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EDITORIAL: NEW WRITERS by Stanley Schmidt

Last summer athread on the Analog website Readers Forum revisited afrequently asked question:
What determines whether a story submission gets bought, and how can an aspiring writer improve hisor
her chances of sdlling? Severd of our regular contributorsjoined in and did an admirable job of setting
the record straight for those participating. However, the number of our readerswho are interested in
writing is much larger than the number who frequent the Forum. Since the Forum comments repeet a
number of common and counterproductive misconceptions and speculations, | thought it would bea
good ideato respond to some of them here, too.

For example, the thread started with areader questioning the statement in our submission guidelines
(available on our website [www.analogsf.com] or by sending arequest with a self-addressed stamped
business-size envelope) that “ Analog will consider materia submitted by any writer, and consider it
solely on the basis of merit. We are definitely eager to find and devel op new, capable writers.” This
reader did his own research by counting storiesin our 2005 issues and identifying those writershe
thought were new. His identifications were not dways accurate, but his quaitative observation that only a
minority of storieswere by new authorsistrue. Unfortunately, he then concluded, “ Seemslike Analog
might be consdering more than just the merit of the storiesthey receive. Looks like you need to have
some publishing experience listed in your cover |etter.”

Which s, as severd other participants (both professiona and otherwise) pointed out, very wrong.

Thefact isthat the author's name, reputation, or publishing history has absolutely no effect on our
decision about whether to buy a story. Please note that | speak here only for Analog; magazine editors
are quirky individuasjust like everybody else, and different ones can and do have different priorities.
And book publishing isaquite different kettle of fish. If anove is published in book form, the success of
that book isriding on asingle story. The publisher will want to make sureit sells at least reasonably well,
and thereisagood dedl of evidence that many book purchases are made in large part because readers
liked previous books by a particular author. So book publishers often do seek out books by authors who
have sold well in the recent past, and sometimes won't even consider manuscripts by authors of recent
books that didn't make much money.

At magazines—in particular, a this magazine—things are very different. Each issue contains not one, but
severda stories and other features, so there's not as much riding on any one of them. We can be more
willing to take a chance if we're not sure how readers will react to an unusud story. Aslong as most
readerslike most of what we publish, they'll alow us an occasional oddity that they don't like. Most of
them are intdlligent and observant enough to redize that individual tastes vary widely, so we can't expect
any reader to love everything we publish, or every reader to love anything.
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Theflip Sde, of course, isthat most readers haveto like most of what we publish, or well lose our
audience. We can't afford to | et that happen, so we are very serioudly determined to get the best materia
we can, regardless of where or whom it comes from. So we redlly do pick stories* solely on the basis of
merit.” “Merit,” of course, isin part subjective, so what | redly mean by the“best” Soriesis*those
stories| think most likely to please most of our readers.” But those can come from anywhere. Quite often
(and this should surprise no one) they come from people who have aready written for us enough to have
agood ideaof what werelikely to like, and how to create it. But they can, and sometimes do, come
from complete newcomers. By at least one measure, the most popular sory I've published in dl my years
of editing Analog was afirg submisson straight out of the dush pile.

So don't names count for anything at al?Well, sometimes, but probably not in the way you might
imagine. One person on the Forum asked, “Does Analog surreptitioudy rely on ‘big names' to snag
purchases on magazine racks? ... Some names, at least, are listed on the cover.” Oh, come on! There's
nothing surreptitious about listing namesthat are likely to catch areader's eye on the newsstand; of
course we want to do that, and awell-known name is obvioudy more likely to do it than acompletely
unfamiliar one. Wedon' ligt all contributors on the cover (as doesthat poster, who edits an online
magazine) because (a) the familiar ones would stand out less from along list, and (b) many of our readers
like the cover art and want the picture relaively uncluttered. The space congtraints and display
requirementsfor an e-zine and a print magazine on anewsstand are entirely different.

But (and thisisimportant) most of our sales these days are through subscriptions, not newsstands, and
subscription renewa s depend more than anything el se on trust. We need subscribersto fedl confident
that we will give them redlly good reading material most of the time, and a“big name” on the cover does
not automaticaly assure that. One of thefirgt things | learned when | took this job isthat even the biggest
namesare not intop form al thetime. Also, | can't buy more than about 1% of what | get, no matter
how much I'd like to buy, because that's al the magazine has room for. So, just as| have bought and
featured stories from complete unknowns, I've aso rejected work by amost anybody you can think of .

Now: suppose | buy a substandard or ingppropriate story just so we can print abig name on the cover.
Maybe it does produce allittle one-time blip in newsstand sales, but the vaue of that will be more than
offset by the loss of trust when our subscribers read the story inside and fedl cheated. We can't afford to
let that happen. So instead | buy the best stories| can, from whoever offersthem to me. If one of them
happens to be from an author with a highly recognizable name, yes, well put that on the cover (and when
| turn down astory from such an author, no one e se needs to know about it). But note carefully that the
gtory isfirst bought on its own merits, and only then do we consider using the author's name as part of a
marketing plan. The name plays no role in deciding whether to buy the sory.

Wetry to keep the magazine's name one that readers will recognize and trust as areliable source of
good stories, even to the point where | can give an unknown top billing on the cover and newsstand
readerswill pick it up because they suspect this must be anew writer of great promise. And yes, thishas
happened; two cases that come to mind right off the top of my head are David R. PAmer ("Emergence’)
and Geoffrey A. Landis ("Elementd").

Incidentaly, | can think of one small exception to my statement that the author's name has no effect on
my likelihood of buying a story: sometimes agood track record can make it harder to sdl aparticular
story. | once sent astory back with aletter that began, “If | got this story from somebody 1'd never heard
of, I'd be very excited. But | know Mike Flynn can do better....” (And with that goad, he did.)

Let'slook at another sadly amusing myth from that website thread: “'Open to new writers isjust a
marketing gimmick ... It'sthe oldest trick in the publishing book. Hopeful s subscribe to the magazine
because they figure they'll want a.copy when their stuff is published. Analog's subscription base would be



decimated if they told the truth about their story selection process.” | have no ideawhat basisthiswriter
thinks he hasfor believing such fanciful “facts,” but the truth about our story selection processiswhat I'm
telling now and always have. If we publish your story, you don't need a subscription to get a copy—well
automaticaly give you acouple of copies, dong with actual payment in currency of therealm, plusthe
option of buying as many additiona copies asyou may want at asubstantial discount. And while our
subscriber base includes agood many writers who submit stories, it includes agrest many more readers
who have no interest in submitting.

Another attempt to bolster thetired old rationdization that rejection or sale is determined by name: one
writer on the Forum said astory by a“name” recently appeared in Analog with the same premise asone
of histhat wed rgected. | don't doubt it, and | was pleased and impressed that the writer had the good
grace not to accuse anyone of plagiarism or even to name the other story or author with asimilar idea.
Another of thefirst things | learned when | took thisjob isthat truly, completely new ideas are extremely
rare. A premise does not make astory; the story iswhat you build on the premise, and evidently | liked
one of these more than the other. Some premises have served as the basisfor severad successful stories
and hundreds or even thousands of unsuccessful ones. Some years back | published alist of 26 that |
could count on seeing in my dush pile severa times every month, but once in agreat while askilled
writer (like Orson Scott Card) can still turn one of those into afresh and memorable story. But doing that
takes kill, and that takes both talent (the raw materia from which skill can be made) and practice.

Incidentaly, | should probably say afew words about the “dush pile,” since I've mentioned it a couple of
times and many people think it sounds derogatory and make still more assumptions about what it means.
In my case, dl manuscripts cometo mein an unsorted pileand | read them dl—all 500 or sothat | getin
amonth. If you do the math, it will be obviousthat | don't read them dl the sameway. If I'm going to get
through them dl, I'll have to read most of them quite rapidly, so | try to do that with al of them. But |
can't speed-read something that grabs my concentrated interest, so if that happens while I'm working
through that initid “dush pile” | put that story aside for reading later in adifferent, much dower, and
more anaytical mode. Often, when | get anew pile of manuscripts, I'll flip through it right away and pull
out somethat | know I'll have to read in dow mode, because of past experience with that author. That
does not mean that storiesin that “pro pile’ are automaticaly given preference come buying time; it just
meansthat, Satigticaly, | know it's going to take longer to go through afoot of those than afoot of
“dush.” But if there's something of pro qudity in the dush pile, by somebody I've never heard of, it will
leap out at meand I'll pull it out for acloser read later.

And that'sthe biggest kick | ever get inthisjob: thethrill of discovery, of finding my attention completely
captivated by aredly good writer the rest of the world doesn't know about yet.

So you bet | want to find and cultivate new writers—and | need to, because the ones I've already
cultivated tend to attract other editorial eyesand get book contracts that keep them too busy to write
much short fiction. But that doesn't mean I'm interested in publishing writersjust because they're new. I'm
no more interested in publishing new writers per se thanin publishing “big names’ per se. I'm interested
in publishing stories that make our readers sit up and take notice. At any given time, amgjority of those
soriesare likely to be by writerswho aready have some experience—but some won't be. And some of
those few writerswho catch my eyefor thefirst time will be the“big names’ newcomersenvy afew
years|ater.

Remember, everybody was a newcomer, an unknown, initialy. Getting beyond that stage requiresa
certain amount of talent, alot of persstence, and (it must be admitted) a certain amount of luck. I've
spent quite a bit of timetrying to debunk the myth that newcomers don't have a chance; now | must
bal ance the picture with afew words about the countermyth that if you have some taent and are
persstent enough, eventualy you will succeed. Sadly, it isn't necessarily s0. “Merit,” as| mentioned



ealier, ispartly subjective; most editors are trying to match reading materia with sets of readers who will
enjoy it, and they have quite different audiences. Y ou should never assume that just because a story
doesn't sdll to one market, it's“no good” in some objective sense. Get it out to other markets and seeif
you can find one that wants to buy what you're trying to sell. Maybe you will; maybe you won't. That
depends on there being a suitable market at the right time, with the right kind of vacancy, not having
bought something too similar too recently, etc., etc. My persona record is 21 years, for astory that |
recognized asa“ Twilight Zone’ story as soon as | wroteit, but couldn't sell until somebody started a
“Twilight Zone’ magazine. As an editor, I've read lots of perfectly respectable storiesthat may never see
print because their authors may not live long enough to find the right home for them.

But somewill, and it's enough fun that if your interests run that way, | certainly encourage you to giveit
your best shot. Don't give up your day job unlessand until it feesredly right; don't let your whole future
happiness and sense of salf-worth depend on commercia success asawriter; but tell the storiesyou
haveto tell aswell asyou can tell them. Remember that merit isn't all subjective; thistrade, like any
other, depends on skillsthat you need to develop, and you may not be able to tell whether you have them
until you do. Learn the basics, like submission protocol and grammar (you'd be astounded at how few
people use commas and hyphensin away much better than random, and at how much you can make
yourself stand out by becoming one of them). Be aware that the competition is tough—but if you do well
atit, it can offer you rewards (largely intangible, though occasondly financid aswdll) that you'd be hard
put to find anywhere se.

And besides, | want to read those stories.
Good luck!
Copyright (c) 2006 Stanley Schmidt
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QUEEN OF CANDESCE: PART | OF IV by Karl Schroeder
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[llustration by George Krauter
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Being literally thrown into an unfamiliar environment for ces a per son to adapt—and familiar
ways of doing that may not be enough.

Prologue
Garth Diamandis looked up, and saw awoman in the sky.

The ba cony swayed under him; distant trees wavered in the hot afternoon air though there was no
breeze. A twist of little clouds pirouetted far overhead, just benesth the glitter and darkness of the city
that had exiled Gareth to this place so many years ago. Well below the city, only athousand feet up a
this point, asingle human form had appeared out of thelight.

She rotated up out of Garth's view and he had to wait severd minutesfor her to come back around.
Then, there shewas. gliding with supernatural grace over thetdl, ragged wall that rimmed theworld at its
nearer end. Behind her, infinite air beckoned, forever out of reach of Garth and the otherslike him.
Ahead of the slent woman, alikely tumbleinto quickly moving trees, broken limbs and deeth. If she
wasn't dead already.
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Someone tried to escape, he thought—an act that aways ended in gunshots or bloody thrashing beneath
aswarm of piranhawks. This one must have been shot cleanly by the day watch for she was spirding
across the sky alone, not attended by aretinue of blood droplets. And now the spin-gale was teasing the
fringes of her outlandish garment, dowing her; bringing her down.

Garth frowned, for amoment forgetting the aches and painsthat bedeviled him dl day and dl night. The
hovering woman's clothes had been too bright and fluttered too easily to be made of the traditional
leather and metdl of Spyre.

Astheworld turned the woman receded into the distance, frustrating Garth's attempt to see more. The
ground under his perch wasrotating up and away aong with the whole cylindrica world; the

black-haired woman was not moving with it but rather sailing in magesticaly from one of the world's open
ends. But Spyre made its own winds asit turned, and those winds would pull her to its surface before she
had a chance to drift out the other side.

She would have sped up by that time, but not enough to match Spyre's rotation. Garth well knew what
happened when someone began clipping the treetops and towers at several hundred miles per hour. HEd
be finding pieces of her for weeks.

The ground undulated again. Frantic horns began echoing in the distance—an urgent conversation
between the inner surface of Spyre and the city above.

Watching the woman had been an idle pastime, sinceit looked as though she was going to come down
aong therall line. People with more firepower and muscle than Garth owned that; they would seeherina
few moments and bring her down. Her vauable possessions and clothes would not be his.

But the horns were insstent. Something was wrong with the very fabric of Spyre, an oscillation building.
He could seeit in the far distance now: the land heaved minutely up and down. The dow ripple was
making itsway in hisdirection; he'd better get off this parapet.

The archway opening onto the balcony had empty air behind it and atwenty-foot drop to tumbled
stones. Garth hopped over the rail without hesitation, counting as he fell. “ One pilot, two pilot, three—"
He landed among upthrusts of stabbing weed and the cloud-like brambles that had taken over this
ancient mansion. Three seconds? Well, gravity hadn't changed, at least not noticeably.

His muscles creaked as he stood up, but climbing and jumping were part of hisdaily congtitutiond, agrim
routine amed at convincing himself hewas il aman.

He stdked over the crackling grit that painted atiled dance floor. Railway tieswerelaid caloudy across
the fine pallasite sones; the line cleaved the former Nation of Arbath like awhip-mark. Garth stepped
onto the track daringly and stared down it. The great family of Arbath had not reached an
accommodation with the preservationists and had been displaced or killed, he couldn't remember which.
Rubble, ruins, and new walls sided the tracks; at one spot an abandoned sniper tower loomed above the
grip. It swayed now uneasily.

The tracks converged in perspective but aso rose with the land itsalf, along graceful curve that became
vertica if hefollowed it far enough. He didn't look that far, but focused on a scramble of activity taking
place about amile distant.

The Preservation Society had planted one of their oil-soaked sidingsthere like an obscene graffito. Some
of the preservationists were pouring acohoal into the tanks of a big turbine engine that squatted on the
trackslike anidal to industrialism. Others had tarted atug and were shunting in carsloaded with iron
plating and rubble. They were responding to the codes brayed out by the distant horns.



They were so busy doing dl thisthat none had noticed what was happening overhead.

"You're crazy, Garth.” He hopped from foot to foot, twisting his hands together. When he was younger
he wouldn't have hesitated. There was atime when held lived for escapadeslike this. Cursing hisown
cowardice, Garth lurched into ahalf run down the tracks—in the direction of the preservationist camp.

He had to prove himself more and more often these days. Garth still sported the black cap and long
sideburns that rakes had worn in his day, but he was acutely aware that the day had come and gone. His
long leather coat was brindled with cracks and dappled with stains. Though he still wore the twin holsters
that had once held the most expensive and stylish duding pistols available in Spyre, nowadays he just
carried odd objectsin them. His breath ratcheted in his chest and if hishead didn't hurt, hislegsdid, or
his hands. Pain followed him everywhere; it had made crow's-feet where once held outlined hiseyesin
black to show the ladies hislong lashes.

The preservationist's engine started up. It was coming hisway so Garth prudently left the track and
hunkered down beneath some bushesto let it pass. He wasin disputed land, so no one would accost him
here, but he might be casually shot from awindow of the train and no one would care. While he waited
he watched the dot of the dowly falling woman, trying to verify hisinitia guessat her trgectory.

Garth made it the rest of the way to the preservationist camp without attracting attention. Pandemonium
gl reigned insde the camp, with shaven-headed men in tiff leather coats crawling like antsover a
second, rust-softened engine, under the curses of a supervisor. Thefirgt train was miles up the curve of
the world now, and if Garth bothered to look down the length of Spyre, he was sure he would see many
other trains on the move aswdll. But that wasn't hisinterest.

Pieces of theworld fel off al thetime. It wasn't his problem.

He crept between two teetering stacks of railway ties until he was next to apile of catch-netsthe
preservationists had dumped here. Using astick held picked up aong the way, he snagged one of the
nets and dragged it into the shadows. Under full gravity it would have weighed several hundred pounds;
asit was, he saggered under the weight as he carried it to anearby line of trees.

She was going by again, lower now and fast in her long spird. The woman's clothes were tearing in the
headwind, and her dark hair bannered behind her. When Garth saw that her exposed skin was bright red
he stopped in surprise, then redoubled his efforts to reach the nearest vertica cable.

Theinterior of Spyre was spoked by thousands of these cables; some rose at low anglesto reattach
themselvesto the skin of theworld just afew miles away. Some shot straight up to touch down on the
opposite side of the cylinder. All were under tremendous tension and every now and then one snapped;
then the world ran like abell for an hour or two and shifted, and more piecesfell off of it.

Asde from keeping the world together, the cables served numerous purposes. Some carried eevators.
The one Garth approached had smaller lines draped and coiled around its frayed black surface—some
old, rusted, and disused pulley system. The main cable was anchored to a corroded meta cone that
jutted out of the earth. He clipped two corners of the roll of netting to the old pulley. Then he jogged
away from the tracks, unreding the net behind him.

It took far too long to connect athird corner of the huge net to a corroded flagpole. Sweating and
suffering palpitations, he ran back to the flagpole one moretime. As he did she came by again.

Shewasabullet. Infact, it was the land that was speeding by below her and pulling the air with it. If
shed been alive earlier she might be dead now; he doubted whether anyone could breathein such agde.



As s00n as she shot past, Garth began hauling on the pulleys. The net lurched into the air afoot a atime.
Too dow! He cursed and redoubled his effort, expecting to hear shouts from the preservationist camp at
any moment.

With agonizing downess, atriangle of netting rose. One end was anchored to the flagpole; two more
were on their way up the cable. Had he judged her trgjectory right? It didn't matter; thiswasthe only
attachment point for hundreds of yards, and by now she wastoo low. Air resstance was yanking her
down, and in moments she would be tumbled to pieces on the ground.

Here she came. Garth wiped sweat out of his eyes and pulled with bloody hands. At that moment the
shriek of a steam whistle sounded from the preservationist camp. The rusted engine was on the move.

The mysterious woman arrowed in just above the highest trees. Garth thought for sure she was going to
miss his net. Then, just asthe rusted engine sailed by on the tracks—he caught snapshot glimpses of
surprised preservationist faces and open mouths—she hit the net and yanked it off the cable.

A twirling screw hit Garth in the nose and he sat down. Sparks shot from screaming brakes on the
tracks, and the black tangling form of the falling woman passed between the Y -uprights of ajagged tree,
thetrailing net catching branches and snapping them as she bounced with astonishing gentlenessinto a
bed of weeds.

Garth was there in seconds, cutting through the netting with hisknife. Her clothes marked her asa
foreigner, so her ransom potential might be low. He probably couldn't even get much for her clothes;
cloth like that had no business being worn in Spyre. Oh well; maybe she had some adornments that might
fetch enough to buy him food for afew weeks.

Just in case, he put ahand on her neck—and felt a pulse. Garth cursed in astonishment. Jubilantly he
dashed away the rest of the strands and pulled her out as awarning shot cracked through the air.

Unableto resst, he teased back the wave of black hair that fell across her face. The woman wasfairly
young—in her twenties—and had fine, sharp features with well-defined black eyebrows and full lips. The
symmetry of her face was broken only by a star-shaped scar on her jaw. Her skin would have been quite
far wereit not deeply sunburnt.

She only weighed twenty pounds or 0. It was easy to ding her over his shoulder and run for the deep
bush that marked the boundary of the disputed lands.

He pushed hisway through the branches and onto private land. The preservationists pulled up short,
curaing, just shy of the bushes. Garth Diamandis laughed as he ran; and for a precious few minutes, he felt
like hewas twenty yearsold again.

* k% k %

1

A low-beamed celling swam into focus. Venera Fanning frowned at it, then winced as pain shot through
her jaw. She was definitely adive, she decided ruefully.

She was—but was Chaison Fanning aso among the living, or was Veneranow awidow? That wasit,
she had been trying to get back to her husband, Chaison Fanning. Trying to get home—

Sitting up proved impossible. The dightest motion sent waves of pain through her; shefelt like shed been
skinned. She moaned involuntarily.

"You're awake?’ Thethickly accented words had the crackle of age to them. She turned her head



gingerly and made out adim form moving to St next to her. She was lying on a bed—yprobably—and he
was on astool or something. She blinked, trying to take in more of the long, low room.

"Don't try to move,” said the old man. “Y ou've got severe sunburn and sunstroke, too. Plusafew cuts
and bruises. I've been wetting down the sheets to give you somerelief. Gave you water, too. Don't know
what elseto do.”

"Th-thanks.” Then she looked down at hersdlf. “Where are my clothes?"

Hisface cracked in asmile, and for a second he looked much younger. He had dab-like features, with
prominent cheekbones and piercing gray eyes. Eyeslike that could send chills through you, and from his
confident grin he seemed to know it. But as he shifted in thefirdight, she saw that lines of care and
disappointment had cut away much of his handsomeness.

"Your clothesare here,” he said, patting achair or table nearby. “Don't worry, I've done nothing to
you—not out of virtue, mind, I'm not abig fan of virtue, mine or anyone elsg's. No, you can thank
arthritis, old wounds, and age for your safety.” He grinned again. “1'm Garth Diamandis. And you are a
foreigner.”

Venerasghed listlesdy. “ Probably. What does that mean around here?”
Diamandisleaned back, crossing hisarms. “Much, or nothing, depending.”
"And hereis... ?'

"Spyre,” hesaid.

"Spyre...” She thought she should remember that name. But Venerawas dready faling adeep. Shelet
hersdlf doit; after all, it was so cool here...

When she awoke again it wasto find herself propped haf upright in achair. Her forehead, upper body,
and arms were draped with moist sheets. Blankets swaddled her below that.

Venerawas facing aleaded-glass window. Outside, green foliage made a sunlit screen. She heard birds.
That suggested the kind of garden you only got in the bigger towns—a gravity-bound garden where trees
grew short and sguat, and soil stayed in one place. Such things were rare—and that, in turn, implied
wedlth.

But thisroom ... As she turned her head her hopesfaded. Thiswas ahovd, for dl that it too seemed built
for gravity. The floor wasthe relentlessiron of atown foundation, though surprisingly she could fed no
vibration from engines or dipstream vanes through her feet. The slence was uncanny, infact. The
chamber itself was oddly cantilevered, as though hollowed out of the foundations of some much larger
structure. Boxes, chests, and empty birdcages were jammed or piled everywhere, afew narrow paths
worn between them. The only clear areawas the spot where her overstuffed armchair sat. She located
the bed to her |eft, some tables, and afireplace that looked like it had been clumsily dug into the wall by
the window. There were severd tables here and the clutter had infected them aswell; they were covered
with framed pictures.

Veneraleaned forward, catching up the sheet at her throat. A sizzle of pain went through her arms and
shoulders, and she extended her left arm, snarling. She was sunburned a deep brick red, which was
aready gtarting to ped. How long had she been here?

The pictures. Gingerly, shereached out to turn onein the light. It was of ayoung lady holding apair of
collapsible wrigt-fins. She wore astrange, tiff-looking black bodice, and her backdrop wasindistinct but



might have been clouds.

All the portraits were of women, some two dozen by her estimation. Some were young, some older; all
the ladies seemed wdll-off from their various elaorate hairdos. Their clothes were outlandish, though,
made of sweeping chrome and lesther, clearly heavy and doubtless uncomfortable. Therewas, she
realized, a complete absence of cloth in these photos.

"Ah, you're awake!” Diamandis shuffled hisway through the towering stacks of junk. Hewas holding a
limp bird by the neck; now hewaved it chearfully. “Lunch!”

"I demand to know where | am.” She started to stand and found herself propelled nearly to the celling.
Gravity was very low here. Recovering with awince, she coiled the damp sheet around her for modesty.
It didn't help; Diamandis frankly admired her form anyway, and probably would have stared even if shed
been sheathed in plate armor. It seemed to be hisway, and there was, strangely, nothing offensive about
it.

"You are aguest of the Principdity of Spyre,” said Diamandis. He sat down at alow table and began
plucking the bird. “But | regret to have to inform you that you've landed on the wrong part of our
illustrious nation. Thisis Greeter Spyre, where I've lived now for, oh ... twenty-odd years."

She held up the picture she had been looking at. “ Y ou were abusy man, | see.”

Helooked over and laughed in delight. “Very! And why not? The world isfull of wonders, and | wanted
to meet themdl."

Veneratouched the stcone wall and now felt afaint thrum, but very dight. “Y ou say thisisatown? An old
one ... and you've turned gravity way down.” Then sheturned to look at Diamandis. “What did you
mesan, ‘regret to inform me? What's wrong with this Greater Spyre?”

Helooked over a her, and now he seemed very old. “ Come. If you can walk, I'll show you your new
home"

Venerabit back asharp retort. Instead, she sullenly followed him through the stacks. “My temporary
residence, you mean,” she said to the cracked leather back of his coat. “I am making my way back to the
court a Slipstream. If ransom isrequired, you will be paid handsomely for my safereturn...” He laughed,
somewhat sadly.

"Ah, but that it were possible to do that,” he murmured. He exited up alow flight of stepsinto bright light.
Shefollowed, feding the old scar on her jaw gtarting to throb.

The roofless square building had been built of stone and stedl 1-beams, perhaps centuries ago. Now
devoid of top and floors, it had become akind of open box, thirty feet on aside. Wild plantsgrew in
profusion throughout the rubble-strewn interior. The hole leading to Diamandiss home wasin one corner
of the place; there was no other way in or out asfar as she could see.

Veneradtared at the grass. Sheld never seen wild plants under gravity before. Every square foot was
accounted for in the rotating ring-shaped structures she caled towns. They were seldom more than amile
in diameter, after dl, often built of mere rope and planking. There was no other way to fed gravity than to
vigt atown.

She scanned the sky past the stone walls. In some waysit looked right: the endless vistas of Virgawere
blocked by some sort of structure. But the perspective seemed al wrong.

"Come.” Diamandis was gesturing to her from anearly invisble set of stepsthat ran up onewall. She



scowled, but followed him up to alevel areajust below the top of the wall. If she stood on tiptoe, she
could look over. So shedid.

Venera had never known one could fed so smal. Spyre was arotating habitat, like those she had grown
up in. But that was dl she could have said to connect it to the worlds she had known. Diamandisslittle
tower sat among forlorn trees and scrub-grassin an empty plain that stretched to forest amile or morein
each direction. In any sane world, this much land under gravity would have been crammed with buildings;
those empty plazas and tumbled-down villas should have been awash with humanity.

Past the trees, the landscape became a maze of walls, towers, open fields, and sharp-edged forests. And
it went on and on to adizzying, impossible distance. Diamandiss tower was one tiny mote on theinsde
surface of acylinder that must be ten or twelve milesin diameter and half again aslong.

Sunlight angled in from somewhere behind her; Veneraturned quickly, needing the reassurance of
something familiar. Beyond the open ends of the great cylinder, the reassuring cloudscapes of the normal
world turned dowly; she had not |eft al sense and reason behind. But the scale of thistown-whed was
impossiblefor any engineering she knew. The energy needed to keep it turning in the unstable airs of
Virgawould beggar any norma nation. Y et the place looked ancient, as evidenced by the many
overgrown ruins and furzes of wild forest. In fact, she could see gapsin the surface here and there
through which she could glimpse distant flickers of cloud and sky.

"Arethose holes?’ she asked, pointing at anearby crater. Leaves, twigs, and grit fogged the air aboveit,
and dl the topsoil for yards around had been stripped away reveding astained metal skin that must
underlie everything here.

Garth scowled asif shed committed some indiscretion by pointing out the hole. “Yes,” he said
grudgingly. “ Spyreisancient and decaying, and it's under an awful strain. Tearslikethat open up dl the
time. It's everyone's nightmare that one day, such arip might not stop. If the world should ever cometo
anend, it will gart with atear likethat one."

Faintly darmed, Veneralooked around at the many other tears that dotted the landscape. Garth laughed.
“Don't worry, if it's serious the patch gangs will be herein aday or two to fix it—dodging bulletsfrom the
local gentry al the while. They were out doing just that when | picked you up.”

Veneralooked straight up. “| supposeif thisisgreater Spyre” she said, pointing, “then that is Lesser
Spyre?!

The empty space that the cylinder rotated around wasfilled with conventional town-wheels. Uncoupled
from the larger structure, these rings spun grandly in midair, miles above her. Some were ‘geared’ towns
whose rims touched, while othersturned in solitary mgjesty. A puff of smaler buildings surrounded the
towns.

The whedlsweren't entirely disconnected from Greater Spyre. Venera saw cables standing up at various
angles every mile or so throughout the giant cylinder. Some angled across the world to anchor inthe
ground again far up Spyre's curve. Some went straight past the axis and down to an opposite point; if
you climbed one of theselines, you could get to the city that hung like an iron cloud half adozen miles
above.

Shedidn't see any devator traffic on the nearest cables. Most were tethered inside the maze-like grounds
of the estates that dotted the land. Would anyone have aright to use those cables but the owners?

When Diamandis didn't reply, Veneraglanced over a him. He was gazing up & the distant towns, his
expression shifting between empty adoration and anger. He seemed lost in memory.



Then he blinked and looked down at her. “Lesser Spyre, yes. My home, from which | am exiled for life.
Alwaysvisible, never to be achieved again.” He shook his head. “Unlucky you to have landed here,

lady."

"My name,” shesad, “is VeneraFanning.” She looked out again. The nearer end of the greet cylinder
began to curve upward less than amile away. It rose for amile or two, then ended in open air. “1 don't
understand,” she said. “What's to prevent me—or you—from leaving? Just step off that rim yonder and
youll beinfreeflight inthe skiesof Virga. Y ou could go anywhere."

Diamandis|ooked where she was pointing. Now his smile was condescending. “ Ejected at four hundred
miles per hour, Lady Fanning, you'll be unconsciousin secondsfor lack of breath. Before you dow
enough to awake you'll either suffocate or be eaten aive by the piranhawks. Or be shot by the sentries.
Or be eviscerated by the razor wire clouds, or hit amine...

"No, it wasamiracle that you drifted unconscious through al of that, to land here. A once-in-a-million
feat.

"Now that you're among us, you will never leave again.”

* * % %

Diamandiss words might have darmed Venera had she not recently survived anumber of impossible
Stuations—not only that, he was manifestly wrong about the threet the piranhawks represented; after al,
hadn't she sailed blithely through them al? These thingsin mind, she followed him down to hishovd,
where he began to prepare amed.

The bird was patheticadly smdl; they would each get acouple of mouthfuls out of it if they were lucky.
“I'm grateful for your help,” Venerasaid as shelowered hersdlf painfully back into the armchair. “But you
obvioudy don't have very much. What do you get out of helping me?

"The warmth of your gratitude,” said Diamandis. In the shadow of the sone fireplace, it wasimpossible
to make out his expression.

Venerachoseto laugh. “Isthat al? What if I'd been aman?’
"I'd have left you without a second thought.”

"l see” She reached over to her piled clothes and rummaged through them. “ As | suspected. I've not
come through unscathed, have 1?7’ The jewelry that had filled her flight jacket'sinner pockets was gone.
She looked under the table and immediately spotted something: it looked like ametal door in the floor,
with aropeloop asits handle. Her feet had been resting on it earlier.

"No, it'snot downthere,” said Diamandiswith asmile.

Venera shrugged. The two most important objectsin her possession were sill inside her jacket. She
could fedl the spent bullet through the lining. Asto the other—Veneradipped her hand in to touch the
scuffed white cylinder that she and her husband had fought their way across half the world to collect. It
didn't look like it was worth anything, so Diamandis had gpparently ignored it. Veneraleft it where it was
and graightened to find Diamandis watching her.

"Condder thosetrinkets to be payment for my rescuing you,” he said. 1 can livefor years on what you
had in your pockets."

"Socouldl,” shesad levelly. “Infact, | was counting on using those val uables to barter my way home, if
| had to."



"I'veleft you apair of earringsand abracelet,” he said, pointing. There they were, Sitting on the table next
to her toeless deck shoes. “Therest is hidden, so don't bother looking."

Seething but too tired to fight, Veneraleaned back, carefully draping the moist sheet over hersdf. “If | felt
better, old man, I'd whip you for your impudence.”

Helaughed out loud. “ Spoken like atrue aristocrat! | knew you were awoman of quality by the softness
of your hands. So what were you doing floating alone in the skies of Virga? Was your ship beset by
pirates? Or did you fall overboard?"

She grimaced. “ Either one makes agood story. Take your pick. Oh, don't look at me like that, I'll tell
you, but first you haveto tell me where we are. What is Spyre? How could such a place exist? From the
heat outside I'd say we're still near the sun of suns. Isthis place one of the principalities of Candesce?'

Diamandis shrugged. He bent over hisdinner pot for aminute, then straightened and said, “ Spyrésthe
wholeworld to those of uswho live here. I'm told theres no other placelikeit in dl of Virga. Wewere
here at the founding of the world, and most people think well be here at itsend. But I've dso heard that
once, there were dozens of Spyres, and that &l the rest crumbled and spun apart over theages... So |
believe we livein amortd world. Like me, Spyreis showing its age."

He brought two plates. Venerawas impressed: he'd added some cooked roots and a handful of boiled
grains and made a passable med of the bird. She was ravenous and dug in; he watched in amusement.

"Astowhat Spyreis...” He thought for amoment. “In the cold-blooded |anguage of the engineers, you
could say that we live on an open-ended rotating cylinder made of metal and miraculoudy strong cables.
About six milesfrom here therés agiant engine that powersthe dectric jets. It isthe same kind of engine
that runs the suns. Once, we had hundreds of jets to keep us spinning, and Spyre's outer skin was
smooth and didn't catch the wind. Gravity was stronger then. Thejets are failing, one by one, and wind
resstance pulls at the skin like the fingers of ademon. The old aristocrats refuse to see the decay that
surrounds them, even when pieces of Spyrefdl awvay and the whole world becomes unbalanced inits
turning. When that happens, the preservationist society'srail engines start up and they haul as many tons
as needed around the circle of the world to reestablish the balance.

"The nobles fought acivil war against the creation of the preservation society. That was ahundred years
ago, but some of them are il fighting. The rest have been hunkered down on their estatesfor five
centuries now, dowly breeding heritable insanitiesin the quiet of their shuttered parlors. They're so
isolated that they hardly speak the same language anymore. They'll shoot anyone who crossestheir land,
yet they continueto live, because they can export objects and creatures that can only be made here."

Venerafrowned at him. “Y ou must not be one of them. Y ou're making sense asfar as| can tell.”

"Me?I'm fromthe city.” He pointed upward. “Up there, we still trade with therest of the principdities.
We haveto, we've got no agriculture of our own. But the hereditary nobles own us because they control
the industries down here."

The bitternessin hisvoice was plain. “ So, Garth Diamandis, if you're a city person, what are you doing
livinginaholein the ground in Greater Spyre?” Shesaid it lightly, though she was aware the question
must cause him more pain.

Hedid look away before amiling ruefully a her. “I made the cardind mistake of dl gigolos: | cultivated
popularity among women only. | bedded one too many princesses, you see. | was kindly not killed nor
castrated for it, but | was sent here.”



"But | don't understand,” she said. “Why isit impossibleto leave? Y ou said something about defenses...
but why are they there?'

Diamandis guffawed. “ Spyreisatreasure! At itsheight, thisplace wasthe equa of any nationinVirga,
with gravity for al and wonders you couldn't get anywhere el se. Why, we had horses! Have you heard of
horses? And dogs and cats. Y ou understand? We had here al the plants and animal s that were brought
from Earth at the very beginning of the world. Animasthat were never dtered to live in welghtlessness.
Even now, abreeding pair of house cats costs aking's ransom. An orange isworth itsweight in platinum.
We had to defend ourselves and prevent our treasures being stolen. So for centuries now Spyre has been
ringed with razors and bombs to prevent attack—and to prevent anyone smuggling anything out. And
believe me, when dl €l se has descended to madness and decadence, that is the one policy that will
remaninplace” He hung his head.

"But surely one person, traveling done—"

"Could carry acargo of swallowed seeds. Or adormant infant animal in a capsule sewn under the skin.
Both have been tried. Oh, travel is till possible, for nobles of Lesser Spyre and their attendants, but
there are body scans and examinations, interrogations, and quarantines. And anyone who's recently been
on Greater Spyre comes under even more suspicion.”

"l ... see” Veneradecided not to believe him. She would be more cheerful that way. She did her best to
shrug off the black mood hiswords had inspired and focused on her medl.

They atein slencefor awhile, then he said, “ And you? Pirates or afdl overboard?'

"Both and neither,” said Venera How much should shetdll? There was no question that lying would be
necessary, but one must aways strike the right balance. The best lieswere built of pieces of truth woven
together in the right way. Also, it would do her no good to deny her status or origins, after dl, if the
paranoid rulers of Spyre needed money, then Venera Fanning herself could fetch agood price. Her
husband would buy her back, or reduce this strange whedl to meta flinders. She had only to get word
back to him.

"I was a princess of the kingdom of Hale,” shetold Diamandis. “I married a ayoung age, heis Chaison
Fanning, the admira of the migratory nation of Sipstream. Our countrieslie far from here—hundreds or
thousands of miles, | don't know—far from the light of Candesce. We have our own suns, which light a
few hundred miles of open air that we farm. Our civilizations are bounded by darkness, unlike you who
bask in the permanent glory of the sun of suns...”

Some audiences would need more—not al people knew that the whole vast world of Virgawas artificid,
aballoon thousands of milesin diameter that hung done in the cosmos. Lacking any gravity save that
made by itsown inner air, Virgawas aweightless environment whose extent could easily seeminfinite to
those who lived within it. Heat and light were provided not by any outside star but by artificia suns, of
which Candesce was the oldest and brightest.

Even theignorant knew it was amanmade sun that warmed their faces and lit the cropsthey grew on
millions of dowly tumbling clods of earth. But the world itself? One glance up from your own
drudge-work might encompass vas, cloud-wreathed spheres of water, milesin extent, their surfaces
scaled with mirror-bright ripples; thunderheads the size of nations, which made no rain becauserain
required gravity but rather condensed balls of water the size of houses, of cities, then threw them at you;
and a glance down would reved depths of air painted every ddlicate shade by the absorption and
attenuation of the light of a dozen distant suns. How could such a place have an end? How could it have
been made by people?



Venera had seen the outer skin of the world, watched icebergs calve off its cold black surface. She had
visited the region of machine-life and incandescent heat that was Candesce. The world was an artifact,
and fragile. In her coat pocket was something that could destroy it dl, if you but knew what it was and
how to useit.

There were things she could tell no one.

A thing she could tell wasthat her adopted home of Slipstream had been attacked by aneighboring
power, Mavery. Missles had flashed out of the night, blossoming like red flowers on the inner surface of
the town-whedls of Rush. The city had been shocked into action, a punitive expedition mounted with her
husband leading it.

She explained to Diamandisthat Mavery's assault had been afeint. Helistened in mesmerized sllence as
she described the brittle dystopia known as Falcon Formation, another neighbor of Slipstream. Falcon
had conspired with Mavery to draw Sipstream'’s navy away from Rush. Once the capital was
undefended, Falcon Formation wasto movein and crushit.

The true story was that Venera's own spy network had aerted them to this plot. Chaison and Venera
Fanning had taken seven ships from the fleet and left on a secret mission to find awegpon powerful
enough to stop Falcon. The story she told Diamandis now wasthat her flagship and its escort were
pursued by Falcon raiders, chased right out of thelit air of civilization into the darkness of permanent
winter that permeated most of Virga.

That had been amonth ago.

After that, more things she could tell: a battle with pirates, being captured by same; escape, and more
adventures near the skin of the world. She told Diamandis that they had sailed toward Candescein
search of help for their beleaguered country. She did not tell him that their goa was not any of the ancient
principdities that ringed the sun. They were after apirate'streasure, in particular the one seemingly
insgnificant piece of it that now rested in Venerasjacket. They had come seeking the key to Candesce
itsdlf.

InVeneras version, the Sipstream expedition had been met with hostility and chased into the
furnace-like regions around Candesce. Her ships had been set upon and haf of them destroyed by
treacherous marauders of the nation of Gehellen.

In fact, she and her husband had orchestrated the theft of the pirate's treasure from under the noses of the
Gehellens and then fled with it—he, back to Slipstream and her, into the sun of suns. There she had
temporarily disabled one of Candesce's systems. While it was down, Chaison Fanning wasto lead a
surprise attack on the fleet of Falcon Formation.

Sipstream’slittle expeditionary force was no match for the might of Falcon—normally. For one night, the
tables should have been turned.

Venerahad no idea whether the whole gambit had been successful or not. She would not tell
Diamandis—would not have told anyone—that she feared her husband was dead, the force destroyed,
and that Falcon cruisersringed the Rilot's palace at Rush.

"l was lost overboard when the Gehellens attacked,” she said. “Like much of the crew. We were close
to the sun of suns and as dawn came, we burned ... | had foot-fins, and &t first | was ableto fly away, but
| lost onefin, then the other. | don't remember anything after that."

Diamandis nodded. “ Y ou drifted here. Luckily, the windswerein your favor. Had you circulated back



into Candesce you'd have been incinerated.”

That much, at least, wastrue. Venera suppressed a shudder and sank back in her chair. Shewas
infinitely weary al of asudden. “I need to deep.”

"By dl means. Here, well get you to the bed.” He touched her arm and she hissed in pain. Diamandis
stepped back, concern eloquent on hisface.

"There are treatments—creams, salves ... I'm going to go out and seewhat | can get for you. For now
you haveto rest. Y ou've been through alot.”

Venerawas not about to argue. She eased hersalf down on the bed, and despite being awash in burning
soreness, fell adeep before hearing him leave.

* k% k %

2

Near dawn, the lands of Greater Spyre werelit only by the glitter of city lights high overhead. In thefaint
glow, the ancient towers and forests seemed as insubstantia as clouds. Garth paused in the black
absence beneath awillow tree. He had run the last hundred yards, and it was al he could do to keep his
feet.

Silhouettes bobbed againgt the gray outline of atower. Whoever they were, they were ill following him.
It was unprecedented: he had snuck through the hedgerows and fields of six hereditary barons, each
holding no more than asquare mile or so of territory but asfanatical about their boundaries as any
empire. Garth knew how to get past their guards and dogs, he did it all thetime. Apparently, these men
didaso.

It must have been somebody at the Goodwill Free Clinic. They'd waited until he was gone and then
sgnaled someone. If that was so, Garth would no longer be able to count on the neutrdity of the
Kingdom of Halime—all six acresof it.

He moved on cautioudy, padding quietly onto aclosely cropped lawn dotted with ridiculoudy heroic
dtatues. It was quiet as atomb here; and certainly nobody had any business being out. He alowed
himsdf alittle righteousindignation at whoever it was that was following him. They were trespassers; they
should be shot.

It would be most satisfying to raise the alarm and see what happened—a cascade of geneticaly crazed
hounds from the doorway of yon manor house, perhaps, or spotlights and a sniper on the roof. The
trouble was, Garth himsalf was aknown and tolerated ghost in only afew of these places, and certainly
not the one he was passing through now. So he remained discreet.

A high stonewall loomed over the garden of statues. Its bricks were crumbling and made an easy ladder
for Garth inthe low gravity. As herolled over the top he heard voices behind him—someone exclaming
something. He must have been visble against the sky.

Helanded in brambles. From here on, the country was wild. Thiswas disputed territory, owned by
now-extinct families, its provenance tied up in generations-old court cases that would probably drag on
until the end of theworld. Most of the disputed lands were due to the railway alotments created by the
preservationists; they had needed clearances that ran completely around the world, and they had gotten
them, for aprice of blood. This section of land had been abandoned for other reasons, though what they
were Garth didn't know. He didn't care, ether, aslong as the square tower he called home was l€eft in

peace.



Hisintention wasto reach it so that he could warn the lady Fanning that they had company—but halfway
across the open grasdand he heard thuds behind him as haf a dozen bodies hit the ground on his side of
thewall. They were catching up, and quickly.

Heflattened and rolled to one side. Grass swished as dark figures passed by, only feet away. Garth
cursed under his breath, wishing there were some way to warn Venera Fanning that Six heavily-armed
men were about to pay her avist.

* * * %

Veneraheard them coming. The darkness wasn't tota—Diamandis had |eft a candle burning—so she
wasn't completely disoriented when she awoke to voices saying, “ Circle around the other sde,” and “this
must be hisbolt-hole.” A flush of adrendin brought her completely awake as she heard scratching and
scuffling just outside the hovel's door.

Sherolled out of bed, heedless of the pain, and ran to the table where she snatched up aknife. “Down
herel” someone shouted.

Where were her clothes? Her jacket lay draped across achair, and on the table were the bracelet and
earrings Diamandis had eft her. She cast about for her other things, but Diamandis had apparently moved
them. There they were, on another table—next to the opening door.

Venerdsfirg inclination would normally beto draw hersalf up to her full five foot seven and starethese
men down when they entered. They were servants, after dl, even if they were armed. If she could speak
and make eye contact, Venerawas completely confident in her ability to control members of the lower
classes.

At least, she used to be. Recent events—particularly her unwelcome dalliance with captain Dentius of the
winter pirates—had made her more cautious. In addition, shewas sore dl over and had a pounding
headache.

So Venerasnatched up the candle, her jacket, and the jewelry and knelt under the table. The rope ring
scraped her raw skin as she yanked on it; after afew tugs the mysterious hatch lifted. Shefelt down with
her foot, making contact with ametal step. As men blundered into Diamandiss home, she billowed the
damp sheet behind her, with luck to drape over the hatch and hideit.

The candle guttered and nearly went out. VVenera cupped ahand around it and cautioudly felt for the next
gtep. She counted seven before finding hersdlf standing in anicy draft on meta flooring. A constant low
roar made it hard to hear what was going on above.

Thissmall chamber was ova, wider a the celling than at the floor, and ringed with windows. All the
panes were flush with the wall, but acouple vibrated at ahigh speed, making alow braying sound. They
seemed to be sucking air out of the room; it was the walls that soaked cold into the place.

Diamandis evidently used the room for storage because there were boxes piled everywhere. Venerawas
able to make her way among them to the far end, where ameta chair was bolted to the floor. The
windows here were impressive: floor-to-ceiling, made of someresilient materid she had never seen
before.

The candlelight seemed to show a dense weave of leaves on the other side of the glass.

She was going to freeze unless she found something to wear. Veneraransacked the boxes, dternately
cursing and puffing out her cheeksin wonder at the strange horde of broken clocks, worn-out shoes,
rusted hinges, frayed quills, moldy sewing kits, left socks, and buckles. One crate contained nothing but



the dust jackets of books, dl their pages having been systematically ripped out. It wasasmdll library's
worth of intriguing but usdesstitles. Another wasfull of decaying military appard, including holstersand
scabbards, dl of it bearing the same coat of arms.

At least the activity was keeping her warm, she reasoned. The faint clomp of boots above continued, so
she moved on to anew stack of boxes. This time she was rewarded when she found it packed with
clothing. After dumping most of that onto the floor she discovered apair of tiff lesther pants, too small
for Diamandis but sufficient for her. Getting into them wasn't easy, though—the material scoured her
aready-raw skin so that it hurt to move. The leather cut out the wind, however.

Once she had done up the flight jacket, Venerasat down in the metd chair to wait for whatever
happened next. Thiswas much harder; it wasn't in Veneras nature to remain till. Staying still made you
think, and thinking led to fedling, which was seldom good.

She drew her knees up and wrapped her arms around her shins. It cameto her that if they took away
Diamandis and she couldn't get out of here, she would die and no one would ever know what had
happened to her. Few would care, either, and some would rejoice. Veneraknew she wasn't well liked.

More ssomping up above. She shivered. How far away was her home in Sipstream? Three thousand
miles? Four? An ocean of air separated her from her husband, and in that ocean gyred the nations of
enemies, rigng, lowering, drifting with the unpredictable airs of Virga Awaiting her out there were the
freezing abysses of winter, full of feathered sharks and pirates. Before the sun of suns had roasted her
into unconsciousness, she had been determined and sure of her own ability to cross those daunting
distances alone. She had legped from the cargo nets of Hayden Griffin's jet and soared for atimelikea
solitary eaglein the skies of Virga. But the sun had caught up to her and now she was here, trapped and
in pain hardly any distance from where sheldd started.

She climbed off the chair, fighting awave of nausea. Better to surrender hersdlf to whoever waited above
than die here aone, she thought—and she almost ran up the steps and surrendered. It was apulse of pain
through her jaw that stopped her. Veneradrew her fingertips across the scar that adorned her chin, and
then she backed away from the steps.

Her hedl caught the edge of abox she'd dropped, and she stumbled back againgt the icy windows.
Curdaing, she straightened up, but as she did she noticed agleam of light welling up through the glass. She
put her cheek to it—which dampened the pain a bit—and squinted.

The windows were covered with along-leafed form of ivy. The stuff was vibrating with uncanny
speed—so quickly that the leaves edges were blurred. Diamandis had said that Spyre rotated very fast;
was she looking into the air outside?

Of course. Thisova chamber stuck out of the bottom of the world. It was an aerodynamic blister on the
outside of the rotating cylinder, and that chair might have once fronted the controls of aheavy machine
gun or artillery piece mounted outside. It still might. Frowning, Venera clambered over the mounds of
junk back to the metal seat and examined it.

Therewas indeed a set of handles and levers bel ow the chair, and more between the windows. She
didn't touch them but peered out through the glass there, as light continued to well through the close-set
leaves.

Candesce was waking up. The sun of sunslit azone hundreds of milesin diameter here a the center of
Virga. Past the trembling leaves, Venera could see a carousd of mauve and peach-painted cloud
tumbling past with disorienting speed; but she could also see more.



The ovd blister was mounted into acelling of riveted metd, as she'd expected. That ceiling was the hull
of Spyre. Covering thissurfacein long runnels and triangleswas the srange ivy. Itsleaves werelike
knives, sharp and long, and they al aigned in theflow of thewind. Venerahad heard of something called
“gpeed ivy"; maybe that'swhat thiswas.

Theivy seemed to prefer growing on thingsthat projected into the airstream. Sheets of meta skin were
missing here and there—in fact, there were outright holes everywhere—and theivy clustered on the
leading and trailing edges of these, smoothing the airflow in those places. Maybe that was what it wasfor.

Thisview of Spyre was not reassuring. The place was showing its age—dangling sheets of titanium
whirred in the wind and huge I-beams thrust down into the dawn-tinted air, whole sagging acresjust
waiting to ped off the bottom of the world. It was amazing that the place kept itself together.

Next to the blister, arusted machine gun was mounted on the surface. It faced stoically into the wind, and
didn't move when Veneratried the controlsin front of the chair.

Wadl. All thiswas interesting, but not too interesting. She headed back to the gairs, but the light coming
through the ranked | eaves was considerable now, and she could see more of the blister'sinterior. So the
little passage that opened out behind the stairs was now obvious.

Veneragnawed her lip and rolled her eyesto look at the closed hatch overhead. One hand was on her
hip; even here, with no audience, she posed as she thought.

She needed shoes, but she'd recovered the important items, the key to Candesce and her bullet. Venera
was quite aware that she was obsessed with that bullet, and who wouldn't be, she usualy reasoned, if
onelikeit had flown athousand miles or more across Virgato randomly spike through awindow and
into their jaw? This particular projectile had been fired in some distant war or hunting party and missed its
target; since there was no gravity nor solid ground to stop it, the thing had kept going and going until it
met her. From that encounter Venera had gained ascar, regular crippling headaches, and something to
blame for her own meanness. She'd kept the bullet and over time had become consumed with the need
to know where it had come from. It was not, she would admit, a healthy need.

She patted the jacket, feding the heavy shape ingde it; then she dipped past the steps and into the
narrow passage, and |eft Diamandis and hisinvadersto their own little drama.

* k% k %

It was more of acrawlway than a corridor. Venerawaked bent over, gasping asthe old leather chafed
her hips and knees. Why didn't these people dress sensibly? Lit only by intermittent portholes, the
passage wormed itsway a hundred yards or so before ending in around meta door. It wasal so
obvioudy abandoned—stinking of rust and inorganic decay—that Veneradidn't bother knocking on the
door, but turned the little whedl in the middle of it and pushed.

She stepped down into amirror image of the blister she had just left. She half expected to find another
maze of boxes on the other side of the steps, with another junk-framed hovel and another Garth
Diamandiswaiting for her above. But no, the blister was empty save for ahaf foot of stagnant water and
atruly revolting gallery of fungus and cobwebs. The windows were hazed over but provided enough light
for atiny forest that wastrying to conquer the meta chair at the far end. The stairs were jammed with soil
and roots.

The prospect of dipping her bare feet into that horrid water nearly made her turn back. What stopped
her was atiny chink of light visblein the midst of the soil plug. After wading cautioudy and with revulsion
through the stinking stuff, she reached up and pulled at the roots. Gradudly, in little showers of dirt,
worms, and fibrous tubers, she widened a hole big enough for her to shimmy through. A minute later she



dragged hersdlf up out and into the middle of agrassy field.

Too bad about Diamandis, but with luck hewas il off on his errand and the interlopers wouldn't be
there when he got back. Anyway, he'd been more than compensated for taking care of her; that had
been apilot's ransom of gems and faience held taken from her jacket. She half hoped those loud burglars
found the stuff—it would serve him right.

Veneras own destination was clear. Spyre being acylinder, it had ends, and one of thosewas only half a
mile away. Therethe artificial land curved up hundreds of feet in agesture that would close off theend if
continued. The curve ended in abroad galery above and beyond which the winds of Virga shuddered.
She had only to make it up that dope and hop off the edge and Venerawould bein freeflight again. She
would take her chances with the piranhawks and snipers. She doubted any of them could hit one small
woman leaving Spyre at four hundred miles per hour.

Inthis case, wearing leather would serve her well.

Between Venera and the edge of the world lay a chessboard of estates. Each had itstottering stone
walls, high hedges, towers, and moats to defend its two or three acres from the ravages of greedy
neighbors. Constrained by space and what V enera sensed was deep paranoia, the estates had evolved
into similar designs—the larger oneswalled, with groves surrounding open fields and ajumble of towers,
annexes, and greenhouses at the center; small ones often just asingle square building that took up the
entire demesne. These edifices were utterly windowless on the outside, but higher up the curve of the
world she could see that most contained courtyards crammed with trees, fountains, and statuary.

Thewalls of some estates were separated by no more than twenty feet of no-man's land. She ran through
these weed-choked aleys, dodging young trees, past iron-faced pillbox gates that faced one another
across the minor space like boxy suits of armor. The footing was treacherous, and she suspected traps.

Venerawas used to higher gravity than Spyre's. Tired and sore though she was, it was easy for her to
leap ten feet to the top of astonewall and run its length before dropping to the grass beyond. Her feet
bardly ft brick, root, and stone as she wove in and out of the trees, sprinted around open ponds under
windows that were just beginning to gleam yellow in thelight of Candesce. As sheran she marveled that
such distances could exist; she had never run so far in astraight line and could hardly believeit possible.

The birds were the only ones making sound, but as she ran V enera began to notice adeep rushing roar
that came from ahead of her. It was the sound of the edge of the world, and with it there came the
beginnings of abreeze.

She heard surprised shouts as she crossed one fanatically perfect lawn, bare feet kissing wet grass.
Glancing to the 9de, Venera caught aglimpse of asmdl party of men and women sitting on curlicued iron
chairsin themorning light. They were Spping teaor something Smilar.

They stood up—tiff ornamented garments ratcheting into their sanding configurationslike portcullises
damming down—and the three men howled “intruders!” asif Venerawere an entirearmy of pirates.
After amoment, Srens sounded inside the looming stone pile behind them.

"Oh, come on!” She was panting with exhaustion now, her head swimming. But there were only two
more edtates to pass, and then she would be on the dope to the world's edge. With aburst of speed she
raced by more lighting windows and opening doors, noting abstractly that the considerable maob of
soldierswho had spilled out of the first place's doors had stopped at the edge of their property asif
they'd dammed into aninvisble fence.

So she only had to outrace the darm in each particular property. It could be agame, and Veneraactualy



would have enjoyed the chase if she hadn't been on the verge of fainting from exhaustion and residua
heatstroke. If only she had the breath to taunt the idiots on the way by!

Gunshots cut the air as she passed the last estate. Thiswas one of the big Sngle-building affairs, dl gray
agteroidal stone drizzled with veins of bright metd. Its only externa windowswere murder ditsthat
started fifteen feet up, and she saw no doors. Empty upward-curving fields beckoned on the other side of
the edifice; she staggered onto what Diamandis had called * disputed territory’ and paused to catch her
breath. “Hal Safel”

Thewind was now a harsh congtant moan, flickering past her in gusts. It souniin little permanent
tornadoes over gaps and holes in Spyre's skin. There were more and more such holes asthe dope rose
to the edge. The edge itsalf was ragged, a crendlation of collapsed gdleries, up-thrusting sparsand
flapping plates that added to the din.

She heard something else, too. A regular creaking sound seemed to be coming from overhead. Venera
looked up.

Six wooden platforms had been lowered over the top of the stone cube and were being winched down.
Each was crowded with menin tal steel helmets and outlandish spiked armor. They clutched pikes and
rifleswith barrels longer than they weretdl. Severd were pointing at her excitedly.

Venera swore and took off up the rubble-strewn dope. The wind was at her back, and it became
stronger the closer she got to the edge. Severa gustslifted her off her feet. Veneranoticed that the metal
skin of Spyre was completey exposed in the find yards leading up to the edge. Only fair-sized rocks
inhabited the area behind it. As she watched, astone the size of her foot rolled up the metal and spun of f
into theair. A few more yards and the wind would take her, too.

Her foot sank into the dope and Venerafel in ridiculous dow-motion. As she pried hersdf upright again
she saw that the metd plate bent by her foot was vibrating madly in the square hole it had made. Then
with aloud pop it disgppeared and suddenly a hurricane was howling into the bright aperture it had | ft.

Venerawas sucked down and did forward until she wasright over the hole. She reached out and braced
her hands on either sSide while the air screamed past her. It was trying to escape Spyre with even more
passion than hers. For afew seconds she could only stare down and see what faced her if she madeit to
the edge and jumped.

Many long flagpole-like beams thrust out below the edge of the world. They trailed wire netsinto the
furious wind; anyone caught on those nets would suffocate before they could be pulled up. Far beneath
the nets, where scudding clouds spun past, Venera glimpsed thousands of black specks and grayish veins
inthear. Mines? More razor wire? Diamandis had not been lying, after dl.

"Damn! Shit!” Shetried to scream more curses—every one she could think of—but the air was being
pulled out of her lungs. She was about to faint into the hole and die.

Strong hands took her by the arms and legs and hauled her back. Venerawas hoisted onto someone's
back and unceremonioudly toted back down the dope. With every jolting step escape, and home, and
Chaison receded past the frame of her grasping fingers.

* k% k %
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Although he was her favorite uncle, Veneranever saw much of Prince Albard. He was a mysterious
figure on the periphery of the court, sweeping into Hale in his yacht to regale her with tales of strange



cities and the outlandish women held met there (always sighing when he talked of them). Hisfacewas
split down the center by a saber scar, putting hislipsinto a permanent twist that made it look like he was
smirking. Unlike most of the people who encountered him, Veneraknew that he was smirking—aughing
ingdeat all the pointless desperation and petty recrimination of life. In that regard he was the polar
opposite of her father, aman with amind focused by asingle lens of suspicion; maybe that waswhy she
clung to Albard's knees when he did appear, and treasured the odd-shaped dolls and toys he brought.

They recognized each other, this vagabond princein hismotley and the pouting princessin clothes she
systematically tattered as soon as she was in them. So maybe it was naturd that when the time came, it
wasin her bedroom that Albard barricaded himself.

He only noticed her after he had dragged her wardrobe across the door and piled some chairs and tables
around it. “Damn, girl, what are you doing here?"

Venerahad cocked her head and squinted at him. “Thisismy room."
"I know it's your room, dammit. Shouldn't you be at lessons?’

"I bit thetutor.” Banished and bored, she had (not out of anger but amore scientific impulse) been
beheading some of her dollswhen Albard swept in. Venera had assumed that he was there to talk to her
and had politely waited, limp headless body in one hand, while he proceeded to move all the furniture. So
he wasn't there to see her? What, then, wasthisall about?

"Oh, never mind,” he said irritably, “just stay out of sght. Thiscould get ugly.”
Now she could hear shouting outside, sounds of people running. “What did you do?’ she asked.

He wasleaning back againg the pile of furniture asthough trying to propel it out the room. “I bit
someone, too,” he said. “Or, rather, | was about to, and they found out.”

Veneracame and sat down on the fuchsia carpet near him. “My father, right?’
His eyebrows rose comicdly. “How did you guess?'

Venerathought about thisfor awhile. Then she said, “ Does that mean that everybody who makes Father
mad has to cometo this room?’

Albard laughed. “Niece, if that were true, the whole damn kingdom would be in here with us."
"Oh.” Shewas dightly reassured.

"Giveit up, Albard!” someone shouted from outside. It sounded like her father. There was some sort of
mumbling discussion, then: “Is, uh ... isVenerain there with you?"

"No!” The prince put afinger to hislipsand knelt next to her. “The onething | absolutely will not do,” he
sad gently, “isuseyou asabargaining chip. If youwant to leave, | will tear down thisbarricade and let
yougo."

"What will they do to you?'

"Put mein chains, take me away ... then it al depends on your father's mood. Theresablack cloud
behind hiseyeslately, have you seen it?’” She nodded vigoroudy. “It's getting bigger and bigger, that
cloud, and | think it's starting to crowd out everything else. That worriesme.”

"l know what you mean.”



"| daresay you do.” Therefollowed along interva during which Albard negotiated with the people on the
other sde of the furniture. Venera retreated to the window, but she was far from bored now. At last
Albard blew out his cheeks and turned to her.

"Thingsare not going well,” he said. “ Do you have a pen and some writing materia ?’ She pointed to the
desk that perched on top of the barricade. “ Ah. Much obliged.”

He clambered up and retrieved a pen and some paper. Then, frowning, he dropped the paper. He went
to his knees and began hunting around for something, while Venerawatched closdy. He came up with
one of her dalls, afavorite that had a porcelain head and cloth body.

"Do you mind if | borrow thisfor aminute?” he asked her. She shrugged.

Albard rubbed the doll's face against the stone floor for awhile, while crashing sounds started from the
hallway. The barricade shook. Holding the doll up critically, the prince grunted in satisfaction. Then he
hunched over and began ddlicately pressing the pen againgt itsface.

He was standing in the center of the room with his hands behind his back when the barricade findly fell.
A dozen solders camein, and they marched him out; he only had timeto look back and wink at Venera
before he was gone.

After they'd taken him away, some members of the secret police ransacked her room. (That it looked
substantialy the same when they |eft as before Albard had arrived was atestament to her own habits.)
They seized everything that could write or be written on, even prying the plaster off the wal where shed
scribbled oniit. Venera herself wasfrisked severa times, and then they swirled out, dl clinking meta and
bandoliers, leaving her Stting in the exact spot where he had been standing.

Neither she, nor anyone she would later meet, ever saw Albard again.

Eventually, she moved over to the window and picked up aparticular doll. Itstunic wasripped where the
secret policemen had cut it open looking for hidden notes. Veneraheld it up to the window and frowned.

So that was what he'd been doing. Albard had rubbed its eyebrows off againgt the stone. Then, in
meticuloustiny linesand curls, he had repainted them. From adistance of more than afew inchesthey
seemed normal. Up close, though, she could see what they were made of:

Letters.

* k x %

The nation of Liris curled around itsinterior courtyard as though doubled up in pain. Every window
stared down at that courtyard. Every bacony overhung it. The bottom of thiswell would bein permanent
shadow if not for the giant mirrors mounted on the roof, which were aimed a Candesce.

Veneracould plainly seethat the courtyard was the focus of everything—but she couldn't see what was
down there. For thefirst two days of her stay she was shuttled from small room to small room, al of
them lined up in ashort halway painted ingtitution green. After abrief interview in each chamber shewas
taken back to adrab waiting room, where she sat and ate and dept fitfully on the benches. She was
dartled awake every morning by asingle gunshot sounding somewhere nearby. Morning executions?

It seemed unlikely; she was the sole inhabitant of thislittle prison. Prison it clearly was. She had to fill out
formsjust to use the one washroom, a cold cube with wooden stalls defaced by centuries of carven
graffiti. Itshigh, grated windows gave her aview of the upper stories of the inner courtyard. They hinted
at freedom.



"B-b-back to waking?’ Venerasat up warily on the third morning and tried to smile at her jailor.

Hewastal, athletically muscled, and possessed the sort of chiseled good looks one saw in actors, career
diplomats, or con artists. As dapper as could be expected for aman dressed iniron and creaking leather,
he might have melted any lady's heart—provided she never looked in his eyes or heard him spesk. Either
of those maneuverswould have reved ed the awful truth about Moss. his mind was damaged somehow.
He seemed more marionette than man and, sadly, appeared to be painfully aware of his deficit.

Just as he had yesterday, Moss carried astack of formsin one hand, bearing it asthough it were asilver
platter. Venerasighed when she saw this. “How long isit going to take to process me into your prison?’
she asked as he clattered to astop in front of her.

"P-p-prison?’ Moss gaped at her. Carefully, as though they were gold, he placed the papers on the
peding bench. His meta clothing gnashed quietly as he straightened up. Y ou're n-not in p-p-prison, my

ladly."

"Then what isthis place?’ She gestured around at the sound-deadening plaster walls, the smoke-stained
light sconces and battered benches. “Why am | here? When do | get my things back?’ They'd gone
through her jacket and taken its contents—jewelry, key, and bullet. She wasn't sure which lossworried
her most.

Mosss face never changed expression as he spoke, but his eyes radiated some sort of desperate plea.
They dwaysdid, even if hewas staring at the wall. Those eyes seemed €l oquent, but Venerawas
beginning to think that nothing about Mosss |ooks or demeanor meant anything about hisinner Sate.
Now hesad, in hisintensdy flat way, “ Thisisthe im-immigration department of the g-g-government of
Liris. Y ou were brought here to t-t-take your citizenship-ip exams.”

"Citizenship?’ But now it al made sense—the forms, the sense of being processed, and the succession of
minor officias who'd taken up hours of her time over the past days. They had grilled her mercilessly, but
not about how or why she had come here, or about what her plans or alegiances might be. They didn't
even want to know about her pedling sunburns. No, they'd wanted to know the medica histories of her
extended family, whether there was madnessin her line (a question that had made her laugh), and what
wastheincidence of crimindity among her reatives.

"Wdl, my father stole a country once,” she had answered. She had of course asked themto let her go, in
perhaps a dozen different ways. Her assumption was that she would be ransomed or otherwise used asa
bargaining chip. With thisin mind, she had sat anxioudy for hours, wondering about her valueto thisor
that state or person. It had never occurred to Venerathat she might be adopted by Liris as one of its
own.

Now as she realized what was going on, Venera had one of the strangest moments of her life. Shefdlt,
for just asecond, relief at the progpect of spending therest of her life hidden away here, likeajewe ina
safe. She shook herself, and the moment passed. Disturbed, she stood and turned away from Moss.

"B-b-but the newsisgood,” said Moss, who looked like he was begging for desth as he said it. “ D-don't
fret. Y ou have p-p-passed dl the t-t-tests so far. Jjust one set of formsto g-go.”

Veneragnawed at her knuckle, each bite sending little pulses of pain up her jaw. “What if | don't want to
beadcitizen of Liris?"

Moss proceeded to laugh, and Veneraswore to hersalf she would do anything to avoid seeing that
again. “F-Fill these out,” he said. “ A-and you're done.”



It wasn't eagerness to become a citizen of anation the size of a garden that made her sign the papers.
Venerajust wanted to get her things back—and get out of the waiting room. What sheld felt amoment
ago wasjust acraving for anonymity, shetold hersdf. Citizenship of any nation meant nothing to her,
except asasign of lowly status. Her father was hardly a citizen of Hale, after dl; he was Hale, and other
people were citizens of him. Venerahad grown up believing she, too, was above such categories.

"Come,” wasal Moss said when she wasfinished. He led her out into the hdlway, and at itsend, he
unlocked the great metal door with its wire-mesh window. Before pushing the portal open, he picked up
an open-topped box and held it out to her.

Inside were the necklace and earrings held confiscated from her jacket when she arrived. Rolling next to
them was her bullet.

The key to Candesce was not there.

Venerafrowned but decided not to press the matter just now. Moss gestured with one hand and she
edged past him into her new country.

Shafts of dusty sunlight sithouetted tall stone pillars. Their arched capitas were muted in shadow, but the
polished floors gleamed like mirrors. Save for awall where the edge of the courtyard should be, the
whole bottom floor of the great cubic building seemed open. Filling the space were dozens and dozens of
cubicles, desks, worktables, and stals.

Indeed, it seemed asif al the roles of amidsized town were duplicated here—tailor over here, doctor
there, carpenters on this side, bricklayers on that—but al gathered in one room. Bolts of cloth were
stacked with bags of cement. Drying racks and looms had been folded up under the ceiling to make way
for chopping blocks and flour-covered counters. And working in determined silence throughout this
shadow-cut space was asmdl army of silent, focused people.

Each wasisolated at some chair or desk, and Venera had the startled impression that these work stations
had grown up and around some of the people, like shells secreted around water creatures. It must have
taken yearsfor that man there to build the small ziggurat of green bottles that reared above his desk;
nearby awoman had buried hersdf in aminiature jungle of ferns. Mirrors on stands and hanging from
gtrings cunningly directed every stray beam of light within ten feet at her green fronds. Each position had
its eruption of individudity or downright eccentricity, but their limitswere srictly kept; nobody's
keepsakes and oddities spilled beyond an invisbleline about five feet in radius.

Moss led her to an outer wall, where he opened adim chamber that reminded her of Diamandiss
warren. Here were crates and boxes full of what looked like armor—except she knew it for what it was.
“You are required to wear four hundred and fifty p-p-pounds of mass during the day,” said Moss. “ That
will offset our r-reduced g-gravity and maintain the health of your bones.” He stood back, arms crossed,
while Venerarooted through the mess|ooking for something suitable.

It seemed that Spyre'stailors were an unimaginative lot. The room contained an abundance of blouses,
dresses and sKirts, pants and jackets, but al were donein intricately tooled and hinged metd. Only
undergarments—thaose directly in contact with the skin—were made of suppler materids, mostly leather,
though to her relief she did find some cloth. Veneratried on avest made of verdigrised copper scales,
added a skirt made of overlapping iron plates and weighed herself. Barely one hundred pounds. She
went back and found greaves and wrist bracers, a platinum torque, and asted jacket with tails. Better,
but il too light. Moss waited patiently while she layered hersdlf like abattleship. Findly when she
topped the scales at one hundred pounds wel ght—five hundred pounds mass—he grunted in satisfaction.
“B-but you need ah-h-hat,” he said.



"What?' Sheglared a him. He had something like abelaying pin tied to his head; it wobbled when he
moved. “lsnt dl thishumiliating enough?"

"We m-must put p-p-pressure on the s-spine. For I-long-term health.”

"Oh, dl right.” She hunted through a cache of ridiculous dternatives, ranging from flowerpots with
chingtraps to aglassfish bowl, currently empty but encrusted with rime. Findlly she settled on the lesst
offengve piece, achrome hemet with earflaps and crow's wings mounted behind the temples.

With dl of thison her, Venerdsfeet made a satisfactory smack when they hit the ground. She could fed
the weight and it was indeed nearly normal, but spread dl over her surfaceinstead of interndly. And she
quickly discovered that it took agood hard push to start walking and that turning and stopping were not
operationsto be taken lightly. She had a quarter-ton of inertianow. After waking into severd wallsand
doorjambs, she started to get the hang of it.

"N-now,” said Maossin evident satisfaction, “you are f-fit to see the B-B-Botani<.”

"Thewhat?’ He threaded hisway among the pillars without further comment. Veneranodded and smiled
at the men and women who were putting down their work to openly stare as she passed. Shetried to
unobtrusively discern what they were working on, but the light here was too uneven. Shadow and glare
thwarted her.

Sunlight reflecting off the polished floor washed out whatever was ahead. Venera glanced back one more
time before entering the lit area. Blackness and curving arches framed a dozen white ovals—faces—all
turned toward her. On those faces she read every emotion: amazement, curiosity, anger, fear. None
avoided her gaze. They goggled at her asthough they'd never seen astranger before.

Maybe they hadn't. Venera's scalp prickled, but Moss was waving her ahead. Blinking, she stepped from
the dark gdlery into the courtyard of Liris.

For amoment it seemed asif sheld entered one of the paintings on the celling of her father's chapd. This
one came complete with scented pink clouds. She reached out a hand to touch one of these and heard
the sharp click of aweapon being cocked. Venerafroze.

"It would be very unwise of you to complete that gesture,” drawled a voice from somewhere ahead.
Sowly, Veneraretracted her hand. As her eyes adjusted to the brightness, she saw the barrels of three
antique-looking riflesaimed her way. Grim meniniron held them.

The soldiers made a shocking contrast to their setting. The entire courtyard wasfull of trees, dl of one
type, dl infull flower. The scent and color of the millions of blossoms was overwhelming. It took Venera
amoment to notice that the branches of many of the treeswere hung with jewels, and gold rings encircled
some of the trunks. It took her another moment to redlize that athrone sat in the sole bare patch at the
center of the courtyard. The woman lounging there was watching her with obvious amusement.

Her gown was of gold, slver, and platinum; on her head was a crown touched with gems of al shades
that flashed in the concentrated light of Candesce. She appeared to bein early middle age, but was ill
beautiful; a cascade of hair dyed the same color as the blossoms wound down her shoulders.

"Y ou seem reluctant to step into sunlight,” she said with evident amusement. 1 can seewhy.” Shetapped
her own cheeks, eyestwinkling.

Veneraeyed the soldiers, thought about it, and walked over. Since thiswas evidently athrone room of
sorts, she bowed deeply. “Your ... mgesty?"



"Oh. Oh no.” Thewoman chuckled. “I am no queen.” Shewaved ahand dismissvely. “Wearea
meritocracy in Liris. Youll learn. My nameis Margit, and | am Lirissresident botanist.”

"Botanig...” Venerastraightened and looked around at the trees. “Thisis your crop.”

"Mease” Thelady Margit frowned. “We don't refer to the treasure of Lirisin such prosaic terms. These
beings are Liris. They sustain us, they give us meaning. They are our soul.”

"Pardon, m'lady,” said Venerawith another bow. “But ... what exactly are they?'

"Of course.” Margit's eyes grew wide. “Y ou would never have seen one before. Y ou are so lucky to
gaze upon them for the first time when they arein flower. These, Citizen Fanning, are cherry trees.”

Why was that word so familiar? Thereld been aball once, and her beloved uncle had approached her
with something in hishand ... atreat.

"What are cherries?” she asked as guilelesdy as she could.

"An indulgence of the powerful,” said Margit with asmile. “A ddicacy sorarethat it evidently never
madeit to your father's court."

"About that,” said Venera. “The court, | mean. My family isfantasticadly rich. Why makemea... citizen
of this place, when you could just ransom me back?Y ou could get aboatload of treasure for me.”

Margit scoffed. “If you were the princess of atrue nation then perhaps we would consider it. But you're
not even from the principdities! By your own admisson during the interviews, you come from the
windswept wastes of Outer Virga. There's nothing there, and | find it hard to believe your people could
own anything that would be of interest to us."

Veneranarrowed her eyes. “Not even afleet of battle cruisers capable of reducing this place to kindling
from twenty milesaway?"

Not only Margit laughed at this; the soldiers did aswell. “ Nobody threatens Spyre, young lady. Were
impregnable.” Margit said this so smugly that VVenera swore she would find away to throw her words
back at her.

Margit snapped her fingers, and Moss stepped forward. “ Acquaint her with her new duties,” said the
botanis.

Moss stared at her, dack jawed. “W-what are those?'

" She knows the languages and cultures of other places. Shelll be an interpreter for the trade del egation.
Go introduce her.” Margit turned away, lifting her chin with her eyes closed so that abeam of sunlight
flooded her face.

* * * %

On her seventeenth birthday, VVenera snuck out of the palace for thefirst time, acquired the meansto
blackmail her father, killed her first person, and met the man she was destined to marry. Shewould later
tell peoplethat “it dl just sort of happened.”

The capital of Hale was a collection of Sx town-wheds—spinning rings, each two thousand feet in
diameter—surrounded by an ever-shifting cloud of weightless buildings and smaler rings. The main sound
in the city was the rumbling of jet engines, asvariousringsand large municipa structures struggled to
keep their spin and to avoid colliding. The scent of kerosene hung in the air; underlying it were other



industria and biologica odors, just as under the rumbling of the engines you could hear shouts, horns,
and the laughter of dolphins.

Venerahad grown up watching the city life from afar. When she travel ed between the town-whed st
was usudly in aclosed taxi. Sometimes one or another of the nobility hosted weightless bals; then she
and the other ingenues donned fabulous wings that were powered by stirrups, and flew intricate dancesin
the warm evening air. But that flight dwaystook place within careful limits. Nobody strayed.

Shewas of marriageable age now—and had recently cometo redlize that in Hale, marriagesble dso
meant murderable. Venera had three sisters and had once had three brothers. Now she had two of
those, and the once-close girls of the family were Sarting to actively plot against one another. With the
boys, it was all about successon; with the girls, marriage.

Someone had used a marvelous word at adinner party just afew days before: leverage. Leverage was
what she needed, Venera had decided. And so her thoughts had turned to old family tragedies, and the
mysteriesthat had consumed her asagirl.

Today she was dressed in the brown blouse and panta oons of a servant-girl, and the wings on her back
were not butterfly orange or feathered pink, but beige canvas. Her hair was tied down with adrab cloth,
and she soared the air of the city barefoot. In her waist bag she carried some money, apistol, and a
porcelain-headed doll. She knew where she was going.

The bad neighborhoods started remarkably close to the palace. This fact might have had something to do
with theroyd habit of smply dumping waste off the palace-whed without regard to trgectory or
velocity. The upper classes couldn't be entirely blamed for the stench that wafted at Veneraas she
flapped toward her destination, however. She wasn't disgusted; on the contrary, the smell and the sound
of arguing, shouting people made her heart pound with excitement. Since she waslittle sheld sat for hours
with her eye glued to atelescope, watching these citizens and this neighborhood roll by asthe palace
turned past it. She knew the place—she had smply never been here.

What Venera approached looked like nothing so much as an explosion frozen in time. Even the smoke
(of which there was plenty) was motionless or rather, it moved only as quickly asthe air that oozed
dowly between the hundreds of cubes, balls, and dishevel ed shapesthat counted as buildings here.
Anything not tied down hung in the air and drifted gradualy, and that meant trash, animad hair, balls of
dirty water, splinters, and scraps of cloth al contributed to the cloud. When the doldrums of summer
broke and a gtiff wind finaly did snake through the place, haf the mass of the neighborhood was going to
samply blow away, like chaff. For now it roiled around Venera as she ducked and dove toward the gray
blockhouse that was her destination.

Her businessin the building was brief, but every detail of the transaction seemed etched in extraordinary
detaill—for here were people who didn't know who shewas. It was marvelous to be treated as servants
and ordinary folk treated one another, for a change—marvel ous and eye opening. Nobody opened the
door to the place for her; she had to do it herself. Nobody announced her presence, she had to clear her
throat and ask the man behind the counter to help her. And she had to pay, with her own money!

"The contents of locker six sixty-four,” she said, holding out the sheet of paper sheld written the
information on. The paper wasfor his benefit, not hers, for shed memorized the brief string of lettersand
numbers years ago. Deciphering the letters Uncle Albard had penned on her doll's forehead had been
one of her primary motivationsto learn to read.

The keeper of the storage lockers merely grunted and said, “ Get * em yoursdlf. If you've got the
combination, you get in, that'stherule.” He pointed to adoorway at the end of the counter.



She made to go that way, and he said, “Back pay's owing on that one. Six hundred.” He grinned like a
shark. “We were about to clear it out."

Venera opened her bag, letting him see the pistol as she rummaged for the cash. He took it without
comment and waved her through the door.

Theonly thing in the dingy locker was awater-stained file folder. As she stood in the half light, flipping
through it, Venera decided it was dl she needed. The documents were from the College of Succession a
the University of Candesce, two thousand miles away. They included DNA andysesthat proved her
father was not of theroyd line.

She barely saw the tumbled buildings as she | ft the blockhouse; maybe that's why she got turned around.
But suddenly Venera snapped to attention and redlized she was in anarrow chute formed by five
clapboard structures, on her way down, not up toward the palace. Frowning, she grabbed a handy rope
to steady herself and turned to go back the way she'd come.

"Don't.” Thevoicewas quiet, and came from above and to the left. Venera flipped over to orient hersdlf
to the speaker. In the gray reflected light from shingle and tar paper, she saw a youth—perhaps no older
than hersel f—with tangled red hair and the long bones of someoneraised in too little gravity. He smiled
toothily a her and said, “Bad men coming behind you. Keep going and take your first hard right, and
you'll be safe”

She hesitated, and he scowled. “Not shittin’ ya. Get going if you know what's good for you."

Veneraflipped again, planted her feet on the rope, and kicked off down the chute. As she reached the
corner the boy had indicated, she heard voices coming from the far end of the chute—opposite the way
he'd said the bad men were coming from.

Thisside way led quickly to well-travel ed airgpace and had no niches or doors out of which someone
could spring. Feding momentarily safe, Venera peeked around the corner of the chute. Three men were
flying dowly up fromthe left.

"I redlly think you've gotten uslost thistime,” said the onein thelead. Hewasin hislate twentiesand
obvioudy noble or rich from his dress and demeanor. One of his companionswas smilarly dressed, but
the third man looked like acommoner. She couldn't see much moreinthedim light. “ The paaceis
definitely not thisway,” continued the leader. “My appointment is at two o'clock, | can't afford to be
lae”

Two o'clock? She remembered one of the courtierstelling her that an admiral from some neighboring
country would be calling on her father in the early afternoon. Wasthisthe man?

Suddenly one of the other men shouted, “Hey!” He had barely writhed out of the way of asword that
had suddenly gppeared in the third one's hand. “ Chaison, it'satrgp!”

Four men shot down the chute from the right. They were rough-looking, the sort of thug Venerahad
watched roaming the neighborhood through her spyglass and sometimes fantasized about. All had drawn
swords and none spoke as they set upon their two victims.

The one named Chaison whirled his cloak into the air between himsdlf and the attackers and drew his
sword as hisfriend parried athrust from their erstwhile guide. After theinitia warning from Chaison's

friend, nobody spoke.

In afree-fal swordfight, the blade was as much propulsion as wegpon. Each of the men found purchase



inwall or rope or opponent with hand, foot, shoulder, or blade asthey could. Each impact sent themina
new direction, and they tumbled and spun as they dashed at one another. Venera had watched men
practice with swords and had even witnessed duels, but thiswastotally different. There was nothing
mannered about it; the fight was swift and bruta. The men's movements were beautiful, viscerdly thrilling
and dmost too fast to takein.

One of the attackers was hanging back. As hisface intersected a shaft of light, she realized it was the boy
who had warned her. He held his sword up, wavering, in front of hisface and ducked away from the
embattled older men.

It took Veneraafew secondsto redlize that two of the men bouncing from wall to wall were now dead.
Therewere black beads dotting the air—blood—and more was trailing the bodies, which continued to
move, but only languidly, from momentum. One was the guide who had brought the two noblemen here;
another was one of the attackers.

"Stand down!” Chaison's voice startled Venera so much that she nearly lost her grip onthewall. The
remaining three attackers paused, holding onto ropes and bent shingles, and Stared at their dead
compatriots. The boy looked sick. Then one of his companions roared in anger and jumped.

He spun away, dashed in the face by Chaison's companion. The other man had his sword knocked out
of hishand by Chaison, who finished the uppercut motion with ablow to hisjaw.

The boy was hanging in midair with his sword held out in front of him. Chaison glimpsed him out of the
corner of hiseye, spun, and—stopped.

The blade trembled an inch from the boy's nose. He went white as a shest.

"I'm not going to hurt you,” said Chaison. His voice was soft, soothing—in total contrast to the bellow he
had given moments ago. “Who sent you here?"

The boy gulped and, seeing that he still held hissword, helet go of it spasmodicaly. Asit drifted awvay,
he sad, “B-big man from paace. Red feather in his hat. Didn't giveaname.”

Chaison made asour face. “All right. Now off with you. Find another line of work—oh, and some better
friends.” Hereached for his companion'swrist and they locked armsto coordinate their flight. Together
they turned to leave.

The man who'd been struck in the chin suddenly snapped his head up and raised hisarm. A snub-nosed
pistol gleamed in hisgrimy fist. The boy gasped as he aimed it point-blank at the back of Chaison's head.

Bang! A spray of blood filled the air and the boy shrieked.

Venera peered through the blue cloud of gunsmoke. Chaison's would-be nwastwitching in the
air, and both noblemen were staring past him, at her.

Shereturned the pistal to her carrying bag. “1-I saw you werein trouble,” she said, surprised at how
cam she sounded. “ There was no time to warn you."

Chaison glided over. He looked impressed. “ Thank you, madam,” he said, gracioudly ducking his head.
“I oweyou my life"

In her fantasies, Veneraaways had a perfect comeback line & momentslikethis. What she actualy said
was, “Oh, | don't know about that."



Helaughed.
Then he extended his hand. “ Come. Well need to explain ourselvesto the loca police.”

Veneraflushed and backed away. She couldn't be caught out here—quite apart from the scandal, her
father would ask too many questions. The papers she had just recovered might come to his attention, and
then she was as good as dead.

"l can't,” she said and turning, kicked off from the corner as hard as she could.

She heard him shouting for her to stop, but Venera kept on and didn't look back until she had passed
through three crowded markets and dipped down five narrow aleys between soon-to-collide buildings.
Cautioudy, she worked her way back to the pal ace and changed in the guardroom while the man shed
bribed to let her out and in again waited nervoudy outside.

The next time she saw Chaison Fanning it would be two nightslater, at aformad bal. Hetold her much
later that his astonishment when he recognized her completely drove out al thoughts of the new treaty
with Hale that he was celebrating. Certainly the expression on hisface was priceless.

Venerahad her own reason to smile, as she had learned who had tried to have this handsome young
admira killed. And as she danced with Chaison Fanning, she mused about what exact words she would
use when she confronted her father. She dready knew what it was she would be asking him for in
exchangefor her dlence regarding his nonroyd origins.

For thefirst timein her young life, Venera Fanning began to conceive of an existence for hersalf away
from theintrigue and cruety of the Court of Hale.

* % % %
4

A thick cablerose from theroof of the Nation of Liris. Venerasquinted at it, then at the blunderbusses
the soldiers cradled. Another, larger blunderbuss was mounted on a pivot under alittle roof nearby. That
must be the damnable gun whose firing kept waking her up in the morning.

None of those ancient arms looked very accurate. She could probably just jump off the roof and run for
it ... but run where? Chances were she'd be snapped up by some neighbor worse than these people.

She decided—for the tenth time today—to remain patient and see what happened. No onein Liris
seemed to have any immediate desireto harm her. Her best strategy wasto play along with them until the
moment came when she could escape.

"Now pay attention,” whined Samson Odess. Thefish-faced little man had been introduced yesterday as
her new boss. The very idea of acommoner giving her orders without an immediate threat to back them
up struck Venera as both bizarre and funny. She had so far done the things he had asked, but Odess
seemed to sense that she wasn't taking him serioudly. He was becoming ever more defensive asthe
morning wore on.

"Thisisour lifdineto Lesser Spyre,” Odess said, dapping the cable. Venerasaw that he stood on alow
platform, at the center of which was aboxy machine that clamped the cable with big ratchet wheds. “By
means of thisengine, we can rise to the city above, where the Great Fair isheld once aweek. Visitors
from everywherein Virgacometo the Fair. It is the trade delegation's sacred task to ensure that we
conduct the most advantageous transactionsin the name of Liris.” Ashe spoke, therest of the delegation
popped up through the roof's one hatch. Four heavily armed men bracketed an iron box that must have



held pitted cherries. Flanking them were two men and two women, the women veiled like Veneraand
dressed in ceremonia robes of highly polished silver, inlaid with crimson enamd.

"Isthe gravity the same up there asit ishere?’ Veneraasked. If it was a standard g, they wouldn't be
ableto move,

Odess shook his head vigoroudly. “Y ou can see the spin-rate from down here. Well shed our heavy
vestmentsfor city clothes once were up there."

"Why not change down here?’ she asked, puzzled.

Odess goggled at her in astonishment. He'd stared exactly that way yesterday, when hewasfirst
introduced. Moss had taken Venerato Odesss office, aglorified closet that made her wonder if
Diamandiss pack-rat ways might not be the rule here, rather than the exception. Odess had filled the
small space over the years, perhaps hiswhole lifetime, with oddments and souvenirsthat likely made
sense to no one but him. What was the significance of that single shoe, mounted asthough it werea
trophy and given itsown little nichein the wal? Could anyone read the faded text on those certificates
hung behind his chair? And was that some sort of exotic mobile that drooled from the dimness overhead,
or the hanging mummified remains of some sort of animal? Books were stacked everywhere, and apile
of dishesthreefeet tal teetered next to arolled-up mattress.

Odesssfirst words were addressed to Moss, not Venera. “Y ou expect usto accept this ... this outsider
inour midst?'

"Isth-that not what you d-do?’ Moss had asked. “ G-go outside?” Startled, Venerahad sent him a
sdelong look. Was there somebody home behind those glazed eyes, after al?

"B-besides, the b-botanist commanded it."
"Oh, God.” Odess had put hishead in his hands. “ She thinks she can do anything now."

Any dight deviation from routine or custom threw Odess into a panic. Veneras very presence was
upsetting him, though the rest of the del egation had been patheticaly happy to meet her. They would have
partied till dawn if she hadn't begged off early, pointing out that she had not yet seen the room where she
was expected to deep for the rest of her life.

Eilen, Migtress of Scales and Measures, had shown Venerato a closet just outside the delegation's long,
cabinet-lined office. The closet was seven feet on asde—itswalls of whitewashed stone—and nearly
twelve feet high. There was room for abed and asmall table, and there was no window. “Y ou can put
your chest under the bed,” Eilen said, “when you get one. Y our clothes you can hang on those pegs for

Andthat wasall. If Venerawere inclined to sympathy with other people, she would have been saddened
at the thought that Eilen, Odess, and the others accepted conditions like these asthe norm. After dl, they
had likely been born and raised in such tiny chambers. Their playgrounds were dusty servants ways,
their schoolroomswindow niches. Yet of dl the citizens of Liris, they were the privileged ones, for as
members of the delegation they were alowed to see something of the world outside their walls.

While Odess sputtered and tried to explain why tradition demanded that they riseto Lesser Spyrein full
ceremonia gear, Venerawatched the soldiers deposit their precious cargo on the platform. After the rest
of the delegation was on board, they flipped up raillingson al sides (to her rdief) and one bent to examine
the archaic engine. Thiswaswhat redly interested her.



"If wereal ready, wewill sng the Hymn of Ascension,” said Odess, portentoudly.
Veneralooked around. “The what?"

He looked as though he'd been dapped—nbut Eilen put ahand on hisarm. “We didn't tell her about it, so
how would she know?"

"Anyonein Spyre could see us arise, hear the...” Heredlized hismistake. “Ahyes. A trueforeigner.”
Shaking himsdf, he put both hands on therail and puffed out his cheeks. “ Listen, then, and learn the ways
of acivilized society.”

Whilethey sang their little ditty, Venerawatched the soldier spark the hulking rotary engineinto life. Its
chattering roar immediately drowned out the miniature choir, who didn't seem to notice. The whed
turned, gripping the cable, and the platform inched dowly into the air.

The purpose of therailings soon became clear. Only afew yards above the rooftop they caught the edge
of the howling gale that swept toward the open end of Spyre. This steady hurricane was produced by the
rotation of the greet cylinder, Veneraknew; shed seeniitslikein smaler whedslike those of Rush. A
wind camein at the cylinder's axis of rotation and shot out again aong therim. If she smply jumped off
the platform at this point, she would be propelled out of Spyre entirely, and at goodly force.

The four soldiers were here to shoot anyone who tried that. And now that they were higher up she could
see other guarantors of obedience: gun emplacements were suspended in the middle air by more cables,
and some of them were visibly manned. Hanging in the sunny clouds beyond the whedl were more
bunkers and turrets. It seemed amiracle now that she had, unconscious, threaded her way between them
al toland here.

"Father would lovethisplace,” she muttered.

Chai son Fanning, her missing husband, would probably consider Spyre amora obscenity, and would
want to blow it up.

They rose some miles, through filigrees of cloud, puffballsthat hovered like anxious angels between the
incoming and outblowing gales, past houses and pillboxes bolted to other cables, whose glittering
windows reved ed nothing of what might be taking place insgde them. Thelands of Greater Spyre
widened and widened below Venera, their patchwork estates becoming amesmerizing labyrinth: the
blockhouses of a dozen, ahundred and more Nations of Liris, it seemed, painted the inside of the
cylinder. Sicing through these, leaving ruin and wildflowers on their Sdings, were the raillways of the
preservationists.

All thewhile, Lesser Spyre came closer.

Venera had seen a geared town once before—in the dead hollow heart of Leaf's Choir, Chaison
Fanning's ships had moored next to the asphyxiated city of Carlinth. But Carlinth's pae grandeur couldn't
match the wonder of Lesser Spyre because that other city had been motionlessin death, and Lesser
Spyrelived. Its great whedl-shaped habitats, each ahalf mile or morein diameter, turned edge to angled
edge like the meshwork of avast clock. The citizen of onewhed could gtroll to its edge and Ssmply step
onto the surface of another astheir rims came within touching distance. Thewhedlswerekept in
configuration by alattice of giant spars and thick cables, from which black bannersfluttered.

For dl this cunning and motion, Lesser Spyre did not look inviting. There were some houses and streeets,
but most of the wheels were dominated on their ingde surface by one or two sprawling buildings. The
Admirdty at Rush had been like that, as had the Filot's palace. But aso in Rush there were whedls



weeded with taverns, towers, and twisting sireets, as organic and inviting as a party.
Lesser Spyre was monoalithic, self-contained, and controlled. Almost nothing stuck ouit.

The cable car duded gravity entirely after awhile, and its passengers clipped their meta costumesto the
ralling and waited until their destination hove into sight. The cable terminated in aknot of dozens of
others, at a complicated cagework that threaded the axle of atown-wheedl. Veneracould see other
people embarking and disembarking there. They moved in small groupsthat gave one another awide
berth.

She saw something else, though, that gave her hope for the first time in days: shipswere berthed here.
Seek yachts, for the most part, of many different designs and flying diverse colors—but al foreign. They
sgnaled the possibility of escape, red escape, for the first time since her arriva.

She tapped Odessstin shoulder and pointed. “ Our customers?

He nodded. “Pilgrimsfrom dl the principalities of Candesce cometo us, hoping to leave again with some
trinket or token of ours. Do you recognize any of those ships?'

Veneranodded. “ That oneisfrom Gehelen.” It wasthe only one she knew, but Odess was obvioudy
impressed. “1 know that welll trade them cherries,” she went on. “But what do the rest of Spyre's
countries 17"

Helaughed, and just then the platform cameto rest at itsterminus. Asthey clambered over to the axle
like so many iron spiders, Odess said, “What do they trade? Y ou ask that with refreshing innocence. If
we knew what haf our neighbors traded, we might arrange some extra advantage for Liris. The fame of
many of Spyre'scommoditiesis spread far and wide—but not al. There are sections of thefair no
stranger can enter without providing a guarantee of circumspection.”

"Awhat?'

"A hostage, sometimes,” said Eilen. They had entered along cylindrical chamber with many small doors
spiraing up itsinterior. Odess found one of these and, producing amassive key, unlocked it. Inside was
adot-shaped locker, itswalls encrusted with rust and cobwebs, with one incongruoudly bright mirror at
the far end. Odess and the others proceeded to strip off their metal shells, trading them for ornately
tooled leather equivaents—except that in place of vells, each costume came with an elaborate mask.
Odess passed akit to Venera, and she turned her back modestly to change. Her mask had afacon's
beak.

"There are nations,” Odess said, “that average one customer every ten years. Whatever it isthey trade, it
isso fabuloudy vauable that the whole country lives off the sdle for ageneration. That's an extreme
example, but there are many others who guard the nature of their produce with their lives. Liris used to
be one such. Now everyone knows what we produce, but that's actually worked to our advantage.”

"But what can those others be slling?” Venera shook her head in incomprehension. She was stretching a
black jacket over asilver-traced vest, admiring the effect in the mirror. With the mask in place she
looked intimideting. Sheliked the effect.

"She isfrom one of them.” It was one of the soldierswho said it. He didn't have to say who she was,
Veneraknew he meant the botanist.

Veneraraised an eyebrow. “ Shewasn't bornin Liris?'

The soldier shook his head, glancing uneasily a Odess. “Our previous botanist ... the treeswere



languishing, mlady. They were dying, until shecame.” Odesswas scowling in obviouswarning, but the
soldier shrugged. “ Five years now, she's brought them back to hedlth.”

"And you don't know anything about where she came from?"

"Of course we do!” Odess laughed loudly. “ She'salady of the Nation of Sacrus. We know who sheis
... evenif we don't know what it isthat Sacrus does.”

"Y ou need better spies,” said Venera. Nobody laughed, but the thought intrigued her. Spyre, it seemed,
was an investigator's playground. She would love to develop a network here, the way she had in secret in
her adopted home of Slipsiream.

They moved from the locker cylinder to the axle of the town-whedl. Here, dozens of yin-yang sairsand
elevator shafts ran down to the copper-shingled roofs of the vast buildingslining the whed. Odess
showed their letters of trangit to a succession of inspectors and gradualy they worked their way over to
one of the devators.

"Stay dert, everyone,” Odess said as the wrought-iron doors grumbled shut behind them, and they began
to move down. “Watch for any signs of change. In particular, our new interpreter,” he nodded a Venera,
“isgoing to cause astir. We need to stick to our agreed story. You,” he said to Venera, “must only
speak to the customers, and then only when we ask you to. We don't want to give our rivals any clues
about our capabilities or what's been going oninsde Liris."

This paranoiareminded Venera of Hale and the darkened corridors of her father's palace. “But why?’
sheasked inirritation. “Why this skulking?'

"Questions might be asked,” said Odess darkly. “ About where you came from. About why our people
might have ventured outside our walls. Where we might have gone, what we might have seen. What you
might have seen.” He shook his head. “Y our story isthat you were born and raised in Liris."

"But my accent—"
"Iswhy you will only speak to the customers.”

Therewas sllence for therest of theride. Venera adjusted her vell, glanced around, and noted the
tightening of shoulders, straightening of stances as gravity rose until it neared the level she was used to.
And then the elevator clunked to a halt, and the doors opened.

The trade delegation of Liris edged cautioudy into the Great Fair of Spyre.

* * * %

Fabul ous beasts swept across the dance floor, their skirts wheeling in time to the deep drumbest of
Spyres music. The beasts had the faces of monsters, of animals, of gods. They danced in pairs,
sometimes pausing in midpose as the music paused. It was during those pauses that business was
transacted.

One dender figure with ahawk's face stood at the foot of a gold-chased pillar, her backdrop ablue
trompe I'oeil vista of whedling towns. She watched the dancers dertly, avare of the deep strains of
paranoia and deceit that must run through Spyre for it to have developed this custom. For thisfiligreed
and gleaming balroom and itswhirling dancerswas the Greet Fair itsdlf.

True, there were display rooms. Out of the corner of her eye she saw Odess emerging from the doorway
that led to Liriss. He was aone, and doubtless his errand had been to check on the disposition of the
glass cases and lights there. No customers had passed that door since she had been here.



Venerahad spent some hoursin the display room, helping the others set up. A solitary cherry tree
dominated the marbled parlor; it sat in abroad stone bowl, the glow of its pink blossomsthe first sight
that greeted avigtor. It was afake, made of silk and common woods.

While Liriss soldiers played cards behind a screen in the display rooms, the rest of the delegation
danced. The music was loud, the dancesfast and close; so conversation consisted of quick whispersin
your partner's ear, quips at arm'slength, or brief nose to nose exchanges. Eavesdropping wasimpossible
in these circumstances—and the soldiers of Spyre watched carefully for any sign of it. Venerahad been
told that visitors were carefully screened, and the pendlty for revealing secrets here was death. Ironicaly,
the whole setup seemed designed for cheating, for who could tell what any two dancers were telling one
another?

She had heard that the dances were occasionally interrupted by spontaneous duels.

The denizens of Spyretook their masque very serioudy. Not al the vistors did; most eschewed
disguises, and so Venerawas able to tell how many principdities were represented here. She even
recognized one or two of the national costumes they wore.

A gavotte ended and the dancers broke up. Gorgon-headed Eilen headed Veneras way. A waiting
footman handed her adrink as she paused, panting. “Isit dwayslikethis?’ Veneraasked her.
“Interested customers seem a bit thin on the ground.”

"We have our regulars,” said Eilen. “It's not the season for any of them. Oh, thisgravity! It pullsa my
gomech.”

Venerasighed. These people were so immersed in their traditions that they couldn't see the insanity of it
al. Inthe brief pause between dances, some of the customers had drifted off with outlandishly masked
delegates—sdesmen, redlly. Venerahad been keeping track of who went through which doorways.
Many of the portals around the vast chamber had never opened. They might be locked or even bricked
up on the other side, for al she knew.

She couldn't figure out the architecture of thefair. It seemed that the sprawling, multi-winged building had
been renovated, rebuilt, and reimagined so many times over the centuriesthat it had lost any sense of its
origind logic. Corridorsran into blank walls, stairwellsled nowhere; eevator shafts opened onto roaring
air where lower floors had once been. Behind the public walls countless narrow passages twisted their
waysto the offices, storage lockers, and panic rooms of the trade delegations. Liriss domain extended
severd floors above and below their public showroom; Venerahad glimpsed in passing a huge chamber,
like acollgpsing balroom, its dripping casements|ost in gloomy shadows. Eilen had told her that thiswas
where they met customers back when their cherries were a state secret. The ballroom was on one of the
high-security levels of thefair; Liristill owned titleto it, but had no usefor it now.

Venerahad scoffed at this. “Has no one had the courage to drill spy holesin the walsto find out what
your neighbors are up to?’ Odess had sent her one of his disapproving, frightened looks, but nobody had

sad anything.

Oh, something was happening—Capri, Eilen's apprentice, was leading four people in rich clothestoward
the Lirisdoor. Thelittle surge of excitement was absurd, and Veneranearly laughed a hersdf. Now
Odess was bowing to them. He was opening the door. Veneraimagined cheering.

"Who arethey?’ she asked Eilen.
"Oh! Success! That's... let's see ... the delegates from Tracoune.™



Veneraransacked her memory; why was that word familiar? Ah, that wasit. It was only a couple of
weeks ago that Veneraand her husband had attended a soiree in the capita of Gehellen. The event had
been unremarkable up until the shooting started, but she did remember along conversation with a
red-faced admira of theloca navy. He had mentioned Tracoune.

"Excuse me, I'd like to watch this,” she said to Eilen. The woman shrugged and turned back to the dance.
Venerathreaded her way around the outskirts of the ball and pushed open the door to the Liris
showroom. It was at the end of along halway, seventy feet at least in length. Random words echoed
back at her as Venerawaked down it.

Odess was showing them the tree. Now he was opening alacquered box to reved the cherries. Capri
hovered nervoudy in the background.

Thevigtors didn't seem too impressed. One of the four—awoman—wandered away from the othersto
gareidly at the paintings on the walls. They seemed to be marking time here, perhaps taking a break
from dancing. Even Venera, with no experiencein saes, could tell that.

She gpproached the woman. “Excuse me...” said Venera. She ddliberately did not stand or movethe
way Odess and Capri were—clasping their handsin front of them, darting hesitantly like servants.
Instead, Venerabowed like an equdl.

"Yes?' The customer looked surprised, but not displeased at being approached in thisway.
"Do | have the pleasure of addressing acitizen of Tracoune?’ The woman nodded.

"I had the most illuminating conversation recently,” Veneracontinued, “at aparty in Gehdlen. Wetalked
about Tracoune."

An edge of cadculation came into the woman's gaze. “ Oh, redly? Who were you taking to?'

"Anadmird in the Gehdlen navy, asit happens.” Venera saw Odess notice that she was accosting a
customer (hisexpression sad, ‘the new one'sloose!’) and then he started trying to make eye contact with
her while pretending to give hisfull attention to hisown people.

Venerasmiled. “I'm so sorry that you've had to cancel the Feast of Saint Jackson thisyear,” she said to
her progpect. “ The Gehellenese are speculating that you won't be able to afford to feed your own people
thistime next year. Gauche of them, redly.”

"They said that?’” The woman's face darkened in anger. “The Incident at Tibo was hardly that serious!”

"Ah, we thought not,” said Venerain aconspiratorial way. “It'sjust that appearanceis so important to
internationd relations, isnt it?'

Ten minutes |ater the visitors were signing on the dotted line. Venera stood behind the astounded trade
delegation of Liris, her arms crossed, inscrutable behind her beaked mask.

Odess stepped back to whisper furioudly to her. “How did you do it? These people have never been
customers beforel™

She shrugged. “ Y ou just have to know peopl€'s weaknesses. In afew weeks Tracoune will throw some
minor party for visting officials, and among other thingsthey'll give away afew cherries.... asif they could
afford boatloads of them. A very discreet message, on achannd so private that dmost no one on either
sdewill know why when the Gehellens decide not to cdl in their outstanding loansto Tracoune—which
they've been thinking of doing.”



Heglared a her. “But how could...”
She nodded. “ The levers of diplomacy are very smdl. The art liesin knowing whereto pry.”

Venera chatted with the clients while a soldier loaded a carrying case with dry ice and Odess measured
out the pitted cherries. “ Speaking of Gehdlen,” Venerasaid after awhile, “we heard about some sort of
commotion there a couple of weeks ago.”

The head of the Tracoune expedition laughed. “ Oh, that! They're the laughingstock of the principalities!™
"But what happened?’

He grinned. “Vidgtorsfrom one of the savage nations ... Oh, what was the name?"

"Slipstream,” said the woman Venerahad first dedlt with.

"Sipstream, that wasit. Seems an admird of Slipstream went mad and took to piracy with some of his
captains. They fought a pitched battle with the Gehdlen navy in the very capitd itself! Smashed their way
out of the palace and escaped into L eaf's Choir, where it's rumored they found and made off with the
Hoard of Aneteneitsdf!”

"But that part's too preposterous, of course,” said the woman. “If they'd found the hoard, they would
have akey to Candesce as well—the last oneis supposed to be the centerpiece of the hoard. With that
they could haveruled dl of Virgafrom the sun of sunsitsaf!”

"Wél.” The man shrugged.
"What happened to them?’ asked Venera. “Did they escape?’

"Oh, they evaded the Gehellen navy right enough,” he said with another laugh. “Only to be cut to ribbons
in some barbarous nation near the edge of the world. None escaped, | hear."

"None...” Venerds pulse was racing, but she chose not to believe this man. His story had too many of the
facets of rumor.

"Oh, no, I've been following thisone,” said the woman, with evident enjoyment. “It seemsthe
Slipstreamersran afoul of aplace called Facon Formation. The admird suicidally rammed hisflagship
into some sort of dreadnaught of Falcon's. Both shipswere obliterated in the explosion. Of hissix other
ships, only one got away."

"ltsname?’ Veneraput her hand out to steady herself. Her fingers met the false bark of the fake cherry
tree.

"What's name?'
"The ... the ship that escaped. Did you hear which one escaped?”’

Thewoman looked affronted. “I didn't follow the story that closaly.” Now it was her turn to laugh. “But
they foolishly ran for home, and the Pilot of Sipstream had them arrested the ingtant they came into port.
For treason! What foolishness of them to even try to go home."

Venerawas glad of the mask shewore. It felt like her heart was dowing and would stop at any second.
It was dl she could do to keep up appearances until the Tracoune delegation |eft with their first
consgnment of cherries. Then she rushed back to the screened acove, ignoring the jubilant
congratulations the others were lavishing on her.



Even though the mask would have hid them, she shed no tears. Venera had learned many years ago
never to do that in the presence of another human being.

* * * %
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That evening there was a celebration in agdlery overlooking the cherry trees. Amber light poured into
the blued central shaft, glinting off windows and outlining shutters and bal conies above and below, while
gmall gusts of air still warm from Candesce's light teased the digphanous drapes. Like everywheredsein
Liris, the party room was small, crammed with memorabiliaand eccentric furnishings, and reachable only
through alabyrinth of stairsand corridors. It reminded Venera of her childhood bedroom.

She had not wanted to come. All she wanted to do was it donein her closet. But Eilen insisted. “Why
s0 gloomy?’ she asked as she leaned hipshot in Veneras doorway. “Y ou did great service to your
country today!” Veneradidn't speak asthey walked, and she did her bet to be the ghost at the wedding
for the remainder of the night.

Her sorrow wasn't catching. Most of Liristurned out for the event, and adizzying parade of strange and
neurotic characters passed in front of Venera as she systematically drank herself into a stupor. There
were the hereditary soldiers with their pesked helmets and blunderbusses; the gray sanitation men who
spoke in monotones and huddled together near the drinks table; the seamsiresses and chandlers,
carpenters, and cleanerswho all spoke a secret |language they had developed together in their childhood.
And there were children, too—grave, wide-eyed gamins who skirted around V enera as though she had
stepped out of one of their fantasy books.

She watched them all go by, numb. | knew that this might happen, shetold hersdf. That he might die.
Y et she had gone ahead with her plan, dragging Chaison reluctantly into it. It had been necessary if they
wereto save Sipstream; she knew that. But the decision il felt like abetrayal.

"It'sso electric,” said Eilen now, “having anew facein our world!” Quite drunk, she balanced on one
foot near Venera, waving excitedly at people she had seen every day of her life. Of those people, afew
had approached and introduced themsalves, hating and ssammering; most stayed back, muttering
together and eyeing Venera. Foreigner. Strange beast. New darling of the botani<t.

And yes, the botanist was here, too. She glided through the cel ebrants as though on rails, nodding here
and there, speaking strategic words on the outskirts of discussons, the same mysterious smile asaways
hovering just behind her lips. Eventudly she made her way over to Venera. She hoveto just thisside of
Eilen. Eilen hersdf moved away, suddenly quiet.

"I've dways said that it paysto know your customers,” the botanist said. “I judged your potentid rightly."

Veneraeyed her. “Isthat what you fed you do? Judge peopl€'s potential ? Like the buds of flowers that
might bloom or whither?"

"How apt. Yes, that's exactly right,” said the botanist. “ Some are to be encouraged, others cut from the
branch. Y ou nod as though you understand.”

"I've done acertain amount of ... pruning ... inmy day,” said Venera. “ So I've achieved agrest victory
for your tiny nation. Now what?*

"Now,” said the botanist in abreathless sort of sisterly way, “we talk about what to do next. Y ou see,
you've vindicated my methods. | believe Liris needs to be more open to the outside world—that we need
to send our delegates farther, even outside Spyreitself.”



Thefog of Veneras sorrow lifted just abit. L eave Spyre? What do you mean?”

"I would like to send atrade mission to one of the principalities,” said the botanist. “Y ou, of course,
would lead it."

"I'd be honored,” said Venerawith agtraight face. “But isn't it Odesssjob to arrange such things?”

"Odess?’ The botanist waved her hand dismissively. “Prattling whiner. Take him if you'd like, but | can't
see what good helll do you. No, | picture you, perhaps Eilen, and one or two loyal soldiers. And a
consgnment of our treasure to tempt potentid customers.”

"That sounds reasonable.” Venera couldn't believe what she was hearing. Did the woman serioudy
believe she would come back if she got out of this place? But then, everyonein Spyre seemed
dangeroudy naive.

"Good. Say nothing of thisto the others,” instructed the botanist severdly. “1t won't do to let old wounds
feder.”

What did that mean? Venera thought about it as the botanist strolled away, but then Eilen returned and
spilled her drink on Veneras shoes. The evening went downhill from there, and so she didn't really
ponder the botanist's unlikely offer until she got back to her closet, near dawn.

She had just closed theill-fitting door and was about to climb under the covers when there was a polite
knock on the jamb. Venera cracked the door an inch.

Moss leaned like a decapitated tree outside her door. “ Citizen F-f-fanning,” he said. “1 j-just wanted to
giveyou th-th-these."

Inthe faint lamplight of the hallway, she could just make out atiny bouquet of posiesin hishand.

Thejuxtapostion of his chiseled features with the emptiness of his eyes made her skin crawl. Venera
dipped her hand out to snatch the little bundle of flowersfrom his nervelessfingers. “ Thanks. Y ou're not
inlovewith me, areyou?'

"I'm s-s-sorry you're S0 s-sad,” he murmured. “ T-t-try not to be so s-s-sad.”

Veneragaped a him. Hiswords had been so quiet, but they seemed to echo on and oninthe silent
corridor. “Sad? Why do you think I'm sad?"

Nobody else had noticed—not even Eilen, who had been watching Veneralike a mother hawk al
evening. Veneranarrowed her eyes. “I didn't see you at the party. Where were you?”'

"l w-w-was there. In the c-corner.”

Present yet absent. That seemed to sum Moss up. “Well.” Veneralooked down at Moss's present.
Somehow she had clenched her fist and had crushed the little white blossoms.

"Thank you,” she said. Moss turned away with amuted clattering noise. “Moss,” she said quickly. He
looked back.

"I don't want you to be sad, either,” said Venera

He shambled away and Venera closed the door softly. Once alone, shelet loose one long shuddering
sigh and tumbled face-first onto the bed.

* * * %



The next morning, Venerawore the half-crushed posies on the breast of her jacket. If anybody noticed,
they said nothing. She ate her breakfast with the members of the delegation in their designated dining
room—aroofed-over air-shaft lined floor to invisble celling with stuffed animas—and followed them
slently to their offices. She had discerned the routine by now: they would st around for the rest of the
day, occasionaly engaging in desultory, short-lived didogs, have lunch and then supper, and turnin.

If she had to live like thisfor more than a couple of days, Veneraknew she would snap. So, at ten
oclock, shesaid, “Can't we at least play cards?'

One of the soldiers glanced over, then shook his head mournfully. “ Odess dwayswins."
"But I'm here now,” said Venera. “What if | wereto win?'

Sowly, they roused into a state resembling the attentive. With much cgjoling and browbegting, Venera
got them to revedl the location of the cards, and once she had these she energeticaly pulled atable and
some chairsinto the center of the room. “ Sit,” she commanded, “and learn.”

Thiswas her opportunity to grill her compatriots properly—the party last night had been too hectic and
strange, with everyone playing pa in transparent ways—and Venera made the best of it. After ten
minutes Odess emerged from his office, looking bleary and cross, but his eyeslit up when he saw her
shuffling the cards. Veneragrinned doppily a him and he drew up achair.

"S0,” she sad asthe others examined their cards, “tdl me about the botani<t."

The Pantry War had been dragging on for five years. Lirisand the Duchy of Vatoris both clamed afive-
by seven-foot room off one of the twisting corridors of the fair. Thetitleswent back a hundred years, and
the wording was ambiguous. Neither side would back down.

"War?’ said Veneraas she peered over her cards. “Don't you mean feud?"

The other playersal shook their heads. No, explained Odess, afeud was afamily thing. Thiswasa
conflict between professona soldiers, and it took the form of pitched baitles—even if those battleswere
between adozen or 0 soldiers on either side, which was al the manpower the tiny nations could muster.
After years of ambushes, raids, firefights, and al manner of other mayhem, it had settled into awar of
attrition. Barricades had been thrown up in the disputed corridor; ano-man's-land of broken furniture
and cracked tile stretched for thirty feet between them. The entrance to the closet beckoned only yards
away, and either side could capture it in seconds. Thetrick wasto holdiit.

Thetwo sdes dug in. The barricades were ramified and reinforced, then backed up with cannon and
rifles. Days might pass without a shot fired, but the other tenants of the fair got used to sudden flurries of
gunfire. Rarely was anyone actualy hurt. The loss of asingle man would condtitute a disaster.

These things happened. Even now, the fair was riddled with strange tensions—empty passages paved in
dust where no one had walked in generations because of just such disputes as this; neighbors who would
think nothing of murdering one another in quiet cornersif they had the chance; victimswalled up in
acoves, and everywhere, conspiracies.

It was arandom bullet that changed everything. Thewalls around the disputed hallway had never been
strong, but the combatants had hired aneutra third party to shore them up at regular intervals. Perhapsit
was inevitable, though, that chinks and cracks should develop. One day, abullet fired from the Vatoris
barricade dipped through such a crack, ricocheted sixty feet down an abandoned air shaft, and killed the
heir of amgor nation as he stood at a punch bowl.



Venerarubbed her jaw. “1 can imagine the reaction.”

"I'm not sure you can,” said Odess portentoudy. The nation in question was the mysterious Land of
Sacrus, acountry of “vast Sze,” according to Eilen.

"How vadt?'
"Fully three square miled!”

Sacrustraded in power—but exactly how, no one was quite sure. They were one of the most secretive
of countries, their fields being dotted with windowless factories, the perimeter patrolled by guardswith
dogs and guns. Smdll airships bristling with guns bobbed above the main complex. The Sacrans emerged
from their smoke-wreathed towers only once or twice ayear, and then they spoke almost exclusively to
their customers. They were one of the few nationsthat had withstood the full force of the
preservationists—in fact, nobody in the preservationist camp would talk about just how badly that
particular battle had gone.

Sacrus was enraged at the degath of their heir. Three days after the incident, the Vatoris barricade fell
slent. The soldiers of Lirisfired afew shots and got no response. When they cautioudy advanced on the
Vatoris postion, they found it abandoned.

Discrete inquiries were made. No one had seen any of the Vatorins since the day of the fateful gunshot.
In amoment of supreme daring, Liris sent itstroops directly to the Vatoris gpartments. They were empty.

At this point, rumors of agreat stench rising from Vatorisitself reached Odesssears. “| was Sitting in our
showroom,” he said. “1 remember it like it was yesterday. One of the scions of aminor nation entered
and told methat his people were walking up and down aong the border with Vatoris, sniffing the air and
exchanging rumors. The smell wasthe smell of death.”

Odess returned home that night to warn his people. “But it wastoo late. As| lay down to deep that
evening, | heard it—weadl did.” A hissng sound filled the chambers of Liris. It wasfaint, but for someone
like Odess, who had lived behind these walls hiswholelife, it had the effect of asiren.

"| stood, tried to run to the door. | fell down.” The othersrelated smilar experiences, of sudden
parayss, landings behind desks or next to wavering doors. “We lay there helpless, dl of us, unableto
even focus our eyes. And we listened.”

What they heard, after an hour or 0, was asingle set of footsteps. They moved smoothly from room to
room, up stairs and down, not asif seeking anything, but as though whoever walked were taking
inventory—committing every passage and chamber of Liristo memory. Eventudly, they cameto a stop.
Silencereturned.

The paralysis faded near dawn. Odess rose, retched miserably for afew minutes, and
then—trembling—crept in the direction those footsteps had taken. As he went he saw others emerging
from their rooms, or rising from where they had fallen in mid walk. They converged on the place where
the footsteps had halted: in the cherry tree courtyard.

"And there she sat,” said Odess, “ exactly as she dits these days, with the same damned smile and the
same damned air of superiority. The botanist. Our conqueror.”

"And no one has chalenged her?” Venerabarked alaugh of disbdief. “You fear reprisds, isthat it?"

Odess shrugged. “ She ended the war, and under her leadership, the cherries bloom. Who else arewe
going to have lead us?'



Venerascowled at her cards. A pulse of pain shot up her jaw. 1 thought you were ameritocracy.”
"And so we are. And she is the best botanist we have ever had.”

"What happened to the one she replaced?’

They exchanged glances. “We don't know,” confessed Eilen. “He disappeared the day Margit came.”

Veneradiscarded one card and took another from the deck. The others did the same, then she fanned
out her hand. “I win."

Odess grimaced and began to shuffle.

"She cameto melast night,” said Venera. She had decided that she needed information more than
discretion at this point. “Margit was pleased with thework | did.” Odess snorted; Veneraignored him
and continued. “ She had a proposa.”

Shetold them about Margit'sidea of an extended trade expedition into the principaities. Asshe did,
Venerawatched al movement around the table stop. Even Odess's practiced hand ceased its fanning of
the cards. They weredl| staring &t her.

"What?" She glanced around defensively. “ Does this violate some ancient taboo?—I'm sure, everything
else does. Or isit something you've been trying to get done for years, and now you're mad that the
newcomer has achieved it?'

Eilen looked down. “It's been tried before,” she said in aquiet voice.
"Y ou must understand,” said Odess; then hefell slent. Knitting his brows, he started furioudy shuffling.
"Wha?" Now Venerawas serioudy darmed. “What'swrong?"

"Totravel outside Spyre ... isnot done,” said Odess reluctantly. “Not without safeguards to guarantee
one'sreturn. Hostages, if oneismarried ... but you're not."

Venerawas disgusted. “ The pillboxes, the guns and razor wire—they redlly aren't to keep people out,
arethey? They'reto kegp themin.”

"Yes, but you see, if Margit iswilling to send you out despite you having no ties here, no hostages or
anything she could hold over you ... Then she'sobvioudy willing to try it again,” said Odess. He dammed
the deck down on the table, kicked his chair back, and walked away. Venerawatched him go in startled
amazement.

The soldiers were standing too, not making eye contact with anyone.
Venerapinned Eilen with her gaze. “ Try what?"

Thewoman sighed deeply. “Margit isamaster of chemistry and biology,” she said. “That'swhy sheisthe
botanist. Three years ago she conceived the idea of sending an expedition like the one you're describing.
She chose aman who was competent, intelligent, and brave, but one whom she didn't completely trust.
To guarantee that he would return, she ... injected him. With adow poison that was not supposed to
begin to act for ten days. If he returned within those ten days, she would give him the antidote, and he
would befine"

Venera eyed the splayed cards. “What happened?’



"Thereturn flight was delayed by a scorm. He made it back on the eeventh day.”
Venera hesitated—but she dready knew the answer when she asked, “Who wasit that Margit sent?”

"Moss,” said Eilen with ashudder. “ She sent Moss."

* k x %
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"l haveto admit | was expecting this,” said Margit. Venera stood in the doorway to her gpartment; she
was dressed down in closefitting black leathers. Two soldiers hulked behind her, their meaty hands
resting heavy on her shoulders.

"In retrospect,” Venerasaid ruefully, “1 should have anticipated thetrip wires.” Theinsdewallsof the
courtyard were just too enticing a surface; freed of her metd clothing, Veneraweighed only twenty
pounds or so and she could easily clamber hand-over-hand up the drainpipe that ran next to Odessslittle
window. “Theré's no other way in or out of the building but up that wall. Naturdly, you'd have darms.”

"...I just wasn't anticipating it S0 soon,” said Margit. She twitched a housecoat over her lavender
nightgown and lit another candle off the one she was holding. Even in the dimness of midnight Venera
could seethat her gpartment was sumptuous, with several rooms, high cellings, and tiled mosaics on the
floor beneath numerous tapedtries.

Of course Margit wouldn' live like the people she ruled. Venerawouldn't have, either. She understood
Margit enough by now that staying herein Liris had not been an option. So after bidding her coworkers
good night, she had retired to her closet and waited. When the building was silent and dark, VVenera had
crept out and jimmied open awindow that led onto the courtyard.

Admittedly, she hadn't been thinking clearly. The revelation about Moss had shaken her and she had
acted raghly. If shedidn't regain control of this Situation she would beinred trouble.

"Comein, 9t down. We need to talk,” said Margit. “Y ou may leave us,” she said to the soldiers. They
lifted their hands off VVenera's shoulders and retreated past the heavy oak door. They would have along
walk down the winding steps that led down to Liriss ground floor. Good, thought Venera

She sat down on a decadent-looking divan, but she kept her feet braced against the floor, ready to leap
up ingtantly if that was required.

Thefirst step to taking control of the Situation was taking control of the conversation. Margit opened her
mouth, but Venera spoke first: “What isan heir of Sacrus doing running aminor nation like Liris?'

Margit narrowed her eyes. “ Shouldn't | be asking the questions? Besides, what's your interest?” she
asked as she gracefully sat opposite Venera. “Professiona curiosity, perhaps? Y ou are a noble daughter
yoursdlf, are you not? A nation like Liriswould be an interesting playground for someone learning how to
use power. Areyou interested in rulership?’

"Inthe abdtract,” said Venera. “It's not an ambition of mine.”
"Neither is asssting your new countrymen, | gather. Y ou were trying to escape us."

"Of course | was. | was press-ganged into your service. And you admit yourself you expected meto try
it.” She shrugged. “ So what could we possibly have to talk about?"

"A great dedl, actudly,” said Margit. “ Such ashow you cameto be hereat al.”



Veneranodded dowly. She had been thinking about that, and the conclus ons she had come to had
motivated her to run as much as the facts about Moss. “1 arrived here through an odd chain of events,”
shesad. “At thetime | wasn't prepared to wonder why there were armed troops sneaking over the
lawns of Spyre during the nighttime. | was mostly concerned with evading them. But they pursued me
here. Why here? At thetime, | didn't know enough to even ask the question.”

Margit raised an eyebrow and sat back.

"It'smy father, you see” said Venerain aconfessond tone. “ He'sflagrantly paranoid, and he wanted his
daughtersto be aswell. Heraised meto dishelieve coincidence. So if | was herded here, what could the
reason be? The troops who were following me weren't from Liris. In fact, | assumed they weren't after
me at al, but were chasing down another trespasser whom | had met. It wasn't until today that | redlized
that those other soldiers had been from Sacrus.”

Margit laughed. “That truly is paranoid. Y ou would implicate my nation in every one of your
misfortunes?'

"No, just thisone.” She sat forward. “ Since were talking, though, 1'd like to ask you a couple of
questions.” Smiling her maddening smile, Margit nodded. “ The first question iswhether you maintain
constant contact with your nation. I've been told you don't, but | don't believe that.”

Margit shrugged. “It would be easy. So what if | did? Can't adaughter talk to her parents?’

"The second question,” said Venera, “iswhether Sacrusitsdf travelsregularly into the principalities.”
Seeing Margit's suddenly guarded expression, Veneranodded. “Y ou do, don't you?'

"Sowha?'

"'Someone guessed where | had come from,” marveled Venera “Morethan likely the Gehdlens have
circulated descriptions of mysdlf and my husband throughout the principaities. They seek us, and it'san
open secret why."

Margit grinned in obvious ddlight. “Oh, you are smart! | wasright to bring you into Lirisintheway | did."
Venera cocked her head. “What other way wasthere?'
"Oh, I think you can guess

"Under duress. Tortured,” said Venera. “Why do you think | tried to flee just now? It suddenly made no
senseto methat | waswalking around fredly. And your offer to let metravel outside Spyre ... made even
lesssense”

"Y ou became darmed. That's understandable. | wastold to learn everything you know about the Key to
Candesce” said Margit. “Y ou figured that out, of course.”

Veneralooked innocent. “ Sorry, the what?*
Margit stood up and paced over to asidetable. “Drink?’” Venera shook her head.

"Something happened ashort time ago,” said the botanist. She stood with her back to Venera, and in
those seconds Veneralooked around quickly for anything that might give her an advantage. There were
no handy hat-pins, |etter openers, or pistols lying on the pillowed furniture. She did spot a battered
wooden cabinet that |ooked markedly out of place compared to the rest of the pieces, but had no timeto
get to it before Margit turned again, drink in hand.



"Something happened,” Margit repested, “afight in the capita of Gehellen, rumors of astolen treasure,
and then an event that our scientists are starting to refer to as the outage.”

Veneratensed. She hadn't expected Margit to know this part of the story.

""Candesce does many things besides light our skies,” said the botani<. “We watch the sun of suns
closdy; we haveto, our very lives depend on it. So when one of Candesce's many systems shuts down,
even for amoment, we know about it. Even though such an event has not occurred in living memory."

She sat down again. “ Only someone with akey could enter Candesce and manipulateit. And the last key
was lost centuries ago. Y ou can imagine the uproar that the outage has caused, here and abroad. The
principdities are mohilizing, and agents of the Virga Home Guard have been seen nosing around, even
here"

Home guard? Venerahad never heard of them. But she wanted to kick hersdf for failing to redlize that
the gambit she and her husband had played would aert dl the powersin theworld. Hit another trip
wire, she mused.

"It was only amatter of days before we had your name and description and that of your husband and
othersin your party,” said Margit. “We pay our spieswell. So when awoman fitting that description
miraculoudly appeared in the skies of Greater Spyre, we acted.”

"Clearly, I'vebeen afool,” said Venerabitterly. “Then it was Sacrus troops who drove me here?!

"| actualy don't know for sure,” Margit admitted. “Our men were out that night, | know that much. But
there may have been othersaswell. In any case, once | communicated that | had you, | wastold to hand
you and the key over. | couldn't very well refuse my masters the key—but you, | declined to part with."

Venerafdt apulse of anxious anger as sheredized what Margit was saying. “ Then the key is—"

"L ocked away in the Gray Infirmary, where Sacrus keeps dl their new acquistions,” said Margit with
some smugness. She drained her wineglassand tilted it at Venera. “But you're here. | took Lirisin order
to have abase from which to grow my own power. Y ou provide potentia leverage. Why should | give
you up?'

"And the offer to let metravd ... 7"

"l increase my leverage and buy some insurance by getting you out of Spyre and to asafe place that only
| know about,” said Margit. “But you should really be happy that | haven't tortured you for what you
know. I'd prefer to have you on my side. Y ou must admit, I've treated you well."

Cautioudly, Veneranodded. “It wastoo risky to keep the key to Candesce for yourself. But alesser
piece of leverage..."

"...Who knows something vita about it that | can trade ... that's useful to me at the moment.” Margit
amiled, catlike.

It till didn't quite add up. “Why did you let me go up to Lesser Spyre?” Veneraasked. “Why risk
exposng mea thefar?'

"That wasto provethat | had you,” said Margit with ashrug. “While | was negotiating what to give up.
Sacruswas a thefair. | told them to watch for you, but with the guards and defenses that surround the
fair, they couldn't snatch you from me. It was the safest place in Spyreto display you."



Someone unused to being used as a political pawn might have been surprised at these revelations. For
Venera, discovering that she had been played was amost reassuring. It placed her in afamiliar role.

She knew exactly what Sacrus was going to do now. Venerahad fantasized about it hersalf: you took the
key and entered Candesce, and then shut down the sun of suns. As the darkness and cold began to seep
into the principdities, you made your demands of the millions whaose lives depended on Candesce. Y ou
could ask for anything—power, money, hostages, or daves. Y our leverage would betotd.

It would help to have enough experienced men to crew anavy, though, because one of your first
demands would be that the principalities ddliver up their own ships.  Sacrus doesn't have any ships, do
they?’ she asked. “ Surely not enough to run the blockade that the principalities would put in place.”

Margit shrugged. “Oh, we have severd. Sacrusisabig nation. But in terms of weapons...” She laughed,
and it wasn't a pleasant laugh. “| doubt we would have to worry much about any fleet of the
principdities”

Her confidence was suddenly unnerving. Margit sauntered over to the battered wooden cabinet and
opened the top. “Sinceyou're here,” she said, “let'stalk about the key to Candesce.”

"Let'snot.” Venerastood up. “My knowledge is my only bargaining chip, after dl. I'm not going to
sguander that.”

Thistime Margit didn't answer. She pulled abell-rope that hung next to the cabinet.

The gravity waslow enough and Venera till strong enough that she could probably makeit to the
window in onelegp. Then she could scae the stonework by thetips of her fingersif she had to and make
it to the roof in under aminute. Not, however, fagter than the soldiers could climb aflight of sairsto
retrieve her.

Margit was watching her calculate her options. The botanist laughed as the door opened behind Venera
and alarge, heavily armored soldier entered.

“I'm not going to hurt you,” said Margit. Something glittered in her hand as she gpproached Venera. “|
just want to guarantee your compliance from now on.”

"Theway you tried with Moss?’ Veneranodded at the syringe Margit held. “Isthat the same stuff you
used on him?"

"It is. His outcome was an accident,” said the botanist as the soldier stepped forward and grabbed
Venerdswrigts from behind. “1'll be more careful with you."

His outcome was an accident. Venerawas familiar with that sort of logic, she often blamed othersfor
the things she did to them. For some reason, the argument didn't work thistime.

Margit had to round alarge couch as she approached Venera. She took a step to do so, and Venera
made fists, bent her forearms forward, and then raised her armsin an egg-shaped curve that Chaison had
once showed her. The startled soldier clung tightly to her wrists but suddenly found himsdlf pulled
forward and off balance as Veneralifted his hands over her head. And then she turned and her hands
were over hisashelogt his grip, and she pushed down and he thumped onto his knees.

She kicked him in the face. His helmet ricocheted across the room as Margit shouted, and Venera
hopped the couch, snatching up the open wine bottle and swinging it at the botanist's head.

Margit dashed out with the syringe, nicking Veneras deeve. They circled for asecond and then Venera



grabbed for her wrist and they tumbled onto the floor.

The wine bottle skittered away, gouting red. Venera pulled Margit'sarm up and bit her wrist. Asthe
botanist let go Veneramade agrab for the syringe. Margit in turn lunged for the bottle.

"l wasjust going to kill you,” hissed Venera. She landed on Margit's back as the botanist closed her
fingerson the battle. “1've changed my mind!” She jammed the needle into Margit's shoulder and pushed

the plunger.

Margit shrieked and rolled away. Veneralet her. The botanist had let go of the wine bottle, and Venera
took it and upended it over the wooden cabinet.

Cursing and holding her shoulder, Margit ran over to the soldier, who was sitting up. When she saw
Venerareach for one of thelit candles she screamed “ No!” and backpedal ed.

It wastoo late, as'Veneratouched the candle flame to the wine-soaked cabinet and the whole thing
caught. In the orange light of thefire, Veneraran through a nearby arch. She wanted to know whether
that cabinet was all there wasto Margit's power.

"Ah...” She stood in alarge private pharmacy—dozens of shelves covered in glass bottles of al szesand
colors hung above long work tables crowded with beakers, petri dishes, and test tubes. Venerajoyfully
swept her arm across atable and tossed the candle into the cascading glasswork as Margit clawed at her
from behind.

There wasfire behind them, now fire ahead and smoke wafting up to the celling as Margit pushed and
kicked at Veneraand tried to get past her. When the soldier finally appeared out of the smoke, Venera
stood over the botanist, her nose bleeding but agrin of utter savagery on her face. She brandished along
knife she'd found on the table.

"Back away or I'll cut her throat!” Veneras backdrop was flames. The soldier backed away.

Shouts of darm and clanging bells were waking the house. Veneradragged Margit out of theinferno and
threw her to the floor in front of the smoldering cabinet.

"Ten days.” She pointed to the door. “Y ou have ten days to convince your people to save you. | have no
doubt that Sacrus has the antidote to your poison, but you'll have to go to them on bended kneeto get it.
For your sake | hope they'rein aforgiving mood.”

People were crowding in the doorway—men and women carrying buckets of sand and water, all
shouting at once and dl clattering to ahalt a the sght of Venerastanding over the dl-powerful botanist.

"Y ou are no longer the botanist of Lirisl” Veneraraised her arm, summoning everything she had learned
from her father about how to intimidate acrowd. “L et no one here ever grant entry to thiswoman again!
Run!' Run hometo Sacrus and beg for your life. This placeis closed to you."

Margit staggered to her feet, clutching her shoulder. “I'll kill you!” she hissed.
"Only if youveamindtodoit,” said Venera. “Now go!"

The botanist ran for the door, pushing aside the stunned firefighters.

"Get withit!” Veneraydled a them. “Before the whole house goes up!”

She walked through them, and as more came up the stairs, she politely eased to the Sdeto | et them pass.



Shereached the main floor of Liristo find dl the lights|it and aconfused mob swirling around the
strangely decorated desks and counters.

'r'IWhat's happened?’ Odess emerged from the rush of faces. The rest of the trade delegation was behind
m.

"I've deposed the botanist,” said Venera. They gaped at her. She sighed. “1t wasn't that hard,” she said.
"But—but how?’ They crowded around her.

"But why?" Eilen had grabbed her arm.

Veneralooked up at her. Suddenly she fdt tearsin her eyes.

"My ... my husband,” she whispered through a suddenly tight throat. “My husband is dead.”

For awhile therewas silence, it seemed, though Venera knew abstractly that everyone was shouting, that
the news of Margit's sudden departure was spreading like fire through Liris. Eilen and the others were
speaking to her, but she couldn't understand anything they said.

Strangely cam, she looked through the rushing people at the one other person who seemed still. Hewas
giving orders at the foot of the stairsto Margit's chambers, putting out hisarm to prevent people without
firefighting tools from going up, pointing out where to get sand or bucketsto those just arriving. Hisface
wasimpassive, but his gestures were quick and focused.

"What are we going to do?’ Odesswas literdly wringing his hands, something Venerahad never actudly
seen someone do. “Without the botanist, what will happen to the trees? Will Sacrusforgive usfor what
you did? We could dl bekilled. Who isgoing to lead us now?"

Eilen turned to Odess, shaking his shoulder crosdy. “Why shouldn't it be Venera?'
"V-Venera? Helooked terrified.

Shelaughed. “I'm leaving. Right now. Besides, you aready have your new botanist.” She pointed. “He's
been heredl dong.”

Mosslooked up from where he was directing the firefighting. He saw Venera, and the perpetually
desperate expression around his eyes softened a bit. She walked over to him.

As shouts came down the stairs saying that the fire was under control, she laid ahand on the former
envoy'sarm and smiled at him. “Moss,” shesad, “I don't want you to be sad anymore.”

"Il t-try,” he sad.

Satisfied, she turned away from the people of Liris. Veneratraced the steps Margit had taken only
minutes before, pausing only to arm hersdlf in Liriss barracks. She walked up the broad stone steps over
which towered row after row of portraits—centuries of botanists, masons, doctors, and scholars, al of
whom had been born here, lived here, and died here leaving legacies that might have been known only to
ahandful of people, but were meaningful nonetheless. Shetrod carefully patched steps whose outlines
were known intimately by those who tended them, past arches and doors that figured as clearly as heroes
out of myth in the dreams and ambitions of the people who lived under them—people to whom they
werethe very world itself.

And on the dark empty roof, cold fresh air blew in from the abandoned | ofts of Winter.



She threw back the trapdoor and stalked to the roof's edge. These were thefina steps of her old life, she
felt. Venerawas about to mourn, something she had never done and did not know how to do. She
stepped onto a swaying platform and began winching it down, fedling the uncoiling certainty of her
husband's degth in her gut. It was like amongter shaking itself awake; any moment now it would devour
her, and who knew what would happen then? Her only defense was to keep turning the whedl to winch
hersalf down. She focused her eyes on thetall grassthat swayed at the foot of Liris, willing it closer.

Inthedim light cast by Lesser Spyre, Venera Fanning walked into the wild acres of the disputed
territories. She moved amlesdy at first, admiring the glittering lights overhead and the vast arcs of land
and forest that swept up and past them.

When she lowered her eyesit wasto see the black silhouette of a man separate itself from agrove of
trees ahead of her. Veneradidn't pause, but turned dightly towards the figure. He came out to meet her,
and she nodded to him when he offered hisarm for her to lean on.

"I've been waiting for you,” said Garth Diamandis.
They walked into the darkness under the trees.
To be continued.

Copyright (c) 2006 Karl Schroeder
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SCIENCE FACT: TOWARD A NOT-JUST-DIAMOND AGE by Stephen L. Gillett, Ph.D.

The Diamond Age.” Not only wasit thetitle of aNell Stephenson SF novel afew years back, it's even
become a cliche, shorthand for the dawning era of nanotechnology.

Of course, we know why: Diamond isthe hard, rigid but light form of carbon; and carbon is The Ultimate
Nanotechnologica Materid. It has one of the highest specific Strengths—strength-to-mass
ratios—known: Four of its Sx eectrons are available for bonding, so the nuclear * dead weight"—the
protons and their associated neutrons—is minimized. The ugly word “diamondoid”’ has even comeinto
vogue to describe molecular frameworks and structures based on the diamond structure.

Diamond, even on its own terms, may be just abit overblown, though. At least for macroscopic
applications, composites based on carbon nanotubes—"buckytubes'—are probably better. They're
likely to bejust as strong as—even stronger, in gpplicationsinvolving cables or filaments—than diamond,
and they'relikely to be considerably easier to fabricate.

But they're ftill carbon, right? Still The Ultimate Materia. Once we achieve full-blown—or even
partia-blown—nanotechnol ogy, there won't be any reason to use anything else!

Actudly, there probably will be. Oh, sure, there's no question things like a skystalk to geosynchronous
orbit will be carbon based. Specific strength iseverything in some gpplications.

But carbon has some serious disadvantages. For one thing, it burns. Particularly whenit'sin the form of
fine particles. Even at ordinary temperatures, aerosols of thingslike coa dust are explosive. Thisis one of
the many hazardsin underground coa mining. Recent research has shown a coa-dust explosion probably
aso sent the British liner Lusitania to the bottom in 1915. It was torpedoed by a German U-boat, but
the ship was ripped open by amuch larger explosion some seconds after the torpedo impact. Rather
than from contraband munitions, then and since awidespread speculation, this subsequent explosion
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seemsto have resulted from cod dudt raised in the liner's nearly empty bunkers by theinitia concussion.

Applicationsthat envision clouds of free-floating nanobots, such asJ. Storrs Hall's “ Utility Fog,” will
haveto be made out of nonflammable materids. A carbon-based utility fog would be adandy fud-air
explosve. And that's just one example—flammability isgoing to be amgor concerninlots of other
cases, too. Aswelll see, inert molecular frameworks that are immune to oxygen are easy to build with
other materias than carbon, and those frameworks have ahost of potentia applications.

But non-flammability is not the end of the story by any means. For all the paeansto carbon, other
elements can form frameworks that look to have extraordinary—and extraordinarily useful—physica
properties, for nanoe ectronics, catays's, element separation, “programmable’ matter, and ahost of other
aoplications.

* % % %
The Not-so-Close Cousin

What about alternativesto carbon, then? Slicon (S) immediately comesto mind. After all, everyone (or
at least everyone who reads Analog) knowsthat silicon isthe chemical cousin of carbon, occurring
immediately below it in the Periodic Table. That's, of course, aso theinspiration for the old chestnut
about slicon-based life.

However, the chemistry of slicon and carbonisredly quite different, asI've described previoudy
("Diamond Ether, Nanotechnology, and Venus,” Nov. 1999). Elemental S, to be sure, has the diamond
structure, but silicon-silicon bonds are not so strong as carbon-carbon bonds (Table 1), and with the
extramass of the Si atom, the specific strength ismuch less. Silicon dso haslittle tendency to form the
double bonds so characterigtic of carbon, whose formation, indeed, largely definesthe enormous variety
of organic chemistry. Because of this, for example, silicon can form no andog of the hexagona
carbon—"graphene’—sheets that make up buckytube walls. The dtriking contrast in chemistry arises
largdly from the difference in size of the two atoms. The “orbitas,” the places where the unshared
electrons responsible for bonding are localized, can overlap agreat deal between adjacent carbon atoms
to form a second or even athird chemica bond. The silicon atom issimply too big for that to happen.

* k k %

Tablel. Bond Energies, Siand C









Table 1. Important S and C bond energies. They are given both in kilojoules per mole (k¥mol) and in
attojoules (10-18 joules).
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A more promising idealooks not a sliconbut dli cates, compounds of silicon and oxygen with other
elements. The sillicon-oxygen bond isstrong (Table 1). At ordinary pressures, silicon can form four
(single) bonds with surrounding oxygens to form a tetrahedron, the “ sllicate tetrahedron,” astrong,
compact unit that isthe fundamenta building block of slicate chemigtry.

Some silicates, such asthe minerd olivine, (Mg,Fe)2S104, contain the isolated SIO4 tetrahedron. In such
minerdsit'sanegatively charged ion ("anion"), with four extradectrons. SO44. The metd atomsare
postiveions ("cations'), each having lost two eectrons. The metd cations and Slicate anion then stack
aternately to make up the structure. The whole businessisaso-cdled “ionic crystd,” which sticks
together just because of the smple dectrostatic attraction between the cations and anions. It'sjust likea
host of other ionic sdtslike sodium chloride—or better, like other oxyanion saltslike sodium sulfate
(Na2S04), where the sulfate anion acts like asingle unit, too.

If thiswere dl therewasto slicates, their chemistry would be pretty dull. Theredl variety comes from the
fact that the tetrahedra can share cornersto make adisiloxy bond (S-O-Si), in which an oxygen links
two slicons. Althoughitissingle, thisbond isnot only strong, it'spartly covalent. That is, it resultsfroma
quantum-mechanica blending of the orbitals, not merely from e ectrogtatic attraction between an oxygen
anion and asilicon cation. Because of the covaency, the bond isresstant to shear, or bending, aswell as
to extenson.

If each tetrahedron shares two corners, a chain structure results. The pyroxene[1] minerdshave such a
dructure (Figure 18), and the remaining negative charges on the chains are canceled by meta ions
stacked between the chains. Two common pyroxenes are enstatite, MgSiO3, and diopside,
CaMgSi206. Double-chain structures, congsting of two parallel sngle chainsin which every other



tetrahedron shares athird oxygen with the adjacent chain, are basic to the amphiboles, another
widespread group of minerds (Figure 1b). Hornblende is an example of this group.

[Footnote 1. Pronounced “ PEER-ux-een” by geologists and minerdogidts, by theway.]

The silicones (or, more properly, “slloxanes') are atechnologica verson of aglicon-oxygen chain
sructure. Inthis case, instead of negatively charged chainswith intercalated meta ions, organic sde
groups such as methyl (CH3) groups are atached to the chainsin place of the unshared oxygens. A
amplesliconeis polydimethylsloxane, (CH3)2SO.

And now you can see one reason silicate backbones might be promising for nanotechnol ogy!

But we don't need to stop there. If three oxygens on everytetrahedron are shared, we get an infinite sheet
sructure. These are dso ubiquitousin the natura world, making up the micasand clay mineras. The
platy structures of these minerasdirectly reflect their molecular structure. They split (“cleave') easily
aong the plane of the sheets. The micas, for example, can be visualized as having alayer of tetrahedraal
sitting on aface and sharing al three corners on that face, while the unshared corner sticks up. Under
scanning-probe microscopes the layer has ahexagond pattern that looks a bit like chicken wire (Figure
1c). A corresponding tetrahedra sheet above has al the unshared tetrahedra pointing down, and metal
cations between the tetrahedra cancel most of the negative charge. So it'skind of a“sandwich” structure.

Theresahbit of negative charge left over, though, and big cations between the “ sandwiches’ cancd it.
They're usually potassum cationsin naturd mineras, and they tuck into those hexagona holes.

This plane of weakness, where the potassium cations hold the sheets together, iswhere the cleavage
occurs. In fact, carefully cleaved micasheets are actudly atomicaly flat over distances of millimeters,
even centimeters. That is, the surface of the very same(!) silicate sheet is exposed over macroscopic
distances. This extraordinary phenomenon has been exploited in surface science studies for years, and
the atomically perfect surfaces are an obvious basisfor studiesin protonanotechnology. In fact, they're
beingused alot.

Shest slicates are also the basis of another bit of protonanotechnology. Those
cations-between-the-sheets ("interstitial” cations, to use the formal name) can be swapped out for others
to give materiasthat can't be synthesized any other way. In particular, replacing the potassum ionswith
big cations like tetrabutylammonium, (C4H9)4N+, leadsto so-called “pillared clays.” Thelarger cations
hold the sheets farther gpart, like pillars. This creates molecular-scae gdleries into which other molecules
can fit. These now have abig literature largely because many make good catalydts, just aswith the
zeolites described below.[2]

[Footnote 2: Thisisan example of chimie douce (literdly “ soft chemistry”), which isaburgeoning set of
techniquesin protonanotechnology. Chimie douce implieslow-temperature techniques, such as
swapping out mobile atoms or ions, that generally leave the overall molecular structure intact. It letsyou
make compounds that can't be synthesized directly.]

What happens when we share dl four corners of each slicate tetrahedron? We get an infinite
three-dimensiona (3D) framework whose composition issmply that of slica, silicon dioxide, or SO2.
Silicaoccursin anumber of different structures, depending on how the tetrahedra are linked. The most
common form is quartz, but there are others (cristobalite, coesite, etc.) One of the most interestingisan
atificid form cdled silicalite, in which the structure is so open that it contains channels and tunnelsinto
which other molecules canfit. In fact, it's an duminum-free zeolite, of which much more anon.

Note the stark contrast of SIO2 with its chemical cousin, carbon dioxide, CO2. Sure, the
stoichiometry—theratio of the atoms—isthe same, but the Sructure isvastly different. CO2 is made of



individua molecules, each conssting of two oxygens double-bonded to acarbon inthemiddle. Itisnot a
3D structure, at least under ordinary conditions. Silicon, however, can't make those double bonds. Soiit's
asolid 3D framework.

Because of the corner-sharing of silicate tetrahedra ("polymerization,” as chemigts call it), the chemisiry of
ordinary rocks uded chemists and mineralogists until thefirst haf of the twentieth century. Not until
X-ray techniques were developed did the structures begin to be worked out, beginning in the 1930s.
That's one of the reasonsthat Slicate chemidiry is till not well known outside the specidist communities,
infact. The new discoveriesdidn't start hitting the mineralogy textbookstill after WW [, and they're il
not well described in many chem texts. ( Ahem, any textbook writerslistening?)

Natural slicate chemistry is made even more complicated by ion substitution. The only thing thet redlly
matters with the cations stuck between the negatively charged anionsistheir size and charge. They don't
have to be the same element! So if two metd ions have the same charge and size, you can mix ‘n’ match
them in the crystd. Iron and magnesium, for example, are both common e ements, and the Mg+2 and
Fe+2 ions are about the same size. They tend, therefore, to occur in the same mineras—what a
geochemigt affectionately calls“ferromags.” We saw thisaready abovein olivine, (Mg,Fe)2S04. Thisis
aso why many minerdstend not to have well-defined chemical formulas, another reason that minera
chemidiry was such apuzzle until thefirgt third of the twentieth century.

It dso provides someingspiration for nanotechnology, aswelll see.

As| noted afew paragraphs back, if we hook up al four vertices of the tetrahedron wejust get silica,
SO2. It hasits uses, of course. Very strong fibers that don't burn are an obvious one, which Goodloe
and Oltion used in “Waterworld” (March 1994). In fact, strong, nonflammabl e structures are an obvious
application generaly. Silicates, of course, are brittle; consider the effect of dropping awater glass onto a
concrete floor! (Ordinary glassisapartly polymerized silicate with no long-range atomic order.) Asl've
described before ("Near-Term Nanotechnology,” Oct. 1998), and has been pointed out repeatedly in
the nanotech literature, though, brittle materials are actudly far stronger than metas. The problem isthat
they're vulnerable to catastrophic failure (" Griffith failure") if they're not atomically perfect.
Nanotechnologica assembly, of course, aspiresto that perfection.

Open slicaframeworks could adso be handy as*“molecular Seves,” literally molecule-sized filtersfor
straining certain molecules out of abackground of lots of others. Infact, | mentioned the present-day
existence of dlicdite above, which has such an open framework.

But therésnot awholelot of compositiond variety!

There's nothing that says, though, that we just have to put only silicon alomsin the linked tetrahedra
Substitution doesn't just gpply to theinterstitial metal cations. We can stick other atoms into those
tetrahedra stes; and when we do s0, we can get alot more variety. And alot more usefulness.

We can subgtitute duminum atomsinto afully linked tetrahedrd Slicate framework, for example. Since
auminum has one fewer protons than silicon, the framework ends up with an overal eectrica charge:
one negative for every aluminum atom present. To cancd this charge, we need to stick meta cationsinto
holesin the framework. So we end up with 3D frameworks ("tectoslicates') that aren't justslica, and
that furthermore can accommodate other cations aswell.

Aluminum subgtitution is ubiquitousin natura silicates because duminum isthe third most abundant
element in the crug, after oxygen and silicon themsdlves. In fact, geochemistsrefer to “auminoslicates”
combined silicon-auminum framework mineras. One group of these minerds, the feldspars, are the most
abundant chemical compoundsin the crust. Potassum feldspar (affectionately caled “K-spar” by a



couple of generations of students), for example, hasthe formulaKAIS308. “K” (from German Kalium)
is, of course, the chemica symbol for potassium. Since the potassium cation has one “plus’ charge while
auminum hasthree, they exactly compensate for the replaced framework silicon.

Feldspars and quartz, the common, stable form of slica, are the characteristic minerals of granite. Since
granite-like rocks largely make up the continents, feldspars are hardly unimportant—but even so, they're
not the most promising candidates for a nanotechnology.

Other duminosilicates are much more interesting. These are the zeolites aluminosilicates with very open
frameworksinto which other molecules can fit. The name comes from the Greek for *boiling stone,” and
it was bestowed in the eighteenth (1) century. In naturad zeolites, the frameworks contain water in the
voids, and when you heat them up the water fizzes out spectacularly.

Zeolites are an excellent example of present protonanotechnology. They're used by theton for catalys's,
particularly in the petrochemica industry. Catalysts, of course, are substances that make achemica
reaction happen more easily. Zeolites can be highly selective catalysts, because only moleculesthat can fit
into the molecular voidswill react. Infact, in their sheer specificity they've been compared to biologica

enzymes

Another application that seems set to burgeon istheir use as“molecular sieves’ for separation. They're
aready extensvely used as drying agents, as H20 isreadily taken up in the voids. The zeolite can then
be regenerated for further use smply by heating.

A dawning prospect is*“ionic conductors’ or “solid eectrolytes,” which are substances that can conduct
aflow of cations. Obvioudy, they must have open structures so that ions can move from point to point!
Solid dectrolyteswill be critical for practica fud cdls. A fud cdl isbasicaly abattery in which both the
substance that gives up eectrons (is* oxidized"[3]) and the one that accepts eectrons (is“reduced") can
be continuoudly replenished. Instead of the reactive metals familiar in ordinary batteries, then, we can—at
least in theory—use stuff we're more used to thinking of as“fuels,” like methane or acohols. Thiswould
be far more efficient than smply burning them! (Fud cdlls don't haveto use hydrogen. Hydrogen isjust
the easiest with current technology. That's a very different satement!) Like any battery, though, afuel
cdl hasto have acation flow within it to compensate for the externad dectron flow, and solid e ectrolytes
would beidedl. If we could synthesize good ones, anyway.

[Footnote 3: Oxygen isagood e ectron acceptor—hence the name * oxidation"—but it isn't the only one.
There are better oxidizersthan oxygen!]

Another embryonic gpplication of zeolitesis asamolecular framework support. Using chimiedouce
techniques new ions, and even clusters of atoms, can be introduced into the zeolite framework. For one
example, slver ions can beintroduced into a zeolite framework to make promising photocatalysts for
synthesizing fuels by splitting water with sunlight (see“Artificid Photosynthesis” April 2005). This
combination of silver ions and zeolite framework has vastly different properties from ether done.

Of course, technology isn't restricted to the eement substitutions that occur in nature. All sorts of other
atoms have been stuck into zeolite frameworks. Boron, phosphorus, iron, galium, tin, indium, titanium ...
itsalonglist. This hasn't been just golly-gee-whiz academic research, ether. The big motivator is better
cataysts, amarket of hundreds of millions of dollars.

In fact, the substitution can become so extensive that there's no silicon Ieft! The rare minera berlinite, one
form of auminum phosphate (AIPO4), has the same structure as quartz. Y ou can think of berlinite as
derived from quartz by replacing silicon atoms dternately by auminum and phosphorus atoms. Sincethe
charge on the aluminum atom is +3 while that on phosphorusis +5, they exactly compensate for two



slicons each with a+4 charge.

Other metal phosphates also make 3D frameworks. Titanium and zirconium, in particular, form 3D
framework structures. They've attracted some attention for carrying out separation, but with current
“shake and bake” synthesistechniques, the crystals are far too tiny to do dl the thingswed like.

But dl thisleadsto consdering framework-forming eements besides silicon, which I'll turn to in the next
section.

| can't leave this section, though, without a note on the sheer abundance of silicates. They make up most
of arocky planet—they make up most of rock! So raw materias are hardly hard to come by. Infact, the
|eftovers from conventiona mining operations—those great piles of unsightly and environmentaly
obnoxious dirt—arelargely slicates.

How do you dedl with them?Well, in conventiona extractive metallurgy you largely don't. Mogt ore
mineras are more amenable compounds like sulfides and oxides. That's how you ended up with dl that
slicatewaste, in fact, separating out these ore minerds. But in recent years, with the interest in extracting
materials from lunar regolith, there's been some research into how you might go about processing
dlicates

With grest difficulty, in current concepts. Proposed processes require serioudy nasty reagentslike
hydrofluoric acid (HF) or free eementd fluorineto break up silicates. Fluorine compounds are capable
of displacing oxygen from slicates; not much eseis. (HF isused to etch glass.) And having tons of
fluorine or HF lying around would be a profound hazard for alunar base.

Remarkably, however, there are dternativesto HF. Certain organic(!) reagents are capable of dissolving
dlicates. An exampleis catechol (1-2 dihydroxybenzene, Figure 2). The two oxygen atoms are just the
right distance apart to glom onto asilicon atom, and three catecholsfit nicely around the atom. Ethylene
glycol, C2H4(OH)2, better known asthe active ingredient in antifreeze, is a so capable of reacting with
dlicates. An dkaline* cocktall” containing ethylene glycol can even dissolve beach sand.

"Digedting” silicate raw materiaswith such reagentsis aready being investigated for zeolite synthes's.
Another driver is“sol-gel” applications, in which a suspenson of nanoparticles (a*sol") is condensed into
ageatinous mass (a“ge") and thenceinto alow-temperature glass. It'sredlly another example of chimie
douce, because by working at low temperatures—even in agueous solution!—it lets you synthesize
Structuresthat can't be obtained by melting, which of courseisthe usual way to get aglass.

Using such processing to get nanotechnologica raw materiasinstead scarcely seemsabig step.

* % % %
Electrons, Bronzes, and Tungsten

Tungsten is much better known asatough, hard, high-melting metd, the materid of lightbulb filaments
and high-performance dloys—"tungsten stedl.” In fact, it was so important in WW |1 that tungsten
(chemica symbol “W,” from German Wolfram, by the way) mining was heavily subsidized by Uncle
Sam.[4]

[Footnote 4: Tungsten prospects dot the American West; if you see apit dug out at the contact between
agranite and alimestone, it's most probably for tungsten. The main ore minera for tungsten is schedlite,
“cdcium tunggtate,” CawO4. It forms when tungsten-bearing fluids come off the cooling granite to react
with cacium from the limestone. Schedlite is fluorescent in ultraviolet (UV) light: Tungsten prospectors
traditionaly go out at night and shine UV lights on the ground!]



Future nano-engineers, though, will regard those properties as quaint. They will be much more interested
in the fact that tungsten can build molecular frameworks with oxygen that are even more versatile than
glicon's

Why arethey not just an exotic (and expensive) variation on amore prosaic oxide molecular framework?
We haveto look at the eectronic structure of tungsten to seewhy. Tungstenisa*“trangtion metal,” one
of the elementsin the part of the Periodic Table where the delectron shdll isbeing filled. Mot of these
elements (and yes, they're dl metas) have two eectronsin the outer s eectron shell[5], and those dways
participate in chemica bonding. One or more of the d eectrons may aso participate in bonding, too,
though, depending on the chemical environment.

[Footnote 5: The exceptions are copper, slver, and gold, which have only one selectron. Instead of
having nine dectronsin the dshell and two in the sshell, they have afull dshell of 10 dectrons. Thissingle,
outer electron, by the way, iswhy these metals are such good dectrical conductors.]

Tungsten provides an excellent example. All oxidation states of tungsten from +2 (no ddectronsinvolved)
to +6 (al 4 delectronsinvolved) are known in one compound or another.

Carbon, silicon, duminum, phosphorus, boron, and so on, however, are dl “main group” eements.
Usudly, the sand p dectron shdlsare used in bonding, and al at once. For heavier main group elements,
there are often different oxidation states separated by twoelectrons, as (say) with arsenic, which has +3
and +5 oxidation states. But different oxidation states separated by just one eectron don't exist (at
ordinary temperatures, anyway[6]). Of course, | mentioned that trangition metals such asiron have been
subgtituted into zeolite frameworks, but only asisolated atoms. They don't make up the whole structure,
and they don't change its eectronic properties appreciably.

[Footnote 6: Things like duminum monoxide, AlO, where duminum has a+2 oxidation state]

Let'slook at tungsten trioxide, WO3, alight green, typically nonmetallic oxide. It's based on what crystal
chemigscdl the perovskite structure (Figure 3), which is named after (yes!) the minera perovskite,
CaTi03.[7] Insde each octahedron is atungsten atom, while oxygen atomslie at the corners. Note that
each oxygen is shared. WO3 is awide-bandgap semiconductor. That meansit contains alower energy
“valence band” containing al the electrons. Then there's an energy gap between this band and the
higher-energy “ conduction band,” which isempty. (These bands result from blending dl the orbitalson
theindividua atoms.) Because the bandgap is“wide,” it'sadmost an insulator, in fact. Few dectrons have
enough energy to jump up to the conduction band. That'swhy it looks like such atypica non-metdlic
compound.

[Footnote 7: Which indeed hasthis structure. The titanium atoms are in the centers of the octahedra,
whilethe big calcium cations it in the big holes]

By avariety of methods, though, you can synthesize acompound that's almosttungsten trioxide, except
that it hasasmal (and varying) amount of sodium (Na) in it. Itsformulavaries from about Na0.32WQO3
to Na0.93WOs3.

And it looks nothing like tungsten trioxide. It looks metdlic, in fact, shiny and golden colored, dthoughit's
dtill brittle. 1t'seven agood dectrica conductor!

Thiswasthe first example of what are now called tungsten bronzes, because of the luster and color of
this prototype. “Bronzes’ have now been synthesized with many other eementsin place of sodium: other
akdi metds (potassum, lithium, rubidium), copper, slver, thallium, rare-earth  ements ... Although not
al are bronze-colored, they dl have this curious combination of metallic luster and conductivity with a
brittle, non-metdlic texture,



What's going on?

Modern studies by X-ray diffraction have shown that these bronzes basically consst of aWO3 structure
in which some of the big open sites are filled with the other meta atoms. Those atoms are cations, o to
keep charge balance, some of the tungsten atoms are now in the +5 oxidation state. That meansthere's
now an extra electron kicking around in the crystal, and it has to go into the conduction band, since the
vaence bandisfull. Thereit'sfreeto travel, which yiddstypical metalic behavior.

Sojust by sticking afew extraaomsinto this structure, we've changed it from a semiconductor to a
metallic conductor. Y ou can't do that with a carbon or silicate structure!

These oxide “metas’ are dready finding protonanotechnological applications. The energy it takesto
remove an dectron from abronze (the “work function,” as physicists say) turns out to be avery strong
function of itschemical environment. This makes them vauable as exquisitely sengtive chemica sensors.

Theres more, though. What if we can swap ionsin and out of the WO3 structure on command? That
would shift it from the meta-like bronze form to a near-insulator. It turns out we can, at least to some
degree. Make atungsten trioxide film on an dectrode, stick it in an acidic solution, and apply anegetive
potentid to it. Hydrogen ions released by the acid, which are very smal, can be drawn into WQO3, upon
whichit will turn shiny and bronze-like. This even workswith the larger (though till smdl) lithiumion.

Revergble bronze formation, driven by an electric potentid, is one basis of so-cdled “ eectrochromic”
systems. They change color on application of an eectric field. In this case, the material changesfrom
trangparent to reflective. An SF clicheiswindowsthat can be  opaqued” on command. ("Window,
dark!") We now see how to do that, at least conceptualy. Use a*sandwich” consisting of athin layer of
WQO3 over athin layer containing mobile lithium ion on top of the glass. Application of apotentia to the
WO3 then turnsit into areflective layer. (Of course, the web of invisibly thin wiring needed to provide
the potential remainsabit of an engineering chalenge at present.) Electrochromic materidshave aso
been proposed for information storage, and seem particularly appropriate for light-based “ optronic”
systems, if they ever prove practical.

Electrochromic systems provide one gpproach to self-darkening windows, too. Put anano-thin layer of
transparent oxide semiconductor atop the WO3 layer. Absorption of invisible ultraviolet light excites
eectronsin thatsemiconductor up into the conduction band, where they apply the negative potentia to
the WO3. Thisis an example of ananotechnologica “photochromic” system, asystem that changes color
on beng illuminated.

Of course, now that were again talking about moving ionsin and out of amolecular framework, solid
electrolytes become another obvious gpplication. Even extraction of ionsfrom solution for purification or
desdination isa posshility. It's yet another possible “switchable” molecular separator (seePollution,
Solutions, Elution—and Nanotechnology,” Jan-Feb. 2006.)

Other metdss, too, have now been shown to form “bronze-like’ compounds. Asyou might expect,
molybdenum—the el ement above tungsten in the Periodic Table—forms bronzes, too. But we can now
even speak of “titanium bronzes’ and “vanadium bronzes’ and “tantalum bronzes’ and so on. In detail,
the Structures aren't the same as the tungsten bronzes, but they're dl 3D frameworkswith big holesin
which “extraneous’ cations reside, and they al have metdlic properties. Furthermore, asweve seen for
tungsten, most—but not al—of the framework metal aloms arein their highest oxidation state.

Why do just these metalsform bronzes? They'redl “early” trandtion metas—that is, they have rdatively
few delectrons. That's necessary so that the atom haslost dl its delectronsin the highest oxidation Sate.
If there are too many delectrons, they can't allbelost—it Smply coststoo much energy. And the



remaining electrons get in the way. They take up orbitasthat could otherwise be used for bonding. And
yet, even having logt all its eectrons, the atom's orbitals still have to extend out enough that they can
blend into a vaence band. For example, chromium (Cr), the lightest member of the tungsten group, does
notform bronzes. Inits highest oxidation state it forms compact molecular structuresingtead. The smdler
Cr atom just holds onto the e ectronstoo tightly.

* * * %

Between the sheets...

| mentioned the micas and clays above—silicate sheet structureswith an overall negative charge held
together weekly with big cationslike potassum. Even more srikingly, it turns out that certain metal
oxides can make sheet structures with an overal positive charge, and the sheets are held together with
anions—nearly dways carbonate (CO3=), in natural systems. These “layered double hydroxides’
(LDHs) generdly have the generic formula X6Y 2(OH)16C0O3.4H20, where X isametd inthe +2
oxidation state (magnesium, iron, nickdl, and so forth), and Y isa+3 meta (dluminum, iron, chromium,
manganese, etc.). Note the metals aren't necessarily trangition metds, dthough they can be. The
prototype member is hydrotal cite, Mg6AI2(OH)16C0O3.4H20. A very interesting member is“green
rust,” Fe6Fe2(OH)16C03.4H20, which containsiron (Fe) in both its +2 and +3 oxidation dates. It'sa
common corrasion product in weakly oxidizing environments, but turnsinto ordinary orange rust very
quickly on direct exposureto air. For this reason its very existence wasn't even well documented until
fairly recently.

It'smore difficult, but just astheinterdtitia cationsin slicate clays can be swapped out, so can the
carbonate anion in LDHs to make acompletely different sort of pillared clay. Once again the economic
driver isthe search for better catalysts—one of the best examples of protonanotechnology.

And aparticularly interesting class of “pillaring” anionsis polyoxometal ates, which gives me an excuse
to turn back to tungsten....

* % k% %
| Got Them Heteropoly Blues...

Tungsten and some of the other early trangtion metals so make interesting molecular structuresthat fall
quite abit short of the 3D frameworks | talked about above. For yearsit's been known that tungsten and
oxygen will form “polytungstate” ionsin solution, such as“paratungstate Z,” W12041-10. More
intriguingly, “ heteropolytungstate” ions containing a set of WO6 octahedra arranged about one or more
other cations (the * heteroatom™) are surprisingly easy to synthesize and surprisingly stable once you do.
An example isthe Keggin structure (Figure 4), XW12040-3, which contains four sets of three linked
WOG octahedra arranged around a heteroatom in tetrahedral coordination ("X” in theformuld). X can be
dlicon, phosphorus, iron, cerium, titanium ... aremarkable assortment of different cations.

Just as with metal-oxygen frameworks, too, other early trangtion metals can form smilar anions, now
genericaly termed “ polyoxometaates.” Aswith tungsten, many are stable in aqueous solution over a
widerange of conditions.

These anions represent an extraordinary degree of self-organization: literally dozensof atoms
spontaneoudy assembled into kazillions of uniform units. Carbon doesn't do that, especidly out of
agueous solution. It's hardly surprising that polyoxometdates are dready getting much interest as
molecular building blocks. Theinterest isn't just theoreticdl, either; actual molecular structures based on
polyoxometalates have been synthesized, as with the pillared LDHs | described above.

Polytungstates and heteropol ytungstates, and some other polyoxometaates aswell, are dso easy to



reduce—that is, they accept additiona eectrons easily. When they do, the extraeectron is*smeared”
over thewhole structure ("delocalized,” in the language of quantum mechanics). This makesthe anion
absorb visblelight, so solutions containing the reduced anions go from colorlessto blue. Traditionally,
these have been called “tungsten blues’ or “ heteropoly blues,” and they were a puzzle before the
development of quantum-mechanica models of chemica behavior.

Why are bluesimportant? Well, they show another way in which you can change the e ectronic
properties, and hence the optical properties, dragticaly with minimd effort. In fact, polyoxometal ates
prove to be excedllent photocatal ysts and may soon find use in photochemica water splitting (see
“Artificia Photosynthess” April 2005).

Why “oxide’ frameworks, anyway?

What isit about oxygen? I've only talked about oxygen in forming nanotechnologica frameworkswith
other elements. Isit also some sort of Ultimate Element, as carbon is supposed to be?

There are some good reasons for focusing on oxygen, besides its sheer abundance. Oxygen has two
bonds, which isthe minimum for forming a“ framework.” The halogens—fluorine, chlorine, and so
on—athough aso powerful oxidizing agents, can't form aframework because they can only accept one
electron.

Sulfur, as oxygen's second row homolog, is an obvious dternative. I've dready noted, though, that
second-row elements tend not to be too much like thelr first-row congeners, and here's another example.
Although sulfur doesform lots of compounds, it's not very good at forming framewor kcompounds—i.e.,
structureswith open voids. A further practica problem isthat sulfides oxidize very easly—if there's
oxygen around, sulfur and metasreact withit!

On the other hand, oxidizing elements that accept more than two eectrons tend not to “want” to form
extended structures. But having said that, it's recently been shown that nitrogen, which can accept three
electrons, can be abridging dement like oxygen. “Nitridoslicates’ have been synthesized, and even
nitridomolybdates and nitridotungstates. Since the nitrogen atom formsthree links rather than two, it aso
can potentialy form complicated frameworks indeed.

Whether they'll find any nanotechnologica (or other) application isleft to the future to find out.

Toward the Diamond-and-Other-Things Age

The advent of nanotechnology does notmean the rest of the Periodic Table becomesirrelevant! It doesn't
even mean that sometraditiona éementswon't say in demand.

It just meansthey'll be used for different things.

* * * %

Figure 1. Silicate structures. (a) Chain Structure in pyroxenes, on replacing the oxygen at the unshared
corner of each tetrahedron with amethyl (CH3) group, it's aso the structure of polydimethylsiloxane
("methyl sllicone”). (b) Double chain in amphiboles. The structuresin (a) and (b) extend indefinitely both
right and | eft. (c) Sheet structure in micaand clay mineras. This structure extends indefinitely intwo
dimensions. Individud slicate (SO4) tetrahedraare shown diagrammaticaly; where tetrahedraare joined
at avertex, the oxygen is shared between two tetrahedra.

Figure 2. Catechol. The spacing between the OH groupsiswell matched to the Sze needed to “grab” a



dlicon atom.

Figure 3. Perovskite structure. An oxygen atom lies at each vertex shared between the octahedra. In
WQO3, atungsten atom lies at the center of each octahedron (positions connected by the dashed cube),
while the large site (the shaded circle) between the octahedrais empty. In tungsten bronzes, though,
some of thelarge Sites are occupied by the additional metal atoms. (Note: In WO3 and many other
perovskites, the perfect cubic

Figure4. The Kegginion. Four sets of threelinked octahedra surround atetrahedral ion, shown by the
shading in the middle. The octahedra each have atungsten atom in the cen
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TRUCKS by Amy Bechtel
What's“hard” or “easy” dependson who'sjudging....

Fourteen hundred and seventy-six, Joannathought automatically, watching frozen peas bounce across
the kitchen floor. Some of them disappeared under the stove, where they would be virtually impossible to
retrieve. Joanna sighed, holding the empty peabag in her hands. It redly wasn't fair for it to split when all
sheéld donewaslift it out of the freezer.

Joannas six-year-old son Ryan had been watching the peasfal too. “Ryan?’ she said hopefully. “How
many?'

Ryan looked bewildered. He gazed across the kitchen floor, as overwhelmed asif sheld asked him to
memorizethedictionary.

"Never mind, swesetie,” Joahna said sadly. Ryan picked up histoy truck and hurried out of range of the
peas, and ten-year-old L auren skipped into the kitchen.

"Ha, hal” Lauren said. “No peastonight! No peasfor dinner.” She scanned the floor quickly and said,
“Fourteen hundred and fifty-nine.” She was seventeen short, of course, having missed seeing the peas
that had rolled under the stove. Joannastudied her face carefully. Eyes crinkled, thirty-seven percent;
right sde of mouth up seven degrees, left Sde up eight degrees, wrinkles on the lateral side of each eye.

Happy, laughing.

"Why don't you help me pick these up, Lauren?’ Joanna said, watching ruefully asthe parameters of
Lauren'sface changed dramaticaly. A moment of calculation later, Joanna deduced that her daughter
wasfrowning.

"l didn't spill them,” Lauren said.
"No, you didn't, but don't you think it would be niceif you helped me anyway?'

A pause, while Lauren studied Joannas face, obvioudly trying to decide if thiswas an order or not. But
Lauren wasn't that far dong in school yet, and she il had trouble cal culating even the most obvious
expressons. Shelifted her shoulders (sSixteen percent left, twelve percent right), raised her eyebrows, and
started picking up peas. Resignation, Joanna calculated. But at least Lauren was helping with the pess.

When they'd gathered eight hundred and ninety-two of them, Lauren said, “Mom? Why does Ryan have
to goto that specid class?!
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Joanna closed her eyes. Her own little boy wasin special education, completely unable to manage a
normal first-grade class. It was a hard thing to bear. She said, “ Because he doesn't learn asfast asyou
do, honey."

"The other kids call him names. They say he's stupid. They say I'm stupid too, because I'm hissgter.”

"Well, those other kids are just being mean, aren't they? Besidesthat, they'rewrong. Y ou're avery smart
girl. And Ryan isn't supid. HEsjust dow."

"Areyou sure I'm smart?’ Lauren shoveled her last handful of peasinto the trash, her expresson
changing again. Joanna quickly evaluated the new movements and angles of her face. Anxiety.

"Yes, I'msure”

"Fifth gradeis hard, though. We aready have lots of homework, and it's only the first week. Can you
help mewith it?'

"Of course, honey. Assoon as| get dinner on.”

Lauren'sface changed. A smile. “ Dinner with no peas!”

* * % %

Half an hour later Joanna was at the kitchen table by Lauren's side, looking over her homework. Lauren
had sailed through her physics and caculus, but she was struggling with her expressons assgnment. This
workpaper was al faces, some of the expressions much more subtle than Joannawould have expected
to find assigned to fifth graders. Lauren was doing well with the calculations, but kept getting lost when it
cametothefind anadyss.

"All right,” Joanna said. “Now you have the numbersfor the eyebrows, the eyes, and the mouth. What
doesit dl add up to?'

"Um.” Lauren opened her textbook, looking hopelesdy at the columns of numbers. “I don't know. Why
isit so hard?"'

"Because you have to memorize what expression goes with what range of numbers, and therésalot of
them to learn. Y ou're doing fine, Lauren. Everybody hastrouble with this part.”

"Vroom,” Ryan said. Herolled atoy truck across Lauren's homework, peered at the problem shewas
working on, and pointed at the face. “ Scared,” he said.

Joanna stared at him. The face was scared. How had he guessed?
"Don't beslly, Ryan,” Lauren said. “ Thisisfifth grade homework. It'sway too hard for you."
Curioudy, Joanna turned the page and pointed at another face. “What's this one, Ryan?"

"Happy.” He scanned the rest of the page and hislips moved upward, smiling, reflecting the face he had
just solved. He pointed to the next face, and the next, and the next. “ Sad, angry, deepy, sad, happy.”

Joannalaughed. No one could caculate faces that quickly, certainly not poor little Ryan. But then she
started to work on the faces, and she felt her own face changing as she solved each one. Sad. Angry.
Sleepy. Sad. Happy. Ryan had correctly named every one.

Ryan pointed at her, said, “ Surprised,” and picked up histoy truck again.



"Ryan, you're bothering me. Go somewhere dse and play,” Lauren said. “Mom, | can't finditinthe
book. Mom? | need help."

But Joanna sat very till for amoment longer, her mind racing, unable to beieve what she had just seen.
No one could do what Ryan had just done, no one but an utter genius. But Ryan couldn't even count,
and the school had put him into specia education classes. Deep in her heart she didn't believe he

bel onged there, but even so they were right that he would never be able to manage anormal class. First
grade meant elementary a gebra and geometry, and even at recess the other kidswould be playing with
sguare roots and primes.

But held figured out every single face correctly. In aflash, asif he hadn't had to caculate at al. What was
going onin her little boy's mind?

* * % %

That night in bed, Joanna murmured the newsto her husband David.
"Hedid what?’ David said.
"Hedid dl of Lauren's expressions homework. In seconds. He knew what every face meant.”

Therewas aslence while David shifted in bed and adjusted his pillow. “Joanna, honey,” he said, “1 know
you're redlly upset about Ryan going into specid education, but—"

"Yes, | am, but that doesn't have anything to do with this."

David sighed. “Oh, Joanna. He must have been guessing.”

"But he couldn't have been. If he was guessing, he wouldn't have been right every time."
David shook hishead. “It'simpossible, honey,” he said gently and turned over.

"Itisnot,” Joannawhispered, but David was aready adeep. Joannaturned away from him and lay
awakefor along timein the dark.

* k k %

When Joanna picked up the children at school the next day, Lauren's voice was high and strident from
the back seat. Excitement, Joanna decided.

"We haveto write apaper,” Lauren said, “about what we're going to be when we grow up. I'm going to
be a spaceship computer and navigate dl theway to Mars."

Joanna felt her face moveinto asmile. “That'sagood ambition, Lauren.”

"I know. What about you, Ryan? What do you want to be when you grow up?’
Silence from the back seat. Joanna pulled out into traffic, headed for the grocery store.
"Comeon, Ryan,” Lauren said. *'Y ou must want to be something when you grow up.”
"I'm not going to be anything,” Ryan muttered. “1'm too stupid.”

Moigture filled Joannas eyes, and they stung. Ryan had never said anything like that before hed Sarted
school. She rubbed her eyes as she drove past aspindly tree that had recently been planted in the
median. It only had seven hundred and eighty-three leaves | eft, and it looked wilted; it probably wasn't
going to survivethere.



"You are not either stupid,” Lauren said. “You'rejust dow. And you have to be something when you
grow up. Why don't you be a spaceship computer, like me?"

"No,” Ryan said. “I can't count.”

What would Ryan do when he grew up? What happened to specia-needs children when they became
specid-needs adults? Even if shewasn't imagining it, evenif he was agenius with faces, what good
would that do himin thelong run?

At the grocery store, she had an inspiration. “Ryan,” she said. “That man over there by the bananas.
What's his expresson?'

"I know, | know,” Ryan said. “Bored.”
"And how about that woman by the bread?"
"That one, inthe ydlow pants? Shesangry.”

After several more rounds she was certain of it. Ryan was agenius with expression, not only of faces, but
of voices and body positions aswell. Somehow he took in the whole person at a glance and knew the
answer without making asingle caculation. He could instantly see expressons as easily asanorma
person could ingtantly count the number of peasfalling from asplit bag.

Joannawas in a daze when she reached the checkout counter, and she agreed without thinking when
Lauren and Ryan asked for acandy bar each. The teenage checkout clerk chewed gum as shetalied
Joannas purchases.

"...two ninety-eight, four ninety-nine, deven ninety-nine, one twenty-five, one thirty-five, discount two
twenty-three, tax Sx seventy-sx, tota ninety-eight thirty-two,” the checker said dl in one breath, and
cracked her gum.

Joannafrowned, pulling out her checkbook. The teenager's brows drew together: confusion.
"What's that expression, maam?’ the teenager asked. “It's one of the bad ones, in't it?"

"It'sdisapprovd,” Joannasaid. “It's rude to crack your gum when you're taking care of customers. I'm
surprised your manager letsyou chew gum at dl.”

"Oh.” The clerk lifted her shoulders. “I forgot | had the gum. And | have, like, trouble reading
expressons.”

"Maybe you should work a bit harder in school,” Joanna suggested.
"I don't like school,” the clerk said, her eyeslowered, her mouth turned down. “I'm dow, see”

"Oh,” Joanna said, suddenly and acutely reminded of Ryan. “I'm very sorry to hear that."

* * % %

She pulled up to the bank next, to make a deposit. There were twenty-nine people waiting in the lobby
and the lineswere long, but the tellers were generdly quick. Lauren was dtill trying to interest Ryanin
something to do when he grew up.

"A bank teller,” she suggested, pointing to the counter. “A security guard. Look, see? Y ou could have a
gun.



"Maybe,” Ryan said, looking at the security guard, and Joanna thought she could analyze atrace of
interest in hisvoice. More people joined the lines. Two men moved to stand behind Joanna, shifting from
foot to foot. Their expressions were odd; she couldn't quite figure them out. Nervous, but therewas
something elseaswell. “Ryan,” she whispered, hoping he remembered the game from the grocery store.

Ryan looked at the two men and his own face changed. His eyes widened, his mouth opened;
twenty-nine percent, twenty-seven. Frightened. “Let's go home, Mom,” he said.

"In alittle bit, Ryan. See? We're dmost to the counter.”
"l want to go home now."
llwal.] n

Ryan pulled away from her, made awide circle around the two men, and headed for the door. * Ryan!
Y ou come back hereright now!” Sheran after thelittle boy, with Lauren at her hedls, and caught up with
him at the door.

"Please, Mom, let's go. Those men are scary. Let'sgo. Please.”

She dmost dragged him back into line, to teach him alesson about running off. But he had looked at the
men'sfaces, and he could read people a a glance, and he was more frightened than she had ever seen
him. Shetook his hand and went out the door, and Lauren followed them.

"Mom, what arewe doing?’ Lauren asked. “We never got up to the teller. Mom?"

"I've changed my mind,” Joannasaid. “We're going to go home now."

* k k %

Joanna watched the news that night after the children were in bed. The top story was about an armed
robbery at the local bank, in which customers had been terrorized and two men had escaped with alarge
amount of cash. Joannarecognized them in the blurry picture from the security camera.

She decided not to say anything to David. He wouldn't believe her, and he would learn the truth soon
enough just by being around Ryan. What should she do now with her little boy? Suddenly she saw dl
sorts of futuresfor him. He could be an interpreter for those who could not read expressonswell. He
could be a security guard who could see potentia problems coming. He could be anything, aslong asit
had to do with people and not numbers.

But if only he could learn something about numbers, oh, how that would help himin theworld. If only he
could see the numbers, like everyone ese did. But he couldn't, no more than she could see aface. She
had to break down expressionsinto parts, anayze each one, add them together. Was there some way to
do that with numbers?

Joannaturned off the television and sighed. Y ou could break numbers down into primes, of course. Most
little kids loved doing that, but Ryan had aways been bewildered by the game. Or you could break
down atotd into its parts, like agrocery sum divided into the amounts due for bread, milk, and bananas.
But Ryan would never understand that either. He needed something smpler. What was smpler than a

grocery sum?

Disconsolately, Joannagot up and began to straighten the living room. Lauren had left her essay on the
coffeetable, and Ryan'stoy trucks were scattered al over the carpet. Joanna put the essay by Lauren's
backpack and then went to get the trucks. She picked up onein each hand, then transferred both to one
hand so she could pick up another one. Then she froze, staring down at her hand.



"Mom?’ Ryan was standing in the door to the hall.

"What are you doing up, Ryan?'

"| forgot my trucks."

"Yes, you did.” Joanna held up the two in her hand. “How many, Ryan?"
He diffened. “I don't know. | can't count. I'm stupid.”

And you're never going back to that school, Joannathought, if that's all you've learned there. “You
can't count the way other people do,” she said, “but I'll bet you can learn another way."

"Whet other way?’ he said warily.

One truck and one truck is two trucks. He could learn that, and he could learn each tiny progression
thereafter; she was sure of it. It was going to be terribly awkward, terribly dow; it would take yearsfor
Ryan to learn numbersin this strange and convol uted manner, and he would still never be ableto see
numbers the way anormal person could.

But it had taken Joannayearsto learn expressions, hadn't it? And she would never be ableto see
expressonstheway Ryan did.

She put atruck on thefloor in front of Ryan. “Onetruck,” she said.
Copyright (c) 2006 Amy Bechtel
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MISQUOTING THE MOON by David Bartdl

* * * %
Individualsdon't react to global tragedies, but to per sonal ones...
Asteroid, schmasteroid. Just give me a big gun, and I'll blast that Big Bastard.

Ted tickled the crosshairs over arough and undulating gray surface, waiting for the moment to fed right.
Each deep crease was tempting, a potential fault where aprojectile cleaving to its depths could blow the
whole beast apart.

Magnified in his scope, the e ephant's forehead did look alot like an asteroid. It turned its head to profile.
Better abrain shot from the side because the cross-section is bigger, and it meant that it wasn't charging
you, like Big Bastard. Aim for that crease under the ear ... There!

He pulled thetrigger.
The dephants were going to go extinct anyway.

The double-barreled rifle punched Ted's shoulder with abuitt like brass knuckles and a bark to match.
He felt more pain than the elephant did as she dropped like asack of lead potatoes. She wouldn't even
fed the five tons of knockdown power from the automatic 900 Nitro Express. A torus of yellow dust
rolled away from her and broke into the windless air of once-protected Etosha Park, like alazy smoke

ring.
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"That wasthe matriarch,” said Hendrik, Ted's guide, breaking their slence with athick Afrikaans accent.
“The rest will not know whet to do."

"My plan exactly."

Hendrik smiled grimly, digging furrows about his mouth. He did not show his age when hisfacewas at
rest; hisfreckled, cinnamon skin was taut until an emotion disturbed it. Then he had five wrinklesfor
every one of Ted's, and they squeezed hiswide nose. “It iskinder to kill the entire family dl at once.”

The other eephants—eight femaes and two calves—bellowed and bolted, mostly away from Ted and
Hendrik. In the days when there were still hundred-pound tusks to be had, one kill was enough.

Things were different now.

Switching to his custom-maderifle, Ted picked off three more of the gal's before they made the scrubby
trees a the far Sde of the water pan. Two of the falen still moved, but he would put them out of their
misery soon enough.

His earsrang and the dust choked. “ Sorry, old girls. | would have liked to take you with me."
"No Noah's Ark."

"'Fraid not.” Ted did not put much faith in the DNA banks on the far side of the Moon. And there was
no provison for wild animals of any kind. They'd be very lucky just to keep the humans dive indefinitely.
Nearly dl of the fauna on the Moon was there for that purpose. With great sorrow, the others were
marooned in their natural habitats. “ Not even starfish shuttles are big enough for € ephants.”

The oft-repeated alegory about starfish popped into his head:

Two men on abeach, watching millions of beached starfish dowly dying. One man begins throwing them
back into the sea. “Y ou can't savethem dl,” hisfriend objects. “No, but | can savethisone,” saysthe
firg, tossing agtarfish into the surf. “ And thisone. And thisone, and thisone...."

That'show Ted Hathaway felt about culling € ephants; he did not enjoy it. Travis had to shoot Old

Y dler. Once he made up hismind to do it, he didn't think about it. Like Hendrik, he didn't ask any more
guestions, because he would not like the answers. The skyrocketing ivory trade was the only way he
could raise enough money to save a particular part of hisown species.

Ka-chow! Ka-chow! Quick mercy.
"l can't shoot you dl,” Ted said as hefired. “But | can shoot you ... and you ... and you ... and you...."

Each shot |eft ringing echoesin hisears. The asteroid was coming, but the gentle giantswould not die
forgotten. He would share their moment of loss now and remember it dways. If only stopping Big
Bastard was as easy as shooting e ephants.

* * % %

Africans of severd ethnicities gppeared in dusty, battered vehicles—aVolvo and two combis—to help
skin the carcasses. A friend of Hendrik's came with alorry, which would bring some of the meat back to
their families. Ted and Hendrik left them on foot, tracking oneinjured cow into the bush.

The Sun st rapidly so near the equator, dropping straight down asiif of fatigue from baking the sat pans
al day, and the lack of clouds made it abrief, orange event. They made camp, ate, and settled by the
fire. A distant yelp and then aroar caused Ted to squint into the night, but Hendrik kept his gaze on the



retiring flames. The guide seemed as unaffected by the impending catasirophe asthe wildlifewas. A lion
had just made akill. What else was it supposed to do?

"Why did you come back?’ Hendrik said. *Y ou were safe on the Moon."

"Maybe. There aren't any lionsup there, but | wouldn't call it safe. They say bits of Big Bastard could
pummel the Moon, or that it will send chunks of Earth that way. None of us may escape thisone. And
the strongholds aren't as strong as you might think either. They realy haven't solved dl the problems of
sdf-sufficient biospheres™

"But hereis certain death. Why come back? For the elephants?’

Ted had to think about answering that one. “ They're not like other animals. When you shoot an eephant,
it'slike shooting adog or ahorse. Something inside you dies with them. But something else comesdive. |
just wanted one last look at the way things used to be."

"l understand you."
Ted laughed. Everyone else had always said just the opposite. Even his biographer had surrendered.

"You'reavery lucky man,” Hendrik said. “Y ou have arare placein the colonies, and you are dtill rich
enough to come back for onelast ook around.”

Ted pulled apipe from his jacket, a bent Rhodesian, supposedly designed by Alfred Dunhill, if not Cecil
Rhodes himself. He tamped a Turkish blend of latakiainto its bowl. One last chance to smoke.

"Yeah, I'mlucky. I'm lucky that ivory isin high demand now, and that | know how to get it."
"Why isit in demand?'

Ted watched atentacle of smoke twist up from his pipe like the shriveled ghost of avery old idea.
“Superdtition,” he said. “When you want something rare, it stands to reason that to get it, you have to buy
it with something equdly rare. There are folkswho think that ivory isgood luck, and that it will somehow
get them a spot on the Moon."

Hendrik looked disappointed. “ That's foolishness."

"Mmm,” Ted agreed, puffing at hispipe. “They cdl it the Lunar Lottery, but it's become lunacy, if you
ask me”

"Then why do you sdll theivory?Y ou don't need the money."
"Ah, but | do. Doloresisthe reason why."
"Sheleft you years ago, my friend.”

"If 1 can purchase a double occupancy upgrade, shell have adamn good reason to come back now,
won't she?'

The gibbous Moon rose, and the shimmering Milky Way shied fromit. Ted looked for his crater home
but could not make it out.

Hendrik tipped his head back, watching the Moon over his nose, mouth agape—not with wonder, but
trying to catch amemory. “Moon buggy!” he said. “1 remember that from some old documentary. Do
you have amoon buggy?"



"Bully for you!” Ted smiled. “Not yet, but you have agood idea at that.”

Heinhaled the smoke from the fire. Mopane, spicier than the usua camelthorn acacia—more like
mesquite—but more subtle, evoking memories of times and places both good and bad. The odor mixed
with histobacco, and he held it in his nose, eyes closed, to sedl the memory.

The white dot of a satdllite snuck across the sky, from south to north. Must be polar, he thought. Or a
starfish tender. Or aspider-sat spinning a sensor web with which to measure every aspect of asteroid
impact. What good would dataminutiae do if there wasn't any planet |ft to benefit? The money should
have been spent on another lunar colony. Hell, they could have even built some kind of zoo on the Moon
for the damned pachyderms.

From what Ted understood, they had spent fifty trillion dollarstrying to deflect Big Bastard. The gravity
tugs and nukes couldn't keep Big Bastard out of the deadly keyhole the way they had with Apophisin
2037. That “little bastard” didn't take much to be thrown off by the fraction of a degree needed to steer it
clear. A little elbow-to-elbow sashay with the Earth scooted it into astable orbit around Mars, dl as
planned. It was brilliant, a crowning achievement for humanity, inspiring renewed respect for the abilities
of the species.

But gravity tugs were just too smdll to exert sufficient force on Big Bastard. A series of attempts were
made to use tugs to deflect other asteroids near Big Bastard so that they would in turn draw the target
off. Unfortunately, like rodeo clownsfailing to distract a bucking bull, they could not keep the horns from
goring their victim. Mother Earth was no help either; she wasredling the rock in like amoth that had
lassoed her flame. One theory even claimed that Big Bastard had impacted Earth before, ages ago, the
result being the formation of the Moon. Ted believed it. Big Bastard was like an old flame, aman-egter;
having once tasted the flesh of the Earth, it lusted for more.

Thelunar colonieswere dready being built when the inevitability of the impact was proven with
mathematica certitude. Where the hell was his crater, what's-it-cdled, anyway?

Then Ted redlized what was wrong. He was in the Southern Hemisphere, down under, so the Moon was
upside-down in the sky. No wonder it looked familiar and all wrong at the same time. Hetilted hishead
to orient himsdf to the Moon's southern pole.

"What are you doing?"
"Looking for the colonies, but the Moon is upside-down from up north."
"It'sdl rddive”

"It sureis,” Ted said, not because he believed that. He did not believe in relativism (as opposed to
relaivity) at dl, but sometimes you agree with someone to acknowledge not what they say, but that you
aredl too aware of their point of view.

The Hunter rose, not coincidentaly Ted's favorite constellation. Orion was upside-down too, but being
rather symmetric, it dmost looked the same. Different in adisconcerting way. Could Orion hunt aswell
standing on his head? Would he draw his sword in time and dice Big Bastard to pieces? Or would it be
he who dingsthe asteroid at sorry old Earth?

"l suppose| shal never know what the Moonislike,” said Hendrik, “since the positionsare dl filled.”
"Bah!” Ted tamped his pipe with aburning stick. “1t's not much different from the old Namib."
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"But because the gravity isless, the e ephants grow much larger.” With that, Ted shot asmoke ring at
Hendrik, an old gag between them that placed Hendrik at the center of an undulating target.

Hendrik smiled. “Y ou had me going there. Now, I've got onefor you."

"Thereis an old bushman myth that saysthe Moon is agoddess. Every month, she shrinks and dies, but
then comes back to life. She looked down on the Earth and saw the people dying there. She thought to
inform them that like her, they would aways be reborn. So she sent ahare to deliver this message. But
the hare was grieving his mother, who had just passed away, and he ddliberately misquoted the Moon.
Hetold the people that once they died, they would come wholly to an end. When the Moon found out
what the hare had done, she hit him with atick, splitting hislip. But she never sent the message again, so
to thisday, people still believethat death isthe end of everything.”

"| thought you didn't buy the old beliefs."

"I don't buy them, but these stories are il told to the children, to teach good behavior. Anyway, they
can be entertaining, can't they?'

Ted laughed.

They watched the Moon quietly until the grunt of ababoon not far off wrenched Ted into ahunter's
dertness. He had aready found and drawn hisrifle in hismind before the sound registered as harmless.

"Y ou won't hear that on the Moon,” Hendrik said.
Ted puffed on his pipe and sighed. “No, gir, | won't."

"Listen, Ted, I've been thinking. You and | are not just tracking that wounded el ephant out of mercy, are
we?'

"What do you mean?"

Hendrik waved a dismissve hand at the Moon. “Why don't you forget about going back there? Why
don't you spend your last days where you belong—here in the bush?’

* * * %

The last time Hendrik had hunted with Ted, Ted took atrophy. There was also a documentary, replayed
occasondly on Hendrik's old pod. That had been part of a program to reduce supernumerary eephants
in Damaraand and the Caprivi Strip, globally approved, and organized by the Namibia Professional
Hunting Organization. Culling was jugtified on the basis that the unwary beasts were destroying their own
habitat. Of course, discussing the possibility that it was people who were supernumerary was out of the
question. Neither drought, mismanagement, nor the culling effect of AIDS could solve that one. Big
Bastard, of course, would.

They found the injured cow aready dead and so completed their safari. Ted was one of the few who
could afford the petrol to run avehicle, and he departed alonein it, after a heartfelt but restrained
good-bye to Hendrik.

Hendrik rode home with hisfriend Loois, aload of eephant meat in the back. Loois was impressed that
Hendrik had been with ahunter of such wedlth. Although Hendrik knew the difference, it seemed that to
Loois, Americawas as remote as the Moon itsdlf.



They stopped to trade for some petrol. One whole tusk for afill-up, afifty-pounder. Hendrik overheard
the man at the petrol station say, “What do they want with petrol these days? They can not drive avay
from the agteroid!” WA, thought Hendrik, what do they want with ivory?

They dept on the Sde of the road, and the next afternoon they rolled up the long hill to Windhoek, nearly
home. The city was named Windhoek—"windy corner"—for good reason. The relentlesdy dry air
scudded over the rocky dope like wind over an airfoil, depositing dust over the parched ghettos, which
seemed placed to screen the yellow stuff from the bright city on the hill.

Thetruck attracted some attention when they stopped at ared light in Katatura. Kidsflying noisy kites
made from flapping plastic bags came to see what the bloody hulk was on the back of Looisstruck.
Women grilling beef patties at aroadside stand glared at the potential competition, and young men came
for handouts.

"Hey, Badter, givealittlel™

Hendrik ignored the dur. The Basters had long ago made a precarious peace with their mixed origin.
They had convinced the world of their pride in the heritage of the name * bastards,” but the socia
complex held secret by the Basters was just that. Complex. Hendrik was proud but was reminded daily
that things had not changed. His ancestors were haf Dutch and half African—Nama, actudly. When they
tried to opt up socidly, they were turned down—too black. They helped the Germansfight indigenous
people, only to have the Germans later declare war on them. They were run out of South Africa, only to
be courted later as atactic against Namibian independence. Having learned their lesson, they remained
neutra—only to find themsalves at odds with that new government. Too white.

The Basters once had their own government under colonia rule, which was more than the other
“coloureds’ could say—never mind the Africans. Thistoo was gone, but Hendrik was reminded of it
every time helooked at his children. His son Oscar was darker than his daughters, so Hendrik had to
push the boy that much harder, to help him overcome his disadvantage.

"Givealittle, Baster!"

So theinsult did hurt, but he gave the man afew dollars anyway. Why shouldn't he? Held been paid
astronomically by Ted Hathaway. And it was better to be abeacon of light than to waste money on beer
and cigarettes. These poor fellows were doomed like everyone e se, so they might aswell have alittle
happiness.

"Listen, son,” hetold the young man, as he pressed afew dollarsinto hishand. “ Useit wisdly. No drugs
or women, do you hear?'

"What do you care, Baster?"

Hendrik felt his head grow hot. “Y ou think that because the world is going to end that your behavior
does not matter? Thisis precisdy the time when God is paying attention to you.”

"Goon, old man! Your light isgreen.”
"Youwill bejudged.”

Loois dropped Hendrik off at his housein Khomasda. Hiswife Sarah greeted him on the cinder stones
of the yard asthe retreating Sun traced itslast shadows on the low block wall around their house. They
did not embrace outside. Loois helped him unload some of the meet and | ft.

"How isthe black one?"



"Hendrik, | tell you, our sonisdying."”

Hendrik looked down at her feet. “I know. It doesn't matter as much now, though.”
Sarah'sbrows charged a him. “How can you say that?"

He threw hisarm to the heavens. “ That damned asteroid!"

"Big Bastard, they cdll it,” she said, watching the orange cloudsturn gray. “It'slike us Basters, donein
the heavens.”

"Woman, what are you talking about?'
"Maybeit's God's way of sending us amessage.”

Hendrik recdled hiswordsto the beggar at the intersection. You will be judged. Now those words
drew bilein histhroat. “ Sarah, do you understand that thisisjust alittle more than amessage?'

"Oscar isvery ill. That'safact. You just came back with meat and money from hunting. That'safact. The
girlsare bringing their familiesto see what you brought. Fact. The newspaper saysthat our traditiona
Parental Laws have been officidly nullified by Rehoboth, and ashooting star might bresk theworld in
two. Asfar as| am concerned, those are just rumors. What will you do, act on the facts, or on rumors?”

"Let'sedt,” he said, wondering why they should even bother.

Now that Ted was gone, Hendrik returned to hisretirement. There was nothing for him to do but go
volunteer at the Lutheran church. There were alot of thingsto do in the church, anewly painted
rectangular building on ahill at the edge of VVaalhoek with aview of the highway to Windhoek. On
Sundays there were three different services, each in adifferent language—Afrikaansfor the Basters,
Oshiwambo, and Herero. Hendrik spoke al three (as well as English) and so volunteered as a deacon to
the troubled congregations.

Life seemed to go on as usud, with the exceptions of Oscar careening through an ever-changing and
bewildering set of symptoms and ever-more dominant news coverage about Big Bastard. Hendrik and
Sarah fed their son, kept him warm, aired out his room, and Hendrik took note of a Bible passage about
earth, fire, air, and water. These basicsto life were no different for his ancestorsin the bush or back in
the Netherlands than they were to Oscar or to Ted and the other colonists on the Moon.

Life went on as usuad—thingsin Namibiawere not progressing at dl, and therefore Hendrik felt that he
and his people were quite unworthy. He thought of Ted often and talked to the Moon from timeto time.
“Livewdl, Ted. You deserveto survive our judgment day."

One Sunday, Reverend Diergaardt quoted scripture in his sermon, a disturbing passage, in the context of
Big Bagtard.

But he that shall endure unto the end, the same shall be saved.

After the Afrikaans service, and before the Ovambo, Hendrik hel ped Diergaardt count the offering in the
office closet. He used the opportunity to express his concern.

"Die Bybd tellsusthat he who enduresto the end will find salvation. How can this be? Does it mean that
only those on the Moon when the end comes will be saved?"

"Of coursenot,” said Diergaardt. “Y ou are confusing surviva with salvation. Two different things



atogether. According to God's mercy will we be truly saved.”
"I know one of the Moon men, you know."
"Yes, | know."

"A very brave man. It isthose men of men that will survive, while the meek shdl inherit the Earth. We
inherit it, like ahand-me-down. And then our hand-me-down will unravel, just like that!” Hendrik threw
his hands out and twiddled hisfingerslike cosmic debris.

Diergaardt smiled. “1 don't blame you for being dramatic. But don't forget the Exodus, my friend. The
Lord, having saved the people out of the land of Egypt, afterward destroyed them that believed
not."

A shuffling of hard soles on the painted cement floor outside stopped Diergaardt short. He held up his
hand for silence. “ There have been thieves about,” he whispered in Hendrik's ear. Then he called out a
hdlo.

A deep voice with an American accent replied. “1'm looking for Hendrik 1zaaks."
"Comein."

"l wastold I might find you here” The American wasfairly tall and sturdily built, bearded, with sandy
blond hair traced with gray. Hendrik had to study the face for amoment before recognizing Ted
Hathaway. “How are you, Hendrik?'

"Ted! | anfine, and yoursdf?'

"Never better!"

"I didn't recognize you with the beard.”

"It'saroyd pain shaving on the Moon. Not alowed to get whiskersdl over the place.

Hendrik introduced his old friend to Reverend Diergaardt and looked at Ted with greet pleasure. “Itis
impossibleto leave Mother Earth behind after dl, isn't it?"

Ted amiled, not an affirmation, but Hendrik found it harder to read the face of aman with afull beard and
mustache. “ Sureitis”

"S0 you have decided to stay behind. Thereisn't any big game left, or so they say. No oneredly knows,
because there's not enough petrol to find out. Even so, if youwant to try...."

Ted stood so ill, it called to mind times when the two of them would crouch motionless, watching game
grazing upwind. Then he suddenly loosened up and fluffed up ahairy smile. “Y ou know me!” he said, and
he clapped Hendrik on the shoulder. “But no, let'stalk about it over dinner. Isthat place we used to eat

dill any good?!
Hendrik looked at Diergaardt, who was locking the closet, pretending not to be paying attention.

"It's become abeer hall."

"Shame. That'sthe last thing we need. Let's go into Windhoek, then, my treet! Well take your family."

* * * %



Hendrik and Ted ate alone in afive-star hotel restaurant. Sarah had to stay home to tend to Oscar and
indgsted that the men go adone. The girlslived in another town and were absorbed with their new families.
Ted had an ogtrich stesk, and frugal Hendrik had chicken. Hendrik did not drink but toasted by meeting
Ted's beer with something he hadn't afforded in months—ice water.

Ted drank deeply. “Ligten, my old friend, | have something monumental to tell you."
"I will be ddighted to hear you confirm my suspicions, that you are staying.”

Ted wiped froth from hisfurry face. “Not achance, migter. | hate to burst your bubble, but as much as|
love Mother Nature, | love myself more. Not many people have achancelikel do, so | haveto be
willing to take it—take the chance that | can get aong without her.”

Hendrik put down hiswater and wished he could see through those whiskers. He knew Ted so
well—Ted even said so—and he had hoped that his friend might stay. Now that he thought of it, having
Ted around would actualy become complicated. Ted had no one and would be happy dogging through
thelast embers of the Namib when the end came and the sand turned to dag. But Hendrik had afamily,
and hisfantasy of dusty days and starry nightsin the bush suddenly fell gpart. He splayed his hands out,
and then hisfingers.

Ted either made agrim face or smiled. “What would you say if | told you | got a seat for you on a
darfish?'

"A seet on agafish?'
"And aroom on the Moon, of course.”
Hendrik laughed anyway, nervoudy. “Y ou came dl theway hereto tell methat?'

"You wereright earlier.” Ted took another deep draught of hisbeer. “I can't stay away. But thishasto
be my last ook around, no two ways about it. While | was here, | figured I'd ddliver the newsin person.”

"But what about your ex-wife? | thought you were trying to take her with you."

"Old Dolores would have none of me. Especidly when | told her I'd shot awhole herd of e ephantsjust
for her!”

Hendrik felt overwhdmed and muddled. “Y ou are serious. How can this be true?"

"Firg, | aminapostion to pull afew strings. Second, | can think of no one I'd rather do afavor for. You
did savemy life once or twice."

Hendrik gazed at a kudu head mounted on thewall and smiled. Ted had been too eager once and had
made agrave mistake. He had ventured into tall grasswith hisrifle held up, which gave the lion achance
to get between him and hiswesgpon. Hendrik had kept his gun at his hip and took the lion out. “Who
would have thought it of the son of a Baster bricklayer?!

"Hmm,” said Ted, waving for another beer. “I would."

"So you bought me aroom on the Moon. But why would they let me go? | haven't taken any qualification
tets”

"Not aproblem. | got you entered as prescreened. Besides, things are pretty confused these days. Just
show up, tell them you are Hendrik 1zaaks, and you'll be on your way!"



"Won' they—"
"It'sdl arranged.” Ted winked. “No onewill ask any questions.”

Hendrik's mind fogged, and he felt asthough it was he that had drunk the beer. It took a stable mind a
long time to get used to the idea that the Earth would soon be hammered like amongongo nut. He had no
idea how to dedl with this devel opment.

"Therésmore,” said Ted, offering Hendrik his second beer. Hendrik shook his head. “1 wouldn't have
been ableto pull those strings, except for onething.”

"What isthat?"

"A couple from Keetmanshoop who were dated to go werekilled in ariot. The UN diversity pool was
thrown out of balance."

"A couple? Do you mean to say that—"

"I'm very, very sorry, my friend. Even I'm not that rich. | could only get one seat. But listen, my final ace
was that you represent not only Afrikaaner blood, but also Nama. Thereis not asingle Nama, or even
closereétive, onthe Moon."

Hendrik thought about the old lion attack and about the obscene culling he had helped Ted with. Now
this. Tears were running down deep cracks that had rent his smooth skin, and he wiped his forehead with
alinen napkin. Despite the killing, Ted was asort of Noah after all, taking life, and giving it, more than
any man should ever be able to. Hendrik never told Ted how ashamed and heartbroken he had been
after shooting dl those eephants, but he remained loya, and thiswas his reward.

It felt like blood money, but wasit? There was the inescapable fact that the elephants were going to die
anyway. Also, the ivory gave some hope to people, however false. Moreover, some hungry people were
fed in their passng; the e ephants died anobler death for that, at least. In the future, looking back, it
wouldn't have made any difference.

No, thought Hendrik. No. It makes a difference now. It's not the death that condemns aman, but the
killing.

Ted saw the tears and laughed encouragingly. “Now you see why my newsisjust as hard to ded with as
you and | gdlivanting in the bush together?"

"I would haveto leave my family.”

Ted nodded and stood up. “No pressurefrom me,” he said. “It'sal up to you. If you don't want to go,
I'd understand that."

Hendrik stammered. “I don't know ... what to say."

"Y ou might not even like the Moon, but think of this. Y ou would be carrying your Baster blood forward
for your people. Otherwisg, it's gone forever.”

"Whew!” Hendrik stared into his napkin, eyes unfocused.

"Beright back,” said Ted, going off to the men'sroom.

* * * %

When oneis granted the opportunity, not of alifetime, but of the Ages, oné's choice makes him either a



sensible man or afool. Hendrik could remarry and become the new patriarch of his proud race. Perhaps
his descendants would return to Earth someday and mend what was | €ft of it. But how could he leave his
family in their grestest time of need? Not just that, but he wanted to be with them more than he wanted
hisown life. They were hisflesh and blood, his soul, and they meant far more to him than his conflicted

people.

Ted |eft the Earth for good, leaving Hendrik with tickets, money, contacts, and other instructions.
Everything was arranged. They would arrive at different colonies and would likely never see each other
agan.

Hendrik sat up evenings, unable to deep. He had not told hisfamily of Ted's offer. He felt he had to
gpare hisfamily from the torture that was his aone. He Stared at the blank television screen, toying with
the remote out of habit. They hadn't had service for ayear, though they occasionaly resorted to watching

pod recordings, like the documentary about culling the e ephants up in Caprivi. Lately though, Hendrik
could not besr to watch that one.

Now the mogt frightening spectacles played out on the dark glass. He imagined desperation, violence,
minds growing dim in masses, people turning againgt one another, fists shaking, and murder. Big Bastard
might not kill anyone, because they might kill each other first.

Oscar coughed, and Hendrik heard Sarah tend to him. Oscar was the dark one, the one with HIV, the
shame of the household. If hedid not love his son, he would have thrown him out for this disgrace—but
he did love him. The boy was brilliant, his Ssterswere brilliant, and he was proud of his Sarah for raising
them so well in thishostile place—the land they said God madein anger.

He could not let them face that anger alone when it returned. He could not livein atin can on the

M oon—a place even worse than the Namib—drinking recycled urine, watching Big Bastard butcher the
world like so much mest, thinking of hisfamily screaming as some distant continent buckled onto
Namibia, dropping cities on them.

| can't save my family or the proud heritage of my people, hethought. | can't save our beloved,
mixed-up blood.

Hendrik stood up sowly, unlocked the burglar bars on the diding door, and stepped onto the patio. A
stack of cinderblocks stood by the laundry shed. He picked one up and brought it back inside. He
relocked the door.

Heturned off the imaginary television image using the cinderblock as aremote—he threw it into the
screen. The old tube shrieked and imploded like the crack of arifle. Glass rebounded outward, and the
gray block thudded to the rug like a dead e ephant.

Sarah shouted in panic.

"It'sokay!” Hendrik called as he rushed down the hallway to meet her.

Sarah lit acandle and sat on a painted wooden chair at the head of Oscar's bed.

"What isgoing on?’ she said, the flamésreflection rolling back and forth across her wide eyes.

Like the e ephants, like most everyone, Oscar was going to die soon anyway. Looking back, of course, it
would al seem the same—that was Ted's philosophy. But no, it wasn't the same, not now. Decisonsare
not mede in thefuture.

Hendrik wrinkled hisbrow and let it go again with an audible exhade through drawn lips. “Whew!” He



swept Ted, the ephants, and even Big Bastard from histhoughts. “ Sarah, get the boy ready for along
journey."

Sarah started to get up, asif pulled upward by her raised eyebrows. Confused hope was wringing avay
her look of fear.

Oscar sat up. “Am | going for some new trestment?'

"No.” Then Hendrik thought about it. He knew nothing of the medical facilitiesin the colonies. Far beit
from him to misquote the Moon. “Wel, it'spossble

Sarah's eyes had the intensity they had on their wedding day. He smiled at her and took his son's hand.

"Son, listen to me. Y ou are going on ajourney, and you must use my name. From now until the end, you
must call yoursdf Hendrik 1zaaks."

Copyright (c) 2006 Dave Bartell
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THE ALTERNATE VIEW: EXTRASOLAR PLANETSAND OCCULT ASTRONOMY by
John G. Cramer

Since 1991 there has been great progress in establishing the presence of planets around some of the stars
inour galactic neighborhood. This has been accomplished mainly by observing the“wobble’ inthe
position of astar caused by the gravitational influence of one or more orbiting planets. There have dso
been someindications of extrasolar planets from observations of the occultation of starlight when the
planet passesin front of the star dong our line of sight, from gravitationa microlensing that changesthe
intengity of abackground star, and from timing of the pulses from neutron stars with planetsin orbit. So
far, thiswork has mainly established the presence of planets having amass of greater than that of Jupiter,
sncedl of these methods are most sensitive to the presence of very large planets.

At thiswriting (October, 2006) astronomers have indirectly detected 197 extrasolar planetsin 97
different star systems. The largest of these (HD 202206 b) has 17.4 times the mass of Jupiter and orbits
at 0.83 AU (AU = Earth-orhit radius) around a star very similar to our sun (mass = 1.15 Msol) located
150 light years away in the congtellation Capricorn. Some of the newly discovered planets are * hot
Jupiters” gas-giant planets orbiting in relaively close orbits. An exampleis HIP 14810 b, aplanet with
3.84 Jupiter-masses and an orbital radiusjust 0.07 AU from a Sol-like star (mass = 0.99 Msol) located
172 light years away in the congtellation Aires. Note that 0.07 AU isavery close orbit. By comparison,
Mercury orbitsour sun at 0.39 AU. Specidistsin planet formation suggest that there should be no
Earth-like planetsin such star systems, because the hot gas giantsin close planetary orbits would sweep
up dl of the proto-planetary materid, preventing formation of Earth-like planetsin orbits with the right
amount of solar radiation to support the development of life.

However, sub-Jupiter size planets have been found. Among the smallest to date is OGLE-05-390L b, a
planet of 5.5 Earth-masses with an orbital radius of 2.6 AU (about the location of the asteroid belt in our
solar system). It orbitsardatively dim star (mass = 0.22 Msol) located 21,000 light years away in the
congtdllation Sagittarius. However, itslarger planetary mass and orbit and the dimmer sun make this
planet digtinctly non-earthlike.

Thisbody of work has established a high probability that many stars are orbited by planetary systems,
but it would be of even greater interest to identify planets that more closdly resemble Earth in mass, orhit,
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and illumination. There are now proposalsfor new instruments that would make this possible. Inthis
column | will focus on only one of them, the diffraction-suppressed occulter proposed by Professor
Webster Cash of the University of Colorado.

* * * %

Telescopes like the Hubble Space Telescope (HST) and its planned successor, the James Webb Space
Telescope (IWST), have adequate image resol ution to resolve planets orbiting nearby star systems. The
principa problem with directly observing such extrasolar planetsisthat the light from any star ismany
orders of magnitude greater than the reflected light from its planets and will completely swamp light from
the planet, rendering direct imaging of the planetsimpossble. This problem, however, may be reduced or
eliminated through the use of an occulter.

The basic idea of an occulter is straightforward: you smply place ablack disk dong the line-of-sight to a
sar system a some distance from a tel escope and then observe any planetsvisble in the star-shadow
created by the occulter. In other words, the occulter blocks the light from the star but not from its
planets. The distance from occulter to telescopeistypicaly around 104 kilometers or more, large enough
that the occulter must be located in space and must be carefully navigated into a position where the
planets of a candidate star might become visible in the star-shadow over some period of time. It would
probably be most optimally used with space-based telescopes likethe HST or IWST, but if placed ina
movable geosynchronous orbit it might be used with an Earth-based telescope. However, thereisabasic
wave-optics problem with the occulter scheme.

Light isan electromagnetic wave. When such waves are intercepted by ablack disk, thewaves are
diffracted at the edge, and some of the wave fronts change direction, bending around the disk edge to be
deflected into the shadow region. Thus, atruly black shadow isdifficult to achieve. In redigtic Stuations,
thisdiffracted starlight is much stronger than the light from planets around the star, and because of
diffraction effectsacircular disk is not useful as an occulter in searching for extrasolar planets.

Fortunately, there is procedure called apodization (Latin for “removing thefoot") that can reducethe
diffraction from an occulter. Thisis done by the smoothing or tapering of the sharp edge of the occulter in
such away that the waves from different regions tend to cancel and diffraction is suppressed. In optics
laboratory applicationsthisis often done photographically by producing ablack disc with an edge that
has progressively lighter shades of gray as the distance from the disc center increases. However, such a
gray-edge occulter would have many problemsin space-based gpplications. The production, launch, and
deployment of a gray-edge photographic image many metersin diameter would produce many logistic
problems, and itslong term surviva in a gpace environment under bombardment from cosmic rays,
ultraviol et radiation, and micrometeorites would be problematical.

Therefore, Professor Cash, working under agrant from NASA's Indtitute for Advanced Concepts,
developed a better idea. He decided to gpproximate the gray-shaded edge of the occulter disk with
carefully shaped bladesthat either blocked the starlight or passed it completely, therefore producing what
might be caled “binary gpodization.” Cash decided to use an average light transmission of the occulter
disk that hasthe vaue O (black) out to someradius R and an average light transmission of 1- exp
{-[(rAR)/S)2n} at larger radii. Thefalloff of the disc edge Sistypicaly about equal to R, and nis
typically around 4 to 12. These parameters and the distance F from occulter to telescope are tuned to
optimize the occulting performance for the wavelengths of interest in the range 600 to 1800 nm, arriving
at the values R=S=12.5 m and F=5.0 x 107 m. The result is an occulter shadow that will suppress
sarlight by afactor of 10-12 at 600 nm (orange light) and by 10-6 at 1800 nm (infrared light).

The light absorption isimplemented by blocking light at the edges of the occulter with blades that
resemble 12 petals of aflower. These black “petals’ are wide at the base where they join the black disk



and taper on asmooth curve to points at adistance of about two or three disc radii, so that the
“blackness’ or absorption as averaged around the occulter is given by the reduction function given
above.

Theimage that the telescope would see with the occulter in place is not completely free of light from the
occulted star. Theimage still contains some diffraction where the blades meet, aswell asahdo of
zodiacd light. Zodiacd light is starlight scattered from the lens-shaped cloud of dust that surroundsthe
central star and extends out to well beyond 1 AU. The zodiaca light is reduced by about afactor of 10
by the occulter, but it is not eliminated. However, Cash has shown with smulations that, even with the
halo of zodiacd light, at adistance of 23 light years the occulter and the JWST could observe Venus,
Earth, Mars, and Jupiter as bright spotsin an image taken of the Solar System.

In the environment of space, Cash's occulter scheme appearsto be fairly robust. Pinhole penetrations of
the black object by micrometeorites should not be much of aproblem, since the occulter could be
designed to self-seal around small penetrations. Moreover, even if the occulter developed many pinholes,
the diffraction effects would spread the penetrating light over an areamuch larger than the images of
interest, reducing its effect. Since the flower-petal edges are either completely opaque or completely
trangparent, there are no partialy transparent gray regions with trangparency that might be degraded by
irradiation. Cash has also calculated that “bites’ removed from the edges of the occulter by space debris
can betolerated aslong asthey arefairly minor.

What about finding indications of life on such extrasolar planets, once they are found? An occulter system
could aso be useful in that investigation. Theinitial atmospheres of most planets are made of hydrogen,
ammonia, and methane, with essentialy no free nitrogen and oxygen. It isonly when lifeis established that
the atmosphere is re-processed to form an Earth-like atmosphere with free nitrogen and oxygen. The
reflected light passing through planetary atmospheres has some wave engths removed by molecules that
selectively absorb those wavelengths. For example, an Earth-like life-bearing planet where
photosynthesisis dominant should have absorption linesfor O2 at about 685 nm and 760 nm and for
water a 720 nm, 815 nm, and 960 nm. Similarly, the atmosphere of a Jupiter-like planet with no
photosynthesis should have methane lines a 610 nm, 725 nm, 885 nm, and 980 nm, and an ammonialine
at 790 nm. Therefore, given sufficient exposure time to do spectroscopy on the light from the planet's
image, it should be possibleto identify life-bearing planets. Moreover, by looking at the time sequence of
modulated light from the planetary image it should be possible to determine the rotation rate of the planet
and the presence (or absence) of continents.

How long will it take for this phase of planet discovery to begin? That depends on dections, political
decisons, and NASA management. Presently the Bush Administration has been pushing itsMarsMoon
initiative without providing any significant new funding to support that activity. Consequently, the space
sciences end of NASA has been feding theimpact. Projects like planet finding with new technologies
may haveto wait for amore enlightened adminigtration.

* ok k%
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COOL NEIGHBOR by Michad Sharaand Jack McDevitt

[llustration by Broeck Seadman

The best legacies may be things of no immediate obvious value.

Greg Cooper had been sitting in the control center of the Weber gravity wave observatory, eating
popcorn and cdibrating | cewave, when he redlized he had about aminuteto live.

He'd been writing aletter to Kristi Lang, hinting at the discovery he was about to make public, and
suddenly it was over. The order-of-magnitude cal culation took ten seconds, and told him he was a dead
man. Bad karma. He choked off awave of panic and sdf-pity. No time for regret. He knew exactly what
was coming. The portholeswould fluoresce ferocioudy, down-converting the X- and gammaraysto
optica photons for afew spectacular seconds. The last thing he'd ever see.

Warn the people on Clarke: get the tourists back inside.

He opened achannd. “Mayday, Ana, Mayday. Incoming hard radiation. Get everyone back onboard,
into the shelter. Do it now!"

Five kilometers away, AnaVassileva, the observatory manager, gaped at the transmission. Thered-time
solar X-ray images and radiation monitor live-feed were working perfectly. It was near solar minimum,
30 Anawasn't surprised to see nothing at al brewing on Sol. “What are you blathering about, Greg?|
haven't seen a sunspot, let lone a seriousflare, in weeks. Sol'sadeep.”

"Ana, thelocd spatia strain went totaly off-scae twenty seconds ago ... agravity tsunami just went by.
Einstein never dreamed something this big could happen. Therésagammaray burst right behind it. Get
everyoneinto the shelter!”

"My God,” shesaid, “Marnies out therein the shuttle.”

Anawagted no time. She hit the alarm and klaxons sounded through the station and its cash-cow hotel.
Tourists dropped everything, crowded into the passageways, and headed toward the water and
lead-lined chamber nestled in the heart of Clarke. A middle-aged woman with blonde hair askew
grabbed Anain the hallway. “What's going on?’ she demanded. “ This had better not be adrill, dammit,
we had one yesterday."

"It'sokay,” Anasaid. “ Just hurry, please.” She needed another twenty seconds to reach the Shuttle
Control Center.

* * * %

In the cockpit of the shuttle, Marnie Leeds had backed dowly away from Clarke, alowing her French
Canadian guests to ooh and ahh at the view. The hotel-spa was shaped like a clamshell, with
celling-to-floor windows on the concave sde facing Earth. Many tourists spent their entire time on the
gtation savoring the sight, reluctantly leaving the picture windows only to deep. The Neugebauer Infrared
Array hung four hundred meters above the hotdl. A thirty-meter telescope anywhereis aremarkable


C:\Program Files\ABC Amber Text Converter\0703Analog.htm

sght, but permanently perched thirty-five thousand kilometers above Africa, it wasriveting. The
segmented primary mirror glistened with ayelowish hue from its bacteria-thin gold coating.

Shelooked down at the carbon nanowire space elevator cable, which snaked from the geosynchronous
gtation to the summit of Kilimanjaro. Nearly cloud-free today, the continent was framed between the
Atlantic and Indian Oceans. Marnie activated the shuttle's el ectron beam pointer. She highlighted Cairo,
Algiers, Casablanca, Gibratar, Abidjan, Lagos, Kinshasa, Capetown, Dar es Salaam, Nairobi, and
Addis Ababa, circumscribing the cradle of mankind in less than two minutes. Her passengers responded
with delight. She opened a channd to Ops. “ Shuttle One to Weber. We're on our way. ETA tweny
minutes, over.” Whichever astrophysicist was on duty in the gravitational wave telescope, he or she knew
well in advance when tourists were coming. Marnie dways hailed them anyway. Touristss were aminor
time-sink for the scientists and techs, but their steady revenue stream was a godsend, so they were
trested like vigting roydlty.

Of thewhole crowd that rotated in and out of the Weber, she most liked turning the tourists over to
Greg. He was one of the few scientists on the project who redlly enjoyed engaging the public, and he did
it withwit and charm. Kidsinitially reacted cautioudly to his sharply chisdled face and intense eyes. His
captivating talk of voracious black holes, punctuated with energetic violin playing for illustration, had them
pleading for more by the end of atour. Marnie relished his enthusiastic explanations of collapsing stars
and warped spacetime. “ Thelife of every star isawar between gravity and pressure,” heinevitably
began. “Hydrogen fusesinto helium. Then the helium fusesinto carbon and oxygen. That suppliesthe
outward pressure to baance the crushing pull of gravity. Gravity isthe stdllar angel of death.” All the
while accompanying himself on thefiddle, he usudly made ascary face with that one and the kids
whooped. “Gravity dwayswinswhen agtar's nuclear fuel is exhausted.”

* * * %

"Negative, Marnie” Greg'svoice, unlike sheld ever heard it before. “ Radiation surge coming. Didn't Ana
get to you yet? Go back to Clarke. Get everybody under cover.”

"Greg, when?'
"Now, goddammit. Do it now."
She switched over to the passenger comm system. “Everybody belt down.”

Moments later Anawas on the circuit. Her voice stayed level, but Marnie knew frantic when she heard it.

* * % %

"Greg.” Shewas having trouble breathing. “Marni€'s got six aboard Shuttle One, two adults and four
kids. She's coming around. Headed back. Just a kilometer away. Three minutes out, tops. Shuttle Two's
gtill down. WElI turn One around as soon as Marnie's group is back onboard.” Her voice quavered. She
desperately wanted to order Marnie and Shuttle Oneto pick up Greg. But even with her fiancegslife at
stake she knew therules. Tourists come first, no exceptions. Ever. “Greg, what can we do?!

A long silence. “Ana, | haven't aclue, sweetheart. | wish I'd said it more often, but you're beautiful and |
loveyou.” A pause. Then: “I think were at the end here.”

"There must be something—"

Hewent quiet again. “ Give Kristi ahug. And listen; tell her to read her email. It'simportant.”

* * * %

Marnie pitched the shuttle 180 degrees in the ten seconds after she'd spoken with Greg. Guidebooks



ricocheted off the cabin walls. Frantic yells came from the passenger section. “It's okay,” shetold them,
while she turned sharply toward Clarke's airlock. One of the kids started to whimper. “Hold tight,
everyone. Brace yoursdf!” She gaveit asolid thirty seconds of thrust. The sudden acceleration pushed
them dl into their seats. The shuttle raced back toward the hatch at anillegad fifty knots. The approach
was dightly off-center. She tapped the port thruster, and was horrified to seeit remain ON after she
released the button.

The shuttle bounced hard off the emergency bumpers. Her head snapped sdewaysinto arestraint. Metal
tore. Thank God for the pressure suits. Marnie struggled to remain calm as the deploying airbags
punched at her. Her youngest charge, Lissette, was screaming. The emergency lights glowed angry red,
then failed as the passenger cabin split dong its main seam. A hurricane of escaping air tried to suck out
her passengers. They were al screaming now.

Say calm, stay calm, stay calm.
Marnie remembered her training as the airbags deflated.
Don't panic.

Her suit wasintact. So was everyone el sg's. She flipped on her helmet lights, unbuckling the six terrified
tourists. Holding Lissette hersdlf, she pushed and pulled the family toward safety. The airlock was meant
for four. No timefor that luxury. She jammed her six wardsinside and pushed in after them. Anasface
was on the monitor, giving her athumbs-up. Theinner door closed on her arm and rebounded open. She
tried again and held her breath until the hatch closed. The green lamps came on and she dapped the
emergency re-pressurize knob. Air flooded the chamber. “ Keep your suitson,” shetold everyone. When
the pressure equalized, Anayanked open the outer hatch. “ Around the corner,” she said. “Don't stop,
keep going, turn right, thirty metersto the shelter.” When one of the kidstried to ask aquestion, she
samply shook her head. “Go! Go!” she barked.

Marnie watched her take amoment to look back at the wrecked shuttle. Anabit her lip. Then she pulled
hersdlf into the shielded station core.

* * * %

Greg saw the seismograph needle twitch twice, then jerk back and forth with growing fury. The
oscillations surged, and he watched the arm snap off in mid-swing. Pulling himself to the digital console,
he read a peak strain of 10-17 on Icewave, his cryogenic diamond gravity-wave detector. No way, he
thought. Can't be that high.It must be a major system glitch. But the hundred-kilometer
interferometer gave him the same impossible result. “ Savor this” hetold himself. “You just recorded a
gravity wave a hundred million times more powerful than any on record. The neutrino detector guys are
about to experience the biggest flash in history. Incredible. Probably fry half their equipment.” The cold
redization that other, far deadlier radiation was aso coming froze the thought and turned hisface
chak-white.

It had been over a minute since the seismograph needle had sent its warning. The radiation monitors
hadn't budged. I'm not dead yet, Greg thought. It can't be a collapsing neutron star, I'd be toast by
now. “Ana,” heradioed, “the strain is so big that it's got to be something nearby."

"What, Greg? What could it possibly be?’

"A supernova. Something massive. Maybe aWolf-Rayet star. The core might have run out of nuclear fuel
and imploded, but the star's outer envel ope runs behind the process. The gammarays coming from the
interior would have needed afew more minutesto break through the envelope. Call Kamiokandein

Japan, okay?'



* * % %

"Kamiokande 1V isreporting eight hours of right ascension, minus forty-seven degrees of declination,”
sad Anatensdy. “Somewherein Vea” It had taken her just aminute to reach the duty technician of the
world'slargest neutrino telescope. Its cubic kilometer of ultra-pure water was two miles underground to
prevent fase sgnals from cosmic rays. Most neutrinos raced through the entire Earth without being
stopped. But atiny fraction crashed into protonsin Kamiokande's water, generating minuscule flashes of
light. Many of the Japanese telescope's trillion photo-detectors had saturated during the neutrino
ondaught, but the neutrino flash's pogition in the southern Milky Way wasfirmly in hand. “ Plus minustwo
degreesistheir guess, near GammaVeorum. Roughly an hour before they can refine the position, but at
810 light years, Gammas the closest Wolf-Rayet gtar in the sky. | wish that helped.”

Maybe. At the moment, Greg had other priorities. “Okay, Ana, Thanks. It means| have afew minutes
more. When Marnie gets back, if you could send the shuttle PDQ, I'd be grateful.”

Shewasdlent along time,
And he knew. “What's wrong?"'

"Greg, Shuttle Oneis scrap.” She added afew details as she finished sedling the shelter doors. Shewas
trying not to lose control in front of the bewildered tourigts.

"No chance at al?’ Greg asked.
"No,” shesad. “I'm sorry."

They were on avisua hookup, so she could see him. He nodded and pressed his lips together.
Sometimes things like this happen. Nobody's fault. “It's okay, Ana,” he said. “ Thanksfor trying."

He pushed back in hischair, asif it might be possibleto draw it around him, to hideinit. Not exactly my
day. | hope it isn't too painful when it comes. There was nowhere to run. Hed put on his spacesuit for
the shuttletrip, but it couldn't protect him from agammaray burst. Velawas visible through the portside
hatches. He moved asfar starboard as possible, behind some computer racks. Tying up the loose
grandsof hislife took just afew minutes online. He was finishing when the comm link suddenly roared
with gtatic and hisvisor blazed like the midday Sun.

* * * %

Asthey suspected, it had been Gamma Veorum. The star had undergone core collapse, producing a
supernovabrighter than the full moon. Kristi Lang was shattered by the news from Clarke. Greg wasthe
only casualty, thank God, but he had been her mentor and friend, and had provided encouragement and
support three years earlier during her Ph.D. research. She now had an international reputation for
outside-the-box thinking, and a bit of mediarenown to boot. She'd concluded, on strong evidence, that a
class of brown dwarfs, failed stars, were being used to mark black holes. They were being pressed into
savice asinterselar lighthouses. It wasawild ideg, of course. And, likedl wild idess, it was till not
widey accepted. But it would be one day.

Greg would not be thereto seeit.

Anahad caled her within an hour, athough the story was dl over the media by then. The director had
been fighting back hysteria, and Kristi had lent her strength. Hang on, Ana. He had agood life. Our lives
arericher because helived.

Words. What the hell good werethey at atime like that? And in the morning, when shewas able to get
hersdlf together, she found the e-mail from Greg.



It was routine stuff. How much he was enjoying himself on the Weber. How he was at that moment
watching a shuttle filled with tourists headed hisway. And then therewasaP.S.:

There's big news in Sagittarius. A Clyde Tombaugh special. Gotta go. More later.
Clyde Tombaugh was the guy who'd discovered Pluto. What the hell was Greg talking about?

More later.

* * * %

She gave it afew weeks, and then tried to reach Ana. But shewasin trangt, on her way to Batimore.
Krigti located her on aglide train and arranged to meet her for dinner.

Anacould not have been called beautiful, but she was an attractive woman, with blue-green eyes, lush
chestnut hair, and the kind of presence you associate with leading ladies. Kristi was shocked by how
much sheld changed over the few weeks since they'd last seen each other. Analooked gaunt and her skin
was sallow. She was hitterly unhappy and it showed. Kristi gave her ahug. “Areyou okay?’ she asked.

Anashrugged. “Not redlly.” Her eyes avoided Kristi, and wandered instead around the interior of the
Crab Pot. It was early, and there were only afew customers present. Piano music was being piped in. “I
finally got dl thereports,” Anabegan. “Greg got an awful dose. Around 90 Severts. Fiveisfata.” Her
voice caught, and tears began running down her cheeks. She managed a smile and wiped her eyes. “It
took us over aday to get him out of Weber. He was horribly burned, comatose, and—well, the details
don't maiter."

"Ana, there's no need to talk about this."

"I need to, Kridti. | really need to."

A waiter gppeared. His name was Richard, and could he get anything for the ladies?

They ordered Maryland microbrews and crabcakes.

Anatook adeep breath. “He'sin cryo-susp and his daughter won't let the doctors pull the plug.”
"Fity. But | can understand it."

"Did you know we're getting sued, too?"

"No. By whom?"

"Thetourists. They'velaunched aclass action claming negligent design and inadequate radiation
protection. A wonder they aren't suing God for setting off GammaVe so closeto us.”

"Any of them get Sck?’

"Asfar asl| know, they'refine. They're claming menta trauma, or that their health was put at risk, or
somedamn fool thing."

The beersarrived. Kristi was used to touching glasses when she dined with old friends. But Anasimply
swept hers up, gazed at it sadly, and took along swallow.

"Don't they Sgn alegd release before they go up?'

"Yes. We're not responsible for acts of God. And if anearby supernovaisn't an act of God, I've no idea



how you'd define the term. But it'll be at least ayear before we can bring back tourists. No tourists, no
money. So Neugebauer and Weber and dl the other telescopes are mothballed. Everyoneis on unpaid
leave™

Krigti tried her own beer. “What are you going to do in the meantime, Ana?"

"I don't know. A couple of places have offered me temporary positions. The University of Maryland
wants me to come on board permanently.”

"I'd congder it."
"Y ou know, Kridti, | don't think | redlized how much | was going to misshim.”

Sdads came. Krigti'swas a Caesar. “I got an e-mail from him,” she said. “Right at theend. And | can't
figureit out.”

Anafrowned. “Why not?'
Big newsin Sagittarius. A Clyde Tombaugh Special. "Y ou have any ideawhat he might have meant?"

Anagazed a the celling, and then poked afork into her sdlad. Finaly she shook her head. “I don't have
acdue”

"Nothing youre aware of that he was|ooking &t in Sagittarius?’
"Not that | know of."

"Odd”

"There is something, though. I'd forgotten.”

"What'sthat?'

"He told me to make sure you read your e-mail."

Kristi nodded. “The center of the Milky Way,” shesaid, “isin Sagittarius, so that part of the sky is
choked with gtars. | don't know where to begin, Ana. | don't know what he was talking about.”

Their dinnersarrived. Anapaid no attention to the food. The door opened and eight or nine people came
in, an office party. The hostess showed them into the next room. Lots of laughter and, dmost
immediately, around of gpplause. Anatook adeep breath, and those dark intelligent eyesfindly found
Kridti. “I'm sorry. Whatever it was, | think Greg'staken it with him."

* * * %

Kristi went to the memoria service, and said afew wordstrying to explain what Greg had meant to her,
both professionaly and as afriend. Then she'd choked up, as severd people had before her. She listened
to the minister say how Greg was with God now, and in better hands. Hewas dive and well in a better
place than this. She wished she could bdlieveit.

When it was over, she flew back to Pasadena, where she was ajunior assistant professor at Caltech.
She resumed work, and did her best to forget Clyde Tombaugh.

Butit didn't take.

Tombaugh had been bornin Illinoisto afamily of farmers. Despite alimited forma education, he



developed afascination for telescopes at an early age. But he didn't think highly of the telescope held
gotten at Sears. So held built his own. He eventually put together his own reflector and took it to Mt.
Lowel in Arizona. The observatory director was looking for an amateur astronomer to try to find
Perciva Lowel's Planet X. Tombaugh hunted through thousands of photographic plates, comparing the
positions of millions of celestid objects on successve nights, looking for something that moved. Looking
for Pluto. On February 18, 1930, he found it.

She put a picture of Tombaugh on her desk. Clear eyes, good features. Probably in his mid-twenties
then. What did you do, Clyde, that connected with Greg?

She got occasiond e-mailsfrom Ana, who had taken aposition of some sort with the Internationa Space
Commission. Then, one evening close to Christmas, she called.

"Hey, kid, how are you doing?’ she asked. The winsome smile was back. “Y ou spending another
scintillating Saturday night at the office?"

Kristi nodded ruefully. “Yup. It'sjust the Y ottabytes and me. No other way to win that Nobel before I'm
forty.” Krigti stared hard at the screen. The Spacecraft Control Center logo glowed dimly over her
shoulder. “Ana, are you where | think you are? How did you get up there?"

"The yo-yo tourists settled out of court, Krigti. | came back up to Clarke yesterday with a skeleton crew.
Jugt in time. Five months earthsde dmost killed me. Be happy for me; I'm dive again.”

"I am, Ana. Y ou know that."

"I have something herefor you. Wheredid | put it?" She pretended to fumble with her e-pad. “Ahal Yes.
A little something for the holidays.”

Krigti's e-pad beeped. Shelooked at what had arrived and gasped. All of Greg'slogs. “1 owe you
another crabcake dinner, Ana."

"No chanceI'll collect that medl, Kristi, unless you bring the crustaceans up here yourself on your next
observing run. I'm done with Earth. Too crowded, too dirty, too noisy."

Kristi looked at thelogs, and at Tombaugh's picture.

Greg had been up there dmost continuoudy for three years. As she paged through the transmission, she
saw that she had al his observations and cdlibrations. Everything.

The proprietary period was normaly two years, o part of it was already public. Kristi had long since
thumbed through that, hoping to find something that would put her on the track of the Sagittarius Sghting.
But the recent stuff was something else. It had been released early, probably because of afamily
dipulation. Kristi scrolled through theligts, trying to get afeding for what he'd been doing during the past
two years. And she discovered heldd been observing every brown dwarf in the Milky Way. My God, he
was trying to prove I'd been right.

He had dso observed every brown dwarf wannabein her thesis, a higher resolution. Hed collected a
billion spectra. He worked harder than | did. A lot of his observations were of cataclysmic binary stars,
and she gtripped those out of the file. She a so removed the obvious quasars and Seyfert gdaxies that
masqueraded as brown dwarfsin her survey. That got her down to twenty million objects. Well, hell, it
was astart. Sagittarius occupiesjust over 2 percent of the sky, but it includes the dense core of the Milky
Way. Deleting everything not inSagittarius decreased the sample size to four million. But now what?



Clyde Tombaugh's photographic plates were her last hope, and she knew it. The plates were taken afew
nights apart and Tombaugh had compared them, star by star. Pluto gave itself away by moving nightly,
relative to the background stars. Greg's reference to a“ Clyde Tombaugh specid” didn't make any sense.
Only solar system objects move enough in afew nightsto be detectable. The nearest brown dwarf is
twelve light-years away. Its nightly motion would have been far too dight for Tombaugh to have seen.
Brown dwarf surveys of the early twenty-first century should have found anything closer. Greg, what did
you mean?

Theriddle gnawed at her. Her other research was beginning to suffer and Sills, the department chair, was
visibly worried. “You're up for tenurein afew years, Kristi. Don't get Sdetracked by unsolvable
problems. Y ou've got to keep publishing.”

kK
Months went by with no progress and no publications.

Shecdled Ana “1 think he saw something that moved.”

"But you've no ideawhat.”

"No. I'm looking for aneedlein ahaystack of four million straws."

"It might not be as difficult asit sounds” shesad. “If youreright, one must be different from al the
others. If you examine Greg's four million spectrafor one second each, you'll be donein seven weeks.
That's assuming you don't eat, deep, or bathe, but those are overrated anyway."

Thewords hit home. One must be different from all the others.

* k% k %

The four million Sagittarius objects were an astrophysica smorgasbord. They included twelve classes of
cool variable stars whose pectra sometimes mimicked those of brown dwarfs. In her origina work with
brown dwarfs, sheld needed ayear to diminate these interlopers from her catalog. Which baby did |
throw out with the bathwater ? Every sorting agorithm in Numerical Recipes divided the objectsinto
one of the twelve classes. Actually, though, there were thirteen classes. Twenty-two bona fide brown
dwarfs had dipped into the detritus heap, and Greg had managed to scoop them back out. For the
hundredth time, sheidly glanced at thefirst few. They weresmilar, late T dwarfs, with temperatures
around seven hundred Kevins, hardly worth a second look. Something clicked. These spectra weretoo
good. The resolution and signa-to-noise were better than anything she had ever seen. How did he get
such great data?

She displayed the next six of Greg's spectra. They were dl virtua clones. Holding her bresth, she
overlaid all twenty-two plots on top of each other. Tiny shiftsin radial velocity between them, she
noted. Otherwise, they're absolutely identical. “Let's see wherethey are.” She scanned the list of
celestid coordinates. All twenty-two objects lay within an areafive hundred times smdler than the full
moon. It can't be a cluster of brown dwarfs because they'd have a much larger spread of radial
velocities. She placed the coordinates in a plotting package, and two twists of a corkscrew stared back
at her. Bingo! Not twenty-two objects. Just one.

Kristi, you're as dumb as a rock. She sagged into achair, shutting her eyestight. The enormity of what
Greg had found overwhelmed her. And heéld died in the middle of it. Hisloss was suddenly clear and
crushing. She held the spectrato her chest and began to cry.

* k k %

Anawas leading the efforts to reactivate the geosynchronous telescopes. There was no way to confirm



or extend Greg's discovery without Neugebauer. Krigti called and, on an encrypted line, told her what
sheld found.

Analistened and paed. “ Areyou sure?’ Her voice trembled.
"l need to do some more checking. But yes, | don't think there's much question.”

"Thanks, Krigti,” shesaid. “I'm glad you told me. It's helpful to know what he did.” Shetook a deep
breath. “ Do you need more data? What can | do to help?!

Kristi nodded. “Theradia velocities are crucial.” Shewastrying hard not to sound excited. “The
variaionsweretiny. Greg must have missed them. | need a set of high disperson observations every six
hoursfor amonth. Canyou doit?"

Anacould. “You bet. I'll get started tomorrow."

* k k %

The Neugebauer data accumulated on her computer for three weeks before Kristi allowed hersdlf to
ingpect it. The direct images were saturated, just as she had expected. No wonder, she thought, it's so
bright. But the spectrawere exquisite.

And they confirmed her suspicions.
Shecdled Ana “It'swhat we thought.” She bubbled with enthusiasm as she described the results.
"Now what?" asked Ana.

"We need access to the coronagraph.” The coronagraph was designed to block the glare of adistant sun,
alowing its planetsto be seen. “Jod,” Kridti said.

Ananodded.

Joel Dayan had designed and built the coronagraph at Clarke. He was on the staff at Caltech, just down
thehall.

* * % %

Jod blinked in surprise as she walked into his office and shut the door. “ Tongues will wag, Krigti,” he
amiled.

"Youwish, bigfela” Joel was one of the brightest people Kristi had ever met. He had done
breakthrough work on instrument design, was a superb classroom instructor, and had won a Shaw
Foundation Prize four years earlier for hisimaging of terrestrid planetsin nearby star systems. In his
sparetime, he partnered with an airline pilot as the Caiforniastate bridge champions. He was aso pretty
good-looking.

"I need your help, Jod,” she sad.
He sighed. “What can | do for you, Kristi?'

"I want to make you an offer you can't refuse.” She described her discovery, told him yesthere was no
guestion, and no she wasn't kidding. She showed him the new datafrom Ana.

He listened, looked skeptical, nodded. “ Greg's work, you say?"

"Y$"



"I never got to meet him.” He sat quietly, considering what shed said. “My loss.”

"Canyou hep?'

"Y ou're asking meif the coronagraph isavailable.”

"Wes"

"Not redly. It's never available, Krigti. Y ou know how that is."

She knew. People were lined up for months ahead. “We'd have to get somebody to give up their time."
"I know,” shereplied. “But you have seven days, beginning this Friday."

"Y ou're offering me ajunior partnership in arisky enterprise that might be in the textbooks for centuries.”
She smiled and nodded. “L et me think about it and I'll get back to you."

Hewaked into her office an hour later. “Okay,” hesaid. “Wecandoit."
"ThisFiday?"

"Yes. But therésaprice.”

"Sounds like the end of my virtue."

Helaughed. “I'll takeit if it'savailable. In any case, | want to go with you."

* * % %

Three years earlier, Krigti had dmost frozen to death in a snowstorm when her car dipped off the
Kilimanjaro summit road. Thistime it was sunny right to the top. The auto-drive et them both enjoy the
view. They relaxed and laughed and snacked as the pressurized car climbed more than five kilometers
above the surrounding savannah. The Yuri Artsutanov Space Elevator was celebrating itsthirtieth year
of operation. Large banners hailing theinternational consortium lined the road. Thiswould be her sixth
trip up, and histenth. Security had been beefed up since her last visit. The guards put their suitcases
through X-ray, terahertz, and pion imagers. She hated being swabbed for aDNA sample. Jodl just
shrugged. “ Standard operating procedure where | come from. Better that than alunatic bringing a
polio-smallpox cocktail onboard in her own body."

The cable seemed to hang from infinity, contrary to the laws of common sense. Yuri's base towers were
surrounded by enormous structures extruding new nanowire ribbon. The lifting capacitywas being
doubled to one hundred tons. Competition from theriva eevator, the Bradley C. Edwards, anchored
due south of Hawaii, remained fierce. Jod and Kristi were the only passengers, so the steward ushered
them into the firgt-class section. Nice, shethought. Thisis how the other half lives. They sirgpped
themsalves in as the hatches clicked shut. The carbon nanowires stiffened and the elevator lifted avay
from Kibo, the summit crater. Minutes later they spotted Kigali and Kampaaacross Lake Victoria. The
Indian Ocean came into view and the Earth became round. Venus and Saturn appeared as the sky turned
dark blue, then black. Their eyes adapted to the night, and the star cloudsin Sagittarius became visible.
They talked, drank coffee, and enjoyed each other's company. Toward the end of the nine-hour ride, she
fell adeep on his shoulder. He stroked her cheek to wake her just before the clamps on Clarke locked
the devator in place. “Hey, kid,” hesad, “it's showtime."

Anawas waiting for them. She hugged Kristi and shook hands with Jod. Kristi had warned her to wait
for dinner, and Analaughed when she saw the crabcakes. A complex Stellenbosch Chenin Blanc with a
hint of citrus enlivened the evening.



* * % %

Jodl had stenciled HARSH MISTRESS (HM) on his coronagraph, because of the sub-nanometer
precisons required to make it work. Hed anchored the core of the device to carbon-silicon nanorodsin
liquid helium to diminate flexure. Cooling and testing the alignment was athree-day blur of activity. The
instrument wastrivid in principle—it used asmal meta disk to occult the glare of adtar. Its
ten-billion-times-fainter planets could then be seen. Detailed images of Jupiters and Neptunes around
nearby stars were like shooting fish in abarrel for HARSH MISTRESS. Joel had built HM for hisPh.D.,
to take thefirst resolved images of Earth-like exoplanets. A decade later, he had ahundred discoveries
to hiscredit. All werelike Mars or Venus, with amospheres utterly devoid of oxygen. Religious
fundamentaistswere using thisto “ prove’ that life on Earth was unique and divindly created. Herolled his
eyeswhen Kristi teased him abouit it. “ Nutcases,” he said. “I'll need abodyguard when | find an
oxygen-dominated terrestrid world.”

A few months earlier, Jod had serendipitoudy detected two Ceres-sized asteroids orbiting Barnard's
gar. They were thefirst exo-asteroids known. The precious observing time they were going to use now
had originally been awarded to look for more asteroids around other nearby stars. Greg and Kristi's
discovery took precedence, so Joel was going to sacrifice al seven days of his hard-won Neugebauer
time to make the necessary observations. A small price for astronomical immortality, he thought. If it
works. And hedidn't mind having avery attractive redhead like Kristi Lang fegling indebted to him.

* k k %

Caltech's press officer reminded Kristi of abulldog. His cylindrica body and stubby legs supported a
sguare head with sad brown eyes, short golden hair, and awhite beard over large jowls. Alan Boxer
loved hisjob and the eclectic scientists whose work he publicized. This morning promised to be ahigh
point in his career. Two hundred media representatives were munching donuts and downing coffeein
Feynman Hall, waiting for him to begin the press conference. He nodded, and the Astrophysics chair of
Caltech stepped to the podium.

Albert Sillswas beaming. He wore avest that portrayed the Earth on anavy blue background of stars. It
was hisway of Sgnaing an Event. “Mogt scientists count themselveslucky if they make one sSgnificant
discovery inalifetime.” He gazed out across the audience. “ Professors Krigti Lang and Joel Dayan have
each done that dready. She hasfound atype of star that nature cannot manufacture. That might be
gynthetic. He hastaken the first pictures and spectra of Earth-sized planets orbiting other stars. All of
these planets are barren. Her results suggest that intelligent life existsin the cosmos. His results suggest
that extraterrestrid lifeis absent or very rare. Isn't science wonderful ?!" When the laughter subsided, he
looked toward them, standing off to one side. “Thisistheir day. Doctors Lang and Dayan, pleasetell us
what you have found."

Jod raised the microphone for Kristi and it promptly emitted a deafening squed. Hefiddled with the
controls, and a second try brought it quietly within range. “ That'swhy askilled insrumentaist is so
essentid for every astronomy team,” she began. He laughed with the reporters but |ooked nervous, so
she gave him abroad smile and faced the media. The New Y ork Times and Science correspondents had
been tipped off, and were Sitting on the edges of their seats. They get it, she thought. She savored the
moment, glorioudy happy, for hersdf and for Greg. She dmost fdt his presencein the room. “Welcome,”
shesaid. “I'm pleased that so many of you are here. We want to gratefully acknowledge our co-author,
Ms. AnaVassileva, who couldn't be here today. Sheis spacewalking at geosynchronous dtitude right
now. Anamanages the hedlth and safety of our instruments, and has gathered some of the datafor our
work. Were going to take fifteen minutes to summarize our discoveries, and then well be happy to
answer questions.” The corkscrew appeared on the holoscreen beside her.

"Greg Cooper dfted through abillion rgjected brown dwarf candidates from my doctord thesis. Only



members of our own solar system move enough, relative to the background stars, to be easily detectable
inafew days. That'swhy | rejected adl rapidly moving star-like objects. They must be asteroids or
Kuiper Belt objects. Greg re-observed them, and all the other rgects that varied. One, and only one, of
my rejects displays the spectrum of abrown dwarf. And it turnsout, it is atrue brown dwarf. Greg
re-observed it every month for amost two years. The twenty-two points of the corkscrew that you see
on the screen plot the apparent path of this object across the sky. A single turn of the corkscrew has
1/30 the apparent diameter of the full moon. That's huge.” Shetook a deep breeth. “ The only way that
can betrue, ladies and gentlemen, isif the brown dwarf isahbinary companion"—she paused—"of the
Jun

The audience sat stunned. Somebody murmured in back. Shocked expressions appeared on the
reporters faces.

"The brown dwarf's orbital motion around the Sun carriesit continuoudy in one direction,” she continued.
“The pogtion from which we view it varies cyclicaly over one year asthe Earth moves around its orbit.
Combining those two mations produces the helica path in the sky. The apparent size of the corkscrew
helix places our newfound neighbor about one hundred times farther from the Sun than Neptune: five
hundred billion kilometers away. That's a pretty long walk. But it's till ahundred times closer than the
nearest Sar."

Hands were going up all over the conference hall. The reporter from Science didn't walit to be
recognized. “If it's so close, why hasn't anyone discovered it before?”

"Therearefivereasons,” Krigti said. “ Our companion isamost amillion timesless luminous than the Sun.
It's three thousand times further away. We can never seeit in the same spot twice, because it takes
150,000 years to complete one orbit. For the past eight thousand years, it's been moving through
Sagittarius, the most crowded part of the sky. And findly, it's eight times cooler than Sol, so it only emits
infrared light. That's why nobody's ever noticed our cool neighbor until recently. Until Greg Cooper did.”
Shetook asip of water, and touched her e-pad.

"Weve measured the brown dwarf's radia velocity. It'swobbling back and forth with perfect periodicity
every seven days.” A sinusoida curve with data points and error bars replaced the corkscrew on the
holoscreen. “This means that a Sgnificant mass must be orbiting our neighbor, tugging it back and forth."

A hand went up. “ Are we talking about a planet, Professor Lang?"

"One second, please, and I'll explain. Dr. Dayan's state of the art instrumentation permits us to measure
the object's speed asit orbits the brown dwarf. That helps us pin down the masses of our two
discoveries. The brown dwarf isforty timesthe mass of Jupiter. If it were eighty Jupiters, it would fuse
hydrogen, and be visible to the naked eye as ablood-red star.

"The orbiting massisthree timesthat of the Earth. But it'sdivided.” Shelooked at the reporter, and at her
audience. “ To answer your question: No, we do not have aan orbiting planet.” She paused. “We have
two.

"L adies and gentlemen, we gpparently have aminiature solar system, just eighteen light-days away.” The
hands had gone down, and the excitement had turned to stunned silence. “We thought you would like to
seethem. Dr. Dayan?"

Joel touched his e-pad and two fuzzy crescents appeared on the screen. “Dr. Lang and | spotted these,
inthefirst image wetook. At first | was certain that the double image was an internd reflection in the
coronagraph. We rotated the optics by 90 degrees, but the crescents didn't budge. They areredl, nearly
identical twins. We are seeing both night and day on each world's surface, hence the crescent shapes.”



Another touch and two much sharper crescentsfilled the screen.  Several hours of focusing the
instrument brought us to where we could take a crisp image every minute. Concatenating them gives us
thefirst movie of twin terrestrid worlds, which well now see”

The planets came dive, circling their common center of gravity. They orbited the brown dwarf in perfect
lock step. On oneworld, cloud masses swirled over continents, idands and oceans. The second planet
wastotaly enshrouded in clouds. Flashesthat could only be lightning were visble on its night-side. Many
of those present broke into spontaneous applause. Joel smiled and nodded. “ During the last few hours of
our observing run, Dr. Lang measured each world's spectrum, and | now ask her to describe what she
found."

Kriti returned to the microphone. “Humanity has the technology today to send arobotic spacecraft to
our neighboring brown dwarf star and itstwins. If we use the Clarke cable as awhip, we could be there
intwenty years. And we are going to go. Let me show you why.” The holoscreen displayed another pair
of spectra. “The ocean world has water in its atmosphere, of course. There's oxygen, ozone, and
methane, t0o.” She stopped, took a deep breath, and thought again of Greg. | wish you were here.

"The spectrum dso shows aditinctive feature here that can only be produced by chlorophyll. The other
planet, the cloudy one, shows nothing but carbon dioxide and nitrogen. The ocean world is alive.”

The academicsin the audience sat spellbound. Many of the reporters were dready filing storieswith their
e-pads.

"Life hastaken hold on a planet just elghteen light-days from Earth. It hasfailed on the twin planet right
next to it. If we choose to do so, we can learn why life established itself on one and not on the other. And
then, perhaps, we will understand how life got Sarted on Earth.”

Jod sgueezed her hand benegath the podium. “Great, Krigti,” he whispered. Lise Meitner must have
experienced the same wave of joy when she proved that an atomic nucleus could be broken into smaller
parts. Krigti had never felt more dive. “Ladies and gentlemen, thanks for your attention.”

A forest of hands mushroomed in front of her.
(EDITORSNOTE: Kristi Lang and Greg Cooper appeared earlier in “ Lighthouse,” April 2006)
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INTIMESTO COME

Shane Tourtellotte has been showing us a series of visons of the future in which “overlays’ can be used
to reform human beingsin away far beyond the means of old-style“reformers” by effectively rewiring
their brainswith traits deemed more desirable. Initidly, of course, the method was used on asmall scae
and with greet caution, to turn the most “incorrigible” criminasinto people therest of us could live with.
But one thing led to another, and next month's novella“ Tria By Fire” iswhat the author describes asthe
crisis point of the whole series. Given some success with such anew and powerful tool, what happens
when a culture-wide trauma suddenly provides an irresistible temptation to use it on afar larger scale?

Well aso have stories by, among others, Michadl A. Burstein and Robert Greenberger, John G. Hemry,
and Jerry Oltion, plus Part 2 of Karl Schroeder's serial Queen of Candesce. Richard A. Lovett provides
thefact article, “ The lce That Wasn't,” about archeological evidence of atime when some of our
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ancestors early effortsat globa warming may have unwittingly averted a genuine catastrophe.
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THE SMALL POND by C. Sanford Lowe and G. David Nordley

* * % %
Being a big fish may be attractive, but can have correspondingly big disadvantages...
Chapter 1

Inthe Solar System's Kuiper Belt,
9 May 2250
"Return? Return!? But we just got here! Nobody's even been down to the surface yet!"

The surfacefloated in front of Liz Avonford, forbidding, mysterious. She put ahand on the Marsden's
observation window asif to touch the unknown planetoid below them. It drew her to it with aforce far
greater than its negligible gravity.

Salim shook his head firmly. “Ordersfrom Dr. DeRoot. We have to go back. Besides, we didn't tell

them we were going to land. | think Vitus DeRoot would rather someone else be thefirst on the surface.
Thisisthe biggest thing found in the Solar System in the last century—it's over 300 kilometers across! It's
historicaly important. The ingtitute would want to be involved in the landfal decision. Weve got abig fish
here, and we aren't expected to be catching big fish. We should get permission.”

"Nutd” she said. At 3007 AU'sfrom Sal, it was her call. “I'm going down for a couple of hours at |east.
Weretoo far out to be caling back to headquarters. It would take a month to get permission.”

"Thirty-four days, sixteen hours,” the Marsden added, helpfully. “25 August 2250."
"Look, they didn't say soin so many words,” Sdim said, “but..."
"Nutsto the politicd | found it. And I'm going to be the first one down."

Silence. She was the expedition commander and the legal authority in place, unless Sdim or someone
relieved her. And they would not do so over this, no one had expresdy ordered her not to make landfall.

Liz grabbed the doorjamb and projected herself across the deck to the nearest excursion vehicle. She
checked hersdlf smartly with ahand dap on the cockpit rim, pivoting her legs onto the seet. A quick
visua showed the standard equipment was dl present, including ahelmet and coverdlsin the wire mesh
locker behind the pilot's station.

"Activate and close up,” she ordered the module.

Two hours later, she was on the planetoid's surface, leaving the first human footprints on its regolith of
coal-black cosmic dust.

She crouched dowly to keep her feet on the ground and set an analyzer on the surface.
"How old?’ she queried.

The display insde her helmet projected 7.219 gigayears.
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"Sdlim, thisthing is older than the Solar System! Over seven billion yeard It didn't come from herel™

Sadim's groan echoed through her helmet, so loud it made her wince. She sighed. Bad enough to make an
uncoordinated landfall on abigice bal, but thiswas an uncoordinated landfall on amgor discovery. She
would go down in history instead of someone much more senior. She straightened her shoulders. That,
she thought, was just tough.

* k x %

Two months later, Liz was back on Earth at Saint Petersburg, in Vitus DeRoot's office at thetop of a
very tal 1SA tower overlooking the Nevsky Progpekt. DeRoot, she thought, was dl the more terrifying
because of the way hisfriendly avuncular manner could mask hisanger.

"Shdl we go through the particulars?'

Lizwilled her fisted hands to straighten and shook her head. She had a good idea of what would be on
the lis—every piece of negative information about her performance since she arrived in the Earth's Solar
Sysem.

He was going to do what he was going to do.

"The executive committee fed s that we should take advantage of your family connections and the public
attention your exploits have received in our outreach program.”

Visonsof intro classes and faculty teas rushed through her head. “With respect, Dr. DeRoat, I've not
had any university experience. | did my degree on-ship, on the way in from 61 Cygni."

He smiled. “Not to worry. We can accommodate you in both respects. Ginny Lu hasalong list of
elementary schools over the entire planet that need speakers. It would be ared treat for the children to
meet someone who was born around another star, and is so famous. Y ou'll be assigned to her. Anything
ds=?'

"When doesthisal start? | have amilk run to the Black Hole Project in the asteroid belt.”

DeRoot shrugged. “1 wouldn't worry too much about the BHP, that's just too premature and
grandiose—Director Zhau Tse Wen's politica problemswill shut them down before too long.”

Liz felt acold chill down her back. Was that what was behind this?
"HildaKremer, your sster, ison that project, is she not?I'm sorry.” He frowned and looked down.
Liz bit her tongue.

"Y ou colonias come back here with so much enthusiasm, but thisisavery old solar system and avery
old planet with agendas that go way back.” He shook his head. “ One needsto tread carefully. Arewe
done?'

DeRoot had smply made a personnd move based on “needs within theingdtitute.” 1t had aready been
decided. What was done, was done.

She left DeRoot's office and went to her apartment on the thirty-second floor. There she opened abottle
of Mayagues Port, went out on her balcony, and looked out over the Ploshchad Ostrovskovo, awash in
the late summer sun.

She thought about her mother, the near legendary starship Captain Katherine Avonford, as she looked at



the huge Russian monument to Catherine the Great. Itslarger-than-life scale dso reminded her of her
planet-sculpting father, Wotan Kremer. She had vowed not to be swallowed by her heritage but aso,
perversdy, felt obliged to live up to it in some way, to be larger than life hersalf. She shuddered; time
enough to get things back on track tomorrow. With that she set aside a couple of detox pillsand
proceeded to get smashed.

The next morning, Liz went back to her small office in the exploration division. The door wouldn't open.
She groaned, then wiped her hand and the handle to aid the ancient fingerprint recognition system's ability

to recognize her paw.
It till wouldn't open.

A soft beep sounded that only the person standing in front of the door could hear. Liz touched the net for
admin.

| am sorry, but you are not authorized entry to this office, camethereply.

Of coursel am! Liz sent. I'm Elizabeth Avonford and thisis my office. For a while, anyway ... Her
stomach tightened as she redlized what had happened. Chaos! It had only been ten lousy hours!

A young man, atall blond, came down the hall toward her, followed by a cartload of boxes. Ashe
reached her, he smiled winningly and stuck out his hand.

"David Levi.” He pronounced it dah-FEED leh-VEE. “ A visitor dready! Asyou see, | havent moved in
yet"

"It'smy office,” Liz said, knowing she waswrong.

Levi stared &t her.

Liz Sighed, deflated. “ At least it was. | think my stuff isstill inthere”
"Oh, dear.” Levi looked concerned. “Let's see.”

He put this hand on the pad and the door opened. The office was bare.

"Damn!” Liz said. Shedd only had it for three years, and most of that time sheld been in space. Still, there
were memories—her first red job.

Shelooked at thewal where the pictures of her family had hung. The empty shelvesthat had held afew
precious real books. Even her snow kitten doll was gone.

Levi looked mortified. “I'm sorry, | ... They just assigned it.”

Liz shook her head and wiped away atear. “It's not your fault. I'm sure the service robots have stashed
my things somewhere.” She composed herself. “Well, what do you do?"

"Bionanotechnology. | got my doctorate at Jerusalem United fifteen years ago and finaly got aposition.”
He stepped aside and the cart moved into the office with his things. “ Only so much to do and a hundred
and twenty-three billion peopleto do it."

Liz smiled and shuddered inwardly. She had a sudden insight into what resentment there might be
towards her or any other coloniastaking up positions.

"Andyou are?’ Levi asked.



Liz hestated, then sighed. Hed find out soon enough. “Elizabeth Avonford.”

His eyeswent wide. “ The person who just discovered the new planet three thousand AU's out? Captain
Kate Avonford's daughter? And I'm taking your office? I'm very sorry!"

She smiled fasdly. “Bureaucratic error. Uh, ten days before spring or after autumn equinox, the sun sets
right behind the old fort. Enjoy it. By theway, it'sakuiperoid or planetoid or whatever—not a planet.”
She turned and walked to the elevator.

As she entered her gpartment, she realized she had to talk to someone. She touched the net for her older
gder, Hilda

Hilda, | just got my assfired. Shetook a breath. Help!

A few minutes later, her sster was on her wall screen. Hilda had inherited wide-set blue eyes from their
father, Wotan Kremer, and along nose so much like her own that, in certain positions and lighting, it was
amogt like looking inamirror. But Hildas hair was an amost platinum gold, while her own lockswere
more reddish brown, attesting to Catherine Avonford's Cdltic lineage. And Hildahad astrong chin. Liz
often thought about having her own enhanced.

"Good morning, Liz. What's happened?”’
Liz unloaded. “I don't know what to do next,” she concluded.

Hilda appeared thoughtful. “Look, Dr. Sarah Levine has changed her mind about going to Lacaille 9352
to work on the fabrication and the launch of itsimpactor for the BHP. Y ou're used to command and an
expert in gpace resources. Interested?”’

Liz caught her breath in thethrill of the offer. Eleven light years away, a astart-up interstellar colony, she
would likely have amgjor role. Then she hesitated. “Hilda, | don't work for people very well. I'm, well,
kind of bullheaded.”

Her older sster smiled knowingly, but instead replied, “Y ou've led four expeditions since you got into
Earth's Solar System, all successful.”

"Well, yes, but when | do an expedition, it'smy show."
Hildalooked pointedly into the camera. “ That's what I'm going to recommend.”

Liz opened her mouth and couldn't closeit. In charge of the whole show? No boss, no politics?
Eleven light years from Earth with nothing to do but make it happen? Shelooked at her sister,
excited, dmos breathless. “You'rekidding ... You're not kidding. Y ou think I'd have ashot?'

Hildalaughed. “ That bullheadedness, dong with your ability to improvise, is probably just what we need.
Theré'saman out there named Gunheim, former PM of Queendand, given to grandiose schemes. Hell
probably bein local politics out there, and if he startsinterfering, it will take a strong will to stand up to
him. We've got a planning meeting in afew minutes, so I've got to go. Should | ask Tse Wen?"

Liz caught her breath. The responsbility would be huge; amonstrous projectile of precisdy the right mass
would haveto leave Lacaille 9352 at just the right time and reach just the right velocity to meet the three
other projectiles with nanosecond precision at the experiment vertex. A small pond, yes. But she would
bethebig fishinit. That excited her. And making the Black Hole Project happen would be an exquisite
revenge on that arrogant, disingenuous bastard, Dr. DeRoot. BLt...



"Hilda, we haven't had much time together."

"I know. But I may be heading out myself. Dad's headed back to New Antarctica; he and | have some
issues to put behind us. The project needsalocal lead. There are other political problems, though. Sis,
we have al eternity ahead of us. Let's get together at New Antarcticawhen it's done. Maybe mom will
come.”

Liz grinned. “Now that would be interesting. Okay, I'min. If Tse Wen wants me, I'm ready."
She signed off and touched the net. Any star ships headed for Lacaille 9352 in the next year?
The C.E. Singer, Peter DeRoot commanding. It would leave Venus Equilaterd in eight months.
DeRoot? Any relation to the Director?

Brothers.

Probably irrdlevant, Liz thought, but just bad luck if not. The Snger was her only choice. She stored the
information and turned to her apartment window. Gold and pink clouds floated in the sky beyond the
Poshchad Ostrovskovo. She looked to the northwest, toward the lands of the Vikings and of Nansen
and Amundsen. There was so much she hadn't taken timeto see.

* k k %

Chapter 2
Between Sol and Lacaille 9352,
23 September 2264, Sidereal Reference

In her third day after emerging from hibernation, Liz Avonford lay on atowe on the grass by atiny pond
under thewarm artificial sun of the starship recrestion dome, eyes closed. Linked to the computational
power of the starship viabioradio and the local net, shewas hard a work, smulating orbital motionsin
the Lacaille 9352 system.

At atime compression of 10,000, the planets of the system traced their orbits. Two small ones, Sunbeam
and Canning, lay closein, surrounded by the orbits of apair of larger worlds, Venus-like Carlide and
Mars-like Martin. Further out was athin belt of asteroids, then a pair of gas giants, Munro and Spencer,
which might have been twinsto Uranus and Neptune. Beyond those rolled an icy Plutonian world, Rayl,
at theinner edge of awidering of kuiperoids.

A brilliant flash and afterglow in the inner system caught her eye. That must beiit, she thought—the impact
that would occur in the Lacaille 9352 system a dozen years from now. She replayed the last hours of the
collisoninred time and high magnification. A largish asteroid gpproached Martin, the Mars-sized world,
dowly, gracefully taking awhole second to cover its own diameter to start with. One thousand one ...
But the asteroid sped up asit approached the planet until over thelast two or so planet radii, it was
sucked into the Mars-like body in aflash. Liz stared intently as a great enveloping black cloud boiled out
of the wound and spread around the whirling planet. She sighed at the great stroke of cosmic luck that
would let her be present at such an extraordinary catastrophe.

"Elizabeth Avonford?'

But the luck wasn't all good; it would happen just at the end of their BHP impactor's acceleration. Debris
gplashed from the collision could eadly interfere with the vast solar arrays and beam drivers needed to
send their impactor on itsway. She asked the compuiter to light the array's position in vivid green, trailing



and fading over severd million virtua kilometers. The debrismade avirtua cloud that spread from Martin
inward and outward, and the edge of the cloud touched the ring of power stationsthat would power the
Black Hole Project. Should they divert the asteroid for one revolution? Or change the time-mass-vel ocity
profile to get the beam out before the impact?

"Elizabeth Avonford?'

The sound of her name penetrated, and dimly aware that it was the second time she'd been called, she
groaned and opened her eyes, disoriented. Redlity was calling her back from the virtud universeand it
took amoment to adjugt, like waking up from adream.

Her eyes got into focus. The man who had spoken to her had afamiliar accent, but she couldn't quite
placehim. “Yes?’ shereplied.

"David Levi."
She touched the ship's database and made the connection.
"Ohyes. Youretheyoung man..."

"...from Israel, who took your office.” He chuckled. “I quickly found out that was no place for anyone
with an independent soul!”

They shared arueful laugh.
"Your firg timeonagarship?’ Liz asked.

David nodded. 1 stayed awake; watched the Sun shrink to apoint of light and redden. | didn't redize
how red it was going to get. The safety lightsin the observation bubble gave me the clue—when our
gammahit two, it seemed amost asred asthey were."

At agammaof two, the starship was moving a 86 percent of lightspeed—siretching the Sun'syelow
light tored. “That's clever; | hadn't thought of doing that."

"We should get to seeit again as we dow down approaching Campbell."
Liz'seyeswidened. “ Campbel?'

David smiled. “AKA Lacaille 9352."

"We?' Liz asked. Sheliked himingantly.

"Judi Lalande, Su Ahng-Lo, and the Captain—those of us who have been awake the whole trip. Lalande
isan astrophysicist doing research en route. | understudy Ahng-Lo with biosystems; | shdl have my
credentid and experience by the time the voyage isover.”

"Looking to ship out again, then?"'

"I must see the universe and it is good to have as many qudifications as one can acquire. Assoon as |
solve the mystery of that kuiperoid you found.”

Liz raised an eyebrow. “What mystery? Other than it's clearly something the solar system picked up from
somewheredse”

David grinned, delighted to pique her curiosity.



Liz touched the net again; within the errors of measurement, her planetoid was the same age asthe
Lacaille 9352 system—make that the Campbell system—7.392 hillion years, plus about 3.6 million or
minus2.2 million.

"That could be acoincidence,” she started.

David looked at her, aglintin hiseye. “| think it isnearly atwin of the rock that's going to crash into
Martin, maybe even the other half."

"The other half?"

"A rapidly rotating binary rock comes closeto agiant planet, like Munro, and gets pulled apart. The
dower haf goesinto a chaotic orbit around Campbell. The faster half gets g ected from the system
entirdy."

"This happened recently? Campbd| ismoving very rapidly.”

David nodded. “But in ahao orbit about the galactic center that turns out to be commensurable with that
of Sol. They come close every 560 million years. Three times around for us, two for it."

"That's sill an incredible coincidence.

Helaughed. “Oh, | do not think it is so much. There are five hundred billion plus stars or near stars
floating around that big black hole in Sagittarius. What are the odds that none of them come closeto Sol

periodicaly?'
Liz chuckled. “Wel, if you put it that way..."

He nodded and his eyes blazed. “Now | go alittle off the path that is beaten. About 560 million years
ago, life on Earth got agood, uh, kick in the trousers.

"The Cambrian exploson?’ She began to roll her eyes. “That'sway too much of acoincidence.”

David shrugged. “ That iswhy I've said nothing, officidly, yet. But | think maybe | will find some biology
around thisred star we go to. And | wonder if it isbiology we have aready seen.”

The importance of what he said sank into Liz. An independent origin on Earth, or an import from
elsawhere ... “Campbell isamogt three billion years older than the Solar System...”

David's eyes glowed. “Ah, you understand!”

Liz thought about her finding the kuiperoid, their chance meeting in the hal of the administration tower,
and now heading together for Lacaille 9352, sharing the same passion to do something significant.
Perhaps there was something to fate.

"Areyou busy for dinner?’ she asked.
"What about lunch?’ he countered, delighted by her attention. “It isamost lunchtime now.”

She laughed. He was as eager as she was. But she had an engagement. “ The captain offered to show me
his collection of ancient navigation equipment. He's going to establish a smal museum at the Minot Space
Colony around Campbell. I'll bein his quartersfor lunch.”

"Wdl, dinner then?'



Liz dlowed hersdf adight smile. She had to be a decade older than him, even subtracting the years shed
spent in cold deep. Was he looking forward to more than just dinner? The prospect was not entirely
unpleasant. “ Okay,” she smiled. “1900 in Sphere One."

Liz touched the net for amap. The Singer's habitable parts consisted of six spheres spaced hexagonally,
like beads on a stiff hoop, around the magnetic field generation cable. Between spheres, sectionsof a
torus enclosed the wire and a passageway. The ship spun about the hoop axis for stability under thrust
aong that axisand for centrifugal gravity. The heavier lower haf of each sphere rotated on the hoop to
keep itsfloorslevel under any combination of acceleration and spin. The diagram showed the floors
pardlée to the spin axis, asthey were now with no axia thrust. She was now in Sphere Three, with most
of the other passengers. Sphere One, two spheres antispinward, was crew country.

"Captain'stable, then?'

Liz nodded. Let him think he has competition.

* * * %

Liz looked forward to seeing the old hardware and was a little early to Captain DeRoot's quarters. On
the way, she passed awoman who looked upset and gave Liz the strangest ook imaginable, but said
nothing and hurried down the access tube.

Judi Lalande, the Al identified.

Each sphere had four decks and amess. By tradition, Room 131 on deck three of Sphere One wasthe
captain's quartersin al ships of thisdesign. In her voyage to Earth as ateenager, she'd never come close
to Room 131; Captain Y uri Ivanov had been a serious, forbidding figure who smiled at girls maybe twice
in avoyage. Remembering that sense of forbidden territory came back to her now. Liz had captained her
own exploration craft in the Solar System, but here in this moment on the Snger, shewas an excited
childagain.

The captain's door did slently open as she approached. He was at his desk, seated with his back to the
door. Overhead was a set of shelves holding various pieces of metal equipment with dials, buttons, brass
tubes, and lensesthat al looked strange to her. The room itself was no bigger than her own.

"Comein, comein,” hesaid, dmost asif irritated. Then he turned and smiled. “Peter DeRoot, and you
are the redoubtable Elizabeth Avonford?'

She nodded.

Instead of rising to shake her hand, he pulled a brass tube from his desk and offered it to her. “It'sa
telescope made five hundred years ago or so. A whaling ship captain out of Lisboa, Portugd, used it in
the early eighteen hundreds. Go ahead, pull it out.”

She grabbed the end of the tube and pulled; it did easily out to alength of about haf ameter.
"Doesit work?'

Captain DeRoot got up and motioned toward the side of his cabin. An ordinary man, hewore his hair
relatively long so it flopped over hisforehead in acareless, boyish way. In contrast, his bearing and
reserve spoke of sdlf-confidence and authority.

A door opened revealing aroom with a polished wood-grain table surrounded by plush chairs. She
walked in and gazed around; the walls, except for one, were hung with real framed pictures of sailing
vessels and spaceships. She smelled real wood. Thewall without pictures had a great box mounted on it



with shiny brassfittings—hinges and ahook. The wood was varnished so degp and lusirous that it
seemed Hill wet.

Captain DeRoot walked over to the box, lifted the hook, and swung its doors open, revealing ablack
shiny surface. “Lights” he said softly.

The lights went out, and as her eyes adapted, Liz could see stars dowly spinning around, except for one
bright one. A direct view window! “How..."

"The inner and outer windows line up during the coast phase,” Captain DeRoot said. “ Go ahead, try the
telescope.”

She put the tube to her eye. After adight adjustment of the length of the tube, she brought the golden
point of light into focus. “Oh! A bright violet star,” she said. “It seemsimpossibly smdl and intense. Is
that Lacaille 93527

"That isits communications laser, blue shifted by our velocity. By theway, Roger Gunheim says Lacaille
9352 is called Campbell now, after an author who wrote anovel about using solar energy to power
space flight about three hundred years ago. The planets were named after charactersinit.”

Shefdt hishand find her waist in agentle, if presumptuousway. Her heart pounded. Wasthisredly
happening? She moved his hand away.

"| thought that wasn't officid,” she said, going back to the telescope.
"We're along way from the Interplanetary Astronomica Union.”
Shefdt hishand again.

Captain DeRoot laughed. “And, | am in charge here.”

His hand moved up from her waist toward more intimate territory. It had been avery long timesincea
man had touched her that way, and she felt both fear and excitement. But her mind told her thiswastoo
soon, way too soon. Liz pulled one hand free of the tel escope and gently removed the captain's hand.

She felt momentarily rattled. He clearly meant it in afriendly manner, shetried to convince hersdf. Then
sheflashed back to the look on Judi'sface.

"Y ou're going to Campbell to take charge of the impactor project,” DeRoot said, “to seethat it gets
made and flung toward the implosion site.”

IIY$"
"There are people on Ste dready with much more experience who can do that."
"Zhau Tse Wen sent me.”

Captain DeRoot quietly chuckled. “At the risk of paraphrasing mysdf, we're along way from Dr. Zhaul.
The man in charge at Campbdll is Roger Gunheim. He's anice enough man aslong as you do what he
says.” DeRoot's smile was genuine, but his eyes were penetrating.

Liz carefully kept her voicelevel. “Hes got awhole colony to worry about. | just have the BHP
operation.”

"Roger isagood friend of mine. We've made the Sol-Centauri voyage twice together, without



hibernation. Thereis much timeto think between the stars, about how things are ... and how they should
be. Now | could put in agood word for you...."

Or not, sheredlized. Chaos! Thereit was, bad and smple. She could give the bastard what he wanted,
or mayberisk everything she'd come for—everything she'd promised Hildashed do.

Liz went through her interna arguments pro and con. She craved power and she didn't want to risk losing
it. She wanted to be in charge and wanted it in the worst way. It meant never getting kicked out of your
own office at the drop of ahat, never being humiliated like that again. She could pay the price. She could
take a shower afterward.

She let the captain lead her back into his room.

* k x %

The dinner table was amost full when she and Captain DeRoot arrived; shefelt asif every eye was upon
her. What did her face look like? Did they know?

"How wasyour vist to 1317’ David seemed cheery and oblivious.

But adark knowingnessin Judi's eyes screamed to Liz. Liz sent her amessage on the ship'snet. It's not
what you think. He wanted something from me, | wanted something from him. Nothing emotional.
Besides, I've had wor se.

"| got to see the brass telescope. We looked at Campbell and the comm laser,” she said to David.

A nervous smileflickered across Judi'sface. What does he have on you?

What does he have on you? Liz answered.

Judi frowned. My kid. A custody judgment. He could take the kid to his father and leave me here.

"Captain DeRoot has an interesting collection. Did he show you hisworking reproduction of that ancient
Greek computer? He made it himsdlf.” David, of course, had replied to what she'd said aloud.

Liz touched the net for data on the device and recognized it; it had been on the top shelf in DeRoot's
bedroom. Sheld stared at it during his heaving climax.

"l saw it

Come on, what's he got on you? Judi came back.
My job. She gave Judi the details.

"Uh, ladies, is something going on?’ David asked.

It must have been transparent that they were exchanging net messages. Liz gave aquick glance toward
Captain DeRoot, but he was explaining something to an entranced femal e passenger, one of thelast to
come out of hibernation.

Liz gently shook her head. Later. Aloud she bantered, “Y ou wouldn't believeit. Wdl! Any luck with
your panspermiastudies?”

"Oh sure. Did you know that there are at |east forty stars that made visits to the solar neighborhood? Five
of them came through at roughly the sametime as Lacaille 9352...."

* k% k %



After dinner, David found himsalf walking back along the curve of the access tube with Elizabeth
Avonford.

She seemed subdued, and he tried to think of something to say to cheer her up, but when he opened his
mouth he shut it again. What was one supposed to call her? Dr. Avonford, Elizabeth, or Liz? He deferred
to hismore norma upbringing and compromised on Avonford. Okay, maybe Elizabeth Avonford, he

thought.
Shelooked increasingly upset, o herisked seeming foolish. “What'swrong?'

She stopped in the passageway and looked into his eyes, her face hard and weary. “I shouldn't say
anything."

David watched her sigh, knowing she needed to unload. He waited. Findly, she began to talk.

"The captain has certain connections at Campbell. Those connections can help or hurt me. He also has
certain ... needs.”

David risked touching her shoulder. “ There was athrest implied?’
She nodded, holding back a quiet anger.

"I understand thiswell. It is not the act that bothers you so much, but the fedling that you have no choice
intheact, am | right?

She nodded.

Why, David wondered, should the artificid intelligence that redlly oversaw this starship permit such a
trangparent abuse of its human magter's power? But he could answer his own question; ultimately people
had inssted on a person being in control.

He spoke. “Y ou have an interesting problem. For instance, if we were to present evidence to the second
in command and demand that he take over, how would we know that the second in command is not
either complicit or otherwise under the primary's control ?"

Avonford shook her head. “We don't. What isthe check on such people?’

" think the threst of exposure would hold much weight with him,” David told her. “He could find himsdlf
with nowhere in settled space to go. But to fight thiswould not be without risk.”

"If it wasjust me” shesaid, “I'd raise hell. But the whole human universeis counting on meto get thisjob
donel"

This seemed alittle much to David, who took alonger view of things, but her sincerity and enthusiasm
were evident. He smiled and raised an eyebrow. “Isit that important to study relativity? Why?"

"L ook, if the Anderson, Lu, and Y oseph paper isright, we can use one asteroid-sized black holeto
make more."

David shrugged. “And then what?"

Her eyes gleamed. “L ook up Whedler, Forward, Thornsen, and Zhau. With several black holes, we can
make some of the gravitational machinesthat the relativity theorists predicted. For instance, imaginea
gravitationd catgpult that would send us up near the speed of light without our fegling any acceleration at
al' Imagine..."



David held up ahand. He had his own doubts about what people might do with the fruits of the project.
But it was obvioudy so important to Elizabeth that she waswilling to be used for it. He was moved to
concern.

"Look, welive forever these days. If thereis a setback, it can be overcome in time. Besides, who knows
where the captain’'s demands will stop? His behavior must be changed, or many more women will
experience what you have. | think you must threaten to expose him. Then you will bein the driver's seet.”

Sheraised her eyebrows. “It can't be just my word againg his, and we can't count on the ship'sAl."

David smiled. “I do biologica nanotech. | havein my room al | need for bench-leve fabrication. What
we need to do isrecord an hour or so of conversation with something too small and diffuseto be
detected by dl the usud precautions, which I'm sure that he will take. So | make a distributed network of
nanocdlls. | could hideit under your skin, or inyour hair."

Liz looked a him, worry in her face, but with anger and excitement, too. She nodded, not fegling
powerless any longer.

* * * %

David met Liz again thefollowing evening. They listened to the recording of Avonford's noon encounter.
DeRoot had waked right into it.

"What would Gunheim do for meif | did this?” Avonford had asked in atotaly playful and innocent
voice.

"Let you run your project, most likely,” DeRoot had said.

"And if not?” Shed asked laughingly, but David noticed a hint of strain.

"Well, the converse, | would suppose. Will you take off your clothes, now?"

"Enough,” David said. He had what he needed. She could have walked out right then, he told himself,
and if shehad not ... Wdll, he didn't want to know.

* * % %

All lockedin, Liz told hersdlf. They had the recording, and the evidence was aready on itsway to both
Earth and Campbell, encrypted, but in away that would be released if the Alsinvolved did not get
positive ingtructions from her to not release it. David had been very clever to come up with that insurance

policy.

In the last twenty-four hours, she and David had developed a closeness sheld never felt before. No man
had gone to bat for her likethis, and she alowed the pure warm fegling to wash through her for a
moment.

Stll, shefdt nervous as hdll. David might not have anticipated everything. Judi had declined to be a part
of it. She dtill had too much at stake. DeRoot could get back at her without anyone being the wiser, sheld
sad. David had reluctantly agreed. Besides, they had enough without her, hopefully.

They waked into the Sphere One Commons. DeRoot, waiting for her, frowned a bit. Not expecting
David, Liz thought.

The captain recovered quickly. “Ms. Avonford, good to seeyou. Mr. Levi?'

"Captain,” David said, “1 suggest that we Sit down. We must discuss something with you. | suggest you



tell the Al to not record what we have to say. | think you understand what thisis about.”
DeRoot frowned and pursed hislips, then he looked at her. The threat was silent, understood.
She looked back, just as cold. She hoped her refusal to back off was every bit as clear.

At length, DeRoot nodded.

Without any further word, David produced a comm card and played back the segment with the
incriminating language. “We have taken the necessary and obvious precautions, and have supporting
evidence of other kinds concerning other events, not involving anyone on thisship,” he said afterward.

The last was acompletelie, Liz knew, but one that might give Judi some protection.

"Y ou will understand the implications for both you and Mr. Gunheim,” David said.

DeRoot stared coldly at her, ignoring David. “Y ou goddamn whore.” Hisvoice rumbled in anger.

Liz gared, unableto help the start of atear, but willing hersalf not to give aninch in this contest of wills.

No one spoke. Each looked at the other. DeRoot's face tinged pink. David watched in amazement. Liz
vaiantly worked on a poker face, wondering if thiswas the firgt time the captain's persona and behavior
had been questioned to such adegree. He was asmart man; surely he would take this no further. Liz
watched quietly. Only when she thought the steam had gone out of DeRoot did she glance at David.

"It'syour show now,” the younger man said.

She nodded. “ Captain DeRoot, | want your assurance, and Mr. Gunheim's, that there will be no
interference with my work in the Lacaille 9352 system in support of the Black Hole Project.”

He snorted. “ That's beyond my power."
"Y ou had best hope not,” Liz countered.
"It may bein the best interest of the ship to have you two hibernating for the remainder of the journey."

He might, Liz realized, be ableto order the ship's Al to do just that. Then, while they weretotally out of
touch, any sort of revenge might be orchestrated.

"Then,” David said camly, “we would be unable to keep the encrypted datafrom being released where
we have sent it.”

"A moment.” DeRoot turned away from them and stared at awall screen that showed stars gliding by
with the ship'srotation. They waited.

Then he turned back and smiled. “Very well. | gpologize. I'll speak to Roger and Cyan, I'm sure there
will be no problem.” He sighed. “Eternity isalong time, and if our paths cross again, perhaps| won't
make such amessof it."

"For therest of thistrip, don't even think about it,” shereplied.

DeRoot rolled his eyes up and nodded. “Wéll, enjoy the rest of thetrip, Ms. Avonford, Mr. Levi. If you
need anything from your Captain, don't hestate to ask.”

They were back on record, Liz surmised. She nodded and led David away. As soon as they were



halfway around the tube and out of sight and sound of anything, she pulled him close and squeezed him
with al her not inconsiderable strength.

* * * %

Chapter 3
At Minat, Lacaille 9352
(Campbell) System, 5 October 2272

David couldn't help but gasp astheir shuttle exited the access tunnel into Minot, the main Campbell
system resdentid habitat. He, Liz, and Judi had flown in from the south pole, where the landing docks
were, into what looked like ahuge Chinese lantern, itsingdesfilled with fields, forests, and streams.
Beside them was a snow-covered dpine terrain in the shadow of ahuge dark disk that floated ahead of
them.

"That's the back end of the secondary reflector,” their guide shouted over the hum of the shuttle'sfans.

David nodded and smiled; they'd retracted the shuttle canopy and were sitting in the crisp open air,
feding and smdlling very much like abright, late winter day in &. Petersburg. The scde gill overwhelmed
him.

Liz Avonford grinned at him asthe crisp breeze of their flight streamed her hair behind her. His heart besat
fasgter, anticipating. She had long since succeeded in convincing him that she wasn't just being grateful for
helping her, but was deeply into the erotic arts. She initiated everything—instructed, taught, and

occasonally used him to achieve her own eratic nirvana. He worried a bit about being so totally
dominated, about just being dong for the ride. But what aride!

They nosed down and began scudding over the scul pted, snow-covered crags of polar Minot.
"Ten minutesto Lenore,” their guide announced.

They crossed the sun line. Rock and gravel gave way to terraces of meadow, and soon thefirst trees
shot by beneath them. The vastness of the habitat spread out around him, and he thought about M oses
on the mountain, viewing the Promised Land. That reminded him of the New |srael space colony, orbiting
Proxima, and Ben Shalom, the messianic anti-Moses who had led so many of the orthodox to the sars.
The debates about that had filled the coffee houses of Ashgelon in David's childhood. It had been the first
of what were now over athousand exclusive ethnic or rdligious settlements among the nearby stars, and
not everyone was happy about it. Children raised in such places faced the same kinds of survival
chalenges as younggtersin cults faced on Earth.

Liz touched him and pointed.

Helooked in that direction and saw asmall rustic cabin by a stream between waterfalls—the first sgn of
human habitation he'd seen.

"Getting warmer,” Liz shouted. Their weight increased as they moved farther from Minot'srotationa axis,
and the shuttle'sfans got louder asthey revved up to carry the load.

David smelled the pine forest—now yielding to the more deciduous trees. “It looks alot |ess settled than
the space colonies around Sol,” he shouted over the fan noise.

Liz smiled and pointed to her head.



David opened his address.

Only about five thousand people so far, Liz sent. L-5 Grissom has fifty-seven million, and its area
isalittlesmaller.

The land lay mostly flat below them now, a calico patchwork of forests and fields, some tended by
cultivating robots.

A herd of kangaroos! Liz noted.

Roger Gunheimis Australian, David sent. A town is coming up. A broad, winding river circled the
ingde of the habitat at itswidest part. A large clearing with wide, low, modernistic architecture lay ahead
of them on athumb of land.

That's Lenore, Judi sent. Named forLenore Lebois. She was the first system exec, and she died
mysterioudly. | guess you have to die to get something named for you.

Judi, what do you think happened? Liz asked.

Gunheim had his way with her all the way out. They'd just finished the colony when his buddy,
DeRoot, arrived with another thousand passengers. That was forty years ago. The two of them
got a council formed that made Gunheim the executive. Lenore objected and she was found dead
in the river near the town, not three weeks after it started flowing.

Quicide? David asked.
Ruled an accident. But her personnel files disappeared.
Thisisn't all on the net.

That's right, Judi said. Then she leaned forward in her seat 0 he could hear her voice over the buzz of
the shuttlé'sfans. “DeRoot told me. Trying to scare me, | think. It worked."

David shivered.

The shuttle passed over atown that would not have appeared out of placein Austraiafour centuries ago,
and settled onto awell-manicured grassfield. A group of horseback riders came out to meet them with
gpare mounts. DeRoot, who'd comein earlier, and Gunheim were among them along with aEurasian
woman.

"G'day and welcometo Lenore,” Gunheim shouted, al ebullience and smiles. “Mount up! It's Suits-off
Day; thirty-nine years snce we moved in here. There'sroo on the barbie for you."

The smell of roast meat, well seasoned and basted, wafted in a gentle breeze from the barbecue pits
aong theriver. Lizlooked around at the fortieth celebration of Suits-off Day. What a difference ayear
made! She knew most of the people; everyone connected with something outside Minot itself dong with
their friends and relatives, maybe a couple of hundred people dl together.

Liz sat at awooden table with her deputy, Cyan Mutori, Judi Lalande, and her son Oscar—and David.
The last looked incredibly primitive as he chewed on an emurrib.

Roger Gunheim strode up asmall hill near thetablesin full outback regaia—safari shirt, waking shorts,
and awide-brim hat with one brim buttoned to its crown. He lifted aridiculoudy large Bavarian-style
mug of loca brew and shouted, “ To the success of al our projects!” Then he flipped the cap back and



chugged.

Liz laughed, lifted her much smaller glass of Lenore stout, and took asip. The reflection of Campbell, as
much aheet lamp asalight, warmed her skin.

AsBHP director, her project for the last year had been to supervise some twenty people scattered
around various asteroids and to make key architecture decisionsfor their busy but not-all-that-creative
robot laborers. The fabrication of the impactor was ahead of schedule, and the combined power/beam
modules were on a schedule that had at least some margin. They'd become like afamily—all dedicated
to accomplishing the greatest human project since terraforming Mars.

With one exception.
"Gottalid on Terry Ped?' Judi asked.

Liz laughed. That particular exception was more interested in setting robot armies one againgt the other
than in mining. He'd also been spouting anti-project propaganda to anyone who'd listen. “He's been
eased aside, and others have taken up the dack. We're on schedule.”

Here comes da boss, Judi warned.

"G'day, mindif | joinyou?'

Liz looked up a Gunheim. “Y ou shot this?” gesturing at her roast kangaroo.

"With acrossbow. A fair shot and it was near the end of itsnatura life span,” Gunheim told her.
Oscar looked confused and moved closer to his mother.

David tossed his head. “When deer become old and feeble, they hurt alot. That iswhere hunters comein
and end suffering. It iseither hunters or wolves, | think."

"Oh,” Oscar sad, with afurtive glance at Gunheim.
"Y ou havewolveshere?’ Liz asked.
Judi looked at Liz. With Gunheim's kind around, you don't need wolves.

Liz frowned. Asfar as she could see, Gunheim was al glad-handing and bluster; alittle shalow, but
harmless.

"Dingoes, it would be. But we haven't introduced large predators yet, mate, and may not for awhile. The
grass contains aweak contraceptive, so the herds grow more dowly,” Gunheim said. “Well, | didn't
come over hereto talk about hunting. Liz, we're akind of family around here.”

"Great to be part of it,” Liz said, feding all warm and relaxed with the stout. A splash from the shore
caught her attention; shorts and haterslittered the riverbank beach and shouts of laughter and splashes
beckoned her. She'd worn ared towel kilt and matching hater and was beginning to feel overdressed.

Gunheim nodded and beamed, but his eyes were sharp. “Well, in families one shares, and, well, the
council and | think it'stimeto share alittle of your workload, let some others get some more of the
action.”

Liz couldn't believe what sheld just heard. The warm fuzzy feding evaporated almost ingtantly, replaced
with acold knot in her ssomach. She smiled weekly and tried to hide her fedings. “I'm not exactly



overworked."

Gunheim shrugged. “Well, maybeit's just that some other very capable people have been under worked.
At any rate, there's been somefriction, and whenever anything like that happens, those of uswho arein
charge have to make some response, tweak the organization, do something of that nature, just to let
people know were onthejob."

Liz suddenly felt naked and cold.
Thetablefdl slent, everyonelooking at Gunheim.

"Now don't take thistoo persondly. | don't think anyone can redly fault you for doing something about
Terry Pedl and hisbloody robot wars, but you're pretty young yet, and sometimesit takes alittle more

subtlety to keep everyone happy.”

"Chaos, how subtledid | haveto be! | just let Ivan Marenkov take over the stuff Peal wasn't doing
anywey."

Gunheim shook hishead. “ And you left him off the production achievement lig."
"But hewasnt producing.”

"Y ou could have lowered the threshold instead of bloody humiliating him.” Gunheim'slast few words hed
ahit of sngp inthem. “But then,” he went back to his avuncular yle, “these are things some experience
brings. Y ou're doing fair on the impactor fabrication now so we thought we might let you concentrate on
that and let Mutori take over the people management chores.”

"Y ou don't understand, Mr. Gunheim,” Liz said, trying to keep amixture of anger and fear out of her
voice. “My siger, Dr. Zhau Tse Wen, and the whole project expect me to see that the effortsin this
system are completed on schedule. When you come down to it, the BHP iswhy this colony exigtsat dl.
| can't just walk away from that!"

"And you aren't. The decision has been taken out of your hands, so you aren't breaking any promises.
No worries."

Liz shot alook at Cyan Mutori, who smiled sympethetically, but said nothing. Judi |ft the table with her
son so quietly that Liz didn't redlize she was gone. David sat openmouthed. He was running the biosurvey
on the asteroid that would soon impact Martin and was, she knew, very vulnerable to what had just
occurred to her.

Payback time, Judi sent. He just needed an excuse.

* * * %

A wave of rain clouds spirding down from the south pole darkened the sky over Liz's dome, transparent
when not in use asadisplay screen. Under it was her one-room office, kitchen, bedroom, and
entertainment center; asmall, high-tech outhouse hid behind some shrubbery. In actuality, the shrubbery
formed the walls of her abode; in the tropica climate of the low latitudes of Minot, an occasiona splash
of warm rain was an eadlly acceptable trade for the feding of openness and freedom this style of living
gave her.

But not today. Noon and still inbed, Liz lay under the sheets, head in the pillow, rdliving every moment of
her life from when she decided to go down to that rogue kuiperoid in the Solar System, to losing her
office, to staring at DeRoot's ancient Greek computer while he used her body. At least that had been
partly voluntary; achoice, atrade. Thistime she had been truly raped without a stitch of clothing



touched—uitterly humiliated in front of her friendsin aformat so public and gented that she couldn't even
have thought of screaming.

Wi, she could scream now! Out in the woods over a kilometer from the nearest other home, she spun
in her bed, flung her arms out, and screamed anameless, primal scream until her throat hurt.

"Liz?"

She caught her breath and screamed again.

"Liz, areyou okay?"

It was David. Chaos, she was no mood to be social.
"Areyou okay?'

"Doesit sound likeit?" she snapped, and regretted it. Suddenly, she didn't want to be aone. “ Oh, come
onin."

He came through the short entrance maze and wal ked under the dome rim just aslarge gray raindrops
began to splash dl over it, drumming in away that made it sound like more of astorm than it was. She
got up to meet him and collgpsed on him, sobbing.

He held her until she collected hersdlf.

Finaly, when her face had dried and sheld sarted thinking again, he disengaged dightly and put ahand
on her chin. “Liz, it has been three days. Have you eaten anything?'

Three days? She could il taste the emu in her mouth.

"Wearedl concerned,” David said, “but we are being very circumspect. Mutori wants you to know she
had no ideathiswould happen. Judi isterrified.”

"I haven't had amessage from her since...”

David nodded. “We think Gunheim is monitoring bioradio. One wrong move and Oscar isin cold deep
on the next starship to hisfather. Look, I'm uncomfortable.” He waved his hands around him and smiled
wryly. “What do you do about bugsin here?"

"All theinsects here are genetically engineered to avoid human pheromones so | don't need...” Liz
thought about the other kind of bugs, then shrugged her shoulders. “ Oh. Y ou want to take awalk in the
ran?'

David smiled and nodded. The rain was warm and the forest was full of wonderful, wet fragrances.
About a hundred meters along the path to the river, he turned to her.

"Okay,” shesaid, to herself as much asto David. “What are my options?"

"Y our options? For what?'

"To get back in charge of the project. To put Gunheim in his place. To get my life back."
"Braingorm?'

"Y eah. Let's have someideas. Everything on thetable. | could kill the bastard. Don't [ook at me that



way; well desdect later. Maybe we could just kidnap him, put him on ice until after the impactor flies™
David shrugged but didn't look very encouraging.

"Okay. Am | good in bed? Good enough so that someone as experienced as Gunheim would do stuff for
me?'

"Liz, you are not serious...”

"It'son thetable.”

"l am not experienced enough to know. Y ou are only my third lover and it ishard for metotell.”
"Wel, it'son thetable, anyway."

"Asalast measure, | hope."

Liz laughed. “If that. Now, could | invoke authority?!

"Eathisalong way away."

"But lifeisalot longer these days. Twenty-five years, back and forth, can go just like that. Does heredlly
want to have the most powerful peoplein the Galaxy pissed off a him forever?'

David shook his head. “If he wererationd, | would think not. Okay, on thetable.” He grinned at her.
"That'sthe spirit.” How wasit that she was now cheering him up?

"We could try blackmail again. It worked once."

They looked at each other.

"For awhile” they said dmost smultaneoudy, and laughed.

"Back to the authority option,” David said. “Gunhem is not an absolute authority here. He must answer
to acouncil."

Liz shook her head. “Which has been very compliant, it seems.”

"We could at least argue the case. Show hisrelationship to DeRoot and their history. We put al the facts
before them. They are people.”

"They are Gunheim's people.”

David shrugged. “ That does not mean that their brains have ceased to work. Anyway, they arethe
ultimate authority here.”

Liz shook her head. They were not the ultimate authority. “ David, they are ected. He doesn't haveto
control ten people, he hasto control ten thousand! If | can get an eection called, the Al will recognize the
electorate as the ultimate human authority. He won't be ableto fix it."

David frowned. “Perhaps. But are you suggesting afronta public assault? That burns any hope of making
any of the other optionswork. It would be agamble.”

"But aclean, open gamble. We can expose him and DeRoot.”



"Liz, heisagood palitician. Somehow, | think, you will end up looking like adirty whore. And many
people who agree with you will not be able to say so publicly. Judi and mysdlf, for ingtance.”

"Y ou won't back me?'
"l can't. | would lose my project. | am taking grest risks even talking to you about it."
"But you aretalking.”

He nodded. “ There are people here he can't threaten so easily, and people who remember Lenore...."

* * % %

Three weekslater, in Liz's now certified bug-free home environment, David glanced at the latest
projections, displayed in various graphs on her dome. The good newswasthat in plastering the truth
about DeRoot and Gunheim's escapades dl over the colony, Liz had gotten two council membersto
support her and enough signatures on an election petition to start acampaign. Out of ahundred and fifty
supporters, she found enough candidates for areform date that, if elected, would control the Camphbell
system governing council. That had gotten the Al to override DeRoot on monitoring politica activity. The
bad newswasthat Liz had, at best, maybe twenty percent support. Forty-six percent of the electorate
ether thought she was atroublemaker or didn't believe the charges at dl, and thirty-four percent didn't
know what to think, or weren't saying.

"Liz?" Cyan Mutori's voice rang out from outside the hedge. That she was using voice instead of net was
interesting, David mused.

Liz nodded to him. He got up and dipped quietly into the nearby woods. Cyan Mutori was probably the
last person who should know he was actively helping Liz in her campaign. Gunheim had madeit very
clear to him that while he recognized, with awink, David's persond relationship to Liz, any public attacks
from David would, in Gunheim'swords, “be amite disruptive to your research program, mate.”

"Hello, Cyan. Comeonin,” Liz said when he was safely out of sight. Her voice carried clearly in the il
evening. “How'sthe project going?'

David fdt for Liz. Gunheim's next move, of course, had been to remove Liz from her remaining role as
impactor fabrication specididt.

"I would like David to hear what | haveto say,” Cyan said. “1 understand the precautions you take. | am
not offended.”

David was startled. Had she seen him? Or did she just reason he would be here? There was much more
to Cyan Mutori than one redlized.

"Come on back, David,” Liz said.
He reappeared from the woods.

Cyan nodded to him, with no hint of a smile or afrown. She wore a green sarong with white flowersand
awhite orchid in her long, jet-black hair—South Pecific, squared. She'd even browned her skin
somehow; lamps, probably, David thought. Campbell didn't put out enough ultraviolet light to make atan.

"Physicdly, the project isalittle behind schedule, but okay,” Cyan began.
"Behind?’ he asked.



"Deliberate ddays, | think. If I counter them completely, | may be removed because these delays
represent the will of someone powerful.” Cyan shut her eyes for amoment, then opened them. “But if |
let them become too grest, the project will bein jeopardy, and | will be the scapegoat. It isavery
delicate Stuation.”

David shook hishead. “Y ou arerisking alot. Look, as | understand it, the worst thing that can happenis
that if we don't launch, the other impactors get diverted, and thirty yearslater we dl try again. It'snot
worth awholelot of suffering. Pun not intended.”

Liz shook her head. “David, | don't know that human politicswill alow another chance. The project
takes too much discipline and it'stoo visible. Every one of the launch sites has to be able to push the
project through at the same time, without any more coordination than a quarter-century round trip
communications delay. We haveto do it hereif we possibly can.”

"Liz, yourefixated,” David countered.

Cyan shook her head. “Liz, David. Gunheim is not trying to stop the project. He has, | think, something
worsein mind, and that iswhy | am here.”

Liz turned to her and stared. “What could be worse?'

"He came to me yesterday with aquestion. ‘Now,” he asks, ‘if oneimpactor hitsalittle less hard than the
other three impactors, there would be alittle momentum biasin thefina product, wouldn't there be?”
Muitori shook her head. “He does not understand severa things.”

Liz said nothing, but stared at Mutori, shock al over her face,
"What?' David said, uncertainly. “He has done smulations, of course.”

Liz looked at him, whitefaced. “ Y ou can't just ‘do’ smulations. Y ou have to know when approximations
are good enough and when you need another couple of days of number crunching. And,” she paused,
“thereis gtill too much we don't know about how matter behaves at such energies and densties. It's hard
enough to do asymmetrical zero-biased smulation. Chaos only can tell what would happen if something
was even as much as a nanosecond off."

Mutori shook her head. “ Heistaking momentum, Liz. Hitting at the right time but with just alittleless
momentum. A dight amount of momentum bias would send the hole back thisway, where he could gain
control over it. He would then have, | think, very great power."

David gave her ablank look, consulted the net, frowned grimly, and said, “Oh."

"Power, literdly and figuratively,” Liz said. “ David, thisisn't just about me and my job anymore. The
reason Hilda sent me out here was because I'd be absolutely loyal to her and ensure that everything be
done exactly right. | don't mean to insult you, Cyan. Y ou're agood person. But the project needed that
certainty. Humanity needed that certainty.”

Cyan looked down. “1 took entirely too local aview of things. | compromised. | am sorry.”
David tried to digest what he heard. “ Gunheim. In charge of ablack hole!”

Liz snorted. “ That's hardly the worst case. One other thing that might happen isthat the hole comes
Jetting thisway. If it doesn't have enough mass, it might be ready to explodein afinal burst of Hawking
radiation, converting millions of tons of massinto hard radiation in afraction of a second. Perhapsright in
our faces"



"It sounds like agood argument for not trying thisat al. What if someone else hasthe same idea? Maybe
we should shut it down."

"David!” Liz sounded horrified.

He gave her alopsided grin. “ Just thinking out loud. Okay, I'll give up my project and support your
reform date publicly. Do we have any more options?'

"Black holeformation isnot al that Gunhem does not understand. | think he thinks | will want to share
his power with him—that | will be his compliant partner in exploiting the black holeand ... in other ways."

David looked at her expressionlessface. Why am | surprised, he thought.

"l cameto make an gpology,” Cyan sad. “1 shall make my apology inthisway. | anlocd, afirst
colonist. Somethink that by watching much, and saying little, | have leadership qudities. So like David, |
will sacrifice my pogtion, and | shdl run for the council on your reform date asitsleader. That may
change the political dynamicsin some smal way. If | am so lucky asto be chosen by our people and the
council as System Executive, | shal givethe project back to you, Liz. Will you accept such an offering?"

"Cyan”

David watched the two women embrace—his eyesriveted to the beauty of it. Much later David redized
what he'd been witnessto. That demure, self-effacing, shy speech by the achingly beautiful, vulnerable
Cyan Mutori might prove to be one of the most devastatingly effective power grabsin the history of any
democracy.

* * * %

Chapter 4

At Minot, 15 March 2274

Liz gared at the poll numbersfloating in the air. Cyan'sdate was till marginally aheed, but...
"The undecided havethered lead,” David remarked.

"People don't want to contribute to a bandwagon effect, whoever they support,” Judi said, while
throwing a Frisbee to her son, Oscar.

"A bandwagon would befinewithme,” Liz said.

Liz, thisis Cyan.

Liz pointed to her head, letting the others know she was getting atransmission. Go ahead.
We have a problem out on Canning. Terry Peal went off the deep end.

Liz registered the name with astart. The robot wars guy? What's he done?

He kidnapped a dozen people in a construction shack. He has decided the Black Hole Project isa
bad idea and should be shut down. There may be some political pressure to do that if people's
livesareat risk.

Crap, Lizreplied. Are the peoplereally in danger?

Our psychometric filter has Peal at eight out of ten on the Kaczynski-McVeigh scale. He could



think those who do not agree with him, or simply work on the project, are morally complicit or
can be sacrificed. We must do something immediately. Unfortunately, | think | will need to stay
here because of the politics. Would it be possible for you to go to Canning and deal with this as

my emissary?

Liz touched the net quickly—the KM scale had been around since the twenty-first century and measured
apropengty for rationalized violence. Ped sounded like a problem that needed fixing, but...

Cyan, I'mnot, officially, part of the mining operation anymore.
You are now. Thisis an emergency. You know Peal.
Gunheimwill unappoint me fast, and maybe you, too!

| do not think he would do anything so arbitrary during the campaign. He would, however, make
me pay for it if | am not successful. You are the most logical choice because you have the greatest
commitment. Also, having you involved may make Roger angry, and angry men sometimes act
unwisely, to the profit of their opponents.

Now or never, Liz thought. I'm on my way. Liz out.
"What wasthat?’ David asked.

Liz pursed her lips. How much should she say now?“Terry Ped again. David, have you ever heard of a
couple of psychiatrists named Kaczynski and McVeigh? Therésascaerdating to antisocid conflict...”

David'seyeswent wide. “Liz, Kaczynski and McVegh were not psychiatrigts.”
Liz felt another chill.

"Twentieth century American politicd killers,” Judi said. “Liz, what gives?"
Shetold them. “David, can you arrange ashuttle to Canning for me?"

He nodded. “What do you have in mind?'

"Making ahero out of mysdif.”

"How?"

"Don't know yet, but I'll haveto do it there. I'll need to get on my way before Gunheim figuresit out.”
She gave him a brief embrace and started trotting for the Lenore Landing Field.

It took her forty precious minutesto get afan car, then another twenty for it to glide itsway to the north
pole port facility. When her fan car arrived at the port facility, the human attendant was grinning ear to
eqr.

Her heart jumped. The man worked for Gunheim. Was she dready too late?
"I get anicebreak today, it seems. Y ou've got the last shuttle.
"Redlly,” Liz said, wondering how closethey'd cometo disaster.

"Dr. Laande's people just reserved dl the othersfor various astronomical missions. Something about
getting awide basdine for a predicted supernovain a Fornax dwarf galaxy."



All right, Judi! Liz quickly wiped off her smile, nodded smartly, and climbed into the spacecraft.

* k% k %

Liz catngpped and watched the Canning news feed on her thirty-hour journey.

Gunheim's handpicked team was at least twelve hours behind her—Cyan had managed to hold things
back for amost two hours, and it had taken another nine hoursto get an interplanetary shuttle.

Liz followed the newsfor awhile. The politics had gone as predicted with Gunheim criticizing Cyan for
mismanagement and Cyan patiently explaining how things had devel oped—making sure the media
‘uncovered’ how Pedl had used Gunhem'sinfluence to amassalot of robotic partswith little oversight.
Gunheim had started talking about project fanaticism on the part of some people and how human life had
to comefirst and how everything had to be on the table as long as peopl€e's lives were at stake. Cyan had
quietly asked just how much people were willing to be governed by terrorists.

* k% k %

It was late a night when Canning Base spaceport passenger-access-tube snaked itsway to Liz's shuittle.
The only one to meet her at the inner door was Todd “Mac” MacGregor, anervous, sandy-haired young
medic whose wife was one of the hostages.

"Why,” he asked, “isthisimpactor schedule so damn important?'

Liz bit her lip and answered carefully. “Theimpactor your people are making,” Liz explained, “hasto
match perfectly the other impactorsin density and dimension aswell as velocity to produce the necessary
symmetry at the impact point. It's ow work, even for robots, and once our margin is used up, no way to
make up thetime. Peal has cut off the flow of iron to its assemblers, so weve dready lost most of the
margin. Further delay could ruin the efforts of thousands of people over the last four decades.”

"My wife.."

Liz shook her head. “If he gets away with this, it will just be something else next time. We haveto dedl
with it now."

"How? Pedl'samaster of robot technology.”
Her mind suddenly clicked. “That'sit! Mac..."
"What?'

"Technology. Hedd ook for atechnological assault, not aphysica one! | could offer to exchange myself
for as many hostages ashe'swilling to let go. Once I'min ... he'slow-gee soft and maybe thirty kilos
overweight. | trainto onegee. | could take him out with my bare hands."

The young medic looked aghast. “ And maybe you'll get yoursdlf killed! He has robots and the ability to
get around the laws of robotics.”

Liz nodded, amost surprised at hersdlf. “He's got the project by the throat, and | promised I'd get it
done. It'sworth taking the chance.” Liz stared at him amoment and made adecision. “Mac, can you give
me an edge?’ There was adrug, she knew, that would give aperson * hysterical” strength, enough to lift
beams off people crushed in a structure collapse, or pull open alocked door to safety.

"A gammagimulant? They'reillegd..."

"They'refor emergencies. Thisisan emergency.”



Hetightened hislips, then said, “ Okay, it'sworth atry. Y ou getting killed wouldn't put my wifein any
more danger, and might get her out right away.” He paused and nodded, apparently making up hismind.
“Wait amoment. | need to get the drug mysdlf instead of ordering it the usua way. Pedl has probably
compromised the system, and we don't want to make him suspicious.”

The moment turned into several minutes—precious minutesin which either Peal or Gunheim might do
something to make what she planned impossble. Findly, Mac returned. He held out asmal blue capsule
to her, and shetook it in her hand. It stuck to her.

"Geckro surface. Y ou can hideit in your mouth and it will stay put. Biteit hard when you need it. Youd
better get going.”

Liz nodded in acknowledgement. “Don't tell Cyan until I'min.” She turned and headed for the Canning
base airlock.

* k% k %

Three hourslater, Liz came through an airlock and faced Pedl. Sheld gotten seven hostages freed in
exchangefor hersdf—not as many as sheld hoped—before she went in. The remaining hostageswerein
the back of the lounge module Peal had occupied, normally a place for crewsto take a break from
vacuum work. It was essentialy a spacecraft with everything but a propulsion system. The chunky,
beady-eyed man stared back at her, his mouth set, looking for al the world like arebellious teenager. A
dull-finished utilitarian humanoid robot, anatomicaly correct in one important feature, stood quietly beside
him. Pedl's Sick sense of humor, she thought. The hostages werein plain view stting on acouch and
chairsin the room behind him. The hostages weren't bound, but Peal had erected atransparent barrier
between their part of the lounge and his. There were handcuffs on the table in front of them.

A hummingbird-sized robot hovered about her on nearly silent fans, undoubtedly probing for anything
technologica down to the size limit of autonomous robotics. Steady, girl, Liz told hersdf as shelet hersdlf

be inspected.

"Okay, you pass,” Ped findly said. “So here we have one of these would-be gods that want to play with
universes! Do you fed godlike now?"

He wanted to humiliate her! Maybe she could play that angle. “L et these people go, please. Then I'll do
whatever you want."

Pedl laughed. “Redly? Wu and Markovitch, get your suits on and get out of here. Smmons and
MacGregor, you stay for now."

Mac'swife was a petite brunette, her face amask of determined calm.
"Everyone, Ped. Please.”
"No. | may want some more fun later. Are you going to keep your bargain?'

Liz bit her lip. She didn't want anyone else around but, shetold hersdlf, the gain was worth the risk.
“Okay. What do you want?'

Heleered at her. “Take your shipsuit off. Put aset of handcuffs on and comein here.”

Liz complied. The handcuffs clicked ever so softly as she shut them around her wrists. The materid felt
like basdlt fiber composite—the standard 3D lithography material. It was strong enough, but brittle, she

thought.



When she got the cuffs on, a section of the barrier did aside.

"Comein,” Peal said with agrin. As she reached the opening in the barrier, the humanoid robot began to
move toward her. “A modification of the virtud redity glove. What it fedls, | fedl. Now turn around. Do
you know what ‘black hole’ meansin Russan?’

Now or never, Liz thought. She bit down on the capsule as she complied with Ped's order, moving back
againg the barrier as she did so. She shivered to elevate her heart rate and hyperventilated. Strength
flowed into her. Steedy, shetold hersdlf, thirty seconds for maximum effect. She felt her muscles quiver in

preparation.
"So you think you're going to play with the universe, do you?'

Thiswasn't going to be easy. Okay, she thought. She'd never get to Pedl before the robot got to her,
take the robot first. She alowed it to close the distance. Then, with a scream, she snapped her arms
outward as hard as she could and fell back againgt the barrier. The handcuffs cracked open and theline
holding them together pulled out of the right one. The pain was blinding but somehow detached from her.
The robot snapped toward her dmost faster than could be seen, but her right leg was already up to meet
it. Her hed hit right in its mechanica pelvis, and shefdt searing pain as something snapped in her leg.
Damn, Hilda, | tried. | redly tried, she thought.

But in asecond she redlized she wasn't done yet. The robot had rebounded from the collision and was
sailing acrossthe room in the low gravity. Before it could bounce and get back, she launched hersdlf at
the startled Pedl, ignoring the painin her leg.

No timefor fancy stuff. Her baled fist caught him squarely inthe jaw, going through it asif it were basa
Her momentum crashed them both into the mini galley at the end of the room, a coffee pot bouncing
away, spewing hot liquid al over. Theimpact knocked the breath out of her. Already she was beginning
to fed lightheaded and tired; but the robot would be back for her. She whirled Peal's limp body around
to put him between her and the robot.

The machine crashed into them and bounced away, inanimate.

Dead man switch? A look at what was |eft of Peal's head told the story. There was gray matter on her
fist. She shook it off automaticaly, revulsed.

Boost and adrenaline spent, the pain from abroken leg and broken wrist hit her hard. She felt nausested,
and fainted. Thelast thing she remembered was the smell of spilled coffee.

* k x %

When Liz regained consciousness aweek |ater, her wounds were hedled, shewas ahero and Cyan
Mutori wasthe new chief executive of the Campbell syssem. Roger Gunheim had | eft the Campbell
system with DeRoot and some of their cronies, bound for the BHP vertex to see the implosion, and then
onto anew colony at Stein 2051, twenty-five light years distant.

* * % %

Chapter 5
In Space, a the Impactor Launch Site, 26 October 2275

Theimpactor looked like along thin filament that seemed to run out to infinity. At high magnification,
David could seeadight textureto it; individualy controlled superconducting solenoid rings were placed
every few metersto stretch the wire taut to just the right tension, giving it somerigidity for maneuvers and



providing afine control on its density. Somewhere, out there toward the end of the rod, wasthe main
magnetic reflector. Any time now, David thought.

Cyan'sterm as chief executive had begun well. The impactor launch was back on schedule, adbeit with
the smallest of windows. No more delays could be tolerated, but so far, so good. He, Judi, Cyan, and
Liz took ashuttle out to the launch site, a point, high over the asteroid belt, where the impactor coasted,
waliting for the main beam. Whilefar from the revery, they had dl wanted to, well, be there.

David wondered when they would seeit light up.
Asif on queue, Liz announced, “ About now."

At the far distant end of theimpactor, atiny blue star appeared and gradually grew to an iridescent
flower, brighter and brighter with itsfar edgesfading into adeep violet.

In the close-up optics, the impactor began to move acrossthefield of view. Faster and faster it went.
The view zoomed back.

It was bright enough now that David risked alook at Campbell and the ring of beam projectors around
it. Only afew of them were active at this early stage, he knew, but aready the power was amillion times
that used to launch astarship. And it would grow by many orders of magnitude over the next nine
months. By that time, he would be deeply into andyzing the results of the planetoid'simpending impact on
Martin.

Hefdt Lizsarmsaround him and smiled. Time enough for work later. Her face was glowing—he kissed
her. Cyan Mutori glanced at them and looked away.

They watched for an hour or so, until the violet flower had faded into the interstellar depths. Then their
shuttle turned back for Minot.

Once home, David put hisfull energiesinto hisown projects. To the victors went the spoils, David
thought. Hiswork, which held worried about losing atogether, was now getting high priority; such was
his reward for backing the winners.

An urgent message awaited him—results from his Prospector Probes deep in theicy mantle of Martin.
They'd struck water. No question about it; 11.36 kilometers under the ice surface was a huge lake, filling
the bed of an ancient caldera. No, he thought, not al that ancient. Martin must not be completely stone
cold. Therewas sometida stressfrom its eccentric orbit, and its radioactive ores fill put out afair
amount of heat. It had to get out somewhere, and the readings pointed to several vents across the bottom
of the lake. There could be life down there, he thought.

It hit him inthe gut. Oh, God! If Martin had water and hest, then ... hisimagination ran wild.

Far from being the agent of atemporary rebirth of this planet, the impending collison might mean the
destruction of one of the perhaps six independently evolved biologies known.

* k% k %

Liz stared up at the sky in her dome with restless anticipation. She touched the net to check the
countdown ... 1205013 seconds ... about two standard weeks ... the particle projectors would finish
their job—and hers. Then what?

A beep on her comm sounded. A message from David in hisnew |ab.

"Liz, come over, please. | need your help!"



She found him staring at amicrograph of arock sample brought up from a deep borehole on the
planetoid fdling toward Martin. He hadn't noticed her coming in, but instead continued to stare a the
dark rock. Shefound herself staring at it, too.

Liz saw anumber of what looked like tiny microbes, squirming around. “From the planetoid?’ she asked.
"Liz?" They kissed cheek to cheek, not on the mouth, Liz noted. Hewas all business.

"The center of the planetoid is now above the mdting point of water. It would be boiling in anear
vacuum; but here and there, the vapor can't get out fast enough, and the pressure rises to the point where
liquid water exists. They thaw out once every hundred and eighty-three thousand years, and they're
thriving, for thelagt time."

"In the wild anyway. What arethey?’ she asked.

"Archese. AlImost eighty percent identica to thosein the Solar System and thirteen other star systems.
Their cell membranes use |eft-handed glycerals, their DNA forms loopsinstead of the strings capped
with telomeres that we use, plus some other things. They're rugged; that's why so many of them are

extremophiles.
Liz looked & him quizzicdly.
"For onething, their DNA doesn't wear out.”

"Wow! Neat.” She knew the whole astrobiology team wasin arace to study every facet of the colliding
worlds before the collision destroyed the planetoid and utterly transformed Martin aswell.

"Expected. We find them on Martin, too, and on that planetoid you found back in the Solar System. But
thereis something esein some of the volcanicaly-warmed lakes on Martin: multicdlular Archeae with
knobby-loop DNA. See?’

Liz couldn't tell if the stringy stuff she was looking at were loops or not, but they appeared to have knots
inthem.

"God knows how long these little critters have survived protected by that layer of ice, Liz. Well probably
never know their earliest beginnings. What could they have shown us?"

Liz squeezed hishand. “1 think they've shown usthat lifeis everywhere."
He squeezed her hand back. “1 need your help badly, Liz."
"How?'

"l know | was against changing the planetoid'strgectory originally. But | did not know about the knobby
DNA then. We haveto stop the collison.”

"What? David? How? The BHP impactor needs the entire array output for the next ten days. And look
at theamulations. Even if wewere to turn the array on the planetoid now, without time for any
preparation there's no guarantee it would accomplish anything.”

"There must be away! That isyour field. Give usachanceto sudy Martin biology in situl™
Liz shook her head. “I'm truly sorry, David."

Helooked at her, anguish written al over hisface. “That isal | get?*I'm sorry?”



Liz felt torn. “David, my job isto make sure the impactor gets exactly what it needs. There arethree
other impactors headed for the experiment site. If any one of them is off, ahaf century of work goes
down thedrain. | can't think of anything we can do at this point that wouldn't jeopardize that. But I'll ask
the staff. Anyway, the geometry iswrong; the planetoid'strgectory isin thelocal ecliptic plane, so half
the array is blocked by the other half. The gap is on the one side, and Martin blocks the other side. We
won't be able to get a significant push on the planetoid for another three daysin any event. Maybe you'll
have enough samples by then."

He abruptly got up. “1 need abreak.”
Shetook hishand and held it tightly.

"Makeit enoughtime, Liz, please,” hesaid. “I am going out to the remote lab to do what | can.”

* * * %

Three weeks later, David greeted Liz at hisremote lab deep inside the only natural satellite of Martin, and
gave her aquick tour. The moon was a captured nicke-iron asteroid about seventy kilometers by fifty by
thirty. Robots had hollowed out a 500-meter spherical cavity deep beneath the surface. They aso built a
rotating drum that was 200 metersin radius to provide enough gravity to keep the researchers bones
solid and to settle the various fluids of lifein and outside the isolation |ab. Construction was ill going on,
and people were working out of cubicles. Plantings and roofs would come later, he explained.

She looked grim and troubled, he thought—and steeled himsdlf for bad news. He showed her aseat ina
bare cubicle he used as a gaff conference room. Cyan Mutori was on screen, seated with a couple of
council members and three or four people he thought might be project engineers. Cyan looked as poised
as ever, with no hint as to the position she might take. He took a deep breath.

Cyan started. “ David, for those of uswho are not exobiologists, perhaps you could start this
conversation with alittle background.”

"Thank you, Cyan. We have found multicdlular life on Martin. Worms actualy, primitive, but with a
pass-through tube for agut and the beginnings of a primitive nervous system. We suspect there are more
complicated life-forms”

The lightspeed delay between the lab and Minot was dmaost aminute. It seemed more like an hour.
Findly, the people on his screen reacted with a murmur, but it was not asloud as held hoped for.

Hetried again. “Y ou must understand the importance of this. We have found the first multicelled life-form
that humanity has ever found off-Earth.”

Another minute, more murmur.

Cyan beamed at him. “David, thisis great news, and your team isto be congratulated for dl their hard
work. Wouldn't everyone agree?'

Louder murmuring and congratul ations poured toward him. “ Could we have some additional perspective
of your discovery?'

Gehenna What €'se could hetell them? He spread hisarms. “L ook, it'sagiven that al thelife we know
spawned from single cdls. That's the beginning. What we have here are multicelled organisms. So the
problem to investigate is: Where did they evolve? Near the thermal vents at the bottom of the lakeson
Martin, or somewhere ese? And if so, why were they able to survive on this particular planet?”

Liz leaned forward. “ These life-forms may have come from someplace €l se?'



He had expected his good news would set everyone's enthusiasm on fire. Instead he was getting polite
questions.

"They have loop DNA liketerrestria extremophiles, but with these knobby kinksin it, so we aren't sure
whether they are descended from Archeae. We could have another, entirely different architecture of life
floating around the galaxy. But the gene trace diagramsindi cate a recent origin, pointing toward a
development unique to Martin. I'm betting that life for these worms started right on this planet.”

Another wait, then someone el se asked, “Have you looked into the geologic history of this planet enough
to be able to substantiate thisthesis?

He shook his head. “We do not have data enough to decide one way or the other. We need more bore
holes, more lakes, and more samples. We need an intact planet on which to do this"

"But we don't havethetime,” Liz said Smply.

He shot her alook, then looked back to Mutori. “ That's where you al comein. We haveto divert the
incoming planetoid. It would be niceif this could be done without affecting the Black Hole Project, but
this hasto take priority.

"L ook, I've studied the project plans and there is some margin built in. Theimpactorslock into beacons
asthey approach the impact point and start exchanging vectors. They can dl decelerate alittle to recover
synchronicity if oneisalittle off. We can make up the totd momentum after diverting the planetoid and let
the impactor control system get things back in sync again. But even if that doesn't work, would it redly
matter if it takes another century to make ablack hole? Thisis something that may never come our way

agan."

Liz shook her head. “1 can't endorse that approach. What if we aren't the only ones with somekind of
problem?Y es, thereis some margin, but not enough to cover thingsif al four impactors make changes as
big aswe are contemplating here. We can't just grab all the margin of error for ourselves. We haveto put
that impactor on exactly the prescribed profileif we humanly can.”

After the lightspeed delay, a project engineer shook his head. “It would be better to destroy the impactor
and start over again than to be dightly off. A great many things could happen with an asymmetric impact,
some of them very dangerous indeed, and to people other than ourselves.”

Cyan Mutori nodded gravely.

David's heart sank. They just couldn't see how important it was! Of course not, he thought. They were
mostly physica scientists and engineers. They had different values. Againg al logic, he searched Cyan's
facefor ahopeful sgn, but her face, of course, gave nothing away.

There were more questions and answers, but in redity everyone was well informed. Thiswasnot a
guestion of facts, but one of value and perspective. His, heredized, were not theirs.

One of the council members made amotion to adjourn without acting on the diversion proposa. They
voted Slently.

Findly, Cyan looked at him. “The consensus of the Council isto continue with the original misson plan.
Well put dl available resourcesinto getting aslarge aphysical sample of pre-collison Martin aswe can,
right up to thelast minute. | am sorry, David, but it isthe best we can do for you. | know human team
memberswill want to stay until the last minute, so we need to be fairly firm about getting them off. Please
inform everyonethat dl human team members should plan to be off of Martin within twenty-four hours of



impact, for safety.”

David nodded dumbly and sighed. “I understand. Thank you for considering this. Since thereissolittle
time, 1 should get back to work."

* * * %

Liz went jogging. Thetrack circled the small habitat—if you ran spinward you were heavier. Sheran
spinward—jpunishing her body hel ped with the frustration. They had enough power to divert the
planetoid now, but no way to couple that power efficiently to the planetoid. It would require engineering
anew reflector to couple the beam's momentum to the planetoid. But if they waited until they could get
oneingaled, it would take so much power that the project would be compromised. The dilemma
seemed to have no solution.

David, of course, would never understand that. Liz continued going in circles, mentaly and physicaly.
Finaly exhausted, she stopped at the locker room, showered, dressed, and headed back to David's
quarters.

David wasn't there.

* * % %

David stowed his Martin suit and a big duffel bag behind a bulkhead, then geckroed hisfeet by the
airlock asthelast shuttle from Martin's surface docked. His course was settled, but he wanted to make
sure no one else would be harmed. He waved to them as they came out of the access tube and pulled
themsalves down the corridor, accompanied by robots pulling bags of samplesand gear. They al smelled
of dust from the surface.

"Iseveryone off the planet now?’ David asked the last one off, a stocky man named Ned Oh.
He nodded. “ Everyone's here and accounted for."

"Very good. | will try to get back before departure for Minat, but if not, go ahead without me; | may be
sometime, and can take this shuttle back."

Ned looked at David oddly, then smiled. “Y ou? Late?'
David forced asmile. “The collison apparently will not belate, and there is till much to do.”

Ned patted him on the shoulder; the lack of an effort to divert the planetoid had been adowner for all of
them. They shook hands, and Ned followed his group down the corridor.

David boarded the shuttle and stowed his gear. Settling at the controls, he contacted the busy port
manager. “1 need to make afast trip down to the surface. Thereisalast minute discovery a anew ice
leke"

The man, tal and light haired with a bushy mustache and an easygoing manner, squinted and smiled.
“Wdl, now, someone might think you just wanted to be the last one off the planet.”

David smiled back nervoudy and didn't say anything. Let him believe what he wanted.
The man shrugged. “Okay, it's fueled and ready. No other traffic, so you're cleared.”

Thetrip down to the planet took four hours. Theicelake actualy existed; he landed onits shore. If
nothing else, hewould find out one or two more things about thisworld. He pulled one of two boxes out
of the duffel bag and replaced it with asurviva tent and a couple of days worth of rations. He carried



the box down the ladder and set it down outside the shuttle's airlock. Then he went back up, opened the
pand to the ship's main processor, and disconnected it. That should set some darms going, he thought.

On hisway out, he touched the box and hesitated, going over everything again. No, he had to do it this
way. There could be only oneway to get him off the planet dive, and that would be to divert the
planetoid. He took abreath, threw the switch on the timer, climbed down the ladder, picked up his gear,
and headed for the lakeshore.

Ten minutes later, the blast severed hisonly way off the planet.
They had not redlly listened before; perhaps they would listen now.

Later, onasmall rise, helooked out over thelake. At early evening by loca time, the scenery here, in
one of the few places on Martin's surface not covered with ice, was breathtaking. The steep sides of the
caderawere astudy in deep red and black, with glints here and there of volcanic glass. The ground was
cracked and brittle—he would have to watch his step; getting himself killed too soon would defeet the
whole purpose of thismad exercise.

Would Liz or Mutori pull out the stops and divert the planetoid? Or would they let him be blown to
smithereens aong with the planet? He looked &t the still Iake, reflecting the glowing crags of the caldera's
rim. Wasit redly dill, he thought, or wasit, too, teaming with life, every bit as deserving of saving asthe
damned, all too important, Black Hole Project?

* * % %

Liz was deep in concentration on an ideathat just might work. Array construction robotsin orbit about
Canning were hurriedly fabricating ahuge net, athousand kilometersin radius. A large magsail, meant for
agtarship, would be attached to the net, dong with severa million tons of ballast weighted around the rim
of the net. If everything went right, the whole assembly could be pushed with planetary transport beams
to intercept the planetoid about ahundred planetary radii from collision with enough momentum to cause
it to graze Martin's atmosphere instead of colliding directly. But it would be very, very close.

Something wastrying to get her attention. Amongst the numbers and trgjectories, asigna light was
flashing.

"y e
"It'sNed. I'm at the door. | thought | should deliver this newsin person.”
That didn't sound good. “Comein.”

Onelook at hisface confirmed that he was the bearer of bad news.

"Liz, have you heard about David?"

She shook her head.

"He's goneto the surface of Martin, making ahuman shidd out of himself."
"Oh ... crap! I'm sorry, | should have seen this coming. HE's never ... he..."
"| didn't seeit coming ether.”

"I'll need to talk to Cyan."

Ned nodded. “Let meknow if theré'sanything | can do.”



Asheleft, Liz touched the net. Cyan, emergency, Cyan, we have a problem, she sent. The lightspeed
delay was maddening.

What, Liz? What is the matter?

David has gone human shield on us.

Wait.

Human shield?

He's gone down to Martin in hopes that we'll divert the beam projector to save hislife.

Wait.

You know him better than any of us, Liz. Can you talk him out of it?

I'll dowhat | can. I'll get absolutely nowhere talking on the radio. I'll have to do thisin person.
Wait.

The momentum exchange mesh—the big net—is almost ready, Cyan said. Hopefully we can spread
the push over the entire area and hold the major piecestogether . If we use BHP projectors, we
can load less ballast and launch it now, then give it a major push.

No! Keep the project projectors on the impactor. We can't risk screwing with that. I'll go down to
Martin myself and try to bring David back.

Wait.
Liz, do you think that is wise? Much could go wrong.

Liz remembered how David had hel ped her stand up to DeRoot, how held been at her side when things
had seemed darkest, and all the wonderful, sweet moments of lovemaking they'd shared.

Cyan, | owe himtoo much. | have to try. I'd never forgive myself if | didn't.
Wait.

| understand. You will take several robots, of course, armed with tranquilizer darts; | will
authorize the exception to the Asimovian rules. | know you will try to get his voluntary
cooperation first, but timeis short. And Liz, we've been over David's recent communications.
Voice stress analysis, word patterns, and other things. He doesn't seem to be well.

Chaos! What?

People gtill occasiondly got brain tumors, Liz knew. They were quickly cured when detected, but they
had to be detected first. Then there was the stuff he was working with; the quarantine was very good,
and the human immune system should betotdly lethd to anything that hadn't evolved waysto counter it.
But there was till achance. Deep in thought, Liz barely noticed the lightspeed delay.

We don't know without doing a scan and taking samples—it could be strictly psychological, stress
induced. But | think it's important to know if he's been affected by anything in the environment
because a layer of that environment will be plastered all over this planetary systemin a few years
as aresult of impact debris. At any rate, there may be some pathology involved; he's not acting



rationally. Also, whatever he does, you should not blame him, or yourself. | know thisis hard
when it happens to someone you love, but tragedies happen. If the worst happens, remember him
ashewas. Finally, and | am very sorry to say this, but he may strike out irrationally. Remember
that if he does, it's not him. But still, be very careful. And remember that it is not always possible
to fix everything. If it gets too late, come back.

| will, Cyan. Thank you.

Could she hunt down David asif hewere azoo animd out of his cage? Could sheleave him to die? Did
she have any choice?

* k k %

David found that he was off the net. The rlays might have been removed or someone might have thought
that denying him accesswould give them an advantage. That meant they were going to try to resolvethis
by force instead of negotiation. His heart sank; that would cost severa hours. No, he thought, they might
work the problem in pardle; even now someway to divert the planetoid might be in the works,
something that could be turned on or off at the last moment.

Night fell. The planetoid was less than aday away, near the ecliptic plane, coming posigrade. He looked

to thewest and found it easily—it had ahuge comaof gas, like acomet. The nucleus was aready asmal
disk. It would stay there, fixed among the stars. That was how one could tell if something was going to hit
you—the angles stay the same.

Very wdl. If they were going to try to force him off, they would come with robots, sensors—the whole
nine yards. They would succeed, unless he could somehow anticipate them and strike first. He had dealt
with terrorists back in the Isradli defense force; he was on the other side now, but he knew the territory.
Maybe they would not anticipate that.

To get asurprise, he would have to make them think he was here but actualy be there. He took a
reflective blanket and some line, then climbed up asmall lavadome until he could seethelanding Site. He
built a couple of small towerswith flat volcanic rocks and anchored the top of the reflective blanket to
them. Then he anchored the bottom of it at about forty-five degrees so it formed akind of lean-to. He
went back down and moved his campsite until he could see the distorted reflection of the still-glowing
wreck of hisshuttlein thisjerrybuilt mirror. Theradio in the emergency stores had both infrared and radio
frequency bands, as did the suit. He set it up in sight of the mirror. If thisworked, he'd be able to speak
on infrared from his suit, the infrared would reflect off the mirror to the emergency comm pack, and his
voice would come out on the radio from the campsite.

He took a second box from the duffel bag and headed for the landing site.

Halfway there he keyed theinfrared channel in hishelmet. “Hello, everyone. Liz, Cyan. You know | am
very sorry to cause you so much trouble. Y ou must aso know that thisis more important than your
inconvenience, or even my life, if it comesto that. Y ou must do what you can to prevent theimpact. |
must do everything | can to make you do that. | have no choicein this. | hope you understand this. | am
sorry."

He heard hislittle speech on theradio as he said it; adistracting echo, but it proved his system worked.
Unlessthey had managed to deploy a very sophisticated surveillance system on very short notice, they
should think he was at the camp site on the shore of the lake; held left a heater on there, and the radio
would be coming from there.

"David, thisisLiz. I'm coming to get you. We've figured out away to divert the planetoid; a huge mesh
net ison itsway from Canning. It will probably work, but if the planetoid breaks up in the net, some of it



may get through. It'stoo dangerousto stay on the surface of Martin.”

David's heart beet rapidly. There was hope. Then he thought again. What proof did he have that anything
was actudly being done? They'd cut him off the net. She could be lying. Why not? She would do
anything to save her damn project.

"Liz,” hesaid. “That sounds very hopeful. Thank you for making the effort, if it istrue. But | must take the
risk that it isnot true or | give up al my leverage. Please go back and get me after the impact is diverted.”

"David, you might be dead!"
"I know this. | have thought thisthrough very carefully. It ismy choice.”
"David, | am coming to get you. That ismy choice."

He could think of nothing to say to that. He quickly covered the distance to the landing site and hid
himself in abroken lavatube near the wreck. None too soon; just as he settled in, he heard the sonic
boom of the approaching shuttle, and soon the glow of its engineslit up the landscape. He watched the
bullet-shaped vehicleslanding gear extend asit set smoothly down, the hatch side turned mostly toward
him.

David agonized. But he would have to do what he had to do; he had cometoo far to waver now. If Liz
was lying to him, she had sedled her own fate aswell.

As soon as the shuttle landed and Liz had popped the hatch, he opened hiscomm line. “Liz, my camp s
on the shore of the lake, about ten minutes walk from here, uh, | mean from where your shuttle is coming
down."

"| seeit, David. Please come meet me a the landing site. We're doing everything we can.”

He shook his head automaticaly, even though she couldn't see him. “I cannot take that chance. | am
sorry. If you want to talk, come to the camp. We ill have severa hours.”

Liz didn't answer him. The hatch swung open and she descended, followed by three black circular robots
hovering on their fans. He could barely see them, but this close he could hear them.

She strode off toward the camp, her path lit by ahelmet light. The robots, presumably invisble now,
followed. He patted a device in his pocket; he had an answer for those, but now was not the time to
reved it.

David judged the distance to the shuttle. He didn't dare use the infrared to talk now; Liz would pick that
up in her hdmet and immediately know what he was doing. Would she suspect? Had she left aguard?
The best strategy would be to gpproach the shuttle normally. His box with the bomb was a standard
sample box and should be recognized as such.

He waited until she was hadfway to the camp, then got up and walked as camly as he could to the shuitle.
He opened the standard infrared channe for robotic interface and positioned his body so the beam
would not carry to Liz or hisown radio relay setup, he hoped.

"Hdlo. I'm David Levi. | have some samplesto go to thelab.”

"Mr. Levi. Please do not enter the shuttle; you are not authorized. | have notified Captain Avonford of
your presence.”



"David!” Liz screamed. “I thought you were at the camp. What are you doing at the shuttle?!

"I changed my mind,” he said, using the radio channel from his suit. He took two more steps closer to the
shuttle, reaching theright landing gear. “| redly wanted to seeyou again, Liz."

He turned away from the shuittle, triggered the switch and set the sample case down as carefully ashe
could. He started running toward Liz, not daring to look back. Five ... four ... three ... two ... one...

The blast wave dmost knocked him over. Now he looked back and watched the shuttle topple to the
ground. Back to square one, he thought. He turned back toward Liz and stood motionless, trying to
figure out what to say. She would probably be upset.

A sudden sting in hisarm told him just how ups=t.

* k% k %

Liz had skimmed dong the regalith toward David, wanting to believe him, wanting to get him and get out
of here. But sheld been deceived. Should have had the robots tranquilize him earlier, she thought. But
she'd held back. Maybe there was an explanation that made sense. Once hewasin her ams again,
surely hewould listen to reason. He had run toward her; she could see the light on his helmet bob up and
down with each long stride. Surely they could till sort things out.

The blast took her totally by surprise, and she watched in horror as the shuttle toppled to the ground.
There was no second explosion, and its navigation lights stayed on. The port light created a pool of red
on the lavaand showed the crumpled sde of the vehiclein high relief.

Liz brought hersdlf to ahat. Take him down, she sent to the hovering robots. Talk about closing the
barn door after the horse escaped.

Liz, Ned. Are you okay?
I'm fine. He got the shuttle before | got him. Can you get another one down here?

We'll have to try, won't we? The port manager and I've got it in works, but it looks like an hour to
fuel and check out and four hours—make that four point three—down to the surface where you
are. That's collision time, I'm afraid.

Her heart skipped abeat and a knot suddenly tightened in her gut. Chaos, try to shave ten minutes off
that somewhere, will you?

I'll try my best. Do you want me to tell Cyan?

Soit'sdown to this, Liz thought. What would Cyan Mutori do? A word from her now, and the full power
of the beam could be thrown against the planetoid, possibly breaking it up, possibly pushing it awvay. But
that diversion would aso throw the impactor off profile, perhapsirretrievably so. Damn Pedl! There was
no margin, none.

Not just yet. See where you get on the spare shuttle.
Areyou sure, Liz?

It could mean the difference between probably living and probably dying, for both her and David. But it
could aso be the difference between carrying out her mission with certainty and leaving humanity's
greatest project to chance. She'd wanted to be the big fish in the small pond, to have the big decisions.
Wéll, this was one that would echo through the rest of history.



Yes, I'msure. Ned, if it doesn't work out ... It's not your fault. But get that damn shuttle here!
As soon as we can. Good luck. Ned out.

Liz looked up a the oncoming planetoid and its halo of gas, rising high over the eastern horizon. 1t would
not, if she remembered the smulations correctly, quite reach the zenith from her location. In the last
minutes, it would begin plunging back down to the horizon. Then a hypersonic detonation wave would jet
out above her, and the blast wave would roll over the horizon at the local speed of sound, some twenty
minutes | ater.

Human beings had voluntarily goneto their desths before, for abig enough cause, but she had not ever
quite thought of herself that way. She'd survived everything so far, on sheer strength of will. We were out
here because of will, she thought. The shuttle would makeit.

Liz, Cyan. What's going on down there?

Liz sighed. It hadn't taken her long to find out.

A small delay. He's tranked now. I'm going after him.
Wait.

You are stranded!

Maybe. Cyan, am| till in charge? Isit my call? You know what is at stake. This situation is my
responsibility, and | have chosen to keep the project on profile. On our friendship, please honor
that choice.

Wait—thistime much longer than required for just the lightspeed delay.

| understand what is at stake. If it were my responsibility, | would, | hope, have the courage to
choose as you have. But we will do everything we can short of affecting the project to get you out
of there. The net has been launched; it should arrive three hours before impact. The planetoid will
till be half as far away as the moon is from Earth. If everything holds, it should get enough
delta-v to just graze Martin's atmosphere. Roche forces will pull it apart, but the net may hold it
together for a while. We can't tell whether it will be captured or not—too many uncertainties.

You're giving me some hope, anyway. Between that and the relief shuttle, I'm going to assume I'll
make it.

Liz had kept walking as she talked. David's helmet light glowed softly, nearer and nearer.
When she got there, that was dl there was—the helmet light.

Where's David? she asked the robots.

The one designated “ Alpha’ answered. We have a command authority conflict.
"Chaod” Liz struggled to regain her temper.

Cyan, could you reset the command authority override on my robots? David has pulled another
fast one on me.

Wait, agonizingly long.



Done. Use the prefix * Sunbeam” if you have any more problems.

Thanks.

Totherobots: Sunbeam. Where's David?

Mr. Levi is proceeding on foot to the lake. He apparently has a trank antidote.
No kidding! Keep himin sight. I'mfollowing.

Liz, Cyan. We can still boost the net a little more.

Chaos, Liz thought. Why couldn't they just let the decison stand?

No, Cyan. Thank you but no. The whole thing's chancy and the last thing I'd want isto screw up
the project, and get killed, too.

Wait.

LiZ Judi Laande brokethe quiet. In one hour, we can no longer accelerate the net. Martin's moon is
getting in the way.

Yes, Judi, Liz here. | understand. | may end up seeing this explosion first-hand. You know what?
I'm not scared. It's like letting go. Liberating in a way. What will happen will happen. | accept
that. Just get that shuttle here!

Silence. It gave her amomentary chill. Would they respect her wishes? Shetried to contemplate her
humiliation if they did not and the project got screwed up. She smiled to hersdlf. Risky behavior was
nothing new to her, and here it was, the ultimate. Triumph or die. Or triumph and die. Either way, glory.

Asif floating on air, Liz started running toward David. Therewas till timeto grab him and &t least get
away from Martin.

She stopped bouncing and opened aradio channel to David.

"David. What's going to happen is going to happen. There's nothing more that anyone can physicaly do.
The net ison its way; we should be able to see the intercept. It may work. Meanwhile therésa crewless
shuttle on itsway to take us off. It may get herein time even if the net doesn't work. Therésno pointin
running from meanymore.”

"I cannot believeyou."

Liz looked up into the sky and asked for areticular circle wherethe net was. It floated in front of her
eyesat infinity, afaint red circle. There, in its center, was atiny spider web.

"David, believe your own eyesthen. Look up, in UrsaMgjor, alittle left of Mizar and Alcor, therésa
fant, tiny web."

It grew even as she watched. Liz touched the net. Forty minutes until impact. Even without additional
boost from the project projectors, the device was traveling at a hundred and thirty kilometers a second.

Maybe too fast, she realized. She looked at the projections; ninety percent of the net cords were
predicted to fail on impact. Would the remaining ten percent be enough? Things would stretch, of course.

David materidized from the dark into the glow of her hemet light. “Y ou planned it thisway, didn't you!



Youdl did"

Liz didn't bother to answer that. He was here; that was dl that counted. “ Y ou're not thinking clearly.
Let's get to the shuttle rendezvous.”

David caught up to her and they both turned toward the dark sky standing side by side. “When?"
"Thirty minutes for the net impact, about three hoursfor the main event and the shuttle landing.”
Wordlesdy, they headed for the landing field, about three kilometers away.

The net zoomed by overhead, moving at the apparent rate of ahigh atitude aircraft or asatdlite; but it
was much farther away and moving much fagter. Asit approached the planetoid, its angular rate grew
lessand less; atrick of perspective, Liz redized. The net now moved almost directly away from them. It
would have been better, she thought, if it could have hit the planetoid from the side, but thiswould be
amost asgood. It only had to dow it alittle, just enough for Martin to move alittle farther from under it.

The net vanished, invisble againgt the glowing gas surrounding the planetoid.

It happened dowly. The planetoid dowly split into two, then three, then five pieces. Some of them
seemed to be drifting off to theright, othersnot at al.

Liz, Cyan...
| saw, Cyan. It looks like part of it is still going to hit.
Wait.

Yes. There was a small delay on the shuttle trajectory to let the net go by. It will be very close. Be
ready to run for it. In the meantime, perhaps you would wish to settle whatever you need to settle.
I've opened the net back up to David.

She didn't think they would make it. Thank you, very much, Cyan, for everything. Thank you.

Two hours, forty minutes. A message to Mom, of course. To Captain Katherine Avonford on
whatever starship she may be flying to wherever. Mom. You've probably heard what happened off
the media. By the time you read this, | will have become so much interstellar gas flowing out of
the Lacaille 9352 system. Perhaps we will run into each other. I'll say something general about
how | feel about this—it's not really bad at all. I've let go. I'm accepting it, at peace with it, even
in a strange way, looking forward to the experience. | always wanted to be important, to make a
mark, to be remembered. But I'd rather have stayed around for the party. | forgot how so many of
history's legends bought fame with their lives. Martyrdomisn't worth it. Tell everyone that.
Martyrdom isn't worth it.

AndtoHilda | made a messof it, Ss, but | got it done. Enjoy the physics.
And to so many others.

She looked a David, silent, concentrating on his own good-byes.

They reached the edge of the landing field.

Five minutes. Deeth hurtled toward them. It was huge now, a congtdlation of comets with asingle coma
fdling toward the horizon, visbly moving, passng what brightest stars till shone through its vapors. One
by one, they dipped below the horizon.



Time to impact?
The first contact has occurred.

A sudden glow lit the horizon. Then aghostly curtain began to spread from some point below it, like an
aurora, but athousand times brighter. Jets of debris and gasses tangent to the globe of Martin at the
impact point moved at tens of kilometers per second.

Heart in her throat, she sent alast message to Cyan. | guess thisisit. Thanks for trying.
Wait.

Hang in there, Liz. The shuttle's almost down and it will take several minutes for the blast wave to
reach you. But be ready for five gees flat on your back in the airlock.

Shuttle on approach, be prepared to board.

She looked up and the deep blue of itsjets lanced down from the sky. She reached over and grabbed
David.

"Timetogo."

"Go yoursdf. It'shopeless.”

"Comeon, wevegot to try."

While David lingered in awe of its horrible beauty, Liz grabbed hisarm and gave it atug.

"Comeon! Run for the shuttlel” It settled down fifty metersfrom them, its hot exhaust flapping their
Martin suits.

Shefdt David pull her hand loose. “Go,” hetold her. Y ou can't save this place, you can't save me.” And
he pushed her toward the shuttle. “ Just go!"

It wasfutile, they both knew it. Regardless, Liz focused. She could not give up completely. How close
could she cometo getting avay?

Prepare for immediate lift off as soon as | get in the hatch, shetold the shuttle. Without David's
weight, she reached the shuttle as the debris curtain spread overhead. The trick would be to get between
that and the blast wave.

The ladder hung out of the hatch. David got up at last, and tried to run toward her.
"Hurry!” she screamed.

Hetripped over asmall rock and fell. He picked himsalf up. A second logt. “1'm going to be the martyr
here, Liz. Get lost!"

A drange orange light flooded the horizon. Sheturned. Ah, yes. Thiswasit. She sent what she saw
streaming into the net. Roiling clouds zoomed toward the zenith asif in atime-lgpse video of norma
westher. It glowed. Everything glowed. Shefdt like shewasin an oven.

Air dammed into her and sent her skyward, the shuttle and David tumbling nearby. She felt surredl.

Hot—very, very hot. Her visor melted, bowed in, ablowtorch played on her face. Everything went dark.



Shetook alast bregth, abreath of purefire. She willed herself to take it deep, so as not to prolong the
pan. So | passinto legend. n

(EDITORSNOTE: Other parts of the Black Hole Project were described in “ Kremer's Limit

[ July/August 2006] and “ Imperfect Gods’ [ December 2006]. You can see additional information
about the Project and the people involved in it on the “ Science Behind the Sory” section of the
Andog website [ www.anal ogsf.com] .)
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* * * %

It isacliche that madness and crestive genius go together. Those who favor it often mention Van Gogh
asaprime example, but creative peoplein many areas seem to strike ordinary folks as at least weird and
at most dangeroudy warped, perhaps mostly because they think unusua thoughts and display atendency
toward extreme focus on those thoughts, bordering on obsession. We can seethisin artists, poets,
writers (including SF writers), and scientists. We dso seeit in the efforts of the mad to judtify their
madness ("'I'm not crazy—I'm ageniug!"). Add to thisthat people love to gossip about otherswho arein
someway out of the ordinary, and perhaps you have enough justification for a public obsession with the
madness of credtive geniuses.

So why does most of the obsession in recent years seem to focus on mathematicians? | think of Sylvia
Nasar's A Beautiful Mind, about John Nash, whose madness was schizophrenia. And now we have
JannaLevin's A Madman Dreams of Turing Machines. Levinisaprofessor of physicsand
astronomy at Barnard College of Columbia University. Her obsession here—or, to be morefair, the
obsession of her narrator—iswith the lives of two men whose ideas have done an enormous amount to
shape the modern world. Alan Turing played asemind role in the development of computer science.
Kurt Goddl demonstrated that any system of thought (such as mathematics) must contain truths that
cannot be proved from within the system (often misunderstood as just “truths that cannot be proved”).
Both men are often mentioned as examples of high-achieving autism or Asperger's Syndrome.
Asperger's, marked by socia incompetence, repetitive behaviors, and often high intelligence, is
sometimes cdled the “ geek syndrome.”
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But Levin does not mention autism or Asperger's. She—or her narrator—begins by saying “ The unsorted
catalogue of biographica facts provides nothing without storieswith their dents and omissions and
sometimes outright liesto create meaning ... Because some truths can never be proven by adhering to the
rules” A Godelian notion, of course, and the reader isleft to wonder what istruth, what isaliein the
pagesthat follow (with abit of help from the Notes at the end), beginning with Wittgenstein and the
obsessve mathematicians and logicians of the Vienna Circle, where the extraordinary Godd, socia misfit
and food-obsessive, introduced his great ingght. Then to England, where young Turing isbeing
mistreated by his schoolmates and displaying his own food obsessons ("Helikes hisfood smooth") and
hisfixation on aclassmate. And on Levin moves, focusing more on the two men and their madnesses than
on their work, building a sense of time and place, and moving with asense of inevitability toward their
deaths, Godd by sdf-starvation, Turing by cyanide (after histria for grossindecency or homosexudity).

Thetdeisquite modernin its salf-referential character and lack of plot externd to the characters’ lives. It
ismore interesting than many such novels because Turing and Godd are interesting characters, and Levin
handles them deftly and sympatheticdly. | found A Madman Dreams very readable.

But A Madman Dreams issciencefiction only if you include fiction about science and scientigtsin the
definition. I'mwilling to do thet, and if you share that willingness, you should enjoy the book.

* k k %

Rudy Rucker isamathematician and ahighly creative SF writer. Is he crazy too? After consdering A
Beautiful Mind and A Madman Dreams of Turing Machines, one might think so. Madnessisa
perfectly natura state of mind for such fellows, right? But Rucker saves the madness for hisfiction, and
indeed Roland Haut, thesis adviser to math grad students Belaand Paul, is pretty far around the bend.
Why, he sees giant cone shdlls floating outside his office window! Y ou might wonder about Belaand Paull
too, for their thesesinvolve atheory that permits prediction of events from such things as the splash of
raindrops. Paul's an orderly fellow, so he writes down his math as neat rows of symbols. Belals more
artigtic, so he envisions the math as teapots, cakes, fish, and rakes. And when Belainsults Haut on
camera, Haut kicks him out.

Poor Bela. He has a mathemagical mind whose visions sound like  60s dope dreams. He also has anew
girlfriend, Alma, who needs aplaceto live, movesin, and Sarts acting interested in Paul. Of course,
Mathematiciansin L ove act just as numb as anyone ese, so it isn't long before tempers are abit short.
Fortunately, Belais brainstorming like mad and findly proving the great theorem. He and Paul writethe
paper, add Haut's name as coauthor, and graduate. Paul moves out and takes Almawith him. Bela starts
having trouble finding ajob and no trouble at dl finding trouble. Fortunately he'samusician too, and
beforelong he'sfamous. But what heredly wantsis Alma

All worlds have palitics. Before long, Belaand Paul are being enlisted in a corporate-politica schemeto
use their math to make devicesthat will help acertain party (theresapretty explicit anaog here) take
supreme power. That's when they find away to tickle the device with an irresolvable paradox (shades of
Godd!), open ahyperdimensiond tunnel, and flee to another world where they find ... Giant talking cone
shells. Giant talking cockroaches (sort of). And ajelyfish that creates worlds the way poets write poems,
each one better than thelast.

Will the jdlyfish create anew Earth where Bela can have Almaback? Can aworld contain more than
one Bela, Paul, or AlIma? If not, who dies? Or as so many fairy tales have asked, what isthe price of a
wigh?

Right on page one, Belatdlsthe reader that histale begins on another Earth and ends on ours. When the
jdlyfish comesin, creating worldsin an ever closer approach to perfection, the reader must smile and
perhaps anticipate the tal€'s penultimate punch line and wince abit at the thought that our world, as



messy and imperfect asitis, isthe best of al possibleworlds. Y et that thought is not unusual for Rucker.
For al thewerdness of hisfiction, he seems an essentialy benign fellow, well pleased—despite the need
of sundry groups, governments, and partiesfor criticism and satire—by the overdl tenor of lifein this
world. Y et heisnot usudly so explicit. His benignity now comes across as a bit Pollyannaish, though if
that'saflaw, it mars only thelast page or two. The rest of the nove isasweird and wonderful as anything
Rucker has ever written.

* * % %

John Scazi departsfrom his Old Man's War novelswith The Android's Dream, afun taefrankly
inspired by Philip K. Dick, but going off inamuch morerationd, if till wacky, direction.

Earth, new to interstdlar civilization, has asachief dly the Nidu, theinterstellar equivaent of a
third-world country. At the moment, the two are in the midst of trade negotiations, but Earth's chief
negotiator has along-standing grudge against the Nidu, and when someone offers him away to strike
back, he grabsit. Evenif ... Well, the Nidu are caste-ridden and the high castes use odors to
communicate. An Earth faction that wants to disrupt relations has come up with agadget that, powered
by intestina methane and controlled by awirdesslink, can emit deadly insults. It's quite inconspicuous,
too, anceitisimplantedin ... You got it. It works very well, too. The Nidu negotiator has a stroke and
dies. The human conveniently has a heart attack in his moment of triumph. And the Nidu are furious.

They'redso feding frustrated. A coronation is coming up, complete with rites that demand the presence
of abright blue sheep of the very specia *Electric Android” breed, ownership of whose genome was
given by Earth to the Nidu. Unfortunately, the flocks, both on Nidu and on the human colony world
where the breed was engineered, have been destroyed by a plague. The Nidu regimeisin danger. If
Earth's government can come up with a suitable sheep, then maybe there will not be adevastating war.

Enter Harry Creek, heroic survivor of awar that amply demonstrated the way the Nidu treat enemies
and even bystanders (it ain't pretty). He's dso an ex-cop and agrand hacker. A friend in the State
Department, Ben Javna, hires him to hunt for the sheep, and he makes rapid progress, quickly learning
that someone is destroying potentia targets before he can get to them. But with the help of aunique Al,
he finds Robin Baker, a pet shop owner whose DNA is 20 percent “Electric Android” (I won't tell you
how; Scalzi doesfine). Since the sheep-killers are right behind him, now the chaseis on, with action that
fitsvery wdl with what you might expect from the author of Old Man's War and The Ghost Brigades.

Enter dso the Church of the Evolved Lamb, derived from the desperate poetry of adrunken SF writer
and con artist who thought founding ardigion would be agreat way to make money. Thereligion turned
out to have alife of itsown. Now it formsafaction in the tae, aswell as adeep and far-reaching
conspiracy. And when Scalzi reved sthat any Nidu clan—anyone, actualy—that can come up with an
“Electric Android” sheep during the coronation ceremony has a chance to supplant the clan currently in
power, the Astute Reader gets ahint of where he'sgoing. All that'sleft isthe fun part, the details, and the
biggest question of al: Will Robin and Harry ever have a second date?

Thisisonel stayed up late to finish reading. Not many make me do that any more.

* k% k %

J. Brian Clarke has gppeared often enough in this magazine to be familiar to most of you. Indeed, his
stories “Return of the Alphanauts’ (1990) and “ Adoption” (1992) gave riseto the novel at hand,
Alphanauts. Unfortunately, he strikes me as stronger at shorter lengths. Alphanauts isan episodic tale
that, while mildly interesting, breaks no new ground for experienced SF readers. It ismost suitable for
young (middle school) readers.

The tale beginswhen Earth'sfirst interstellar explorers return from Alpha Centauri, where they found a



habitable world. While enduring three years of quarantine, they learn that people who are too long away
from Earth have away of going berserk. It doesn't seem to have affected them, but when they visit Earth
at lagt, it does. Have they transferred their interna “alegiance” to Genser's World? Then they must

return, with others, as colonists. Once there, they soon discover a colony of diensand their ships—lill
occupied by cyborg intelligences—and empathic “ catbird” symbiots. In duetime aship arrivesfrom
Earth abit ahead of schedule and proudly announcesthat it has licked the FTL problem. Then thesignals
from Earth stop. Since the colonistshave FTL, they return to find disaster and discover that a ship loaded
with would-be dictatorsis on itsway to Genser's World.

It'snot really areviewer's placeto tell awriter how he or she should have written the story. But caling a
novel only “mildly interesting” isthe sort of thing an author might well find insulting. So what would it take
for meto retract theinsult? Characters could be much more fully developed. Clarke could refrain from
short-circuiting or legping across (in the gaps between episodes) potentia conflicts. Problems could resist
solution moreredigtically and thereby contribute some dramatic tenson to thetae.

* k x %

In his“ghost” novels (and esawhere), L. E. Modesitt, Jr., has displayed afondness for heroeswith
military backgrounds who work in intelligence, academia, and/or research of some sort. The pattern
holdsin The Elysum Commission, which beginswhen private researcher and problem-solver Blaine
Donneis approached by a client who wants him “to discover and ascertain in evidentiary terms the exact
relationship between Eloi Enterprises, Judeon Maraniss, and Elysum.”

Donneisawar hero whose current hobby is being the “knight of shadows,” who prevents crimein the
dtreets. Hisworld is Devanta, ruled by the secretive Sorores and nervous about the tendency of the
interstellar ubergovernment to disruptive, cataclysmic intervention when it decidesaloca government is
too repressive. Eloi Enterprises, run by the ruthless and violent Eloi brothers, is dedicated to pleasures of
the flesh. Maranissis an arrogant, unsympathetic, and vindictive city planner who—the cover blurb
reved s this much—has created a pocket universe containing a utopian city. Asthe story develops, the
reader learnsthat he and the Elois are the heart of a conspiracy that involvesinterstelar politics, powerful
enemies, and apathological yearning for vengeance on the Sorores and their society. But Donne does not
know this. He can only search Devantals databases for connections, find a secretive research compound,
massive energy use, and amovement of Eloi personnd offworld, be noticed, and survive violent attacks.
He must aso work on other cases, discover that his sister's business partner, Siendra, is both helpful and
gppeding, and in the end discover that everything is astonishingly connected, that the Sororeshave a
pretty good idea of what is going on and how to handle it o the ubergovernment doesn't step in, and that
Siendrais much more than she at first appeared.

Thefindeisasaisfying flurry of extreme violence and ahappy clinch. Asusud, Modesitt leavesbehind a
very contented reader and a hope that he doesn't plan to leave Blaine and Siendra done for too long.

* * * %

Ken Rand triestoo hard. He's sending too many things up at once—westerns, dien invasions, excessve
use of didect and malgpropisms, and more—and while he can make the reader smile from timeto time,
the overal effect ismore wearing than amusing.

The opening scene of Dadgum Martians I nvade the Lucky Nickel Saloon! is, of course, said
saloon, located on Second Ave,, Laramie, Wyoming Territory. The saloon's “ regulars'—and Rand
misses only one “regularity” joke—are bemoaning the end of barkeep Mick's (he's Irish, of course)
generous credit policies a theingstence of his affianced, Miss Emma, who resides behind the red light a
MissDally Dubois Residence for Refined Ladies. Journdist Sam Somebody (Clemens, maybe?) is
taking notes. And that's when Casper walks in with a chicken on his head. Not just any chicken, of



course. It haslipsinstead of abesk (which makesit lip aswdll asreplacethecl” in thetypical chicken
noise with “f"), it wantsadrink, and it says so using Casper'svocal cords. Y ou see, when it's asetting on
aguy's heed, it can work him like a puppet.

It doesn't take long for the picture to clarify. The chicken is an escapee from aMartian scout ship, and
the regulars soon decide that if they can sl it to the circus (in town at the moment, of course), they can
solve the credit problem. They're chasing it around the bar's rafters when Jack arrives with a dead
chicken snaffled from the whorehouse's henhouse, and a posse of whores, armed with rolling pins and
surrounded by acloud of lavender-scented pink powder, hot on histail.

Pretty soon, the barflies are rescuing the dien pseudochi cken from the henhouse at the cathouse and
fleeing into the countryside with the whores whooting and whollering behind them. Soon rescued by the
circus strongman and his mermaid wife, they wind up in control of the Martian flying saucer and crash the
circus, in the process goosing the e ephant into a pachydermatoustizzy.

Y ou get theidea, I'm sure, and if lowclass over-the-top hyuck-hyucks are your cup of teg, Yard Dog has
more Rand titles too, not to mention such things as The Four Bubbas of the Apocalypse. Vist
www.yarddogpress.com to see.

* * * %

It is something of aclicheto say that dead writerslive again whenever someone rereads one of their
books. It isaso afond hope of living writers, as Mike Resnick says quite evocatively in“ Travelswith
My Cats,” in which an author actually managesto return to prod aloner toward involvement and love.
The story isone of twenty to befound in New Dreamsfor Old, acollection that amply demondtrates
why Mike has been one of my favorite writers snce the 1970s. He has aremarkably clean styleand a
huge gift for sheer story at many levels. He can belight and frothy asin his John Justin Mallory fantases
(two are here) and deeply reflective about the human condition, asin the Kirinyaga stories (one of the
best, “For | Have Touched the Sky,” ishere). If you aren't familiar with hiswork, this collectionisan
excdlent introduction. If you are, his storiestend to be very rereadable. Buy this one, and enjoy.

I'm not sure that one can say dead writers also live again when critics discuss their work, but they
certainly do when wives and children and friends publish their memoriesin memoirs and biographies. Itis
thus a pleasure to see that 1saac Asmov's widow, Janet Jeppson, has been persuaded to write Notes
for aMemoir on Isaac Asmov, Life, and Writing. It'sadim book, but it isan e oquent reflection on
lifeand love with Asmov and the importance of imagination, reading, writing, philasophy, humor, and
moreinthat life and love. Thereisaso afair amount of materia on Jeppson's own past, which makesthe
book in part an autobiography. But though she has published her own science fiction—and even rounds
out the book with seven short storiesthat attest to atalent quite strong enough to stand on its own—most
who pick up this book will do so for the connection to her late husband. Y et shetoo will live past her
lifetimein her work, and that isno bad thing at dl.

Copyright (c) 2006 Tom Easton

[Back to Table of Contents]

BRASSTACKS
Sanley,

| have been an Analog subscriber since 1976, and my collection goes back to January 1967.

| read the October 2006 editoria and want to Sart by setting you straight on some items, because you
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don't seem to have dll thefacts.

RFID chips contain only auniqueid for the product. They do not contain price or any other information.
The priceis stored in the computer scanning the purchase. | believe current RFID chips store 128 bytes
of info. Tracking dl the peopledl thetimeisnot possible.

Let me explain number two so that the masses can understand, because | run into this on so many wacko
boards (which is probably where your source for this originated).

In 1992, | was brought into a project to consult on sizing a computer for aproject by AT&T. Some
gster group in another city wanted to store the entire billing for the AT& T phone network for athree
month ralling store, to try and do “what if” questioning againg. | quickly did the calculations for them and
showed them that the largest computer of the type that theoretically existed was 2/3 timesthe size
needed to just store the data. | would estimate that the processor power to load and unload the data and
to do the actual searches on it would be 100 to 1000 times what was available. The theoretical computer
was Sx timesthe size of the largest computer of the type then in existence, and exceeded ahard coded
limit in the hardware to boot. The datafor each phone call recorded wasto be smdler than the size of a
current RFID chip, by about 3to 2.

Okay, it isfourteen years|later and computers are bigger and faster. However, a the mainframe leve,
they don't grow asfast asat the PC level. And today, AT& T could probably store the data. But they
don't have enough processor to do the “what if” questions againgt it.

Now, let usfast forward to what you are talking about storing. For every encounter with any item that
has an RFID chip, you are going to store 3/2 the amount AT& T was going to store. Thousands and
thousands of products. And not just three months of data, years of datawould have to be tracked to be
of any use. All of that would have to be searched together to do any significant searching.

| know, your next thought isto go to “massively paralel” computers. Well, sorry to burst that bubble.
The computer we were sSizing out in 1992 was a“massively parale” computer. (Over 1000 processors.)

So, in my professona opinion, the kind of privacy invasion you are talking about in your articleistensor
more years away, short of some mgor ground-shaking advance in computer hardware.

Y ou see DARPA was only experimenting with the process of collecting limited amounts of data; they hed
not stopped to consider the quantity of data they would be looking at.

To give you some perspective. On the 4th of July thisyear, we had a project to just re-organize datain
place (which improves accesstime). We spent 3.5 hours re-organizing 660 million rows of data. We had
asizable mainframe computer pegged for that time (running at 100%, just on thistask). Now just to read
the data, by the standard cal culation, would be just over 1 hour. | estimate that the datafor storing al the
RFID would easily exceed 660 trillion rows. A very smple caculation showsthat just reading dl the
datawould take the entire output of a single mainframe for something like 1,000,000 hours. Certainly not
timely information, as the datawould change long before you got aresult. And even the federd
government cannot afford 100,000 or more mainframes! Or more especidly the saff to run them!

James Eager

BS Computer Science, MBA
DataAndys

Database Administrator



* * % %

| hope | have sufficiently debunked this*theory” enough to prove to you how foolish thisfear is. If you
have any questions about how | got to some of these numbers, please ask, but know that | rounded in
favor of your premise considerably in each case. In actudity, | suspect the numbers of being orders of
magnitude wor se for the premise.

* * * %

| find on rereading the editorial that you're right about one thing— inadvertently made it sound
asif the price information was stored in the RFID itself rather than in an external database. That
could be done in the future, if anybody wanted to, but it's more expensive, clunkier, and there's no
good reason to do it—having only ID on the RFID letsindividual stores set prices and change
themat will. | knew better, and apologize for the bad wording.

Asfor therest, it seems to me that you're basing your argument on obsolete data, a too
conservative estimate of how fast things change, and an unrealistically simplistic assumption
about how such searches would be done. | asked Edward M. Lerner (who's been researching this
stuff now) for his opinion, and he said:

* * % %

"| disagree with Mr. Eager's second statement. Tracking individualsis possible, and will only become
eader. I'll argue by reasons of (a) growth in computing, especialy since Mr. Eager reasonsfrom a
years-earlier sudy, and (b) disagreement with an assumption in hisanayss.,

Firgt, growth. Computers keep growing exponentialy in their power. Individua processors get faster,
demonstrated by the GHz processors now common in PCs (vs. 6 MHz in my first PC). Processors
handle more bitsin parallel now, with 64-bit processing now common (versus 8 and 16 bitsin early
PCs). Were starting to see multiple CPUs on asingle chip. The number of CPUs in a supercomputer
keepsincreasing (to 64K, in 2005, in IBM's Blue Gene/L). And beyond supercomputing comes grid
computing, in which collaborating organizations harness their computer centers to common goas.

Storage grows rapidly too, and petabyte (one petabyte = 1015 bytes) databases now exist, for example,
storing Earth observation data. Addressable memory kegpsincreasing, too. Those 64-hit processors|
mentioned enable 64-bit addressing. 64 bitsin an address register can specify any of 264 (1.84 X 1019)
locations.

Congder the Large Hadron Collider, nearing completion at CERN. Of most interest to Analog readers,
LHC may findly detect the Higgs boson, a missng piece from the Standard Modd of particle physics.
The globdly distributed LHC computing grid will store 15 petabytes per year. Physicisswill usethe
computing grid to sift for evidence of specific short-lived particles. (Ref. “Old World, New Grid,” |EEE
Spectrum, July 2006 issue.)

Now extrapolate afew years more...

Next, the too restrictive assumption: that data searches dways involve brute-force searches of enormous
databases. Those who might exploit and abuse the torrents of RFID datawill know to organize the data

asthey acquireit. Imagine businesses or trangt authorities voluntarily, or under legal mandate, uploading

daily data dumps to agovernment organization.

During data ingest, the uploaded time- and place-stamped RFID readouts can be pre-processed. Linking
the data and constructing indices (in geek-speak, metadata) as records are ingested greatly amplify
hunting for any particular information.

Finaly, consder: If aparticular tag (say, the RFID tag that uniquely identifies a specific tire) isknown to



be of interest, the ingest process can flag its appearances on the fly asit enters the processing center(s).”

* * * %
Analog,

| read “Day of the RFIDs’ by Edward M. Lerner after reading Stanley Schmidt's editorial on RFID in
the October, 2006 issue of Analog. The story was enjoyable and Mr. Lerner obvioudy knows more
about RFID than heistdling. While there are concernswith RFID as voiced by Stanley, | do not think
that the eventsin the story will come about and, if they do, there are things that atechnicaly inclined
individua can do about it—far beyond what was done in the story.

Thereisacurrent fear about a backlash from the public among companies thinking about adopting RFID.
Thishasresulted in legidation in Wisconsin that makes chipping peopleillega and there are other
legidative actions, which can be found on rfidlawblog.com. Asthe technology is deployed, more
regtrictions will be placed on RFID applications.

There are 0 economic disincentives. A very large company has required RFIDs on dl shipping pallets
and they have found the following problems:

1. Having RFIDs on pallets has only decreased out of stock rates by only 0.5%.

2. The profit gained by having RFIDs on palets, after an investment of over five hundred million dollars,
was only on the order of just above six million dollars, which is very bad Return On Investment (ROI) for

avery large company.

3. Getting read rates for the RFIDs up into the 90% rangeisared chdlengein thereatively controlled
areaof astockroom. Therest of theworld is even worse.

Conddering the size of the company, which isamulti-billion dollar retailing company, item 1 and item 2
above make smaller companiesthink five times before implementing asimilar system. Bean counters can
help your cause aswell as hurt it. The current business thinking isto put RFIDs only on big-ticket items
and those items that must be kept in stock, such as DV Ds and CDs during the first two months after
release. The information above can be found on eweek.com.

From apurely technica standpoint, RFID can be defeated quite easly if you have any technica kill.
They can detected, rewritten so that you're wearing, say, toilet seatsingtead of sandd's, burnt out (putting
them in amicrowave is not necessary if you can take a camera gpart and solder), shielded (metallized
plastic from a potato chip bag works aswell as duminum foil), jammed, and can be used to insert avirus
into the reading system. | can foresee e ectronic countermeasures spreading on the personad level if RFID
becomes common. It has been pointed out that the new US passport with the embedded RFID istill a
vdid travel document even if the RFID should go bad. All of the above methods are available for a
search on Google. Use of aproxy in the search isoptiond. Jm diGriz, were waiting for you.

Raddliffe Cutshaw
Viola, AR

* k% k %

But remember, these technologies are till quite young!

* * * %

Dear Stan,

| alwayslook forward to your editorids and, after many years of reading them, | would like to comment



on the current one, “Needle With A Nametag” in the October 2006 issue.

Although | am retired now, | have been an industria control engineer and | believethat | understand the
RFID technology and | have a couple of pointsto make.

1. RFID tagsdo not store alot of data. They store a single identification number smilar to the UPC bar
code number (it may actualy be the UPC number—I don't know) only. The in-store computers can use
this number to look up the dl the other information about the item such as description and price.

2. Essentidly RFID technology isthe same technology that is used to “microchip” your pet. The scary
thing about thisisthat the technology already exists to put one of the thingsinto the body of every
citizen of this country. Infact, it has aready been proposed and is being discussed in the halls of
government as | writethis.

3. When a supermarket customer shops at a certain chain exclusively and usesa“loyalty card,” the
amount of information that the chain's computers can derive from that datais appdling. Just some of the
thingsthey cantdl are:

—The number of peopleliving in your home, their races, sexes, and gpproximate ages.
—Their eating habits, good and bad.

—At least the more common hedlth problems that may afflict them.

—Thetotal income of your household.

—The number of petsyou have and what kind.

—Y our partying habits. Do you give big or smadl parties? How often? How wild?
—How many timesayear you have visitors and how many vistors.

These arejust some of the thingsthey can tell. It doesn't take much imagination to think of others. This
givesyou just ahint of how much information can be derived about you from seemingly innocent sources.

Nelson Highley
Charlotte, NC

* k k %

Dear Dr. Schmidikt,

| wonder why people, who are o againgt government gathering information on citizensare il so trusting
on governmenta gun control. After adl, an armed population isthe last bagtion in the defense againgt any
tendency toward an increasingly tyrannical government!

AndrgsBadins,
Wilmington DE
Why do you assume they're the same people?
* k k %

[Back to Table of Contents]
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UPCOMING EVENTS BY Anthony Lewis
12-14 January 2007

ARISIA ‘07 (Boston area speculative fiction conference) a Hyatt Regency, Cambridge MA. Writer
Guest of Honor: Esther Friesner; Artist Guest of Honor: Hilary Scott. Regitration: $35 until 15
December 2006; $40 at the door. Info: www.arisa.org; info@arisa.org; Bldg. 600, PMB 322, 1
Kendall Sg., Cambridge MA 02139.

* * * %

12-14 January 2007

RUSTY CON 24 (Sesttle area SF conference) at Seatac Holiday Inn, Seattle WA. Guest of Honor:
Terry Bisson; Artist Guest of Honor: Rob Alexander. Registration $40. Info: www.rustycon.com; PO
Box 27075, Seattle WA 98165-1475.

* k k %

19-21 January 2007

CONFUSION (Michigan area SF conference) At Detroit-Troy Marriott, Detroit M1. Guest of Honor:
Elizabeth Moon; Fan Guest of Honor: Bill Higgins, Science Guest of Honor: Paul Myers, Music Guest of
Honor: Steve Macdonad; TM: Howard Waldrop. Registration: $30 in advance; $45 at door (checksto
AASFA). Info: www.stilyagi.org/cons/2007; ConFusion, Box 8284, Ann Arbor MI 48107.

* * % %

19-21 January 2007

COSine 2007 (Colorado Springs area SF conference) Clarion Hotel, Colorado Springs CO. Guest of
Honor: Connie Willis. Regigtration: $35. Info: www.firgtfridayfandom.org/cosing/.

* * % %

19-21 January 2007

MARSCON (Tidewater Virginia SF conference) at The Holiday Inn Patriot, Williamsburg VA. Info:
www.marscon.net; info@marscon.net; Marscon, 4618 Olde Stone Way, Chesapeake VA 23321.

* * % %

8-11 February 2007

CAPRICON XXVII: A CELEBRATION OF HIGH FANTASY (Fantasy conference) a Sheraton
Chicago Northwest, Arlington Heights IL. Guest of Honor: LoisMcMaster Bujold; Artist Guest of
Honor: Erin McKee; Fan Guest of Honor: Cat Faber. Registration: $70 at door. Info:
capricon.org/capricon27; info@capricon.org.

* * * %

16-18 February 2007

BOSKONE 44 (New England SF conference) at Westin Waterfront, Boston MA. Guest of Honor:
David Gerrold; Officid Artist: Gary A. Lippincott. Specid Guest: Br. Guy Consolmagno, S.J.; Featured
Filkers: Lee and Barry Gold. Registration: $44 to 16 January 2007, more at the door. Info:
www.nesfa.org/boskone; b44info@boskone.org; Box 809, Framingham MA 01701; fax: (617)
776-3243.



