be somewhat maneuverable and once we had netted the NEO, Johnny
simply stopped pushing the NEO and burned through the tethers with his exhaust plasma again. The
tether backlash on one of the other sail tugs, the Tsander , was reported to be so bad that it would take
weeks to fix. The Boy's Life and the Tsiolkovsky were in good shape and could be fixed with another
tiring EVA. But we could no longer drag the NEO with just two sail tugs; there just wasn't enough
delta-V. So the plan was no good.

Three days had passed and we still had no idea what to do. We had fixed the tethers that were fixable,
but what could we do with them? Captain Billy had told us that he wanted the ship in proper order
because you never know what you can use during a crisis. This was most definitely a crisis since one
more day of the Prometheus pushing the NEO and it would be enough to cause serious problems in the
Belt. Jelly had also figured out that the mining facility would be totally destroyed as the NEO passed
through the Belt. We had to do something. But what?

I was on break and so I planned to spend some time in my quarters resting and thinking and cursing
Johnny. It turns out that he used me as a reference to get on the nuke tug crew. Having told them that I
would vouch for him got him through a lot of hoops. He must have been setting this terrorist thing up for
some time and had been planning to use me. That's why he suddenly came back into my life and wouldn't
leave. He needed me for his plan to work. That sack of shit!

The hoop is so large that you can barely feel the curvature as you walk it. It is two stories wide and the
sail is rolled slightly to give a light artificial gravity field. I was "moonwalking," as we call it, to my quarters
when the fire alarm went off. The automated alarm said there was smoke detected in Floor One, Degree
Nineteen. This meant that the fire was in a room on the outer floor and at nineteen degrees clockwise
from the command center. In other words, about a half of a degree from my present location, so I went
from a "moonwalk" to a "moonrun." I beat the fire team to the fire. One of the new crew members had
left a makeup mirror out with the curved side facing the window. As we listed forward and the window
let sunlight into the room, it hit the makeup mirror, which in turn focused the sunlight onto the bed across
the room. The bedspread had begun to smolder and the smoke set off the alarm. The fire marshal
presently chewed out the rookie, but I wanted to kiss her!
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I turned back toward the command center direction and "moontrotted" down the hoop. I was out of
breath when I got there so I had to relax a second before I could speak.

"Captain . .. huff puff...1've gotit!" I said.

"What've you got, Tami?" Jelly asked.

"We burn the nuke tug up!" I panted some more.

"How do you propose we do that?" Jelly asked sarcastically.
"Let her finish, Jelly," Captain Billy scolded her.

"We tether the center of one of the sails to another sail tug and have them sail in opposite directions. The
tension of the tether pulling on the center of the sail and the resistance of the sail's support booms to the
tension will cause the sails to be curved toward each other just like when we pull a NEO. Then we point
one of the sails concave side toward the Sun at an angle that will reflect the light and focus it on the nuke
tug. We will burn them by focusing the light with the sail just like you can burn ants with a magnifying lens
or bedspreads with a makeup mirror!"

"Would that be enough energy to burn a spaceship hull?" Jelly asked.

"Well," the captain said, "the sail is one hundred thousand meters in radius. Square that and multiply by
pi and you get a surface area of nearly thirty-two billion square meters! Our distance from the Sun is
about one-point-two astronomical units so there is about a kilowatt per square meter of sunlight here.
Multiply the two and you get more than 3x1013watts of sunlight that can be collected and focused. Even
if the sail is only thirty-percent efficient at reflecting light to the target we would still have 1x1013watts on
target. [ would say that is plenty!"

"Johnny," I stared him down through the video screen. "You are an idiot and a bastard and you can't just
use people this way. Also, how does killing millions of people on Earth help your case, hunh? You're
stupid and it's time you saw the light!" I had timed my hail to them with the moment that the sail tug
pitched at the right angle. And then more than 1x1013watts of focused sunlight swept across the NEO
onto the nuke tug. As the intense beam of sunlight swung through the dust cloud surrounding the NEO,
sparkles and flashes from the tiny grains of asteroid vaporizing tracked with the beam. The focused beam
burned across the NEO, leaving a scorched mark, and then the light settled onto Johnny's hijacked tug.
The tug vaporized almost immediately and out-gassed into space.

After that little incident, we realized that we should pay closer attention to security in our space fleet. A
positive outcome of the incident was, we realized, that we could use the sail as a mirror, and push or
vaporize the NEOs as we needed. We didn't even need to sail out to them. We would stay in near
Earth's orbit and focus sunlight onto whatever we needed to with these gigantic mirrors. Oh, people had
thought of it before but never knew how to implement the idea. I guess thanks to Johnny, we figured out
how to do it. And also, the wackos sort of disappeared into the woodwork and we never heard from
them much anymore.
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Soon, I hear that an array of sail mirrors is going to be aimed at Mars to add even more energy to the
ecosystem there. I hope to get a job steering one of those things so I can continue being a "cleaning lady."
Of course the NEOs will still have to be pushed into Mars at least for a few more decades, but we all
firmly believe that one day we will have a nice livable neighbor in Mars and a "clean neighborhood" to
boot!

ARE WE THERE YET?

Here's a bit more background on "Doc" Taylor—he's earned his soubriquet the hard way: he has
a doctorate in optical science and engineering, a master's degree in physics, a master's degree in
aerospace engineering, all from the University of Alabama in Huntsville;, a master's degree in
astronomy from the University of Western Sydney, and a bachelor's degree in electrical
engineering from Auburn University.

Dr. Taylor has worked on various programs for the Department of Defense and NASA for the
past sixteen years. He's currently working on several advanced propulsion concepts, very large
space telescopes, space-based beamed energy systems, and next-generation space launch
concepis.

In his copious spare time, Doc Travis is also a black belt martial artist, a private pilot, a scuba
diver, has raced mountain bikes, competed in triathlons, and has been the lead singer and rhythm
guitarist of several hard rock bands. He currently lives with his wife Karen, two dogs, Stevie and
Wesker, and his two cats, Neko and Kuro, in north Alabama.

Travis S. Taylor

With the advent of the recent mess in America's space program and inherent problems with the Space
Shuttle and the cost overruns on the International Space Station (ISS), we begin to wonder if we are
ever going to really get into space and have wonderful adventures like Tamara does in "Cleaning Lady."
For the general public it must seem as though the evolution of space exploration came to screeching halt,
or at least a slow crawl, after the Apollo program. Some of this "going nowhere" feeling is true, but there
1s a significant amount of research and engineering going on today in the aerospace community that will
bring us closer to space. Of course, what we have mostly seen is the bad press and the disasters. What
will be discussed here are the success stories and the hopeful outlook on getting us into space and
enabling adventures worthy of science fiction.

To start with we have to be able to get off the planet. Tamara in "Cleaning Lady" rode a rocket into
space to get out of Earth's gravity well. Heinlein said in various ways that once we get out of the Earth's
gravity well you are halfway to anywhere you want to go. This implies that getting out of Earth's gravity
well, or to orbit is half of space travel. Indeed it is. Presently our best way to get man and machines into
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orbit is with the Space Shuttle, but the Shuttle is limited to only about three hundred or so mile-high
orbits. If we want to send people, or anything for that matter, to orbits higher than the ISS then we will
have to build something new. Of course there are expendable launch vehicles that will lift satellites to
much higher orbits. The Atlas V and the Delta IV Heavy boosters can lift nearly 15,000 kilograms to an
elliptical orbit as high as 35,000 kilometers at the peak. But these rockets are not designed to carry
people and since the Apollo days man has been limited to ISS-type low Earth orbits (LEOs).

The Russians and the Chinese also have rockets similar to the Apollo systems that can carry people into
space (the Chinese have yet to fly humans but soon will) but they are also limited to LEO for the most
part. The foreign rockets, Space Shuttle, and the American expendable rockets all use typical
combustion engines that implement some sort of volatile like kerosene, liquid hydrogen or hydrazine.
These are highly explosive materials and therefore make these Earth-to-orbit (ETO) rockets very
dangerous. That is why they are so expensive; it takes a tremendous amount of engineering effort to
make them even moderately safe for the crews who fly them.

NASA has plans to make these systems safer and more cost effective and to reach more useful orbits.
This plan was previously the X program rocket systems and was hopefully going to lead to the Venture
Star reusable single stage to orbit spacecraft. The X-33 was to be the first demonstrator of this program
but there were technical and programmatic issues that caused the program to be canceled a few years
back. Recognizing the need and public outcry for a better manned initiative, NASA followed the defunct
X-33 with the Space Launch Initiative (SLI).

SLI was to bring all of the acrospace industry together to develop a next-generation spacecraft to
replace the aging and troubled Space Shuttle fleet and to fill the gap that the failed X program had
caused. SLI was funded to the tune of several billion dollars for about three years and design concepts
were beginning to be refined and "downselected" to. The NASA Advisory Council met at NASA
Headquarters in Washington, D.C., in 2002 to discuss the progress of SLI and made the decision to
change the direction of the program.

The Advisory Council expressed that they were concerned that billions of dollars had been spent for
some very fancy view graphs and fun animations. This is a bit of a facetious and over-encompassing
statement since there were many engineering trade studies that were undertaken in order to calculate the
most likely designs for the SLI concept vehicles, but in the end pretty pictures are what make it to visual
displays. Were the efforts and pretty pictures worth the billions that were spent? They would have been
had we gone on to the next step and started building these designs. Due to the Advisory Council input
and various other political influences, the SLI program was gutted and redesigned.

The new emphasis on SLI became: "Get a way to carry payloads and people to the ISS as soon as
possible because the Shuttles are failing." This new SLI emphasis was decided about nine or so months
before the Columbia accident. It makes one wonder doesn't it?

At any rate, the new emphasis for SLI was for it to become a split-personality program. The two
personalities of the program are the Orbital Space Plane (OSP) and the Next Generation Launch
Technologies (NGLT). The OSP is to be a small person-carrying lifeboat that will be strapped on top of
an expendable rocket. The only thing reusable on the OSP concept vehicles will be the lifeboat itself and,
of course the lifeboat will never go higher than an ISS orbit!

The NGLT personality of the program was put in place in order to keep the advanced or
next—generation flavor in SLI that might one day enable single stage ETO vehicles or at least reusable
vehicles. This seems for now to be purely political in that the OSP personality has the largest share of
funding.
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Hopeftully, the split-personality program will not become viciously self-competitive and eat itself
politically and economically from the inside out. It is possible that the program will generate useful space
vehicles in the future, but the odds of success seem low. The main issue with SLI now is that it will be the
program that drives the American manned space effort for the next generation. It is obvious from the
program's requirements that no consideration for higher than LEO are being made. If SLI continues as
planned, we will be stranded below the ISS-type orbits for another generation. So getting from
Earth-to-GEO may be tough to do in the next twenty or so years. For this section of space travel we
must hope that the Chinese will initiate a bold space program that will spark a new space race. They have
plans to set a Chinese team on the Moon by 2010 and once they put their first "taikonaut" into space,
perhaps we will take them seriously and change our split-personality ETO space program to something
more useful. (Note: One must wonder if this is what has sparked President Bush's new space initiative?)

On the other hand, it is possible that ETO-to-LEO rockets will be enough. In the story, Tamara takes a
rocket from Earth-to-LEO where she catches the Space Elevator and rides it from LEO to GEO. A
space elevator works just like an elevator on Earth does. A space platform would be placed at LEO and
one would be placed above it at GEO. The two platforms are "tied" together by a very very very strong
but very very very lightweight cable. The distance from LEO to GEO is about 35,000 kilometers so you
can see why the cable must be lightweight. A cable that long with a mass of just one gram per meter of
length would have a total mass of 35,000 kilograms! Wow, that is just a little more mass than a Shuttle
can lift. Also, a cable that is only one gram per meter must have amazing tensile strength in order to
withstand the stresses of lifting an elevator car full of people and stuff. A cable with only one gram per
meter in length is not much larger than fishing line in diameter. The tensile strengths required of such small
cables are nearly a property of "unobtanium." However, there is recent research in
carbon-nanotube-reinforced fibers and cables that are very close to having the properties required for a
space elevator. NASA, industry, and even fishing line companies are currently testing the materials.

So the elevator platforms are tied together by this extremely strong and lightweight nanotube-reinforced
fiber. The elevator car simply uses motors to winch itself up or down the cable. As the elevator car
moves upward it imparts some of its momentum to the elevator platforms pushing their orbits slightly
lower. The orbit of the platforms will raise when the car comes back down. The platforms would also be
much more massive than the elevator car and cargo so the momentum transfer to the elevator platforms
would be analogous to the momentum one would transfer to a barge by diving off it into the water.

There are presently many individuals and several companies that believe the space elevator concept is
viable and doable today. Some even believe it can be constructed not just from space-to-space locations
but from Earth to space like in the Arthur C. Clarke novel The Fountains of Paradise . The materials
strength-to-mass ratio required to build the ground station is beyond present capabilities and the effects
of the atmospheric drag on the cable increase the strength requirements for it as well. Most likely,
space-to-space elevators will come first.

Now ETO might not be that exciting for the next generation, but the NASA In-Space Propulsion
Program is making leaps and bounds toward making travel within our solar system a reality. Funded by
the Office of Space Science and centered in Huntsville, Alabama, at the NASA Marshal Space Flight
Center, the In-Space Propulsion Program is currently developing solar sails, ion drives, space tethers,
advanced chemical propulsion, aeroassist, beamed energy, pulsed-plasma propulsion, matter-antimatter
powered propulsion, and many others including the space elevator concept that Tamara used to get from
LEO to GEO. The In-Space Propulsion Program is currently funded and projected to be funded to the
tune of a few tens of millions of dollars per year for the next five or so years.
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These concepts are being pushed to levels of development so that craft could be test flown within the
next five to ten years. In fact, the solar sailing technology that uses sunlight pressure on very large
lightweight reflectors like Tamara's ship the Boy's Life is currently at the state of near flight readiness.
There are several NASA contractors developing solar sail spacecraft and preparing the concept for a
test flight expected to be within the next year or two. Also, two separate private entities, Team Encounter
and Cosmos I, are developing solar sail spacecraft for flight. The private teams might beat NASA in the
race to fly a solar sail.

Why develop solar sails? Well, actually, sails are currently the only way to carry a spacecraft into the
outer edges of our solar system in a short amount of time. A sailing ship would be launched on an
expendable chemical rocket toward the Sun. When the ship approaches about half the distance between
the Earth and the Sun its sail would then deploy. The photons from the Sun impact the sail and deliver
momentum to the sail. It turns out that a sailing ship of a few hundred kilograms or so and a sail size of
about two hundred meters in diameter could reach the outer solar system in less than ten years. This size
spacecraft at such a low mass is about ten years away in technology development. All of the components
for such a craft have been developed in small quantities; it is now just a matter of figuring out how to put
it together on such large scales. The best approach is to start out smaller.

The first NASA solar sail flight will most likely be a square sail about fifty meters or so on a side. The
mission will be to demonstrate that the technology works. It is possible that the spacecraft will be given
an actual job once it has been tested. A sail of this size could sail from high Earth orbit inward toward the
Sun to about ninety-five percent the distance from the Sun to the Earth. The sailcraft could sit there and
watch the Sun for solar flares and other forms of coronal mass emissions that wreak havoc on our
satellites and communications grids. The particles ejected from the Sun travel a little slower than light
speed. So if the sailcraft that is a little closer to the Sun than the Earth detects the particles, it can send a
radio signal to Earth to tell us to turn off our stuft. The radio signal should beat the Sun emission by
several hours, giving us plenty of time to prepare for the bad "solar weather." This mission could be
implemented in just a few years.

The advantage of solar sails is that they use no propellant or reaction mass that is ejected from the
spacecraft. The propulsion is purely provided by the incident light from the Sun. On the other hand, the
propulsive effect is negligible once the spacecraft is at distances from the Sun much farther than Mars's
orbit since sunlight pressure drops off as the inverse square of the distance from the Sun. So if you want
to go somewhere and stop with a solar sail it must be within Mars's orbit if you plan to stop by using
sunlight. However, a recent study by myself and Dr. Greg Matloff has shown that the sails can actually be
used as a parachute. So a sail could fly close to the Sun to get sped up really fast and then fly out to
Neptune perhaps and aerobrake or parachute into Neptune's atmosphere and slow down to a Neptune
orbital velocity. This is a brand new concept that NASA is looking into but it appears that it can be done
successfully at Mars, Jupiter, Saturn, Neptune, Titan, or basically any solar system body with an
appreciable atmosphere. So, the technology for sailing from Earth to Mars or other solar system bodies
is at hand and soon to be flown.

Another neat application with sailing ships is beam riders. At the end of the story Tamara has started
running a large mirror that directs sunlight and focuses it onto a sailing ship. I did a study in 2000 that
showed that if a mirror 100 km in diameter could be placed in a high GEO and could continuously focus
sunlight onto a 100-km-diameter sail of appropriate design for about ten years, then that sail could reach
Alpha Centauri in less than fifty years. Of course stopping would be another matter altogether but there
are theories on how to do that by the late Dr. Robert Forward, Dr. Greg Matloff, and others. The
biggest hurdle in developing these interstellar sailing ships as in "Cleaning Lady" is learning how to build
such very large spacecraft. Most of the materials are available but we are not quite sure how to put them
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all together, yet.

In the story Tamara encountered several "nuke tugs" that used nuclear power as the main power source
for the spacecraft. NASA is also looking at nuclear fission-powered electric propulsion. This research
effort is called Project Prometheus. A fission power plant the size of a beer keg or a garbage can could
deliver several hundred kilowatts of thermal energy to a power converter that would then convert the
heat to electrical power just like terrestrial nuclear power plants. The conversion process is about
twenty-five to thirty percent efficient. Therefore a three—hundred-kilowatt thermal fission reactor could
deliver about one hundred kilowatts of electrical power to the spacecraft systems. The propulsion for the
spacecraft would be an advanced ion engine similar to the one that recently flew on the Deep Space 1
mission. lon engines use a small electrically powered ion accelerator to accelerate small particles to very
high velocities. These small particles are then electrically pushed out of the exit of the accelerator to
generate thrust. The thrust generated is not very high but the fuel usage is very efficient. Analyses have
shown that a nuclear fission electric propulsion spacecraft of this type could carry thousands of kilograms
of payload to the Pluto-Charon system and maybe even the Kuiper Belt with trip times of less than
twenty years. And when these types of spacecraft get where they are going they still have all the electrical
power that they need from the fission reactor. One of the problems with previous outer-planet missions
has been that there was no electrical power after the batteries died. A well-designed fission reactor
should generate power for decades.

Another possible nuclear rocket design would be to skip the electrical conversion part and superheat a
fluid such as liquid hydrogen by flowing it through or around the reactor core. The superheated liquid is
then flowed through a rocket nozzle, which would then deliver tremendous thrust to the spacecraft. The
thrust generated by a so-called "nuclear thermal rocket" is much greater than that of the electric mode of
operation but the fuel efficiency is very low. It is possible that the two different modes of operation can
be utilized for different aspects of space missions. Nuclear thermal mode is used when high thrust or
quick acceleration is needed and nuclear electric is used when long slow efficient thrusting or accelerating
is needed. And of course when all the fuel is used up the spacecraft can sit wherever it is or coast along
with plenty of electrical power for making scientific measurements or powering crew quarters.

Finally there are the far-reaching and many—generations-down-the-road technologies. Although exotic
means of space travel were not mentioned in the story, no essay on the future of space propulsion would
be complete without at least talking about faster-than-light travel. The