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THE BRAIN OF AN ElI NSTEIN - -

THE M ND OF AN ENG NEER

Presenting the space adventures of Arthur Mdrton MAndrew, space-time expert and scientist
extraordi naire, and his | ong-suffering conpani on, spaceship skipper Jeani e Roker. Jeanie first net
McAndrew on a routine run to Titan and quickly | earned he was a genius of the caliber of Newton or
Ei nstein. When McAndrew invented a space drive that let frail humans survive hundreds of gravities
of acceleration, he disappeared while testing it, and Jeanie had to find him using a trail of
cryptic messages he had | eft behind.

That was the beginning of a beautiful friendship, in spite of the gray hairs that Jeani e began
accunul ating as a result of McAndrew s inpractical nature and his talent for getting hinself into
trouble with nuch nore practical villains, such as ...

A mass-murderer of several million people

A highly-placed government official whose |ife MAndrew saved,

but in an enbarrassi ng way, and who consequently wants to kill

both himand Jeanie

The ruler of a slower-than-light spaceship that left Earth a long tinme ago, giving it tinme to
devel op sone very strange custons by the tine McAndrew and Jeanie visited it. And there are still
nmore adventures of this spacegoing odd couple in The Conpl eat MAndrew.

UNSUI TABLE ENVI RONIVENT
"McAndrew and Roker." Kl eeman's voice cane fromthe speakers, calmand superior. "There will be
puni shnment unl ess you return at once."

| was at last at the airlock. MAndrew and Wcklund were there. Wthout speaking, MAndrew turned
and pointed towards the wall of the lock. | |ooked, and felt a sudden sickness. The wall where the
Iine of spacesuits should be hangi ng was enpty.

"No suits?" | said stupidly.

He nodded. "Kl eeman has been thinking a nove ahead of you.'

There was a long and terribl e pause.

"I looked out," he said at last. "Through the viewport there. The ship's capsule is still where we
left it."

"You're willing to chance it?" | |ooked at Wcklund, who stood there not follow ng our
conversation at all.

Mac nodded. "I am But what about hinP"

I wal ked forward and stood in front of Wcklund. "Do you still want to go with us? Leave the Ark
forever?"

W cklund Iicked his Iips, then nodded.

"Into the lock." W noved forward together and | closed the inner door.

"Do not be foolish." It was Kleeman's voice, with a new expression of alarm "There is nothing to
be served by sacrificing yourselves to space. McAndrew, you are a rational nan. Come back and we

will discuss this together."

Mac swung open the outer airlock door. The air was gone in a puff of ice vapor. | saw the capsule
at the top of the landing tower. To reach it we had to traverse sixth neters of the interstellar

vacuum
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I ntroduction

A gl ance at the copyright dates on the stories in this book shows that MAndrew has been with ne
for alnbpst as long as | have been witing fiction. My own manuscri pt notes nake that point even
nmore clearly: the first piece of fiction that | ever published appeared in the April, 1977 issue
of Gl axy nmagazine. The handwitten date on the first page of the manuscript of "Killing Vector,"
nmy first McAndrew story, is just two nonths later: June 15, 1977. Since then, at apparently random
intervals ranging froma few weeks to a few years, | have produced another tale of Arthur Mrton
McAndrew and his long-tinme and | ong-suffering conpanion, Jeanie Roker.

What's the fascination of these characters for nme, and why do | return to them again and agai n? As
a related question, is there any pattern to the stories?

First, let ne point out that the order in which they appear in this volune is not the order in
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which the stories were witten. Chronologically, the order would be "Killing Vector," "Mnent of
Inertia," "All the Colors of the Vacuum" "The Manna Hunt," "Rogueworld," "Shadow World," "The
Invariants of Nature," "Qut of Focus," and "The Fifth Commandnent."

The nost obvi ous point about these stories is that each revol ves around sone central issue of
science. | go into that subject in detail in the Appendix at the end of the book. Wenever |
become interested in sonething, especially when that sonething involves physics and astronony, a
McAndrew story is likely to emerge from nmy hindbrain.

That expl ai ns the chosen thenes, but not MAndrew hinmself. | mght suggest that he is sonme form of
alter ego, the ne that | wish | were, except that others have already assigned that role to
Behrooz Wl f (of Sight of Proteus, Proteus Unbound, and Proteus in the Underworld).

O course, | may have an alter ego suffering fromnultiple personality disorder. However, ny
better guess is that McAndrew is an excuse. | derive great pleasure fromsitting around, reading
and calculating on matters of no earthly value and inportance. | do this happily for hours and
days, limted only by the arguments of conscience that | ought to be doi ng sonething useful and
productive. To give one exanple, | have for the past five years tried, sporadically and
unsuccessfully, to analyze a particular mathematical gane. | can state the gane sinply, and to
avoid (or possibly create) reader frustration | may as well do so. Two players, A and B, take
turns throwing a die. There is a probability p that the die will show a score of 2, and a
probability of (1 - p) that the die will show a score of 1. Gven a whole nunber N, what is the
probability that player Awll be the first to reach a score of at |east N?

I cannot justify wasting so nuch tinme on such a trivial gane, except to use the all-work-and-no-
pl ay defense. However, if an area of apparently useless interest can one day beconme the basis for
a McAndrew story, | have a rationale for my actions. Surely, if | wite and publish a story, no
one can say that all ny prelimnary reading and cal cul ati ng was poi ntl ess.

As for an overall pattern to the stories, | do see a general trend. However, | suspect that the
trend mrrors changes not in science but in me. If | had to categorize nmyself at the time | wote
"Killing Vector," it would be as a practicing scientist whose know edge of science fiction was
mai nly as a reader, a person who despite sone first-hand experience of America and Americans was
basically English, with an English wife and children. Today, twenty-one years and four or five
mllion published words on, | would describe nyself as a witer with a strong amateur interest in
science; a person nostly Anerican, with an American wife and children, albeit also a person with
strong social and family ties to England and the English. And, a fact not to be dismissed, | am
twenty-one years older. | amrather less interested in science, and nore interested in people.

These changes affect the stories. Wien first we meet him MAndrew the scientist is all there, but
I don't think | could in the early tales ever have given hima child (as in "Rogueworld"), and
still less a mother (as in "The Fifth Conmandnent"). That |ast story also points out an inplicit
elenent in nost of the earlier stories: the relationship between Jeanie Roker and McAndrew is in
sonme ways that of parent-child. He is the small boy whose rash actions |lead himinto trouble, she
is the responsi ble and experienced adult who gets himout. | think that's who | would really |ike
to be, the curious child who is not quite responsible for his own actions. That is the reason why
I continue to wite about Arthur Mrton MAndrew.

Two other brief answers to questions: WIIl | ever wite a MAndrew novel ? An e-nmil correspondent
poi nted out that although there are references to McAndrew in others of my novels, he has never
had one of his own. My answer is, MAndrew will get a novel when | run across a neat scientific

i dea so large and conplex that | can't get a handle on it in a story of ten to twenty thousand
wor ds.

And finally, is this really the Conplete MAndrew, as the title suggests?

To this, | can only offer the Cintonian reply: it all depends on how you define the word, is.
Certainly, at this tine there exist no other McAndrew stories, so what you have is the conplete
McAndrew. Equally certainly, there will in the future be fascinating scientific ideas that just

junp up and down, crying out, "M, ne, wite about ne."

I"'mnot sure | will be able to resist their pleas. But "The Inconpl ete McAndrew' nakes a poor book
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title.
FI RST CHRONI CLE
Killing Vector

Everyone on the Control Stage found a reason to be working aft when Yifter came on board. There
was maxi mum security, of course, so no one could get really close without a good reason. Even so,
we all took the best |ook that we coul d manage—you don't often have a chance to see a nman who has
killed a billion people.

Bryson fromthe Planetary Coordinators' Ofice was at Yifter's el bow. The two nen weren't shackl ed
or anything nelodramatic like that. Past a certain level of notoriety, crimnals are treated with
some deference and even respect. Bryson and Yifter were talking together in a friendly way,

al t hough they were in the mddle of a group of top-rank security nen, all heavily arned and

wat chf ul .

They were taking safety to extrenes. Wien | stepped forward to greet Bryson and his prisoner, two

guards carefully frisked nme before | could get within hand-kill range, and they stood cl ose beside
me when the introductions were nade. | haven't lived on Earth for a long tine, and they nust have
known that | have no close relatives there; but they were taking no chances. Yifter was a prine
target for personal revenge. A billion people leave a lot of friends and rel atives.

From a di stance of one neter, Yifter's appearance did not nmatch his reputation. He was of medi um
height, slightly built, with bushy, prematurely white hair and nild, sad eyes. He smled at nme in
atired, tolerant way as Bryson introduced us.

"I amsorry, Jeanie Roker," he said. "Your ship will be filled with strangers on this trip. I'l
do nmy best to keep out of your way and let you do your job."

I hoped he could live up to his words. Since | took over the runs to Titan, |'ve carried nost
things in the connected set of cargo spheres that nake up the Assenbly. Apart fromthe kernels,
and we carry a few of those on the outbound |leg of every trip, we've had |ivestock, nega-crystals,
the gravity sinulator, and the circus. That's right, the circus. They nust have had a terrible

agent, that's all | can say. | took themboth ways, to Titan and back to L-5. Even with all that,
Yifter was still a novelty item After he had been caught and the rest of the Lucies had gone
under ground, nobody had known quite what to do with him He was Earth's hottest property, the
natural target for a billion guns and knives. Until they decided how and when he would cone to

trial, they wanted hima long way fromEarth. It was ny job to deliver himto the Titan pena
colony, and return himwhen they got thenselves sorted out on Earth.

"1"I'l arrange for you and your guards to travel in a separate part of the Assenbly,” | said. "I
assune that you will prefer privacy."

Yi fter nodded agreeably, but Bryson wasn't having any.

"Captain Roker," he said. "Let nme remind you that M. Yifter has not been found guilty on any
charge. On this journey, and until his trial, he will be treated with proper courtesy. | expect
you to house both of us here in the Control Stage, and | expect that you will invite us to take
our nmeals here with you."

In principle, I could have told himto go and take a wal k outside. As captain, | said who would
travel in the Control Stage, and who would eat with me—and i nnocent people were not usually sent
to the Titan penal colony, even before their trial. On the other hand, Bryson was fromthe

Pl anetary Coordi nators' office, and even off-Earth that carried weight. | suppressed ny first
reaction and said quietly, "Wat about the guards?"

"They can travel in the Second Section, right behind the Control Stage," replied Bryson

| shrugged. If he wanted to make nonsense of Earth's security efforts, that was his choice.
Not hi ng had ever happened on any of ny two-nmonth runs fromEarth to Titan, and Bryson was probably
quite right; nothing would happen this time. On the other hand, it seened |like a damed silly
charade, to ship twenty-five guards to keep an eye on Yifter, then house themin a separate part
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of the Assenbly.

Yifter, with an uncanny enpathy, had read through ny shrug. "Don't worry about security, Jeanie
Roker," he said. He smiled again, that tired, soothing smle that began deep in his sad, brown
eyes. "You have my assurance, | will be a nodel prisoner."

He and Bryson wal ked on past ne, into the main quarters. Was that really Yifter, the bogey-nan
the notorious head of the Halluci nogenic Freedom League? It seenmed hard to believe. Three nonths
earlier, the Lucies—dnder Yifter's nessianic direction—had planted hall uci nogenic drugs in the
wat er supply lines of nost of Earth's major cities. An eighth of the world had died in the
resulting chaos. Starvation, epidemc, exposure, and mindless conbat had revisited the Earth and
exacted their age-old tribute. The nonster who had concei ved, planned, and directed that horror
was difficult to match with Yifter, the seemngly mld and placid man.

My thoughts were quickly diverted to nore i medi ate practical matters. W had the final masses of
all the cargo, and it was tinme for the final balancing of the whole Assenbly. One m ght assune
that just neans bal ancing the kernels correctly, since they out-nass everything else by a factor
of a mllion. But each Section containing a kernel has an i ndependent drive unit, powered by the
kernel itself. W |eave those on Titan, and travel back light, but on the trip out the dynamc
bal ancing is quite tricky.

I reviewed the final configuration, then | ooked around for McAndrew. | wanted himto review the
bal ance calculations. It's ny responsibility, but he was the kernel expert. | realized that he
hadn't been present when Yifter cane aboard. Presumably he was over on one of the other Sections,
crooni ng over his bel oved power sources.

I found himin Section Seven. The Assenbly is made up of a variable nunber of Sections, and there
woul d be twelve on this trip, plus the Control Stage. Until we accelerate away fromthe Libration
Col ony station, all the Sections are physically connected—wi th actual cables—+o0 each other and to
the Control Stage. In flight, the coupling is done el ectromagnetically, and the drives for the
powered Sections are all controlled by a conputer on the Control Stage. The Assenbly | ooks |ike a
smal | bunch of grapes, but the stal ks are nonfunctional there are no cables in the Systemthat
coul d take the strains, even at |owest acceleration. Mving anong the spherical Sections when
we're in flight isn't easy. It neans we have to cut the drives, and turn off the coupling between
the Sections. That's why | thought the idea of having Yifter's guards in a different Section was
so dumb—$fromthere, they couldn't even reach the Control Stage when the drives were on

I wanted McAndrew to check the configuration that we would hold in flight, to see if he agreed
that the stresses were decently bal anced anong the different Sections. W never run near the lint
on any of them but there's a certain pride of workmanship in getting themall approximtely
equal , and the stresses as | ow as possible.

He was standing on the ten-neter shield that surrounded the Section Seven kernel, peering through
a |l ong boresight pointed in towards the center. He was aware of mnmy presence but did not nove or
speak until the observation was conplete. Finally he nodded in satisfaction, closed the boresight
cap, and turned to ne.

"Just checking the optical scalars,"
you, Jeani e?"

he said. "Spun up nicely, this one. So, what can | do for

I led himoutside the second shield before I handed himthe trimcal culations. | know a kerne
shield has never failed, but 1"'mstill not confortable when | get too close to one. | once asked
McAndrew how he felt about working within ten meters of Hell, where you could actually feel the

gravity gradient and the inertial dragging. He | ooked at ne with his little, introspective smle
and nade a sort of throat-clearing noise—the only trace of his ancestry that | could ever find in
hi m

"Qch," he said. "The shields are triply protected. They won't fail."

That woul d have reassured me, but then he had rubbed his high, balding forehead and added, "And if
they do, it won't make any difference if you are ten neters away, or five hundred. That kerne
woul d radi ate at about two gigawatts, nost of it high-energy gammas. "

file:///ID|/Documents%20and%20Settings/harry/...heffield%20-%20The%20Compleat%20McAndrew.txt (4 of 189) [2/24/2004 10:40:45 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

The trouble was, he always had the facts right. Wien | first net MAndrew, nany years ago, we were
taking the first shipment of kernels out to Titan. He had showed up with them and | assuned that
he was just another engi neer—a good one, maybe, but | expected that. Five mnutes of conversation
with himtold ne that he had probably forgotten nore about Kerr-Newnran bl ack hol es—ker nel s—+than

was ever likely to learn. | have degrees in Electrical Engineering and Gravitational Engineering,
inny job |l have to, but I"'mreally no gravity specialist. | felt Ilike an idiot after our first
talk. | nmade a few inquiries, and found that McAndrew was a full professor at the Penrose

Institute, and probably the System s | eading expert on space-tine structure.

Wien we got to know each other better, | asked himwhy he would give up his job for four nonths of
the year, to ride herd on a bunch of kernels being shipped around the Sol ar System It was a ml k-
run, with lots of time and very little to do. Mst people would be bored silly.

"I need it," he said sinply. "It's very nice to work with col | eagues, but in ny line of business
the real stuff is nostly worked out alone. And | can do experinents here that woul dn't be all owed
back hone."

After that, | accepted his way of working, and took vicarious pride in the stream of papers that
appeared from McAndrew at the end of each Titan run. He was no trouble on the trips. He spent nost
of his time in the Sections carrying the kernels, only appearing in the Control Stage for his

meal s—and frequently mssing them He was a tinkerer as well as a theorist. Isaac Newton was his
idol. Hs work had paid off in higher shielding efficiencies, better energy extraction nethods,
and nore sensitive nmanipul ation of the charged kernels. Each trip, we had sonethi ng new.

I left the trimcalculations with him and he prom sed to check them over and give ne his coments
in an hour or two. | had to nove along and check the rest of the cargo.

"By the way," | said, elaborately casual as | turned to go. "W'IlI|l be having conpany for dinner on
this trip. Bryson insists that Yifter should eat with us."

He stood quietly for a nonent, head slightly bowed. Then he nodded and ran his hand over his
sandy, receding hair-1ine.

"That sounds |ike Bryson," he said. "Well, | doubt if Yifter will eat any of us for breakfast. |I'm
not sure he'll be any worse than the rest of you. I'Il be there, Jeanie."

| breathed a snmall sigh of relief, and left him MAndrew, as | knew from experience, was the
Conpl eat Pacifist. | had wanted to be sure that he could stand the idea of neals with Yifter

Four hours later, all our checks were conplete. | switched on the fields. The dull grey exterior

of each Section turned to silver, shattering the sunlight and turning the Assenbly to a cluster of
brilliants. The cables linking the Sections were still in position, but now they were hangi ng

| oose. Al stresses had been picked up by the balancing fields. In the Control Stage, | gradually
turned on the propul sion units of each powered Section. Plasma was fed through the ergosphere of
each kernel, picked up energy, and streaned aft. The relative positions of the Sections, Myssbauer-
controlled to within fractions of a mcronmeter, held steady. W accelerated slowmy away from L-5,
and began the long spiral of a continuous-inpulse orbit to Titan.

My work was just about finished until crossover tine. The conputers nonitored the drive feeds, the
accel erations, and all the balance of the Sections. On this trip, we had three units w thout
operating drive units: Section Two, where Yifter's guards were housed, just behind the Contro

St age; Section Seven, where MAndrew had taken the kernel out of conm ssion for his usual endl ess
and nysterious experinents; and of course, the Control Stage itself. | had made the m stake of
aski ng McAndrew what experiments he was planning for this trip. He | ooked at me with his innocent
bl ue eyes and scribbled an answer full of tw stor diagranms and spinor notation—knowi ng dam wel
that | wouldn't be able to followit. He didn't Iike to talk about his work "hal fcooked," as he

put it.

* * %

| had been nore worried than | wanted to admit about dinner on that first ship-evening. | knew we
woul d all be itching to ask Yifter about the Lucies, but there was no easy way to introduce the
subject into the conversation. How could we do it? "By the way, | hear that you killed a billion
people a few nonths ago. | wonder if you would like to say a few words on the subject? It would
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liven up the table-talk at dinner." | could foresee that our conversation might be a little
strai ned.

As it turned out, my worries were unnecessary. The first inpression that 1'd had of Yifter, of a
m | d and am abl e man, strengthened on | onger exposure. It was Bryson, during dinner, who caused
the first tricky nonment.

"Most of Earth's problens are caused by the United Space Federation's influence," he said as the
robo-server, always on best format the beginning of the trip, rolled in the courses. "If it
weren't for the USF, there wouldn't be as nuch discontent and rioting on Earth. It's all relative,
living space and living standards, and the USF sets a bad exanple. W can't conpete.”

According to Bryson, three nmillion people were causing all the problens for ten billion—el even,
before Yifter's handiwork. It was sheer nonsense, and as a USF citizen, | should have been the one
to bridle; but it was McAndrew who made a growl i ng noi se of disapproval, down in his throat; and
it was Yifter, of all people, who sensed the atnosphere qui ckest, and deftly steered the
conversation to another subject.

"I think Earth's worst problens are caused by the power shortage,” he said. "That affects
everything el se. Wiy doesn't Earth use the kernels for power, the way that the USF does?"

"Too afraid of an accident,” replied McAndrew. His irritation evaporated i medi ately at the

mention of his specialty. "If the shields ever failed, you would have a Kerr-Newran bl ack hol e
sitting there, punping out a thousand negawatts—ostly as high-energy radiation and fast
particles. Wrse than that, it would pull in free charge and becone electrically neutral. As soon

as that happened, there'd be no way to hold it electronagnetically. It would sink down and orbit
inside the Earth. W couldn't afford to have that happen.”

"But couldn't we use smaller kernels on Earth?" asked Yifter. "They would be | ess dangerous."”

McAndrew shook his head. "It doesn't work that way. The snaller the black hole, the higher the
ef fective tenperature and the faster it radiates. You d be better off with a much nore nassive
bl ack hole. But then you've got the problem of supporting it against Earth's gravity. Even with
the best el ectromagnetic control, anything that nmassive would sink down into the Earth.”

"l suppose it wouldn't help to use a nonrotating, uncharged hole, either," said Yifter. "That
m ght be easier to work with."

"A Schwarzschild hol e?" MAndrew | ooked at himin disgust. "Now, M. Yifter, you know better than
that." He grew el oquent. "A Schwarzschild hole gives you no control at all. You can't get a hold
of it electromagnetically. It just sits there, spewi ng out energy all over the spectrum and
there's nothing you can do to change it—dnless you want to charge it and spin it up, and nmeke it
into a kernel. Wth the kernels, now, you have control."

| tried to interrupt, but MAndrew was just getting warned up. "A Schwarzschild hole is like a

naked flanme," he went on. "A caveman's device. A kernel is refined, it's controllable. You can

spin it up and store energy, or you can use the ergosphere to pull energy out and spin it down.
You can use the charge on it to nove it about as you want. It's a real working instrunment—not a
bit of crudity fromthe Dark Ages."

I shook ny head, and sighed in sinulated despair. "MAndrew, you have an unconsunmmated |ove affair
with those blasted kernels." | turned to Yifter and Bryson, who had wat ched McAndrew s out bur st
with some surprise. "He spends all his waking hours spinning those things up and down. All the
last trip, he was working the kernels in gravitational focusing experinments. You know, using the
fact that a gravity field bends light rays. He insists that one day we won't use |enses for
optics—we' Il focus light using arrays of kernels.”

I made the old joke. "W hardly saw himon that trip. W were convinced that one day he'd get
careless with the shields, fall into one of the kernels, and really nake a spectacle of hinself."

They didn't get it. Yifter and Bryson | ooked at me blankly, while MAndrew, who'd heard it all ten
times before, chuckled. | knew his sinple sense of hunor—a bad joke is always funny, even if it's
the hundredth time you' ve heard it told.
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It's a strange thing, but after the first half-hour |I had stopped thinking of Yifter as our
prisoner. | could understand now why Bryson had objected to the idea of surrounding Yifter with
armed guards. |'d have objected nyself. He seenmed the nost civilized man in the group, with a warm
personality and a very dry and subtle sense of hunor.

When Bryson left the table, pleading a long day and a lack of fanliarity with a space
environnent, Yifter, MAndrew and | stayed on, chatting about the previous trips | had nade to

Titan. | nentioned the tine | had taken the circus.

"Do you know, |'d never seen nost of those animals before," | said. "They were all on the list of
endangered species. | don't think you could find themon Earth any nore, except in a circus or a
zoo. "

There was a nonent of silence, then Yifter spoke. His eyes were mld and smling, and his voice
sounded dreany and di stant.

"Endangered species," he said. "That's the heart of it. Earth has no roomfor failures. The weaker
species, |ike weaker specinens of a species, nust be elimnated. Only the strong—the nentally
strong—ray survive. The weak nust be culled, for our own sake; whether that neans one tenth, one
hal f, or nine tenths of the total."

There was a chilling pause. | |ooked at Yifter, whose expression had not changed, then at
McAndrew, whose face reflected the horror that | was feeling. Yet behind all that, | could fee
t he uni que power of the man. My mind was rejecting Yifter, but | still had a sense of well-being,

of warnmth in the pit of ny stomach, as he was speaking.

"W have made a beginning," went on Yifter quietly. "Just a beginning. Last time we were |ess
successful than | had hoped. W had a breakdown in the distribution systemfor the drugs.

managed to elimnate the responsible individuals, but it was too late to correct the problem Next
time, God willing, it will be different."

He rose to his feet, white hair shining like silver, face beatific. "Good night, Captain. Good
ni ght, Professor McAndrew. Sleep well."

After he had left, MAndrew and | sat and | ooked at each other for a long tinme. Finally, he broke
the spell.

"Now we know, Jeanie. We should have guessed it fromthe beginning. Mad as a hatter. The man's a
raving lunatic. Conpletely psychotic.”

That said nost of it. MAndrew had used up all the good phrases. | nodded.
"But did you feel the strength in hinP" went on McAndrew. "Like a big magnet."

I was glad that the penal colony was so far from Earth, and the avenues of comunication so well-

guarded. "Next time . . . it will be different." Qur two-nonth trip suddenly seenmed to have
doubl ed i n | ength.

* * %

After that single, chilling noment, there were no nore shocks for some time. Qur regular neal-tine
conversations continued, and on several occasions MAndrew voi ced views on pacifismand the
protection of human life. Each tine, | waited for Yifter's reply, expecting the worst. He never

actually agreed with Mac—but he did not come out with any statenment that resenbled his coments of
the first ship-evening.

We soon settled into the ship-board routine. McAndrew spent |less and less tinme in the Control
Stage, and nore in Section Seven. On this trip, he had brought a new set of equipnent for his
experiments, and | was very curious to know what he was up to. He wouldn't tell. | had only one
clue. Section Seven was draw ng enornous energy fromthe other kernels in the rest of the
Assenbly. That energy could only be going to one place—+nto the kernel in Section Seven.
suspected that MAndrew must be spinning it up, naking it closer to an "extrenme" kernel, a Kerr-
Newman bl ack hol e where the rotation energy matches the mass energy. | knew that couldn't be the
whol e story. MAndrew had spun up the kernels before, and he had told ne that there was no direct

file:///ID|/Documents%20and%20Settings/harry/...heffield%20-%20The%20Compleat%20McAndrew.txt (7 of 189) [2/24/2004 10:40:45 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

way of getting a really extreme kernel that would take an infinite anmount of energy. This tinme, he
was doi ng sonething different. He insisted that Section Seven had to be off-limts to everybody.

| couldn't get himto talk about it. There would be a couple of seconds of silence fromhim then
he woul d stand there, cracking his finger joints as though he were snapping out a coded nessage to
me. He could be a real sphinx when he chose.

Two weeks from Earth, we were drawi ng clear of the main Asteroid Belt. | had just about concl uded
that ny worries for the trip were over when the radar reported another ship, closing slowy with
us fromastern. Its spectral signature identified it as the Lesotho, a cruise liner that usually
ran trajectories in the Inner System It was broadcasting a Mayday, and flying free under zero
drive power.

| thought about it for a monment, then posted Emergency Stations throughout the Assenbly. The

comput ed trajectory showed that we would match velocities at a separation of three kil oneters.
That was incredibly close, far too close to be accidental. After closest approach, we would pul
away agai n—we were still under power, accelerating outward, and would | eave the Lesotho behi nd.

I was still watching the displays, trying to deci de whether or not to take the next step-shutting
of f the drives—when Bryson appeared, with Yifter just behind him

"Captain Roker," he said, in his usual inperious manner. "That's an Earth ship there, giving you a
di stress signal. Wiy aren't you doing anything about it?"

"If we wait just a fewmnutes," | said. "W'Ill be within spitting distance of her. | see no point
in rushing in, until we've had a good | ook at her. | can't think what an Inner System ship would
be doing, free-falling out here beyond the Belt."

That didn't cool him "Can't you recognize an energency when you see one?" he said. "If you won't
do sonet hi ng productive with your people, I'll do sonmething with nine."

I wondered what he wanted ne to do, but he wal ked away without saying anything nore, down the
stairs that led to the rear conmunication area of the Control Stage. | turned back to the

di spl ays. The Lesotho was cl osing on us steadily, and now | could see that her |ocks were open. |
cut our propulsion to zero and switched off all the drives. The other ship was tunbling slowy,
drive lifeless and aft nacelles crunpled. Even fromthis distance, | could see that she woul d need
extensive repairs before she could function again.

I was beginning to think that | had been over-cautious when two things happened. Yifter's guards,
who had been housed behind the Control Stage in Section Two, began to float into view on the

Vi ewi ng screen that pointed towards the Lesotho. They were all in space arnor and heavily
weaponed. At the same tine two suited figures appeared in the open forward | ock of the other
vessel. | cut in the suit frequencies on our nmain board.

"—shield failure," said the receiver. "Twenty-seven survivors, and bad injuries. W nust have
pai nkillers, nedical help, water, food, oxygen and power-packs."

Wth that, one group of our guards outside began to nove towards the two suited figures in the
Lesotho's | ock, while the remai nder stayed close to the Assenbly, |ooking across at the other
shi p. Subconsciously, | noted the nunber of our guards in each party, then gave them ny ful
attention and did a rapid re-count. Twenty-five. Al our guards. | swore and cut in the
transmitter.

"Sergeant, get half of those nen back inside the Assenbly shields. This is Captain Roker. |'m over-
riding any other orders you nmay have received. Get the nearer party—

I was interrupted. The display screen flashed blue-white, then over-loaded. The whole Contro

Stage rang like a great bell, as sonething slapped hard on the outer shield. | knew what it was: a
huge pul se of hard radiation and highly energetic particles, smashing into us in a fraction of a
ni cr osecond.

Yi fter had been floating within a couple of nmeters of ne, watching the screens. He put his hand to
the wall to orient hinmself as the Control Stage vibrated violently. "Wat was that?"
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"Ther nonucl ear explosion,” | said shortly. "Hundred negaton plus. On the Lesotho."

Al'l the screens on that side were dead. | activated the standby system The Lesotho had vani shed.
The guards had vanished with it, vaporized instantly. Al the cables linking the parts of the
Assenbly, all the scanners and sensors that were not protected behind the shields, were gone. The
Sections thensel ves were intact, but their coupling fields would have to be conpletely

recali brated. W wouldn't be arriving at Titan on schedul e.

I | ooked again at Yifter. His face was now cal mand thoughtful. He seened to be waiting, listening
expectantly. For what? If the Lesotho had been a suicide mssion, nmanned by vol unteers who sought
revenge on Yifter, they hadn't had a chance. They couldn't destroy the Assenbly, or get at Yifter
If revenge were not the purpose, what was the purpose?

I ran through in ny mnd the events of the past hour. Wth the drives switched off in the
Assenbly, we had an unprotected blind spot, dead astern. W had been putting all our attention on
the Lesotho. Now, with the guards all dead, the Control Stage was undefended.

It was quicker to go aft and take a |l ook than to call Bryson or McAndrew and ask them what they
could see fromthe rear view ng screens of the Control Stage. Leaving Yifter, | dived head-first
down the stairway—a risky maneuver if there were any chance that the drive nmight come back on, but
| was sure it couldn't.

It took ne about thirty seconds to travel the length of the Control Stage. By the tinme that | was
hal fway, | knew I had been thinking nuch too slowy. | heard the clang of a |ock, a shout, and the
sputtering crackle of a hand | aser against solid nmetal. When | got to the rear conpartnent, it was
all finished. Bryson, pale and open-nouthed, was floating agai nst one wall. He seenmed unhurt.
McAndrew had fared less well. He was ten neters farther along, curled into a fetal ball. Floating
near himl| saw a famly of four stubby pink worns with red-brown heads, still unclenching with
nmuscl e spasm | could al so see the deep burn on his side and chest, and his right hand, from which
a laser had neatly clipped the fingers and cauterized the wound instantly as it did so. At the far
end of the room braced against the wall, were five suited figures, all well-arnmed.

Heroi cs woul d serve no purpose. | spread ny arnms wide to show that | was not carrying a weapon,
and one of the newconers pushed off fromthe wall and floated past ne, heading towards the front
of the Control Stage. | noved over to McAndrew and inspected his wounds. They | ooked bad, but not
fatal. Fortunately, |aser wounds are usually very clean. | could see that we woul d have probl ens
with his lung unless we treated himquickly. A lobe had been penetrated, and his breathing was
slowy breaking the seal of crisped tissue that the |laser had made. Bl ood was begi nning to well
through and stain his clothing.

McAndrew s forehead was beaded with sweat. As the shock of his wound wore off, the pain was
beginning. | pointed to the nedical belt of one of the invaders, who nodded and tossed an anpoul e
across to ne. | injected McAndrew at the big vein inside his right el bow

The figure who had pushed past ne was returning, followed by Yifter. The face plate of the suit
was now open, revealing a dark-haired woman in her early thirties. She | ooked casually at the
scene, nodded at |ast, and turned back to Yifter

"Everything's under control here," she said. "But we'll have to take a Section fromthe Assenbly.
The ship we were followi ng in caught sone of the blast fromthe Lesotho, and it's no good for
powered flight now "

Yifter shook his head reprovingly. "Inpatient as usual, Akhtar. 1'll bet you were just too eager
to get here. You nust learn patience if you are to be of maxi numvalue to us, ny dear. Were did
you | eave the main group?”

"A few hours drive inward fromhere. W have waited for your rescue, before naking any plans for
t he next phase."

Yifter, calmas ever, nodded approvingly. "The right decision. W can take a Section wi thout
difficulty. Mdst of themcontain their own drives, but sonme are |ess effective than others."
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He turned to nme, smiling gently. "Jeanie Roker, which Section is the best equipped to carry us
away fromthe Assenbly? As you see, it is time for us to | eave you and rejoin our coll eagues."

H s cal mwas worse than any nunber of threats. | floated next to McAndrew, trying to think of sone
way that we could delay or inpede the Lucies' escape. It might take days for a rescue party to
reach us. In that time, Yifter and his followers could be anywhere.

| hesitated. Yifter waited. "Come now," he said at last. "I'"msure you are as eager as | amto
avoi d any further annoyance"-he noved his hand, just a little, to indicate MAndrew and
Bryson—for your friends."

| shrugged. Al the Sections contained energency |life-support systens, nore than enough for a trip
of a few hours. Section Two, where the guards had been housed, |acked a full, independent drive
unit, but it was still capable of propulsion. | thought it might slow their escape enough for us
sonmehow to track it

"Section Two shoul d be adequate," | said. "It housed your guards in confort. Those poor devils
certainly have no need for it now "

| paused. Beside ne, MAndrew was painfully straightening fromhis contorted position. The drugs
were beginning to work. He coughed, and red gl obul es floated away across the room That | ung
needed attention

"No," he said faintly. "Not Two, Yifter. Seven. Section Seven."

He paused and coughed again, while | |ooked at himin surprise.

"Seven," he said at last. He looked at me. "No killing, Jeanie. No—XKilling vector."

The wonman was |istening closely. She regarded both of us suspiciously. "What was all that about?"

My nout h was gapi ng open as wi de as Bryson's. | had caught an idea of what McAndrew was trying to
tell me, but | didn't want to say it. Fortunately, | was hel ped out by Yifter hinself.

"No killing," he said. "My dear, you have to understand that Professor McAndrew is a devoted
paci fist—and carrying his principles through admrably. He doesn't want to see any further
killing. I think | can agree with that—for the present."

He | ooked at ne and shook his head. "I won't inquire what dangers and drawbacks Section Two m ght
contain, Captain—+though | do seemto recall that it |lacks a decent drive unit. | think we'll
follow the Professor's advice and take Section Seven. Akhtar is a very conpetent engineer, and I'm
sure she'll have no trouble coupling the drive to the kernel."

He | ooked at us with a strange expression. If it didn't sound so peculiar, |1'd describe it as
wistful. "I shall mss our conversations," he said. "But | nust say goodbye now. | hope that

Prof essor McAndrew will recover. He is one of the strong—dnless he allows hinself to be killed by
his unfortunate pacifist fancies. W may not nmeet again, but | amsure that you will be hearing
about us in the next few nonths."

They left. MAndrew, Bryson and | watched the screens in silence, as the Lucies nmade their way
over to Section Seven and entered it. Once they were inside, | went over to MAndrew and took him
by the left arm

"Conme on," | said. "W have to get a patch on that lung."

He shook his head weakly. "Not yet. It can wait a few mnutes. After that, it might not be
necessary."

Hi s forehead was beading with sweat again—-and this tine it was not frompain. | felt ny own
tensi on mounting steadily. W stayed by the display screen, and as the seconds ticked away ny own
forehead began to filmw th perspiration. We did not speak. | had one question, but | was terribly
afraid of the answer | mght get. | think that Bryson spoke to both of us several tines. | have no

i dea what he said.
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Finally, a pale ninbus grew at the rear of the Section Seven drive unit.
"Now, " said McAndrew. "He's going to tap the kernel."

| stopped breathing. There was a pause of a few seconds, stretching to infinity, then the i mage on
the screen rippled slightly. Suddenly, we could see stars shining through that area. Section Seven
was gone, vanished, with no sign that it had ever existed.

McAndrew took in a | ong, pained breath, wincing as his injured | ung expanded. Sonehow, he managed
alittle smle.

"Well now," he said. "That answers a theoretical question that |I've had on ny nmind for sone tine."

| could breathe again, too. "I didn't know what was going to happen there," | said. "I was afraid
all the energy might cone out of that kernel in one go."

McAndr ew nodded. "To be honest, that thought was in ny head, too. At this range, the shields would
have been usel ess. W'd have gone like |ast year's |lovers."

Bryson had been watching the whole thing in confusion. W had been ignoring himconpletely. At
last, pale and irritable, he spoke to us again

"What are you two tal ki ng about? And what's happened to the Section with Yifter init? | was
wat chi ng on the screen, then it just seemed to di sappear.”

"McAndrew tried to tell us earlier," | said. "But he didn't want the Lucies to know what he was
getting at. He'd been fiddling with the kernel in that Section. You heard what he said—ho Killing
vector. | don't know what he did, but he fixed it so that the kernel in Section Seven had no
Killing vector."

"I"'msure he did," said Bryson tartly. "Now perhaps you'll tell me what a Killing vector is.

"Well, Mac could tell you a lot better than | can. But a Killing vector is a standard sort of
thing in relativity—+ guess you never had any training in that. You get a Killing vector when a
regi on of space-tinme has sone sort of symetry-say, about an axis of spin. And every sort of black
hol e, every sort of kernel we've ever encountered before, has at |east one symretry of that type
So if MAndrew changed the kernel and nade it into sonmething with no Killing vector, it's like no
kernel we've ever seen. Right, Mc?"

He | ooked dreany. The drugs had taken hold. "I took it past the extrene Kerr-Newran form" he
said. "Put it into a different form netastable equilibrium Event horizon had di sappeared, al
the Killing vectors had di sappeared.”

"Christ!" | hadn't expected that. "No event horizon? Doesn't that mean you get—=2"

McAndrew was still nodding, eye pupils dilated. "—a naked singularity. That's right, Jeanie, | had
a naked singularity, sitting there in equilibriumin Section Seven. You don't get there by

spi nni ng- up—eed different nmethod." H s speech was slurring, as though his tongue was swol | en.
"Didn't know what woul d happen if sonebody tried to tap it, to use for a drive. Either the
signature of space-tinme there would change, fromthree space dimensions and one time, to two space
and two time. Or we mght see the Systenls biggest explosion. Al the mass conmi ng out as
radiation, in one flash."

It was slowy dawni ng on Bryson what we were saying. "But just where is Yifter now?" he asked.
"Gone a long way," | said. "Right out of this universe."
"And he can't be brought back?" asked Bryson

"I hope not." |I'd seen nore than enough of Yifter.

"But |'m supposed to deliver himsafely to Titan," said Bryson. "I'mresponsible for his safe
passage. What am | going to tell the Planetary Coordinators?"
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| didn't have nmuch synpathy. | was too busy |ooking at McAndrew s wounds. The fingers could be
regener ated usi ng the bio-feedback equi pment on Titan, but the ung woul d need watching. It was
still bleeding a little.

"Tell themyou had a very singular experience," | said. McAndrew grunted as | probed the deep cut
in his side. "Sorry, Mac. Have to do it. You know, you've ruined your reputation forever as far as
I'"'mconcerned. | thought you were a pacifist? Al that preaching at us, then you send Yifter and

his lot all the way to Hel |l -and good riddance to them"

McAndrew was drifting far away on his big dose of painkillers. He hal f-w nked at me and made his
curious throat-clearing noise.

"Cch, I'ma pacifist all right. W pacifists have to | ook after each other. How could we ever hope
for peace with people like Yifter around to stir up trouble? There's a bunch nore of them a few
hours travel behind us. Fix me up quick, Jeanie. | should be tinkering with the other kernels a

bit—ust in case the other Lucies decide to pay us a visit later
SECOND CHRONI CLE

Monent of Inertia
"Now," said the interviewer, "tell us just what led you to the ideas for the inertia-less drive."

She was young and vul nerabl e-1ooking, and I think that was what saved her froma hot reply. As it
was, MAndrew just shook his head and said quietly—but still with feeling—Not the inertia-I|ess
drive. There's no such thing. It's a bal anced drive."

She | ooked confused. "But it lets you accelerate at nore than fifty gees, doesn't it? By nmaking
you so you don't feel any acceleration at all. Doesn't that nean you rmust have no inertia?"

McAndr ew was shaki ng his head again. He | ooked pained and resigned. | suppose that he had to go
through this explanation twi ce a day, every day of his life, w th sonebody.

| leaned forward and | owered the sound on the video unit. | had heard the story too often, and mny
synmpathies were all with him W had direct evidence that the MAndrew drive was anythi ng but
inertia-less. | doubt if he'll ever get that nessage across to the average person, even though

he's nbst people's idea of the "great scientist,” the ultinmate professor

I was there at the beginning of the whole thing. In fact, according to McAndrew | was the

begi nning. W& had been w nding our way back fromthe Titan Col ony, travelling light as we usually
did on the inbound Ieg. W had only four Sections in the Assenbly, and only two of themcarried
power kernels and drive units, so | guess we massed about three billion tons for ship and cargo.

Hal fway in, just after turnover point, we got an inconing request for medical help fromthe mning
colony on Horus. | passed the word on to Luna Station, but we couldn't do nuch to help. Horus is
in the Egyptian Cluster of asteroids, way out of the ecliptic, and it would take any aid mssion a
couple of weeks to get to them By that tinme, | suspected their problemwould be over—ene way or
another. So | was in a pretty gloony nood when McAndrew and | sat down to dinner

"I didn't know what to tell them WMac. They know the score as well as | do, but they coul dn't
resist asking if we had a fast-passage ship that could help them | had to tell themthe truth,
there's nothing that can get out there at better than two and a half gees, not with people on
board. And they need doctors, not just drugs. Luna will have something on the way in a couple of
days, but | don't think that will do it."

McAndr ew nodded synpathetically. He knew that | needed to talk it out to sonmebody, and we've spent
a lot of time together on those Titan runs. He's working on his own experinments nost of the tine,
but I know when he needs conpany, too. It nust be nice to be a famus scientist, but it can be
lonely travelling all the tinme inside your own head.

"I wonder if we're neant for space, Mac," | went on-enly half-joking. "W've got drives that will
I et us send unmanned probes out at better than a hundred gees of continuous accel eration, but
we're the weak link. | could take the Assenbly here up to five gee—ae'd be honme in a couple of
days instead of another nonth—but you and | couldn't take it. Can't you and sone of your staff at

file:///ID|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (12 of 189) [2/24/2004 10:40:45 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

the Institute come up with a systemso that we don't get crushed flat by high accel erations? A
thing like that, an inertia-less drive, it would change space exploration conpletely."

| was wandering on, just to keep ny mind off the problens they had out on Horus, but what | was
sayi ng was sound enough. W had the power on the ships, only the hunmans were the obstacle.
McAndrew was |listening to me seriously, but he was shaking his head.

"So far as | know, Jeanie, an inertia-less drive is a theoretical inpossibility. Unless sonebody a
lot brighter than | amcan cone up with an entirely new theory of physics, we'll not see your
inertia-less drive."

That was a pretty definitive answer. There were no people brighter than McAndrew, at least in the
area of physics. If Mac didn't think it could be done, you'd not find many people arguing with
him Sone people were fooled by the fact that he took time off to nake trips with ne out to Titan,
but that was all part of his way of working.

If you deduce fromthis that I'mnot up at that rarefied level of thought, you're quite right. |
can foll ow McAndrew s expl anati ons—soneti nes. But when he really gets going he loses nme in the
first two sentences.

This time, his words seened cl ear enough for anyone to follow them | poured nyself another glass
of ouzo and wondered how many centuries it would be before the nan or wonan with the conpletely
new t heory cane along. Sitting across fromne, Mac had begun to rub at his sandy, receding
hairline. H s expression had becone vacant. |I've learned not to interrupt when he's got that | ook
on his face. It neans he's thinking in a way that | can't follow. One of the other professors at
the Penrose Institute says that Mac has a nind that can see round corners, and | have a little

i nkl'i ng what he neans by that.

"Why inertia-less, Jeanie?" said McAndrew after a few m nutes

Maybe he hadn't been listening after all. "So we can use high accelerations. So we can get people
to go at the sanme speeds as the unmanned probes. They'd be flattened at fifty gee, you know that.
W need an inertia-less drive so that we can stand that accel erati on wi thout being squashed to a
nmush. "

"But that's not the same thing at all. | told you that a drive with no inertia isn't possible—-and
it isn'"t. What you're asking for, now, it seens to ne that we should be able . . ."

H's voice drifted off to nothing, he stood up, and w thout another word he left the cabin. |
wondered what |'d started.

I f that was the begi nning of the McAndrew drive—as | think it was—then, yes, | was there at the
very begi nni ng.

* * %

So far as | could tell, it wasn't only the beginning. It was also the end. Mac didn't tal k about

the subject again on our way in to Luna rendezvous, even though |I tried to nudge hima coupl e of
times. He was always the sanme, he didn't like to talk about his ideas when they were "hal f-
cooked," as he called it.

VWhen we got to Luna, MAndrew went off back to the Institute, and | took a cargo out to Cybele.
End of story, and it gradually faded fromny thoughts, until the tinme came, seven nonths later
for the next run to Titan

For the first tine in five years, MAndrew didn't nake the trip. He didn't call nme, but I got a
brief nessage that he was busy with an off-Earth project, and wouldn't be free for several nonths.
I wondered, not too seriously, if Mac's absence could be connected with inertia-|less spaceships,
and then went on with the cargo to Titan.

That was the trip where sone lunatic in the United Space Federation's upper bureaucracy deci ded
that Titan was overdue for some favorable publicity, as a thriving colony where culture would be
wel coned. Fine. They decided to conbine culture and nostalgia, and hold on Titan a full-scale, old-
fashi oned Mss & Mster Universe conpetition. It apparently never occurred to the organi zer s—who
must have had minds that could not see in straight lines, |et alone around corners—that the
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participants were bound to take the thing seriously once it was started. Beauty is not sonething
t hat good-1 ooking people are willing to take lightly. | had the whole Assenbly filled with
gorgeous, jealous contestants, scream ng nanagers, horny and ever-hopeful newshounds from every
medi a outlet in the System and any nunber of vengeful and vigilant wives, |overs and nistresses
of both sexes. On one of ny earlier runs | took a circus and zoo out to Titan, but that was
not hi ng conpared with this trip. Thank Heaven that the ship is conputer-controlled. Al ny time
was spent in keeping sone of the passengers together and the rest apart.

It also hadn't occurred to the organi zers, back on Earth, that a good part of the Titan colony is
the prison. Wien | saw the first interaction of the prisoners and the contestants | realized that
the trip out to Titan had been a picnic conpared with what was about to follow | chickened out
and went back to the ship until it was all over.

| couldn't really escape, though. Wien it was all over, when the winners had finally been chosen
when the protests and the counter-protests had all been | odged, when the battered remmants of the
nmore persistent prisoners had been carried back to custody, when mayhem was stilled, and when the
colonists of Titan nmust have felt that they had enjoyed as nuch of Inner Systemculture as they
could stand for another twenty or thirty years, after all that it was ny job to get the group back
on board again, and hone to Earth without further violence. The contestants hated their nanagers,
the managers hated the judges, the judges hated the news nedia, and everyone hated the w nners. It
seermed to ne that McAndrew may have had advance information about the trip, and drawn a correct
concl usi on.

I would like to have skipped it nmyself. Since | was stuck with it, | separated the Sections of the
Assenbly as nmuch as | could, put everything onto autonatic, and devoted nyself to consoling one of
the | osers, a snooth-skinned arnful fromone of the |arger asteroids.

We finally got there. On that day of rejoicing, the whole ghastly gaggle connected with the
contest left the Assenbly, | said a lingering farewell to ny friend from Vesta—a nost
i nappropriate origin for that particular contestant—and settled back for a needed rest.

It lasted for about eight hours. As soon as | called into the Com Center for news and nessages, |
got a terse sumons on the comdisplay: GO TO PENROSE | NSTI TUTE, L-4 STATION. MACAVI TY.

Not an al arm ng nessage, on the face of it, but it worried nme. It was from McAndrew, and | doubt
if three people knew that | had given himthat nicknane when | found he was a specialist on
theories of gravity ("Od Possum s Book OF Practical Cats" didn't seemto be w dely read anong
Mac' s col | eagues) .

Why hadn't he called ne directly, instead of sending a comlink nessage? The fact that we were
back from Titan woul d have been widely reported. | sat down at the terminal and placed a link to
the Institute, person-to-person to MAndrew.

| didn't feel any better when the call went through. Instead of Mac's famliar face, | was | ooking
at the coal -bl ack conpl exi on of Professor Linperis, the head of the Institute. He nodded at ne
seriously.

"Captain Roker, your timng is inpressive. If we had received no response to Professor MAndrew s
coded nmessage in the next eight hours, we would have proceeded wi thout you. Can you hel p?"

He hesitated, seeing ny confused expression. "Did your nessage tell you the background of the
probl en"

"Dr. Linperis, all I've had so far is half a dozen words—to go to the L-4 branch of the Institute.
I can do that easily enough, but |I have no idea what the problemis, or what use | could possibly
be on it. Were's Mac?"

"I wish to God I could answer that." He sat silent for a nmonent, chewing on his lower lip, then
shrugged. "Professor McAndrew i nsisted that we send for you—+teft a nessage specifically for you.
He told us that you were the stinulus for beginning the whole thing."

"What whol e t hi ng?"

file:///ID|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (14 of 189) [2/24/2004 10:40:45 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

He | ooked at nme in even greater surprise. "Wy, the high acceleration drive—+the bal anced drive
that McAndrew has been devel oping for the past year. MAndrew has di sappeared testing the
prototype. Can you cone at once to the Institute?”

The trip out to the Institute, creeping along in the Space Tug from Luna Station, was one of the
|l ow points of my life. There was no particular logic to it—after all, |I'd done nothing wong. But
I couldn't get rid of the feeling that I'd wasted a critical eight hours after the passengers had
left the Assenbly. If | hadn't been obsessed with sex on the trip back, maybe | woul d have gone
straight to the comlink instead of taking a sleep break. And naybe then | woul d have been on ny
way that nuch earlier, and that woul d have been the difference between saving Mac and failing to
save him.

You can see how ny mind was running. Wthout any real facts, you can nake bears out of bushes just
as well in space as you can on Earth. Al | had been told by Linperis was that McAndrew had |l eft a
week earlier on a test of the prototype of a new ship. If he was not back within a hundred and
fifty hours, he had left that terse coded nessage for nme, and instructions—erders might be a
better word—+o take nme along on any attenpted search for him

Dr. Linperis had been very apologetic about it. "I'"monly quoting Professor MAndrew, you
understand. He said that he didn't want any rescue party setting out in the Dotterel if you
weren't part of it. He said"—tinperis coughed unconfortably—we had a real need for your comon
sense and natural cowardice. W'll be waiting for you here as soon as you can arrange passage. The
| east we can do for Professor McAndrew in the circunstances is to honor his wishes on this."

I couldn't decide if | was being conplinented or not. As L-4 Station crept into view on the
forward screen, | peered at it on highest magnification, trying to see what the rescue ship | ooked
like. | could see the bulk of the Institute structure but no sign of anything that ought to be a
ship. | had visions of a sort of super-Assenbly, a huge cluster of electromagnetically |inked
spheres. Al | could see were living quarters and docking facilities, and, as we canme in to dock

a peculiar construction like a flat, shiny plate with a long thin spike protruding fromthe
center. It |ooked nothing |like any USF ship, passenger or cargo.

Li mperis may have spent his whole life in pure research, but he knew how to organi ze for energency
action. There were just five people in our neeting inside the Institute. | had never nmet themin
person, but they were all famliar to ne through McAndrew s descriptions, and from nmedi a coverage.
Li nperis hinself had made a life study of high-density matter. He knew every kernel bel ow | unar
mass out to a couple of hundred astrononical units—any of them he had visited, and a few of the
smal | ones he had shunted back with himto the Inner System to use as power supplies.

Siclaro was the specialist in kernel energy extraction. The Kerr-Newnran bl ack holes were well -
understood theoretically, but efficient use of themwas still a matter for experts. Wen the USF
wanted to know the best way to draw off power, for drives or for general use, Siclaro was usually
called in. H's name on a reconmendation was |like a stanp of approval that few would think to
questi on.

Wth Gowers there as an expert in nultiple kernel arrays, Macedo as the Systemauthority in

el ectronagnetic coupling, and Wenig the naster of conpressed matter stability, the conbined
intellect in that one roomin the Institute was overpowering. | |looked at the three nen and two
wonen who had just been introduced to nme, and felt like a gorilla in a ballet. I night nmake the
ri ght nmovenents, but | wouldn't know what was goi ng on

"Look, Dr. Linperis," | said, "I know what Professor MAndrew wants, but |I'mnot sure he's right."
M ght as well hit themwith ny worries at the begi nning, and not waste everybody's tine. "I can
run a ship, sure—+t's not hard. But |1've no idea howto run something with a McAndrew drive on it.
Any one of you could probably do a better job."

Li nperi s was | ooki ng apol ogetic again. "Yes and no, Captain Roker. We could all handle the ship
any one of us. The concepts behind it are sinple—a hundred and fifty years old. And the
engi neeri ng has been kept sinple, too, since we are dealing with a prototype."

"Then what do you want ne for?" | won't say | was angry, but | was uneasy and unhappy, and there's
a fine line between irritation and di sconfort.
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"Dr. Wenig will drive the Dotterel, he has handled it before in an earlier test. Actually, he
handl ed t he Merganser, the ship that Dr. MAndrew has di sappeared in, but the Dotterel has

i dentical design and equiprment. Controlling the ship is easy—+f everything behaves as we expected.
I f sonething goes wrong—and sonet hi ng nust have gone w ong, or MAndrew woul d be back before
this—+then neither Dr. Wenig, nor any of the rest of us, has the experience that will be needed. W
want you to tell Dr. Wenig what not to do. You' ve been through dangerous tinmes before.” He | ooked
pl eading. "WII you observe our actions, and use your experience to advise us?"

Uninvited, | flopped down into a seat and stared at the five of them "You want ne to be a bl oody
canary!"

"A canary?" Wenig was small and slight, with a luxuriant black nustache. He had a strong accent,
and | think he was suspecting hinself of a translation error.

"Ri ght. Back when people used to go down deep in the earth to mine coal, they used to take a
canary along with them It was nore sensitive to poisonous gases than they were. Wen it fell off
the perch, they knew it was time to |l eave. The rest of you will fly the ship, and watch for ne to
fall off ny seat.”

They | ooked at each other, and finally Linperis nodded. "W need a canary, Captain Roker. None of
us here knows how to sing at the right time. WII you do it?"

I had no choice. Not after Mac's personal cry for help. | could see one problem+'d be telling
them everything they did was dangerous. Wen you have a new piece of technology, it is risky,
what ever you do with it.

"You nean you'll let ne overrule all the rest of you, if | don't feel confortable?"

"We woul d." Linperis was quite firmabout it. "But the question will not arise. The Merganser and
the Dotterel are both two-person ships. W saw no point in making themlarger. Dr. Wenig will fly
the Dotterel, and you will be the only other person aboard. It just takes one person to handle the
controls. You will be there to advise of hidden problens."

| stood up. "Let's go. | don't think | can see danger any better than you can, but | may be wrong.
If Mac's on his own out there, wherever he is, we'd better get noving. |'mready when you are, Dr.
Wenig. "

Nobody noved. Maybe McAndrew and Linperis were right about my antennae, because at that nonment |
had a prenonition of new problens. | |ooked around at the unconfortable faces.

"Prof essor McAndrew isn't actually alone on the Merganser." It was Enma Gowers who spoke first.

"He has a passenger with himon the ship."

"Someone fromthe Institute?"

She shook her head. "Nina Velez is with him"

"N na Vel ez? You don't nean President Vel ez's daughter—the one with AG News?"
She nodded. "The sane."

I sat down again in ny chair. Hard. Maybe the Body-beautiful run to Titan had been an easier trip
than | had realized

* * %

Weni g may have cone to piloting second-hand, but he certainly knew his ship. He wanted me to know
it, too. Before we left the Institute, we'd done the |ot—-schenatics, npdels, conponents, power,
life support, mechanicals, electricals, electronics, controls, and backups.

Wien the ship was explained to ne, | decided that McAndrew didn't really see round corners when he
thought. It was just that things were obvious to himbefore they were explai ned, and obvious to
other people afterwards. | had been saying "inertia-less" to Mac, and he had been just as often
sayi ng "inpossible."” But we hadn't been comunicating very well. Al | wanted was a drive that
woul d | et us accelerate at nmultiple gees without flattening the passengers. To MAndrew, that was
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a sinple requirenment, one that he could easily satisfy—but there was no question of doing away
with inertia, of passengers or ship

"Take it back to basics," said Wnig, when he was showi ng ne how the Dotterel worked. "Renenber
the equival ence principle? That's at the heart of it. There is no way of distinguishing an
accel erated nmotion froma gravitational field force, right?"

I had no trouble with that. It was freshnman physics. "Sure. You' d be flattened just as well in a
really high gravity field as you would in a ship accelerating at fifty gee. But where does it get
you?"

"1 magi ne that you were standing on sonething with a hefty gravity fieldJupiter, say. You'd
experi ence a downward force of about two and a half gee. Now suppose that sonebody coul d

accel erate Jupiter away from you, downwards, at two and a half gee. You'd fall towards it, but
you'd never reach it—+t would be accelerating at the same rate as you are. And you'd feel as

t hough you were in free fall, but so far as the rest of the Universe is concerned you' d be
accelerating at two and a half gee, sanme as Jupiter. That's what the equivalence principle is
telling us, that acceleration and gravity can cancel out, if they're set up to be equal and
opposite.”

As soon as you got used to Wenig's accent, he was easy to foll ow+ doubt if anybody could get into
the Institute unless he was nore than bright enough to explain concepts in easy terns.

| nodded. "I can understand that easily enough. But you've just replaced one problemw th a worse
one. You can't find any drive in the Universe that could accelerate Jupiter at two and a half
gee."

"W cannot —ot yet, at any rate. Luckily, we don't need to use Jupiter. W can do it with
sonething a lot smaller, and a lot closer. Let's look at the Dotterel and the Merganser. At
McAndrew s request | designed the mass el ement for both of them™

He went across to the wi ndow that | ooked out fromthe inside of the Institute to raw space. The
Dotterel was floating about ten kil oneters away, close enough to see the nmain conponents.

"See the plate on the botton? It's a hundred neter dianeter di sk of conpressed natter

el ectronagnetically stabilized and one neter thick. Density's about el even hundred and seventy
tons per cubic centineter—pretty high, but nothing near as high as we've worked with here at the
Institute. Less than you get in anything but the top couple of centimeters of a neutron star, and
nowher e near approaching kernel densities. Now, if you were sitting right at the center of that

di sk, you'd experience a gravitational acceleration of fifty gee pulling you down to the disk
Tidal forces on you woul d be one gee per meter—not enough to trouble you. If you stayed on the
axi s of the disk, and noved away fromit, you' d feel an attractive force of one gee when you were
two hundred and forty-six meters fromthe center of the disk. See the colum grow ng out fromthe
disk? It's four nmeters across and two hundred and fifty neters |ong."

I looked at it through the scope. The long central spike seenmed to be conpletely featureless, a
slimcolum of grey netal.

"What's inside it?"
"Mostly nothing." Wenig picked up a nodel of the Dotterel and cracked it open | engthw se, so that

I could see the interior structure. "Wien the drives are off, the living-capsule is out here at
the far end, two hundred and fifty neters fromthe dense disk. Gravity feels |like one gee, toward
the center of the disk. See the drives here, on the disk itself? They accel erate the whole thing
away fromthe center colum, so the disk stays flat and perpendicular to the notion. The bigger
the acceleration that the drives produce, the closer to the disk we nove the |iving-capsule up the
central colum here. We keep it so the total force in the capsule, gravity |less acceleration, is
al ways one gee, toward the disk."

He slid the capsule along an el ectronechani cal |adder closer to the disk. "lIt's easy to conmpute
the right distance for any accel erati on—the conputer has it built-in, but you could do it by hand
in a few mnutes. Wien the drives are accelerating the whole thing at fourteen gee, the capsule is
held a little less than fifty meters fromthe disk. |I've been on a test run in the Merganser where
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we got up to al nbost twenty gee. Professor McAndrew i ntended to take it up to higher accel erations
on this test. To accelerate at thirty-two gee, the capsul e nust be about twenty neters fromthe
disk to keep effective gravity inside to one gee. The plan was to take the systemall the way up
to design maxi num$ifty gee thrust acceleration, so that the passengers in the capsule would be
right up against the disk, and feel as though they were in free fall. Gavity and thrust
accelerations will exactly bal ance.™

| was getting goose bunps along the back of ny neck. | knew the performance of the unmanned ned
ships. They would zip you frominside the orbit of Mercury out to Pluto in a couple of days,
standing start to standing finish. Once in a while you' d get a passenger on them-accident or

sui cide. The flattened thing that they unpacked at the other end showed what the human body

t hought of a hundred gee.

"What woul d happen if the drives went off suddenly?" | said.

"You nmean when the capsule is up against the disk—at maxi mum thrust?" Weni g shook his head. "W
designed a safeguard systemto prevent that, even on the prototypes. If there were a sign of the
drive cutting off, the capsule would be noved back up the colum, away fromthe disk. The system
for that is built-in."

"Yeah. But MAndrew hasn't cone back." | had the urge to get on our way. "l've seen built-in-safe
systens before. The nore fool proof you think something is, the worse the failure when it happens.
Can't we get noving?"

"Cone on." Wenig stood up. "Any teacher will tell you, you can't get much into an inpatient
learner. 1'll give you the rest of the story as we go. We'll head out along the sane path as
McAndrew di d—that's plotted out in the records back here.”

"You think McAndrew went along with the nom nal flight plan?"

"We know he didn't." Wenig | ooked a lot |ess sure of hinself. "You see, when the drives are on
maxi mum t he plasna round the |iving-capsule colum interferes with radio signals. Fifty hours
after they left the Institute, the Merganser was tracked from Triton Station. MAndrew cane back
into the Solar System decelerating at fifty gee. He didn't cut the drive at all—ust went right
through the System and accelerated out again in a slightly different direction. W got the | og,
but we have no idea what he was doing. There was no way to get a signal to himor fromhimwth
the drive on."

"So they got all the way up to the maxi mum drive! And they came back here. God, why didn't
Linperis tell nme that when we were in the first neeting?" | went to the | ocker and pulled out a
suit. "He took it up all the way, fifty gee or better. Let's get after him If he kept that up
he'll be halfway to Al pha Centauri by now. "

The |iving-capsul e was about three meters across and sinply furnished. I was surprised at the
anmount of room wuntil Wenig pointed out to ne how equi pnent and supplies that could take higher
accel erations were situated on the outside of the capsule, on the side away fromthe gravity disk

W had started with McAndrew s flight plan for only a few m nutes when | took Linperis at his word
that 1'd be boss and changed the procedure. If we were to reach McAndrew, the less tinme we spent
shooting off in the wong direction, the better. He had cone right through the System and we
ought to head in the direction that he was |ast seen to be headi ng.

"I"ll take us up to fifty gee," said Wnig. "That way, we'll experience the sanme perturbing forces
as the Merganser did. Al right?"

"Christ, no." My stomach turned over. "Not all right. Look, we don't know what happened to Mac,
but chances are it was sone problemwith the ship. If we do just what he did, we may finish up
with the same trouble."

Weni g took his hands off the controls and turned to me, palns spread. "But then what can we do? W
don't know where they were going, all we can do is try and follow the sanme track."

"I'"'mnot sure. Al | knowis what we're not going to do—and we're not trying for top accel eration.
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D dn't you say you'd flown Merganser at twenty gee?"
"Several tines."

"Then take us out along Mac's trajectory at twenty gee until we're outside the System Then cut

the drive. | want to use our sensors, and we won't be able to do that fromthe mddle of a ball of
pl asma. "

Weni g | ooked at nme. | know he was nentally accusing nme of cowardice. "Captain Roker," he said
quietly. "I thought we were in a hurry. W may be weeks foll owi ng Merganser the way you are
proposi ng. "

"Yeah. But we'll get there. Can Mac's support system|last that |ong?"

"Easily."

"Then don't let's kick it around any nore. Let's do it. Twenty gee, as soon as you can give it to
us."

* * %

The Dotterel worked |ike a dream At twenty gee acceleration relative to the Solar System we

didn't feel anything unusual at all. The disk pulled us towards it at twenty-one gee, the
accel eration of the ship pulled us away fromit at twenty gee, and we sat there in the niddle at a
snug and confortable standard gravity. | couldn't even feel the tidal forces, though I knew they

were there. We had poor conmunications with the Penrose Institute, but we'd known that and
expected to nake up for it when we cut the drive

Qddly enough, the first phase of the trip wasn't scary—t was boring. | wanted to get up to a good
crui se speed before we coasted free. It gave ne the chance to probe anot her nystery—ene that
seenmed at | east as strange as the di sappearance of the Merganser

"What were you doing at the Institute, allowing N na Velez aboard the ship?"

"She heard that we were devel oping a new drive—don't ask nme how. Maybe she saw the Institute's
budget." Wenig sniffed. "I don't trust the security at the USF Headquarters."

"And you let her talk her way in, and you forced McAndrew to take her with himon a test flight?"

If | sounded mad, | felt madder. Mac's life nmeant nore than the dignity of sone snooth-assed
bureaucrat in the Institute's front office.

Dr. Wenig | ooked at nme coldly. "I think you m sunderstand the situation. N na Vel ez was not forced
onto Professor McAndrew by the "front office"—for one thing, we have no such thing. The Institute
is run by its nmenbers. You want to know why Mss Velez is on board the Merganser? 1'll tell you.

McAndrew i nsisted that she go with him™"

"Bullshit!" There were sone things | couldn't believe. "Way the hell would Mac I et hinself go
along with that? | know him even if you don't. Over his dead body."

Weni g sighed. He was | eaning on a couch across fromne, sipping a glass of white w ne—o hardship
tours for him

"Four weeks ago |'d have echoed your comments exactly," he said. "Professor MAndrew woul d never
agree to such a thing, right? But he did. Putting this sinply, Captain Roker, it is a case of
i nfatuation. A bad one. | think that—=

He stopped, outraged. | had started to laugh, in spite of the seriousness of our situation
"What's so funny, Captain?"

"Well." | shrugged. "The whole thing's funny. Not funny, it's preposterous. McAndrew i s a great
physicist, and Nina Vel ez may be the President's daughter, but she's just a young newswonan.
Anyway, he and |—-he woul dn't—

Now | stopped. | wondered if Wenig was going to get up and hit ne, he | ooked so nad.
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"Captain Roker, | don't like your insinuation,"” he said. "McAndrew is a physicist—so am|. You may
not be smart enough to realize it, but physics is a field of study, not a surgical operation
Castration isn't part of the Ph.D. exans, you know. " His tone dripped sarcasm | wouldn't have
liked a two-nonth trip to Titan with young Dr. Wenig.

"Anyway, " he went on. "You have nanaged to junp to a wong conclusion. It was not Professor
McAndrew who suffered the initial infatuation. It was Nina Velez. She thinks he is wonderful. She
cane to do an interview, and before any of us knew what was going on she was in his office al

day. Al night, too, after the first week."

I was wong. | know that now, and |I think | knew it then, but | was too peeved to nake an
i medi ate apology to Wnig. Instead, | said, "But if she was the one that wanted him couldn't he
just throw her out?"

"N na Vel ez?" Wenig gave a bark of laughter. "You' ve never net her, | assunme? She's a President's
daughter, and whatever N na wants, N na gets. She started it, but inside a couple of days she had
Prof essor McAndrew behaving like a true fool. It was disgusting, the way he went on."

(You're jealous, Wnig, | said, jealous of Mac's good luck—but | said it to nyself.)

"And she persuaded McAndrew to |l et her go out on the Merganser? What were the rest of you doi ng?"

He reddened. "Professor McAndrew was not the only one behaving like a fool. Wiy do you think
Li nperis, Siclaro and | feel like murderers? The two wonen on the team Gowers and Macedo,
insisted that Nina Vel ez should not go near the ships. W overruled them Now, Captain Roker
maybe you see why each of us wanted to cone after McAndrew. We drew lots, and | was the w nner

"And maybe you shoul d think of one other thing. Wile you are | ooking at our notives, and | aughing
at them maybe you ought to |l ook at your own. You |l ook angry. | think you are jeal ous—eal ous of
Nina Velez."

It's a good thing that we had to follow our flight plan at that point, and prepare to cut the

drive, or | don't know what | would have done to Dr. Wnig. |I'ma shade taller than he is, and
out wei gh him by maybe ten pounds, but he | ooked fit and wiry. It wouldn't have been a foregone
concl usion, not at all

Qur descent into savagery was saved by the insistent buzzer of the conputer, telling us to be
ready for the drive reduction. W sat there, furious and not |ooking at each other, as the
acceleration was slowy throttled back and the capsule noved away fromthe disk to resune its free-
flight position two hundred and fifty neters behind it. The nove took ten minutes. By the tine it
was over we had cool ed off. | managed a gracel ess apology for nmy inplied insults, and Wni g just

as unconfortably accepted it and said that he was sorry for what he had been saying and t hi nking.

I didn't ask himwhat he had been thinking—there was a hint that it was nuch worse than anything
that he had said.

We had cut the drive at a little nmore than one hundred astronom cal units fromthe Sun and were
coasting along at a quarter of the speed of light. The conputer gave us autonatic Doppl er
conpensation, so that we could hold an accurate comunication |link back to the Institute, through
Triton Station. Conversation wasn't easy, because the round-trip delay for signals was al npst
twenty-ei ght hours—all we expected to be able to do was send "doing fine" nmessages to Linperis and
t he ot hers.

Qur forward notion was conpletely inperceptible, though | fancied that | could see a reddeni ng of
stars astern and a bluer burn to stars ahead of us. W were well beyond the edge of the planetary
part of the System out where only the conets and the kernels lived. | put all our sensors onto
maxi mum gain and Wenig and | settled in to a quiet spell of close watching. He had asked nme what
we were |ooking for. | had told himthe truth: | had no idea, of what or when.

We crept on, farther and farther out. | don't know if you can actually creep at a quarter of I|ight
speed, but that's the way it felt; blackness, the unchanging stars, and a dwarfed Sol ar System far
behi nd us.
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Qur eyes were all wi de open: radio receivers, infrared scanners, telescopes, flux neters, radar
and nass detectors. For two days we found nothing, no signal above the hiss and shi mer of the
perenni al interstellar background. Wnig was growing nore inpatient, and his tone was barely
civil. He wanted us to get the drive back on high, and dash off after MAndrew-wherever that night
be.

He was fidgeting on his bunk and ignoring the scopes when | caught the first trace.
"Dr. Wenig. What am | seeing? Can you tune that IR receiver?”

He cane alert and was over to the console in a single novement. After a few seconds of adjustnment
he shook his head and swore. "It's natural, not man-nade. Look at that trace. W' re seeing a hot
col | apsed body. About seven hundred degrees, that's why there's peak power in the five mcroneter
band. We can call back to Linperis if you like, but he's sure to have it in his catal og already.
There nust be lots of these within a few days flight of us."

He left the display and slunped back on his bunk. I went over and stared at it for a couple of
m nutes. "Would McAndrew know that this is here?"

That made himthink instead of just brooding. "There's a good chance that he woul d. Collapsed and
hi gh-density matter is Doctor Linperis's special study, but MAndrew probably put a library of
theminto Merganser's conputer before he left. He wouldn't want to run into sonething unexpected
out here."

"W have McAndrew s probable trajectory stored there too?"

"W know how he left the System where he was heading. If he cut the drive, or turned after he was
out si de tracking range, we don't have any information on it."

"Never nmind that. Gve ne the library access codes, and let nme get at the input console. | want to
see if Mac's path shows intersection with any of the high-density objects out here."

Weni g | ooked skeptical. "The chances of such a close encounter are very small. One in mllions or
billions."

I was already calling up the access sequence. "By accident? |'d agree with you. But MAndrew nust
have had sone reason to fly back through the System and nake the slight course change that you
recorded. | think he was telling us where he was going. And the only place he could have been
goi ng between here and Sirius would be one of the collapsed bodies out in the Halo."

"But why?" Wenig was standing at ny shoul der, fingers twtching.

"Don't know that." | stood up. "Here, you do it, you nust have had plenty of experience with
Dotterel's conmputer. Set it for anything that would put Merganser within five nmillion kiloneters
of a high-density body. That's as close as | think we can rely on trajectory intersection."”

Wenig's fingers were flying over the keys—he shoul d have been a concert pianist. |'ve never seen
anybody handl e a progranmm ng sequence at that rate. Wiile he was doing it the comlink whistled
for attention. | turned to it, |eaving Wnig calling out displays and index files.

"It's Linmperis," | said. "Problens. President Velez is starting to breathe down his neck. Wants to

know what has happened to Nina. Wen will she be back? Wiy did Linperis and the rest of you let
her go on a test trip? How can the Institute be so irresponsible?"

"W expected that." Wenig didn't look up. "Velez is just blowi ng off steam There's no way that
any other ship could get out here to us in less than three nonths. Does he have anything useful to
suggest ?"

"No. He's threatening Linperis with punitive neasures against the Institute. Says he'll want a
revi ew of the whol e organization."

"Linperis is asking for our reply?"
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n Yes i n

Weni g keyed in a final sequence of commands and sat back in his seat. "Tell him Vel ez should go
fuck hinmself. W've got enough to do without interference."

I was still reading the inconming signals fromTriton Station. "I think Dr. Linperis has already
sent that nessage to the President's Ofice, in not quite those words. We'd better get Nina back
safely."

"l know that." Wenig hit a couple of keys and an output stream began to fill the scope. "Here it
comes. Cl osest approach distances for every body within five hundred AU, assum ng MAndrew hel d
the sane course and acceleration all the way out. I've set it to stop if we get anything better

than a mllion kiloneters, and display everything that's five mllion or closer."

Before | could learn how to read the display, Wnig banged both hands down on the desk and | eaned
forward,

"Look at that!" Hi s voice showed his surprise and excitenment. "See it? That's HC-183. It's 322 AU
fromthe Sun, and al nbst dead ahead of us. The conputer shows a fly-by distance for Merganser too
smal |l to conpute—that's an underfl ow where we ought to see a distance."

"Suppose that MAndrew decel erated as he got nearer to it?"

"Woul dn't nmake nuch difference, he'd still be close to rendezvous—speeds in orbit are snall that
far out. But why would he want to rendezvous wi th HC 183?"

| couldn't answer that, but nmaybe we were at | east going to find Merganser. Even if it was only a
vapori zed trace on the surface of HC 183, where the ship hit it.

"Let's get back with our drive," | said. "What's the nmass of HC 183?"

"Pretty high." Wenig frowned at the display. "W show a five thousand kil onmeter dianmeter and a
mass that's half of Jupiter's. Miust be a good lunmp of collapsed matter at the center of it. How
close do you want to take us? And what acceleration for the drive?"

"Gve us atrajectory that lets us take a close | ook frombound orbit. A mllion kil ometers ought
to be enough. And keep us down to twenty gee or better. 1'll send a message back to the Institute.
If they have any nore information on HC- 183, we want it."

* * %

Weni g had been inpatient before, when we weren't going anywhere in particular. Now that we had a
target he couldn't sit still. He was all over our three-neter |iving-capsule, fiddling with the
scopes, the conputer, and the control console. He kept |ooking wistfully at the drive setting,
then at ne.

| wasn't having any. | felt as inpatient as he did, but when we had cone this far | didn't want to
find we'd duplicated all MAndrew s actions, including the one that might have been fatal. W
snoothly turned after twenty-two hours, so our drive began to decel erate us, and waited out the
interm nabl e delay as we crept closer to the dark nmass of HC 183. W couldn't see a sign of it on
any of the sensors, but we knew it had to be there, hidden behind the plasnma ball of the drive.

When our drive went off and we were in orbit around the black mass of the hidden proto-planet,
Weni g was at the display console for visible wavel engt hs.

"l can see it," he shouted.

My first feeling of relief and excitenent lasted only a split second. There was no way we woul d be
able to spot the Merganser froma mllion kilometers out.

"What are you seeing? Infrared em ssion from HC 183?"
"No, you noodle. | can see the ship—MAndrew s ship."
"You can't be. W'd have to be right next to it to be able to pick it up with our magnifications."

| spun ny seat around and | ooked at the screen
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Weni g was | aughing, hysterical with relief. "Don't you understand? |I'm seeing the drive, not
Merganser itself. Look at it, isn't it beautiful?"

He was right. | felt as though | was |osing ny reason. MAndrew ni ght have gone into orbit about
the body, or if he were unlucky he mght have run into it—but it nmade no sense that he'd be
sitting here with the drive on. And fromthe | ook of the long tail of glow ng plasnma that
stretched across twenty degrees of the screen, that drive was on a high setting.

"Gve nme a Doppler read-out,” | said. "Let's find out what sort of orbit he's in. Dam it, what's
he doi ng there, sight-seeing?"

Now that it |ooked as though we had found them | was irrationally angry with McAndrew. He had
brought us haring out beyond the limts of the System and he was sitting there waiting when we
arrived. Waiting, and that was all

Wenig had called up a display and was sitting there staring at it in perplexity. "No notion
relative to HC-183," he said. "He's not in an orbit around it, he's got the ship just hangi ng
there, with the drive balancing the gravitational attraction. Want ne to take us al ongside, so we
can use a radar signal? That's the only way he'll hear us through the drive interference."

"I guess we'll have to. Take us up close to them"™ | stared at the screen, random thoughts

spi nning around ny head. "No, wait a mnute. Damm it, once we set up the conputer to take us in
there, it will do automatic drive control. Before we go in, let's find out what we're in for. Can
you estimate the strength of HC-183's gravitational attraction at the distance that Merganser is
at? Got enough data for it?"

"Gve nme a second." Wenig's fingers flew over the console again. If he ever decided that he didn't
want to work at the Penrose Institute, he'd make the best space-racer in the System

He | ooked at the output for a second, frowned, and said, "I think |I nust have nade an error."
n \My?ll

"I"'mconming up with a distance fromthe surface of about nine thousand kiloneters. That neans the
Merganser would be feeling a pull of fifty gee—their drive would be full on, as high as it's
designed to go. It wouldn't make sense for themto hang there like that, on full drive. Want to go
on down to then"

"No. Hold it where we are." | | eaned back and closed ny eyes. "There has to be a pattern to what
Mac' s been doing. He went right through the System back there with the drive full on, now he's
hanging close in to a high-density object with the drive still full on. What the hell's he up to?"

"You won't find out unless we can get in touch with him" Wnig was sounding inpatient again. "I
say we should go on down there. Now we know where he is it's easiest to just go and ask him"

It was hard to argue with him but | couldn't get an uneasy feeling out of the back of ny head.
Mac was hol ding a constant position, fifty gees of thrust balancing the fifty gee pull of HC 183.
We couldn't get alongside himunless we were willing to increase Dotterel's drive to a matching
fifty gee.

"Gve nme five nore mnutes. Renenber why |'mhere. It's to keep you from doi ng anything too brave.
Look, if we were to hang on our drive with a twenty gee thrust, how close could we get to the
Dotterel ?"

"We'd have to nmake sure we didn't fry themw th our drive," said Wnig. He was busy for a couple
of minutes at the conputer, while | tried again to nake sense of the pieces.

"We can get so we're about sixty thousand kilonmeters fromthem"™ said Wenig at last. "If we want
to talk to themthrough the m crowave radar |ink, the best geonetry would be one where we're
seeing them side-on. W'd have decent clearance fromboth drives there. Ready to do it?"

"One mnute nore." | was getting a feeling, a sense that everything that MAndrew had done had
been guided by a single logic. "Look, | asked you what woul d happen if the drive failed when the
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|ife-capsule was up close to the mass di sk, and you said the system would nove the capsul e back
out again. But look at it the other way round now. Suppose the drive works fine—and suppose it was
the systemthat's supposed to nmove the |ife-capsule up and down the colum that woul dn't work?
What woul d that do?"

Weni g stroked at his luxuriant nustache. "I don't think it could happen, the design | ooked good.
If it did, everything would depend where the capsul e stuck."

"Suppose it stuck up near the disk, when the ship was on a high-thrust drive."

"Well, that would nean there was a big gravitational acceleration. You' d have to cancel it out
with the drive, or the passengers would be flattened."” He paused. "It would be a bugger. You
woul dn't dare to turn the drive off—you'd need it on all the time, so that your accel eration
conpensated for the gravity of the disk."

"Damm right. If you couldn't get yourself farther fromthe disk, you d be forced to keep on
accel erating. That's what happened to the Merganser, |['Il bet ny pension on it. Get the designs of
the capsul e novenent-train up on the screen, and let's see if we can spot anything wong with it."

"You're an optimst, Captain Roker." He shrugged. "W can do it, but those designs have been
| ooked at twenty tines. Look, | see what you're saying, but | find it hard to swall ow. Wat was
McAndr ew doi ng when he cane back through the system and then out agai n?"

"The only thing he could do. He couldn't switch the drive off, even though he could turn the ship
around. He could fly off to God knows where in a straight |line—that way we' d never have found him
O he could fly in bloody great circles, and we'd have been able to see himbut never get near to
himfor nore than a couple of minutes at a time—there's no other manned ship that could match that
fifty gee thrust. O he could do what he did do. He flew back through the Systemto tell us the
direction he was headi ng, out to HC-183. And he bal anced here on his drive tail, and sat and
waited for us to get smart enough to figure out what he was doing."

| paused for breath, highly pleased with nyself. Qut of a sphere of trillions of cubic nmiles, we
had tracked the Merganser to its destination. Wenig was shaking his head and | ooking very unhappy.

"What's wong," | said cockily. "Find the logic hard to foll ow?"

"Not at all. Arather trivial exercise." He |ooked down his nose at me. "But you don't seem able
to follow your own ideas to a conclusion. MAndrew knows all about this ship. He knows it can
accelerate at the sane rate as Merganser. So your idea that he couldn't fly around in big circles
and wait for us to match his position can't be right—the Dotterel could do that."

He was right.
"So why didn't Mac do that? Wiy did he cone out all this way?"

"I can only think of one answer. He's had the chance to | ook at the reason the life capsule can't
be noved back along the axis, so the drive nustn't be switched off. And he thinks that this ship
has the sanme problem™

| nodded. "See now why | wouldn't let you take the Dotterel all the way up to fifty gee?"

"I do. You were right, and I would have taken us into trouble if you hadn't been al ong. Now
then"-Weni g | ooked gl oom er than ever at some new thought—=let's take the logic a step farther
McAndrew i s hangi ng down there near HC-183 in a fifty gee gravity field. W can't get there to
hel p hi munl ess we do the sane, and we're agreed that we dare not do that, or we'll end up with
the sane difficulty that he has, and we won't be able to turn off the drive."

| |1 ooked out of the port, toward the dark bul k of HC- 183 and the Merganser, hovering on its plune
of high-tenperature plasnma. Wenig was right. We daren't go down there

"So how are we going to get them out?"

Weni g shrugged, "I wish | could tell you. Maybe McAndrew has an answer. |If not, they're as
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i naccessible as if they were halfway to Al pha Centauri and still accelerating. W' ve got to get

i nto communi cation with them"

* * %

When | was about el even years old, just before puberty, | had a disturbing series of dreans. N ght
after night, for maybe three nonths, | seened to wake on the steep face of a cliff. It was dark,

and | could barely see handhol ds and toeholds in the rock.

| had to get to the top—sonething was hidden bel ow, invisible behind the curve of the black cliff
face. | didn't know what it was, but it was awful

Every night | would clinmb, as carefully as | could; and every night there would conme a tinme when
m ssed a handhol d, and began to slide downwards, down into the pit and the waiting nonster

I woke just as | reached the bottom just as | was waiting for the first sight of my pit beast.

| never saw it. Puberty arrived, sex dreans replaced ny fantasy. | forgot all about the cliff
face, the terror, the feeling of force that could not be resisted. Forgot it totally—except that
dream nmenori es never di sappear conpletely, they lie at sone deep subnerged | evel of the nind
until sonmething pulls them out again.

And here | was again, back on the sane cliff face, sliding steadily to nmy fate, powerless to
prevent it. | woke up with nmy heart rate higher by thirty beats a mnute, with cold perspiration
on ny forehead and neck. It took me a long tine to return to the present, to bani sh the bygone
fall into the pit.

I finally forced nyself up to full consciousness and | ooked at the screen above ne. The purple

bl aze of a plasma drive danced agai nst the bl ack backdrop of HC 183 and its surroundi ng star
field. It hung there, falling forever but suspended on the feathery stalk of the drive exhaust. I
lay there for about ten mnutes, just watching, then | ooked across at Wenig. He was staring at ne,
hi s eyes unbl i nking.

"Awake at last," He made a sort of coughing noise, sonething that | think was intended to be a
| augh. "You're a cool one, Captain Roker. | couldn't sleep with that hangi ng there"—he jerked his
thunb at the screen—even if you doped ne up with everything in the robodoc."

"How long did | sleep?”
"About three hours. Ready to give up now?"

I was. It had been ny idea, an insistence that we ought to try and get sone sleep before we did
t he next phase of our maneuver around HC- 183. Weni g had opposed it, had wanted to go on at once,
but | thought we'd benefit fromthe rest. So | was w ong.

"I mready." My eyes felt as though they'd been filled with grit, and ny throat was dry and sore,
but tal king about that to Wenig wouldn't do much for McAndrew or Nina Velez. "Let's get into
position and try the radar."

While Wenig juggl ed us over to the best position, sixty thousand kil ometers from HC- 183 and about
the sane distance fromthe Merganser, | wondered agai n about ny conpanion. They had drawn lots to
come with nme, and he had won. The other four scientists back at the Institute seened a little

nai ve and unworldly, but not Wnig. He was tough and shrewd, and | had seen the speed of those
hands, danci ng over the keyboard. Had he done a bit of juggling when they drew lots, a touch of
hand- f ast er -t han-t he- eye?

I thought of his | ook when he spoke about Nina. If MAndrew was infatuated, perhaps Wenig shared

the spell. Something strong was driving himalong, sone force that could keep hi mawake and al ert
for days on end. | wouldn't knowif | was right or not unless we could find a way to hau
Mer ganser back out of the field. The ship still hovered over its pendant of blue ionized gases,

noti onl ess as ever.

"How about this?" Wenig interrupted ny thoughts. "I don't think | can get the geonmetry any better
than it is now "
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W were hanging there too, farther out fromthe proto-planet than the Merganser but close enough
to see the black disk occulting the star field. W could beam short bursts of nicrowaves at our
sister ship and hope there was enough signal strength to bore through the sheaths of plasna
emtted by the drives. It would be touch and go—+ had never tried to send a signal to an unnmanned
ship on high-drive, but our signal-to-noise ratio stood right on the borderline of system
acceptance. As it was, we'd have to settle for voice-links only.

I nodded, and Wenig sent out our first pulses, the sinple ship ID codes. W sent it for a couple
of minutes, then waited with our attention fixed on the screen

After a while Wenig shook his head. "We're not getting through. It wouldn't take that long to
respond to our signal."

"Send it with reduced information rate and nore redundancy. W have to give McAndrew enough to
filter out the noise."

He was still in send node when the display screen began to crawml with green patterns of 1ight.
Somet hi ng was conming in. The computer was perforning a frequency analysis to pick out the signa
content fromthe background, smoothing it, and speeding it up to standard conmuni cation rate. W
were | ooking at the Fourier analysis that preceded signal presentation.

"Voi ce npde," said Wenig quietly.

"Merganser." The conputer reconstruction of McAndrew s voice was slow and hollow. "This is
McAndrew fromthe Merganser. We're certainly glad to hear fromyou, Dotterel. Wll, Jeanie, what
kept you?"

"Roker speaking." | |leaned forward and spoke into the vocal input systemtoo fast, but the
conputer woul d take care of that at the other end. "Mac, we're hanging about sixty kay out from
you. |s everything all right in Merganser?"

"Yes."

"No," broke in another voice. "Get us out of here. W' ve been stuck in this damed netal box for
si xt een days now. "

"Nina," said Wenig. "W'd love to get you out—but we don't know how. Didn't Dr. MAndrew tell you
t he probl en"

"He said we couldn't |eave here until the ship you are on came for us."

Weni g grimaced at ne and turned away fromthe input link. "I ought to have realized that. MAndrew
hasn't told her the problemwth the drives—not all of it."

"Maybe he knows an answer." | faced back to the m crophone. "Mac, as we see it we shouldn't put
the Dotterel up as high as fifty gee thrust. Correct?"

"Of course." MAndrew sounded faintly surprised at ny question. "Why do you think I went to such
lengths to get to this holding position out here? Wien you go to nmaxi mum setting for the drive,
the el ectronmechani cal coupling for moving the |life-capsule gets distorted, too."

"How did we nmiss it on the design?" Wnig sounded unconvi nced.
"Remenber the last-mnute increase in stabilizing fields for the nass plate?"
"I't was my reconmendation—+'mnot likely to forget it."

"We recal culated the effects on the drive and on the exhaust region, but not the nagnetostrictive
effects on the life-support colum. W thought they were secondorder changes."

"And they're not? | ought to be drawn and quartered—that was ny job!" Wnig was sitting there,
fists clenched and face red.

"Was it now? Och, your job, eh? And |'ve been sitting here thinking all this time it was nmy job."
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For soneone in a hopel ess position thirty billion niles fromhonme, MAndrew sounded amazi ngly
cool. "Cone on now, we can sort out whose doing it was when we're all back at the Institute.”

Weni g | ooked startled, then turned to ne again. "Go along with himon this—+'msure he's doing it
for Nina's sake. He doesn't want her worried."

| nodded—but this time | was unconvinced. Mac nmust have sonet hing hi dden away inside his head, or
not even Nina Velez would justify his optimistic tone.

"What should we do, Mac?" | said. "We'd get the sane effects if we were to accelerate too hard. W
can't get down to you, and you can't get up to us w thout accelerating out past us. How are we
going to get you out of there?"

"Right." The laugh that canme over the comlink sounded forced and holl ow, but that may have been
just the tone that the conputer filters gave it. "You m ght guess that's been on ny mind too. The
problem s in the nmechanical coupling that noves the |ife-capsule along the colum. It's easy
enough to see, once you imagine that you've had a two nmillineter decrease in colum
dianeter—that's the effects of the added field on the mass plate.”

Wenig was already calling the schematics out onto a second display. "I'Il check that. Keep
tal ki ng."

"You'll see that when the drive's up to maxi mum the capsule catches on the side of the col um.
It's a sinple ratchet effect. I've tried varying the drive thrust up and down a couple of gee, but

that won't free it."

"l see where you nean." Wenig had a |lightpen out and was circling parts of the colum for |arger

scal e displays. "I don't see how we can do anything about it. It would take a lateral inpact to
free it—you'll not do it by varying your drive."
"Agreed. We need sone l|lateral force on us. That's what |I'm hoping you'll provide."

"What is all this?" It was Nina's voice again, and she sounded angry. "Wy do you just keep on
tal king like that? Anybody who knew what he was doi ng woul d have us out by now-woul d never have
got us into it in the first place if he had any sense."

| raised an eyebrow at Wenig. "The voice of infatuation? | think the blooms off the rose down
there.”

He | ooked startled, then pleased, then excited—and then tried to appear nonchalant. "I don't know
what McAndrew is getting at. How could we provide any hel p?" He turned to the input system "Dr.
McAndrew, how s that possible? W can't provide a lateral force on Merganser from here, and we
can't come down safely.”

"Of course you can." MAndrew s voi ce sounded pl eased, and | was sure he was enjoyi ng naking the
rest of us try and work out his idea. "It's very easy for you to conme down here."

"How, Mac?"

"In a free-fall trajectory. We're in a fifty gee gravity field because we're in a stationary
position relative to HC-183. But if you were to let yourself fall in a free orbit, you d be able
to swing in right past us, and away again, and never feel anything but free fall. Agreed?"

"Right. W'd feel tidal effects, but they'd be small." Wenig was calling out displays as he
tal ked, fingers a blur over the conputer console. "W can fly right past you, but we'd be there
and away in a split second. What could we do in so short a tine?"

"Why, what we need." MAndrew sounded surprised by the question. "Just give us a good bang on the
side as you go by."

* * %

It sounded easy, as McAndrew so glibly and casually suggested it. Wien we went into details, there
were three problemareas. If we went too close, we'd be fried in the Merganser's drive. Too far
of f, and we'd never get a strong enough interaction. If all that was worked out correctly, we

file:///ID|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (27 of 189) [2/24/2004 10:40:45 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

still had one big obstacle. For the capsule to be freed as Dotterel applied sideways pressure, the
drive on the other ship would have to cut off conpletely. Only for a split second, but during that
time McAndrew and Nina would feel a full fifty gee on them

That's not quite as bad as it sounds—peopl e have survived instantaneous accel erati ons of nore than
a hundred gee in short pulses. But it's not a picnic, either. Mac continued to sound cheerful and
casual, mainly for Nina Velez's benefit. But when he listed the preparations that he was taking

i nsi de Merganser, | knew he was dealing with a touch-and-go situation

After all the calcul ations (perforned i ndependently on the two ships, cross-checked and doubl e-
checked) we had started our free-fall orbit. It was designed to take us skimm ng past the
Merganser, with a closest separation of less than two hundred neters. W daren't go nearer without
risking crippling effects fromtheir drive. W would be flying right through its regi on of

t ur bul ence.

Four hours of discussion between MAndrew and Wenig—with interruptions from N na and ne-had fi xed
the sequence for the vital half-second when we woul d be passing the Merganser. The ships would
exert gravitational forces on each other, but that was useless for providing the lateral thrust on
the life capsule systemthat MAndrew thought was needed. We had to give a nore direct and harder
push sonme ot her way.

Timng was crucial, and very tricky.

VWhat ever we threw at the other ship would have to pass through the drive exhaust region before it
could inpact the life-capsule colum. If the drive were on, nothing could get through it—at those
tenperatures any naterial we had woul d be vaporized on the way, even if it were there for only a
fraction of a second. The sequence had to be: launch nass fromDotterel; just before it got there,
kill drive on Merganser; hold drive off just |long enough for the Dotterel to clear the area and
for the mass to inpact the Merganser support colum; and back on with their drive, at once,
because when the drive was off the Merganser's passengers would be feeling the full fifty gees of
the nmass plate's gravity.

McAndrew and Wenig cut the time of approach of the two ships into millisecond pieces. They decided
exactly how | ong each phase should last. Then they let the two on-board conmputers of the ships
talk to each other, to make sure that everything was synchroni zed between them-at the rate things
woul d be happeni ng, there was no way that humans could control them Not even Wnig, with his
super-fast reflexes. W'd all be spectators, while the two conputers did the real work and

nursed the abort switch

There was one argunent. MAndrew wanted to use a storage tank as the mssile that we would ej ect
fromour ship to inpact theirs. It would provide high nmmentumtransfer for a very brief period
Weni g argued that we should trade off time against intensity, and use a liquid nmass instead of a
solid one. Endl ess discussion and cal cul ations, until Mic was convinced too. W would use all our
spare water supply, about a ton and a half of it. That |left enough for drinking water on a twenty
gee return to the Inner System but nothing spare for other uses. It would be a scratchy and
snelly trip honme for Dotterel's passengers.

Drive off, we felt only the one-gee pull of our mass plate as we dropped in to close approach. On
Mer ganser, MAndrew and Nina Velez were lying in water bunks, cushioned with everything soft on
the ship. W were on an inpact course with them one that woul d change to a near-mss after we
ejected the water ballast. It |ooked |ike a suicide nmission, running straight into the blue
furnace of their drive.

The sequence took place so fast it was anti-climactic. | saw the drive cut off ahead of us and
felt the vibration along the support colum as our nmass driver threw the ballast hard towards
Merganser. The brief pulse fromour drive that took us clear of themwas too quick for me to feel

W cleared the drive region. Then there seenmed to be a wait that lasted for hours. MAndrew and
Nina were nowin a ship with drive off, dropping towards HC- 183. They were exposed to the ful
fifty gees of their mass plate. Under that force, | knew what happened to the human body. It had
not been designed to operate when it suddenly wei ghed nore than four tons. Menbranes ruptured,
val ves burst, veins collapsed. The heart had never evolved to punp bl ood wei ghi ng hundreds of
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pounds up a gravity hill of fifty gees. The only thing that Mac and N na had going for them was
the natural inertia of matter. If the period of high gee were short enough, the huge accel erations
woul d not have tinme to produce those shattering physical effects.

Wenig and | watched on our screens for a long, long noment, until the conputer on Merganser
counted of f the last nicrosecond and switched on the drive again. If the life-capsule was free to
move along its colum, the conputer would now begin the slow clinb out of HC 183's gravity well.
No action was needed fromthe passengers. When we conpleted our own orbit we hoped we woul d see
the other ship out at a safe distance, ready for the long trip hone.

And on board the ship? | wasn't sure. If the encounter had |asted too |ong, we mght find no nore
than two |inp and broken sacks of bl ood, tissue and bone.

* * %

It was another |long day, waiting until we had been carried around in our orbit and could try to
rendezvous the two ships. As soon as we were within radar range, N na Vel ez appeared on the com
screen. The drive was cut back, so we could get good visual signals. My heart sank when | saw the
expression on her face.

"Can you get over to this ship—quickly?" she said.

I could see why all the professors at the Institute had | ost their senses. She was small and
slight, with a childlike |Iook of trust and sad blue eyes. Al a sham according to everything |I'd
been told, but there was no way of seeing the strong personality behind the soft |ooks. | took a
deep breath.

"What's happening there?" | said.

"We're back under |ow gee drive, and that's fine. But | haven't been able to wake him He's
breathing, but there's blood on his lips. He needs a doctor."

"I"'mthe nearest thing to that in thirty billion mles." | was pulling a suit towards me, sick
with a sudden fear. "I1've had some nedical training as part of the Master's License. And | think I
know what's wong with McAndrew. He | ost part of a lung | obe a couple of years ago. If anything' s
likely to be henorrhaging, that's it. Dr. Wenig, can you arrange a rendezvous with the mass pl ates
at maxi num separation and the drives off?"

"1"I'l need control of their conmputer.” He was pulling his suit on, too. | didn't want him al ong,
but | mght need sonebody to return to the Dotterel for nedical supplies.

"What should | be doi ng?" Thank heaven Ni na showed no signs of panic. She sounded inpatient, with
the touch of President Velez in her voice. "I've sat around in this ship for weeks with nothing to
do. Now we need action but | daren't take it."

"What field are you in now? What net field?"
"One gee. The drive's off now, and we've got the life-capsule right out at the end of the colum."”

"Right. | want to you stay in that position, but set the drive at one gee acceleration. | want
McAndrew in a zero-gee environnent to slow the bleeding. Dr. Wnig, can you dictate instructions
for that while we are rendezvousi ng?"

"No problem"” He was an irritating devil, but I'd choose himin a crisis. He was doing three
things at once, putting on his suit, watching the conputer action for the rendezvous, and giving
exact and concise instructions to N na.

Getting ourselves fromone ship to the other through open space wasn't as easy as it night sound
We had both ships under one gee accel eration drives, conplicated by the conbined attraction of the
two mass plates. The total field acting on us was snall, but we had to be careful not to forget

it. If we |lost contact with the ships, the nearest |anding point was back on Triton Station

thirty billion niles away.

Nina in the flesh was even nore inpressive than she was over the video link, but | gave her little
nore than a cursory once-over. MAndrew s col or was bad and even while | was cracking ny suit open
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and hustling out of it | could hear a frightening bubbling sound in his breathing. Thank God | had
| earned how to work in zero gee—+equired part of any space medi cine course. | |eaned over him
vaguely aware of the two others intently watching. The robodoc beside ne was cl ucking and fl ashing
busily, nmuttering a faint conplaint at McAndrew s condition and the zero-gee working environnent.
St andard di agnosis conditions called for at least a partial gravity field.

I took the prelininary diagnosis and prepared to act on it while the doc was still making up its
m nd. Five cc's of cerebral stinmulant, five cc's of netabolic depressant, and a reduction in cabin
pressure. It should bring Mac up to consciousness if his brain was still in working order. |

worried about a cerebral henorrhage, the quiet and deadly by-product of super-high gees. Ten
m nutes and | woul d know one way or the other

| turned to Wnig and Nina who were still watching the robodoc's silent body trace. "I don't know
how he is yet. W may need energency treatnent facilities ready for us as soon as we get back to
the System Can you go over to Dotterel, cut the drive and try to make contact with Triton
Station? By the tinme you have the connection we should have the full diagnosis here."

| watched them | eave the ship, saw how carefully Wenig helped Nina to the transfer, and then |
heard the first faint noise behind ne. It was a sigh, with a little nutter of protest behind it.

The nost wonderful sound | ever heard in ny life. | glanced over at the doc. Concussi on—not too
bad—and a little nore bleeding than | wanted to see fromthe left lung. Hell, that was not hing.
could patch the lung nyself, naybe even start the feedback regeneration for it. | felt a big grin

of delight spreading |ike a heat wave over ny face.

"Take it easy, Mac. You're doing all right, just don't try and rush yourself. W've got |ots of
time." | secured his left armso that he couldn't disturb the rib cage on that side.

He groaned. "Doing fine, am1?" He suddenly opened his eyes and stared up at ne, "Holy water
Jeanie, that's just like a medic. 1'min agony, and you say it's a little disconfort. How s Ni na
doi ng?"

"Not a mark on her. She's not |ike you, Mac, an old bag of bones. You're getting too old for this
sort of crap."”

"Where i s she?"

"Over on Dotterel, with Wenig. What's the matter, still infatuated?"

He managed a faint snmile. "Ah, none of that now. We were stuck on Merganser for nore than two
weeks, locked up in a three neter living sphere. Show nme an infatuation, and I'll show you a cure
for it."

The comlink behind me was buzzing. | cut it in, so that we could see Wnig's worried face.

"Al'l right here," | said, before he had time to worry any nore. "W&'l| be able to take our tine

goi ng back. How are you? Got enough water?"

He nodded. "I took some of your reserve supply to nake up for what we threw at you. Wat should we
do now?"

"Head on back. Tell Nina that Mac's all right, and say we'll see you both back at the Institute."

He nodded again, then | eaned closer to the screen and spoke with a curious intensity. "W don't
want to run the risk of having a stuck life capsule again. 1'd better keep us down to | ess than
ten gee acceleration."”

He cut of f conmmunication, w thout another word. | turned to MAndrew. "How high an accel eration
before you' d run into trouble with these ships?"

He was staring at the blank screen, a confused |ook on his thin face. "At least forty gee. \Wat
the devil's got into Wenig? And what are you | aughing at, you silly bitch?"

I cane over to himand took his right hand in nmne. "To each his own, Mac. | wondered why Wnig
was so keen to get here. He wants his shot at N na—eut here, where nobody el se can conpete. Wat
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did you tell her—sone sweet tal k about her |ovely eyes?"

He closed his eyes again and sniled a secret snmle. "Ah, come on Jeanie. Are you telling nme you' ve

been on your best behavior since | last saw you? G' ne a bit of peace. |I'mnot soft on Nina now"
"Il see." | went across to the drive and noved us up to forty gee. "Wait until the crew on Titan
hear about all this. You'll |ose your reputation.”

He sighed. "All right, 1'Il play the gane. What's the price of silence?"

"How I ong would it take a ship like this to get out to Al pha Centauri?"

"You'd not want this one. We'll have the next one up to a hundred gee. Forty-four ship days would
get you there, standing start to standing finish."

| nodded, came back to his side and held his hand again. "All right, Mac, that's ny price. | want
one of the tickets."

He groaned again, just a bit. But | knew fromthe dose the doc had put into himthat it wasn't a
headache this tine.
TH RD CHRONI CLE

Al the Col ors
of the Vacuum

As soon as the ship got back fromthe nmidyear run to Titan, | went down to Earth and asked
Whol ford for a | eave of absence. | had been working hard enough for six people, and he knew it. He
nodded agreeably as soon as | nade the formal request.

"l think you ve earned it, Captain Roker, no doubt about that. But don't you have quite a bit of
| eave time saved up? Wuldn't that be enough?" He stopped staring out of the wi ndow at the orange-
brown sky and called ny records onto the screen in front of him

"That won't do it," | said, while he was still | ooking.

Wool ford frowed and becane less formal. "It won't? Well, according to this, Jeanie, you' ve got at
least . . ." He looked up. "Just how |l ong do you want to take off?"

"I"'mnot exactly sure. Somewhere between nine and sixteen years, | think."

I would have liked to break the news nore gently, but nmaybe there was no graceful way.

It had taken McAndrew a while to deliver on his promi se. The design of the nmore advanced ship
contai ned no new theory, but this time he intended that the initial tests would be conducted nore
systematically. | kept pushing himalong, while he tried to wiggle out of the conmtnment. He had
been full of drugs and painkillers at the tinme, he said—surely | didn't consider it fair, to hold
himto what he'd been silly enough to prom se then?

Fair or not, | wouldn't listen. | had called himas soon as we were on the final leg of the Titan
run.

"Yes, she's ready enough to go." He had a strange expression on his face, sonewhere between
excitement and perplexity. "You' ve still got your mind set on going, then, Jeanie?"

I didn't dignify that question with a reply. Instead | said, "How soon can | cone out to the
I nstitute?"

He cleared his throat, meking that odd sound that spoke to ne of his Scots ancestry. "Cch, if
you're set on it, cone as soon as you please. |I'll have things to tell you when you get here, but
that can wait."

That was when | went down and nade my request to Wholford for a |long | eave of absence. MAndrew
had been strangely reluctant to discuss our destination, but | couldn't imagine that we'd be going
out past Sirius. Al pha Centauri was ny guess, and that would nmean we would only be away about nine
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Earth years. Shipboard time would be three nonths, allowing a few days at the other end for
exploration. If | knew McAndrew, he woul d have beaten the hundred gee accel eration that he
projected for the interstellar prototype. He was never a nan to talk big about what he was going
to do.

The Penrose Institute had been noved out to Mars orbit since the last tine | was there, so it took
me a coupl e of weeks of inpatient ship-hopping to get to it. Wien we finally closed to visible
range | could see the old test ships, Merganser and Dotterel, floating a few kilometers fromthe
mai n body of the Institute. They were easy to recognize fromthe flat mass disc with its
protruding central spike. And floating near them quite a bit bigger, was a new ship of gl eamn ng
silver. That had to be the Hoatzin, MAndrew s newest plaything. The disc was twi ce the size, and
the spike three times as long, but Hoatzin was clearly Merganser's big brother

It was Professor Linperis, the head of the Institute, who greeted ne when | entered. He had put on
wei ght since | last saw him but that pudgy black face still hid a razor-sharp mind and a
bottonl ess menory.

"CGood to see you again, Captain Roker. | haven't told McAndrew this, but I"'mvery glad you'll be
going along to keep an eye on him" He gave what he once described as his "hand-cl apping mnstrel -
show | augh"—a sure sign he was nervous about sonething.

"Well, | don't knowthat I'Il be nmuch use. |'mexpecting to be just a sort of passenger. Don't
worry. If ny instincts are anything to go by there won't be nmuch danger in a sinple stellar
rendezvous and return."”

"Er, yes." He wouldn't neet ny eye. "That was nmy own reaction. | gather that Professor MAndrew
has not nentioned to you his change of target?"

"Change of target? He didn't nention any target at all." Now nmy own worry bead was beginning to
throb. "Are you suggesting that the trip will not be to a stellar rendezvous?"

He shrugged and waved his hands, pointing along the corridor. "Not if MAndrew gets his way. Come
along, he's inside at the conputer. | think it's best if he is present when we tal k about this
further."

Pure evasi on. \Watever the bad news was, Linmperis wanted me to hear it from MAndrew hi nsel f.

We found himstaring vacantly at a conpletely blank display screen. Normally | woul d never
interrupt himwhen he | ooks as inbecilic as that—t nmeans that he is thinking with a breadth and
depth that 1'Il never conprehend. | often wonder what it would be like to have a mnd like that.
Humans, with rare exceptions, nust seemlike trained apes, with nuddi ed thoughts and no ability
for abstract anal ysis.

Tough luck. It was time one of the trained apes had some of her worries put to rest. | wal ked up
behi nd McAndrew and put ny hands on his shoul ders.

"Here | am |I'mready to go—+f you'll tell ne where we're going."
He turned in his chair. After a monent his slack jaw firnmed up and the eyes brought nme into focus.

"Hell o, Jeanie." No doubt about it, as soon as he recogni zed me he had that sane shifty | ook | had
noticed in Linperis. "I didn't expect you here so soon. We're still making up a flight profile.”

"That's all right. 1'Il help you." | sat down opposite him studying his face closely. As usual he
| ooked tired, but that was normal. Geniuses work harder than anyone el se, not less hard. Hi s face
was thinner, and he had lost a little nore hair fromthat sandy, receding nop. My argunent with

hi m over that was long in the past.

"Way don't you grow it back?" 1'd said. "It's such a minor job, a couple of hours with the
machi nes every few nonths and you'd have a full head of hair again."

He had sniffed. "Wiy don't you try and get me to grow a tail, or hair all over ny body? O naybe
make nmy arns a bit longer, so they'll let ne run along with themtouching the ground. Jeanie, I'l]l
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not abuse a bi o-feedback machine to run evolution in the wong direction. We're getting |less hairy

all the time. | know your fondness for nmonkeys"—a nasty crack about an engineering friend of mne
on Ceres, who was a bit hairy for even ny accomopdating tastes—but |'I|l be just as happy when |
have no hair at all. It gets in the way, it grows all the tine, and it serves no purpose

what soever. "

McAndrew resented the tine it took himto clip his fingernails, and I'm sure that he regarded his
fondness for food as a shanmeful weakness. Meanwhile, | wondered who in the Penrose Institute cut
his hair. Maybe they had a staff assistant, whose job it was to shear the absent-m nded once a
nmont h.

"What destination are you planning for the first trip out?" If he was thinking of chasing a conet,
I wanted that out in the open

McAndrew | ooked at Linperis. Linmperis |ooked at McAndrew, handing it back to him Mc cleared his
t hroat .

"We've discussed it here and we're all agreed. The first trip of the Hoatzin won't be to a star
system" He cleared his throat again. "It will be to pursue and rendezvous with the Ark of

Massi ngham It's a shorter trip than any of the star systens,” he added hopefully. He could read
my expression. "They are less than two |ight-years out. Wth the Hoatzin we can be there and
docked with the Ark in less than thirty-five ship days."

If he was trying to nake nme feel better, MAndrew was going about it in quite the wong way.

* * %

Back in the twenties, the resources of the Solar System nust have seened i nexhaustible. No one had
been able to catalog the planetoids, still |ess analyze their conposition and probabl e val ue. Now
we know everything out to Neptune that's bigger than a hundred neters across, and the navigation
groups want that down to fifty meters in the next twenty years. The idea of grabbing an asteroid a
coupl e of kilonmeters across and using it how you choose sounds like major theft. But it hadn't
merely been permtted—+t had been encouraged.

The first space col oni es had been concei ved as utopias, planned by Earth idealists who woul dn't
learn fromhistory. New frontiers may attract visionaries, but nore than that they attract
oddities. Anyone who is nore than three signa away fromthe norm in any direction, seens to
finish out there on the frontier. No surprise in that. If a person can't fit, for whatever reason

he'll nmove away fromthe main group of humanity. They'll push him and he'll want to go. How do |
know? Look, you don't pilot to Titan without learning a | ot about your own personality. Before we
found the right way to use people like me, | would probably have been on one of the Arks.

The United Space Federation had assisted in the |aunch of seventeen of them between ninety and
forty years ago. Each of themwas sel f-supporting, a converted asteroid that woul d hol d between
three and ten thousand people at departure tine. The idea was that there woul d be enough raw
materials and space to let the Ark grow as the population grew. A two-kil oneter asteroid hol ds
five to twenty billion tons of material, total |ife-support system for one human needs | ess than
ten tons of that.

The Arks had left | ong before the discovery of the McAndrew bal anced drive, before the discovery
of even the Mattin Drive. They were nulti-generation ships, bunbling along into the interstellar
void with speeds that were only a few percent of |ight speed.

And who was on-board them when they left? Any fairly honpbgeneous group of strange people, who
shared enough of a common phil osophy or delusion to prefer the uncertainties of star travel to the
known problenms within the Solar System It took courage to set out |like that, to sever all your
ties with hone except occasional |aser and radi o conmuni cation. Courage, or an overpowering
conviction that you were part of a unique and chosen group

To put that another way, MAndrew was proposing to take us out to neet a comunity about which we
knew little, except that by the usual standards they were descended from madnen.

"Mac, | don't remenber which one was the Ark of Massingham How long ago did it |eave?"

Even nad peopl e can have sane children. Four of the Arks, as | recalled, had turned around and
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were on their way back to the System

"About seventy-five years ago. It's one of the earlier ones, with a final speed a bit |ess than
three percent of |ight speed.”

"Is it one of the Arks that has turned back?"

He shook his head. "No. They're still on their way. Target star is Tau Ceti. They won't get there
for another three hundred years."

"Wel |, why pick themout? Wat's so special about the Ark of Massinghan?" | had a sudden thought.
"Are they having sone problemthat we could help with?"

We had saved two of the Arks in the past twenty years. For one of themwe had been able to

di agnose a recessive genetic elenent that was appearing in the children, and pass the test
information and spermfilter technique over the comunications |link. The other had needed the use
of an unmanned hi gh-accel eration probe, to carry a couple of tons of cadmi umout to them They had
been unl ucky enough to choose a freak asteroid, one that apparently |l acked the el ement even in the
tiniest traces.

"They don't report any problem"” said Mac. "We' ve never had a response to any nessages we've sent
to them so far as the records on Triton Station are concerned. But we know that they are doing
all right, because every three or four years a nessage has cone in fromthem Never anything about
the Ark itself, it has always been . . . scientific information."

McAndrew had hesitated as he said that |ast phrase. That was the lure, no doubt about it.

"What kind of information?" | said. "Surely we know everything that they know. W have hundreds of
t housands of scientists in the System they can't have nore than a few hundred of them"

"I"'msure you're right on the nunbers." Professor Linperis spoke when M:Andrew showed no
inclination to do so. "I'mnot sure it's relevant. How many scientists does it require to produce
the work of one Einstein, or one McAndrew? You can't just sit down and count nunbers, as though
you were dealing with—with bars of soap, or poker chips. You have to deal with individuals."

"There's a genius on the Ark of Mssingham" said McAndrew suddenly. Hi s eyes were gleaning. "A
man or worman who has been cut off from nost of physics for a whole lifetime, working alone. It's
wor se than Ramanuj an."

"How do you know that?" | had sel dom seen McAndrew so filled with feeling. "Muwybe they've been
getting nmessages from sonmebody in the System here."

McAndr ew | aughed, a hunorless bark. "I'Il tell you why, Jeanie. You flew the Merganser. Tell ne
how t he drive worked."

"Well, the nass plate at the front bal anced the acceleration, so we didn't get any sensation of
fifty gee." | shrugged. "I didn't work out the math for nyself, but I'"'msure | could have if |
felt likeit."

I could have, too. | was a bit rusty, but you never |ose the basics once you have them pl ant ed
deep enough in your head.

"I don't nean the bal anci ng mechani sm that was just commpn sense." He shook his head. "I nean the
drive. Didn't it occur to you that we were accelerating a mass of trillions of tons at fifty gee?
If you work out the nass conversion rate you will need, you find that even with an ideal photon
drive you'll consune the whole mass in a few days. The Merganser got its drive by accelerating
charged particles up to within nmllimeters a second of |ight speed. That was the reaction nass.

But how did it get the energy to do it?"

| felt like telling himthat when | had been on Merganser there had been other detail s—such as
survival —en ny mind. | thought for a few noments, then shook ny head.

"You can't get nore energy out of matter than the rest mass energy, | know that. But you're
telling me that the drives on Merganser and Hoatzin do it. That Einstein was wong."
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"No!" McAndrew | ooked horrified at the thought that he might have been criticizing one of his
senior idols. "All 1've done is build on what Einstein did. Look, you' ve done a fair anmount of
quant um nmechani cs. You know that when you cal culate the energy for the vacuum state of a system
you don't get zero. You get a positive value."

I had a hazy recollection of a formula sw nming back across the years. What was it? h/4[pi]w, said
a distant voice.

"But you can set that to zero!" | was proud at remenbering so nuch. "The zero point of energy is
arbitrary."

"In quantumtheory it is. But not in general relativity." MAndrew was beating back ny nental
def enses. As usual when | spoke with himon theoretical subjects, | began to feel | would know
|l ess at the end of the conversation than | did at the beginning.

"I'n general relativity," he went on, "energy inplies space-tinme curvature. |f the zero-point
energy is not zero, the vacuumself-energy is real. It can be tapped, if you know what you are
doing. That's where Hoatzin draws its energy. The reaction nass it needs is very small. You can
get that by scooping up matter as you go along, or if you prefer it you can use a fraction—a very
small fraction—ef the mass plate.”

"All right." | knew McAndrew. If | let himget going he would talk all day about physica
principles. "But I don't see how that has anything to do with the Ark of Mssingham It has an ol d-
fashi oned drive, surely. You said it was | aunched seventy-five years ago."

"I't was." This was Linperis again, gently insistent. "But you see, Captain Roker, nobody outside
the Penrose Institute knows how Professor McAndrew has been able to tap the vacuum sel f-energy. W
have been very careful not to broadcast that information until we were ready. The potential for
destructive use is enornous. It destroys the old idea that you cannot create nore energy at a
point than the rest nmass of the matter residing there. There was nothing known in the rest of the
System about this use until tw weeks ago."

"And then you rel eased the infornmation?" | was beginning to feel dizzy.

"No. The basic equations for accessing the vacuum sel f-energy were received by | aser
comuni cation. They were sent, with no other nessage, fromthe Ark of Mssi ngham™

Suddenly it made sense. It wasn't just MAndrew who was itching to get in and find out what there
was on the Ark—t was everyone at the Penrose Institute. | could sense the excitenent in Linperis,
and he was the npbst guarded and politically astute of all the Menbers. If sone physicist, working
out there alone two light-years from Sol, had managed to parallel MAndrew s devel opnent, that was
a nonentous event. It inplied a |l evel of genius that was difficult to inagine.

| knew Hoatzin would be on the way in a few days, whether | wanted to go or stay. But there was
one nore key question

"I can't believe that the Ark of Massingham was started by a bunch of physicists. Wat was the
original conposition of the group that col oni zed it?"

"Not physicists." Linperis had suddenly sobered. "By no neans physicists. That is why | am gl ad
you wi |l be acconpanyi ng Prof essor McAndrew. The | eader of the original group was Jul es

Massi ngham In the past few days | have taken the tine to obtain all the Systemrecords on him He
was a man of great personal drive and convictions. His anbition was to apply the old principles of
eugenics to a whole society. Two thenmes run through all his witings: the creation of the superior
human, and the idea of that superior being as an integrated part of a whole society. He was
ruthless in his pursuit of those ends."

He | ooked at ne, black face inpassive. "Fromthe evidence avail able, Captain, one m ght suggest
that he succeeded in his ains."

* * %

Hoat zin was a step up from Merganser and Dotterel. Maxi num accel eration was a hundred and ten
gees, and the living-capsule was a four-neter sphere. | had cursed the staff of the Institute,
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publicly and privately, but | had got nowhere. They were obsessed with the idea of the lonely
genius out there in the void, and no one would consider any other first trip for Hoatzin. So at

|l east | would check out every aspect of the system before we went, while MAndrew was | ooki ng at
the rendezvous problem and making a final flight plan. W sent a nessage to the Ark, telling them
of our trip and estimated arrival tine. It would take two years to get there, Earth-tinme, but we
woul d take even longer. They would be able to prepare for our arrival however they chose, wth
garl ands or gall ows.

On the trip out, McAndrew tried again to explain to me his nethods for tapping the vacuum sel f -
energy. The avail abl e energi es made up a quasi-continuous "spectrum" corresponding to a | arge
nunmber of very high frequencies of vibration and associ ated wavel engths. Tuned resonators in the
Hoat zin drive units selected certain wavel engths which were excited by the correspondi ng
components in the vacuum self energy. These "colors,"” as MAndrew thought of them could feed
vacuum energy to the drive system The results that had cone fromthe Ark of Massi hgham suggest ed
that McAndrew s system for energy extraction could be generalized, so that all the "colors" of the
vacuum sel f-energy shoul d becone avail abl e.

If that were true, the potential acceleration produced by the drive could go up by a coupl e of
orders of magnitude. He was still working out what the consequences of that would be. At speeds
that approached within a nanoneter per second of |ight speed, a single proton would nmass enough to
weigh its inpact on a sensitive bal ance.

I let himbabble on to his heart's content. My own attention was nostly on the history of the Ark
of Massingham It was an oddity anong oddities. Six of the Arks had di sappeared w t hout trace.
They didn't respond to signals fromEarth, and they didn't send signals of their own. Mst people
assumed that they had w ped thensel ves out, with accidents, wars, strange sexual practices, or al
three. Four of the Arks had swung back towards normal cy and were heading in again for the System
Six were still heading out, but two of themwere in deep trouble if the nmessages that came back to
Triton Station were any guide. One was full of nessianic ranting, a crusade of hunan folly
propagating itself out to the stars (let's hope they never nmet anyone out there whose good opinion
we would later desire). Another was quietly and peaceful ly insane, sending nessages that spoke
only of newrules for the interpretation of dreanms. They were convinced that they would find the
worl d of the Norse | egends when they finally arrived at Eta Cassiopeia, conplete with Jotunhei m

Ni fl heim and all the assenbly of gods and heroes. It would be six hundred years before they
arrived there, time enough for noves to rationality or to extinction.

Anmong this set, the Ark of Massingham provided a bright mxture of sanity and strangeness. They
had sent nmessages back since first they left, nessages that assunmed the Ark was the carrier of
human hopes and a superior civilization. Nothing that we sent—gquestions, comrents, information, or
acknow edgenent s—ever stinmulated a reply. And nothing that they sent ever discussed |ife aboard
the Ark. W had no idea if they lived in poverty or plenty, if they were increasing or decreasing
in nunbers, if they were receiving our transm ssions, if they had material problenms of any kind.
Everything that canme back to the solar systemwas science, delivered in a snug and sel f-sati sfied
tone. Fromall that science, the recent transm ssion on physics was the only one to excite nore
than a mld curiosity fromour own scientists. Usually the Ark sent "discoveries"” that had been
made here | ong ago.

Once the drive of the Hoatzin was up to full thrust there was no way that we could see anything or
comruni cate with anyone. The drive was fixed to the mass plate on the front of the ship, and the
particles that streaned past us and out to the rear were visible only when they were in collision
with the rare atons of hydrogen drifting in free space. W had actually settled for |l ess than a
maxi mum drive and were using a slightly dispersed exhaust. A tightly focused and collinmated beam
woul dn't harmus any, but we didn't want to generate a death ray behind us that woul d disintegrate
anything inits path for a few light-years.

Six days into the trip, our journey out shared the nost common feature of all |ong distance
travel . It was boring. When McAndrew wasn't busy inside his head, staring at the wall in front of
himand perform ng the nmental acrobatics that he called theoretical physics, we tal ked, played and
exercised. | was astonished again that a nan who knew so nuch about so nuch coul d know not hi ng

about sone things.

"You nmean to tell ne," he said once, as we lay in conpani onabl e darkness, with the side port
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showi ng the eldritch and unpredictable blue sparks of atomic collision. "You nean that Lungfish
wasn't the first space station. Al the books and records show it that way."

"No, they don't. If they do, they're wong. It's a comopn mi stake. Like the idea back at the

begi nning of flight itself, that Lindbergh was the first nman to fly across the Atlantic Ocean. He
was nmore |ike the hundredth.” | saw McAndrew turn his head towards ne. "Yes, you heard nme. A
coupl e of airships had been over before him and a couple of other people in aircraft. He was just
the first person to fly alone. Lungfish was the first truly permanent space station, that's all
And 1'Il tell you sonething else. Did you know that in the earliest flights, even ones that |asted
for months, the crews were usually all nen? Think of that for a while."

He was silent for a nonent. "I don't see anything wong with it. It would sinplify sone of the
pl unbi ng, maybe sone ot her things, too."

"You don't understand, Mac. That was at a time when it was regarded as norally wong for nmen to
form sexual relationships with men, or wonen with wonen."

There was what | might describe as a startled silence.

"Ch," said McAndrew at |ast. Then, after a few nonents nore, "My God. How nmuch did they have to
pay then? Or was coercion used?"

"It was considered an honor to be chosen."”

He didn't say any nore about it; but | don't think he believed ne, either. Politeness is one of
the first things you learn on long trips.

We cut off the drive briefly at crossover, but there was nothing to be seen and there was still no
way we coul d receive nmessages. W were crowding |ight speed so closely that anything from Triton
Station would scarcely be catching up with us. The Institute's nmessage was still on its way to the
Ark of Massi ngham and we woul d be there ourselves not long after it. The Hoatzin was behavi ng
perfectly, with none of the problens that had al nost done us in on the earlier test ships. The
massi ve disc of dense matter at the front of the ship protected us fromnost of our collisions
with stray dust and free hydrogen. If we didn't cone back, the next ship out could follow our path
exactly, tracking our swath of ionization.

During deceleration | began to search the sky beyond the Hoatzin every day, with an all-frequency
sweep that ought to pick up signals as soon as our drive went to reduced thrust. W didn't pick up
the Ark until the final day and it was no nore than a point on the nicrowave screen for nost of
that. The image we finally built up on the monitor showed a | unpy, uneven ball, pierced by black
shafts. Spiky antennas and angl ed gantries stood up like spines on its dull grey surface. | had
seen the imges of the Ark before it left the Solar System and all the surface structures were
new. The col oni sts had been busy in the seventy-seven years since they accel erated away from
Ganynmede orbit.

W noved in to five thousand kil ometers, cut the drive, and sent a calling sequence. | don't
renenber a | onger five seconds, waiting for their response. Wien it cane it was an anti-clinax. A
pl easant - | ooki ng ni ddl e-aged wonman appeared on our screen

"Hello," she said cheerfully. "W received a nessage that you were on your way here. My nane is
Kl eeman. Link in your conputer and we'll dock you. There will be a few fornmalities before you can
cone inside."

| put the central conputer into distributed node and |inked a navigation nodul e through the com
net. She sounded friendly and normal but | didn't want her to have override control of all the
Hoat zin's novenents. W noved to a position about fifty kilonmeters away fromthe Ark, then Kl eeman
appeared again on the screen.

"l didn't realize your ship had so nuch mass. W'll hold there, and you can conme in on a pod. All
right?"

We usually called it a capsul e these days, but | knew what she neant. | made MAndrew put on a
suit, to his disgust, and we entered the small transfer vessel. It was just big enough for four
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people, with no air lock and a sinple electric drive. W drifted in to the Ark, with the capsule's
comput er sl aved through the Hoatzin. As we got nearer | had a better feel for size. Two kiloneters
is small for an asteroid, but it's awmfully big conpared with a human. W nosed into contact with a
Il anding tower, like a fly landing on the side of a wasp's nest. | hoped that would prove to be a
poor anal ogy.

W | eft the capsul e open and went hand-over-hand down the | anding tower rather than wait for an
electric lift. It was inpossible to believe that we were noving at al nost nine thousand kil oneters
a second away from Earth. The stars were in the sane fanmliar constellations, and it took a while
to pick out the Sun. It was a bright star, but a good deal |ess bright than Sirius. | stood at the
bottom of the tower for a few seconds, peering about nme before entering the air lock that led to
the interior of the Ark. It was a strange, alien |landscape, with the few surface lights throw ng
bl ack angul ar shadows across the uneven rock. My trips to Titan suddenly felt like |Iocal hops
around the confortable backyard of the Solar System

"Come on, Jeanie." That was McAndrew, all brisk efficiency and already standing in the air |ock.
He was much keener than | to penetrate that unfamliar world of the interior

| took a last ook at the stars, and fixed in nmy mind the position of the transfer capsul e—an old
habit that pays off once in a thousand tines. Then |I followed MAndrew down into the I ock

* * %

A few formalities before you can conme inside. Kleenan had a gift for understatenment. W found out
what she neant when we stepped in through the inner lock, to an office-cum school room equi pped
with a couple of inpressive consoles and displays. Kl eeman net us there, as pleasant and rosy-
faced in the flesh as she had seenmed over the comlink

She waved us to the termnals. "This is an i nproved version of the equi pment that was on the
original ship, before it left your system Please sit down. Before anyone can enter our nmin Hone,
they nmust take tests. It has been that way since Massinghamfirst showed us how our society could
be built."

We sat at the term nals, back-to-back. MAndrew was frowning at the delay. "Wat's the test,
t hen?" he grunbl ed.

"Just watch the screen. | don't think that either of you will have any trouble.™

She sniled and left us to it. | wondered what the penalty was if you failed. W were a | ong way
fromhome. It seened clear that if they had been inproving this equipment after they left
Ganynede, they nust apply it to their own people. W were certainly the first visitors they had
seen for seventy-five years. How had they been able to accept our arrival so calmnmy?

Before | could pursue that thought the screen was alive. | read the instructions as they appeared
there, and followed themas carefully as possible. After a fewnminutes | got the knack of it. W
had tests rather like it when | first applied to go into space. To say that we were taking an
intelligence test would be an oversinplificati on—aany other aptitudes were tested, as well as
know edge and nmechanical skills. That was the only consolation | had. MAndrew nust be wi ping the
floor with me on all the parts that called for straight brain-power, but | knew that his

coordi nation was terrible. He could unwap a set of interlocking, multiply-connected figures
mentally and tell you how they came apart, but ask himto do the same thing with real objects and
he woul dn't be able to start.

After three hours we were finished. Both screens suddenly went blank. W swung to face each other.

"What's next?" | said. He shrugged and began to |ook at the ternminal itself. The design hadn't
been used in the Systemfor fifty years. | took a quick float around the wall s—we had entered the
Ark near a pole, where the effective gravity caused by its rotation was negligible. Even on the
Ark's equator | estinmated that we wouldn't feel nore than a tenth of a gee at the nost.

No signs of what | was |ooking for, but that didn't nean nuch. M crophones could be disguised in a
hundred ways.

"Mac, who do you think she is?"
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He | ooked up fromthe terminal. "Wy, she's the woman assigned to . . ." He stopped. He had caught
my point. Wen you are two light-years from Sol and you have your first visitors for seventy-five
years, who | eads the reception party? Not the man and woman who recycl e the garbage. Kl eeman ought
to be sonebody inportant on the Ark

"l can assist your speculation,” said a voice fromthe wall. So nuch for our privacy. As I
expect ed, we had been observed throughout—o honor systemon this test. "I am Kal Massi ngham

Kl eeman, the daughter of Jules Massingham and | am seni or nmenber of Honme outside the Council of
Intellects. Wait there for one nore nonent. | will join you with good news."

She was beam ng when she reappeared. \Whatever they were going to do with us, it didn't seemlikely
they would be flinging us out into the void.

"You are both prime stock, genetically and individually," she said. "I thought that would be the
case when first | saw you."

She | ooked down at a green card in her hand. "I notice that you both failed to answer one snal
part of the inquiry on your background. Captain Roker, your nedical record indicates that you bore
one child. But what is its sex, condition, and present status?"

I heard McAndrew suck in his breath past his teeth, while | suppressed ny own shock as best |
could. It was clear that the standards of privacy in the Systemand on the Ark had diverged w dely
in the past seventy-seven years.

"It is afemale."” | hope | kept ny voice steady. "Healthy, and with no neuroses. She is in first
| evel education on Luna."

"The fat her?"
"Unknown. "

| shouldn't have been pl eased to see that now Kl eeman was shocked, but | was. She | ooked as
distressed as | felt. After a few seconds she grabbed control of her enotions, swallowed, and
nodded.

"W are not ignorant of the unplanned matings that your Systempernits. But hearing of such things
and encountering themdirectly are not the sane." She | ooked again at her green card. "MAndrew,
you show no children. Is that true?"

He had taken his lead fromne and managed a calmand literal reply. "No recorded children."

"Incredible.” Kleeman was shaki ng her head. "That a man of your talents should be permtted to go
so long without suitable mating . "

She | ooked at himhungrily, the way that | have seen McAndrew eye an untapped set of experinenta

data fromout in the Halo. I could imgi ne how he had perfornmed on the intellectual sections of
the test.
"Come along," she said at last, still eyeing McAndrew in a curiously intense and possessive way.

"I would like to show you sonme of Hone, and arrange for you to have living quarters for your use.”

"Don't you want nore details of why we are here?" burst out Mac. "We've conme nearly two light-
years to get to the Ark."

"You have been receiving our nessages of the advances that we have nade?" Kl eeman's nanner had a
vast self-confidence. "Then why should we be surprised when superior nmen and wonen from your
system wi sh to come here? We are only surprised that it took you so long to develop a suitably
efficient ship. Your vessel is new?"

"Very new." | spoke before McAndrew could get a word in. Kl eeman's assunption that we were on the
Ark to stay had om nous overtones. W needed to know nore about the way the place functioned
before we told her that we were planning only a brief visit.

"W have been devel oping the drive for our ship using results that parallel sone of those found by
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your scientists," | went on. | gave Mac a | ook that kept himquiet for a little while |onger
"When we have finished with the entry prelimnmnaries, Professor McAndrew would very nmuch like to
meet your physicists.”

She sniled serenely at him "O course. MAndrew, you should be part of our Council of Intellects.
I do not know how hi gh your position was back in your system but | feel sure you have nothing as
exal ted—and as respected-as our Council. Well,"—she placed the two green cards she was holding in
the pocket of her yell ow snock—there will be plenty of tine to discuss induction to the Counci
when you have settled in here. The entry formalities are conplete. Let ne show you Hone. There has
never been anything like it in the whole of human history."

Over the next four hours we foll owed Kl eenman obediently through the interior of the Ark. MAndrew
was itching to locate his fell ow physicists, but he knew he was at the nercy of Kl eenan's
decisions. Fromour first neeting with others on the Ark, there was no doubt who was the boss

t here.

How can | describe the interior of the Ark? Imagi ne a free-space beehive, full of hard-working
bees that had retained an el enent of independence of action. Everyone on the Ark of Massingham
seened industrious, cooperative, and intelligent. But they were missing a dinension, the touch of
orneriness and unpredictability that you would find on Luna or on Titan. Nobody was cursing,
nobody was irrational. Kl eeman guided us through a clean, slightly dull U opia.

The technol ogy of the Ark was sinpler to evaluate. Despite the immense pride with which Kl eenan
showed off every item of devel opnent, they were half a century behind us. The spraw i ng,
overcrowded chaos of Earth was hard to live with, but it provided a constant pressure towards

i nnovati on. New i nventions cone fast when ten billion people are there to push you to new i deas.
In those terns, life on the Ark was spaci ous and | eisurely. The colony had constructed its network
of interlocking tunnels to a point where it would take nonths to explore all the passages and
corridors, but they were nowhere near exhausting their avail abl e space and resources.

"How nmany people would the Ark hold?" | asked McAndrew as we trailed al ong behind Kl eeman. It
woul d have taken only a nminute or two to work it out for nyself, but you get |lazy when you live
for a while with a born cal cul at or

"If they don't use the interior material to extend the surface of the Ark?" he said. "Gve them
the sane roomas we'd allow on Earth, six neters by six neters by two neters. They could hold
nearly sixty nmillion. Halve that, maybe, to allow for recycling and nai ntenance equi pnent."

"But that is not our aim" said Kl eeman. She had overheard ny question. "W are stabilized at ten
thousand. We are not like the fools back on Earth. Quality is our aim not nindless nunbers."

She had that tone in her voice again, the one that had nade ne instinctively avoid the question of
how | ong we woul d be staying on the Ark. Heredity is a potent influence. | couldn't speak about

Jul es Massi ngham the founder of this Ark, but his daughter was a fanatic. | have seen others |ike
her over the years. Nothing would be allowed to interfere with the prinme objective: build the
Ark's popul ation on sound eugenic principles. Kl eeman was polite to me—+ was "prime stock"—but she
had her eye mainly on McAndrew. He woul d be a wonderful addition to her avail abl e gene pool

Well, the lady had taste. | shared sone of that attitude nmyself. "Father unknown" was literally
true and Mac and | had not chosen to el aborate. Qur daughter had rights, too, and Jan's parentage
woul d not be officially known unl ess she chose after puberty to take the chronosone matching
tests.

Over the next six days, McAndrew and | worked our way into the Iife pattern aboard the Ark. The
place ran like a clock, everything according to a schedule and everything in the right position. |
had a good deal of leisure tine, which | used to explore the |ess-popular corridors, up near the
Hub. MAndrew was still obsessed with his search for physicists.

"No sense here," he growed to nme, after a nmeal in the central dining area out on the Ark's
equator. As | had guessed, effective gravity there was about a tenth of a gee. "I've spoken to a
coupl e of dozen of their scientists. There's not one of themwould |ast a week at the Institute.
Muddl ed mi nds and bad experinents."
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He was angry. Usually McAndrew was polite to all scientists, even ones who coul dn't understand
what he was doing, still less add to it.

"Have you seen them all? Maybe Kl eeman i s keeping sonme of themfromus."

"1"ve had that thought. She's talked to nme every day about the Council of Intellects, and |'ve
seen sone of the things they' ve produced. But |'ve yet to neet one of them in person." He
shrugged, and rubbed at his sandy, receding hairline. "After we've slept I'"'mgoing to try anot her
tack. There's a school room over on the other side of the Ark, where | gather Kl eeman keeps peopl e
who don't seemquite to fit into her ideas. Want to take a | ook there with ne, tonorrow?"

"Maybe. |'mwondering what Kl eeman has in nind for me. | think | know her plans for you, she sees
you as another of her senior brains.” | saw the woman hersel f approaching us across the wi de room
with its gently curving floor. "You'd like it, | suspect. It seens to be like the Institute, but

menbers of the Council have a |l ot nore prestige.”

| had i mediate proof that | was right. Kl eenan seened to have nade up her mnd. "W need a
commitment fromyou now, MAndrew," she said. "There is a coning vacancy on the Council. You are
the best person to fill it."

McAndrew | ooked flattered but unconfortable. The trouble was, it really did interest him | could
tell that. The idea of a top-level brains trust had appeal

"All right," he said after a few nonments. He |ooked at ne, and | could tell what he was thinking.
If we were going to be on our way back home soon, it would do no harmto help the Ark while he was
here. They could use all the help available.

Kl eeman cl apped her hands together softly; plunp white hands that pointed out her high
posi ti on—ost people on the Ark had manual duties to keep the place running, with strict duty
rosters.

"Wonderful! | will plan for your induction tonorrow. Let me nmamke the announcenent tonight, and we
can speed up the proceedings for the outgoing nenber."

"You al ways have a fixed nunber of nenbers?" asked MAndrew.

She seened slightly puzzled by his question. "OF course. Exactly twelve. The system was desi gned
for that nunber.”

She nodded at nme and hurried away across the dining area, a determined little wonan who al ways got
her way. Since we first arrived she had never ceased to tell MAndrew that he nust becone the
father of many chil dren; scores of children; hundreds of children. He | ooked nmore and nore worried
as she increased the nunber of his future progeny.

The next nmorning | went on with ny own exploration of the Ark, while MAndrew made a visit to the
Ark's oddities, the people who didn't seemto fit Kleenman's expectations. W nmet to eat together
as usual, and | had a lot on ny nmind. | had cone across an area in the center of the Ark where
power supply lines and general purpose tube inputs increased enornously, but it did not seemto be
a living area. Everything led to one central area, but one accessible only with a suitable code.
puzzled over it while | waited for McAndrew to appear.

The whole Ark was bustling with excitenent. Kl eeman had made the announcenment of MAndrew s com ng
i ncorporation to the Council of Intellects. People who had scarcely spoken to him before stopped
us and shook his hand solemly, wi shing himwell and thanking himfor his devotion to the welfare
of the Ark. While | drank an aperitif of glucose and dilute ascorbic acid, preparations for a big
cerenony were going on around nme. A new Council nenber was a big event.

When | saw McAndrew t hreadi ng his way towards ne past a network of new scaffolding, | knew his
nor ni ng had been nore successful than nmine. His thin face was flushed with excitenment and
pl easure. He slid into the seat opposite ne.

"You found your physicist?" | hardly needed to ask the question
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He nodded. "Up on the other side, in a maxi mumgravity segnent right across fromhere. He' s—you
have no i dea—he's— MAndrew was practically gibbering in his excitenent.

"Start fromthe beginning." | |eaned across and took his hands in mnine

"Yes. | went out on the other side of the Ark, where there's a sort of tower built out fromthe
surface. W nust have passed it on the way over fromthe Hoatzin but | didn't notice it then
Kl eeman never took us there—never nentioned it to ne."

He reached out with one hand across the table, grabbed ny drink and took a great gulp of it. "QCch,
Jeanie, | needed that. |1've not stopped since | first opened ny eyes. Wiere was I? | went on up to
that tower, and there was nobody to stop me or to say a word. And | went on inside, farther out,
to the very end of it. The last segnent has a wi ndow all the way round, so when you're there you
can see the stars and the nebul ae wheeling round past your head." MAndrew was unusually stirred
and his |last sentence proved it. The stars were nornmally considered fit subjects only for theory
and conput ati on.

"He was out in that [ast room" he went on. "After 1'd given up hope of finding anybody in this
whol e pl ace who coul d have derived those results we got back through Triton Station. Jeanie, he
| ooks no nore than a boy. So blond, and so young. | couldn't believe that he was the one who

wor ked out that theory. But he is. We sat right down at the ternminal there, and | started to run
over the background for the way that | renornalize the vacuum sel f-energy. It's nothing like his
way. He has a conpletely different approach, different invariants, different quantization
conditions. | think his method is a good deal nore easy to generalize. That's why he can get
mul ti pl e vacuum col ors out when we | ook for resonance conditions.

"Jeani e, you shoul d have seen his face when | told himthat we probably had fifty people at the
Institute who would be able to follow his proofs. He's been conpletely al one here. There's not
anot her one who can even get close to following him he says. Wen he sent back those equations,
he didn't tell people how inportant he thought they night be. He says they worry nore about
controlling what cones in fromthe System rather than what goes out fromhere. I"mawful glad we
canme. He's an accident, a sport that shows up only once in a couple of centuries—and he was born
out here in the void! Did you know, he's taken all the old path integral nethods, and he has a
formof quantumtheory that | ooks so sinple, you' d never believe it if you didn't see it

He was off again. | had to break in, or he would have tal ked w thout stopping, right through our
meal . McAndrew doesn't babbl e often, but when he does he's hard to stop

"Mac, hold on. Sonething here doesn't make sense. What about the Council of Intellects?"

"What about it?" He | ooked as though he had no possible interest in the Council of Intellects—even
t hough the bustle that was going on all around us, with new structures being erected, was all to
mark McAndrew s el evation to the Council.

"Look, just yesterday we agreed that the work you're interested in here nust have originated with
the Council. You told me you hadn't net one person who knew anythi ng worth di scussing. Are you
telling me now that this work on the vacuum energy doesn't cone fromthe people on the Council ?"

"I"'msure it doesn't. | doubted that even before |I net Wcklund, up there in the tower." MANdrew
was | ooking at ne inpatiently, "Jeanie, if that's the inpression | gave, it's not what | neant. A
thing like this is alnost always the work of a single person. It's not initiated by a group, even
though a group may help to apply it to practice. This work, the vacuum col or work, that's al

W ckl und—the Council knows nothing of it."

"So what does the Council do? | hope you haven't forgotten that you're going to join it later
today. | don't think Kl eeman would take it well if you said you wanted to change your nind."

He waved an inpatient armat nme. "Now, Jeanie, you know |'ve no tine for that. The Council of

Intellects is sone sort of guiding and advising group, and I'mwilling to serve on it and do what
I can for the Ark. But not now | have to get back over to Wcklund and sort out sone of the real
details. Did | nention that |'ve explained all about the drive to hin? He nops up new nateri al
like a sponge. If we can get himback to the Institute he'll catch up on fifty years of system

sci ence devel opnent in a few nonths. You know, |'d better go and talk to Kl eeman about this
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council of hers. What's the use of calling it a Council of Intellects, when people |ike Wcklund
are not on it? And I'Il have to tell her we want to take himback with us. |'ve already nentioned
it to him He's interested, but he's a bit scared of the idea. This is hone to him the only place
he knows. Here, is that Kl eenman over there by the scaffolding? I'd better catch her now. "

He was up and out of his seat before | could stop him He hurried over to her, took her to one
side and began to speak to her urgently. He was gesturing and cracking his finger joints, in the
way that he always did when he was wound up on sonething. As | noved to join them!| could see

Kl eeman' s expression changing froma friendly interest to a solid determ nation

"W can't change things now, MAndrew, " she was saying. "The departing nenber has already been
removed fromthe Council. It is inperative that the replacenent be installed as soon as possible
That cerenbny nust take place tonight."

"But | want to continue ny neetings wth—=

"The cerenony will take place tonight. Don't you understand? The Council cannot function without

all twelve nenbers. | cannot discuss this further. There is nothing to discuss."
She turned and wal ked away. Just as well, MAndrew was all set to tell her that he was not about
to join her precious council, and he was planning to | eave the Ark wi thout fathering hundreds,

scores, or even ones of children. And he was taking one of her col onists—her subjects—with him |
took his armfirmy and dragged hi m back to our table.

"Cal m down, Mac." | spoke as urgently as | could. "Don't fly off wild now Let's get this stupid
council initiation rite out of the way today, and then let's wait a while and approach Kl eeman on
all this when she's in a nore reasonable nmood. Al right?"

"That dammed, obstinate, overbearing woman. Wio the hell does she think she is?"

"She thinks she's the boss of the Ark of Massingham and she is the boss of the Ark of Massi ngham
Face facts. Slow down now, and go back to Wcklund. See if he's interested in | eaving when we
| eave, but don't push it too hard. Let's wait a few days, there's nothing to be lost fromthat."

How nai ve can you get? Kl eeman had told us exactly what was going on, but we hadn't |istened.
Peopl e hear what they expect to hear.

I found out the truth the idiot's way. After McAndrew had gone off again, calmenough to talk to
his new protege, | had about four hours to kill. The great cerenony in which MAndrew woul d becone
part of the Council of Intellects would not take place until after the next nmeal. | decided

woul d have another | ook at the closed roomthat | had seen on ny earlier roaning

The roomwas still locked, but this time there was a servi cewoman working on the pipes that |ed
into it. She recognized nme as one of the two recent arrivals on the Ark—the | ess inportant one,
according to Ark standards.

"Tonight's the big event," she said to me, her manner friendly. "You' ve come to take a | ook at the
pl ace your friend will be, have you? You know, we really need him The Council has been al nost

usel ess for the past two years, with one nenber al nbst gone. Kl eeman knew that, but she didn't
seem happy to provide a new nmenber until she net MAndrew. "

She obvi ously assunmed | knew all about the Council and its workings. | stepped closer, keeping ny
voi ce casual and comnpanionable. "I'Il see all this for nyself tonight. McAndrew will be in here,
right? | wonder if | could take a peek now, |'ve never been inside before."

"Sure." She went to the door and keyed in a conbination. "There's been talk for a while of noving
the Council to another part of Home, where there's less vibration fromconstruction work. No sign
of it happening yet, though. Here we go. You won't be able to go inside the inner room of course,
but you'll find you can see nost things fromthe service area."

As the door slid open | stepped through into a long, brightly-lit room It was enpty.

My heart began to pound urgently and ny nouth was as dry as Ceres. Strange, how the absence of
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sonet hi ng can produce such a powerful effect on the body.
"Where are they?" | said at last. "The Council. You said they are in this room"

She | ooked at me in comical disbelief. "Well, you didn't expect to find themsitting out in the
open, did you? Take a | ook through the hatch at the end there.”

We wal ked forward together and peered through a transparent panel at the far end of the room It
| ed through to another, smaller chanber, this one dimMy lit by a soft green gl ow

My eyes took a few seconds to adapt. The big, translucent tank in the center of the roomslowy
canme into definition. Al around it, equally spaced, were twelve smaller sections, all inter-
connected t hrough a massive set of branching cables and optic bundl es.

"Well, there they are," said the servicewoman. "Doesn't | ook right, does it, with one of them
nmssing like this? It doesn't work, either. The information linkages are all built for a set of
exactly twelve units, with a twelve-by-twelve transfer matrix."

Now | coul d see that one of the snmall tanks was enpty. In each of the eleven others, coupled to a
set of thin plastic tubes and contact wires, was a conplex shape, a dark-grey ovoid swiming in a
bath of green fluid. The surfaces were folded and convoluted, glistening with the sticky sheen of
animal tissues. At the |ower end, each human brain thinned away past the brain stemto the spinal
cord.

I remenber asking her just one question: "Wat would happen if the twel fth nenber of the Counci
of Intellects were not connected in today?"

"I't would be bad." She | ooked shocked. "Very bad. | don't know the details, but | think all the
potentials would run wild in a day or two, and destroy the other eleven. It has never happened.
There have al ways been twel ve nmenbers of the Council, since Massinghamcreated it. He is the one
over there, on the far right."

W nust have spoken further, but already ny nmind was winging its way back to the dining area. |
was to meet McAndrew one hour before the big cerenony. |ncorporation, that was what Kl eeman had
called it, incorporation into the Council. De-corporation would be a better nanme for the process.
But the Council of Intellects was well-naned. After soneone has been pared down, flesh, bone and
organs, to a brain and a spinal colum, intellect is all that can remain. Perhaps the thing that
upset me nore than anything in that inner roomwas their decision to | eave the eyes intact. They
were there, attached to each brain by the protruding stalks of their optic nerves. They | ooked
like the horns of a snail, blue, grey or brown balls projecting fromthe frontal |obes. Since
there were no nuscles left to change the focal length of the eye |lenses, they were directed to

di splay screens set at fixed distances fromthe tanks.

The wait in the dining area was a terrible period. | had been all right on the way back fromthe
Counci | Chanber, there had been novement to make the tension tolerable, but when McAndrew finally
appeared ny nerves had becone awfully ragged. He was all set to burble on about his physics

di scussions. | cut himoff before he could get out one word.

"Mac, don't speak and don't make any quick nove. We have to | eave the Ark. Now. "

"Jeani e!" Then he saw ny face. "Wat about Sven Wcklund? W' ve tal ked again and he wants to go
with us—but he's not ready."

| shook ny head and | ooked down at the table top. It was the worst possible conplication. W had
to nmove through the Ark and transfer across to the Hoatzin, w thout being noticed. If Kl eeman
sensed our intentions, Mac might still make it to the Council. My fate was | ess certain but
probably even worse—f a worse fate is imaginable. It would be hard enough doi ng what we had to do
wi t hout the addition of a nervous and inexperienced young physicist. But | knew MAndrew.

"Co get him" | said at last. "Renenber the |l ock we cane in by?"

He nodded. "I can get us there. Wen?"
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"Hal f an hour. Don't let himbring anything with himwe'll be working with a narrow margin."

He stood up and wal ked away wi t hout anot her word. He probably woul dn't have agreed to go wi thout
W ckl und; but he hadn't asked me for any explanation, hadn't insisted on a reason why we had to

| eave. That sort of trust isn't built up overnight. | was scared shitless as | stood up and |eft
the dining area, but in an obscure way | was feeling that warm gl ow you only feel when two people
touch deeply. MAndrew had sensed a |ife-or-death issue, and trusted me w thout question

Back at our sleeping quarters | picked up the comlink that gave me coded access to the computer
on the Hoatzin. We had to nake sure the ship was still in the same position. | followed nmy own
directive and took nothing el se. Kal Mssingham Kl eeman was a | ady whose anger was best
experienced froma distance. | had in mnd a light-year or two, but at the nonent | was concerned
only with the first couple of kiloneters. | wanted to nove out of the Ark in a hurry.

The interior of the Ark was a great warren of connecting tunnels, so there were a hundred ways
between any two points. That was just as well. | changed ny path whenever | saw anyone el se
approaching, but | was still able to nove steadily in the direction of our entry |ock

Twenty m nutes since McAndrew had | eft. Now the speaker system crackled and cane to life.
"Everyone will assenble in Main Hall Five."

The cerenony was ready to begin. Kl eeman was going to produce Ham et without the Prince. | stepped
up nmy pace. The trip through the interior of the Ark was taking longer than | had expected, and
was going to be late

Thirty minutes, and I was still one corridor away. The nonitors in the passage ceiling suddenly
came to life, their red lenses glowing. All | could do was keep noving. There was no way of
avoi di ng those nonitors, they extended through the whole interior of the Ark.

"McAndrew and Roker." It was Kleenman's voice, calmand superior. "W are waiting for you. There
wi Il be punishnent unless you conme at once to Main Hall Five. Your presence in the outer section
has been noted. A collection detail will arrive there at any nonent. MAndrew, do not forget that
the Council awaits you. You are abusing a great honor by your actions."

I was at last at the |lock. MAndrew stood there listening to Kleeman's voice. The young nan by his
si de—as Mac had said, so blond, so young—had to be Sven Wcklund. Behind those soft blue eyes |ay
a brain that even McAndrew found inpressive. Wcklund was frowni ng now, his expression indecisive.
Al his ideas on |life had been turned upside down in the past days, and Kleeman's | atest words
nmust be giving himsecond thoughts about our escape.

Wt hout speaking, McAndrew turned and pointed towards the wall of the lock. | |ooked, and felt a
sudden sickness. The wall where the line of suits should be hangi ng was enpty.

"No suits?" | said stupidly.
He nodded. "Kl eeman has been thinking a nove ahead of you."
"You know what joining the Council would inply?"

He nodded again. His face was grey. "Sven told nme as we cane over here. | couldn't believe it at
first. | asked him what about the children Kl eeman wanted nme to sire? They would drain ne for the
sperm bank before they . " He swal | oned.

There was a long and terrible pause. "I |ooked out,” he said at last. "Through the viewport there.
The capsule is still where we left it."
"You're willing to chance it?" | |ooked at Wcklund, who stood there not follow ng our

conversation at all.
Mac nodded. "I am But what about hin®? There's no Sturm lnvocation for people here on the Ark."

As | had feared, Wcklund was a nmajor conplication
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| wal ked forward and stood in front of him "Do you still want to go with us?"
He Iicked his lips, then nodded.
"Into the lock."” W noved forward together and | closed the inner door

"Do not be foolish.”" It was Kleeman's voice again, this time with a new expression of alarm
"There is nothing to be served by sacrificing yourselves to space. MAndrew, you are a rationa
man. Cone back, and we will discuss this together. Do not waste your potential by a pointless
deat h. "

I took a quick |Iook through the port of the outer lock. The capsule was there all right, it | ooked
just the same as when we left it. Wcklund was staring out in horror. Until KIleeman had spoken, it
did not seemto have occurred to himthat we were facing death in the void.

"Mac!" | said urgently.

He nodded, and gently took Wcklund by the shoul ders, swi nging himaround. | stepped up behind
W ckl und and dug hard into the nerve centers at the base of his neck. He was unconscious in two
seconds.

"Ready, Mac?"

Anot her qui ck nod. | checked that Wcklund' s eyelids were closed, and that his breathing was
shal l ow. He woul d be unconsci ous for another couple of minutes, pulse rate | ow and oxygen need
reduced.

McAndrew stood at the outer lock, ready to open it. | pulled the whistle fromthe |apel of ny
jacket and bl ew hard. The varying triple tone sounded through the |Iock. Penalty for inproper use
of any Sturm lnvocation was severe, whether you used spoken, whistled, or electronic nethods. |
had never invoked it before, but anyone who goes into space, even if it is just a short trip from
Earth to Moon, mnust receive Sturm vacuum survival programm ng. One person in a mllion uses it. |
stood in the lock, waiting to see what would happen to ne.

The sensation was strange. | still had full command of ny novenents, but a new set of involuntary
activities came into play. Wthout any conscious decision to do so | found that | was breathing
hard, hyper-ventilating in great gulps. My eye-blinking pattern had reversed. Instead of open eyes
with rapid blinks to moisten and clean the eyeball, nmy lids were closed except for brief instants.
| saw the | ock and the space outside as quick snhapshots.

The Sturm I nvocation had the sane effect an McAndrew, as his own deep programm ng took over for
vacuum exposure. \Wen | nodded, he swung open the outer |ock door. The air was gone in a puff of
ice vapor. As ny eyes flicked open | saw the capsule at the top of the |anding tower. To reach it
we had to traverse sixty nmeters of the interstellar vacuum And we had to carry Sven Wcklund's
unconsci ous body between us.

For sonme reason | had imagi ned that the Sturm vacuum progranmm ng woul d nmake me insensitive to all
pain. Quite illogical, since you could permanently danmage your body all too easily in that
situation. | felt the agony of expansion through ny intestines, as the air rushed out of all ny
body cavities. My nouth was performng an autonmatic yawni ng and gaspi ng, enptying the Eustachian
tube to protect my ear druns and delicate inner ear. My eyes were closed to protect the eyeballs
fromfreezing, and open just often enough to guide my body novenents.

Hol di ng W ckl und between us, MAndrew and | pushed off into the open depths of space. Ten seconds
later, we intersected the |landing tower about twenty neters up. Sturmcouldn't nake a hunan
confortable in space, but he had provided a set of natural novements that corresponded to a zero-
gee environment. They were needed. If we missed the tower there was no other |anding point within
light-years

The nmetal of the landing tower was at a tenperature several hundred degrees bel ow freezing. Cur
hands were unprotected, and | could feel the ripping of skin at each contact. That was perhaps the
worst pain. The feeling that | was a ball, over-inflated and ready to burst, was not a pain. What
was it? That calls for the same sort of skills as describing sight to a blind man. Al | can say
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is that once in alifetime is nore than enough

Thirty seconds in the vacuum and we were still fifteen neters fromthe capsule. | was getting the
first feeling of anoxia, the first nonment of panic. As we dropped into the capsul e and tagged shut
the hatch | could feel the black clouds noving around ne, dark nebul ae that bl anked out the bright
star field.

The transfer capsule had no real air lock. Wien | hit the air supply, the whole interior began to
fill with warm oxygen. As the concentration grew to a perceptible fraction of an atnosphere,

felt something turn off abruptly within me. My eye blinking went back to the usual pattern, ny
mout h cl osed instead of gaping and gaspi ng, and the black patches started to dw ndl e and fragnent.

| turned on the drive of the transfer vessel to take us on our fifty kiloneter trip to the Hoatzin
and gl anced quickly at the other two. Wcklund was still unconscious, eyes closed but breathing
normal ly. He had cone through well. MAndrew was sonething el se. There was bl ood flowi ng fromthe
corner of his nmouth and he was barely conscious. He nust have been much closer to collapse than I
when we dropped into the capsule, but he had not |oosened his grip on Wcklund.

| felt a monent of irritation. Damm that man. He had assured ne that he would replace that damaged
lung | obe after our last trip but | was pretty sure he had done nothing about it. This tine |
woul d see he had the operation, if | had to take himthere nyself.

He began to cough weakly and his eyes opened. Wen he saw that we were in the capsul e and W ckl und

was between us, he smled a little and let his eyes close again. | put the drive on naxi nrum and
noticed for the first tine the blood that was running fromny |left hand. The pal mand fingers were
raw fl esh, skin ripped off by the hellish cold of the landing tower. | reached behind ne and
pul l ed out the capsule's small nedical kit. Major fix-ups would have to wait until we were on the
Hoat zi n. The surrogate flesh was bright yellow, like a thick nmustard, but it took away the pain. |
sneared it over my own hand, then reached across and did the same for McAndrew. H s face was
beginning to blaze with the bright red of broken capillaries, and I was sure that | |ooked just

the sane. That was nothing. It was the bright blood dribbling down his blue tunic that | didn't
Iike.

W ckl und was awake. He winced and held his hands up to his ears. There might be a burst eardrum
there, something el se we would have to take care of when we got to the Hoatzin.

"How did | get here?" he said wonderingly.

"Across the vacuum Sorry we had to put you out like that, but | didn't think you could have faced
a vacuum passage when you were conscious."

Hi s gaze turned slowy to McAndrew. "Is he all right?"

"l hope so. There nmay be some |ung danage that we'll have to take care of. Want to do sonething to
hel p?"

He nodded, then turned back to ook at the ball of the Ark, dwi ndling behind us. "They can't catch
us now, can they?"

"They might try, but | don't think so. Kleenan probably considers anybody who wants to | eave the
Ark is not worth having. Here, take the blue tube out of the kit behind you and snear it on your
face and hands. Do the sane for McAndrew. It will speed up the repair of the ruptured bl ood
vessels in your skin."

W ckl und took the blue salve and began to apply it tenderly to McAndrew s face.

After a couple of seconds Mac opened his eyes and smiled. "Thank you, lad,” he said softly. "I'd
talk nmore physics with you, but sonehow | don't quite feel that I"'mup to it."

"Just lie there quiet." There was hero worship in Wcklund's voice. | had a sudden prenonition of
what the return trip was going to be like. MAndrew and Sven Wcklund in a nutual admration
society, and all the talk of physics.
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After we had the capsul e back on board the Hoatzin | felt secure for the first time. W installed
McAndrew confortably on one of the bunks while | went to the drive unit and set a maxi num

accel eration course back to the Solar System Wcklund' s attention was torn between his need to
talk to McAndrew and his fascination with the drive and the ship. How woul d Ei nstein have felt in
1905, if soneone coul d have shown hima working nuclear reactor just a few nonths after he had
devel oped the nmass-energy relation? It nust have been |like that for W cklund.

"Want to take a last look?" | said, nmy hand on the drive keyboard.

He cane across and gazed at the Ark, still set on its long journey to Tau Ceti. He | ooked sad, and
I felt guilty.

"I"'msorry," | said. "But I'mafraid there's no going back now. "

"I know." He hesitated. "You found Hone a bad place, |I could tell fromwhat MAndrew said. But

it's not so bad. To ne, it was honme for nmy whole life."

"We'll talk to the Ark again. There may be a chance to cone here |ater, when we've had nore tinme
to study the life that you lived. | hope you'll find a newlife in the System"

| meant it, but | was having a sudden vision of the Earth we were headi ng back to. Crowded, noi sy,
short of all resources. Wcklund mght find it as hellish as we had found life on the Ark of

Massi ngham It was too late to do anything about it now Fortunately, this sort of problem
probably nmeant less to Wcklund than it would to nost people. Like McAndrew, his real life was
lived inside his own head, and all el se was secondary to that private vision

| pressed the key sequence and the drive went on. Wthin seconds, the Ark had vani shed from si ght.

| turned back and was surprised to see that McAndrew was sitting up in his bunk. He | ooked
terrible, but he nust be feeling better. His hands were yell ow paws of surrogate flesh, his face
and neck a bright blue coating of the ointnment that Wcklund had applied to them The dribble of
bl ood that had cone fromhis mouth had spread its bright stain down his chin and over the front of
his tunic, mxing in with the blue fabric to produce a horrible purple splash

"How are you, Mac?" | said
"Not bad. Not bad at all." He forced a smle

"You know, it's not good enough. You pronised me ages ago that you'd schedule a repair for that

| ung—and you didn't do it. If you think |I'm prepared to keep draggi ng you around bl eedi ng and
bubbl i ng, you're wong. Wen we get back, you have that lung fixed properly—f | have to drag you
to the medics nyself."

"Cch, Jeanie." He gave a feeble shrug. "W'Il see. It takes so nmuch tine away fromwork. Let's get
on home, though, and we'll see. |I've learned a lot on this trip, nore than | ever expected. It's
all been well worth it."

He caught ny skeptical |ook. "Honest, now, this is nore inmportant than you realize. We'll nake the
next trip out together, the way | prom sed you. Maybe next time we'll get to the stars. I'msorry
that you got nothing out of this one."

| stared at him He |ooked like a circus clown, all snears and streaks of different clashing
colors. | shook ny head. "You're wong. | got something out of it."

He | ooked puzzled. "How s that?"

"I listen to you and the other physicists all the tinme, and usually | don't understand a word of
it. This time | know just what you nean. Lie still, and you can see for yourself. I'll be back in
a second. "

Al'l the colors of the vacuun? That was McAndrew. |If a picture is worth a thousand words, there are
times when a mirror is worth nore than that. | wanted to watch Mac's face when he saw his own
reflection.

FOURTH CHRONI CLE
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The Manna Hunt

W had been working hard for two nmonths, preparing for the first long trip. Neither MAndrew nor |
woul d admit to feeling excited, but every day | could see the pleasure and anticipation just
bubbling up in him | doubt that | was any harder to read.

It neant sixteen-hour work spells, day after day, checking every detail of the ship and m ssion.
On an exploration that would take us away for four nonths of shipboard tine and al nost ni ne years
of Earth-tine, all the thinking had to be finished before we left the Institute.

Finally the launch date was only four days away.

That made the news of cancell ati on—when they plucked up the courage to tell us about it—hard to
t ake.

| had been over on the Hoatzin, checking the condition of the big nassplate at the front of the
ship. It took longer than | expected. By the time | flew ny inspection pinnace on its ten thousand
kil ometer hop back to the Penrose Institute we were well into the sleep period. | hadn't expected
anyone in the dining hall when | slipped in to dial a late neal and certainly | didn't expect to
find Professor Linperis in close conversation with MAndrew

"Working late— | said. Then | saw their faces. Even Linperis, black as he was, |ooked drawn and a
shade pal er.

I sat down opposite them "What's happened?"
McAndr ew shrugged wi thout speaking and jerked his head towards Linperis.

"We've had a directive from USF Headquarters," said the older man. He seened to be picking his
words carefully. "Signed by Korata—ight fromthe top. There was a neeting | ast week between the
Food and Energy Council of Earth and the United Space Federation. They called nme two hours ago.
The Penrose Institute is instructed to support certain high priority Council activities. This
requires that we—=

"They' ve cancel |l ed us, Jeanie," cut in MAndrew harshly. "The bastards. Wthout one word of
di scussion with anybody here. Qur Al pha Centauri nission is dead—finito."

| gawped at Linperis. He nodded in an enbarrassed way. "Postponed, at |least. Wth no new date
set."

"They can't do that." | was beginning to feel nmy own anger rising. "The Institute doesn't answer
to the Food and Energy Council, how the hell can they claimto order you around? This is an

i ndependent organi zation. Tell themto go away and play with thensel ves. You have the authority to
do that, don't you?"

"Well . . ." Linperis |ooked even nore enbarrassed. "In principle, Captain Roker, it is as you
say. | have the authority. But you know that's an oversinplification of the real world. W need
political support as nuch as any other group—we rely partly on public funding. | like to pretend
that we're pure research, answering to no one. In practice, we have our own political constituency
in the Councils. | tried to explain this just now —MAndrew grunted and gl owered down at the
table—=to point out why | can't really fight it without losing an awful lot. Three of our big
supporters, Councilors who've done us big favors in the past, called nme ten m nutes after we got
the first word. They want to use their credit on this one. The Al pha Centauri mssion is off. The
Council needs the use of the Hoatzin for other purposes."

"No way." | leaned forward until our faces were only six inches apart. "That's our ship—we've
slaved over it. If they think they can call in and take it away fromnme and Mac w thout even
aski ng, and | eave us—

"They want you, too, Jeanie." Linperis |eaned back a bit. In ny excitenment | was spitting all over
him "Both of you. The orders are very clear. They want you and MAndrew and the ship."

file:///ID|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (49 of 189) [2/24/2004 10:40:46 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt
"And what the hell for?"

"For a mssion of their own." He | ooked nore baffled than irritated now. "For a m ssion so secret
they wouldn't tell ne anything about it."

* * %

That was the first shock. The others dribbled in one by one as MAndrew and | nade our way from
the Penrose Institute to the headquarters of the Food and Energy Council.

The Institute had been parked out near Mars orbit. Wth the Hoatzin, and its hundred gee drive, or
even with one of the prototypes |ike Merganser at fifty gee, we could have been to Earth in half a
day. But Professor Linperis still insisted that the McAndrew Drive shoul d never be enployed in the
I nner System and McAndrew hinmsel f backed that decision conpletely. W were stuck with a sl ow boat
and a ten day journey.

Surprise Nunmber One came soon after we powered away fromthe Institute. | had assuned that we
woul d be running a confidential mssion for the Energy Departnment of the full Food and Energy
Council. We had worked together on high-energy projects in the past, and | knew McAndrew was a

real expert on the subject. But our travel docunments instructed us to report to the Food
Departnment. What did food programs need with a theoretical physicist, a spacecraft captain, and a
hi gh-accel erati on ship?

Three days fromEarth we were hit with another surprise. The information cane in as a brief,

i mpersonal directive that could be neither anplified nor questioned. | would not be the captain of
the new nission. Despite the fact that | had nore experience with the McAndrew Drive than anyone
el se in the System a Food Departnment official would give me ny orders. | becane even angrier
when, two days fromEarth, we |learned the rest of it. MAndrew and | woul d serve as "speci al

advi sors" reporting to a crew fromthe Food and Energy Council. W woul d have about as nuch

deci si on-nmaki ng authority on the mssion as the robochef. | had descended fromcaptain to cabin
boy.

For ne, nmaybe they could persuade thenselves that it was a reasonabl e deci sion; sonme peopl e have
nore deep space experience than | do (but not nuch nore) and you could say that nmy talent is

not hing nore than tricks for staying alive and out of trouble. But MAndrew was another matter. To
assign hima role as a sinple informati on source suggested an ignorance or an arrogance beyond ny
bel i ef .

Al right, so I'ma MAndrew fan; | won't deny it. Wien | got to Earth | would have words with the
bureaucrats of the Food Departnent.

| needed to talk it out with somebody, but Mac was no use. He wasn't interested in argunents on
nont echni cal subjects. Instead, he retreated as usual into his private world of tensors and
twistors, and despite nmy own respectable scientific background | couldn't follow himthere. For
nost of the journey he sat slack-jawed on his bunk, perfectly content, gazing at the blank wal
and perfornming the invisible nental gymastics that had earned himhis reputation.

That sort of thinking is beyond nme. | spent the |ong hours brooding, and by the tinmne we were | ed
into the Council's offices | was | oaded for bear

The Food Departnment enjoys a bigger staff and budget than anything else in System Governnent, and
the opulence of its fittings was quite a contrast to the spartan furnishings of the Institute. W
wer e conducted through four |uxurious outer offices, each with its own secretaries and screening
procedure. Anmple working space spoke of prestige and power. The roomwe finally cane to held a
conference table big enough for forty people.

A woman was seated al one at the mmssive desk. | |ooked at her el egant dress, beautifully nade-up
eyes and carefully coiffured hair, and | suddenly felt scruffy and out of place. Mac and | were
dressed for space work, in one-piece beige coveralls and |oafers. My hair had been cropped to a
few centimeters long. Hs thin, straggly nop as usual dipped untidily over his high forehead.
Nei t her of us was wearing a touch of make-up

"Prof essor McAndrew?" She stood up and snmiled at us. | gl owered back at her. "And Captain Roker, |
assunme. | rnust apol ogize for treating you in such cavalier fashion. You have had a long trip here,
and no adequate expl anation."
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Good disarm ng waffle, the sort you get froman experienced politician or the highest |evel of
bureaucrat, but her smle was broad and friendly. She came forward and held out a pudgy hand. As |
took it | nmade a closer inspection of her appearance: thirty-five years old, maybe, and a bit
overwei ght. Perhaps this nessy situation wasn't her fault. | restrained ny scow and nuttered
conventional words of greeting.

She gestured us to sit down.

"I am Anna Lisa Giss," she went on. "Head of Programs for the Food Department. Welcone to
Headquarters. Qther staff menbers will join us in a few mnutes, but first I want to point out the
need for secrecy. Wiat you will |earn here cannot be nentioned to anyone outside this roomw thout
my permssion. | will cone to the point at once. Look at this."

She exuded an air of conplete control. As she was speaking the Iights di med and an i nage becane
visible on the screen at the far end of the room It showed a colum of cal endar years, and
al ongside it two other columms of figures.

"Total System food reserves, present and projected,"” said Giss. "Look at the trend—+t's a |og
scal e—then | ook particularly at the behavior thirty years from now "

I was still trying to assinilate the first few nunbers when McAndrew grunted and put his hand up
to his face.

"That's ridiculous," he said. "You're showing a factor of two drop in |ess than three decades.
What's the basis for that projection?”

If she felt surprise at his speed of response, she didn't showit. "W included popul ation
patterns, avail able acreages, plant yields, and capacity to nanufacture synthetics. Wuld you |ike
to see the details on any one of thenP"

McAndr ew shook his head. "Never mind the details. That's disaster and starvation flashing on your
screen.”

"It is. It's the reason that you are here." She brought the lights back up to what | regarded as a
dim conspiratorial |evel and dropped her voice to match. "You can imgi ne the effect when that
proj ecti on becones public know edge, especially if no one can see any way out. Even though we're
tal ki ng about many years in the future, we'd see stockpiling—probably food wars."

I was feeling a growi ng anger. There had been runors of a nmajor future food shortage flying around
the Systemfor a long tine. The Admi nistration had deni ed every one, dismissing all gloony
forecasts as al arm st.

"If you're correct in your projections, you can't keep this a secret,” | said. "People have a
right to know so they can work on sol utions."

McAndrew frowned at me, while Anna Lisa Giss gave nme a quick probing glance (no smile now) and
rai sed her dark eyebrows. The man's easy, her | ook said, but this one needs persuadi ng.

"The problemis clear enough," she agreed. "It has been known to my group for alnpst a decade.
Fairly soon it may be obvious to everybody. But it's the possible solution | want to talk about
now. And involving the general public wouldn't help a bit—there's no chance that they could
provi de new i nsights.”

| didn't |ike her superior manner, but in spite of nmy irritation | was beconming interested. "It
has to be a supply-side answer," | said. "The popul ation growth won't budge."
"Cbviously." She snmiled again, a bit too broadly, and sneaked a | ook at her watch. "But think

about that supply side. We'd |ike to increase the planted acreage, of course. But how? W're using
every spare inch, unless we can nove the lunar agricultural experinments to massive producti on—and
nobody feels optim stic about that. Plant yields are as high as they will go—we're seeing bad

ef fects of plant overbreeding already. No hope there. So what's |eft?"
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Before we coul d chance an answer or she could provide one, the door behind us opened. A skinny man
with plastered-down grey hair entered and stood deferentially at the threshold.

"Come in, Bayes." Anna Lisa Giss |ooked again at her watch. "You're late."

"Sorry." He remained at the door, hesitating.

"I began without you. Conme in and sit down." She turned to face us without offering introductions.
"There was one area still to be exam ned: alternative supplies of organic materials that m ght
easily be converted to food. Six years ago, everyone thought that was a hopel ess avenue. Now, with
the Giss-Lanhoff Theory"— could hear the capital letters in her voice as she proclained the
nane—we have new hope."

I was wat ching Bayes' face as she spoke. His lips tightened when Anna Lisa Giss pronounced the
nane of the theory, but he renmined silent.

McAndrew cl eared his throat.

"I'mafraid that |'mnot as well up on the literature of food production as | ought to be," he
said. "Lanhoff's a familiar nanme. If it's the sane person, | knew himfairly well ten years ago,
when he was working on porphyrin syntheses. What's he doi ng now?"

"W don't know. Maybe you can help us to find out." She | eaned forward and | ooked at us intently.
"Lanhof f has di sappeared—eut in the Halo, testing our theory. Two weeks ago | |learned that you
have avail able a high-acceleration ship with an inertia-less drive." (I saw MAndrew w nce and
mutter "not inertia-less” to hinself.) "W need the use of that, for a nission of the highest
priority. We have to find out what happened to Lanhoff's project. Three days from now we nust be
on our way to the Halo."

* * %

It said sonmething for the lack of efficiency of the Food Departnent that they woul d drag McAndrew
and me all the way to Earth for a meeting, then shuttle us back to the Penrose Institute and the
Hoat zi n on a Gover nnent-owned ship |l ess than four hours after we arrived. Anna Lisa Giss would
followto the Institute in another and even fancier vessel, but Bayes went with us to continue the
briefing on the way. Wthout his boss around he lost his intinmidated | ook and becane a nuch
cheerier person.

"Let's start with Lanhoff's ideas," he said. "Though after listening to Anna back in her office
it's apparently going to be called the Giss-Lanhoff Theory, at |least while Lanhoff's not on the
scene. |'ll keep it short, but I'"'mnot sure where to begin. In the Halo, | guess. Professor
McAndrew, do you know anyt hi ng about the Hal 0?" He cackled with [aughter at his joke.

Giss had asked McAndrew that same question when she was giving us our first briefing. | had

wat ched Bayes' eyes bulge with astonishnent. | felt the sane way nysel f. MAndrew probably knew
nore about the Halo and the outer parts of the extended Sol ar Systemthan anyone, |iving or
dead—he had devel oped the entire theory that predicted the existence of the kernel ring, the broad
belt of Kerr-Newman bl ack holes that girdles the ecliptic at four hundred AU, ten times the

di stance of Pluto. And of course he had travelled out there hinself, in the first test of the
McAndrew bal anced drive. | assunmed that any scientist worth the nanme woul d know all about MAndrew
and his work, but apparently Anna Lisa Giss proved ne w ong.

McAndr ew | aughed. He and W1 I Bayes had needed only ten mnutes al one together to discover a
mut ual fascination with bad jokes, and they were getting along fanously. | thought ahead to a | ong
trip with the two of them and shuddered at the prospect.

"Lanhof f wandered into our offices six or seven years back," went on Bayes after he had had a good
giggle at his own wit. "He'd been analyzing the results of Halo renote chem stry probes. Didn't
you do sone of that yourself, a few years ago?"

McAndrew rubbed at his sandy, receding hairline. "Och, just a little bit. |I wanted to find power
kernels, not |lowdensity fragnents, but as part of the survey we sneaked in a | ook at some other
stuff as well. Mdst of the Qort cloud's so poorly surveyed, you know, it's a crime not to explore
it whenever you have the chance. But | never |ooked out nmore than a few hundred AU+t was before
we had the drive, and probes were too expensive. |'msure Lanhoff had all nmy results to work with
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when he started."

"He certainly knew your work," said Bayes. "And he renmenbered you well. You nade quite an

i mpression on him He's an organi c chenist, and he had been | ooking at all the data on the Hal o,
and plotting body chenical conposition as a function of distance fromthe Sun. He has a speci al
algorithmthat allows himto | ook at the fractional conposition of each object—+ think it cane

fromMnga' s team You probably don't renenber M nga, he never published much hinself. | met him
once or twice, way back . . . no, maybe |I'mthinking of Rooney. You know, he was the one who did
the high-energy work, | think it was for the Enerald Project, wasn't it? Yes, | think so . . ."

It's probably a kindness if | edit WI| Bayes' briefing of McAndrew and ne. He tried hard enough
but everything he said rem nded hi mof sonething else, and that something el se had to be
expl ai ned, too, and all the people involved in it rem nded himor other people, and what they had
done. Regression, ad infinitum

W didn't mnd too much, with a two-day journey before we were back at the Institute, but | nust
say | thought a bit nore kindly of Anna Giss before the trip was over. Staff neetings with Bayes
must be hell.

Boiling WIIl's verbiage down to a mininmnum it was a sinple story: Lanhoff had done a systematic
chemi cal analysis of the cometary Halo, fromits begi nnings beyond the Edgeworth-Kui per Belt, all
the way to the fading outer edge nearly half a |light-year away, where the Sun's gravitational hold
is so weak that the frozen bodies drift around in orbits with periods of nmillions of years.

That's the Oort cloud, a great ball of |oosely-held matter centered on the Sun. There are several
hundred billion conets out there, ranging from near-planet-sized nonsters a few hundred kil oneters
across to snowballs no bigger than your fist. Chapman's Rule applies as well to the conetary Hal o
as it does to the asteroid belt: for every object of given dianeter, there are ten objects with
one-third of that dianeter.

The Hal o has been described and studied since the nmddle of the twentieth century, but Lanhoff's
interests were different. He divided the solar vicinity into regions of different distances and
inclinations to the plane of the ecliptic, and he | ooked at the percentage of different organic
materials within each orbital regime. Naturally, with a trillion objects to work with he could
only ook at a tiny sanple of the total, but even so the analysis took himeight years. And he
found sonething new and surprising. In a part of the Hal o about 3200 AU fromthe Sun, running out
to maybe 4,000 AU, the conplexity of chem cal conpounds increases enornously. Instead of sinple
organi ¢ nol ecul es |i ke cyanogen, fornmal dehyde, and nethane, his programtold himhe was finding
hi gher compounds and conpl ex pol yner s—aacronol ecul es |i ke pol ysacchari de chai ns.

"Li ke what?" At that point in the discussion | had interrupted WII Bayes' ranbling. Oganic
chemistry is low on the Iist of educational priorities for controlling a spacecraft.

"Organic polyners," said MAndrew thoughtfully. He had been frowning hard as Bayes tal ked of the
chemi cal conposition. "Chains of glucose nolecules, to nake starches and cellul ose." He turned
back to Bayes. "Did Lanhoff find any evidence of porphyrins, or nitrogen conmpounds |ike purines
and pyri m di nes?"

Bayes blinked. "You seemto know all about this already. Did Anna already brief you? Lanhoff's
work is all supposed to be a big secret.”

I had sone synpathy with him Briefing McAndrew i s an unrewardi ng experience. At the end he seens
to know everything you know and be able to explain it and apply it better. Now Mac was shaking his
head and | ooki ng puzzl ed.

"She didn't nmention any of this to us. But | knew nost of it years ago. Not the particular place
in the Halo where we mght find conplex organic materials, but at |east the fact that they m ght
be there. It's not a newtheory at all. Hoyle suggested it nore than a hundred years ago. | just
don't understand why there's anything secret about it. Afinding |ike this one ought to be
avai l abl e to anyone. "

"There's a reason. Wait until you know Anna Griss a bit better and you'll understand." Bayes was
| ooki ng outside for his first glinpse of the Hoatzin, which was now only a coupl e of hundred
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kil oneters away. "She's the hardest worker | know, but she's super-anbitious. She wants to run the
whol e Council sonmeday—tonorrow, if she had her way. Wen Lanhoff cane to her with his proposal
the first thing she did was hit it with a classified |abel."

"Didn't anyone argue with her?" | said.
"No. Try it. It's not sonmething you'll do nore than once. There were a few nutterings, that was
all. Anna offered sone positive incentives, too. She thinks this will make her fanpus, and push

everybody in the Departnent ten rungs up the managenent | adder."

"Just because we've got a bit nore infornation about the conposition of the Hal o? Not nuch chance
of that." MAndrew snorted his disbelief.

"No." Bayes was still peering out of the port. "Lanhoff persuaded her that he had the only answer
to the System food problem Al he needed was noney and a ship, and USF perm ssion to nake sone
orbit changes to a few bodies out in the Halo. Good God!" He turned back fromthe scope. "There's
t he oddest-1ooking ship out there. Surely we're not proposing to chase after Lanhoff in that

t hi ng?"

* * %

Lanhof f's suggesti on sounded reasonable until you sat down to think about it. Qut in the Halo, off
where the Sun was nothing nore than an extra-bright star, nountains of matter drift through space,
moving to the tug of a faint gravitational current. Mdst of themare frozen or rocky fragnments,
wat er ice and anmonia ice bonding netals and silicates. But swarnms of them in a toroidal region
three hundred billion mles fromEarth, are made of nore conpl ex organic nol ecul es. |If Lanhoff
were correct, we would find an endl ess supply of useful conmpounds there—all the prebiotic
materials fromwhich foodstuffs are easily nade. They needed only warnth and a supply of the right
enzynes to serve as catalytic agents. Cellul ose, polypeptides, carotenoids, and porphyrins could
be transformed to sugars, starches, proteins, and edible fats. The food supply of the whole solar
system woul d be assured for a mllion years.

Now sit down and think about it again. How do you seed a hundred mllion worlds and turn themto
gi ant candynount ai ns, when the nearest of themis so far away. How do you heat them how do you
get them back where they will be useabl e?

If you are Arne Lanhoff, none of those questions will deter you. The enzynes you need are
available in small anpunts in the inner system once a body has been seeded and heat is avail able
froma fusion reactor, enzyme production can proceed at an expl osive pace. It will suffice to
begin with just a few hundred thousand tons of the right enzymes, and nmake the rest where the
supply of raw materials is assured. The types of enzymes needed to split polynmer chains are well
known, but the only sort of ship that can carry this nmuch |l oad is a boost-and-coast vessel with a
mexi mum short-durati on accel eration of only two-tenths of a gee. So be it. Plan on a trip out to
the Halo that will take a couple of years, and allow another year or two to trundle around from
one conetary body to the next, seeding and perform ng necessary orbital adjustnents. The
continuous-thrust engines that will be attached to each body add another two million tons to the
ship's initial payload. So be it. Fusion heaters to warmthe frozen interiors will add a nmillion
more. Don't worry about it. For a project of this size and inportance, the Food and Energy Counci
will find the noney and equi prent.

McAndr ew had shaken his head when WI| Bayes described the plan to place the seeded bodies into
radial orbits, thrusting in toward the Sun. "Man, do you realize what it will take to stop one of
then? We'll be trying to catch a billion tons travelling at two thousand kil onmeters a second.”

"Arne Lanhoff knew that before he left. He was planning just enough drive to bring themto the
Inner Systemin twenty years. By that tinme they'll be warmed and transformed in content." Bayes
snmled contentedly. "He felt sure that you'd find ways to catch themand slow them It's the sort
of thing your group finds challenging."”

"Chal l enging! He's insane." But two minutes later McAndrew was miles away, working on his new
puzzl e. Arne Lanhoff knew his nman rather well.

The ship that had left the Inner System four years ago did so with no fanfares or publicity. The
Star Harvester was a nassive set of |inked cargo spheres with el ectromagnetic coupling. Each
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Section had an independent drive unit powered by its own kernel. It was quite simlar to the
Assenbly that | pilot on the Earth-Titan run, and | was glad to know that |I'd have no trouble
handling it if the need arose.

That need might well arise. The Food Departnment had received regul ar communications fromthe Star
Harvester crew during the long trip out—+w years Earth-tinme, and the ship was too slow to nake it
noti ceably shorter in shipboard tinme. Lanhoff had finally reached his first suitable target, a
fifteen-kilometer chunk of ice and organics. He had officially naned the body Cornucopia, planted
the enzynme package, the fusion furnace, and the drive, and then started it on the long drop in
towards the Sun. Wthout the drive it would fall for millennia. Wth a little continuous-thrust
assi stance Cornucopia would be crossing the orbit of Jupiter sixteen years fromnow By that tine
it would be a fertile mass of the raw materials of nutrition, enough to feed the entire sol ar
system for five years.

"No problens. Conplete success in all phases," read Arne Lanhoff's nessage as they noved on to the
next selected target, a nere five hundred nmillion niles away.

The m ssion had operated perfectly for another five targets—each one naned, processed, and
directed toward the Inner System Anbrosia; Harvest Festival; Persephone; Food of the Gods; and
Denet er.

Then the pattern was broken. The seventh target had been reached ninety days ago. After an initia
nmessage announci ng contact with the body Manna, a huge organic fragment sixty kiloneters in |ength
and incredibly rich in conpl ex conpounds, Star Harvester becane inexplicably silent. A query
beamed to it fromTriton Station fled off on its nineteen-day journey, and an autonatic signal of
nmessage receipt finally returned. But no nessage originated in the ship's transm ssion equi pnment.
Arne Lanhoff and his crew of four had vanished into the void, three hundred billion mles from
hore.

* * %

Qur troubles didn't wait until we were out in the Halo. As soon as Anna Lisa Giss arrived on
board the Hoatzin, only six hours before our schedul ed departure tinme, we had a problem She

| ooked around the living quarters disbelievingly.

"You nmean we're supposed to stay in this little space—all of us? It can't be nore than three
nmeters across."

"Nearer to four." | paused in my run-through of firing sequence checks. "W left information about
that with you before we came here—didn't you look at it?"

"I looked at the size of the ship, and the colum for the living quarters was hundreds of neters
Il ong. Wiy can't we use all of it?"

I sighed. She had the authority to comandeer the Hoatzin but had never bothered to | earn the
first thing about how it operated.

"The living-capsul e noves up and down that colum,” | said. "Farther fromor closer to the mass
di sk, depending on the ship's acceleration. W can put the supplies outside the capsule area, but
if we want to live in a one-gee environnent we're stuck with this part—+t's not bad, plenty of
space for four people.”

"But what about my staff?" She gestured at the five people who had foll owed her into the Hoatzin.
| realized for the first tinme that they m ght be nore than nerely carriers of |uggage.

"Sorry." | tried to sound it. "This ship is rated for a four-person crew, maximm"

"Change it." She gave ne the full force of her inperial manner. | suddenly understood why W/ |
Bayes chose not to argue with her.

| stared back at her without blinking.

"I can't. | didn't make that rul e—heck with the USF back at Lunar Base if you like, but they'l
confirmwhat |I'mtelling you."

file:///ID|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (55 of 189) [2/24/2004 10:40:46 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

She took her lower lip between her teeth, turned her head to survey the cabin, and finally nodded.
"I believe you. Dammation. But if there is a four-man I[imt we still have a problem | need Bayes
and | want ny own pilot. And | need McAndrew. You'll have to stay behind."

She didn't look at me this tine. | took a deep breath. | didn't want to do it, but if we were
goi ng to bang heads we might as well get it over with. Now was as good a tinme as any.

"l suggest that you discuss this with McAndrew," | said. "Better talk to your pilot, too, while
you're at it. | think you'll find that Mac will refuse to go along w thout ne—ust as | woul dn't
go without him This is not a conventional vessel. Ask your own pilot how many hours of experience
he has with the McAndrew Drive. Mac and | have essential experience and skills for the successfu
performance of this mssion. Take your pick. Both, or neither.”

My voi ce sounded trenbly. Instead of replying she turned to head for the steps to the |ower |eve
of the |iving-capsule.

"Prepare us for departure," she said over her shoulder as she went. Her voice was so calmthat |
was shocked by nmy own tension. "I will talk to Bayes. He must assunme additional duties on this
project." She turned again when just her head and shoul ders were visible. "Did you ever consider
taking a job down on Earth? You have abilities that are wasted out here in the m ddl e of nowhere."

| swivelled ny chair to face the consol e screen and wondered what sort of victory | had won—f
any. Anna Lisa Giss was wise in the ways of political infighting, while | was a raw novice. But |
was damed if I'd give up ny place on this trip without a struggle. The ship was easy to handl e,
but 1'd never adnit that to Anna Giss.

W1l Bayes canme in to stand beside me while | was still having trouble getting my attention back
to the status reports.

"Now you' ve done it," he said. "Wat did you say to her? |I've never seen her in such a weird nood.
| can't read her at all. She just told Mauchly and the rest of her staff to get back to
Headquart ers—o expl anation. And |'ve been given double duty for the duration."”

I ran the trajectory paraneters out onto the screen, jabbing viciously at the buttons. Then | gave
hi ma quick sideways glance. "I had to make a choice. Which would you rather have: Anna Lisa Giss
in a peculiar nmood, or a ship run by people who don't know the McAndrew Drive froma | aser-sail ?"

He grunted and stared gloonily at the screen. "That's not an easy decision. You' ve never seen Annha
when she's really annoyed. | have. Let ne tell you, it's not sonmething | want to go through
again." He |leaned forward. "Hey, Jeanie. Surely that's not the plot of our flight out you' ve got
on the display there."

"It certainly is." | rotated axes so that all coordinates were in ecliptic spherical polars and
stored the result. "Don't you like it?"

"But it |ooks so sinple." He noved his finger along the screen. "I nmean, it's just a straight
line. Not a real trajectory at all. Wat about the Sun's gravitational field? And you' re not
maki ng any all owance for the novenent of Manna while we're flying out there.”

"I know." | |oaded the flight profile to main nenory and as | did so the knot in ny stomach seened
to loosen. "That's why I'll be piloting this ship, WII, rather than one of your buddies. W'Ill| be
accel erating away fromthe Sun at a hundred gee, agreed? Did you know that the Sun's accel eration
on us here near Mars orbit is only one three hundred thousandth of that? It has tiny effects on
our notion."

"But what about Manna's novenment in its orbit while we're on the way there? You've ignored that as
well."

"For two reasons. First, Manna is so far out that it's not noving very fast in its orbit—enly half
a kiloneter a second. Mrre inportant, we don't know how far Lanhoff's teamwent in processing
Manna. |s the body in its original orbit, or did they start it noving in toward the Sun?"

"I've no idea."
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"Nor have |I. The only thing we can do is fly out there and find out."

I looked at the clock. Tine to get nmoving. "Better say your goodbyes,"” | went on. "There'll be

pl enty of chances for us to talk to each other in the next couple of weeks. Probably too many. Two
hours fromnow we'll be on our way. Then we'll be deaf to outside signals until we're out in the

Hal o and turn off the drive."

"I's that so?" He | ooked intrigued. "But what about orders that cone—

"Bayes." Anna Giss was calling softly from bel ow.

W1l was gone before | could swivel ny chair.

* * %

| don't envy the Iife of the Downsiders, ten billion of themcrawing over each other |ooking for
alittle breathing space. But there are certain experiences available on Earth and nowhere else in
the Sol ar System

For instance, I'mtold that, during the great circular storns that sweep fromthe Earth tropics to
the northern latitudes, there is an area at the very center—the "eye of the hurricane" as the
Downsi ders call it—where the wind drops to perfect stillness and the sky overhead turns to deep

blue. That's something I'd |ike to see, just once.

The eye of the hurricane. That was the area of the |iving-capsul e surroundi ng McAndrew during the
Hoatzin's flight out to rendezvous with Manna.

Wth ne, Anna Giss was in constant battle.

"What are you tal king about, no nmessages?" she said. "I have to be in daily contact with
Headquarters."

"Then I'Il have to switch off the drive," | explained. "W can't get signals through the plasm
shel | ."
"But that will slow us down! | told Headquarters that we'd only be away for one nonth—and it's a

two-week trip each way even if we keep the drive on all the tine."

We were standing by the robochef and | was programmi ng the next neal. It took a few seconds for
her | ast statement to penetrate.

"You told Headquarters what? That we'll only be away for a nonth?"

"That's right. Three days should be | ong enough to find out what's happening to Star Harvester
You said that yourself, and M Andrew agreed."”

I turned to face her, noticing again the care she took to nake her appearance as well-groonmed and
attractive as possible.

"Three days shoul d be | ong enough, sure it should. But you'll be away for a ot nore than a nonth.
The trip is two weeks each way in shipboard tinme. It's twenty-five days each way in Earth-tine.
There's no possible way you can get back home in a nonth."

Her face flushed red and her eyes gl owed—she | ooked nore attractive than ever. "How can that
happen?"

"I don't know, but it's standard physics. Ask McAndrew." (I knew well enough, but 1'd had nore
than | wanted of this conversation.)

It was like that all the time. W found it hard to agree on anything, and it becane clear as soon
as we were on the way that Anna Giss was used to delegating and not to doing. Poor old WII Bayes
did triple duty. Luckily there was not too nuch that could be done wi thout a communications |ink
to Eart h—except shout at WII and keep himon the run

Yet McAndrew—+ thought at first | was inagining it—MAndrew was the eye of the hurricane. When she
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was within two yards of him Anna Giss becane all sweetness and light. She hunbly asked him
questi ons about the drive and about time dilation; she deferred to his opinions on everything from
diet to Dostoevski; and she hung first on his word and then on his arm blinking her eyel ashes at
hi m

It was sickening.
And McAndrew—the great |out—he |apped it up

"What's she doing?" | said to Bayes when the other two were out of earshot. "She's making a foo
of herself."

He wi nked at me. "You think so, and | think so—but does he think so? Before we left she told me to
get a full dossier about himand bring it on this trip. She's been reading it, too. You have to
know Anna. What she wants, she gets. Wuldn't | ook bad for her personal records, would it, to have
a five-year cohab contract with the nost fanmous scientist in the Systen?"

"Don't be silly. She doesn't even like him™"

"She does, you know. " He stepped closer and | owered his voice. "I know Anna. She has appetites.
She wants him and | think she'd like a cohab contract."”

| snorted. "Wth Mac? That's ridicul ous! He belongs to—+o science." And | fully believed it, unti
one norning |I found nyself applying a pherononal anplifier behind nmy ears, and dressing in a new
linme-green uniformthat fitted a ot closer than ny standard garb

And McAndrew-the great | out—-he never noticed or said one word.

While this was going on, we were hurtling outward away fromthe Sun. Wth our acceleration at a
hundred gee, the living-capsule was snuggled in close to the massplate. The plate's gravitational
attraction just about bal anced the body force on us produced by the ship's accel eration, |eaving
us in a confortable and rel axi ng hal f-gee environnent. The tidal forces caused by the gravity
gradi ent were noticeable only if you | ooked for them MAndrew s vacuum drive worked flaw essly,
as usual, tapping the zero point energy—sucking the marrow out of spacetine," as one of Mc's
col | eagues put it.

"I don't understand,” |I'd once said to him "It gets energy out of nothing."

McAndrew | ooked at ne reproachfully. "That's what they used to say in 1910, when nmad scientists

t hought you ni ght get energy fromthe nucleus of an atom Jeanie, | thought better of you."
Al right, I was squel ched—but | didn't understand the drive one bit better

At the halfway mark we rotated the ship to begin deceleration and | cut the drive while we did it.
Anna i ss had an opportunity to send her backl og of nessages, and finally gave WI| Bayes a few
hours of peace. | was anmused to see that her communicati ons gave the inpression that she was
runni ng everything on the Hoatzin. Her increased absence from Headquarters she attributed to
delays on the trip. If the level of scientific expertise in the Food Departnent matched her own,
she woul d probably get away with it.

For me, this should have been the best part of the nmission, the reason | remain in space and never
| ook for a Downside job. Wth the drive off we flew starward in perfect silence. | stayed by the
port, watching the wheel of heaven as the ship turned.

The Hoatzin was within five percent of |ight-speed. As we perforned our end-over-end maneuver, the
colors of the starscape Doppler-shifted slowy fromred to blue. | caught a last glinpse of So

and its attendants before the massplate shielded themfromview Jupiter was visible through the
optical telescope, atiny point of light a fifth of a degree away fromthe Sun's dazzling disk.
Earth was gone. Its refl ected photons had been |ost on their hundred-and-fifty-billion nile
outward journey.

I turned the tel escope ahead, in a hopeless search for Manna. It was a speck in the star-sea, as
far ahead of us as the Sun was behind. W would not detect its presence for another two weeks. |
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| ooked for it anyway. Then the shield came on to protect us fromthe sleet of hard radiation and
particles caused by our light-chasing velocity. The stars blinked out. |I could pay attention again
to events inside the Hoatzin.

Wth little else to occupy her attention, Anna del egated her chores to WI| Bayes and concentrated
everything on charming McAndrew. WIIl and | received the disdain and the dog work. | sat on ny
anger and bided ny tine.

As for Mac, he had di sappeared again inside his head. W had | oaded a library of references on
Lanhoff and the organic materials of the Halo into the conmputer before we left the Institute. He
spent many hours absorbing that information and processing it in the curiously structured persona
conputer he carries inside his skull. | knew better than to interrupt him After just a couple of
futile attenpts to divert him Anna |l earned the sane | esson. No doubt about it: she was quick. No
scientist, but when it cane to handling people she did instinctively what | had taken years to

| earn. Instead of social chit-chat, she studied the sane data that MAndrew had been anal yzi ng and
asked hi m questions about it.

"I can see why there ought to be a ot of prebiotic organic stuff out in the Halo," she said
during one of our planned exerci se sessions. She was dressed in a tight blue |leotard and pedaling
hard at the stationary cycle. "But | never did follow Lanhoff's argunent that there may be
primitive life there, too. Surely the tenperature's far too cold."

It was still the "Giss-Lanhoff" Theory for official records, but with us Anna had dropped her
pretence of detail ed know edge of Lanhoff's ideas. She had been the driving force to carry his
ideas to practical evaluation. W all knewit; for the monent that was enough for her. | had no

doubt that we woul d see anot her change when we arrived back in the Inner System

McAndrew was idly Iifting and | owering a weighted bar. He hated exercise, but he grudgi ngly went
along with general USF orders for spaceborne personnel

"It is cold in the Halo," he said. "Just a few degrees above absolute zero, in nbost of the bodies.
But it may not be too cold."

"It's much too cold for us."

"Certainly. That's Lanhoff's point. W know only about the enzynmes found on Earth. They all ow
chenmical reactions to proceed in a certain tenperature regine. Wiy shouldn't there be other life-
supporting enzynes that can operate at far |ower tenperatures?”

Anna stopped pedaling, and | paused in ny toe-touching. "Even at the tenperatures here in the
Hal 0?" she sai d.

"I think so." MAndrew paused in his leisurely bar-lifting. "Lanhoff argues that with plenty of
conpl ex organic nmol ecules and with a hundred billion separate bodies available, a |lot of things
m ght develop in four billion years. He expected to find |ife somewhere out here—primtive life,
probably, but recognizable to us. He was prepared to find it, and the Star Harvester was equi pped
to bring back sanples.”

We dropped the subject there, but it went running on in ny nmind while Anna took MAndrew off to
program an el aborate neal. | could hear her giggling fromthe next room while visions of a Halo
civilization ran wild through nmy brain. Life had appeared there, evolved to intelligence. The Hal o
soci ety had been disturbed by the arrival of our exploring ship. Lanhoff was a prisoner. Hi s ship
had been destroyed. The Inner Systemand the Halo would go to war

Al'l conplete rubbish. | knew that even as | fantasized, and MAndrew poi nted out why when we
di scussed it later

"We got the way we are, Jeanie, because life on Earth is one long fight for limted resources. Qur

bl oody- m ndedness all started out as food battles, three billion years ago. The Halo isn't |ike
that —everything will be part of the food supply. How nuch evol ving woul d we have done if it rained
soup every day and the nountains of Earth had been nade of cheese? W'd still be single-celled

organi sns, happy as clans."
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It sounded plausible. McAndrew was so bright that you tended not to question himafter a while.
But an hour or two later | was worrying again. It occurred to me that Mac was a physicist-when it
came to biology he was way outside his field. And sonething had happened to Lanhoff and his ship
What could it have been?

| didn't mention it again, but I worried and fretted, while MAndrew and Anna Giss tal ked and

| aughed in the sleeping area and WII| Bayes sat next to nme in the control area, mserable with his
own thoughts. He was so dom nated by Anna that | often | ost sight of himas an independent person
when she was around. Now | found out what nade himtick—security.

Poor WIIl. Looking for security he had joined the safest, npbst stable organization in Earth's
government: the Food Departnent. That was the place for a solid, Earthbound, risk-free job. He had
no desire for adventure, no wish to travel nore than a nile fromhis little apartnment. He had been
in space only once before, as part of a neeting between the Council and the United Space
Federati on. Now he was enbarked on a mission so far fromhonme that he m ght survive even if the
Sun went nova.

How had it happened? He didn't know. It didn't occur to himto blane Anna. He sat about, uncertain
and unhappy. | kept himconpany, ny own worry bunp throbbing randomy until at last it was tine to
throttle the drive and begin final search and rendezvous. Manna shoul d be less than ten nillion
kil ometers ahead of us.

* * %

"QUERY DI STANCE FOR STAR HARVESTER APPROACH? DEFAULT VALUE: ZERO "

Qur computer began talking to us while we were still scanning ahead for first visual contact. No
matter what had happened to the vessel's crew, Star Harvester's gui dance and control system was
still working. Automatic conmunication for identification and position-matching had begun between

the two ships as soon as drive interference was | ow enough to pernit signal transfer.
"Fifty thousand kilometers." | didn't want an immedi ate rendezvous. "Manual control."
"FI FTY THOUSAND Kl LOVETERS. CONTROL TRANSFERRED. "

"We' Il see nothing fromthat distance.
"We're wasting time. Take us in closer."

Anna was inpatiently watching the hi-nmag view ng screen

We coul d now see the rough-cut oblong of Manna on the imaging radar. A bright cluster of point
reflections at one end had to be the Star Harvester's assenbly of sections. | suddenly had a new
feel for the size of the body we were approaching. Lanhoff's ship was of the largest class in the
USF fleet. Next to Manna it | ooked |ike specks of dust.

"Didn't you hear ne?" Anna spoke nore loudly. "I don't want a view froma mllion mles away—take
us in closer. That's an order."

| turned to face her. "I think we should be cautious until we know what's going on. W can do a
| ot of overall checking fromthis distance. It's safer.”

"And it wastes tinme." Her voice was inpatient. "lI'mthe senior officer on this ship. Now, do as
say, and let's get in closer."

"Sorry." | couldn't delay this nmonment any longer. "You're the senior officer while we're in free
flight, | agree. But when we're in a rendezvous node with another ship, the pilot automatically
has seni or decision authority. Check the manuals. | have final say on our novenments until we're on

the way back to Earth.”

There was a | ong pause while we sat eyeball to eyeball. Anna's face took on a touch of higher
color on the cheeks. McAndrew and WI| Bayes held an unconfortable silence.

"You've had this in mnd all along, haven't you?" Anna said softly. Her voice was as cold as
Charon. "Damm you, you counted on this. You're going to waste everybody's tine while you play at
bei ng the boss."

She went through to the other comunications departnent, and | heard the rapid tappi ng of keys. |
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didn't know if she was making an entry into the log, or nmerely calling out the section of the
Manual that defines the transfer of authority to the pilot during approach and rendezvous. |

didn't care. Super-caution has always paid off for nme in the past. Wiy change a wi nning hand, even
for Anna Griss? | concentrated ny attention on the incom ng data streans.

Hal f an hour | ater Anna canme back and sat down wi thout speaking. | was unconfortably aware of her
critical attention over ny shoulder. | gestured to the central display screen, where the second
series of renotely sensed observations from Manna were now appearing. The conputer automatically
checked everything for anonalies. One new set was displayed in flashing red for our attention

"That's why | didn't want to rush. | don't think we've been wasting tine at all. ©Mc, |ook at
those radioactivity readings. Wiat do you think of then?"

The conputer had done its prelimnary analysis, taking the ratio of radioactivity nmeasurenents
from Manna to typical Hal o bodies and to the general |ocal background. MAndrew frowned at the
snmoot hed val ues for a few seconds, then nodded.

"Uh-uh. They're high. About six hundred tines as big as | woul d expect."

| took a deep breath. "So | think we know what happened to Lanhoff. One of the fusion units nust
have run wild when they were installing it. See now why |'m cautious, folks?"

Anna G&iss | ooked stunned. "Then the crew all got a fatal overdose of radiation?”

"Looks like it." | had proved my point, but not in a way that gave ne any satisfaction. | felt
sick inside. Wien a fusion plant blows, there's no hope for the crew

"No, Jeanie." MAndrew was frowning and rubbing at his sandy hairline. "You' re junping to
conclusions. | said the radioactivity was six hundred times as big as it should be, and it is. But
it's still lowyou could live in it for years, and it wouldn't do you rmuch harm |f a fusion plant
had gone, the reading from Manna woul d be a hundred thousand tines what we're neasuring.”

"But what else could give us abnormally high val ues?"

"I've no idea." He | ooked at ne apologetically. "And we'll never know fromthis distance. Seens to
me that Anna's right. We may have to get in a lot closer for a good look if we really want to find
out."

Per haps the idea that Lanhoff and his crew were al nost certainly dead was hitting Anna hard for
the first tinme. At any rate, there was no triunph in her expression as she watched ne ease us
gingerly forward until we were only ten thousand kilonmeters fromthe planetoid. W went slowy,
all our sensor input channels w de open. | set the control systemto hold us at a constant

di stance fromthe surface of Mnna.

"That's as far as I'mwilling to take us," | said. "W're a long way from hone, and | won't risk
our only way of getting back. Any closer look will have to be done with the transfer pod. Mac,
I've not had tinme to watch the inputs. Is there anything about the ship or about Manna that's

| ooki ng out of |ine?"

He had been muttering to hinself over by a display screen. Now he frowned and pressed a sequence
of control keys.

"Maybe. Wiile you were busy | did a conplete data transfer from Star Harvester's conputer to ours.
Lanhoff and his crew stopped feeding in new inputs a hundred and fifteen days ago—that's when the
signals to Qbheron Station cut of f—but the automatic sensors kept right on recording. See, here's
the very first radioactivity reading from Manna when they arrived, and there's one taken just a
few m nutes ago. Look at '"em Identical. And now |l ook at this. This is the thermal profile of a
cross-section through Manna's center."

A multi-colored blob filled the screen. It was a set of concentric ellipses, color coded to run
froma dark red in its center portion to a violet on the outer boundary.

"Different colors represent different tenperatures." MAndrew touched a button, and a dark ellipse
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appeared around the red and orange portions at the center of the image. "I've just put in the
contour for zero degrees Celsius. See? Significant, eh?"

"See what?" said Anna. She was sitting close to McAndrew, their shoul ders touching.

"The inside—+nside the curve. It's warnmer than the nelting-point of ice. If Manna has a water-ice
core, it nust be liquid. There's a couple of kilometers of frozen surface, then that liquid
interior."

"But we're out in the Halo," | protested. "We're billions of niles froma source of heat.
Unl ess—di d Lanhoff already put one of his fusion plants in there?"

"No." MAndrew shook his head. Hi s eyes were sparkling. "The tenperature distribution inside was
like this before Lanhoff arrived. You' re right, Jeanie, it |ooks inpossible—but there it is. Manna
is three hundred degrees warner than it has any right to be."

There was a long silence. Finally WII Bayes cleared his throat. "Al'l right, 1'Il be the dumy.
How can t hat happen?"

McAndrew gave a little bark of excitenent. "Man, if | had a definite answer to that | woul dn't
hol d out on you. But | can nake a good guess. There has to be a natural internal source of heat,
sonmet hing |ike uraniumor thoriumdeep inside. That's consistent with the high radioactivity

val ue, too." He turned to ne. "Jeanie, you have to get us over there, so we can take a good | ook
at the inside.”

| hesitated. "WII it be safe?" | said at last. "If it's uranium and water—you can nake a nucl ear
reactor fromthem"

"Yes—f you try really hard. But it wouldn't happen in nature. Be reasonable, Jeanie."

He was | ooking at ne expectantly, while Anna sat silent. She liked to see himputting the pressure
on ne for a change.

I shook ny head. "If you want to go over there and explore, | won't try to stop you. But ny job is
the safety of this ship. I"'mstaying right here." Logic was all on ny side. But even as | spoke |
felt that | was giving the coward' s answer.

From a distance of fifty kilonmeters, Manna already filled the sky ahead, a black bul k agai nst the
star field. Star Harvester hung as a cluster of glittering spheres near one end of the planetoid.
It steadily grew in size on the screen as the pod noved in, one of its television cameras sending
a crisp i mage back to nmy observing post on the Hoatzin. | could see the dozen Sections and the
narrow connectors between them hollow tubes that were flexible now but el ectromagnetically
stiffened when the drive went on.

" Appr oachi ng outernbst cargo sphere," said McAndrew. | could see himon the screen that showed the
i nside of the pod, and a third i nage showed and recorded for nme the pod control settings exactly
as he saw t hem hi nsel f.

"Everything still appears perfectly normal," he went on. "We'Ill make our entry of Star Harvester
through the Control Section. Wat is it, Anna?"

He turned to where she was nonitoring another sensor, one for which |I was not receiving coverage
"Cut in Unit Four." | said quickly.

At ny comand the conputers sent the inmage Anna and WIIl were watching to fill the center screen

| saw a long shaft that extended froma cargo hold of Star Harvester and drove down to penetrate

the rough surface of Manna. The canera tracked its Iength, switching to deep radar frequencies to
generate an i mage where the shaft plunged bel ow the planetoid s surface.

"I's that a drilling shaft?" | asked. "It |ooks as though they were getting ready to put a fusion
plant in the niddle of Manna."

"Whul dn't nmake sense." MAndrew spoke in an abstracted grunt, and | saw hi mrubbing at the bal ding
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spot on the back of his head. "Lanhoff knew quite well that Manna has a |iquid core—he had the
sane conputer base to look at as we do. Wth that core he didn't need a fusion plant at all. The
interior would be warm enough already for his enzymes to thrive."

"Was he | ooking for radioactive material ?" | asked; but | could answer that question nyself. "It
woul dn't make sense. He could |l ocate themthe same way we did, fromrenote neasurenent. So why
woul d he drill into the core?"

"Il tell you why," said Anna suddenly. "That's the way Arne always was. Anytine he saw sonet hi ng
that he didn't understand he wanted to investigate—he couldn't resist it. |I'Il bet he drilled to
the core to take a closer | ook at sonething he'd detected in there—sonething he couldn't exam ne
cl osely enough from outside."

The pod had been creeping in nearer and nearer to the hatches on the Control Section. | suddenly
realized that once the three of themwent inside | would be blind.

"Mac, as soon as you get in there, turn on all the nonitors and tell the conputer to send the
signals back to nme here on the Hoatzin." | raised ny voice. "And one of you has to stay in the
Control Section if you go down to the surface. D you hear nme?"

He nodded vaguely, but he was already noving toward the hatch. Anna followed him The last thing
saw before the canmera could no | onger keep themin view was WII| Bayes' face as he turned to take
a last worried | ook around the pod.

* * %

Deserted, but in perfect working order; that was the conclusion after a thorough exanination of
the Control Section of Star Harvester.

I had followed on the renpte nonitors as the other three made their inspection, step by step, and
I could not fault themfor lack of caution

"We'll not find Lanhoff and his crew here," said McAndrew finally, when they were back in the main
control room "They nust have gone down into the interior of Manna. Look at this."

A conputer-generated profile of the shaft |eading down fromthe ship to the surface appeared on
the screen in front of ne. It penetrated the frozen outer crust and termnated in an airl ock
leading to the liquid core. In the graphics display the broad shaft | ooked like a hair-thin needle
piercing an egg. | was astoni shed again by the size of the planetoid. Its liquid core held half a
mllion cubic kilonmeters of |iquid. Maybe we woul d never find Lanhoff and the other crew nenbers.

"W know they went down there," went on McAndrew, as though he was readi ng ny thoughts. He held up
a big clear container full of a cloudy yellow fluid. "See? They brought back sanmples. 1'll send
you the analysis, but | can tell you now that the results are just what Lanhoff predicted."”

"I't's high-level organic materials," added Anna. She was | ooking at me in triunph. "I told you we
had to come here to find anything useful. This is just as we expected, but even nore concentrated
than |I hoped. W've found a nother |ode. The whole inside of Manna is |like a rich soup—ene of us
could probably drink it for dinner and feel well-fed."

W1l Bayes was staring at it dubiously, as though he expected Anna to tell himto go ahead and
take a swig. "There's things living in it," he said.

My old fears cane running back. "Mac, be careful how you handle that. If there are organisns there

"Just single-celled ones.” MAndrew was excited. "Lanhoff thought he might find primtive life
here, and he was quite right."

"And it's DNA-based," added Anna. "The sanme as we are."

| looked nmore closely at the yellow broth. "So the old theories nust be right? Life cane to Earth
from out si de. "

"That's the real significance of what they found on Manna," said McAndrew. "Life didn't originate
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on Earth. It began out here in the Halo, or sonewhere even farther out, and drifted in to

Eart h—aaybe in the head of a comet, or as smaller neteorites. But see the difference; down on
Earth we've had pressures to make us evolve away froma single cell form Here, there's heat from
the radi oactive materials in the mddle of the planetoid, and there's food gal ore. There's no
reason for evolution as we knowit. That's why | don't share your worries, Jeanie, about going
down to the interior. There's no evolutionary reason for predators on Manna. We won't find sharks
and tigers here. It's the Garden of Eden."

Anna nodded her agreenent and squeezed his arm They were both so excited, | wondered if | were
the irrational one. The nore enthusiastic they becanme, the nore uneasy | felt. No sharks and
tigers, maybe—but wouldn't there still be natural selection, even if it went on very slowy?

Shades of Malthusian Doctrine: the nunmber of organisns would follow an increasing geonetric
progression, and the food resources were finite. Eventually there would have to be a bal ance, a
steady state where dying organisns were just replaced by new ones; and then natural selection
ought to take over, with conpetition between different forms. | didn't have that logic explicitly
in mnd, all |I knew was that sonething seemed wong. And | knew that Mac was no biol ogist. |
stared at the screen and shook ny head.

"So what happened to Lanhoff and his crew?" | said.
There was a | ong, uneasy silence.

"Quite right, Jeanie," said McAndrew at last. "W still have no answer to that. But we're going to
find one. WIIl can stay here, and Anna and | will go down there now."

"No." My pul se began to race. "I won't allowit. It's too dangerous."

"W don't agree," said Anna softly. "You heard MAndrew, he says we should | ook down there—and
we'll go in our suits, so we'll be well protected."

Fools rush in where angels fear to tread. Anna Giss knew how to survive in an Earthbound
bureaucratic free-for-all, but she was a |long way from her home ground. And if she was relying on
Mac's instincts to save their skins

"No." My voice cracked. "Didn't you hear ne? | absolutely forbid it. That's an order."

"I's it?" Anna didn't raise her voice. "But you see, we're not in the spacecraft rendezvous node
now, Captain Roker. The Star Harvester is tethered to the planetoid. That nmeans | conmmand here,

not you." She turned to McAndrew. "Cone on, let's nmake sure we're fully prepared. W don't want to
take any risks."

Before | coul d speak again she reached forward to the nonitor. | suddenly found that | was | ooking
into a blank screen
* * %

It took ne a long five minutes to patch in a substitute conmunications |ink between the conputers
of the Hoatzin and the Star Harvester

When the auxiliary screen cane alive | saw WI| Bayes fiddling with the control bank.
"Where are they, WII?"

He turned quickly. "They're on the way down to the surface. Jeanie, | couldn't stop them | said
they shouldn't go, but Anna wouldn't take any notice of ne. And she has Mac convinced, too."

I knew McAndrew—he hadn't taken any convincing at all. Show himan interesting intellectua
probl em and preservation of life and linb came a poor second to curiosity.

"Don't worry about that, WIIl. Link me to the conputer on board the transfer pod."
"What are you going to do?"
"Go after them Maybe Mac is right, and they'll be fine, and in no danger. But | want to be the

rearguard and trail along behind them just in case."
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W1l could have probably flown the pod to pick nme up in an energency, and | knew that the conputer
could have done it with a single rendezvous command fromme. But WII|l and the computer woul d have
foll owed the book on pernissible rates of acceleration and docking di stances. | took renote
control of the pod nyself, overrode the conputer, broke every rule in the manual, and had the pod
docked at the Hoatzin in less than fifteen nminutes. Going back to the Star Harvester we beat that
time by a hundred seconds.

WIl was waiting at the main lock with his suit on. "Something has gone wong," he said. "They
told me they would send a signal every ten minutes, but it's been over twenty since the |last one
I was going to go down and see what's happening."”

"Did you see any weapons on board when you were | ooking over the ship earlier?"

"Weapons?" WIIl frowned. "No. Lanhoff had no reason to carry anything like that. Wait a m nute,
t hough, what about a construction |aser? That can be pretty dangerous, and there are plenty of
those in Section Six."

"Get one." | was preparing the transfer pod for a rapid departure from Star Harvester if we needed
it. One tine in a thousand, a precaution |like that pays off.

“I'11 get two."

WIl was off along the tube between the Sections before | could argue with him | didn't want him
with me in the mddl e of Manna—+ wanted himavailable to help me out if I ran into trouble nyself.

What was | expecting? | had no idea, but | felt a lot better when | had nmy suit firmy closed and
a portable construction |aser tucked under one arm WII and | went together to the entrance of
the long tunnel that led down to the interior of Mnna.

"Right. No farther for you." | |ooked at the peculiar way he was hol ding the |aser, and wondered
what woul d happen if he had to use it. "You stay here, at the head of the shaft. I'll send you a
signal every ten mnutes."”

"That's what Anna said." Hi s words echoed after ne as | dropped away down the broad shaft.

The illumination came only fromthe light on ny suit. Seen fromthe inside, the shaft out of the
cargo hold dropped away in front of nme |ike a dark, endless tunnel. Manna's gravity was
negligible, so there were none of the Earth dangers of an accelerated fall. But | had to take care
to remain clear of the side of the tunnel 4+t narrowed as we went deeper into the planetoid's
crust. | drifted out to the center of the shaft, turned on the coupling between the suit's
conducting circuits and the pulsed field in the tunnel wall, and nade a swift, noisel ess descent.

The three kiloneter downward swoop took |l ess than a minute. All the way to the airlock at the
bottom | watched carefully for any sign that McAndrew and Anna had nmet trouble there. Everything
was nor mal .

The drilling nechanismat the end of the shaft was still in position. Normally the shaft could
extend itself through hard, frozen ice at a hundred feet an hour. Wen they came to the liquid
interior, however, Lanhoff had arrested the progress of the drill and installed the airlock. It

was a cylindrical double chanber about six meters across, with a novable nmetal wall separating the
two hal ves.

| cycled through the first part of the lock, closed the wall, and went forward to the second
barrier. | hesitated in front of it. The wall was danp with a viscous fluid. The airlock had been
used recently. Anna and McAndrew had passed through here to the liquid core of the planetoid. If |
wi shed to find them| nust do the sane.

Was there a port? | wanted to take a good | ook at the interior of Manna before I was willing even
to consider going through into it.

The only transparent area was a tiny section a few inches across, where a snall panel had been
renoved and replaced by a thin sheet of clear plastic. Lanhoff nust have arranged it this way, to
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make an observation point before he would risk a venture beyond the | ock. Despite his curiosity
referred to by Anna, it suggested that he was a cautious nman—and it seened to increase the odds
against me. | was diving blind, and in a hurry.

| drifted across and put the faceplate of my suit flat against the transparent plate. The only
illumnation in the interior was comng fromny suit, and because it had to shine through the port
I was confused by back-scattered light. | held nmy hand to shield ny eyes, and peered in.

My first inpression was of a snowstorm Geat drifting white flakes swamlazily across the field
of view As | adjusted to the odd lighting, the objects resolved thenselves to white, feathery
snowbal I's, ranging in size froma grape to a closed fist. The outer parts were in constant

vi bration, providing a soft-edged, uncertain shimrer as they noved through the pale yellow fluid
of Manna's interior.

Even as | watched, the nunber and density of the white objects was increasing. The snowfall becane
a blizzard. And floating far away fromne, alnost at the Iimt of vision, | saw two great white
shapes. They were travesties of the human form bloated and blurred outlines |ike giant snownen.
Every second they grew bigger, as nore and nore snowbal | s approached and adhered to their
surfaces. They were swelling steadily, rounding to beconme perfect spheres.

| shivered in ny suit. Alien. The figures |l ooked totally alien, but | knew what | had found. At
their centers, unable to see, nove, or send nessages, were MAndrew and Anna. As | watched

t hought of the guardian white corpuscles in ny own bl ood-stream The feathery balls were |ike
them busy | eukocytes crowdi ng around to engulf and destroy the foreign organisnms that dared to
i nvade the body of Manna.

How could | rescue then? They were in no danger for the first few mnutes, but the snowballs would
muf fl e the escape of heat fromthe suits. Unless the clinging balls were cleared away, Anna and
McAndrew woul d soon die a blind and stifling death.

My first instinct was to open the | ock and plunge through to the interior. Another |ook at the
feathery snowballs changed nmy mind about that. They were thicker than ever, drifting up fromthe
deep interior of the planetoid. If | went out there they woul d have nme covered in |l ess than a

m nute. The laser that | had brought with me was useless. If | used it in water, it would waste
its energy turning a small volune close to ne to steam

And | had no other weapon with ne.

Return to the Star Harvester, and | ook for inspiration there? It mght be too late for MAndrew
and Anna.

I went across to the side of the lock. There was a dual set of controls for the drilling shaft
there, installed so that drilling progress could be nonitored and nodified on the spot. If |
started the drill, the fluid ahead would offer little resistance. The tunnel woul d extend further

into the liquid, far enough to enclose the area where the two mi sshapen spheres were floating. So
if | opened the lock first, then activated the dril

The timng would be crucial. Once the |ock was open, liquid would be drawn into the evacuated area
around ne. Then | would have to operate the drill unit so that the open | ock noved to encl ose the
two swol |l en masses of snowballs, close the |ock again, and punp the liquid out. But if | was too
slow, the blizzard of snow would close in on ne, too, and | would be as hel pl ess as M:Andrew and
Anna.

Del ay wouldn't help. | pressed the lever that opened the [ock, noved to the side of the chanber
and started the drill extender.
Li quid rushed in through the opening aperture. | struggled to nove forward against its pressure,

fighting ny way back to the | ock control

There was a swirling tide of white all around ne. Feathered balls hit ny suit and stuck to it,
coating the faceplate in an opaque layer. Wthin thirty seconds | could not see anything, and ny
arnms and | egs were sluggish in their novenents as | clung to the lock |ever
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I had not anticipated that | would becone blind so quickly. Wre MAndrew and Anna al ready swept

into the chanber by the advancing drill and the opened | ock? I had no way of knowing. | waited as
long as | dared, then heaved at the lever. My armnoved slowy, hanpered by the mass of snow
spheres clinging to it. | felt the control close, and sensed the nuffled roar of the punp. | tried
to thrash ny arns, to shake off the layers that clogged their novenent. It was usel ess. Soon | was
unable to nove at all. | was in darkness. If the snowballs could tolerate vacuum MAndrew and
Anna and | would go the sane way as Lanhoff; we'd be trapped inside our suits, our communication
units useless, until the heat built up to kill us.

It was a long, long wait (only ten mnutes, according to the commnications |link on board the
ship—+t felt like days). Suddenly there was a lightening of the darkness in front of ny faceplate.
I could nove ny arns again. The feather balls were falling off ne and being punped out through the
ai rl ock.

| turned around, peering through the one clear spot on ny faceplate. There were two spherica
blobs with me in the chanber, and they were gradually taking on human shapes. After another five
m nutes | could see parts of their suits.

"Anna! Mac! Turn around."

They clunsily rotated to face me. | saw them staring out of the faceplates, white-faced but
undeni ably alive.

"Cone on. Let's get out of here.”

"Wait." McAndrew was taking a bag fromthe side of his suit, opening it, and scoopi ng up sanples
of liquid and snowballs. | decided that he was ternminally crazy.

"Don't fool with that, Mac—tet's get out of here.”

VWhat was the danger now? | didn't know, and I wasn't going to wait to find out. |I reached out,
grabbed his arm and began to haul himback through to the other chanber. W were still sl oshing
in a chaos of fluid and floating feather balls.

Anna grabbed at ny arm so | was towing both of them | could hear her teeth chattering.

"God," she said. "I thought we were dead. | knewit, it was just |ike being dead, no sound,
nothing to see, not able to nove."

"I know the feeling," | grunted—they were a weighty pair. "How did you get caught? | nmean, why
didn't you get back into the airlock as soon as the snowballs arrived?"

We were scooting back up the tunnel as fast as we could, MAndrew still clinging to his bucket of
speci nmens.

"We didn't see any danger." Anna was gradually getting control of herself, and her grip on ny arm
had | oosened. "When we first cane through the |ock there were maybe half a dozen of those
fuzzballs in sight. McAndrew said we ought to get a specinen before we |left, because they were a
nore conplex life-formthan any that Lanhoff had reported. And then they started to arrive in
mllions, fromall directions. Qur suits were covered before we could get away—we didn't have a
chance. "

"But what are they—and what were they doing?" | said.

We had reached the top of the tunnel and entered the cargo sphere. There was no sign of WII
Bayes—t occurred to nme that | hadn't sent hima single signal of any kind since | left. He nust
be frantic. | hit the switch that would fill the chanber with air. For sonme reason | was keener to
get out of that suit than | had ever been

McAndrew pl aced his container on the floor and we all began to work our way free, starting with
t he hel nets.

"What were they doing? Now that's a good question,” he said. "While we were stuck in the mniddle of
them down there, | had tine to give it sonme thought."
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Well, that sounded right. When McAndrew stops thinking, he'll be dead.

"Lanhoff and | nade a big goof," he went on, "and for himit was a fatal one. W both argued that
the food supply here was so plentiful that there'd be no pressure to evolve. But we forgot a basic
fact. An organi smneeds nore than food to survive."

"What el se? You nean moisture?" | had ny suit off, and air had never tasted so good.

"Moisture, sure. But as well as that it needs warnth. Here on Manna, the evolutionary pressure is
to get near a heat source. If you're out too far fromthe center, you becone part of the frozen
outer |ayer. Those snowballs normally |ive down near the nmiddle, getting as close as they can to
the radi oactive fragnents that provide the warnth."

Anna was out of her suit. Now that we were safe, she was naking a trenendous effort to gain her
sel f-possessi on, Her shivering had stopped and she was even patting at her danp and tangled hair.
She peered curiously down at the container of feathered snowballs. They were still moving slowy
around in the yellow Iiquid.

"The radi oactivity nust speed up their rate of evolution, too,
wanted to eat us."

she said. "And |I was thinking they

"1 doubt that we're very appetizing, conpared with their free soup,” said McAndrew. "No, if there
hadn't been so many of themthey'd have been harm ess enough. But when we cane al ong, they sensed
the heat given off by our suits, and they tried to cuddle up to us. They didn't want to eat us,
all they were after was a place by the fireside."

Anna nodded. "This is going to create a sensati on when we get back to Earth. W'Il|l have to take a
| ot of specinmens back with us."

She was reaching down towards the open container. One of the snowballs had fully opened and was a
delicate white nass of feathery cilia. She put out her forefinger as though she intended to touch
it.

"Don't do that!" | shout ed.

Maybe she was not even considering any such thing, but ny |oud command rmade her stiffen. She
| ooked up at ne angrily.

"You saved us, Captain Roker, and | appreciate that. But don't forget who is in charge of this
expedition. And don't try to order me around—ever."

"Don't be a fool," | said. "I wasn't ordering you around—+ was speaking for your own good. Don't
you have any idea what night be dangerous?"

My own tone must have betrayed ny inpatience and anger. Anna stiffened, and her col or went from
white to red.

"McAndrew has pointed out that these lifefornms would have been quite harmess if there had not
been so many of them" she said. And then she reached forward into the container and deliberately
touched the expanded snowball with her forefinger. She | ooked up at ne. "Satisfied? They're
perfectly harnless.™

Then she screaned. The ball was clinging to her finger as she withdrewit, and the cilia had
envel oped it as far as the second joint.

"I't won't come off!" She began shaki ng her hand desperately. "It hurts.”

I swung ny helnet hard at her finger, and the edge caught the ball near its niddle. It was jarred
| oose and flew across the chanber. Anna stood and | ooked ruefully at her hand. The finger was
reddened and swol | en.

"Damation. It stings like hell." She turned accusingly to McAndrew and held forward her injured
hand. "You fool. You told ne they're harm ess, and now | ook at nmy finger. This is your fault."
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We all stared at her hand. The swelling on her forefinger seened to be getting bigger and redder.

McAndrew had been standing there with a startled and perpl exed expression on his face. Before
could stop himhe picked up the laser that | had laid on the floor, ained it at Anna, and pressed
the switch. There was a crackle fromthe wall behind Anna, and the snoke of burned tissue. Her arm
had been neatly severed above the el bow, and the wound cauterized with a single sweep of the

i nstrument.

Anna | ooked at the stunp with bul ging eyes, groaned, and started to fall sideways to the floor.
"Mac!" | grabbed for the laser. "Wat the hell are you doi ng?"

H s face was pale. "Cone on," he said. "Let's get her to the robodoc. This isn't too
serious—she' |l have to wait to regenerate it until we get home and find a bi of eedback machi ne, but
we can't help that."

"But why did you do it?"

"I made one bad mi stake, back there outside the air lock,"” W were hurrying back through the ship,
supporting Anna between us.

"I don't want to make another one," he went on. "Lanhoff's notes on the single-celled organisns

i nsi de Manna pointed out that they didn't have a sexual method of reproduction, but they have
sonmet hing that resenbles the plasnm ds down on Earth—+they swap sections of DNA with each other, to
get the mxing of offspring characteristics. | wondered about that when | read it, because it
suggests a nmechani sm for speeding up an evolutionary process. But | skipped on past it, because |
was so sure there woul d be no evol utionary pressures at work inside Manna."

We were al nost at the Control Section of Star Harvester. Unless WII had gone nad and flown off in
the transfer pod, we were only twenty minutes away fromthe Hoatzin's robodoc. Anna was coni ng out
of her faint, and groaning a little.

"Mac, | still don't see it. Wiy does the evolution nethod of the creatures inside Manna nean you
had to burn off Anna's arnP"

"If they do swap tissue regularly, their imune reaction systens have to recognize and tolerate
the exchange. But we're not nade |like that—-Anna's i mmune reaction system m ght nmop up the
materials that the snowball transferred to her bloodstream but nore likely the stuff would have
killed her. | daren't take the chance."

We had come to the hatch that led to the transfer pod. WI| Bayes stood there. For a fraction of a

second he | ooked relieved, then he took in the whole scene. W were all pale and panting. | was
draggi ng Anna along while she lay in a near-faint with only a stunp of a right arm and MAndrew,
wi | d-eyed and lunatic, was boundi ng al ong behind us, still brandishing the |aser.

W1l backed away in horror, his hands held in front of him "Cone on, nan, don't just stand
there," said McAndrew. "Get out of the way. W've got to get Anna over to our ship and |l et the doc
have a go at her. The sooner the better."

WIIl took a hesitant step to one side. "She's not dead, then?"

"Of course she's not dead—she'll be good as new once she's been through a regeneration treatnent.
We' || have to keep her sedated for the trip back, but she'll be all right."

I went to the controls of the pod, ready to take us back to the Hoatzin. It hadn't occurred to ne
that Anna woul d be qui eted down now for the return trip, but I wouldn't be the one to conpl ain.

"You mean we're actually going hone?" asked WII. H s tone suggested that he had never expected to
see Earth again.

"Just for a while." MAndrew had settled Anna as confortably as he could, and now he was | ooki ng
di sconsol ately around him for the bucket of |ifeformsanples that we had | eft behind in the
Control Section of Star Harvester.
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"We' Il be back, WII, don't you worry," he said. "Anna was quite right: when Lanhoff found Manna
he stunbled across a real treasure trove. W've hardly scratched the surface. As soon as we can
get organi zed, there'll be another party fromthe Food Departnment. And |'msure we'll all be here
withit."

My attention was mainly on the controls, so I'mnot sure that | heard WIl's | ow nunbl e correctly.
But | think he was saying sonething about a transfer to the Energy Departnent.
FI FTH CHRONI CLE:

The Hi dden Matter
of MAndrew

The nessage was conci se and cl ear

Dear Captain Roker,

The Institute is sending a party to explore a region approximately half a light-year from Sol, for
the purpose of verifying dark matter conjectures in current cosnol ogical theories. Qur projected
departure date is six days hence. Knowi ng of your experience with Hoatzin-class ships enploying
the bal anced drive, we wonder if you might be available to serve as a crew nenber for Project

M ssing Matter. If you are interested in so serving, | invite you to contact ne or Dr. Dorian
Jarver, at the above address.

Si ncerely,

Arthur Morton MAndrew,
Research Scienti st,
Penrose Institute.

Clear, but also totally baffling. It was no surprise that McAndrew wanted to test obscure
scientific theories. That was his stock-in-trade. People who knew physics as | would never know it
told me that McAndrew was better than anyone else alive, a nane to be nentioned in the sane breath
as Newton and Einstein

It was al so predictable that he m ght be heading far out of the Solar System He had done that
whenever he thought there was sonething interesting to |l ook at, or just when he needed a little
tinme and space for serious solitary thinking. "I have to have it, Jeanie," he'd said to ne, a
score of tinmes. "It's very nice to work with colleagues, but in ny line of business the real stuff
is nmostly worked out al one."

Nor was it odd that | was |learning about the trip so | ate—a couple of tines he had hared off on
wild sorties far outside the Solar System and | had been forced to chase after himand drag him
out of trouble.

But now for the nysteries: He had never, in all the many years since first we net, sent a letter
to "Captain Roker," or signed hinself with his full name. | was always "Jeani e" when he wote to
me, while he signed as "Mac" or "Macavity"—ny private O d Possumish nane for him because |ike
Macavity the Mystery Cat, MAndrew did things that seenmed to break the |aw of gravity.

Second, he didn't wite when he was pl anning an expedition. There would be a randomcall, at any
hour of the day or night. He was thinking of making a trip, he'd say vaguely. Wuld | perhaps |ike
to go al ong?

Third—a detail, but one that chafed ny ego—+ was invited to go on the Project Mssing Matter
expedition as a crew nenber. Mac knew that 1'd served as ship's captain, and only as captain, for
fifteen years.

Fourth, the whole tone of the letter was too stilted and officious to be genui ne McAndrew. He
couldn't sound that formal if he tried.

And one nore nystery, to round out the set. Wo the devil was Dorian Jarver? | thought | knew al
the key scientists at the Penrose Institute.
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That question was fifth on the list, and the least inmportant until | tried to call MAndrew for an
explanation. Then instead of the old direct-access lines into individual offices at the Penrose
Institute, | found nyself dunped to a Message Center where nmy call was at once rerouted from

McAndrew to Dorian Jarver. Director Jarver is unavailable, said a polite voice. Please |eave your
nane, and he will return the call as soon as possible.

I hung up without waiting to learn if the voice at the other end was |live or recorded. Director
Jarver? What had happened to ny old friend Professor Linperis, the blackest man alive, who had run
the Institute since long before ny first visit?

Fi nding the answer to that was not difficult. | tapped one of the general data bases and queried
for the staff file of the Penrose Institute. Professor Linperis was |isted, sure enough—but as
prof essor enmeritus and ex-Director. The new director was Dr. Dorian Jarver, fornmer head of the
Terran science applications group, and—bad si gn—nephew of Councilor Giss, head of Terran Food and
Ener gy.

Anna Lisa Giss, that was, a | ady whose arm McAndrew had once, with the best of possible
intentions, cut off with a power laser out in the Qort cloud. It would have been regrown, |ong
since; but | doubted that the nmenory had faded with the scar

| followed an old McAndrew principle, and went to a publications data base. Dorian Jarver was
there, with eight or nine decent-sounding physics papers credited to him but they were not

recent. The newest one was el even years old. The new director of the Penrose Institute appeared to
be an ex-physicist.

McAndrew was anyt hi ng but an ex-physicist. Wiy would he cite his own name and Jarver's as soneone
I mght contact?

When | received the nessage from McAndrew | was on the tail end of a routine run honme fromTitan
As soon as the Assenbly | had been piloting was tucked away and all its Sections placed in a
stable parking orbit, | signed off and headed straight for the Penrose Institute aboard one of the
5-gee mni-versions of the McAndrew bal anced drive

"I invite you to contact ne or Dr. Dorian Jarver,'
a visit.

the letter had said. Contact can surely include

The outline of the Institute at | ast appeared as a | unpy and spi ky doubl e-egg during nmy fina
approach. | examined it closely. It would wander around the Inner Solar System dependi ng on
research needs, anywhere between Mercury and the Belt, but its facilities shouldn't change. They
hadn't. As we docked |I could see the Dotterel and the Merganser noored in the external hoists.
They were the first prototypes using the MAndrew bal anced drive (which everyone else, to Mac's

i nt ense annoyance, insists on calling the McAndrew inertia-less drive). Those early ships were no
I onger in use. They had been replaced by a nore advanced design, enbodied in the Hoatzin. | could
see its bul ky massplate and | onger central spike off in the distance. It appeared slightly grubby
and battered-looking, as befitted the first and only ship to visit both the Ark of Mssi ngham and
the Cort cloud.

The changes began inside, as soon as | passed through the lock. In the old Institute the visitor
found hersel f wading at once through a junkyard of obsol ete equi pment waiting for disposal. It
woul d have been quite an obstacle course in an energency, but nobody had ever seened worried about
t hat .

Now | found nyself in a clean and uncluttered chanber. The walls were painted white, the floor was
polished grey, and in the middle of the roomsat sonething that the Institute had surely never
seen before: a long desk, two receptionists, and in front of them a sign-in termnal and a tray
of badges.

The wonman behind the desk went on fiddling with a great bank of controls in front of her, al
flickering lights and | ow hunm ng, but the man gl anced up at me inquiringly.

"I"'mhere to see McAndrew," | said, and started towards the corridor on the left. 1'd been here
scores of tines, and | knew where Mac hung out, in a cluttered roomthat nade even the old entry
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to the Institute | ook elegant. Mac didn't throw away junk equi pment. He kept it in his office.

"Not that way, na'am" said the nan politely. "Professor McAndrew is the other way now. You will
need an escort. And if you'd first please check in . . ."

McAndrew s voice was starting to whisper in ny ear. By the tinme that | had signed in, stated ny
identity, had nmy |ID independently checked with a DNA napper, been assigned a badge, and refused
refreshnents (how long did they expect ne to be in the reception area?) Mac's voi ce was shouting
at me. "Help, Jeanie," it screaned. "Help, help, help!"

This wasn't the Penrose Institute that | had known, the place of casual procedure and superb
sci ence where Mac had worked for half his life. It had becone a clone of a thousand Eart hside
technol ogy offices.

And it got worse. Wen |, checked and signed and badged, was | ed away towards the new worki ng
offices, | still did not reach McAndrew. "In a few ninutes," said nmy guide, in answer to ny
question. "But first, the Director."

I was ushered into a new chanber, starkly clean and sparsely furnished. My guide |left at once and
| | ooked around. There was no desk, no ternminal. Over in one corner on an angular white chair sat
an equal ly angul ar and thoughtful man, fingertips touching in front of his face.

"Captain Roker," he said, and stood up. He smiled, very white teeth in a thin-lipped, worried
countenance. "lI'm Dorian Jarver, the Director of the Penrose Institute. | nmust say | didn't expect
a visit until you'd heard nore about the project. But it's a blessing that you're here, because
now we can all do our best to persuade you."

"I''"'m persuaded already." | realized that was true, and had been since | saw that ritzy new
entrance foyer. "lI'mreporting for duty right now. "

"For the expedition described in Professor McAndrew s letter to you? But the nission and your role
init are not yet fully defined."

"You can define that later. I'mhere, and |"'mready to start.”

Dorian Jarver nust have been surprised at both ny arrival and my instant acceptance. "I'm
delighted to hear that," he said, though he didn't sound it. "You cone to us with the highest
recomendations. And | have to admit that |'ve been a little worried about this proposed
expedition. It could be dangerous, and Professor McAndrew is too valuable to risk. He's one of our
nost pricel ess assets.”

No matter what el se he didn't know, he obviously understood McAndrew. It could be dangerous,
because Mac woul d charge into Hell itself if he saw sone intriguing scientific fact sitting in the
innernost circle. He was too valuable to risk. But Jarver's final word was disturbing to ne. Not a
scientist, not a hunman being. An asset.

"You have been to the Institute before?" added Jarver

| nodded. | didn't know what Mac had told himabout ne, but | suspected that the new director had
no i dea how cl ose we were.

"Then you'll have noticed the changes here. The Council had been worrying about the Institute for
quite a while. Wen Director Linperis retired and | cane in, the Council insisted that from now on
operations would have to be organi zed rather differently."

He tal ked about those changes for the next few minutes. Better equipnment and facilities for the
scientists. Bigger and cleaner offices. Mdre attention by support staff to routine naintenance

functions. Renoval of the need for top scientists to waste their tine on calls and letters and

i ncom ng requests for information, trivia that could be handled just as well by junior staff.

It all sounded terrific. But McAndrew s strangely awkward |etter stuck in ny head. | wanted to see
him and rmake sure that he was all right.

Wth my mind on McAndrew as Jarver went on talking, | didn't think that | was saying nmuch in
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reply. But it nust have been enough for the director, because after another few m nutes he seened

to lose interest in the conversation, nodded, and said, "Now, Captain Roker, |'msure you'll be
wanting to hear nore about the expedition itself. Project Mssing Matter will be testing sone of
the nost fundanental ideas in cosnology; of course, you'll get that better from MAndrew than
you'll ever get it fromne."

As we stood up | thought that | had Dorian Jarver pegged. | had seen himbefore, many tines. Not
the man hinmself, but the type. The upper levels of Terran governnent were full of them conpetent,
har d- wor ki ng nen and wonen, who started out as scientists, found that they were never going to be
better than average, and at an early age substituted nmanagenent and administration for research
Jarver had changed over the years fromscientist to cal cul ating bureaucrat.

Well, I've been wong before. Let's call that nmy first m stake on Project Mssing Matter

The director led ne to an office down at the far end of the corridor and opened the door. It was
big, far bigger than McAndrew s old, cluttered den. It had the same antiseptic |ook as the rest of
the new Institute. But even Jarver couldn't do nuch about the appearance of the occupant.

McAndrew was lolling in an easy chair, staring vacantly at the wall. H s shoes were off, his feet
were bare and grubby. Hi s thinning, sandy hair was standing up in little w spy spikes as though he
had been running his hands through it, which he tended to do when he was thinking, and | could see
fromthe redness of his finger and toe joints that he had been pulling themand cracking them in
the way that | hated.

He gl anced up as we cane in, swinging his chair casually in our direction

"Jeani e Roker," he said. He didn't stand up, and he didn't seemin the |east surprised at ny
unexpected arrival. | glanced at Jarver out of the corner of ny eye. If Mac wanted to convince the
director that he hardly knew ne, he should have acted quite differently.

"Prof essor McAndrew, " said Jarver to ne. It could have been an introduction, or possibly an
apol ogy. "If you'll excuse nme, Captain Roker, I'll leave the two of you to discuss the expedition
I"1l neet with you again later."

As soon as he was gone | bent over and gave McAndrew a six-nonth separation hug. The hell wth
formal handshakes. He hugged nme right back, then | flopped into the seat opposite and said, "Mac
What the hell is going on here?"

"You saw it already." H's face took on a gloony, give-up expression that | didn't like at all
"New of fi ces, new procedures, all the other folderol. Nowtell nme, did | need a new office?"

"Does it matter that much? You can work as well in here as you could in your old place, and it's
nice to visit and sit on sonething softer than an optical scalar calibrator. And Jarver's right,
the Institute was getting a bit run-down. It |ooks good now You' re becom ng crabby in your old
age."

He glared at ne. "If that were the whole of it, | night agree with you . . . but it's not. You had
that letter. Didn't it nake you wonder a bit?"

"Why d'you think I'm here?"

I don't believe he heard ne. "Due procedure," he said, "that's what they call it. But it's beyond
that. No nessages or menps or papers or letters go out fromhere wthout stanps of official
approval on them You saw how my letter to you sounded after they'd done nessing with it. Al the
incoming mail is opened, too—personal as well as professional -before we get to see it. Spoken
messages are just as bad. Inconing and outgoing calls are all |ogged and recorded. Did you see
that bl asted bank of equiprment in the front area, with admnistrative staff snooping on
everything? I'mtelling you, it's like being in a bloody prison."

"Mac, you're overreacting. Jarver is used to running things Earth-style. They're hot on procedure.
It'"lIl take hima while to learn Institute ways. You and your buddies will sort himout."

"WIl we now?" McAndrew snorted. "Me and ny buddies will sort himout, will we—when Enma Gowers
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and Weni g and Lucky Macedo have already resigned and left."

That was a shocker. | knew all three, and there wasn't one who didn't nake ne feel, without their
ever intending it, about as bright as a chinps' tea-party drop-out.

"Mac, that proves ny point. If Jarver's losing high-caliber people |ike that, he nust know that he
won't |ast another three nonths. Unless he's too dunb even to realize what he's driving away?"

| saw a change in McAndrew s expression. He's the systenlis nost honest man, even when it
underm nes his own argunents. Now he | ooked guilty.

"That's maybe the worst of it," he said. "Jarver's not stupid at all. He got the job here, likely,
because he's a relative of Anna Griss. She's no lover of the Institute after what | did to her

But Jarver didn't cone here wanting to destroy the place. He's a good physicist, see, with a real
sense for what's inportant.”

"That's not what | thought when | |ooked at his publication record. Not many papers to his credit,
and all witten a long tine ago."

"Jeanie." MAndrew stared at ne with the di sappoi nted expression of a nman whose dog has sli pped
back into non-housebroken ways. "How many tinmes have | told you, a publication record tells you
not hi ng. Any cl od can spew out words and equations, year in and year out, and push theminto
print. Papers don't count for anything, unless other people use 'em You should have | ooked at the
Citation Index, to see how often Jarver's work is given as a reference by other people. If you'd
done that, you'd have seen hundreds of them He's not publishing now, true enough, but when he
did, he was good."

Poor old McAndrew. | was beginning to see the real problem Here was a new director who did
everything that Mac disliked, a man whom he woul d | ove to hate and di sparage. But he couldn't do
that. Jarver was a good physicist, and therefore al nost beyond censure.

"But if he's that bright, you ought to be able to work with him Persuade him"

"Dam it, | have persuaded him That's what the new expedition is all about. |'ve got Jarver
convi nced that we have to go out a long way from Sol. Then we stop, and sit still, and do our
measur enents, and | earn nore than anyone has ever known about the distribution of mssing matter."

I had to find out nore about that, but this wasn't the time for it. Half a light-year from Sol was
along trip, even with a hundred gees of continuous acceleration and the relativity squeeze that
our high speed would provide us. W'd have weeks to tal k about mssing matter, Mac's experinents,
and everything else in the Universe. But it would be nice to know why we had to go out there at
all.

"Why not do your experinents here at the Institute?”

"Because it's too dammed noi sy near in." MAndrew becane nore like his old self as the
conversation turned closer to physics. | decided there was hope—aybe he wasn't a broken nan after
all. "lIt's the Sun's fault,"” he went on. "Sol generates such an infernal din, gravitationally and
in al nbst every el ectromagneti c wavel ength you can think of, that you can't do a decently
sensitive experinent closer than half a light-year. It's like listening for a pin drop, when
sonmebody' s banging a bass drumright next to your ear. W have to go out, out where the
interstellar mediumis nice and quiet."

"But that's exactly what you will be doing. You'll be flying out on the Hoatzin, and as far from
the Institute as you want to be. So why aren't you pleased?" | had a horrible thought. "Unless
you're telling nme that Jarver proposes to go along with us."

"No, no, no." MAndrew went right back to being gloony. "He says he'd like to, but he's far too
busy running the Institute. He's not going. But he's sending his aunt's pet bully-boys, Lyle and
Par ni kan, along to keep an eye on things and report back. Now that's what really has ne going,
Jeanie. That's the reason | sent you the letter."

| got very annoyed with McAndrew. He was taking a perfectly natural decision, fromJarver's point
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of view, and blowing it up out of all proportion

O course, this was before | net Van Lyle and Stefan Parm kan

* * %

The doubt ful pleasure of that nmeeting was not |ong delayed. It canme the same afternoon, when
McAndr ew dragged ne along to the weekly senminar, a tradition of the Penrose Institute for as |ong
as | had been visiting it.

The old nmeeting room with its poor air circulation and white plastic hard-backed chairs, had

vani shed. In its place was a hall with tiers of plushy seats running in banks up towards the rear.
It could hold naybe three hundred. The seminars that | remenbered might draw fifty if they were on
a really hot subject.

Today there were no nore than thirty people in the room MAndrew and | took seats at the end of
the | ast occupied row | tried to recognize the people | knew fromthe | ook of the backs of their
heads. | did pretty well, over half the audi ence. Wnig and Gowers and Macedo m ght be gone, but
nost of the other old-tiners at the Institute hadn't given up yet.

The Il ecturer, Siclaro—another Institute perennial —was already in position and raring to go.

"The first ten-thousandth of a second after the Big Bang is far nore interesting than the entire

rest of the history of the Universe." That was his first sentence. | couldn't tell you what his
second sentence was. | didn't expect to understand the sem nar, you see, because | never had in
the past. But | mght still enjoy it. Like the psychol ogi st at the burl esque show | concentrated

on the audi ence, exam ning the newconers to try to guess their specialties and how good they were
at them

A futile exercise, of course. Enma Gowers, the System s top expert on nultiple kernel arrays,
| ooks and dresses |like a high-class whore. Wnig could be her pinp, and McAndrew hi nsel f resenbl es
an accountant in need of a haircut and a good neal.

You just can't tell. Brains won't correlate with appearance.

Over to the far left of our row sat a group of three. | saw Dorian Jarver. He was | eaning forward
intent on the presentation. To his inmmediate right were two nen of particular interest to
me—because they too were taking no notice of the lecture and showing a lot of interest in the
audi ence. | nudged McAndrew, just as soneone hurried in fromthe back of the roomand | eaned over
to whisper in Jarver's ear. He sighed, shook his head, and foll owed the wonan qui ckly out of the
hal | .

"What ?" said McAndrew at |ast. He had mi ssed the whol e episode with Jarver
"Those two nmen. Who are they?"
He snorted. "Themtwo? Van Lyle. Stefan Parm kan."

| stared with redoubled curiosity. Van Lyle (I found out |ater which was which) was a big, broad-
shoul dered fellow with curly blond hair and a handsone, craggy profile. He nade no pretence of
listening to the |lecture, but he observed the audience with open interest. At his side the little,
round- shoul dered figure of Stefan Parm kan was far nore discreet. To a casual observer he was
followi ng everything that Siclaro said-but every few seconds his head would turn for a nmonent and
his eyes would flicker over everyone. \Wen they met nmine he at once turned away.

"Mac," | said. And paused.

He had slipped away fromny side. | saw himdown by the | ecturer's podiumnext to Siclaro, one
hand pointed at the screen.

"You know the problem" he was saying. "W all believe that the amobunt of matter in the universe
is just enough to keep it expanding forever. That gives asynptotically flat spacetime, an idea we
have half a dozen good theoretical reasons for wanting to believe. But the bright matter—the stuff
we can see—enly accounts for maybe a hundredth of what's needed to cl ose spacetine. So, where's
the rest of it? Where's the nissing matter?
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"I agree with Siclaro, it's the devil to answer that question fromany experinents we've been able
to do so far. | wouldn't propose to try. But we've designed a whol e new set of crucial experinents
that we can do if we are far out from Sol, where there's not so nuch interference."

He was getting into a discussion of the hidden matter, the reason for taking the Hoatzin on its
light-year round-trip. But | couldn't listen to him because | was no |onger alone. The two nen
next to Jarver had slid quietly across fromthe other side of the roomand were now by ny side.

"Captain Roker?" said the blond-haired man. "I wanted to say hello. | hear we're going to be
shi pnates. "

He gazed sincerely into ny eyes, took ny hand in his big, neaty paw, and held on a few seconds
| onger than necessary.

"Pl eased to neet you," added his conpanion, |eaning across and taking ny hand in turn. "I'm Stefan
Parnmi kan. |'ve heard a | ot about you." His snmle was a wet, shapel ess version of Van Lyle's
intimate grin. And instead of riveting ne like Lyle, his brown eyes woul d | ook anywhere but into
m ne.

"You heard about me?" | was surprised. McAndrew is closer than a clam "From whon®"
"The boss. Councilor Giss."

Hs linp grip was like a lunp of wet gristle, nmuch worse than Van Lyle's intimate clutch; but that
wasn't what bothered ne.

Suddenly, | could put it all together. So far ny thinking had managed to get everythi ng w ong.
Anna Lisa Giss could push her relatives into high places, and no one would be surprised by that.
Nepoti sm never changes. She had arranged for Dorian Jarver to take over the Penrose Institute.

But it was her bad |uck that Jarver happened to be genuine, a conscientious scientist with a real
feel for physics and science. She couldn't change his nature. Wat she could do, though, and had
done, was to install as his assistants her chosen few. people with no feeling for science, who
woul d follow the Councilor's style of operation and do exactly what she said. She had told themto
mold the Institute to her own taste, to change it to a copy of the standard Terran bureaucracy
that she understood and controlled so well.

And they were doing it. | was now convinced that the real author of the nessage to ne had not been
McAndrew. Lyle or Parm kan had structured it, with Anna Giss behind them Mac had asked for ny
hel p, but she had been the nani pul ator. She wanted ne on board the Hoatzin, for a trip that she
woul d control, through Van Lyle and Stefan Parnikan, from beginning to end.

What made ne so sure? There's one point that | neglected to nention about the run-in that we had
with Anna Griss out in the Cort cloud. MAndrew had cut off her arm which was bad enough but
maybe forgivabl e since he thought he was doing it to save her life. But before that | had stared
her down, overridden her authority, and asserted ny own position as ship's captain. She had been
forced to accept it. But knowi ng Anna, | knew that woul d never be forgiven, or forgotten. Not even
when she had taken an eye for an eye—er an armfor an arm

I heard the door at the back of the room open. Jarver was com ng back in, and Lyl e and Parm kan
dutifully hurried back to his side. | shivered, and sat up straight in my seat. Sonething creepy
had brushed by nme in the past few minutes, and | didn't yet know what it was.

"So that's it," MAndrew was saying fromthe podium "The two best candidates for the mi ssing
material needed to flatten the universe are hot dark matter—probably energetic neutrinos with a
small rest nmass, generated soon after the Big Bang; or nmaybe cold dark matter, particles |like the
axi ons needed for charge-parity conservation, or the photinos and other nore nassive objects
requi red by supersynmetry theories.

"So which should we believe in, the hot or the cold? W don't know. They both have probl ens
descri bing the way that the gal axi es forned.
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"Worse than that, we aren't neasuring nearly enough of either kind of matter. Add everything
together, and we still have less than half the mass density needed to make a flat universe. W
must be badly underestimating either the cold dark natter or the hot.

"Whi ch? Theory still can't provide the answer. Mst of the events that decide all this began
happening in the first 10-35 seconds after the origin of the universe, when we weren't around to
do experinents; when even the laws of physics may not have been the sane.

"W nmay never know the conposition of the missing matter, until we can put our instruments in the
right place for observation—deep in interstellar space."

He halted. Siclaro nodded his appreciation, and Mac came anbling back to his seat.

Naturally, he had nmissed the whole interaction with Lyle and Parni kan. He'd have missed it even if
it had happened under his nose, because he never saw anythi ng when he was tal ki ng about physics.
He had tenporarily forgotten his annoyance at the changes to the Institute, and he seenmed quite

pl eased with life.

I wasn't. | had been brought to the Institute so that McAndrew and | could fly half a |ight-year
fromhome with Lyle and Parmi kan. Anna Giss had engineered ny arrival. It was inconceivable that
the surprises were all over

VWhat little goodies were in store when Anna's bully-boys and | were flying far off in the Hoatzin?
I lost track of that question in the busy days before departure. The Hoatzin was prinmed and ready,
but | hadn't perfornmed ny engine inspection or any of the other preparations that | like to do. |
went over the ship, checking everything, and found nothing worse than a slight inmbalance in the
drive that would have nmeant a mi d-course correction at ship turn-around, a quarter of a light-year
from Sol .

Nei t her Lyl e nor Parni kan gave ne any trouble. In fact, | hardly saw themuntil the four of us
assenbl ed for final check-in and departure. Then Stefan Parm kan rolled up with about ten tinmes as
much baggage as he was al | owed.

He objected strongly when | told himto take it away. "Al that space." He pointed outside, to the
Hoatzin with its hundred neter mass disk and the four hundred neter axle sticking out |ike a great
grey spike fromits center. "There's oceans of roomfor ny stuff.”

How could a man reach adul thood today, and know so little about the MAndrew bal anced drive?

"The disk you're pointing at is solid conpressed matter," | said. "Density is twelve hundred tons
per cubic centinmeter, and surface gravity is a hundred and ten gees. If you want to strap your
| uggage on the outside of that, good luck to you."

"What about the axle? | can see that it's hollow "

"It is. And it has to stay that way, so the living-capsule can nove up and down it. O herw se we
couldn't balance the gravitational and inertial accelerations. Either we nove the capsule in
closer to the disk as we increase the acceleration, or you tell nme how we're going to survive a
hundred gees." Wen he still didn't show nuch sign of understanding me, | waved ny hand. "The
total Iiving accommpdation of the Hoatzin is that four-meter sphere. |I'mnot going to spend the
next nmonth falling over your stuff. And I'mnot going to waste tine arguing. That |uggage isn't
going with us. That's final. Get it out of here, so we can prepare to board."

Par ni kan gl owered and grunbled, and finally dragged it away. Wen he reappeared an hour later with
a much small er package | hustled everyone onto the Hoatzin as quickly as possible to avoid any
nmore hol d-ups. Maybe | wasn't as thorough as | shoul d have been inspecting |uggage. But | suspect
it would have done no good if | had been. There nust be a definite threat before you start opening
peopl e's personal effects. | was anticipating rudeness and argunents and possi bl e di scipline

probl ens, but not danger.

Let's call that ny second mistake in Project Mssing Matter
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Once we were under way | felt a lot better. Wth the drive on the perinmeter of the mass disk
turned on, the Hoatzin is surrounded by a sheath of highly relativistic plasma. Signals won't
penetrate it. Communi cations with Anna Griss, or anyone el se back in the Solar System were
bl ocked. That suited ne fine.

By the end of the first twenty-four hours at full drive we were doing well. W were up to a
quarter of |ight-speed, heading out fromSol at right angles to the plane of the ecliptic and

al ready at the distance of Neptune. W had settled into a typical shipboard routine, each person
giving the others as much space as possible. You do that when you know you have to spend a | ong
ti me packed together into a space no bigger than a fair-sized kitchen

And then, unexpectedly, our conmunications silence caused trouble.

The Hoat zi n had been pleasantly quiet for hours. MAndrew had donned a suit, one of the new
transparent nodels so light that you could sit in high vacuum and hardly realize you had a suit on
at all.

He was goi ng outside. Mst people would be terrified at the prospect of |eaving the capsul e when
the drive is on—+f for any reason it turned off, the capsule would automatically spring out to the
far end of the axle, to hold the interior field at one gee. But anyone not firmy secured to the
capsul e would fall at a hundred gee acceleration towards the mass di sk. A quick end, and a nessy
one.

It never occurred to McAndrew that his inventions night fail. He had happily gone outside, for a
status check of one of the new mass detectors that he woul d be using when we reached our
destination in the mddle of nowhere. W were heading for the region of |owest natter density
known, out beyond the limits of the OCort cloud where we would find | ess than one atom per hundred
cubi c neters.

I was | ooking at the outside display screens, partly to scan the plume of plasma behind the

Hoat zin for any sign of drive variability, and partly, to tell the truth, because | wanted to keep
my eye on McAndrew. He doesn't believe the balanced drive can give trouble, despite the fact that
its very first use nearly killed him

While | had ny attention on the screens, Stefan Parm kan crept up behind me. | didn't know he was
there until | heard a soft, sibilant voice in nmy ear. "I amrequired to send a report to the
Council every day, and be able to receive nessages fromthem?"

| jerked around. Parm kan's face was only a foot frommine. It was probably not his fault, but why
was his nouth always so wet-I| ooking?

"But Professor McAndrew tells nme that we cannot send nessages to Terra when the drive is turned
on," he continued.

"Quite right. To Terra, or anywhere el se. The signals can't get through."
“In that case, the drive nust be turned off once every shipboard day."

"Forget it." | was a bit brusque, but Lyle and Parm kan seened to have cone al ong on the

expedi tion without |earning a thing about the ship, the drive, or anything el se. And Parni kan
didn't sound like he was asking—he was telling. "W | ose a couple of hours every time we turn
power on and off," | went on. "And you'd have the living-capsule going up and down the axle like a
yo-yo, to balance the change in acceleration froma hundred gee to zero. And anyway, once we're a
long way out the signal travel tine is so |long the nessages woul d be usel ess.”

"But it is technologically feasible to turn off the drive, and to send and receive nmessages?"
"I't is. And practically ridiculous. W won't do it."
Parnmi kan smiled his wet snile, and for once he appeared to be genuinely pleased about sonething.

"W will, Ms. Roker. O rather, you will. You will turn the drive off once a day, for
conmuni cation with Earth."”
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He drew a yel |l ow docunent from his pocket, stanped promnently with the Council seal, and handed
it to me.

Not Captain Roker. Ms. Roker. It took only a few seconds to scan the paper and understand what it
was. | was hol ding Parm kan's appoi ntnment as captain of the Hoatzin for this mssion. In all the
excitement of preparing for our departure | had conpletely forgotten the original letter to ne. An
invitation to serve as crew nenber on the expedition, not captain. For the days before our
departure | had instinctively and naturally assuned the senior position. And Lyle and Parm kan had
been sly enough to go along with ne, even addressing nme as "Captain Roker" until we were on our
way and it was too late to do anything about it.

"Well, Ms. Roker? Do you question the authority assigned by this docunent?"

"I question its wisdom But | accept its validity." | scanned down the rest of the page.

Parm kan's command extended fromthe tine we |eft the Penrose Institute until the noment when we
docked on our return. No | oopholes. "I agree, you're the captain. | don't see anything here
defining ny duties, though, or saying that |1'll agree to them So if you want to turn the drive

of f yourself, without ny help .

St efan Parm kan said nothing, but his sliding brown eyes net mne for one triunphant split-second.
He reached into his pocket, pulled out a tiny playback unit, and turned it on

"I"'mreporting for duty right now," said a voice. It was ny own.

"For the expedition described in Professor McAndrew s letter to you? But the mi ssion and your role
init are not yet fully defined.” That was Dorian Jarver

"You can define that later. I"'mhere, and I"'mready to start."

There was a pause, as that section of the recording ended. Then Jarver's voice cane again: "In
accordance with Captain Jean Pel ham Roker's earlier statenent, this serves to define her duties on
the Hoatzin nission identified as Project Mssing Matter. Ms. Roker will serve as a general crew
menber, taking her orders and assignhments from Captain Stefan Parm kan and from Senior O ficer Van
Lyle."

Set-up. But nmy own fault conpletely. | had felt bad vibrations the nmonent | nmet Parm kan and Lyl e.
Then | had gone right ahead and ignored my own instincts. Let's call that nmy third m stake.

McAndrew was clinbing back in through the tiny airlock. | turned to him "Mc, suppose we turned
the drive off every day for a minute or two, long enough to send a burst node nessage back to
Earth. Allowing for the time we need to power the drive down and back up, how nmuch woul d that add
to our total trip?"

He stared at ne for a nonent, then his jaw dropped and his face took on a strange half-witted
vacancy. That was fine. It just neant that he was off in his own world, thinking and cal cul ati ng.
| had given up trying to understand what went on inside McAndrew s head when he was solving a
probl em Even though what | had asked himwas straightforward and I coul d have done the
calculation nyself given a little tinme, | would bet noney that he was not using any technique |I'd
have chosen. As one of the Institute nenbers told ne years ago, MAndrew has a m nd that sees
round corners.

"Five days," he said after a few seconds. "Of course, that's shipboard days. Two nonths Terran
all owi ng for tine squeeze."

"Quite acceptable," said Parm kan. "Ms. Roker, please work out the necessary arrangenents and
bring themto ne."

He turned and headed off for the private area of his own bunk, leaving me to fune and curse. And
then, after a few mnutes, to sit down and work out the best times for a regular interruption to
the drive. | had to work it into other activities, so that Parm kan woul d make his daily call with
m ni mum di sruption to ship routine.
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McAndrew canme to ne when | was al nost finished. "Jeanie, | didn't catch on to what he wanted when
you asked me that, or I'd have said it was hard to do. You don't have to take this sort of guff
fromhim'

"I do." | picked up the results of ny efforts, aware that Van Lyl e had been watching ne all the
time | was working. "You know the first rule of space travel as well as | do: Like it or not, you
can only have one captain. Parm kan is the captain of the Hoatzin."

I carried the schedule | had generated across to Parmi kan's curtained rest area. The little
private spaces allotted to each of us were intentionally set as far apart from each other as
possi bl e, around the perimeter of the living capsule. | rapped on the curtain rail. "This is ny
recommended schedule,” | said, when Parm kan's head poked through. | held it out to him but he
did not take it.

"Is it a sinple procedure?" he asked.
"I believe so. |'ve done ny best to make it as sinple as possible."

"Good. Then you should have no trouble carrying it out. Notify me when the drive is off, and we

are ready for our first conmunication opportunity with Terra. By then I'l|l have another assignnment
for you."

Hi s head vani shed back through the curtain. | had an insight into Parm kan's style of conmand. He
would give all the orders. | would do all the work. This was Anna Lisa Giss's revenge for ny
asserting ny authority over her. | would have to obey Parni kan's every random whi mfor two nonths.
I was still naive enough to think that woul d be enough to satisfy her. My fourth m stake, was

that? I'mbeginning to | ose count.

| stayed angry at being ordered around, until | remenbered Lyle and Parm kan's general ignorance
of shipboard matters. Then |I thought, Hey, it's better like this. How woul d you feel if Parm kan
took over the controls hinself? And | went away to set up the programto power down the drive at
regul ar intervals.

Except that MAndrew had heard nmy exchange with Parm kan, and he was feeling sorry for nme. He
insisted that he would do the tedious job of changing the drive programschedule. | let him It
was quite safe to do so, because Mac's such a perfectionist on this sort of thing that he
soneti nes nakes ne feel sloppy.

But Mac is only devious in scientific matters. He didn't catch sonmething in the Hoatzin's overall
m ssion profile that I would have noticed at once.

| discovered it nuch later, and almpst too late. Call that my fifth mstake, and let's stop
counti ng.

To ne, the interruptions to our outward progress were a usel ess nui sance. | have no idea what was
sent or received by Parm kan and Lyle in their daily comunications. | was specifically excluded
fromthem and in any case Parm kan had ne far too busy with a hundred other things to worry much
about messages—he had an absol ute genius for thinking up deneani ng and pointless tasks. | do know,
t hough, that the person sending or receiving at the other end was not Dorian Jarver. The |ink was
set up to a location on Terra, not to the Penrose Institute.

And McAndrew, being McAndrew, contrived to turn the periods when the drive was off into an
opportunity. He decided that he could use those few dead m nutes every day to performhis first
experinments. One norning right after breakfast | went to the rear of the living capsule to escape
from Van Lyl e—he, and his probing eyes, followed ne everywhere. | found McAndrew sitting beside
his instrunent panel, frowning at the wall

" Pr obl ens?"

He shrugged, and scratched at the back of his balding head. "I'd have said no. Everything passes
the internal checks. But look at this." He pulled up a display. "l've got the nbst sensitive nass
detectors ever, lined up on our final destination. Al the other instruments confirmthat there's
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absol utely nothing out there. But see these."
He pointed to snmall blips in the output |level of the instrunents.

"Noi se?" | suggested. "O the result of our high velocity? O maybe a | ocal effect, sonething on
the Hoatzin?" He had told ne that his new instrunents were supernaturally sensitive to
di st ur bance.

"No, they're definitely external, and far-off. And regular. That's just the signals |I'd be getting
if massive objects were flying, evenly spaced, across nmy field of view Except there's nothing
there. It's a total nystery."

"Then you'll just have to be patient. We're already past turn-around. In twelve days we'll be
there, and you'll be able to see for your—

"Crewran Roker!" It was Parmikan's voice, ringing through the living capsule. "Cone here

i medi ately. | have a task that nust be perforned at once."

| took a deep breath, and held it. Another fun-filled day was begi nning. Twelve nore to go, before
we cane to rest in the nost perfect nothingness known to humans, half a light-year fromthe Sun

* * %

Wth the whol e habitabl e space of the Hoatzin only four neters across, | knew before we left the
Institute that we'd be living close. But given the lack of privacy, there was one form of

cl oseness | had never expected.

The surprise cane late in the evening on the twenty-third day out, when Mac was in the shiel ded
rear of the living capsule nuttering over his still-anomal ous instrument readings. The blips were
growi ng. Wth Parm kan's consent Mac had gradual | y changed our course, angling the ship's
direction of travel towards the strongest source of signal. We would arrive a tenth of a light-
year away fromour original destination, but as MAndrew pointed out, the choice of that had been
nore or less arbitrary. Any place where the matter density was unusually | ow woul d serve his

pur pose equal ly well.

By el even o' clock Stefan Parni kan was asleep. | was sitting cross-legged on nmy bunk, listening to
an Institute lecture fromny talking library. It was "Mdern Physics for Engineers," by Cowers,
Siclaro, and McAndrew, a course designed to be | ess high-powered than the straight two-hundred-
proof Institute sem nar presentations. There were three other series available, of rapidly
descending levels of difficulty. They each had official names, but inside the Institute they were
known as "Physics for Animals," "Physics for Vegetables," and "Physics for Football Players."

I had brought all four, just in case, but | was holding ny own with "Physics for Engineers." | was
finally gaining a clearer idea of just why we had to charge off half a light-year from Sol

Sonet hi ng was absent fromthe Universe, sonething that the best brains around thought had to be
there: Mssing matter

The "bright stuff"—visible matter—sn't nearly enough to nmake the Universe hover on the fine |line
bet ween expandi ng forever, and col |l apsing back one day to the Big Crunch. That's what the
theorists want, but there's only about one percent of the nmass needed in the bright stuff. You can
pick up a factor of ten or so frommatter that's pretty much the same as visible matter, but
happens to be too cold to see, and that's all.

This | eaves you about a factor of ten short on mass. And there you stick. You have to start |aying
bets on other, less famliar nmaterials.

Neutrinos moving up close to the speed of |ight—-hot dark matter—are one candi date. There are scads
of neutrinos around, generated soon after the Big Bang but damably difficult to find by
experiment. Neutrinos don't interact nuch with ordinary matter. They'd slip through |ight-years of
solid lead, if you happened to have light-years of |ead available. They're a candidate for the

m ssing matter, but they're not the front runner. They don't give a Universe with the right |unpy
structure, and anyway they cone up short on total nmass.

The other candi dates are much sl ower and heavi er than neutrinos. They're the cold dark matter
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school , axions and photinos and gravitinos, and they don't give the right |lunpiness to the

Uni verse, either. Even adding themto the neutrino mass, the whole thing still came up too snall
McAndrew was saying, in effect, we've gone as far as theories can go. Let's get out there, where
the experinents have a chance to succeed, and neasure how nuch hot dark matter and cold dark
matter is around. Then we'll know where we stand.

It was all fairly newto nme. | was concentrating deeply, struggling with the theories of
W MPs—Weéakly I nteracting Massive Particles—when | was interrupted.

For the past three days | had been aware of Van Lyle hanging around me. | becane a |ot nore aware
of himwhen two arns suddenly went around ne from behind, and two hands cl asped ny breasts.

"Hey, Jeanie," Lyle's voice whispered in my ear. "You' ve got lovely tits. It's going to be nice
and quiet for a while. Want to get friendly?"

| jerked forward al ong the bunk, untangling ny legs and trying to pull nyself free. He was hangi ng
on tight. That hurt.

"Get your dammed hands off nme." | wanted to say sonething a | ot worse, but | knew we were going to
be cooped up in the same space for another few weeks, no matter what. | had been trained to avoid
onboard confrontations, and | wanted to stay cool and end this politely.

I swung around to face himand pushed nyself away.

"Ch, don't be like that." He was grinning, a big, smarny God's-gift-to-wonen grin. "Cone on
Li ghten up. We could have sonme real fun."

He reached out towards my breast again, and | pushed his hand away. "Quit that, Lyle! | tell you,
I"'mnot having any."

"You haven't tried it. Lots of wonen could tell you, you won't be di sappointed. Want to have a
| ook at ny testinonials?" And then, as | pushed his groping hand away again, this time when it
reached towards ny crotch, "Hey, Jeanie, you're strong. | just |ove strong wonen."

"You do, do you?" 1'd had it. "This strong enough for you?"

I swung with all ny body behind it as his face came forward, and got himwth nmy fist right on the
bri dge of his nose.

It hurt like hell-hurt me, | nmean. | didn't care how nuch it hurt him But | don't think he
enjoyed it, because as the blood spurted out of his flattened nose and splashed all over ny bunk,
he let out a terrible how that brought MAndrew running.

Just as well, because by that time | was upright, off my bunk, and all set to kick Lyle in the
balls at least ten tines as hard as |'d punched his nose. McAndrew got in the way before | could
do it. He leaned close to Van Lyle, a rag in his hand to nop up bl ood.

"What happened?"
Lyl e produced only a horrible snorting noise.

"Tripped as he was conming in here," | said, "and banged his face on the edge of the bunk. Get the
nmedi cal kit."

McAndrew gl anced at the bunk as Stefan Parmi kan finally appeared. | knew that Mac was doi ng an

i nstant hei ght and angle match, and rejecting it. But he never said a thing. Nor did Lyle, unless
you count the groans when Parm kan was novi ng his broken nose around in an attenpt to achieve a
reasonably straight result.

We fixed the nose, nore or less, and sedated Lyle. Parm kan went back to bed. During the sleep
peri od, MAndrew | eaned over the edge of ny bunk and whi spered to ne. "Jeanie? | know you're
awake. Are you all right?"

"I'mjust fine." | didn't want himas furious as | was.
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"He didn't bang hinself on the bunk, did he? He nade advances to you, and you hit him"
"What makes you think that?" Mac's insights were supposed to be into Nature, but not human nature.

"He was tal king about you two days ago, when you weren't present. He said he wanted to take you to
bed. Get a piece, he said."

"And you were there? Wiy for God's sake didn't you stop hin? Tell himthat you and | are |overs,
have been for years."

There was a long, worried pause. "It wouldn't have been right, tal king about you like that. And
Jeanie, | don't own you, you know. "

McAndrew, McAndrew. If | weren't so fond of you, I'd wing your scrupul ous Puritan neck

"But you know what?" he went on, "I'mafraid that it's going to make for a nore difficult working

at nrosphere during the experinments."

It's a good thing it was dark, so | couldn't take a shot at his nose, too.

* * %

The first twenty-three days of the trip out had seemed pretty bad. | |earned the next norning that
the remaining five were going to be a lot worse—and then after that we had the period of
McAndrew s experinments to | ook forward to, followed by a four-week return journey to the
Institute.

The pattern was established on the twenty-fourth day. Van Lyl e was back on his feet early. The
brui se fromhis broken nose had nysteriously spread, to give himtwo purple-black eyes. Wth a
white, rigid plaster across the mddle of his face, he resenbled a vengeful ow as he staggered
out of his bunk. He glared around him

"The inside of this capsule is dirty. It nmust be cl eaned."
"I't's not bad," | said. "It's just the way you'd expect the ship to | ook after three weeks."

"1"I'l be the judge of that." Lyle picked up a dish of soggy cereal, inverted it, and deliberately
dropped it to the floor. "Get to work. This cabin first, then ny quarters. |I'll be back to inspect
your progress this afternoon.”

I held nyself in—ust. When Stefan Parni kan appeared ten mnutes later, | had all the cleaning
equi pnment out of the ceiling racks and ready for use.

He | ooked, not at nme but past ne. "What do you think you are doi ng?"
"Cetting ready to clean the cabin. Following Oficer Lyle's instruction."”

"Very well. You can do that later. | need you to explain the procedure for ship automatic course
tracking to ne."

Unbel i evable. Could it be that Stefan Parm kan was at last taking an interest in the way that the
Hoat zin worked? | rose to follow him but he turned and pointed to the cleaning equiprent.

"Put those away first, back in the ceiling racks. |I'mnot going to spend the whole day falling
over your stuff. And I'mnot going to waste time arguing. You can get everything out again later."

It didn't help to recognize that Parm kan was quoting my own words, about the l|uggage of his that
| had refused to all ow aboard.

| began to put away the cleaning equi pnent, and thought favorably of Fletcher Christian

* * %

No one on the Hoatzin seemed happy for the next five days. Parmnikan and Lyle constantly tried to
push ne over the edge, and were constantly di sappoi nted. They cane close, but | certainly wasn't
going to give themthe pleasure of know ng how cl ose.
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And McAndrew, who shoul d have been as happy as a pig because the tine of his experinents had
arrived, had beconme intense and introverted. The Hoatzin had homed in close to his strongest
anonal ous signal, but it did not seemto have resolved his problem

"Look at this, Jeanie," he said, during one of ny rare breaks fromslavery. | had just checked
that the ship had achieved its final location and velocity, and confirned that we were at rest
again relative to Sol. "These are real-tine signals, happening right this mnute. |'ve got

instrunents focused on a region only two |ight-seconds fromhere. You can see the visual display
of it on the left half of the screen."

I looked. Other than a triangle of three bright reference stars, the visible wavel ength displ ay
was bl ank.

"Not hing there," | said

"Quite right. And now, the input fromthe nmass detectors. They're set up to scan the sane field,
and |'ve got themin inmaging node focused for two |ight-seconds away." MAndrew popped t he nmass
detector result on the right, as a split-screen display.

| stared. | expected to see nothing on the right side of the screen, either, and that's exactly
what | saw. The region two |ight-seconds fromus, where McAndrew s mass detection instrunents were
focused, was enpty of matter—nore enpty, in fact, than any other known region

"Well," | began to say. And then sonething inpossible happened. The | eft-hand screen at visible
wavel engt hs continued to show nothing but distant reference stars; but the screen displaying the
mass i magi ng systeminputs showed an object floating steadily across it, fromtop to bottom The
bl ob was cl ean-edged and irregular in shape, its outline like a fat, curved and pinpled cigar. It
took maybe ten seconds fromthe first appearance on the top of the screen to its leisurely

di sappearance fromthe | ower boundary. It nmust be noving at just a fewmnmles a second relative to
t he Hoat zin

"Mac, you've got the displays set up wong. Those have to be showing different fields of view"
"They're not, Jeanie. |'ve checked a dozen times. They're showi ng the sane part of the sky."
"Rerun it. Let ne see it again."

"I don't need to. Wait twenty seconds, and you'll see another one. About one a ninute."

W waited. At |ast a second shape, apparently identical to the first, cane floating across the
mass detector screen. And again the visible wavel ength screen renai ned bl ank

"Utra-violet,” | said. "Or infrared, or microwave . '
"I'"ve checked themall. Nothing, fromradiation or particle sensors. Only the signal fromthe nmass
detectors.”

"So they're black holes. Kernels. They have to be."

"That's exactly what | thought, when we were a ways off and the signal was just a fuzzy blob with
no structure. But just you |ook at the shape of that"—a third shape |like a thick, warty banana was
crossing the screen—when you know as well as | do that any black hole has to have at | east
rotational synmetry. Those things have no axis of symetry at all. And another thing. | did an
active test. | sent a particle streamoff to intercept one of those objects. If it were a black
hol e, you' d get a return radiation signal as the particles were gravitationally caught. But | got
not hing. The particles went right on through as though there wasn't anything there at all."

| had a strange, prickly feeling up the back of my neck. W were observing nothing, a vacuum

specter, a lost nmenory of matter. By a knight of ghosts and shadows, | summopned amto tourney, ten
| eagues beyond the wide world's end . . . Except that in our case, ten | eagues had grown to half a
light-year.

"Mac, they're inpossible. They can't exist."
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"They do, though." MAndrew s eyes were gleanming. | realized that | had m staken his enmotion. It
wasn't frustration. It was inmense, pent-up excitenent and secret delight. "And now |'ve seen them
in nore detail, | know what they are.”

"What, then?"
"Il tell you—but not until we get a chance for a real close-up |ook. Cone on, Jeanie."

He headed straight for Parm kan's private quarters, banged on the wall, and pulled the curtain to
one side without waiting for an invitation. Parm kan and Lyl e were both inside, heads cl ose
together. They had kept to thensel ves conpletely since the previous day, after an unusually |ong
message to or fromEarth. They jerked apart as MAndrew barged through.

"We want to nove the Hoatzin a bit," he said without preanble. "And | have to go outside. |I'd like
Captain Roker to go with ne."

If he was asking permission, calling me "Captain Roker" to Stefan Parm kan was the worst way to go
about getting it. | expected an instant refusal. Instead a rapid gl ance passed between the two
men, then Parmi kan turned to MAndrew.

"What do you nean, nove the ship?”

"Just a smidgeon, a couple of |ight-seconds. There's sonething | need to | ook at as part of ny
experiments. As soon as we're in the right position | need to take a couple of nass detectors

outside with ne and exanine a structure. It will take a few hours, that's all. But it's a two-
person job, and I'll need help."

| certainly didn't expect that Lyle or Parm kan would volunteer for the job of hel per, but equally
| didn't expect that they'd agree to nmy doing it—f | were outside, how could they give ne
di sgusting chores? But Parm kan nodded his head at once.

"Right," said McAndrew. His diffident manner had vani shed. "Jeanie, while | get the equipnent
ready | want you to take the Hoatzin to encounter one of the anonmalies. Put us smack in the
m ddl e, and set us to hold at zero relative velocity."

| didn't argue. But as he went off to the rear of the living-capsule, | did exactly half of what
he had requested. A snmall, watchful region of ny brain was awakening, froma slunber it nust have
been in ever since | decided to reply to McAndrew s letter by flying straight to the Institute.
Now | closed in on one of the objects and set us to zero relative velocity—but | kept our ship a
coupl e of kilonmeters clear rather than providing McAndrew s requested encounter. He m ght know
exactly what he was dealing with, and be sure that it was safe. Until | had that know edge, too, |
was going to regard any region of enpty space occupied by a nystery as possi bly dangerous.

As | was conpleting ny task I noticed a minor oddity in the operations of the Hoatzin's conputer.
The program was functioning flawl essly, but as | directed each change in position or speed, a
status light indicated that an extra data storage was being perforned. The response tine was a
fraction of a second | onger than usual

I'd probably have caught it when at Parnikan's insistence we switched the drive on and off every
day, but Mac had programmed all those changes as a favor to nme. And if MAndrew had been ready to
go outside at once, | might have ignored it now Instead, | took a |ook to see where the generated
data were being stored.

I found a Dummy's Delight.

The data | was creating were being placed in a trajectory control programof a type much despised
by professionals. It was the sort of thing that anyone could use and no one ever did, because it
was guaranteed to be inefficient. In a Dutmy's Delight, for every nove nade by the ship the

i nverse nove was generated and stored. |If the programwere then executed, the ship would return to
its point of origin along whatever convoluted trajectory it nmay have taken to fly out.

The progranmis only advantage was sinplicity. One push of a button, and all need for piloting went
away.
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But there was no way that we would fly back al ong our original trajectory—there were nuch nore
efficient thrust patterns. And | certainly hadn't given the conmand to place the required data
into the Dumy's Delight before the Hoatzin left the Penrose Institute.

Had Mac done it? And if so, why?

My wariness node had started to work overtime. On inpulse | wi ped frommenory the whole Dumy's
Del i ght sequence, and |eft a nmessage on the control screen: AUTOVATI C RETURN PROGRAM TO TERRA HAS
BEEN ERASED BY CAPTAIN ROKER. It seemed reasonable when | did it, but | started to have second
thoughts as | hurried to join McAndrew. He had his nass detector survey instrunents working as
free-standing units and was already in his suit.

"Mac." | waited until | had nmy own suit on, and was absolutely sure that we could not be overheard
by Van Lyle or Stefan Parm kan. "Did you set up a Dummy's Delight in the Hoatzin's conputer?"

He was busy, guiding the bulky detectors into the lock. "Now why would | do a daft thing Iike
that ?" he said, and vanished into the |ock hinself.

Why woul d he do a thing like that? | asked mysel f. Why woul d anyone do it?—dnl ess they suspected
that no competent pilot, like me or McAndrew, would be around to fly the Hoatzin on its return
journey to Sol

Par anoi d? You bet. It's the only way to fly.

* * %
I enmerged fromthe lock into that great forever silence that fills all the space between the
stars. Sol was dwi ndl ed, indistinguishable from dozens of others. | picked it out fromits

position, not its superior brightness. The region | floated in appeared totally enpty and
featurel ess, despite the suit's vision enhancenent systens. Particles were fewer here, the vacuum
alittle harder. But the human observer woul d never know the difference.

I glanced back at Sol. Look at the situation any way you liked; if | blewit and sonething went
wong, it was a |long wal k hone.

| propelled nyself gently away fromthe ship and towards McAndrew. He was staring at his nmass
detector readings in great irritation

"Jeani e, you've nmade a m stake. We're kilometers away fromthe source.”

"We certainly are. Two kilonmeters, to be exact. | know you can see right through it and it | ooks
like nothing's there, but | want to approach this particular nothing very carefully."

He gave the patient sigh of a long-suffering martyr. "Ah, Jeanie. There's no danger here, the way
you're thinking. | know just what this is."

"Maybe. But you haven't told ne."

"I will, though, right now It's shadow natter." And then, seeing ny stare, "l'm surprised you' ve
not heard of it."

"I know, Mac. |'m a constant disappointnment to you. But | haven't. So tell ne.

"It's wonderful. Right out of supersymmetry theory. Soon after the Bi g Bang—about 10-43 seconds
after it, actually, before anything el se we know about happened—gravity decoupl ed from everything
el se. Sort of like the way that radiati on decoupled frommatter, but the gravity decoupling
happened rmuch earlier. So then you had a symetry breaking, a sort of splitting, and two types of
matter were created: ordinary matter and shadow matter. Just like matter and anti-natter—except
that matter and shadow matter can't interact by strong nuclear forces, or radiation, or the weak
nucl ear force. They can only interact by gravitational influence. You d never detect shadow matter
by firing particles at it. W proved that for ourselves. The particles feel the gravitationa
force, but that's tens of orders of nmagnitude too weak to do anything noticeable."

| stared at nothing, in the direction that the mass detectors were pointing. "You' re saying that
whatever is out there is as real as we are—but we can't see it?"
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"Can't see it, never will be able to see it. Seeing depends on interaction with radiation. The
only way to learn what we've found is through these." He pointed at the mass detectors. "W're
safe enough, as | said. But we have to do sone detail ed mappi ng. Who knows what that is out there?
It could be a shadow matter star—we don't have any idea how big a star might be in that universe
or what the laws of force are. O nmaybe we're detecting a set of interstellar shadow natter
spaceshi ps, or a columm of shadow matter ants marching in a shadow matter superworl d.

"You think I'mjoking, but I"'mnot. It could be anything. The only way we'll get any idea what
we've found is by plotting structure. That's why | need you—t's a two-person job, to nake
transects. "

W' re safe enough, he had said. But maybe only while we were outside the Hoatzin.

"Mac, before we start your work we've got to talk. I think we have a bad problem” | told him
about the Dumy's Delight on the ship's computer

He frowned through his suit visor. "But why would they waste data storage on a thing |ike that?"

"So they could get hone, even if sonething happened to both of us."” | took the last nental step
the one | had been resisting. "Mac, we're not intended to return fromthis trip. The plan is for
us to vanish while we're out here. If the drive of the ship were turned on now, who'd ever know
what had happened to us?"

He turned to stare at the Hoatzin. "They wouldn't dare."

"Not now they wouldn't. | wi ped the programthey were relying on to fly them back. So they need
us." O one of us. But | didn't say that. "W're safe enough for the nonent."

"But what about when we go back inside? W can't stay out here forever."

"I don't have an answer for you. W' ve got enough air for six or seven hours. W have to think of
sonet hi ng—soon. "

* * %

We had to think of something. But we didn't succeed. My mind stayed bl ank. MAndrew is a
superbrain, but not when it comes to this sort of problem After half an hour floating free not
far fromthe ship, he shook his head.

"It's got me beat. But this is silly. There's no point in sitting here doing nothing. W mght as
well get on with the measurenents.”

He pl aced one nass detector in my care, with its inertial position sensor tuned to the Hoatzin as
reference, and started to steer ne under his direction fromone fixed place to another, while he
moved hinself in constant relative notion. He apparently knew exactly what he wanted. That was
just as well. My own thoughts were all on the situation aboard the ship. What would we do when our
air ran | ow?

I worried that problemwith no result while MAndrew made four straight-Iline passages, right
through the nmddle of the kilometer-wi de region that he described as shadow matter. The mass
detectors confirmed that sonmething was there. | saw absol utely nothing.

On the fifth passage through, MAndrew paused hal fway. He called to ne to nove closer, while he
carried his own detector through a conplicated spiral in space. At the end of it he left his nass
detector where it was, flew across to nme, and exam ned the recording on ny instrunent.

"Well, 1I'mdammed," he said. "Jeanie, | think you were right. Stay there." And | eaving ne
nmystified and feeling about as intelligent as a marker post, he flew away. This time he noved his
mass detector through an even nore conplex path in space, pausing often and proceedi ng very
cautiously.

"lI"ve still no idea what this is, overall," he said when he cane back. "But I'Il tell you one
thing for sure. There are structures in shadow space that |'ve never nmet in our spacetine.”
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"Ri ght about what?" | asked. "You just said | was right. But what was | right about?"

"That we ought not to set the ship in the mddle of that, w thout know ng nore about it. I'm
seei ng evidence of gravitational line singularities, or sonmething very |like them running across
t he shadow matter region. You don't find those in our universe. If we had flown in too close to
one of them we might have found ourselves in trouble.™

"You nmean we're not in trouble now? Wth Lyle and Parm kan waiting for us."

"1"ve been thinking about that, too." He cane close, and his face was earnest and unshaven wthin
his visor. "I think you' re overreacting. There's no evidence at all that Lyle and Parni kan even
knew t here was a Dunmy's Delight set up in the Hoatzin's conputer. And certainly there's no

evi dence they nmean us any harm But anyway," he went on, before |I could interrupt, "one thing's
for sure: VWhen we go back in the lock, | should enter first while you stay outside. | know both of
them they respect me, and they'll not do anything to hurt ne."

McAndrew is a pathetically bad liar. | didn't argue with him But when we were a few neters from
the lock | said, "You' ve got it backwards. |I'mthe one they won't hurt, because they need a pil ot
to get hone. And you don't know how to work our only weapon. Don't stand too near the hatch of the
| ock. ™

| dived for the airlock, pulled nyself inside, and swung it closed in one novenent, |eaving Mac to
bang on the outside. Wiile the lock was filling with air |I did alittle work of my own. It
required that three separate safety procedures be overridden, so it took a few m nutes. At |ast |
nmoved forward to open the inner |ock door, then junped back at once to stand by the outer one.

I didn't know what | was expecting. Lyle and Parm kan, going about the normal business of the
ship, with a stack of messy chores ready for ne? O waiting to conplain that | had for no reason
at all w ped out a programthat one of themhad set up in the conputer, for a wholly innocent
pur pose?

What | hadn't expected was a projectile weapon, held in Van Lyle's hand and pointed right at mny
belly-button. | rammed ny left fist down on the | ock control, as the thought flashed through ny
head that there should have been a nore thorough | uggage inspecti on when we boarded the Hoatzin

I moved as fast as | could, but they had been ready and waiting. | was too slow Lyle pressed the
trigger.
As he did so two things happened. Parni kan smacked at Lyle's hand and screaned, "Don't kill her

We need her to get us back." That saved nme, spoiling Lyle's aim In the same nmonment the outer |ock
door, its final safety trigger broken by the force of ny fist, blew outward in a rush of air.

| flewout with it, knowing that ny last-ditch plan to fight back had failed. I was hit. And ny
secret weapon was usel ess, because Lyl e and Parm kan were already wearing suits.

I felt the fainting weakness that cones with a sudden drop of blood pressure. Then ny suit
reseal ed, and a few seconds | ater MAndrew was grabbing at me to halt nmy spin. He had foll owed ne
as | emerged in that crystal cloud of cooling air.

| felt pain for the first time, and | ooked down. Half the calf of ny left |eg was m ssing. The
aut omatic tourniquet had cut in and tightened bel ow the knee. The flow of blood fromthe wound had
al ready stopped. | would live—+f we somehow survived the next few m nutes.

Which didn't seemlikely. Lyle and Parm kan had energed fromthe | ock, and Lyle still had his gun
He raised it. And shot me again.

O he woul d have done, had he been the least bit famliar with freefall kinematics and nonentum
conservation. Instead the recoil of his gun sent himrolling into a backward sonersault, while the
bolt itself flew who knows where.

Before Lyle could sort hinmself out and fire again, MAndrew was draggi ng nme away, using his suit
propul sion system at nmaxi numsetting to carry both of us along. One nice thing about Mac, he
didn't need nuch data to forma conclusion
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"Don't try a long shot." That was Parmikan to Lyle, over the suit radio. "She's injured. Get in
close. Then we finish himand grab her. But don't kill her—she's taking us hone."

"I won't kill her." That was Lyle, the white plaster on his nose vivid through the suit's visor
"Not "til I"mdone with the bitch. She'll w sh she was dead before that."

They were coning after us, knowi ng that we had no place to hide. It was our misfortune to find
our sel ves, weaponl ess and pursued, in the enptiest quarter of known space. Nowhere to run to, and
soon we woul d be out of air.

McAndrew was retreati ng anyway, dragging ne along with him but not in a sinple, straight-line
run. W& were zigzaggi ng up and across and sideways, rolling all over the sky; which nmade good
sense if you were trying to evade being shot, and no sense at all when your eneny had just

decl ared that he would not shoot until he got close.

Then we stopped dead. Mac glanced all around him sighting for Parm kan and Lyle, the two mass
detectors just where we had left them and the shape of the Hoatzin, further off. He lifted us a
few meters upward, and halted again.

"Here we are, then," he nuttered. "And here we stay."

Lyl e and Parni kan hadn't noved while Mac and | had been corkscrew ng our way around in space. Now
they started towards us. Soon | could see their faces, white in the reflected gl ow of the visors
built-in instruments.

Still MAndrew didn't nove. The feeling of distance and unreality that had swanped nme the nonent |
was shot started to fade. At last | was scared. But when | started ny propul sion system ready to
take off again away fromthe advancing men, Mac held out his hand to stop ne.

"No, Jeanie. Hold by, and don't nove."

They were closing on us. Parm kan was two or three neters in the lead. Lyle still held the gun
but he had | earned his | esson. He would not fire again until he was at point-blank range, too
close to be thrown off in his aimby the effects of free-fall rotation

"Mac!" W couldn't stand still and be slaughtered like sheep. | swung to argue with him and saw
the expression on his face. He was agoni zed and biting his |lower lip. "Mac, cone on. W can't just
give in."

But he was shaking his head at me. "I'msorry, Jeanie," he said. "This isn't ne. | can't go
through with it. No matter what happens next, | have to give thema chance.” And he lifted his arm
towards Lyl e and Parm kan. "Don't cone any closer. Stay right there. You are in terrible danger."

That stopped themfor a second or two. They stared all around, and saw nothing. Lyle snorted
through his broken nose, while Parm kan | aughed al oud for the first tine since | had nmet him

"Don't try that on us, MAndrew," he said. "W weren't born yesterday. If you stand still, |
promi se you'll get yours clean and quick."

He was noving forward again. My suit's vision enhancenent showed the grin on his shapel ess nouth.
He | ooked as happy as | had ever seen him And then the clean white of his suit was broken by a
thin black line that ran across Stefan Parnmi kan fromhip to hip, about two inches bel ow his navel

He stared down at hinself as the line widened. He started to scream and tried to back up

It was too late. His nmotion carried himforward. As it did so he shrank, shortening and squeezi ng
in towards his hips. The thin black |line becanme a rolling tunnel of red and purple across his
whol e body. Twi sted internal organs were noving into it from above and bel ow. Then Parm kan had
passed all the way through.

The scream ended. A pair of legs, still held together at the top, cane floating on towards us.
Separate fromit noved a torso, cleanly severed. Blood gouted out and froze as a fine icy spray.

file:///ID|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (89 of 189) [2/24/2004 10:40:46 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt
Lyle, a few nmeters behind, had enough tinme to stop. He paused, still holding the gun.

"Hand that over." | summoned what little energy | had and spoke over the suit radio before
McAndrew had tinme to react. And then, when Lyle hesitated, | said, "Hand it over right now. O get
just the same as he did."

He hardly seened to be listening. H's eyes were following the horror of Parm kan's severed body.
But he nodded and rel eased the gun, which floated gently away from him

It's a measure of how far gone | was that | actually started out towards it, until MAndrew
grabbed ne.

"You stay where you are, too," he said. "And Lyle, don't nmove a mllimeter until we cone around
and get you. There's other gravitational line singularities through this whole volune."

W began to nove again, MAndrew hauling ne along like ballast in a strange helical path that
wound its way towards Van Lyle. Finally McAndrew was able to reach out and snag the gun

"Al right." He waved it at Lyle, then towards the Hoatzin. "W've got a clear run fromhere to
the ship. You start that way. And renenber that | understand freefall ballistics a |ot better than
you do. | won't miss."

The three of us drifted slowy back to the |ock, but McAndrew would not let Van Lyle enter. He
handed ne the gun. "You first, Jeanie. Can you fix the lock so it works?"

"I think so." | noved inside. "I just have to reset the safety interlocks."

I made it sound trivial, and it should have been. But | kept half bl acki ng-out before |I was done
and able at last to refill the interior of the Hoatzin with air.

It seemed forever before the lock cycled again. | wondered and stayed tense. | had the gun
Suppose Lyl e had taken advantage of that and overpowered MAndrew?

| dropped those worries when Lyle enmerged fromthe inner |ock. H s manner and bearing were of a
crushed man with no fight left in him | nade himtake his suit off, but | kept ny own on unti
McAndrew finally cane through the | ock

He didn't give Lyle a | ook. He came straight across to me and exami ned ny injured | eg.

"I"msorry, Jeanie," he said, as he hel ped ne ease out of ny suit. "I know | put us in danger
warning themthe way | did. If Parm kan had stopped in tinme we mght have been killed. But |
couldn't let themgo on noving into that line singularity, wi thout giving themat |east a chance
to stop. | just couldn't do that. You'd have done the sanme thing, wouldn't you?"

"Of course | would."

Like hell. If it had been up to me, Lyle would be floating around in two hal ves, the sane as
Stef an Parm kan. But then, conpared with McAndrew |'m a barbaric, vengeful throwback. "Don't worry
about it, Mac. What you did was the right thing."

I winced, as the suit canme free fromny calf and caught on crusted bl ood. "So whose idea was it,
Van Lyl e?" | said. "Wo decided that on this expedition, MAndrew and | woul dn't be going back?"

He had been sitting slunped over, staring at the floor. He | ooked up, opened his nmouth to speak
t hen changed his mind. He shook his head.

| didn't blame him Wen we arrived hone he woul d be charged and surely convicted; but nothing the
system authorities could do to himwas half as bad as Anna Lisa Giss's vengeance if he betrayed
her .

McAndrew had gone across to the capsule's nedical center and was returning with two spray
syringes. "lI'mgoing to put you under, Jeanie, while | dress your leg," he said. "You'll have to
wait until we're home for a full repair. But first, to be safe . "
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He went to Van Lyle and pressed the | oaded syringe agai nst the back of the stooped man's neck
Lyle tried to stand up, with a startled expression on his face. It was already too |ate.

"Better if we keep himunder all the way back," Mac said, as after a few struggling seconds Lyle
slid forward and fell face-down on the floor. "That way we don't have to worry."

I wasn't worrying. | was going to be next, and physically | was ready for it. My calf was
beginning to throb nercilessly. Still | held up ny hand in protest. "Mac, wait a mnute. W
shoul dn't head back until you've finished your experinments. And you've hardly started."

He noved behind ne. "Don't be daft, Jeanie. | can cone here anytine. And | surely will. There's
bi g questions to be answered. | need to map the structure of those shadow matter objects in nore
detail. And now we've got another candidate for the hidden matter. How much is cold dark matter

how much hot dark matter, how nmuch shadow nmtter?"

The cool nozzle of the syringe touched the back of my neck, and the spray diffused through ny
skin. | felt the effect at once as a pleasant, relaxing warnth that spread through nmy whol e body.

"Mac," | said, as the capsule of the Hoatzin began to blur around ne. "You saved us, but | don't
know how you did it. How did you know where to go, to put that gravity singularity right between
us and those two?"

"Easy enough," he said. "I had the neasurenments fromthe nmass detectors. That made it a standard
probl em of inverse potential theory: Gven the field, where are the nasses needed to generate it?
| already felt sure that there were line singularities of shadow matter, ones that woul d

wor k—gravi tational |l y—en anything in our universe that encountered them But just where were they?
| worked that out while you were inside the |ock, playing your fun and ganes with Lyle and

Parm kan. O course, | had to nmake sinplifying assunptions and hope they wouldn't affect the
answer. And it would have been really nice to have a conputer. But there was no tinme for that. |
did what | could."

I did what | could. What he had done, in the few mnutes before I was blown out of the lock in a
gust of freezing air, was to solve, nentally, a problemthat would have taken ne half a day to set
up, and a conputer to solve. And he had done it while knowi ng that the next half hour night end
his own life.

Cold Dark Matter, Hot Dark Matter, Shadow Matter. The words spun through ny mnd as the world
dar kened, and McAndrew s earnest face faded before ny eyes. Cold Dark Matter, Hot Dark Matter
Shadow Matter.

VWi ch one had domi nated our past, to create the present structure of the Universe?

I had no idea. All | knew for sure as | slid into unconsciousness was that the future of our
Uni verse was going to be dom nated by cool grey matter; the sort that McAndrew and a few rare
others |like himhave between their ears.

SI XTH CHRONI CLE

The I nvariants of Nature

"I must say it was a surprise to ne that you cane here at all," Van Lyle said pleasantly. "You
really have to hand it to the Director. Anna Giss predicted all of this, you knowthe effect of
t he announcenent, MAndrew s arrival, and then yours. Very perceptive of her. But, then, isn't
that exactly why she has the job of Adnministrator, and we do not?"

He was standing in front of a huge pair of metal doors, checking a set of dials built into the
frane. On the other side of themlay the processing vats, where all organic tissues—ruscles,
bones, nails, skin and hair—were dissolved to basic biotic nolecules. Warning signals were

spl ashed all over the chanber, and on both the doors: CONTROLLED ACCESS—PANCGER, CORROSI VE GASES
AND LI QUI DS—BO NOT PROCEED W THOUT PROTECTI VE SUl TS—OFFI Cl AL DEPARTMENT REPRESENTATI VES ONLY
PERM TTED BEYOND THI S PO NT.

Van Lyle turned to me questioningly. "lnpressive, wouldn't you say? Don't be coy, Captain. |I'd
really like to hear your opinions on all this."
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I rolled my eyes at him | was sitting upright in a netal wheelchair. My wists and el bows were
bound to the chair arns with broad fiber tape, the sort that is hard to unstick and just about

i mpossible to break. My | ower | egs were lashed to the chair's nmetal struts with the same nateri al
A broad sticky strip of it covered ny face, fromjust below nmy nose to the point of ny chin.

"Ah, | see the problem" Lyle went on. "But are you ready to talk nicely now, and not neke a
fuss?"

I nodded—ene of the few degrees of freedom available to ne.

Van Lyl e nodded back. "Very good! And just in case you feel tenpted to change your mnd, let me
point out that it would be quite pointless. This part of the installation is all autonmated. No one
is here but the two of us.”

He cane across to ne and touched one end of the tape that covered ny nouth. But instead of pulling
it 1oose, he paused to run his fingers along one side of ny nose, and back down the ot her.

"What a nice, shapely adornment," he said. "Not at all like mne, eh? Before we finish, we'll have

to do sonet hing about that."

| hadn't realized until that noment just how much he hated ne. Hi s nose was bent and slightly
flattened, detracting fromhis rugged blond good | ooks. The nouth beneath the crooked nose tw sted
with anger as he ripped the tape away from my nouth.

I worked ny |ips against each other, wincing. A layer of skin had been torn away by the super-
adhesi ve tape, along with every fine hair on ny face. | felt a trickle of blood down my chin.

The | ess di scussion of noses, though, the better. |I had broken Van Lyle's, half a |ight-year away
from Sol, when he wouldn't take his | echerous hands off ne. That had been | ong ago, but
unfortunately he didn't seemwilling to forget it.

"You know McAndrew," | said. "All it took was the right word, and he was ready to head for Earth.
Not hing that | said could stop himfromcom ng."

"So | understand." Lyle nodded. "But you, Jeanie-surely you' re nmuch nore sophisticated than that?
I woul d have bet npney agai nst you follow ng himdown here."

Van Lyle's calling ne Jeanie made ny flesh crawl, but he was right. | didn't have the excuse that
Mac had, the siren song, the magic words that had left himhel pless: a new invariant of nature.

"You don't understand," | said. "lI've spent half ny Iife chasing after Mac when he got into
trouble. By nowit's second nature. But usually it's to sone place halfway to the stars—ot a trip
down to Earth."

I had no real interest in telling any of this to Van Lyle, true as it might be. | was nerely
stalling, postponing the nonment when he would tape ny nouth again and carry out the next stage of
the proceedings. | had little doubt what that was going to be. Lyle hadn't hauled me down to this
processing plant, far offshore and a hundred nmeters beneath the surface of the sea, just to show
of f the advanced technol ogy of Earth's Food Departnent.

It was also a very bad sign that he had nentioned the name of Anna Giss. In the past he had
al ways refused to admit that he worked for her

I wondered what he was waiting for now. It shows how desperate | was feeling, but | actually hoped
he mi ght be planning another shot at raping nme. Let himdo anythi ng—anything that night provide
enough tinme for help to arrive, or give ne a thin chance of resistance. That was better than being
strapped in the wheelchair, able only to nove ny head and trunk from side to side.

I didn't have nuch hope. This wasn't nmy environnent, it was theirs. | might have an edge in deep
space, but down on Earth, Van Lyle and Anna Griss held hone field advantage.

And suddenly | had no hope at all. Because | heard the steel doors at the back of the chanber
open, the ones through which | had been wheeled in. There was the squeak of unoiled bearings, and
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a few seconds | ater another wheel chair was rolled al ongsi de mine.

McAndrew sat init, his legs and arnms tied to the chair's netal struts, not by sticky tape but by
thick, knotted cords. His nobuth was not covered.

He stared across at ne mserably. "I"'msorry, Jeanie," he said. "I really am This is all ny
fault, every bit of it."

| tried to smle at him and winced at raw, stripped skin. My |lips began to bl eed again. "Don't
feel bad, Mac," | nmunbled. "If it's your fault, it's my responsibility."”

* * %

It had started at the Penrose Institute, over a nonth ago. | had been on the way hone after a
routi ne Europan delivery run. Orbital geonetries happened to be favorable, so it was the nost
natural thing in the world for me to drop in on McAndrew. The Institute, after a disastrous couple
of years of bureaucratic rule, was once nore under the steady but informal guiding hand of old Dr.
Li nperis, dragged out of retirement to put things right. | wanted to see how everything was goi ng,
and renew ol d acquai nt ances.

| headed straight for Mac's working quarters. He was not there. Instead, Emma Gowers was | oafing
in his favorite chair and staring at a display.

"OfFf in the comunications center," she said. "He'll be back in a few nminutes. You night as well
wait here." She was as blond, beautiful and bl owzy as ever. And presumably as brilliant. She was
the Institute's resident expert on multiple kernel arrays.

"I's he all right?" | asked. Mac usually had to be dragged out of his own office, unless he was off
somewher e runni ng an experi ment.

"Ch, he's fine." Emma pushed her nass of blond hair higher on her head. "But you know M Andrew.
He's got another pet project going. You can hardly talk to himany nore."

I nodded. It was the nost natural thing in the world to find McAndrew in the grip of a new
scientific obsession. He would be delighted to see ne, | knew that. But he might also be only
vaguel y aware of ny presence

| sat down next to Enma. "What is it this time?"

"There's talk of a new fundamental invariant. |'m skeptical, frankly, but he's a believer—at | east
enough to want to check it out for hinself."

"Educate ne, Emma. What do you nean, a fundanental invariant?"

Si npl e expl anations were not Dr. Gowers' forte. She frowned at nme. "Ch, you know. Things that
don't change under transformation. Like the determ nant of a |linear system under orthogona
rotation, or the Newtonian equations of motion with a Galilean transformation, or Maxwell's
equations with a Lorentz transformation."

It's an odd thing about Enma Gowers. Her own taste in men is for primtive speci nens, dimand

hai ry objects who apparently decided to stop evol ving somewhere in the early Pleistocene. Yet she
i nsisted on assuning that McAndrew and | were on the sane intellectual plane, just because we were
long-tine intimates.

"Uh?" | wanted to say; but | was saved from new admi ssions of stupidity and ignorance by
McAndrew s own bustling arrival.

"Using ny chair and ny data banks again, Emma," he said. "Qut, out, out." And then to ne, as
t hough we had not been separated for nonths, "Jeanie, this is perfect tining."

Most people think that | tolerate behavior in McAndrew that | would never stand in any other human
being, just because he's a genius. He is that, the best conbination of theorist and experinenter
to arise in physics since |Isaac Newton—at |east, that's what those few equi pped to nmake the
evaluation all tell ne. But genius has nothing to do with my own tol erance of Mac, or his of ne.

I can't do better than to say that we click. W are very different, but we touch at just enough
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points to nmake us stick.

McAndrew puts it differently. "A hydrogen bond," he has said to ne, often enough to nake it
irritating. "Not an ionic bond, that's all set and rigid, or even a coval ent bond, where things
are actually shared. No. W're a hydrogen bond, |oose and fluid and easy-going."

I"lI'l just say that we |like each other. And if he thinks I'mso dimthat everything he says to ne
about science has to be deliberately "dunbed down,"” and if | think he is so wapped up in
abstractions that he ought not to be allowed outside in the real world w thout a keeper—well,
that's acceptable to both of us.

This time he responded to ny hug, but in an automatic and absent-m nded way. "If you' re heading
inward," he went on, "as | suspect you are, then I'll hitch a ride with you."

The space structure that houses the Penrose Institute is mobile, and at the tine of ny visit it
was again drifting free, well outside the orbit of Mars. But inward? Mac's interests usually |ay
wel | beyond the edge of the Sol ar System

"To Earth," he explained. And, as ny eyebrows rose, "Cch, don't worry, |'mnot asking you to cone
with me. Drop ne off at a libration point, Jeanie. That will do fine."

He knew ny aversion to Earth, overcrowded and noisy and snelly. But | had always thought that he
shared it, and he and | had ot her good reasons to avoid going there. One of Earth's npbst powerfu
peopl e was Anna Giss, former head of Earth's Food Departnent, and now Admi ni strator of the ful
Food and Energy Council. Mac had cut off her armwith a power laser, out in the Cort cloud. It had
been done with the best of intentions, and it had saved her life; but | knew Anna. She woul d not
have forgotten, or forgiven.

As for me, | had been a target for her hatred since the sane trip, perhaps even nore so, because
had chal | enged her authority—and proved her wrong.

It's no surprise that there are people like Anna Griss in the world. There always have been. o
back fifty thousand years, to a tinme when nost of us were just grubbing along, |ooking for a
decent bush of ripe berries or a fresher lunp of neat. A few, |ike MAndrew, were busy inventing
| anguage or nunbers, or painting the walls of the cave. And sone, just a handful but too nmany in
every generation, were seeking an edge over the rest of us: Water access, or mating rules, or
restricted entry to heaven. No matter how few they were, Anna Giss would have been one of them

So McAndrew knew very well what | was driving at when | stared at himand said, "Earth? Do you
think that's a good idea?"

"It's a nmust,"” he said. "I'mgoing to visit the Energy Council. To be specific, I'mgoing to the
| aboratory of Ernesto Kugel, where there is evidence that sonethi ng wonderful has been discovered:
a new I nvariant of Nature."

You could hear the capital letters.

"Told you so," said Enma Cowers. And she stood up, tugged her short dress down as close to her
di mpl ed knees as it would go, and swept out.

If McAndrew s words were designed to inpress nme, they fail ed.
"Mac," | said. "Wth nme, three invariants and a dollar will get you a cup of coffee.”

"You're a barbarian, Jeanie," he said amably. "I'mjust using the termthat Kugel used: a new
i nvariant of nature. Wwuld it help if | rephrased that, and said that he clains to have found an
i nportant new conservation | aw?”

It did help, because |I have been around McAndrew for a long time. But it didn't help nuch.
"New, how?" | asked. "I nean, | know that energy is conserved, and nomentumis conserved—

"In a closed system"”
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"I'n a closed system fine. But how can there be a new conservation |aw?"

"Well, that's where things get interesting. Now and again, physicists realize that certain things
that they used to think of as independent are actually different aspects of the sanme thing. For
exanpl e, a few hundred years ago, heat and notion and |ight used to be thought of as quite
separate entities. But then, after lots of work by people like Runford and Joul e and Kel vin,
scientists realized that those separate things were all forns of energy. And though different
types of energy can be converted, one to another, they decided that the total could never be
changed. That was the principle of conservation of energy.

"Starting with the work of chemi sts |ike Lavoisier, people also observed that nass is conserved,
too, in every formof physical and chem cal reaction. So you had conservation of energy, and you
had conservation of mass. But the big breakthrough cane in 1905, when Einstein showed that nass
and energy are equivalent, and that their total is the thing that is conserved, rather than either
one. And he also showed that it didn't matter which reference frane you use for the neasurenents.
The ener gy-nmonmentum four-vector is invariant. That single principle helped to unify the whole
field of physics.

"The sane thing happened with angul ar nomentum For a while it |ooked as though it wasn't
conserved in nuclear reactions. But then workers in quantumtheory found that an internal angul ar
monent um had to be added to the picture for many particl es—spi n—and after that angul ar nomentum
becanme a fully conserved quantity. That, too, was a terrific generalizing idea. Did you know t hat
in 1931 Pauli deduced the existence of a new particle, the neutrino, just because the principles
of conservation of energy and of angular nmonmentumrequired that it exist?"

"l did know that, Mc"—ence—and you haven't answered ny question. | realize very well that there
are conservation principles. But how can there possibly be a new one?"

"I can give you two possible answers to that. The first is that the physical |aws of the universe,
as we al ready know them admit some conserved quantity that we sinply haven't recogni zed yet."

"I'sn'"t that unlikely?"

"You mght think so, after all the tine and effort we've put into searching for that sort of

i nvari ance principle, for the past hundred and fifty years, with nothing to show for it. But
there's anot her possible answer, one that at first doesn't sound much nore likely. It could be
that Ernesto Kugel's |ab has discovered a new fundanental form of physical [aw"

McAndrew was starting to nake sense to ne, which should have been a tipoff right there that
sonet hi ng was about to go wong. Usually, the Ionger that we talk, the nore confused | becone.

"You nean, a new force? Sonething |ike discovering gravity for the first tine?"

"That will do nicely. W happen to have been aware of gravity for as long as humans existed, and
we' ve had theories of it for over five hundred years. W' ve known the el ectromagnetic force for
three centuries, and the strong and weak forces that govern nuclear interactions for just a
couple. But gravity is actually a very weak force, sonething we only feel because very |arge

bodi es are invol ved. Suppose that we had evolved as tiny creatures, no bigger than fleas, in the
ni ddl e of an energetic plasma? Then gravity woul dn't have nmuch i medi ate effect on our lives. W'd
have | earned about el ectromagneti smearly, but we might still not know about gravity."

I was finally getting the head-swirling buzz that usually acconpani ed a McAndrew expl anati on. "But
we didn't evolve snaller than fleas, in the niddle of a plasma."”

"No. But different environnents nake it easy to detect different forces."

"But less than a year ago you were telling ne that the place to |l ook for new |l aws of nature is out
in deep space where we've never been, out where the sun and planets don't interfere with
observations."

"I did say that. But suppose |I'mwong. Wuldn't that be exciting, Jeanie? A new |aw of nature,
sitting there under our noses all this time, and detectable down on the surface of Earth."
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And there you had it. Mst people hate to learn that they are wong. Not MAndrew. Wen he's
proved wong, he's ecstatic. It neans he's | earned sonething new, and that's his main reason for
exi st ence.

But | still hated the idea that he'd be going to Earth. "This Ernesto Kugel. If he's in the Energy
Departnment, that nmeans he works for Anna Giss."

" So?"
"Do you know hi n"
"Not personally. But | know his work, very well. Ernesto Kugel built the Geotron."

Capital letters again. | resisted the urge to be distracted by that. "Is he the sort of person you
beli eve m ght nmake a fundamental new discovery?"

"Ch, no."
"Wl ..ot

"Not him He's an engineer—and a first-rate one—but he's no physicist. Soneone in his |ab would
have done the work. Someone | don't know. Kugel would probably put his own nane on the report just
to make people pay attention."”

"But surely you don't think that sonme total unknown woul d have conme up with a big scientific
br eakt hr ough?"

"Jeani e, the big breakthroughs always cone from sone total unknown. And geni us can pop up
anywhere. Kugel got |ucky."

"Maybe. But Kugel works for Anna Giss, and she hates your guts. Don't you renenber what you did
to her?"

"Ah, away with you." He ran his fingers through his thinning hair. "Jeanie, |I'msure that's al
long forgotten. The invitation to visit Kugel's |ab was approved by Anna. She signed off on it."

"Did she?" | said. "Well, of course that nmakes everything fine, doesn't it?"
| should have known better. Irony is totally wasted on MAndrew.

He beaned at nme. "I knew you'd see it ny way when you had the facts, Jeanie. How soon can we

| eave?"

* * %

I think ny inner voices are pretty good when it conmes to warning of trouble. The problemis, |
don't always listen to them

This time | allowed another event to occupy ny mnd when | ought to have been worryi ng about
McAndrew s visit to Earth. In ny own defense, | nust say that the intrusion cane from outside.
When the |inked spheres of the Assenbly were halfway to Earth, with Mac and nme cozy in the Contro
Section, | received a nmessage from Hernann Jaynsie at the United Space Federation Headquarters.

It was | ong and wordy, because Hermann is |ong and wordy, but | can boil it down. It said, in
essence, "What the devil did you do, Captain Roker, on your |ast cargo haul fromthe Jovian system
to Earth? We thought we had a deal with themfor four billion tons of vegetable foodstuffs, grown
in our Europan ocean farns. Now Earth is telling us they don't want to take delivery of any nore
shi pnents. "

The lightspeed round-trip travel time to USF Headquarters was seven minutes, so | couldn't exactly
chitchat back and forth. But | did send hima pretty long reply, which again can be boiled down
to, "Damed if | know, Hermann. They seemed happy enough with what | dropped off last tine."

My livelihood wasn't hurt by the cancellation of a food supply contract with Earth; but ny ego
was, and | spent a good deal of tine fuming. Was it Anna Griss, getting at ne in a renarkably
indirect way? | knew she was capable of subtle malice. But | still |ooked for a nore | ogica
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expl anation. | couldn't see even Anna risking Earth's food supply just to get at ne.

* * %

I had no intention of going to Earth, or wasting another mnute thinking of Ernesto Kugel and his
mysterious invariant. So when we arrived at the Col ony drop-off point, where the Assenbly woul d be
moored until its next trip out, MAndrew and | went our own ways. He headed down on a shuttle, as
excited as a child on his way to a birthday party. | nothballed the ship, and handed it over to
the I ocal USF nai nt enance crew.

That took nme three days. And then on the fourth norning, wthout thinking about what | was doi ng,
| found nyself aboard a shuttle vessel

Headi ng for Earth.

I had been given a nunber to reach McAndrew, and | forwarded a nessage to tell himthat | was on
the way, and when and where | would arrive. | didn't ask, but | rather hoped he m ght be waiting
for me.

He wasn't. And it was one of life's | ess pleasant experiences to pass through entry formalities,
search for Mac's face, and see Van Lyle waiting for me on the other side of the barrier.

"Captai n Jeani e Roker." He reached out and took ny hand. "It's been a while."

I shook his hand, but ny feelings nust have showed on ny face, because he | aughed and said, "Don't
say anything. You did what you did, and | thoroughly deserved it. Let bygones be bygones."

But he touched his fingertips to his bent nose.
| said, "MAndrew—

"I's having too nuch fun, Captain, to tear hinself away fromthe Geotron facility. He asked ne to
come to the port, and take you there to join him"

It sounded awfully plausible. But | couldn't put the past behind nme as easily as he clained to
have done. "Professor MAndrew asked you to cone and neet nme?"

I nstead of answering, Lyle took a pal msized phone fromhis pocket and tapped in a string of
nunbers. "Four one seven," he said into the unit. After a few seconds' pause he handed ne the
phone.

I found nyself staring into the tiny screen at a familiar high-cheekboned face. H's w spy hair was
sticking up in little random spi kes, and his color was a fraction ruddier than usual. | couldn't
see his fingers, but | could bet that he was cracking the joints.

"Jeanie," he said, as soon as he saw ne. "I didn't expect to hear fromyou until you arrived at
the Geotron. What's wrong? Are you having problens getting underwater?"

Underwater? But it was McAndrew, wi thout a doubt. MAndrew |live, healthy, unrestrained, and by the
| ook of it having the tine of his life. He actually did not sound too thrilled by the news of ny
arrival .

"No problens,"” | said. "I touched down just a few mnutes ago."

"Right then. 1'll have to go. W' re very busy here.
i nk di sconnect ed.

And his picture pronptly vani shed. The phone

That was the genuine McAndrew, wi thout a doubt, and he was clearly all right. The smart thing to
have done at that point would have been to apol ogize to Van Lyle for ny rudeness, plead prior job
conmmtrments off Earth, and turn right around and head back to space. Instead | handed the little
phone back, sighed, and said, "Before | make a conplete fool of nyself, tell ne one thing. Wat is
a Ceotron, and where is a Geotron?"

Van Lyle stared at me. | think | had actually nmanaged to surprise him

"You' re asking ne what a Geotron is?"
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"I am"
"But didn't Professor MAndrew explain to you?"
"He woul d have done—f | had given himhalf a chance."

"Well . . . I"'mnot a scientist, as you know very well."

"Nor am|. That ought to rmake things easier for both of us." W started wal king toward a sl eek
hi gh-speed aircar, as Van Lyle said, "Well, you know what neutrinos are, don't you?"

"Yes. They're elementary particles, with no charge, and a tiny rest mass. Their discovery was
predicted by Pauli in 1931, because they were needed to preserve the | aws of conservation of
energy and angul ar nmonentum "

That was gross intellectual dishonesty, and | knew it. But Lyle didn't. He | ooked quite inpressed.

"Right," he said. "All they have are spin and energy. And they don't interact nmuch with ordinary
matter, uness they have very high energy. That nmakes themthe devil to detect. A free neutrino can
easily pass right through the Earth. But sonetines that can be an advantage. Like if you want to
do down-deep exploration. And you decide to build a Geotron."

He explained the rest of it as we took off and he flew us west at Mach Ten. The staff of Earth's
Food and Energy Council had done all the easy exploration of Earth's interior that they could
do—whi ch neant prospecting to about twenty kilonmeters down. Now they were forced to search deeper
or el se be dependent on off-planet resources. The Geotron was nothing nore than a huge kind of X-
ray machine, for examining the inner structure of the Earth. But instead of X-ray radiation, which
woul d penetrate no nore than a few feet, the machi ne generated ti ght beans of high-energy
neutrinos. They could be sent in any direction. They passed right through the niddle of the Earth,
scattering off structures in the interior, and energed at points around the world where their
nunbers were neasured. Then a very fancy set of conputer prograns took the information on the
detected neutrinos and used that to deduce the interior structures that they had encountered in
their path fromthe Geotron to the detection chanbers.

"Looki ng for prinordial methane, as the primary target," Lyle explained. "Pockets of conpressed
nmet hane left over fromthe tine of the Earth's formation, and still trapped deep inside."

"To use as fuel ?"

"Lord, no. Methane's far too valuable an organic material to burn—even if the laws permtted it.
W use it for conplex hydrocarbon synthesis.”

"Have you been finding any?"
"More than you woul d believe.

It occurred to me that | had an explanation to offer Hermann Jaynsie for Earth's | ack of interest
in the food supply contracts. There woul d never be a shortage of nitrogen on Earth, with an

at nosphere that was nearly eighty percent that gas. If they now had enough hydrocarbons, and
enough energy, elenental food synthesis would be a snap

The nost surprising thing was Van Lyle's willingness to tell all this to nme, an outsider. Didn't
Earth's Food and Energy Council care any nore who knew what? Or were there nissing pieces that
wer e not bei ng nentioned?

"l understand the CGeotron,"” | said. "But what was that about being underwater?"

"Well, you don't think we'd put it on land, do you? Solid surface is too precious. W put it on
the seabed.” And then, when | |ooked puzzled. "Captain Roker, just how big do you think the
Geotron is?"

"I've no idea."
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"Then I'11 tell you. The main ring is forty kilonmeters across.”
Forty kilonmeters. Along day's walk. O in this case, a long day's swim

"So it was built on the Ml vinas' continental shelf," he went on. "Were there's a | ot of
avail abl e seabed, and the water is only fifty to a hundred neters deep."

"Mal vi nas?"

"OfFf the east coast of Patagonia. We'll be there in half an hour. Then you can see it for

yoursel f."

In the next few mnutes | |earned that the Ml vinas' coastal zone was now Earth's hottest

devel opnent area, site not only of the Geotron but also of the world' s nbst nodern food facilities
and genetic laboratories; all, naturally, off-shore, in the shallow seas that ran for hundreds of

kil ometers east of the mainl and.

And while Lyle talked, | struggled to remenber where Patagonia was. Southern heni sphere?
Definitely. South Anerica? Probably. It occurred to ne that although | could quote the size and
approxi mate orbital parameters for every major body from Mercury to the edge of the Oort cloud,
did not know the geography of Earth.

We were flying near the edge of the atnosphere. | stared up at the famliar black sky, with the
brightest stars showing, then turned ny eyes down to w sps of white cloud, with far bel ow themthe
alien sea

| felt, as usual when | was on Earth, a long way from hone.

* * %

Qur descent to the Geotron did nothing to ease ny feeling of alienation. | had not realized that
our aircar was anphi bious, until we were skimmng a few feet above |long, rolling waves. W touched
down, planing across the surface in a cloud of spray. Lyle took his hands off the controls.

And instead of bobbing on the rollers, we kept descending. After a few nonments of panic, while the
wat er | evel rose past the windows and plunged us into a green gloom | realized that the aircraft
was not only an anphi bian, it was also a subnersible. | could hear the thrum of engi nes aft, and
see the yellow beans of light that |Iit the way ahead and behind us for many neters.

"Lights for passenger view ng only," explained Lyle. "Just so you can enjoy the sights. | haven't
been controlling the craft since we touched down on the waves. We'll be honed in to the Geotron
facility automatically—sonic control, of course, not radio. Radio signals won't travel through
water. "

"How far is it?"

"Just a couple of kilonmeters. There was no point in landing too far away, but the final approach
is interesting.”

We had been angling steadily downward. The natural sunlight was vanishing, breaking to cloudy

pat ches of darkening green. Shoals of silver-green fish and what | ooked |ike endl ess thousands of
purpl e squids darted through the beans of our headlights. Then they too were gone, and | had ny
first sight of Earth's sea-floor, a snmooth grey-brown carpet of fine sedinments that swirled up

li ke an om nous mi st behind us in the wake of our propul sion jets.

That alien fog nade me uneasy. | was nmuch conforted when the huge silver wall of the outer CGeotron
ring appeared ahead, and we noved to an underwater docking. That felt quite famliar to nme. An

i nward pressure of seawater replaced the space environnent's outward pressure agai nst vacuum but

the sane sort of |ocks were needed. And once we were inside, we could have been in any controlled

one-gravity environnment between the Vul can Nexus and the Hyperion Deep Vault.

Van Lyle led the way through the set of connected chanbers that forned the control nexus for the
Geotron. Ot her maintenance areas were spaced all around the rimof the main rings, a couple of
kil ometers apart. After a final up-and-down ride over the top of the inner ring, we were finally
spilled by a noving stairway into a big square room partitioned off into dozens of small work
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cubi cl es.

McAndrew sat in one of themwith a man and a wonan in their early twenties. H's shoes and socks
were of f and he was staring at a listing that filled the whole of the cubicle wall. He | ooked
wel |, was obviously unrestrained, and gave every inpression of a man totally at honme and

t hor oughl y enj oyi ng hi nsel f.

"There he is," said Lyle. "I was wondering, why does he take his shoes and socks off when he's
wor ki ng?"

"I'n case he needs to count to nore than ten."” But | didn't know the real answer, any nore than
Lyle did, and I had known Mac for a long tine. At |least he wasn't cracking his toe joints at the
nonent .

We wal ked forward. Mac saw ne first, and stood up. "Jeanie! This is Merle Thursoe and Tom O Del | .
We're setting up a really great experinent."”

He nodded to ne, al nost dismissively, and turned back to the display. Then sonet hi ng—maybe ny
snort of anger—ust have told himthat this wouldn't quite do for soneone who had cone so far to
see him

"Tom Merle," he said, "would you carry on without ne for a few mnutes?" And then, turning back
to me and standing up, "Jeanie, | don't think you know Ernesto Kugel. Cone on. You have to neet
him™"

He wal ked me right through the conplicated center of the room to a cubicle no bigger or better
furni shed than any of the others. Sitting at a desk there, facing outward, was a serious little
man wearing a fornmal black suit, white shirt, and dark blue neckerchief. A matching blue rose
adorned his |apel.

"Director Ernesto Kugel." MAndrew was at his nost formal. "May | present Captain Jeani e Roker."

Kugel stood, canme around his desk, and bowed, giving ne a splendid view of the top of a hairless
scalp as smooth and white and round as an ostrich egg. H s whole head was free of hair, except for
the neatly trimred bl ack nmoustache on his upper lip. | decided that nature coul d never have
created the effect. Ernesto Kugel had worked on it.

I was all set to dislike the man, when he strai ghtened up and took my hand.

"I amdelighted to neet you, Captain Roker," he said, in a deep, snmooth voice. "Professor MAndrew
told ne that you are nost conpetent. What he did not nention is that you are al so el egant and
beautiful ."

| stared at him "Does that |ine work often?"

He gazed back, unblinking and unashaned, his brown eyes as bright and lively as a bird' s. "Not so
often.” He suddenly snmiled, and it transforned his face. "But let us say, it works often enough."

"And | suppose that joking about it works, too?"

"Sometines. Most tinmes. And if it does not"—-he shrugged—what harm has been done? God nmade two
sexes, Captain Jeanie—and luckily that was exactly the right nunber."”

| suddenly found it inmpossible to dislike himat all. W stood grinning at each other, unti
McAndrew said, "I want a word in private. Just the three of us."

"Of course." Kugel nodded his head toward the cubicle. "But this is as private as we get. |
believe it is bad if |I hide nyself away fromwhere the real work is done. Bad for ny staff—-and
worst of all for me." Kugel waved to us to sit down. H s desk was as neat and organi zed as Mac's
was usual ly messy.

McAndrew didn't waste any tine. "Ernesto, | could explain our discussions to Captain Roker—to
Jeanie. But | would feel nuch nore confortable if you were to do that."
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"Of course." Kugel |eaned toward me, and spoke in his low, confidential voice. "You should sleep
with him you know. You two shoul d have children."

| turned on McAndrew. "You brought ne in here, just to hear a proposition on your behal f? You
ought to be old enough to handl e your own public relations.”

"That's not what | neant!" Mac waved at the other man. "Keep going, Ernesto."

"Of course." Kugel was chuckling to hinmself. "Wat | nean, Captain Jeanie, is that the man
standi ng before you, Arthur Mdrton MAndrew, is a great genius. Hi s genes, and your genes, should
be preserved and cherished. | knew his reputation | ong before he cane here, but now | realize that
he is one of the imortals."

"But I'mnot fit to carry Dr. Kugel's coat, when it comes to | arge-scal e engi neering,"” MAndrew
added. Praise of his abilities makes himterribly unconfortable.

| sighed. It was obviously a nmutual admiration society. Apparently | had travelled the distance
from Mon to Earth, just to hear the two of them conplinment each other

"But to be specific," Kugel said, after a |long pause in which they sat noddi ng and sniling.
"Before Professor McAndrew s arrival, | and nmy staff had operated the Geotron for three nonths. In
all that time, we had observed an inexplicable |oss of neutrinos. W know how many the nachine
produces. And we know how many we are finding, in each of our nobile detectors. Fromthat it is a
sinmple calculation to estinmate the total nunber escaping over the whole of the Earth's surface.
There were too few of them |ess than we were creati ng—and not by a nunber within the reasonable
bounds of statistical error. There were far too few For a long tine we thought that it nust be a
matter of phase changes, or instrument calibration. Finally we decided that could not be the case.

"W had no explanation. Until two of ny brightest young staff, Thursoe and O Dell, becane
i nvol ved. "

"Jeani e net them both," MAndrew sai d.

"Then you nust know, Captain, that both of themare far brighter than |I. They proposed a specific
physi cal reason for the absence of neutrinos, arguing by analogy to the conserved vector current
theory of Feynman and Gell-Mann. That would inply the existence of a new kind of weak force, and a
new physical invariant. It was specul ative, but | thought it |ooked very interesting. | nentioned
the work and the theory in nmy weekly report of activities to the Food and Energy Council. | did
not expect that it would receive external circulation—dntil the sudden arrival of Professor
McAndrew s request to visit the Geotron facility, and review the evidence."

He turned to Mac. "Now | think that you should continue."

"Well . . ." MAndrew becane uneasy. "l don't like to criticize other people's work, you know, and
the O Dell and Thursoe theory is highly ingenious; but it did occur to nme that there could be a
si npl er expl anation."

"You knew it," Kugel said flatly. "Knew it before you ever left the Penrose Institute.”

"No. Everything depended on the experimental results." MAndrew turned back to ne. "You see,
Jeani e, the Geotron had been operating at a very precise and very high neutrino energy, a donain
that to ny knowl edge had not been explored before in any detail. It seemed to ne that the

expl anation for the | oss of neutrinos could be sonmething as sinple as resonance capture. Certain
materials, common in Earth's interior, nmay have a very high capture cross-section for neutrinos of
the CGeotron energy. And that could account for the observed difference between production and
detection. It would also be a npst inportant scientific discovery, because such a resonance is not
predi cted by current theories."

"Mph," | said. It neant, Mac, | have now heard nore than | wi sh to know about |ost neutrinos.
But McAndrew, as it turned out, was close to the end. "And there's a very sinple way to tell if
I"'mright," he said. "In less than twelve hours we can do an experinment with a nodul ated Geotron

energy, far from possible resonance, and get an instant neutrino count. That's what O Dell
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Thursoe, and | have been working on. And we are just about ready for final set up."

As | said, I've known McAndrew for a long tinme; long enough to interpret what he had just told ne:
he was all ready to do a neat physics experinment, and for the next half day nothing in heaven or
earth woul d budge himfromthe Geotron facility.

That conviction was at once reinforced by Ernesto Kugel

"You are of course welcome to remain here during the experinent,” he said to nme placatingly. "On
the other hand, one of the Administrator's own staff nmenbers suggests that you mght find a visit
to our new food production plant, a few kilonmeters away, much nore intriguing. He woul d be happy
to serve as your escort."”

"More than happy." And dead on cue, Van Lyle was standing at the entrance to the cubicle. "Ready
when you are, Captain Roker."

It was all fine—and all just alittle bit too pat.

"I need to go to the bathroom" | said, "before we |eave."

"Sure."

Inside the stall | sat down on the toilet seat, put ny head in ny hands, and thought.

I was unconfortable. Wiat was the source of ny disconfort? Nothing that | could put a nane on,
except that maybe the | eopard had changed his spots a little too conpletely. This Van Lyl e was not
the Van Lyle | had known.

But what then were the dangers? Nothing that | could think of.

I was being paranoid. | went back out. | gave McAndrew a farewell hug, while Ernesto Kugel | ooked
on approvingly. But as | was doing it | whispered in Mac's ear, "I'mgoing to |l ook at the food
production center with Van Lyle. If I'mnot back in twelve hours, you cone after ne."

McAndrew i s not good at this sort of thing. "Wat?" he said |oudly.

"You heard." | did not raise ny voice. "See you soon—+ hope."

Earth is an amazing place. It's a spent force, a used-up relic, a crusted dinosaur that the rest
of the System | ooks back on and shakes its head.

But it doesn't know that—er at least it won't adnmit it.

The Mal vinas' food production facility was astoni shing. On the seabed, powered by abundant fusion
energy and with nothing but the raw el ements as working material, the production center was naking
foodstuffs as good as any |I'd tasted through the whole system No wonder that Earth, with a ten

t housand year supply of prinordial mnethane pronised by Ernesto Kugel, wanted to renege on supply
contracts. It had little interest in what it saw as extortion fromthe Quter System

Earth | ooked |ike—dare | say it?—the planet of the future.

Maybe it was that, the total unreality of the experience, that made ne |l ower ny guard. Lyle and I
were wal ki ng through a chanber where vat after vat of synthesized m |k and beef extract stood in
ferment.

"We'll visit the organic recycling center next," he said. "But first, smell this." W paused in
front of an open container, nuch smaller than the others. "It is Roquefort cheese. Synthesized,
but you'd never know it. Lean over, stick your head in, and take a good sniff. Then I'Il give you
a taste."

| | eaned over the tub. And | passed out cold, wthout ever knowi ng that | had gone.

* * %

Wen | cane to | was in a wheel chair, bound but not yet gagged. Lyle was standing at ny side.
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"Ah, there you are, Jeanie," he said in a cheerful voice. "Back with us at last. Are you ready for

action?"
My head reeled, and a cloying smell was still in nmy nostrils. How long had | been out? | didn't
know, but it felt Ilike an age. McAndrew mght arrive at any nonent. | had to think, and | had to

survive until that happened.

"I don't know what you're up to," | said, "but I knowit won't work. They'll conme after ne.

"WIIl they now?" Lyle cocked his head politely. "Don't take this wong, Jeanie, but | think you
are m staken. Though | have to say that | am |l ooking forward to the appearance of Professor

McAndrew. The show woul dn't be the same without him | also think it would be better for the tinme
being if your nmouth were taped, just in case.” And a minute later, "I nmust say it was a surprise
to ne that you cane here at all."

That, | think, is just where we cane in. And a couple of minutes later it was Mac's arrival in a

second wheel chair, pushed by Anna Giss herself, that sent ne to a final msery.

"Mac," | whispered, after he had been rolled up alongside ne. | was already full of an awful
suspi cion. "Were are the others?"

"Qthers?" He frowned at ne, high forehead winkling. "Qthers? | canme by nyself."

McAndrew had done what | asked himto do—titerally. He had cone after ne. Al one.

Well, at least there were fewillusions left. And when Anna Giss cane forward to stand in front
of us, there were none. She was, as ever, elegantly dressed, carefully made up, and totally self-
confident. She stared at us for a few seconds without speaking. At nme, | would suggest, with a

total cold hatred; at McAndrew, as at a wayward child who despite the best of advice has gone
terribly and incorrigibly wong.

"It took a while, didn't it?" she said. "How long has it been since the Oort cloud? But it finally
worked out all right. I knew it would."

"You won't get away with this, you know, " | said. "People know where MAndrew is. They know where
I am"

"I'msure they do," said Anna Giss. "But accidents happen, don't they? A tour of the recycling
facility, an unfortunate entry into a clearly forbidden area . "

"You're a nonster."

"Thank you. But | don't think | need to listen to that sort of thing. And | don't need to watch
it." She turned to Lyle. "Put the gag back on the nouthy one. She tal ks too nuch. Then finish both
of them Before you do that, | need one nore word with you. I'll be outside."

Typi cal Anna. She woul dn't watch, she wouldn't listen; so if there ever were an investigation, for
any reason, she could proclaimher innocence. Hear no evil, see no evil.

She left. But Van Lyle was still there, and he was nore than enough. He wal ked forward, sticky
tape in his hand, and stood in front of ne.

"I't will be nice to hear you scream Jeanie," he said quietly. "I won't be able to give you al

that you deserve, the thing I'd really like to give you. W don't have time for that. But | can't
wait to hear you grovel. | want to hear you beg, Jeanie."

"Maybe you will." | made ny voice quiver. "And nmaybe you won't." He was noving closer. "But if you
tape ny nouth, you'll never hear anything fromnme. Ever. So go ahead."

He hesitated. "You'll beg all right," he said, "and you'll grovel. Trust ne, Jeanie. You'll plead,
and you'll beg, and you'll scream Just you wait."

He left the room But he had not taped ny nouth.
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Mac's wheel chair stood right next to mne. "Don't nove," | said, and | |eaned as far over to the
left as | could. | could get ny nouth down to the cords that bound his right hand—ust.

Undoi ng knots in thick cord may sound easy. It isn't, especially when you can't see what you're
doing, you're in a desperate hurry, and you have to work only with your nouth. The lips are very
sensitive organs, but we are visual animals. |I felt with my tongue and |ips, tugged and tw sted
with ny teeth, and was convinced that | was getting nowhere.

| forced nyself to remain calm to be patient, to pull gently instead of tearing and biting.
McAndrew di d not nove, even when ny teeth were catching nore of his flesh than the cords

It took forever before | felt the first |oosening, a knot responding to ny quivering nouth. But
then it cane faster. The second knot seened easy. At last Mac's right hand was free.

"Right," he grunted. "I'lIl have us out in a minute." He reached across to his other hand, with the
| oose bonds still on his right wist. As he worked on his left hand, | craned nmy head around to
watch for the return of Van Lyl e.

"Cetting it," Mac said at last. But his legs were still tied when | saw the door openi ng.

"No nore," | whispered. The two of us sat frozen as Van Lyle wal ked again in front of us. Mac had
left the cords around both wists, and his forearns rested on the arns of the wheelchair. It

| ooked as though he was securely tied, hand and foot. As for me, | was still taped |like a trussed

chi cken, arnms and | egs.

"So, Jeanie," Lyle said. "You don't know if you'll ask for nercy, eh? Well, | ought to tell you
that Dr. Giss left the final steps in ny hands. How you go is conpletely up to nme—and to you.
Qui ck and easy, or slow and hard. Do you think you can persuade ne to be nice to you? Let's find
out."

He noved behind me and pushed ny wheel chair forward. Then he came past ne, to the panel that
controll ed the great doubl e doors.

"Take a look at this, Jeanie."

The doors slid open. Pungent funes rose fromthe pit that was reveal ed before ne, searing ny
throat. | saw a great pond of dark liquid, just beyond the doors and a few feet down.

"Ten seconds in there," Lyle said conversationally, "and you'd be choking. Half a mnute, and your
skin woul d start to peel off. But we don't have to rush everything like that. You can be dipped in
and out like a bit of beef fondue, a toe or a foot or a hand at a tinme, as often and as sl ow as
choose to do it. Wuld you like to beg now, Jeanie? O would you like to take your trial dip this
very mnute? O maybe you would Ilike me to be really nerciful, and knock you unconscious first?"

I could hardly nove, but | jerked and screamed and withed agai nst the tapes, naking as nuch noi se
as | possibly could. Lyle | aughed delightedly. Between us we were naking a frightful din. How nmuch
of my screaning was genuine panic? | don't know, but I'msure a good deal of it was, because ny
chair was rolling steadily closer to the edge w thout being pushed. There was a small lip at the
very brink of the pit, but it might not be enough to halt the forward notion.

I was an armis length from death—the chair nearing the edge—Vvan Lyl e wal ki ng by ny side and
peering at my face, savoring ny expression

Then, from behind—at | ast—ane the squeak of unoil ed wheels.

Before Van Lyle coul d nove, McAndrew was on him Mac had freed his | egs and was out of the

wheel chair. Smarter than | would have been, he canme forward in one silent rush, pushing the

wheel chair in front of himlike a ram The edge of the seat caught Lyle behind the thighs at knee
level. He fell backward into a sitting position. Before he could cry out he was at the edge. He
and the chair went right on over. There was a scream and a great splash. MAndrew halted at the
brink, staring down.

"Mac!" | screaned. | was still rolling.
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He hal f-turned and threw hinself in front of my wheelchair, stopping it with his own body. At the
very edge, we both peered into the pit.

Lyl e had gone in flat and facedown. He rose to the surface in a cloud of steam screaning and
clawing at his eyes. As we watched, his hair and skin began to snoke and frizzle. H's arnms waved
and t hrashed down on either side of him Then he went under again.

The vat was nore corrosive than Lyl e had suggested. Twice nore he rose, howing in agony. But the
liquid nust have reached his lungs. By the tinme he went under for the last tine he was silent, a
dark-green mass that was already losing its human form

And while Van Lyle was dying, MAndrew kept tearing at the tapes that held ne. | think it was the
only thing that kept himfromplunging in hinself to try to help.

The tapes were strong, and Mac's hands were trenbling. It was two nore minutes before | could
stand up, advance shakily to the brink, and peer down into the choking green funmes. | saw a dark
vat, with sluggish ripples noving across the surface. About ten feet away fromthe edge floated an
anor phous rounded | unp.

"Don't |ook," MAndrew said. "He's dead."
"OF course he is. But it was his own dammed fault."

| don't know how angry | sounded, but Mac wi nced. "Cone on, Jeanie," he said. "lIt's over now.
Let's get out of here."

"I't's not." And then, when he stared at ne. "It's not over. Not yet. Cone on, Mac. | may need
hel p. "

I ran back, through the sequence of chanbers that threaded the food production facility |ike beads
on a necklace. Anna Giss sat at a table in the third one, calmy reading. She had just enough
time to cry out in surprise before | reached her

I lashed out and caught her with ny fist high on the Ieft cheek. Wiile she was still reeling
backward, partly stunned, | grabbed her in a neck | ock

"Cone on, Mac. Help nme. Back to the vats.™

He wasn't much use, but it didn't matter. My own adrenaline |evel was so high, | could easily have
carried her all the way myself. She was faintly struggling when I thrust her into the remnaining
wheel chair. The sticky tape that had held ne was no good any nore, but the cords that had bound
Mac were enough to tie her

I wheeled her to the very edge, so that the acrid corrosive vapors filled her throat and nine

"That's Van Lyle down there." | pointed to the sodden green hulk, floating al nost subnerged.
"You're going after him™"

"Chmygod. No, no." She was panting, shaking her head with its newly disordered hair and snudged
make-up. "Don't push ne over. Don't kill ne. Please."

"You were ready enough to see us killed. Here you go, Anna Giss."” | tilted the chair far forward,
so that all that held her fromthe vat were her bonds. "This is what people get who ness around
with ne. You' re dead."

I put ny face close to hers. She was too frightened for tears, but her staring eyes were watering
in the poi sonous funes.

"Say your prayers," | whispered. "Say goodbye."
"No. Ch, please." She was straining back, away fromthe deadly vat. "Don't. I'Il do anything
Anyt hi ng!"
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"Jeani e!" cried MAndrew.
"Shut up, Mac. This is between ne and her."

I moved the chair back a couple of feet and wal ked around in front of it to gaze into her eyes.

"Look at ne, Anna Giss. I'mnot going to kill you—this time. But one nore problemw th you and
you're dead. Do you understand? If the sight or sound or snell of you crosses ny path again, ever
I"lI'l come after you. And I'lIl get you. Don't ever doubt that. |'Il get you."

She di d not speak, but she nodded. | turned to MAndrew.

"I think she has the nessage. |If she annoys either of us again, she'll be pig feed. Cone on, Mac."
"You can't just |eave her! She m ght go over the edge."

"If she goes, she goes." | grabbed his arm "No big loss. But you and | are |eaving. Cone on."

He kept turning to | ook at her, but he allowed ne to |l ead himaway. | did not | ook back

"You woul dn't have, would you?" he said at |ast, when we had wal ked t hrough half a dozen chanbers.
"You woul dn't have killed her, no nmatter what she did."

It was obvious what he wanted to hear. "No. | wouldn't have killed her."
"Then why did you do all that, threatening her?"
"Because | had to. | nmight as well ask, why did you push Van Lyl e over."

"But he was going to kill you! | didn't think—+ just did it. Like you when you were scream ng
going toward the pit. You just did it. Wiat a bit of luck that was, Lyle |eaving your nouth

unt aped! Otherw se you'd not have been able to scream and when | ran at himhe woul d have heard
me com ng."

| don't usually care what credit | get. But that was a bit too nuch.

"Mac," | said. "Listen to me. I'mgoing to tell you sonething about the invariants of nature. You
have yours for physics and mat hematics, determ nants and nomentum and conserved vector currents.
And | have mne—the invariants of human nature: Love, and jeal ousy, and fear, and hate. Van Lyle
was a cruel, sadistic bastard. He was |like that when we first net him he was |ike that out in the
Qort cloud, and he was still like that until the nonent he died. He couldn't change his nature.
deliberately told himthat | wouldn't be able to beg and scream and grovel with my nouth taped.
After that there was absolutely no way he'd nuzzle nme—no matter what Anna Giss told himto do. He
wanted to see ny terror, and hear ny screans. And so | had the chance to free you."

McAndrew i s an innocent soul. He was shocked silent by what | said. Finally he sighed, and
muttered, "Maybe you're right. But | don't see why you did that to Anna Griss."

"I had to—because in her own way, she's no different fromhim She has her own invariants: power,
and control, and fear. Anna won't hold back on revenge to be nice to anyone. She'll go on, as far
as she can go, until she's stopped. You and | have just stopped her. But we coul d never have done
that by persuasion, or logic. She had to ook death in the face for herself, and stare right down
his black gullet."

"She could still cause us trouble. She could cone after us, on Earth or off it."
"She could, but she won't. She'd like to get us, but she'll renenber that pit. Anna understands
power. |If her people tried and failed again, she knows |I'l|l cone after her. The pleasure of

finishing nme isn't worth the risk."
"Are you sure?"

"Yes, | am Mac, trust ne. If | don't question your spinors and twi stors and calibration of
optical scalars, you shouldn't second guess nme on Anna &iss."”
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"So you think it's safe to go back to the Geotron, and see how the experinents cane out? | |eft
before the results were in, you see, because of what you said to ne."

He was returning to normal. Wich is to say, totally abnormal.
I sighed. "Sure. W can go to the Geotron.™

That sounded like the end of it, but it wasn't. We were in the subnersible, cruising back to
Ernesto Kugel's lab, while | wondered what story | was going to tell. Probably I'd say not hing.
I'"d pretend | had a nice pleasant tour, and leave it to Anna Giss to tell it otherw se.

Then McAndrew started up again.
"Jeanie. You really wouldn't have killed her, would you? No natter what."

I reached out and stroked his cheek. "OF course not. But can we drop it now? You and | ought to be
cel ebrating our survival. Maybe we ought to act on Ernesto Kugel's suggestion—his first one."

It came out as flat and artificial as it sounds, and it didn't fool MAndrew for one nonment. He
gave me a wary, weary |look, and | eaned back in his seat. But it did acconplish nmy objective. It
shut off a line of conversation that | was afraid to pursue.

Because one thing I've learned in life is that a person never knows her own invariants. | thought
I knew the answer to McAndrew s question, but | wasn't positive. That terrible rage, the all-
consunming fury that | felt when Anna Giss was poised on the edge of the pit . . . if she had been

alittle nore resistant, just a little tougher and nore defiant—+then who knows what | woul d have
done?

Not |I.

But one thing | did know for sure. | was not going to discuss that sort of thing with MAndrew
Ever.

He's a dear, and he's super-smart, and in alnbst every way | can think of he is wonderful. But
he's also |ike nost people who spend their lives studying the nature of the Universe.

He can only take a tiny little bit of reality.
SEVENTH CHRONI CLE

Roguewor | d
The | aws of probability not only permt coincidences; they absolutely insist on them

| was sitting in the pilot's chair with McAndrew at ny shoul der. Neither of us had spoken for a
long tine. We were in |ow polar orbit, sweeping rapidly across the surface of Vandell with all pod
sensors wi de open. | don't know what MAndrew was thinking, but ny mind was not fully on the

di splays. Part of ne was far away—ene and a quarter |light-years away, back on Earth.

Way not? Qur attention here was not necessary. The surveillance sensors were linked to the
shi pboard main conmputer, and the work was done autonatically. If anything new turned up we woul d
hear of it at once. But nothing new coul d happen—othing that mattered.

For the nonment, | needed tine to nyself. Time to think about Jan; to renenber her seventeen years,
as a baby, as a slender child, as a fierce newintelligence, as a young woman; tine to resent the
chain of circunmstance that had brought her and Sven Wcklund here, to die. Sonewhere bel ow t hese
opal escent cl ouds, down on the cold surface of the planet, our sensor systems were seeking two
corpses. Nothing else mattered.

| knew that MAndrew shared nmy sorrow, but he handled it in a different way. His attention was
focused on the data displays, in a concentration so intense that my presence didn't matter at all
Hi s eyes |acked all expression. Every couple of ninutes he shook his head and nuttered to hinsel f:
"This nakes no sense—o sense at all."

| stared at the screen in front of me, where the dark vortex had again appeared. It came and went,
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clearly visible on some passes, vanished on others. Now it |ooked like a funnel, a sooty conica
channel down through the gl owi ng at nosphere, the only break in the planet's swirling cloud cover.
We had passed right over it twice before, the first tine with rising hopes; but the sensors had
remained quiet. It was not a signal. It had to be a natural feature, sonething |like Jupiter's Red
Spot, sone random coi nci dence of twi sting gas streans.

Coi nci dence. Agai n, coincidence. "The | aws of probability not only permit coincidences; they
absolutely insist on them"

I couldn't get McAndrew s words out of mny head.

* * %
He had spoken them nonths ago, on a day that | would never forget. It was Jan's seventeenth
birthday, the first time of choice. | was down on Earth, choking on the dense air, neeting with

t he new head of External Affairs.

McAndrew was at his office at the Penrose Institute. W were both trying to work, but | for one
wasn't succeeding too well. | wondered what was going through Jan's head, waiting for graduation
fromthe Luna System

"Naturally, there will have to be sone changes," Tallboy was saying. "That's to be expected, |I'm
sure you'll agree. We are reviewing all prograns, and though | amsure that ny predecessor and
|I"—for the third tine he had avoi ded usi ng Wol ford's name—~agree on overall objectives, we may
have slightly different priorities.”

Dr. Tallboy was a tall man, with a lofty brow and a keen, intellectual eye. Al though we had shaken
hands and nuttered the conventional greetings a couple of tines before, this was our first working
neeting.

I pulled nmy wandering attention back to him "Wen will the programreview be finished?"

He shook his head and smiled broadly (but there were no |augh lines around his eyes). "As |'m sure
you know very well, Captain Roker, these things take tinme. There has been a change of

Adm ni stration. W have many new staff to train. There have been new Budget cuts, too, and the
Ofice of External Affairs has suffered nore than nost. W will continue all the essenti al
prograns, be assured of that. But it is also nmy mandate to expend public funds wi sely, and that
cannot be done in haste."

"What about the Penrose Institute's experinmental prograns?' | said—a bit abruptly, but so far
Tal | boy had offered nothing nore than general answers. | knew | couldn't afford to seeminpatient,
but nmy neeting wouldn't |ast nuch | onger

He hesitated, then sneaked a quick |look at the crib sheets of notes in front of himon the desk.
It didn't seemto hel p, because when he | ooked up the fine and noble brow was winkled in
perplexity.

"I"' mthinking particularly of the Al pha Centauri expedition,” | pronpted him "Dr. Tallboy, a
qui ck go-ahead on that neans a great deal to us."

"Of course." He was nodding at ne seriously. "A great deal. Er, I'mnot conpletely famliar with
that particular activity, you understand. But | assure you, as soon as my staff reviewis
conpl eted . "

Qur neeting lasted fifteen nmore minutes, but long before that | felt | had failed. | had conme here
to push for a decision, to persuade Tall boy that the program should go ahead as pl anned and
approved by Wol ford; but bureaucratic changes had changed everything. Forget the fact that
McAndrew and | had been planning the Al pha Centauri expedition for a year; forget the fact that
the Hoatzin had been provisioned, fuelled, and inspected, and the flight plans filed |l ong since
with the USF. Forget the nasses of new observational equipnent that we had | oaded onto the ship
with such |l oving care. That had been under the old Adm nistration. Wen the new one cane in
everything had to start again fromscratch. And not one damed thing | could do about it.

| did manage to extract one prom se from Tal | boy before he ushered me out with polite assurances
of his interest and commtnent to the Institute's work. He would visit the Institute personally,
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as soon as his schedule permitted. It wasn't anything to celebrate, but it was all | could squeeze
out of him

"He'll visit here in person?" said McAndrew+ had run for the phone as soon as | cleared the
Ofice of External Affairs. "Do you think he'll do it?"

| nodded. "I didn't leave it up to him | saw his secretary on the way out, and nade sure that
we're in the book. He'll do it."

"When?" MAndrew had been in Linperis' office when | called, and it was the ol der man who | eaned
forward to ask the question

"Ei ght days fromnow. That was the first gap in his schedule. He'll spend nobst of the day at the
Institute. ™

"Then we're honme free," said McAndrew. He was cracking his finger joints—a sure sign of high
excitement. "Jeanie, we can put on an all-day show here that'll just blow himaway. Wnig has a
new E-M field stabilizer, Macedo says she can build a cheap detector for small Hal o coll apsars,
and |'ve got an idea for a better kernel shield. And if we can ever get himto talk about it,

W ckl und' s cooki ng up sonething new and big out on Triton Station. Man, I'mtelling you, the
Institute hasn't been this productive in years. Get Tallboy here, and he'll go out of his mind."

Li nperis shot a quick sideways glance at McAndrew, then | ooked back at the screen. He raised his
eyebrows. | could read the expression on that snooth, innocent-I|ooking face, and | agreed with him
completely. If you wanted a man to quantize a nonlinear field, diagonalize a nessy Haniltonian, or
dream up a delicate new observational test for theories of kernel creation, you couldn't possibly
do better than McAndrew. But that would be his downfall now. He could never accept that the rest

of the world mght be less interested in physics than he was.

Li nperis started that way, but years of budget battles as head of the Institute had taught himto
play in a different |eague, "So what do you think, Jeanie?" he said to nme, when Mac had fi ni shed
babbl i ng.

"I don't know." | shrugged. "l couldn't read Tallboy. He's an unknown quantity. We'd better | ook
up his background, see if that gives us sonme clue to what makes himtick. As it is, you'll have to
try it. Show himeverything you' ve got at the Institute, and hope for the best."

"What about the expedition?"

"Sane for that. Tallboy acted as though he'd never heard of Al pha Centauri. The Hoatzin's just
about ready to go, but we need Tallboy's blessing. External Affairs controls all the—=

"Call fromLuna," cut in a disenbodied voice. "Central Records for Professor MAndrew. Level Two
priority. WIIl you accept interrupt, or prefer reschedul e?"

"Accept," said McAndrew and | together—even though it wasn't ny call. It had to be from Jan
"Voice, tonal, display or hard copy output?"

"Voice," replied McAndrew firmy. |I was less sure of that. He had done it so that | could receive
the nessage, too, but we would have to witness each other's disappointnent if it was bad news.

"Message for Arthur Morton McAndrew," went on the neutral voice. "Message begi ns. January Pel ham
I D 128-129-001176, being of |egal age of choice, will file for parental assignment as foll ows:
Father: Arthur Morton McAndrew, |D 226-788-44577. Mdther: Jean Pel ham Roker, |D 547-314-78281
Nanme change filed for January Pel ham Roker McAndrew. Parental response and acceptance is required.
Reply via Luna free circuit 33, link 442. Message ends."

I had never seen McAndrew | ook so pleased. It was doubly satisfying to himto have nme on the line
when the word cane through—+ was sure that the Comunications Goup were trying to track ne now
through Tall boy's office, not knowing | was tapped into Mac's |ine.

"What's the fornmal date for parental assignnent?" | asked.
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There was a two second pause while the conputer made confirmation of identity frommny voiceprint,
sent that information over the link fromL-4 to Luna, decided how to handl e the situation, and
connected us all into one circuit.

"Message for Jean Pel ham Roker. Message begins: January Pel ham |D 128~

"No need to repeat,"” | said. "Message received. Repeat, what is the formal date for parental
assi gnment ?"

"Two hundred hours U.T., subject to satisfactory parental responses.”
"That's too soon,"” said McAndrew. "W won't have enough tine for chrompbsomal confirmation."”
" Chronmosonmal confirmati on wai ved. "

On the screen in front of me McAndrew bl ushed bright with surprise and pleasure. Not only had Jan
filed for us as official parents as soon as legally permtted, she had done so w t hout know ng or
caring what the genetic records showed. The waiver was a definite statenment: whether or not
McAndrew was her biol ogi cal father would make no difference to her; she had nade her deci sion

For what it was worth, | could have given ny own assurance. Sone evidence is just as persuasive to
me as chronosonmal mappi ng. No one who had seen that blind, inward | ook on Jan's face when she was
tackling an abstract problem woul d ever doubt that she was McAndrew s flesh and bl ood. | had

cursed that expression a hundred tinmes, as McAndrew left me to worry al one while he disappeared on
a voyage of exploration and discovery inside his own head.

Never m nd; MAndrew had his good points. "Parental acceptance by Jean Pel ham Roker," | said.
"Parental acceptance by Arthur Mdrton MAndrew, " said Mc.

Anot her brief pause, then: "Acceptance received and recorded. Formal assignnent confirned for two
hundred hours U T. Arrange location through Luna |ink 33-442. Hard copy output follows. Is there
addi ti onal transfer?”

"Link termnated.” Wile the conputer initiated hard copy output to the terminal at the Institute,
| didalittle calculation

"Mac, we have a problemJan's acceptance cerenony is set for the same tine as Tallboy's visit."

"OfF course." He | ooked surprised that | hadn't seen it immediately. "W can handle it. She'll come
out here. She'll want to visit—she hasn't been to the Institute since Wcklund went out to Triton
Station."

"But you'll be too tied up with Tallboy to spend much tine with her. Wat rotten |uck."

McAndr ew shrugged, and it was enough to start himtal king. "Wienever a set of independent events

occur randomy in tinme or space, you'll notice event-clusters. They're inevitable. That's al
there is to coincidences. If you assune that event arrival tines follow a Poisson distribution
and just go ahead and calculate the probability that a given nunber will occur in some smal
interval of time, you'll find—=

"Take himaway," | said to Linperis.

He sl apped McAndrew lightly on the shoulder. "Conme on. Coincidence or not, this is a day for
celebration. You're a father now, and thanks to Jeanie we've got Tallboy coming out here to see
the show. " He winked at me. "Though maybe Jan will change her m nd when she hears Mac talk for a
few hours, eh, Jeanie? Poor girl, she's not used to it, the way you are."

McAndrew just grinned. He was riding too high for a little gentle joshing to have any effect. "If
you pity the poor lass at all," he said. "It should be for the Philistine space-jock of a nother
she'll be getting. If | wanted to talk to Jan about probability distributions, she'd listen to
me." She probably would, too. |I'd seen her math profiles.
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Li nperis was reaching out to cut the connection, but Mac hadn't quite finished. "You know, the
| aws of probability not only permt coincidences," he said. "They—

He was still tal king when the screen went bl ank.

* * %

I had no nore official business down on Earth, but | didn't head out at once. Linperis was quite
right, it was a tinme for celebration; you didn't becone a parent every day. | went over to the
Asgard restaurant, up at the very top of Mle Hi gh, and ordered the full panoranic dinner. In sone
ways | wasted ny nobney, because no matter what the sensories threw at me | hardly noticed. | was

t hi nki ng back seventeen years, to the time when Jan was born, so small she could put her whole
fist inthe old silver thinble that McAndrew s friends gave her as a birthgift.

It was a few years later that | realized we had sonething exceptional on our hands—Jan had breezed
through every test they could give her. | felt as though | had a wi ndow to McAndrew s own past,
because | was sure he had been the sane way thirty years earlier. The mandatory separation years
hadn't been bad at all, because McAndrew and | had spent nobst of themon long trips out, where the
Eart h-years sped by in nonths of shipboard tinme. But | was very glad they were over now. In a few
nore days, MAndrew, Jan and | would be officially and permanently rel ated.

By the time | finished my neal | probably wore the sane foolish smle as | had seen on Mac's face
before Linperis cut the video. Neither or us could see beyond the com ng cerenbny to a gri mer
future.

* * %

The next few days were too busy for nuch introspection. The Penrose Institute had been in free
orbit, half a million mles out, but to make it nore convenient for Tallboy's visit Linperis noved
us back to the old L-4 position. In a general planning neeting we deci ded what we would show off,
and how nuch tine could be spared for each research activity. 1'd never heard such squabbling. The
concentration of brain power found at the Institute nmeant that a dozen or nore inportant advances
were competing for Tallboy's tinme. Linperis was as inpartial and diplomatic as ever, but there was
no way he could smooth Macedo's feelings when she | earned that she woul d have | ess than ten
mnutes to show off three years of effort on el ectromagnetic coupling systens. And Wni g was even
wor se—he wanted to be in on all the presentations, and still have tinme to pronote his own work on
ultra-dense matter.

At the sane tine McAndrew was having problenms of quite a different kind with Sven Wcklund. That
young physicist was still out on Triton Station, where he had gone conpl ai ning that the Inner
Systemwas all far too crowded and cluttered and he needed sonme peace and qui et.

"What the devil's he up to out there?" grumbled McAndrew. "I need to know for the Tall boy
briefing, but a one-way radi o signal out to Neptune takes four hours—even if he wanted to talk,
and he doesn't. And I'msure he's on to sonething new and inportant. Blast him what am| supposed
to report?”

I wasn't synpathetic. To nme it seened no nore than poetic justice. MAndrew had annoyed ne and
others often enough in the past, when he refused to talk about his own ideas while they were in
devel opnent —hal f-cooked,"” to use his phrase. Apparently Sven Wcklund was just the sane, and it
served Mac right.

But the Institute needed all the inpressive nmaterial they could find, so Mac continued to send
Il ong and futile nessages needling Wcklund to tell him sonethi ng—anythi ng—about his | atest work.
He got nowhere

"And he's the brightest of the ot of us,"” said McAndrew. Coming fromhimthat was a rea
conpliment. Hi s coll eagues were | ess convinced.

"No, | don't think so," said Wnig when | asked him "Anyway, it's a meaningless question. The two
of themare quite different. Imagine that Newton and Einstein had lived at the sane tine.
McAndrew s |i ke Newton, as nuch at hone with experinent as theory. And Wcklund's all theory, he
needs help to change his pants. But it's still a fool question. Wich is better, food or

dri nk?—that nakes as nmuch sense. The nmain thing is that they're contenporaries, and they can talk
to each other about what they're doing." Except that Wcklund refused to do so, at least at this
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stage of his work.
McAndrew finally gave up the effort to draw himout and concentrated on natters cl oser to hone.

My own part in planning the show for Tallboy was a mnor one. It had to be. My degrees in
Gravitational Engineering and El ectrical Engineering wouldn't get me in as janitor at the
Institute. My job was to concentrate on the Hoatzin. Until we started work (budget pernitting) on
a nore advanced nodel, this ship carried the best available version of the McAndrew drive. It
coul d manage a hundred gee accel eration for nonths, and a hundred and ten gee for as long as the
crew were willing to forego kitchen and toilet facilities.

The O fice of External Affairs officially owed the Hoatzin and the Institute operated her, but I
secretly thought of the ship as nine. No one el se had ever flown her

I had faint hopes that Tallboy mght |like a denonstration flight, maybe a short run out to Saturn
We could be there and back in a couple of days. The ship was all ready, for that and nore—f he
approved it, we were all set for the Al pha Centauri probe (forty-four days of shipboard tine; not
bad, when you renenber that the first manned trip to Mars had taken nore than nine nmonths). W
could be on our interstellar journey in a week or two.

Al right, | wasn't being realistic; but | think everyone at the Institute nourished the secret
dreamthat their project would be the one that caught Tallboy's inagination, occupied his tineg,
and won his approval. Certainly the anbunt of work that went into preparation supported ny idea.

The timng was tight but nanageable. Jan would arrive at the Institute at 09:00, with the officia
parental assignment to take place at 09:50. Tallboy's grand show and-tell began at 10:45 and went
on for as long as he was willing to look and listen. Jan was scheduled to | eave again at 19:50, so
I had mi xed feelings about Tallboy's tour. The |onger he stayed, the nore inpressed he was |ikely
to be, and we wanted that. But we also wanted to spend time with Jan before she had to dash back
to Luna for graduation and sign-out.

In the final analysis everything went off as well—-and as badly—as it could have. At 09: 00 exactly
Jan's ship docked at the Institute. | was pleased to see that it was one of the new five-gee mni-
versions of the McAndrew Drive, conming into use at last in the Inner System M bet was that Jan
had picked it just to please him You don't need the drive at all for pond-hopping fromLuna to L-
4.

The parental assignment cerenopny is traditionally conducted with a ot of formality. It was

agai nst customto step out of the docking area as soon as the doors were opened, march up to the
father-to-be, and grab himin a huge and affectionate hug. McAndrew | ooked startled for a nonent,
then swelled red as a turkeycock with pleasure. | got the same shock treatnment a few nonments

| ater. Then instead of letting go Jan and | held each other at armis |l ength and took stock

She was going to be taller than ne—already we were eye to eye. In three years she had changed from
a super-smart child to an attractive worman, whose bright grey eyes told nme sonmething else: if |
didn't take a hand, Jan would twi st McAndrew round her little finger. And she knew | knewit. W
stood snmiling at each other, while a dozen nessages passed between us: affection, pride,

antici pati on, sheer happi ness—and challenge. Mac and | were getting a handful

W gave each other a final hug, then she took nmy hand and Mac's and we went on through to neet
with Linmperis and the others. The official ceremony would not begin for another half hour, but we
three knew that the inportant part was al ready conpl et ed.

"So what about your graduation present?" asked McAndrew, as we were waiting to begin. | had
wondered about it myself. It was the first thing that nost new children wanted to tal k about.

"Not hi ng expensive," said Jan. "I think it would be nice just to nake a trip—+'ve seen too nuch of
Luna." Her tone was casual, but the quick sideways |ook at nme told another story.

"I's that all?" said Mac. "Cch, that doesn't sound like nuch of a present. We thought you'd be
wanting a cruise pod, at the very least."

"What sort of trip?" | asked.
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"I"'d like to visit Triton Station. |1've heard about it all ny life, but apart fromyou, Jeanie,
don't know of anyone who's ever been there. And you never talk about it."

"I don't think that's a good idea at all,"” | said. The words popped out before | could stop them
"Wy not ?"

"It's too far out—+too isolated. And there'll be nothing at all for you to do there. It's a |long
way away." | had reacted before | had rational arguments, and now | was waffling

Jan knew it. "A long way away! Wen the two of you have been light-years out. You' ve been on trips
t housands of tinmes as far as Triton Station."

| hesitated and she bore in again. "You're the one who told me that nost people stick around like
mol es in their own backyard, when the Halo's waiting for themand there's a whole Universe to be
expl ored. "

What could | say? That there was one rule for nost people, and another for ny daughter? Triton
Station is in the backyard, in ternms of interstellar space; but it's also out near the edge of the
old Solar System too far away for Inner Systemconforts. An excellent place for a nmessage relay
between the Hal o and the Inner System that's why it was put there in the first place. But it's
smal |l and spartan. And the station isn't down on Neptune's satellite, the way that nost people
think. It's in orbit around Triton, with just a srmall manned outpost on the surface of the
satellite itself for supplies, raw materials, and cryogenics research. There are a few unnanned
stations bobbing about in the icy atnosphere of Neptune itself, 350,000 kil oneters away, but
nobody in her right mnd ever goes to visit them

The sixty Station personnel are a strange m xture of dedicated researchers and psychol ogi ca

| oners who find the I nner System and even the Titan Col ony rmuch too crowded for them Sone of them
love it there, but as soon as the 100-gee bal anced drive is in general use, Triton Station will be
only a day and a half flight away and well within reach of a weekend vacation. Then | suppose the
di sgusted staff will curse the crowds, and decide its tine to nove farther out into the Halo
seeking their old peace and quiet.

"You'll be bored," | said, trying another argunment. "They're nore antisocial than you can inmagi ne,
and you won't know anybody there."

"Yes, | will. | know Sven W cklund, and we always got along fanously. He's still there, isn't he?"

"He is, blast him" said McAndrew. "But as to what he's been up to out there for the past six
nmont hs . "

His voice tailed away and the ol d sl ack-jawed, half-witted | ook crept over his face. He was
rubbing his fingers gently along his sandy, receding hairline, and | realized where his thoughts
were taking him

"Don't be silly, Mac. | hope you're not even considering it. If Wcklund won't tell you what he's
doing, you don't imagine he'll talk to Jan about it, do you, if she's just at Triton Station for a
short visit?"

"Well, | don't know," began McAndrew. "It seens to ne there's a chance—=

"I feel sure he'll tell me," said Jan calmy

Unfortunately, so was |I. Wcklund had been bow ed over by Jan when she was only fourteen and
didn't have a tenth of her present firepower. If she could I ead himaround then with a ring
through his nose, today with her added wiles it would be no contest.

"Let's not try to decide this now," | said. "The cerenony's starting, and then we have to get
ready to neet Tallboy. Let's talk about it afterwards.”

"Ch, | think we can decide it easily enough now," said MAndrew
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"No, that's all right," said Jan. "It can wait. No hurry." Sorry, Jeanie, said her snile at ne.
Ganme, set and match.

After that | found it hard to keep ny nmind on Tallboy's visit. Luckily | wasn't on center stage
nost of the time, though | did tag along with the tour, watching that high forehead noddi ng
politely, and his long index finger pointing at the different pieces of equipnment on display. |
al so had a chance to talk to everyone when they conpleted their individual briefings.

"I mpressive," said Gowers when she cane out. She had been first one up, describing her theories
and experinents on the focusing of light using arrays of kernels. A tough area of work. To set up
a stable array of Kerr-Newman bl ack holes called for solutions to the many-body problemin genera
relativity. Luckily there was no one in the Systembetter able to tackle that—Enma Gowers had made
a permanent niche for herself in scientific history years before, when she provided the exact
solution to the general relativistic two-body problem Now to test her approxi mati ons she had
built a tiny array of shielded kernels, small enough that all her work was done through a

m croscope. | had seen Tallboy peering in through the eyepiece, joking with Enma as he did so.
"So he seens synpathetic?" | said.

"More than that." She took a deep breath and sat down. She was still hyper after her presentation
"I think it went very well. He listened hard and he asked questions. | was only scheduled for ten

m nutes, and we took nearly twenty. Keep your fingers crossed."”

I did, as one by one the others went in. Wien they canme out nost of them echoed her optimnm sm
Siclaro was the only questioning voice. He had described his systemfor kernel energy extraction
and Tal | boy had given himthe sane attentive audi ence and nodded understandi ngly.

"But he asked me what | neant by " spin-up,’
mai n auditorium

Siclaro said to ne as we stood together outside the

"That's fair enough—you can't expect himto be a specialist on this stuff."

"I know that." He shook his head in a worried fashion. "But that came at the end of the
presentation. And all the tinme | was tal king, he was nodding his head at nme as though he
under st ood everythi ng—+deas a | ot nore advanced than sinple spin-up and spin-down of a Kerr bl ack
hole. But if he didn't know what | neant at the end, how could he have understood any of the rest
of it?"

Before | had tinme to answer, my own turn arrived. | came last of all, and though | had prepared as
hard as anyone | was not a central part of the show |f Tallboy had to | eave early | would be cut.
If he had time, | was to show himover the Hoatzin, and make it clear to himthat we were al

ready for a long trip, as soon as his office gave us perm ssion.

H s energy | evel was amazing. He was still cordial and enthusiastic after seven hours of briefing,
with only one short food break. We took a pod, just the two of us, and zipped over to the Hoatzin
I gave hima ten-mnute tour, showing howthe living area was noved closer to the nass disk as the
accel eration of the ship was increased, to provide a net one-gee environnment for the crew. He
asked nunerous polite general questions: how nmany people could be accommbdated in the ship, how
old was it, why was it called the inertia-less drive? | boggled a little at the |ast one, because
McAndrew had spent |arge parts of his life explaining inpatiently to anyone who would listen that,
damm it, it wasn't inertia-less, that all it did was to balance off gravitational and inertia
accelerations. But | went over it one nore tinme, for Tallboy' s benefit.

He |istened cl osely, nodded that deep-browed head, and watched attentively as | noved us a little
closer to the nass disk, so that we could feel the net acceleration on us increase fromone to one-
and- a- hal f gees.

"One nore question,” he said at last. "And then we nust return to the Institute. You keep talking
about accel erations, and maki ng accel erati ons bal ance out. Wat does that have to do with us, with
how heavy we feel ?"

| stared at him Was he joking? No, that fine-boned face was as serious as ever. He stood there
politely waiting for ny answer, and | felt that sinking feeling. I"'mnot sure what | told him or
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what we tal ked about on the way back to the Institute. | handed himon to MAndrew for a quick
| ook at the Control Center, while | hurried off to find Linperis. He was in his office, staring at
a bl ank wal .

"I know, Jeanie," he said. "Don't tell me. | had to sit in on every briefing except yours."

"The man's an idiot," | said. "I think he means well, but he's a conplete, boneheaded noron. He
has no nore idea than Wnig's pet nonkey what goes on here in the Institute."

"1 know. | know. " Linperis suddenly showed his age, and for the first time it occurred to nme that
he was | ong past official retirenent. "I hoped at first that it was just ny paranocia," he said. "I
wondered if | was seeing sonething that wasn't there—sonme of the others were so inpressed.”

"How coul d they be? Tall boy had no i dea what was goi ng on."

"I't's his appearance. That sharp profile. He looks intelligent, so we assume he nust be. But take
the people here at the Institute. Wenig | ooks like a nortician, Gowers could pass as a dunb-bl onde
hooker, and Siclaro reminds nme of a gorilla. And each of thema nmind in a mllion. W accept it
that way round easily enough, but not in reverse."

He stood up slowy. "We're |ike babies out here, Jeanie; each of us with our own playthings. If
anybody seens to be interested in what we're doing, and nods their head now and agai n, we assumne
they understand. At the Institute, you interrupt if you don't follow an argunent. But that's not
the way Earthside governnent runs. Nod, and smile, and don't rock the boat—that's the nane of the
game, and it will take you a long way. You've seen how well it works for Dr. Tallboy."

"But if he doesn't understand a thing, what will his report say? The whole future of the Institute
depends on it."

"It does. And God knows what will happen. | thought his background was physics or engineering, the
way he kept nodding his head. Did you know his degree is in sociology and he has no hard

scientific training at all? No cal culus, no statistics, no conplex variables, no dynamcs. | bet
the real quality of our work won't make one scrap of difference to his decision. W've all wasted
a week." He sniffed, and nuttered, "Well, come on. Tallboy will be leaving in a few mnutes. W

must play it to the end and hope he | eaves with a positive inpression.”

He was heading for the door with ne right behind when McAndrew hurried in.

"I'"ve been wondering where you two had gone," he said. "Tallboy's at the departure dock. What a
show, eh? | told you we'd do it, we knocked hi mdead. Even without Wcklund' s work, we showed nore
new results today than he'll have seen in the past ten years. Cone on—he wants to thank us all for
our efforts before he goes."

He went boundi ng away al ong the corridor, full of enthusiasm oblivious to the atnosphere in
Li nperis' office. W followed slowy after him For sone reason we were both sniling.

"Don't knock it," said Linperis. "If Mac were a political animal he'd be that nuch less a
scientist. He's not the man to present your budget request, but do you know what Einstein wote to
Born just before he died? "Earning a living should have nothing to do with the search for

know edge.' "

"You should tell that to Mac."
"He was the one who told it to ne."

There didn't seem nmuch point in hurrying as we nmade our way to the departure dock. Tall boy had
seen the best that we could offer. And who could tell ?—perhaps MAndrew s ent husi asm woul d be nore
persuasi ve than a thousand hours of unintelligible briefings.

The m|ls of bureaucracy may or nmay not grind fine, but they certainly grind exceeding slow Long
before we had an official report from Tallboy's office, the argunent over Jan's visit to Triton
Station was over

I had | ost. She was on her way to Neptune. She had finagled a ride on a nediumaccel eration supply
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shi p, and anytine now we should have word of her arrival. And McAndrew coul dn't wait-W ckl und was
still frustratingly coy about his new work

By a second one of those coincidences that McAndrew insisted were inevitable, Tallboy's

pronunci anmento on the future of the Penrose Institute zipped in to the Message Center at the sane
time as Jan's first message from Triton Station. | didn't know about her spacegramuntil |ater
but Linperis directed the Tall boy nmessage for general Institute broadcast. | was outside at the
time, working near the Hoatzin, and the news cane as voice-only on ny suit radio,

The sunmary: Siclaro's work on kernel energy extraction would proceed, and at a higher |evel (no
surprise there, with the pressure fromthe Food and Energy Council for nore conpact power
sources); Gowers woul d have her budget reduced by forty percent, as would Macedo. They could
continue, but with no new experinental work. MAndrew had his support chopped in half. And poor
Wenig, it seened, had fared worst of all. The budget for conpressed natter research was down by
ei ghty percent.

I wasn't worried about McAndrew. If they cut his research budget to zero, he would switch to
straight theory and manage very well with just a pencil and paper. But everyone el se would suffer

And nme? Tall boy wiped ne out at the very end of the report, alnpst as an afterthought:

experimental use of the Hoatzin was to be term nated conpletely, and the ship decomnm ssi oned.
There woul d be no expedition to Al pha Centauri or anywhere el se beyond the Hal o. Worst of all, the
report referred to "previous unauthorized use of the bal anced drive, and high-risk treatnent of
official property"—a direct knock at ne and McAndrew. W had enjoyed free use of the ship under
the previous Admnistration, but apparently Wol ford had never thought to put it in witing.

I switched ny suit to internal propul sion and headed back for the Institute at top speed. MAndrew
knew | was outside, and he net ne at the I ock waving a | ong printout sheet. H s nop of sandy hair
was straggling into his eyes, and a |long streak of orange stickiness ran down the front of his
shirt. | guessed he had been at dinner when the report came in.

"Did you see it?" he said.

"Heard it. | was on voice-only."

"Wl |1 ? What do you think?"

"Horrible. But I'"'mnot surprised. | knew Tall boy hadn't understood a thing."

"Eh?" He stood goggling at me. "Are you trying to be funny? It's the nost exciting news in years.
I knew she'd find out. What a lass!"

I may not be as snmart as McAndrew but |'mno fool. | can recognize a breakdown in communi cati ons
when | see one. Wien Mac concentrates, the world isn't there any nore. It seemed to ne odds-on
that he had been thinking of sonething el se and hadn't registered the Tall boy deci sion

"Mac, stand still for a minute"-he was jiggling up and down with excitement—and |listen to nme. The
report fromExternal Affairs is here, on the future of your prograns."

He grunted inpatiently. "Aye, | know about it—+ heard it cone in." He disnissed the subject with a
wave of his hand. "Never mind that now, it's not inportant. This is what counts."

He shook the printout, stared at part of it, and went off into a trance. | finally reached out,
renoved it fromhis hand, and scanned the first few |ines.

"It's fromJan!"
"OfF course it is. She's on Triton Station. Do you realize what Wcklund' s done out there?"
Wth Mac in this kind of nood, 1'd never get his mind on to Tall boy. "No. What has he done?"

"He's solved it." He grabbed the spacegram back fromme. "See, it's right here, can't you read?
Jan didn't get the details, but she nmakes it clear enough. Wcklund has solved Vandell's Fifth
Probl em "
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"Has he really?" | gently took the paper back fromhim If it was news fromJan, | wanted to read
it infull. "That's wonderful. It only |eaves one question.”

He frowned at ne. "Many questions—we'll have to wait for nore details. But which one are you

t hi nki ng of ?"

"Not hi ng you can't answer. But what in Heaven is Vandell's Fifth Probl enP"

He stared at nme in disgust.

I got an answer—eventually. But before | had that answer we had been on a ranbling tour of three
hundred years of mathematics and physics. "In the year 1900— he began
"Mac! "

"No, listen to ne. It's the right place to begin."

In the year 1900, at the second International Congress of Mathematicians in Paris, David Hil bert
proposed a series of twenty-three problens to challenge the com ng century. He was the greatest
mat hemati ci an of his day, and his problens drew froma w de range of topi cs—topol ogy, nunber
theory, transfinite sets, and the foundations of mathematics itself. Each problemwas inportant,
and each was tough. Sonme were solved early in the century, others were shown to be undeci dable, a
few hung on for many decades; but by the year 2000 nost of them had been wapped up to everyone's
reasonabl e satisfaction.

In the year 2020, the South African astronomer and physicist Dirk Vandell had followed Hil bert's
precedent, and posed a series of twenty-one problens in astronony and cosnol ogy. Like Hilbert's
probl ens they covered a wi de range of topics, theoretical and observational, and every one was a
skul | -cruncher.

McAndrew had sol ved Vandel | 's El eventh Probl em when he was a very young nan. Fromthat work had
energed the whole theory for the existence and |ocation of the kernel ring, the torus of Kerr-
Newnan bl ack holes that circles the sun ten tinmes as far out as Pluto. Nine years later, Wnig's
partial solution of the Fourteenth Problem had given McAndrew the clue that led himto the vacuum
energy drive. Now, assum ng that Jan's report was correct, the Fifth Problemhad fallen to

W ckl und' s anal ysi s.

"But why is it so inmportant?" | asked McAndrew. "The way you describe it, | don't see practica
uses. It's just a way of anplifying an observed signal without anplifying background noi se—and it
only applies when the original signal is mnute.”

He shook his head in vigorous disagreenent. "It has a thousand applications. Vandell already
proposed one when he first set the problem and |'msure Wcklund will tackle it as soon as his
experimental equipnent is working. He'll use the technique to | ook for solitaries—+ogue planets."

Rogue pl anets.

Wth those | ast two words, MAndrew brought the explanation along to the point where it nade sense
to ne. | could draw on ny own formal training in classical celestial nechanics.

The possi bl e exi stence of rogues went back a |ong way, farther than 1900. Probably all the way to
Lagrange, who in his analysis of the three-body problem set up a mathenmatical framework to | ook at
the notion of a planet noving in the gravitational fields of a binary star system By 1880, that
case was known to be "stable against ejection.” In other words, the planet could have cl ose
approaches to each of the stars, and m ght suffer extrenmes of tenperature, but it would never be
conpletely expelled fromthe stellar system

But suppose you have a systemwith three or nore stars in it? That's not at all uncommon. Then the
situation changes conpletely. A planet can pick up enough energy through a series of gravitationa
sSwi ng- bys past the stellar conponents to hurl it right out of the system Once this happened it
woul d become a sun-less world, travelling al one through the void. Even if it later encountered
anot her star, the chance of capture was mnute. The planet would be a solitary, a rogue world.
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Astronomers had specul ated for centuries about the existence and possi bl e nunbers of such planets,
but without a scrap of observational evidence.

Vandel I had defined the problem An Earth-sized planet shines only in reflected light. If it gives
off radiation in the thermal infrared or mcrowave regions, the signal is swanped by the stellar
background. Devise a technique that will permt the detection of a rogue planet as small as the
Earth.

Now it seermed that Wcklund had done it, and McAndrew was happy as a pig, while everybody el se at
the Institute gl oomed about in reaction to Tallboy's effects on their work.

| synpathized with them Rogue planets are fine, but | could see no way in which they coul d nake
any practical difference to ne. Mac and Sven Wcklund could have ny share of them | spent a | ot
of time over on the Hoatzin wondering what to do next. | didn't belong at the Penrose Institute,
the only thing | offered there was the ability to pilot the long trips out. Once that was over,
m ght as well go back to the Titan run.

Jan' s next message back gave me nmixed feelings, but at least it cheered me up.

"Not much to do out here," she wote-she was the only person | have ever net who could chat in a
spacegram "You were right, Jeanie. Wcklund's as bad as McAndrew, totally wapped up in the work
he's doing and won't take nmuch notice of me. And the rest of them hate conpany so nuch they run

and hi de when we nmeet in the corridors. |'ve been spending a lot of tine over on Merganser. | got
the inpression fromyou that she's an old hulk, but she's not. She may be an anti que, but
everything' s still in good working shape. |'ve even been spinning-up the drive. If | can talk

Wcklund into it naybe we can go off on a little bit of a trip together. He needs a rest (from
physics!)."

That brought back sone exciting nenories. Merganser was one of the two original prototypes of the
bal anced drive, and McAndrew and | had ironed the bugs out of her personally. She was limted to a
50-gee acceleration, but still in good working order. 1'd fly her anywhere. Mac seened nuch | ess
happy when he read the letter.

"I hope she knows what she's doing," he said. "That ship's not a toy. Do you think it's safe?"

"Safe as anything in the System Jan won't have any trouble. W used the Merganser for training
before they nothball ed her, don't you renenber?”

He didn't, of course. He carries physics and mathematics in his head at an astonishing |evel of
detail, but useful everyday information is another nmatter. He nodded at me vaguely, and wandered
off to send nore nmessages to Wcklund (who had to date provided no replies).

We heard from Jan again, just as the explicit order was coming in from Tallboy's office to
deconmi ssi on Hoatzin and renmpove the supplies for the Al pha Centauri nission

| screwed up Tallboy's order into a tight ball and threw it across the room
Then | sat down to read what Jan had to say.

No preanble this time: "Wcklund says it works! He's already found three rogues, and expects a | ot
nmore. They must be a | ot nmore common than anybody thought. Now sit back for the big news: there's
one only a light-year away! Isn't it exciting?"

Well, nmaybe—+tess so to ne than to Mac, | was sure of that. | assunmed that solitary planets woul d
be rather rare, so one closer than the nearest star was a bit surprising. But it was her next
words that shot nme bolt upright and sent a tingle through ny spine.

"Merganser is working perfectly, all ready for a trip. |'ve persuaded Wcklund to take her out for
a |l ook at Vandell —+that's his nanme for the planet. |I'm sure you don't approve, so | won't ask. Lots
of love, and see you when we get back."

Even as | screaned inside, | wasn't conpletely surprised. She was McAndrew s daughter all right—t
was exactly the harebrained sort of thing he would have done.
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* * *

Mac and | both played it very cool. That boneheaded pair, we said to each other. We might have
guessed it, the follies of youth. They'Il be in trouble when they get back, even though the
Merganser is an old ship that Triton Station can do what they like wth.

But deep inside we both had other feelings. Wcklund had sent the coordi nates of Vandell to us
before they left, and as Jan said it was close, less than a light-year and a quarter away. Easily
in Merganser's range, and a lure that any scientist worth his salt would find hard to resist, even
wi t hout Jan's coaxing. Where had it cone from what was it nade of, how long since it had been
ejected fromits parent star?—there were a hundred questions that could never be answered by
renot e observations, not even with the super-sensitive nethods that W cklund had devel oped.

But it was those sane questions that nade ne so uneasy. If |'ve | earned one thing wandering around

i nside and outside the Solar System it's this: Nature has nore ways of killing you than you can
i magi ne. When you think you' ve |learned themall, another one pops up to teach you humlity—f
you're lucky. If not, sonmeone else will have to decide what did you in.

For a week after Jan's nmessage | nonitored the nessages closely that came in fromthe outer relay
stations. And every day | would ride over to the Hoatzin and potter about there, sonetinmes with

Mac, sonetines alone. | was supposed to be working on the decomm ssioning, but instead | would sit
inthe pilot's chair, check all the status flags, and think ny own thoughts. Until finally, ten
days after Jan and Wcklund had left, | went over to visit the Hoatzin | ate one sl eep period.

And found that the [ock had been cycled since | left.

McAndrew was sitting in the pilot's chair, staring at the controls. | cane quietly up behind him
patted himon the shoul der, and slipped into the copilot's seat. He turned toward ne, straggly
eyebrows raised

"I't's now or never," he said at last. "But what about Tallboy? What will he do to the Institute?"

I shrugged. "Nothing. Not if we make it clear that it's our fault.”

I reached out and called for a destination reading. Wen | left, the coordi nates had all been set
to zero. Now they carried precise val ues.

"Do you think that anyone el se suspects?" | said. "I checked the experinmental |logs in your |ab
today, and they were all current up to this afternoon—and you're always nonths behind. |f |
noti ced that, maybe one of the others will."

He | ooked surprised. "Wy should they? W' ve been careful not to tal k about this when anyone el se
could hear."

There was no point in telling Mac that he was probably the world' s worst person you'd want to keep
a secret. | tapped himon the shoulder. "No point in worrying about it once we're on our way. Cone
on, Mac, nove over—you're sitting in ny chair. And think positively. W'll have a nice, long trip,
just the two of us."

He stood up, rubbing at the back of his head the way he al ways did when he was enbarrassed. "Cch,
Jeanie," he said. But he was smiling to hinmself as we changed seats.

The cal cul ations were elenmentary, and | could do themas well as he could. The Merganser woul d
reach the rogue planet in about sixty days of shipboard time if they kept close to maxi num
acceleration all the way. W could be there in thirty-five days of shipboard tinme, but that would
pick up only ten days of inertial tinme. W would reach Vandell a couple of days after them For
me, that was two days too |ate.

Qur drive wake left an ionization track across the whole width of the Solar System Mac checked
that there were no ships directly behind for us to burn a hole through, and while he was doing it

I had a new i dea and sent a nessage back to External Affairs. | said that we were about to perform
a brief high-gee test of the Hoatzin's drive before we took her in and deconni ssioned her. Wth

I uck, Tallboy's group would assune we had been the unhappy victins of a nasty accident, shooting
out of the Solar System on a one-way journey when some control elenment of the drive unit had
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failed. Linperis and friends at the Institute wouldn't believe that, not as soon as they checked
our destination coordinates—but they would never tell their suspicions to Tallboy. Muybe they
coul d even get sone mleage fromour disappearance, pointing out the need for nore funds for
reliability and system nai ntenance. Linperis could play that gane with his eyes cl osed.

Per haps everything would work out fine—until MAndrew and | canme back. Then the truth woul d cone
out, and we'd be roasted for sure.

Nei t her of us could get too worried about that possibility. W had other things on our minds. As
we raced out along the invisible scintillation of the Merganser's drive, Mac dunped the data bank
for information about Vandell's rogueworld. He didn't get nuch. W had coordinates relative to the
Sun, and velocity components, but all they did was nake sure we could find our way to the pl anet.
W ckl und had been able to put an upper limt on its diameter using |long base line interferonetry,
and estinmated that we were dealing with a body no bigger than Earth. But we were m ssing the

physi cal variabl es—A0 mass, internal structure, tenperature, nmagnetic field, or physica
conmposition, not even an estinmate of rotation rate. Mac fumed, but at least |I'd have a lot nore
information for himas soon as we got close. In the week before we left the Institute, | had put
on board the Hoatzin every instrunent that wasn't nailed down, anything that might tell us
sonet hi ng useful about Vandell without having to go down there and set foot on its surface.

* * %

At a hundred gees accel eration you head out of the Solar Systemon a trajectory that's very cl ose
to a straight line. The gravitational accelerations produced by the Sun and planets are negligible
by conparison, even in the Inner System W were bee-lining for a point in the constellation
Lupus, the Wl f, where Vandell lay close in apparent position to an ancient supernova fragnent.
That explosion had lit up the skies of Earth nore than a millennium ago; an interesting object,

but we woul dn't be going even a thousandth of the way out to it. Wcklund was right; Vandell's
rogueworl d sat in Sol's backyard.

Wthout a conplicated trajectory to worry about, | went round and round with a different problem
When the drives were on, both the Merganser and the Hoatzin were blind to i ncom ng nessages, and
drowned out any of their own transm ssions. Thus we had a chance to get a nmessage to Sven W ckl und
and Jan only when their drive was turned off, while they were coasting free to rubberneck or study
the starscape scenery froma slightly different point of view Even though they m ght not be
listening for an incom ng signal when the drive was off, their conputer would, and should notify
them of anything inportant.

But now see nmy problem to send a message, we had to switch our drive off, and that woul d del ay
our arrival a little bit every time we did it. Qur signal would then take days or weeks to reach
the Merganser—and to receive it, their ship had to have its drive off at just the right tine.
DON'T LAND was all | wanted to say. But how would I know when to switch off our drive and send an
urgent nessage, so it would get to themjust when their drive was not operating?

I westled with that until mny brains began to boil, then handed it over to McAndrew. He pointed
out that we had know edge of the occasions when their drive had been switched off, fromthe gaps
in their drive wake. So meking a best prediction was a straightforward problemin stochastic
optim zation. He solved it, too, before we had been on our way for a week. But the solution
predi cted such a | ow probability of successful contact that | didn't even try it—better to | eave
our drive on full blast, and try to nmake up sone of their |ead.

Wth the shields on to protect us fromthe sleet of particles and hard radi ation induced by our
I'ight-chasing velocity, we had no sense of notion at all. But we were really noving. At turnover
point we were within one part in ten thousand of |ight speed.

If I haven't said it already, I'Il say it now the 100-gee bal anced drive is nice to have, but
it's a son of a bitch—you travel a light-year in just over a nmonth of shipboard tinme. Two nonths,
and you've gone fifty light-years. Four shipboard nonths, and you're outside the Gal axy and wel |
on your way to Androneda

| calculated that two hundred days would put you at the edge of the Universe, 18 billion |ight-
years out. OF course, by the tine you got there, the Universe would have had 18 billion nore years
to expand, so you wouldn't be at the new edge. In fact, since the "edge" is defined as the place
where the velocity of recession of the galaxies is light-speed, you'd still be 18 billion |ight-
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years away fromit—and that would remain true, no matter how | ong you journeyed. Worse still, if
you arranged a trajectory that brought you to rest relative to the Earth, when you switched off
the drive the Gal axi es near you woul d be rushing away al nost at |ight speed

An hour or two of those thoughts, and | felt a new synpathy for Achilles in Zeno's ol d paradox,
trying to catch the tortoi se and never quite getting there.

Travel for a year, according to McAndrew, and you'd begin to have effects on the | arge-scale
structure of space-tine. The vacuum zero-point energy tapped by the drive isn't inexhaustible; but
as to what woul d happen if you kept on going

An academ ¢ question, of course, as Mac pointed out. Long before that the massplate woul d be

i nadequate to protect the drive, and the whole structure would disintegrate through ablative
collision with intergalactic gas and dust. Very reassuring; but Mac's intrigued and specul ati ve
tone when he di scussed the possibility was enough to send shivers up ny spine.

The position fixes we needed to refine Wcklund's original position and velocity for Vandel
rendezvous were nade by our conputer during the final three days of flight. Those observations and
calibrations were performed in mcrosecond flashes while the drive was turned off, and at the same
time we sent out burst node nessages, prepared and conpressed in advance, to the Merganser's

proj ected position. W told themwhen to send a return signal to us, but no counter-nessage cane
in. There was not hing but the automatic "Signal received" fromtheir shipboard computer

One day before rendezvous we were cl ose enough to throttle back the drive. W couldn't see Vandel
or Merganser yet, but the ships' conputers could begin talking to each other. It took themonly a
few seconds to collect the information | was interested in, and spit out a display sumary.

No human presence now on board. Transfer pod in use for planetary descent trajectory. No incom ng
signals from pod

| keyed in the only query that mattered: \Wen descent?
Seven hours shi pboard tine.

That was it. We had arrived just too late. By now Jan and Sven W ckl und woul d be down on the
surface of Vandell. Then another part of the first nessage hit ne. No inconing signals from pod.

“Mac!" | said. "No pod signal."

He nodded grimy. He had caught it too. Even when they were down on the surface, there should be
an automati c beacon signal to fix the pod's position and all ow conpensation for Doppl er shift of
communi cati on frequency.

"No pod signal," | said again. "That neans they' re—

"Aye." Hi s voice was husky, as though there was no air in his lungs. "Let's not junmp to
concl usions, Jeanie. For all we know . "

But he didn't finish the sentence. The pod antenna was robust. Only something mjor (such as
impact with a solid surface at a few hundred nmeters a second) would put it out of action. | had
never known a case where the pod's comlink died and the persons within it |ived.

We sat side by side in a frozen, enpty silence as the Hoatzin brought us closer to the rogue

pl anet. Soon it was visible to our highest resolution telescopes. Wthout naking a decision at any
conscious level, | automatically set up a comand sequence that would free our own | andi ng pod as
soon as the drive went off conpletely. Then | sinply sat there, staring ahead at Vandell.

For much of our trip out | had tried to visualize what a planet would be |ike that had known no
warmng sun for mllions or billions of years. It had floated free—for how long? W didn't know.
Per haps since our kind had descended fromthe trees, perhaps as long as any life had existed on
Earth. For all that tine, the planet had noved on through the quiet void, responsive only to the
gentle, persistent tug of galactic gravitational and magnetic fields, drifting al ong where the
stars were no nore than distant pinpricks against the black sky. Wth no sunlight to breathe life
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onto its surface, Vandell would be cold, airless, the frozen innernost circle of hell. It chilled
me to think of it.

The planet grew steadily in the forward screens. As the definition of the display inproved,
suddenly realized why | couldn't relate the picture in front of ne to ny nental inages. Vandel

was visible, at optical wavelengths. It sat there at the center of the screen, a small sphere that
glowed a soft, living pink against the stellar backdrop. As | watched the surface seened to
shimer, with an evanescent pattern of fine lines running across it.

McAndrew had seen it too. He gave a grunt of surprise, cupped his chin in his hands, and | eaned
forward. After two minutes of silence he reached across to the terminal and keyed in a brief

query.
"What are you doi ng?" | asked, when after another two ninutes he showed no sign of speaking.

"WAnt to see what's in Merganser's nmenory. Should be sone inages fromtheir tine of first
approach." He grunted and shook his head. "Look at that screen. There's no way Vandell can | ook
like that."

"I was anmmzed to see it at visible wavel engths. But |'m not sure why."

"Avail abl e energy." He shrugged, but his gaze never left the display. "See, Jeanie, the only thing
that can provide energy to that planet's surface is an internal source. But nothing |I've ever
heard of could give this nuch radiation at those frequencies, and sustain it over a |ong period.
And | ook at the edge of the planet's disk. See, it's less bright. That's an atnmospheric linb
darkening, if ever |'ve seen one—an atnosphere, now, on a planet that should be as cold as space
Doesn't nake any sense at all. No sense at all."

We wat ched together as Merganser's data bank fed across to our ship's conputer and through the
di spl ays. The screen to our left flickered through a wild pattern of colors, then went totally
dark. MAndrew | ooked at it and swore to hinself.

"Explain that to me, Jeanie. There's the way that Vandell |ooked in the visible part of the
spect rum when Jan and Sven were on their final approach—black as hell, totally invisible. W get
here, a couple of days later, and we find that." He waved his armat the central display, where
Vandel | was steadily increasing in size as we moved closer. "Look at the readings that W ckl und
made as they cane into parking orbit—ao visible em ssions, no thermal emni ssions, no sign of an

at nosphere. Now see our readings: the planet is visible, above freezing point, and covered in
clouds. It's as though they were describing one world, and we've arrived at a conpletely different
one."

Mac often tells ne that | have no imagination. But as he spoke wild ideas went running through ny
mnd that | didn't care to nention. A planet that changed its appearance when humans approached
it; awrld that waited patiently for nillions of years, then draped a cl oak of atnobsphere around
itself as soon as it had lured a group of people to its surface. Could the changes on Vandel |l be
interpreted as the result of intention, a deliberate and intelligent act on the part of sonething
on the planet?

While | was still full of my furious fancies, a high-pitched whistle fromthe navigation consol e
announced that the bal anced drive had turned off conpletely. W had reached our rendezvous
position, two hundred thousand kil oneters from Vandell. | was noving away fromthe control panel

headi ng towards our own transfer pod, before the sound had ended. At the entrance | stopped and
turned, expecting that McAndrew woul d be close on ny heels. But he hadn't left the displays. He
had cal |l ed back the list of Vandell's physical paraneters, showi ng mass, tenperature, nean
diameter, and rotation rate, and was staring at it blindly. As | watched he requested a new

di splay of Vandell's rotation rate, which was small enough to be shown as zero in the standard
out put format.

"Mac! "

He turned, shook his head fromside to side as though to banish his own version of the insane
i deas that had crowded ny mind when | saw the change in Vandell, and slowy followed ne to the
pod. At the entrance he turned for a last | ook at the screens.
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There was no di scussion of our nove into the pod. W didn't know when, or even quite how, but we
both knew that we had to nake a descent to the surface of Vandell. Sonehow we had to recover the
bodi es that |ay beneath the flickering, pearly cloud shrouding the rogue world.

* * %

In another time and place, the view fromthe pod woul d have been beautiful. W were cl ose enough
now to explain the rosy shinrer. It was lightning stornms, running back and forth across the

cl ouded skies of Vandell. Lightning storns that shouldn't be there, on a world that ought to be
dead. W had drai ned Merganser's data banks as we went round and round in low orbit. Not rmuch new
had come to light, but we had found the |last set of instrument readings returned to the main
conmput er when the other | anding pod had nade its approach to Vandell's surface: Atnospheric
pressure, zero. External magnetic field, less than a nmillionth of a gauss. Tenperature, four
degrees absolute. Surface gravity, four-tenths of a gee. Planetary rotation rate, too small to
nmeasur e.

Then their pod had touched down, with final relative velocity of only half a neter a second—and
all transm ssions had ceased, instantly. Watever had killed Jan and Sven Wckl und, direct inpact
with the surface couldn't be the culprit. They had | anded gently. And if they hadn't been killed
by collision when they | anded

| tried to ignore the tiny bud of hope that wanted to open in nmy nmind. | had never heard of a pod
bei ng destroyed wi thout also killing anyone inside it.

Qur instrunents had added a few new (and odd) facts to that earlier picture. The "atnosphere" we
were seeing now was nmainly dust, a great swirling stormacross the whole of Vandell, littered by
lightning flashes through the upper part. It was hot, a furnace breath that had no right to exist.
Vandel | was supposed to be cold. Goddammit, it should be drained of every last calorie of heat.
McAndrew had told nme so, there was no way the planet could be warm

Round and round, orbit after orbit; we went on until | felt that we were a fixed center and the
whol e uni verse was gyrating around us, while | stared at that black vortex (it came and went from
one orbit to the next, now you see it, now you don't) and MAndrew sat glued to the data displ ays.

I don't think he | ooked at Vandell itself for nore than ten seconds in five hours. He was

t hi nki ng.

And nme? The pressure inside was grow ng—tearing ne apart. According to Linperis and Wenig, |I'm
cautious to a fault. Were angels fear to tread, | not only won't rush in, | don't want to go near
the place. That's one reason they like to have ne around, to exercise nmy high cowardi ce quotient.
But now | wanted to fire our retro-rockets and get down there, down onto Vandell. Twice | had

seated nyself at the controls, and fingered the prelimnary descent sequence (second nature, |
could have done that in ny sleep). And twi ce MAndrew had energed fromhis reverie, shook his
head, and spoken: "No, Jeanie."

But the third tinme he didn't stop ne.
"D ye know where you're going to put her down, Jeanie?" was all he said.

"Roughly." 1 didn't like the sound of ny voice at all. Too scratchy and husky. "I've got the
approxi nate | andi ng position from Merganser's readi ngs."

"Not there." He was shaking his head. "Not quite there. See it, the black tube? Put us down the
m ddl e of that funnel —ean you do it?"

"I can. But if it's what it |ooks like, we'll get heavy turbul ence.”

"Aye, I'Il agree with that." He shrugged. "That's where they are, though, for a bet. Can you do
it?"

That wasn't his real question. As he was speaking, | began to slide us in along a snmooth descent

trajectory. There was nothing to the cal culation of our notion, we both recognized that. G ven our
desired touchdown | ocation, the pod's conputer would have a m ni num fuel descent figured in
fractions of a second.
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I know McAndrew very well. What he was sayi ng—ot in words, that wasn't his style—was sinple: It's
goi ng to be dangerous, and |I'm not sure how dangerous. Do you want to do it?

| began to see why as soon as we were inside the atnosphere. Visibility went down to zero. W were
descendi ng through thick snmoke-1ike dust and flickering lightning. |I switched to radar vision, and
found I was | ooking down to a murky, surrealistic world, with a shattered, tw sted surface. Heavy

wi nds (w thout an atnosphere?—what were wi nds?) noved us violently fromside to side, up and down,
with sickening free-fall drops arrested by the drive as soon as they were started.

Thirty seconds to contact, and bel ow us the ground heaved and rolled like a sick giant. Down and
down, along the exact center of the black funnel. The pod shook and shivered around us. The
automatic controls seenmed to be doing poorly, but | knew |'d be worse—ny reaction tines were a

t housandfol d too slow to conpete. All we could do was hold tight and wait for the collision

Whi ch never cane. W didn't nake a featherbed |landing, but the final jolt was just a few
centineters a second. Or was it nmore? | couldn't say. It was lost in the continuing shuddering
nmovenents of the ground that the pod rested on. The planet beneath us was alive. | stood up, then
had to hold onto the edge of the control desk to keep ny feet. |I sniled at McAndrew (quite an
effort) as he began an unsteady novenent towards the equi prent | ocker

He nodded at ne. Earthquake country.
I nodded back. Wiere is their ship?

We had | anded on a planet alnpst as big as Earth, in the nmiddle of a howing dust stormthat
reduced visibility to |l ess than a hundred yards. Now we were proposing to search an area of a
couple of hundred million square miles—for an object a few neters across. The needle in a haystack
had nothing on this. Mac didn't seemworried. He was putting on an external support pack—we had
donned suits during the first phase of descent.

" '\/HCI n

He paused with the pack held against his chest and the connectors held in one hand. "Don't be
daft, Jeanie. Only one of us should be out there."

And that nade ne nad. He was being logical (ny specialty). But to cone nore than a |ight-year, and
then for one of us go the last fewniles . . . Jan was ny daughter too—ny only daughter. | noved
forward and picked up another of the packs. After one | ook at nmy face, Mac didn't argue.

At | east we had enough sense not to venture outside at once. Suited up, we conpleted the
systemati ¢ scan of our surroundi ngs. The visual wavel engths were usel ess—we couldn't see a thing
t hrough the ports—but the mcrowave sensors let us |ook to the horizon. And a wild horizon it was.
Spi kes of sharp rock sat next to crunbling nesas, inpenetrable crevasses, and tilted bl ocks of
dark stone, randomy strewn across the | andscape.

I could see no pattern at all, no rule of formation. But over to one side, less than a nile from
our pod, our instruments were picking up a bright radar echo, a reflection peak stronger than
anyt hing that canme fromthe rocky surface. It nust be netal —eould only be netal —ould only be
Jan's ship. But was it intact? Lightning-fused? A scoured hul k? A shattered remmant, open to dust
and vacuunf

My thoughts canme too fast to follow Before they had reached any concl usi on we had noved to the

| ock, opened it, and were standing on the broken surface of Vandell. MAndrew autonmatically fel
behind to let nme take the Il ead. Neither of us had any experience with this type of terrain, but he
knew ny antennae for trouble were better than his. | tuned nmy suit to the reflected radar signa

fromour pod and we began to pick our way carefully forward.

It was a grim tortuous progress. There was no direct path that could be taken across the rocks.
Every tenth step seened to bring nme to a dead end, a place where we had to retrace our steps

hal fway back to our own pod. Beneath our feet, the surface of the planet shivered and groaned, as
though it was ready to open up and swallow us. The |andscape as our suits presented it to us was a
scintillating nightmare of blacks and grays. (Vision in nonvisible wavel engths is al ways

di sconcerti ng—ni crowave nore than nost).
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Around us, the swirling dust cane in shivering waves that whi spered al ong the outside of our
hel mets. | could detect a definite cycle, with a peak every seven ninutes or so. Radio static
foll owed the sane period, rising and falling in volume to match the di sturbance outsi de.

I had tuned ny set to maxi mumgain and was transmtting a continuous call signal. Nothing came
back fromthe bright radar blip of the other pod. It was now only a coupl e of hundred yards ahead
but we were approachi ng agoni zingly slowy.

At fifty yards | noticed a lull in the rustle around us. | switched to visible wavel engths, and
wai ted inmpatiently while the suit's processor searched for the best conbination of frequencies to
penetrate the murk. After half a second the internal suit display announced that there would be a
short delay; the sensors were covered with ionized dust particles that woul d have to be repell ed.
That took another ten seconds, then | had an image. Peering ahead on visible wavel engths | thought
I could see a new shape in front of us, a flat oval huggi ng the dark ground.

"Visible signal, Mac," | said over the radio. "Tell your suit."

That was all | could say. | know the profile of a pod, |'ve seen themfromevery angle. And the
sil houette ahead of us |ooked wong. It had a tw sted, sideways cant, bulging towards the left. |

i ncreased pace, stunbling dangerously al ong snmooth slabs and around jagged pinnacl es, striding
reckl essly across a quivering deep abyss. Mac was following, ready to help ne if | got in

troubl e—dnl ess he was taking worse risks hinmself, which was certainly not beyond him | could hear
his breath, loud on the suit radio.

It was their pod. No doubt at all. And as | cane closer | could see the |ong, gaping hole in one
side. It takes a lot to smash a transfer pod beyond repair, but that one would never fly again.
Inside it would be airless, lifeless, filled only with the choking dust that was Vandell's only

claimto an at nosphere.

And t he people inside? Wuld Jan or Sven have thought to wear suits before descent? It woul d make
a difference only to the appearance of the corpses. Even with suits, anything that could kil
their signal beacon would kill themtoo.

I took ny final step to the pod, stooped to peer in through the split in the side, and stopped

breat hi ng. Sonewhere deep inside me, contrary to all logic, there still lived a faint ghost of
hope. It died as |I |ooked. Two figures lay side by side on the floor of the pod, neither of them
novi ng.

| groaned, saw Mac coming to stand beside ne, and switched on ny helmet light for a better view or
the interior. Then | straightened up so fast that ny head banged hard on the pod' s tough netal

They were both wearing suits, their helnets were touching—and as the |light from outside penetrated
the interior of the pod, they swung around in unison to face ne. They were both rubbing at their
suit faceplates with gloved hands, clearing a space in a thick layer of white dust there.

"Jan!" My shout must have blasted Mac rigid. "Sven! Mac, they're alive!"

"Christ, Jeanie, | see that. Steady on, you'll burst ny eardruns." He sounded as though he hinself
was going to burst, from sheer pleasure and relief.

We scranbl ed around to the main hatch of the pod and | tried to yank it open. It wouldn't nove.
Mac |l ent a hand, and still nothing woul d budge—everythi ng was too bent and battered. Back we went
to the hole in the ship's side, and found themtrying to enlarge it enough to get out.

"Stand back," | said. "Mac and | can cut that in a mnute."

Then | realized they couldn't hear nme or see ne. Their faceplates were covered again wth dust,
and they kept |eaning together to touch hel nmets.

"Mac! There's sonething wong with their suits."”

"Of course there is." He sounded disgusted with nmy stupidity. "Radio' s not working—we already knew
that. They're comunicating with each other by direct speech through the hel net contact. Vision
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units are done for, too-see, all they have are the faceplates, and the dust sticks and covers them
unl ess they keep on clearing it. The whol e atnosphere of this dammed planet is nothing nore than
charged dust particles. Qur suits are repelling them or we'd see nothing at visible wavel engths.
Here, let me in there."

He stuck his head through the opening, grabbed the armof Jan's suit, and pulled us so that we
were all four touching helmets. We could talk to each other

And for that first ten mnutes that's what we did: talk, in a |language that defies all |ogica
analysis. | would call it the |Ianguage of |ove, but that phrase has been used too often for
anot her (and | ess powerful) enotional experience.

Then we enlarged the hole so they could clinb out. At that point | thought that we had won, that
our troubles and difficulties were all over. In fact, they were just starting.

* * %

Their pod was in even worse shape than it | ooked. The battering fromflying boul ders that had
ruined the hull should have left intact the internal electronics, conputers, and comruni cations
i nks, conponents with no noving parts that ought to withstand any anmount of shaking and vi ol ent
notion. But they were all dead. The pod was nothing but a |ifeless chunk of netal and plastics.

Wrse still, all the conputer systens in Jan and Sven's suits had failed, too. They had no radi os,
no external vision systens—hot even tenperature controls. Only the purely mechani cal conponents,
like air supply and suit pressure, were still working.

| couldn't inmagine anything that could destroy the equi pment so conpletely and | eave Jan and Sven
alive, but those questions would have to come later. For the nonent our first priority was the
return to the other pod. If | had thought it dangerous work com ng, going back woul d be nuch
worse. Jan and Sven were alnost blind, they couldn't step across chasms or wal k along a thin slab
of rock. Wthout radios, | couldn't even tell themto back up if | decided we had to retrace part
of our path.

We all four linked hands, to make a chain with Mac on the left-hand end and ne on the right, and
began a strange crab-li ke nmovenent back in the direction of the other pod. | daren't hurry, and it
took hours. Four times | had to stop conpletely, while the ground beneath us went through
exceptionally violent paroxysns of shaking and shuddering. W stood notionless, tightly gripping
each other's gloved hands. If it was scary for ne, it nust have been hell for Jan and Sven. Mac
and | were their lifeline, if we |lost contact they wouldn't nake twenty neters safely across the
broken surface. \Wile the shaking went on, | was picking up faint sounds in ny radio. MAndrew and
W ckl und had their helnmets together, and Wcklund seened to be doing all the talking. For five
mnutes | heard only occasional grunts from Mac through his throat m ke

"Right," he said at last. "Wre you able to pick up any of that, Jeanie? W have to get a nove on
Go faster."

"Faster? In these conditions? You're crazy. | knowit's slow going, but we all have plenty of air.
Let's do it right, and get there in one piece."

"I't's not air I'mworried about." He was crowdi ng up behind us, so that we were all bunping into
each other. "We have to be in the pod and off the surface in less than an hour. Sven's been
tracking the surges of seisnmic activity and dust speed, ever since they | anded and everythi ng went
to hell. There's a bad one com ng an hour and a half from now-and | nmean bad. Wrse than anyt hing
we've felt so far. Alot of the mnor cycles we've been feeling since we cane out on the surface
will all be in phase. They'll all add together."

Wrse than anything we had felt so far. What would it be like? It wasn't easy to inmmgine. Nor was
t he cause—but sonething had taken Vandell's snpboth and qui et surface and crunpled it to a wild
ruin in the few hours since the other pod had | anded.

Against nmy instincts | began to take nore risks, to clinmb over nore jagged rocks and to wal k al ong

shel ves that might tilt and slide under our weight. | think that at this point it was worse for
McAndrew and nme than for Sven and Jan. They could walk blind and trust us to keep them safe; but
we had to keep our eyes w de open, and study all the dangers around us. | wanted to ask Mac a

hundred questions, but | didn't dare to focus his attention or nmine on anything except the
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i medi ate task.

At our faster pace we were within a hundred neters of the pod in twenty mnutes, with what | ooked
like a clear path the rest of the way. That was when | heard a grunt and curse over the suit
radi o, and turned to see McAndrew sliding away to one side down a |ong scree of |oose gravel. Last
across, he had pushed Sven Wcklund to safety as the surface began to break. He fell, scrabbled at
the ground, but couldn't get hold of anything firm He rolled once, then within seconds was | ost
fromview behind a black junble of boul ders.

"Mac!" | was glad that Jan couldn't hear my voice crack with panic.

“I''"'mhere, Jeanie. |I'mall right." He sounded as though he was out on a picnic. "My owm fault, |
could see it was breaking away when Sven was on it. | should have | ooked for another path instead
of following himlike a sheep."

"Can you get back?"

There was a silence, probably thirty seconds. In nmy nerved-up state it seened |ike an hour. |
could hear Mac's breath, faster and | ouder over the radio.

"I"'mnot sure," he said at last. "It's a nmess down here, and the slope's too steep to clinb
straight up. Dammed gravel, | slide right back down with it. It my take ne a little while. You
three had better keep going and I'll catch up later. Time's too short for you to hang around

wai ting."

"Forget it. Hold right there, 1'mcomng back after you." | leaned to set my helnmet next to Jan's.

"Jan, can you hear ne?"

"Yes. But speak | ouder." Her voice was faint, as though she was many neters away.

"I want you and Sven to stand right here and don't nove—not for anything. Mac's stuck, and | have
to help him I'Il be just a few m nutes."

That was neant to be reassuring, but then | wondered what would happen if | was too optimstic
about how long it would take ne. "G ve ne twenty mnutes, and if we're not back then, you'll have
to get to the pod on your own. It's straight in front as you' re facing now, about a hundred neters
away. |f you go in a straight line for fifty paces then clear your faceplates, you should be able
to see it."

I knew she nust have questions, but there was no tinme to answer them Mac's tone suggested it
woul d be conpletely fatal to be on Vandell's surface, unprotected, when the next big wave of
seismc activity hit us.

| knew exactly where Mac had gone, but | had a hard time seeing him The rock slide had carried
with it a mixture of small and | arge fragments, from gravel and pebbles to substantial boul ders.
His struggles to clinb the slope had only nmanaged to enbed hi m deeper in |oose nmaterials. Now his
suit was three-quarters hidden. His efforts also seemed to have carried himbackwards, so with a
thirty degree gradient facing himl didn't think he'd ever be able to get out alone. And further
down the slope lay a broad fissure in the surface, of indeterm nate depth.

He was facing ny way, and he had seen ne too. "Jeanie, don't cone any closer. You'll slither right
down here, the sane as | did. There's nothing firm past the | edge you' re standing on."

"Don't worry. This is as far as I'mconming." | backed up a step, nearer to a huge rock that nust
have wei ghed nmany tons, and turned ny head so the chest of Mac's suit sat on the crosshairs at the
exact center of my display. "Don't nove a nuscle now. |'mgoing to use the Walton, and we don't

have tine for second tries."

| lifted the crosshairs just a little to allow for the effects of gravity, then intoned the Walton
rel ease sequence. The ejection solenoid fired, and the thin filament with its term na

el ectromagnet shot out fromthe chest panel on ny suit and flashed down towards MAndrew. The

| aser at the tip neasured the distance of the target, and the nagnet went on a fraction of a
second before contact. Mac and | were joined by a hair-thin bond. | braced nyself behind the big
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rock. "Ready? |'mgoing to haul you in."

"Aye, |I'mready. But why didn't | think of using the Walton? Damation, | didn't need to get you
back here, | could have done it for nyself."

| began to reel in the line, slowy so that Mac could help by freeing hinself fromthe stones and
gravel . The |zaak Walton has been used for nany years, ever since the first big space construction
j obs pointed out the need for a way to nove around in vacuum w t hout wasting a suit's reaction
mass. |If all you want is a little linear nmonentum the argument went, why not take it fromthe
massi ve structures around you? That's all that the Waltons do. 1'd used them hundreds of tinmes in
free fall, shooting the line out to a girder where | wanted to be, connecting, then reeling nyself
over there. So had Mac, and that's why he was disgusted with hinself. But it occurred to ne that
this was the first tinme I'd ever heard of a Walton being used on a planetary surface.

"I don't think you could have done it, Mac," | said. "This big rock's the only solid one you could
see fromdown there, and it doesn't | ook as though it has a high netal content. You' d have not hi ng
for the magnet to grab hold of up here."

"Maybe." He snorted. "But | should have had the sense to try. I"'ma witless oaf."

What that nade ne, | dreaded to think. | went on steadily hauling in the line until he had
scrabbled his way up to stand by ny side, then switched off the field. The line and nagnet
automatically ran into their storage reel in ny suit, and we carefully turned and headed back to
t he ot her two.

They were just where | had left them They stood, helnets touching, like a frozen and forlorn
tabl eau in Vandell's broken wilderness. It was nore than fifteen m nutes since | gone back to Mac,
and | could imagine their uneasy thoughts. | |eaned nmy helmet to touch both theirs.

"Al'l present and safe. Let's go."

Jan gave ny arma great squeeze. W forned our chain again, and crabbed the rest of the way to the
pod. It wasn't quite as easy as it had | ooked, or as | suggested to Jan, but in less than fifteen
nm nutes we were opening the outer hatch and bundling Sven and Jan into it.

The | ock was only big enough for two at a time. They were out of their useless suits by the tine
that McAndrew and | could join theminside. Jan | ooked pal e and shaky, ten years ol der than her
sevent een years. Sven Wcklund was as bl ond and dreany-I|ooking as ever, still inpossibly young in
appear ance. Like McAndrew, his own internal preoccupations partly shielded himfrom unpl easant
realiti es—even now he was brandi shing a piece of paper covered with squiggles at us. But Jan and
Sven had both held together, keeping their conposure well when death nust have seened certain. It
occurred to nme that if you wanted to find a rite of passage to adulthood, you wouldn't find a
tougher one than Jan had been through

"Just look at this," Sven said as soon as we were out of the hatch. "I've been plotting the

cycl es—=

"How | ong before it hits?" | interrupted.

"Four mnutes. But—

"Get into working suits, both of you." | was already at the controls. "I'mtaking us up as soon as

| can, but if we're too late | can't guarantee that the pod hull wll survive. You know what
happened to yours."

The ascent presented no problem of navigation—+ had plenty of fuel, and | intended to go straight
up with maximumlift. There would be tine to worry about rendezvous wi th Merganser and Hoatzin
when we were safely away from Vandel | .

| believe in being careful, even on the sinplest takeoff, so all my concentration was on the

control sequences. | could hear Jan, McAndrew and W ckl und babbling to each other in the
background, until | told themto get off ny suit frequency and let nme think. Vandell was still a
complete nystery world to ne, but if the others had answers, those, |ike the problem of ship
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rendezvous, could wait until we were off the surface.

Wcklund's predictions for the timng of the next wave of violence proved to be unnecessary.
could see it comng directly, in the values provided by the pod's field instruments. Every gauge
reading in front of me was creeping up in unison as we lifted off; ionization levels, surface

vi brations, dust density, electric and nagnetic fiel ds—+eadouts flickered rapidly higher, and
needl es turned steadily across their dials |like the hands of an ol d-fashi oned cl ock

Somet hing big was on its way. We lifted into a sky ripped by great |ightning flashes, burning
their way through the clouds of charged dust particles. The ascent we nade was rapid. Wthin a few
seconds we had reached three kilonmeters. And then, as | was beginning to relax a little and think
that we had been just in tinme, the readings in front of ne went nad. External field strengths
flickered up so fast in value that the figures were unreadable, then warning lights cane on. |
heard the screech of a fatal overload in ny suit's radio, and saw the displays in front of ne

bl ank out one after another. The conputer, after a brief nad flurry of a binary dunp across the
control screen, went totally dead. Suddenly | was flying blind and deaf. Al the electronic tools
that every pilot relied on were now totally disabl ed.

It was usel ess information, but suddenly | understood exactly what had killed the signal beacon

from Jan and Sven's pod without also killing them Before the displays in front of me died, the
electric and magnetic field strengths had risen to an inpossible level. Even with parti al
shielding fromthe pod's hull, their intensity was enough to wi pe magneti c storage—that took care

of conputers, communi cations equi pnent, displays, and suit controls. If the suits hadn't been
designed with manual overrides for certain essentials so that Jan and Sven could control their air
supply, that woul d have been the end.

Now our pod had the sane problemas theirs. W hadn't been pelted with boul ders, as they had when
they were sitting on the surface of Vandell, but we had no conputer control of our flight and we
wer e bei ng whi pped around the sky by the changi ng magnetic fields.

It wasn't necessary for ne to change to nmanual control. Wen the conputer died, it dunped
everything in ny lap automatically. | gritted nmy teeth, tried to keep us headi ng strai ght up (not
easy, the way we were being tilted and rocked) and refused to decrease thrust even though the pod
shuddered as though it was getting ready to disintegrate.

I'"mblessed with an iron stonach, one that doesn't get sick no matter how nuch |urching and
spinning it takes. MAndrew isn't, and Jan takes after him They couldn't comunicate with me, but
I could take their msery for granted.

It was worth the disconfort. W were getting there, rising steadily, while the pink gl ow around

the pod's ports faded towards black. As our altitude increased | |ooked at the internal pressure
gauge—thank God for a sinple nechanical gadget. It was showi ng normal pressure, which nmeant that
the hull hadn't been breached on our ascent. | allowed nyself the luxury of a quick |ook around

ne.

McAndrew was sl unped forward in his straps, head down as |ow as he could get it. Sven and Jan were
both | eaning back, arns linked. Al the faceplates were clear, so that | knew none of them had
vomted in their suit—o joke, since the internal cleaning systens that would usually handl e the
mess were out of action

The turbul ence around the pod grew |l ess. Stars were conming into view outside the ports as | turned

us into an orbit that spiralled outward away from Vandell. | was |ooking for Hoatzin. Qur orbit
was clumsy and wasteful of fuel conpared with what the navigation computer would have provided
But give nme sone credit, | was receiving no reference signals fromthe ship. All | had was

i nstinct and experi ence.

Scooting al ong over the clouds | could now see a pattern to the lightning. It noved in great waves
over the surface, reaching peaks in places, fading el sewhere. W had |ifted froma point where al

t he peaks had converged, but nowit was fading to look no different fromthe rest. O al nbost so;
the faint shadow of the black funnel still dipped down into the nurk.

| felt a tap on ny shoulder. Mac was gesturing at ne, then at the helnmet of his suit. | nodded and
broke the seal on ny own helnet. We were outside the danger zone, and it was inportant to
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reestabl i sh contact anobng the group. The search for Hoatzin and Merganser night take hours, with
no assi stance from automated scan instruments or radio receipt of homing signals. Meanwhile, |
want ed sone expl anations. It was clear that MAndrew and Wcklund between them had nore idea than
| did what had been happeni ng.

Three m serabl e, greenish-yellow faces energed fromthe helmets. No one had thrown up, but from
the I ook of themit had been a close thing.

"I thought it was bad when the stormhit us on the surface," said Jan. "But that was even worse.
What did you do to us, Jeanie? | thought the pod was com ng apart."

"So did I." Suit helnmet off, | reached back to nmassage the aching nmuscles in ny neck and

shoul ders. "It alnpbst did. We | ost the conputers, the comunications, the displays—everything.
What is this crazy planet, anyway? | thought the |laws of nature were supposed to be the sane al
over the universe, but Vandell seens to have a special exenption. What in hell did you two do to
the place, Jan? It was quiet as a grave until you got at it."

"I't dam near was one," said McAndrew. "If you hadn't

He paused and swal | oned. "We know what's going on. That's what we were tal king about before you
shook us to pieces. If we'd been a bit smarter, we could have inferred it ahead of tine and none
of this would have happened. How nuch did you hear on the way up?"

I shook ny head. "I tuned you out. | had other things on nmy mind. Are you telling nme you
understand that nmess down there? | thought you said it made no sense at all.™

Whi l e we spoke | had taken us up to the correct height above Vandell for rendezvous wi th Hoatzin.
Now it woul d need a steady and sinple sweep to find our ship.

McAndrew wi ped his hand across his pale, sweating forehead. He was | ooking awmful, but less like a
dying pickle as the mnutes passed. "It didn't make sense,” he said huskily. "Nothing ever does
before you understand it, and then it seens obvious. | noticed sonething odd just before we |eft
Hoatzin to go into the pod—Sven had wondered about the same thing, but neither of us gave it
enough significance. Renenber the |ist of physical variables that they recorded for Vandell when
they first arrived here? No electric and magnetic fields, negligible rotation rate, no atnosphere,
and cold as the pit. Does any one of those observations suggest anything to you?"

I | eaned agai nst the padded seat back. My physical exertions over the past half hour had been
negligible, but tension had exhausted ne totally. | |ooked across at him

"Mac, I'min no condition for guessing games. |I'mtoo tired. For God's sake, get on with it."

He peered at nme synpathetically. "Aye, you're right. Let nme begin at the beginning, and keep it
sinple. W know that Vandell was quiet until Merganser's pod |landed on its surface. Wthin mninutes
of that, there was mmssive seismic activity and terrific electric and magnetic di sturbances. W
wat ched it, there were waves of activity over the whole planet—but they all had one focus, and one
poi nt of origin: where the pod | anded." As MAndrew spoke his voice becane firner, strengthening
now t hat he was back on the fam liar ground of scientific explanation. "Renenber the dark cone
that we followed in to the surface? It was the only anomaly visible over the whole surface of the
planet. So it was obvious. The inpact of the pod caused the trouble, it was the trigger that set
of f Vandell's eruption.”

| looked around at the others. They all seened happy with the explanation, but to nme it said
absol utely nothing. | shook ny head. "Mac, |'ve landed on fifty planets and asteroids through the
System and the Hal 0. Never once has one shaken apart when | tried to set foot on it. So why? Wy
did it happen to Vandel | ?"

" Because—

"Because Vandell is a rogue world," interrupted Sven Wcklund. W all stared at himin anazenent.
Sven usual |y never said a word about anything (except of course physics) unless he was asked a

direct question. He was too shy. Now his blond hair was wet with perspiration, and there was stil
that distant, nystic |look on his face, the | ook that vani shed only when he | aughed. But his voice
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was forceful. Vandell had done something to him too.

"A rogue world," he went on. "And one that does not rotate on its axis. That is the crux of this
whol e affair. Vandell rotates too slowy for us to neasure it. MAndrew and | noticed that, but we
thought it no nore than a point of academic interest. As Eddi ngton pointed out centuries ago,

al rost everything in the Universe seens to rotate—atonms, nolecules, planets, stars, gal axies. But
there is no law of nature that obliges a body to rotate relative to the stars. Vandell did not,

but we thought it only a curious accident."

He | eaned towards nme. "Think back to the time—how many mllion years ago?—when Vandell was first
ejected fromits stellar system It had been close to the system s suns, exposed to great forces.
It was hot, and nmaybe geol ogically active, and then suddenly it was thrown out, out into the void
bet ween the stars. Wat happened t hen?"

He paused, but | knew he was not expecting an answer. | waited.

He shrugged. "Nothing happened," he said. "For nillions or billions of years, Vandell was al one.

It slowmy lost heat, cool ed, contracted—ust as the planets of the Solar System cool ed and
contracted after they were first formed. But there is one critical difference: the planets circle
the Sun, and each other. As tensions inside build up, tidal forces work to release them Earth and
the planets rel ease accunul ating internal stresses through sequences of snal

di st ur bances—eart hquakes, Marsquakes, Jupiterquakes. They can never build up a large store of pent-
up energy. They are nudged continuously to internal stability by the other bodies of the system
But not Vandell. It wanders alone. Wth no tidal forces to work on it—not even the forces caused
by its rotation in the galactic gravitational and magnetic fiel ds—andel|l becanme super-critical

It was a house of cards, unstable against small disturbances. Apply one shock, and all the stored
energy would be released in a chain reaction.”

He paused and | ooked around. Then he bl ushed and seened surprised at his own sudden el oquence. W
all waited. Nothing else was forthcom ng.

I had foll owed what he said without difficulty, but accepting it was another matter. "You're

telling me that everything on Vandell came fromthe pod's landing," | said. "But what about the
dust clouds? And why the intense fields? And how could they arise froman internal adjustnent—even
a violent one? And why were there peaks in the disturbance, |like the one when we |ifted off?"

Sven Wcklund didn't answer. He had apparently done his speaking for the day. He | ooked
beseechingly for support to McAndrew, who coughed and rubbed at his head.

"Now, Jeanie," he said, "you could answer those questions for yourself if you wanted to give it a
nmnute's thought. You know about positions of unstable equilibriumas well as | do. Make an

i nfinitesimal displacenent, and produce an unbounded change, that's the heart of it. Conpared with
the di sturbances on Vandell for the past few eons, the |landing of a pod was a super-powerful
shock—pre than an infinitesi nal nudge. And you expect a set of spherical harnonics—with a pole at
the source of energy-when you distribute energy over a sphere. As for the fields, |I'll bet that
you' re not enough of a student of science to know what a Wnshurst nachine is; but |'ve seen one
It was an old way of generating trenendous el ectromagnetic fields and artificial |ightning using
simple friction of plates against each other. Vandell's crustal notion could generate fields of
billions of volts, though of course they'd only last a few hours. W were there right at the worst
time."

We | ooked back at the planet. To ny eye it was maybe a little less visible, the lightning flashes
| ess intense across the dusty clouds.

"Poor old Vandell," said Jan. "Peaceful for all these years, then we come and ruin it. And we
wanted to study a rogue planet, a place of absolute quiet. It'Il never be the way it was before we
got here. Well, never mind, there should be others. Wen we get back we'll tell people to be nore
careful ."

When we get back.

At those words, the world snapped into a different focus. For twelve hours | had been conpletely
absorbed by the events of the nonent. Earth, the Office of External Affairs, the Institute, they
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had not existed for me two ninutes ago. Now they were present again, still far away—+ | ooked out
of the port, seeking the bright distant star of the Sun—but real

"Are you all right, Jeanie?" asked Jan. She had observed ny sudden change of expression
"I'"'mnot sure."

It was time we told her everything. About Tallboy's decision on the future of the Institute, about
the cancellation of the Al pha Centauri expedition, the proposed decomm ssioning of the Hoatzin,
and the way we had di sobeyed official orders to followthemto Vandell. It all cane rolling out
like a long-stored fury.

"But you saved our lives," protested Jan. "If you hadn't taken the ship we'd be dead. Once they
know that, they won't care if you ignored some stupid regulation.”

McAndrew and | stared at her, then at each other. "Child, you' ve got a lot to | earn about

bureaucracy," | said. "I know it all sounds ridiculous and trivial out here—dam it, it is
ridiculous and trivial. But once we get back we'll waste weeks of our tinme, defending what we did,
docunenting everything, and witing endless reports on it. The fact that you would have died won't
make one scrap of difference to Tallboy. He'll follow the rule book."

There was a nonent of silence, while Mac and | pondered the prospect of a nonth of nenoranda.

"What happened to the old Adnministrator?" asked Jan at last. "You know, the one you al ways tal ked
about before. | thought he was your friend and understood what you were doi ng?"

"You nean Wbol ford? There was a change of Administration, and he went. The top brass change with
the party, every seven years. Wolford |l eft, and Tall boy replaced him™"

"Dam that man," said MAndrew suddenly. "Everything ready for the Al pha Centauri expedition
heaps of supplies and equipnent all in place; and that buffoon signs a piece of paper and kills it
in two seconds."

Ahead of us, | saw a faint blink against the starry background. It had to be Hoatzin's pul sed
beacon, sending a brief flash of |ight outward every two seconds. | nade a first adjustnent to our
orbit to take us to rendezvous, and pointed out the distant ship to the others. Mac and Sven noved
closer to the port, but Jan surprised me by remaining in her seat.

"Seven years?" she said to nme thoughtfully. "The Adnministration will change again in seven years
Jeani e, what was the shipboard travel time you planned to Al pha Centauri ?"

I frowned. "From Earth? One way, standing start to standing finish, would take Hoatzin about forty-
four days."

"So fromhere it would be even |l ess." She had a strange gleamin her eyes. "I noticed sonething
before we set out. Vandell sits in Lupus, and that's a nei ghboring constellation to Centaurus. |
renenber thinking to nyself before we started, it's an odd coincidence, but we'll be heading in

al nrost the same direction as Mac and Jeanie. So Al pha Centauri would take less tine from here,
right? Less than forty-four days."

I nodded. "That's just in shipboard tine, of course. In Earth tine we would have been away— |
stopped abruptly. | had finally reached the point where Jan had started her thinking.

"At |east eight and a half years,"” she said. "Al pha Centauri is 4.3 light-years fromEarth, right?
So by the time we get back hone, we'll find a new Adnministration and Tall boy will be gone.™

| stared at her thoughtfully. "Jan, do you know what you're saying? W can't do that. And as for
that “we' you were using, | hope you don't think that Mac and | would |l et you and Sven take the
risk of atriplike that. It's out of the question.”

"Can't we at least talk about it?" She smiled. "I'd like to hear what Mac and Sven have to say."
| hesitated. "Ch, all right." |I said at last. "But not now Let's at least wait until we're back
on board Hoatzin. And don't think I'll let you twi st those two around, the way you usually do."
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| frowned, she sniled.
And then | couldn't help sniling back at her

That's the trouble with the younger generation. They don't understand why a thing can't be done,
so they go ahead and do it.

We were going to have a mammoth argunent about all this, | just knewit. One thing you have to
teach the young is that it's wong to run away from probl ens.

Wuld I win the argunent? | didn't know. But it did occur to nme that when the history of the first
Al pha Centauri expedition was witten, it mght ook quite different fromwhat anyone had

expect ed.

El GHTH CHRONI CLE

Wth MANdrew,
Qut of Focus

There are sights in the Universe that man—er woman—was not neant to see

Let ne nane an outstandi ng exanpl e. McAndrew, dancing; Arthur Mrton MAndrew, hopping about Iike
a gangling, uncoordinated stork, arns flapping and bal ding head turned up to stare at the sky.

"The first since 1604!" he said. He did not, thank God, burst into song. "Not a one, since the
i nvention of the telescope. Ah, look at it, Jeanie. Isn't that the nost beautiful thing a person
ever saw?"

Not the nost conplinentary remark in the world, to a wonan who has borne a child with a nan and
been his regular, if not exactly faithful, conpanion for twenty-odd years.

I looked up. It was close to nine in the evening, on the long June day that would end our holiday
together. Early tonmorrow McAndrew would | eave Earth and return to the Institute; | would head for
Equat orport, the first step in a trip a good deal farther out. | was schedul ed to deliver
subrersi bl es for use on Europa. As part of the deal for naking the run, | would be allowed to dive
the Europan ice-covered abyssal ocean. | was excited by the prospect. The difference between deep
space and deep ocean is large, and sky captains and di ve captains respect and envy each ot her

Over head, the cause of McAndrew s excitenent flaned in the sky as a point of intolerable
brilliance. The Sun and Venus had al ready set. Jupiter was in opposition and close to perihelion.
The pl anet shoul d have been a beacon on the eastern horizon, but today its |light was overwhel med
by sonething else. What | was | ooking at was infinitely brighter than Jupiter or Venus could ever
be. Instead of the steady gl eam of a planet, the |ight above blazed |like the star it was. But it
dom nated everything in the sky except for the Sun itself, visible even at noon, a light strong
enough to throw cl ear shadows. For two days there had been no night in the northern heni sphere.

"A naked eye supernova!" MAndrew didn't want or expect an answer to his earlier question. "And so
close—enly a hundred and three |light-years. Wiy, if we used the balanced drive . . ."

H's voice trailed away, but 1've known the man for a long time. | suspected what he was thinking.

| said, "Be realistic, Mac. Even if you could fly out there in a reasonabl e subjective tine, you'd
be away at | east a couple of hundred Earth years."

| was about to add, renenber your relativity, but | didn't have the gall. MAndrew knew nore about
special relativity and tinme dilation than | would ever know. Al so nore about general relativity,
gravity, quantum theory, superstrings, condensed matter physics, finite state automata, and any

ot her science subject that you care to mention. Wat he didn't know, and woul d never |earn, was
restraint.

Qur holiday was over, whether | wanted to adnmit it or not. W would spend one nore night together
but McAndrew would not be in bed with ne. Not all of him that is. H s body, yes, but his head was
al ready a hundred and three light-years away. It would not be com ng back any tine soon. He

woul dn't admit it to nme, but even now he itched to be at the Penrose Institute, out in space where
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his precious observational tools could see far nore than any instrument condemmed to lie at the
bottom of the nurky at mosphere of Earth.

Me, | could |l ook into the evening sky and see herring-bone patterns of gorgeous rose and sal non-
pi nk cl ouds catching the Iight of the supernova. MAndrew | ooked at the sane thing and saw an
annoyi ng absorbing | ayer of atnospheric gases cutting off all |ight of wavel ength shorter than the

near ultraviolet. The Cassiopeia Supernova was flooding the Solar Systemwi th hard radi ati on—and
here was MAndrew, down on Earth, condemmed to visible wavel engths and m ssing half the show

"It will still be there tonorrow," | said. "You'll have a nonth or two before it begins to fade."
I mght as well have saved ny breath. He said, "If | flew south tonight, maybe | could get a pre-
dawn lift."

"Maybe you could." Actually, | knew the lift-off and transfer schedules in fair detail, and there
was no chance of a launch that woul d get hi mone second sooner to the Institute, which was free-
flying nowin an L-3 halo orbit. Also, the |last evening of a holiday is supposed to be special

"Sounds like you don't think |I should,” he said. And then, showi ng that he is nmore human t han

al nrost anyone in the Sol ar System gives himcredit for—he's supposed to be MAndrew, giant brain
and intellect incarnate—he added, "Ah, now Jeanie, don't get mad at nme. You know, | wasn't
thinking of trying to fly all the way out to the supernova. But Fogarty and ne, we've had an
expedition in mind for a while to visit the solar focus. This would be a great tine to do it. W'd
learn a | ot about the supernova."

"You mght," | said. | did not add that | did not like Paul Fogarty. MAndrew could tell ne, as
often as he liked, that Fogarty was bright and young and inventive. Maybe he was all those things,
but | thought he was al so anbitious and snotty and obnoxi ous.

Pure personal vanity on ny part, of course. Young Paul Fogarty had net ne during one of ny visits
to the Institute, learned that | was not a scientist but a nmere cargo captain, and after that did
not recogni ze ny exi stence.

If McAndrew was trying to be nice to ne for a final evening together, | was nore than willing to
meet himhal fway. "If you want to go to the solar focus," | said. "Then you should do it. Go and
have fun. You deserve it. Not a long trip, is it?"

"Just a hop." He thought for a nonent, and the only sign of Scottish ancestry appeared in his

speech. "Cch, Jeanie, it's not even that. W hardly need the balanced drive at all. Five hundred
and fifty astronom cal units to the solar focus, that's only eighty-odd billion kilonmeters. If we
take the Hoatzin and hold it down to a hundred gees, that's | ess than a week of shipboard tine
there and back—even allow ng for turnover and deceleration. Don't worry that I'Il be gone | ong.

1"l be home again and waiting for you when you finish playing the deep-sea diver."

Possibly. But | knew him of old. Get McAndrew into a situation of scientific interest, and he
| oses all sense of tine and everything el se.

Wien | energed fromthe Europan ocean, he m ght indeed be back at the Institute; but | wouldn't be
at all surprised to find himstill eighty billion kiloneters out, sitting at the solar focus—the
pl ace where the Sun's own gravitational field would act like a |lens, and converge light fromthe
Cassi opei a supernova to a focus.

| tilted back ny head to stare once nore at the burning point of light in the sky. A hundred and
three light-years away, but it shone on Earth a thousand times as bright as the full Mon. This

was the closest supernova to Earth in all of recorded history. Maybe that was just as well. Mich
closer, and it would be a danger to all life on Earth.

Unl i ke McAndrew, | could be quite as happy wi thout the Cassiopeia supernova.

* * %

| accuse McAndrew of things, but sonetinmes | wonder if I'mjust as guilty nyself.

The Europan ocean is eerie and spectacul ar and unlike anything else in the Solar System People
tal k about the silence of space, floating in the void beyond Neptune with all engines off. Fair
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enough. But |'ve been there, and | can tell you that it's nothing |like as uncanny as the quiet of
Europa' s abyssal ocean, a hundred kiloneter depth of water and above that a thick shield of ice-
cap to seal you off fromthe rest of the Universe

I loved it. The young captain who piloted the Spindrift was half ny age, flatteringly attentive,
and a fewtines he allowed nme to take the controls of the deep subnersible. W drifted al ong just
above the ocean floor, very slowy, so we would not disturb the sea-floor furrows with their rows
of aperiodic self-reproducing crystals, Europa's own contribution to life in the Solar System

O course | stayed down | onger than expected—as long as | could. When we finally surfaced through
Bl owhol e it was because we were running low on air and supplies, not on interest. | |ooked at a
calendar for the first tinme in a week and realized that MAndrew m ght have |left and al ready
returned. Chances were against that. My bet was, he was out at the solar focus, fooling around
with his instruments and totally unaware of what day or week it was.

Communi cation to space fromthe Europan deep ocean is difficult and reserved for emergencies, but
it was easy enough to send nessages fromthe surface station at Mount Ararat. | called the Penrose
Institute, personal to McAndrew. Then | spent the seventy minute round-trip signal delay packing
my bag in preparation for the ascent to Jovian systemorbit.

I rather expected a "Not Present" return signal, together with a nmessage that he was out at the
focus. Instead, when the screen filled it showed an i nage of McAndrew s face. He was scow i ng, not

at all like a man who had just returned froman exciting and successful journey.
"Aye, Jeanie, |'mhere." H's voice was decidedly nmournful. "And | suppose you can cone see ne if
you feel like it."

Not the world's nost enthusiastic invitation, even by MAndrew standards. \What had happened to his
supernova- generated excitenent? The newconer in Cassiopeia still blazed in the sky as brightly as
ever, but there was no joy in MAndrew

Rat her than attenpting questions with seventy-m nute del ays on the answers, | said goodbye to

Eur opa and headed sunward for the Institute.

McAndrew didn't neet nme when | docked. That was all right. | had been to the Institute often
enough, | knew the | ayout of the place, and | knew exactly where his office was. He woul d probably
be there now, staring at the wall, theorizing, cracking his finger joints, oblivious to the

passage of tine. It was no surprise that he did not neet ne.

What did surprise me was old Doc Linperis, hovering near the | ock when | energed to the
Institute's interior. Linperis was long-retired as Director of the Institute, and he could have
had his pick of Solar Systemlocations. But as he said, where else would a man interested in
physi cs want to be?

He approached ne, held out his hand, said, "Jeanie Roker, how are you?" and then continued wi thout
a pause for breath, "Maybe you can get through to him because it's certain sure none of us can."

He didn't need to say who. For many years, Linperis had been McAndrew s cl osest friend and
chanmpion at the Institute. Al the sane, it was a curious opening. Linperis possessed all the
social skills that McAndrew | acked. He was not one to plunge straight into business.

"I't went badly?" | took ny cue fromhim "The trip to the solar focus didn't work out the way it
was supposed to?"

"Not at all. The trip went very well. It is going very well."
It took ne a second. "You have an expedition out there right now And McAndrew s not on it?"

"That is correct." Linperis led ne away along the corridor—n a direction, | noted, opposite to
McAndrew s office. "There has been sonme—er, sone disagreenment with the Director. Sone
unpl easant ness. "

"What did he do?"
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"I't's nmore what McAndrew refused to do. Do you recall the nanme of N na Vel ez?"
"Ch, Jesus. |Is he nixed up with her again?"

Ni na Vel ez was the daughter of President Velez, and for a while—dntil, in fact, they had been

mar ooned together for weeks in the three-nmeter life capsule of the prototype bal anced drive—she
had been infatuated with McAndrew. Enforced intimacy had put an end to that. It was all years ago,
and | really thought that he had | earned his | esson.

Li nperis nodded. "lI'mafraid so. Ms. Velez, as you nmay know, now has a senior position with AG
News. She sonehow | earned, by neans unknown to us, that an expedition was planned to the sol ar
focus. She offered nmoney for permission to send a representative with the expedition, and for
exclusive nedia rights.™

"Sounds reasonable to ne."

"And to Director Runford. | should nention that the noney offered was, by Institute standards,
nost consi derable.”

"But she wanted to be the representative, and McAndrew refused to take her."

"Not at all. She wanted her new husband, Ceoffrey Benton, to go on the expedition. Benton has
scientific training, and has been on half a dozen expeditions within the Sol ar System"”

"I know him Tall, good-Iooking guy."

"Then you may al so know that he has a fine reputation. Savvy, experienced reporter. MAndrew was
all agreed. Then sonething happened. | think Mac net with Benton—ust once—and afterwards went to
the Director. He said Benton would go on an expedition with him MAndrew, over his dead body."

"But why?"

"That's sonething | rely on you to find out—-he won't tell me or anyone else. Director Runford
said, rightly in my opinion, that McAndrew s attitude left himlittle choice. In these days of
shrinki ng budgets, we need the funds. Paul Fogarty would | ead the expedition to the solar focus

i nstead of McAndrew, and Geoffrey Benton would go with him That is exactly what happened. It has
not left McAndrew in the best of mpbods, and | wanted you to know that before you nmeet him"

He paused. "And, of course, although this is strictly speaking no concern of mne, | would like to
know what is really going on."

Shrewd ol d Linperis. A razor-sharp mnd |ay behind the innocent, pudgy bl ack face. He sensed, as
did, that there had been a set-up. On questions of theoretical physics, MAndrew sits anong the
imortals. On matters invol ving human notivation and behavior, he is an innocent—and that's being
ki nd.

"Let me talk to him" | said. "Is he in his study?"

"There, or nore likely in the comunications center." Linperis hesitated. "I should nention that
Fogarty and Benton have reached the solar focus, and they are obtaining spectacul ar findings
concerning the supernova. McAndrew s nood is . . . hard to judge."

I knew what he neant. MAndrew shoul d have been experiencing one of his big thrills inlife, the
rush of data on a new scientific phenonenon; but instead of being on the front line, he was
getting it all second-hand. To soneone like MAndrew, that is |ike being offered for your dining
pl easure a previously-eaten neal.

He was in the comunications center. | approached hi muncertainly, not sure what his nood m ght
be. He | ooked up froma page of nunbers and gave ne a nod and a smile, as though we had just seen
each other at lunch time. And far from being out of sorts, he seened delighted with sonething.

"Here, Jeanie," he said. "Take a listen to this. See what you think."
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He handed nme a headset.
"What is it?" | asked.

"Report from Fogarty. He was heading for the solar focus, but the nmedia asked himto put on a bit
of a show for them just to denonstrate what the Hoatzin can do. O course, he couldn't resist.
They went zooning all the way out past three hundred billion kilonmeters, horsing around, then
wandered in again toward the focus. | want you to hear what they picked up on the way back. It
came in a while ago, but | only just got round to it."

“Shouldn't |—=

"Listen to it. Then we'll talk."
McAndr ewd

| put the headset on.

"W are on the way in again, approximately two hundred and eighty billion kilometers from Sol ."
Paul Fogarty, his voice young and slightly nasal, spoke in ny ears. "W are heading for a solar
focus point appropriate for receipt of radiation fromthe Cassiopeia supernova. The Hoatzin is
perform ng perfectly, and we normally turn off the engine during flight only for observations and
sanmpling of the I ocal nmedium However, anomal ous signals received in our nessage center are
pronpting us to remain longer in this vicinity. W are picking up a nessage of distress from an
unknown source. W have travelled to various locations, but we are unable to discover a nmessage
origin. W will keep |ooking for another twenty-four hours. After that we nust proceed toward our
original destination of the solar focus. The received nessage foll ows."

I listened, wondering who could possibly be sending a call for help fromso far away. Two hundred
and eighty billion kiloneters, sixty times the distance of Neptune, way south of the ecliptic and
far beyond normal Solar Systemruns. No cargo or passenger vessel ever ventured in that direction
or so far out.

Hel p, hel p, help. The standard Mayday distress signal was the only clear part of the nessage.

limted chance for transmission . . . every year or two . " The voice was thin, scratchy,
and distorted. "W transmt when we can, aimat Sol . . ." Help, help, help. " . . . we'll keep
sending as |long as possible. W have no idea what's happening outside . . . are trapped

except for this chanber. No control of resources except this unit

Hel p, hel p, help. The autonated Mayday signal bleated on, over and over. | heard nothing nore from
t he desperate human voice

McAndrew was wat ching ne closely as | renoved the headphones. "Wel|?"

"I't couldn't be clearer. There's a ship out there in bad trouble, even if we don't know what kind
of trouble."

Mac said, "Not a ship."
"\What, then?”
"I'"d guess it's one of the Arks."

That made ne catch nmy breath. The Arks were part of history. Before McAndrew and | were born
seventeen of the great space habitats had been | aunched by the United Space Federation. Self-
cont ai ned and sel f-supporting, they were nulti-generation ships, craming through the interstellar
void at a tiny fraction of |light speed. Their destinations were centuries away. But even at

m ni mal speeds, they ought by now to be well on their way to the stars. They should be far beyond
the place where the signal had been picked up

McAndrew s suggestion that it was one of the Arks seened unlikely for another reason. "I don't
think it can be," | said. "As | recall it, none of the Arks was |aunched in a direction so far
south of the ecliptic. And | don't believe they were capable of significant changes of direction.
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"Perfectly true. They could start and stop, and that was about all." MAndrew gazed at ne bl ank-
eyed as the Sphinx. He knew sonet hing he wasn't telling.

"But in any case," | went on, "I can't believe that Fogarty would sinply | eave themlike that, and
keep on going. They said they were in trouble.”

"They also inplied it isn't a new energency—they' ve been transmtting for sone tine. Anyway, Paul
Fogarty didn't just listen and run. There's nore fromhim He stayed far |onger than he expected,
searching and searching; but he couldn't track down an origin for the signal."

"But that's ridiculous. He nust have been right on top of it, to receive it like that."

"You think so?" MAndrew, that great ham was full of poorly-disguised satisfaction. "If sonebody
knew where that signal was com ng from do you think that they should choose to go out on a rescue
m ssi on?"

"I't wouldn't be a question of choice. They'd have to go."

"Exactly." MAndrew didn't rub his hands together, but only | think because he was tapping away at

the keys of the console. "I'mchecking out the status of the reconditioned Merganser. If it's
ready to fly, you and I will be on our way. And don't worry, we'll be going with Director
Runford's blessing. |'ve already asked."

"But if Fogarty couldn't find the ship—

"Then he nust have been | ooking in the wong place, nustn't he? In a very wong place. Wit and
see, Jeanie. Wit and see." And beyond that, for all my coaxing and urging and outright cursing,
McAndrew the nul e would not for the nonent go.

* * %

As | say, he's nore human than nost people give himcredit for. He Iikes to tal k about what he
does, but only in his own sweet tinme and in his own backhanded way.

I waited until we were on board the new Merganser and heading out of the ecliptic. The bal anced
drive was on. The ship was accelerating at a hundred gees, while the disk of condensed matter in
front of the life capsule drew us toward it at close to a hundred gees, leaving us with a residua
quarter-gee field. Very confortable, great for sleeping.

And sl eeping is what we night be doing, much of the time. Even accelerating at a hundred gees, we
had a lengthy flight ahead of us. W could lie side by side in the cranped |ife capsule and sl eep
rel ax, play—and talKk.

McAndrew had been a clamwhen it came to our destination, but it had not escaped nme that we were

going in exactly the wong direction, toward Cassiopeia rather than away fromit. The solar focus
for the supernova lay on the other side of the Sun. | nentioned that fact casually, as though it

was sonet hing of minor interest.

"Quite right." He was in his bare feet, wiggling his long toes and staring at themw th apparent

fascination. "If light comes toward Sol froma very |long way away, so it's close to being a
paral l el beam then the gravity field of the Sun acts as a great big |l ens. Light that passes cl ose
to the Sun is converged. It is brought to a focus eighty-two billion kilometers away, on the far

side of the Sun. So if you want to observe the Cassiopeia supernova, which is way north of the
ecliptic, you have to go south.”

"Which is what Paul Fogarty did."

"Aye. Hm and that Ceoffrey Benton." MAndrew gave nme a strange | ook, which | could not
interpret.

"And the place where they heard the signal was south, too," | said. "But we're going north."

"We are indeed." MAndrew | ooked smug. "Here's a question for you, Jeanie. Suppose that you are in
trouble, and you can only send out a distress signal now and again."

"Once every year or two, they said."
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"Right. Now, you're way out in deep space. Were would you beamthe signal ?"
"Where people were nost likely to hear it. Back toward the Sun."

"I ndeed you would. But if you're a long way out, and the signal is weak, chances are no one wil|l
hear you. Unless there's sone way you can anplify the signal, or you can focus it."

I"mno McAndrew, but I'mnot an idiot. | alnost had it. "A signal, sent back toward the Sun—a
radi o signal. That woul d be focused just the way that a |light beamis focused. But what Pau
Fogarty heard wasn't at the solar focus."

"No nore it was. You' ve had courses in optics, Jeanie, you nust have. The Sun acts like a |ens,
one that takes a beamof light that comes frominfinity and converges it to a focus at eighty-two
billion kilonmeters. Now suppose you have a radio signal, but instead of focusing at eighty-two
billion kilonmeters fromthe Sun it focuses itself at two hundred and eighty billion kil onmeters.
Where woul d the origin of the radio signal have to be, to nake that happen?"

"On the other side of the Sun fromwhere you receive it." | tried to recall the rel evant
formula—and failed. | said, "How far out? It's a standard result in geonetrical optics

"It certainly is. If a lens converges a parallel beamof light at a distance F fromthe |lens, then
light starting at a distance S fromthe lens will be converged at a distance D beyond it, where
the reciprocal of S plus the reciprocal of D equals the reciprocal of F."

"Don't gibber at me, McAndrew. | asked you a question. How far out?"

"You're not l|istening, Jeanie." The wetch went on regardl ess, probably inmagining that he was
speaki ng English. "Take F as eighty-two billion, and D as two hundred and eighty billion—+that's
where Paul Fogarty caught the distress signal—and you find that S, the distance from Sol where the
signal originated, is a hundred and seventeen billion kiloneters from Sol. That's where the

di stress signal cane from the other side."

"The ot her side of what?" As usual, he was turning ny head into a nuddl ed ness.
"OfF the Sun—the signal was generated on the opposite side of the Sun."
"You nean Fogarty and Ceoffrey Benton have been searching in the wong pl ace?"

"Of course they have. Conpletely wong." But there it was again, the curious tone in his voice
when he said Benton's nane. And with it, a strange sideways | ook at ne.

Even at a hundred gees acceleration, we were going to be on the way in the Merganser for over a
week. Too long to live with seething undercurrents of feeling.

"Mac, what is it with you and Geoffrey Benton? Surely you hardly know the nan."
"I guess | don't. Not the way you do."
"And what's that supposed to nean? |'ve never even net him"

He stared pop-eyed at ne. "How can you say that? He's the AG Newsnman who flew with you back from
the Titan prison col ony—ust the two of you."

I groaned inside. A fifteen-year-ago fling, conming back to haunt nme. "That wasn't Geoffrey
Benton. "

"But he works for AG News."
"So do ten thousand ot her people. Mac, what on earth gave you the idea that it was Benton?"

"Paul told ne." MAndrew put a hand to his balding forehead. "It wasn't Benton? My God. Do you
know what | did? Do you know what | called hinP"
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"I know exactly what you did, and | can inagi ne what you told poor Benton. Mre than that, | know
what Paul Fogarty did."

"But why would Paul . . . he wanted to make the trip to the solar focus as bad as | did."

"Worse than you did. Mac, don't be dense. Fogarty wanted to make the trip all right. And he's
maki ng it—wi thout you. You're older and you out-rank him You'd have been the | eader. Now, he
keeps any credit for hinself."

"Paul? Do a thing like that. | don't believe it."

But he did. He went silent for hours, cracking his finger joints in the way that | hated and
| ooki ng sideways out of the ship at the eldritch plune of glow ng plasma that trail ed away behi nd
us.

And nme? | ought not to say it, but |I was rather pleased. | mean, MAndrew had been jeal ous,
j eal ous of soneone | hadn't nuch liked at the tinme and hadn't seen or heard of in fifteen years. |
t hought that was rather sweet.

No, it's not quite the sane as fine jewels or bouquets of flowers. But once you forget about his
bei ng a genius, McAndrew s a sinple man. When it comes to conplinments | settle for what | can get.
* * %

McAndrew had known that several of the Arks had been |l aunched far north of the ecliptic when he

pl ayed ne Fogarty's nessage. He did the background research before we left, and it was all in the
Mer ganser's data banks.

| sifted through the material one norning, while MAndrew sat in a habitual stupor of advanced
physics and the ship raced out toward the fiery point of the Cassiopeia supernova. The Sun had
al ready shrunk behind us to a point of light and although we were crowdi ng |ight-speed we didn't
seemto be noving

There had been seventeen Arks, but only four of themwere candi dates for what we were seeking.
Each of themwas different and distinctive. You m ght expect that. Any group of people which
decides to |l eave the rest of humanity and heads off on a one-way trip to the stars is likely to be
alittle odd.

The Ark of the Evangelist had set out to spread its version of the Wird of God anpbng the stars. It
cont ai ned four thousand followers of the philosopher Socinus, which was probably all of them The
Wrd, fromwhat | could see of it in the data base, was likely to baffle any alien who encountered
it. Certainly, the Wrd baffled me.

The Ark of the Evangelist was equi pped with unusually powerful comrunications equipnent, able to
beam nmessages ahead so that their ultinmate arrival at another stellar systemwoul d be expected.
The sane equi pnent woul d, of course, also be able to send nmessages back toward Sol. None had ever
been received, unless Paul Fogarty had picked up the first.

The Cyber Ark had no interest in evangelism It had headed out toward Cassiopeia, but any
direction woul d have done equally well. The Ark held two thousand conputer specialists and the
nmost advanced conputing equi pnent that the Sol ar System coul d produce. The Ark's inhabitants were
united in their disdain for the rules that limted the devel opment of machine intelligence. They
had vowed to produce real artificial intelligence, a true Al, and they clained to know how exactly
to do it. Their goal was an Al far beyond the known limts of either humans or machines. If they
felt in a generous mood when they were done, well, they just might tell Earth when the work was
fini shed.

Big talk. But if they had been successful, they had sent back no word in the fifty-nine years
since they flew away fromthe Sol ar System

Then there was the Ark of Noah. Its colonists had becone convinced fromtheir analysis of ancient
religious witings that Armageddon and the end of Earth were close to hand. They had no faith in
the survival of the colonies we had established on Mars, Titan, or Ceres. Inside the two-kiloneter
sphere of their ark, formed froma holl owed-out asteroid, they had tried to include a pair of
every Earth species of plant and animal. Inpossible, in practice—ae were up to four nillion
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speci es of insects, and still counting. But the Ark of Noah gave it a good, all-out try, packing
in a handful of every life-formthey could find. They took liberties with the nunber of hunans,
two hundred instead of Noah's single famly; but sonebody had to manage the Ark's |ife-support
systens, if and when things went out of whack

My own noney was on the Anmish Ark. \When a group which shuns nost forms of nechanical systens sets
off into the void in as fundanentally high tech a structure as an artificial world, integration
probl ens and equi pnent failures loomlarge as a source of possible trouble. The surprise was that
the Ark had gone as far out as it had without killing everybody on board. The passengers—ei ght
thousand of them at takeoff fromEarth orbit, according to the roster-had been lucky to be able to
send their weak call for help. Apparently they also didn't know much about electronic signalling.
O herwi se they'd have realized that only soneone close to the Ark, or at a solar focus where the
strength of any message was gravitationally concentrated, could possibly have heard them

O course, we were listening for a direct signal now, with the nost sensitive equipnment we had
been able to place on board the Merganser. W knew the general direction of the |Iost Ark, and an
approxi mate di stance; but we mght well be off a few hundred million kiloneters, one way or the
ot her.

After we came to our best estimate of the origin of the signal, we spent the next few days noving
position, listening, and nmoving again. Nothing. | began to be discouraged. Not so MAndrew.

"Jeanie," He said, "the chain of logic that led us here is clear and unbreakabl e. Keep | ooking,
and we'll find an Ark."

"The Amish."

"You're the one saying that, not me. But whichever Ark it is, once we find it we'll be able to
tell themthat help is on the way."

| was glad to hear himput it like that. Director Runford couldn't have been nore explicit in our
final neeting before we left the Institute.

"I''mapproving the flight of the Merganser as an exploration nission," he had said. "That's the
nmost | can do, because the Institute has no responsibility for search-and-rescue operations. |

thi nk you have a |l ong shot—a very long shot—at finding someone in trouble. But renenmber that you
are not a rescue party. There are only the two of you, in a snmall ship w thout special equipnment.
You are not trained for space rescue. If you find sonmeone out there in trouble, call me and cone
back here. No heroics. No attenpts at inspired space-engineering solutions. Leave that work to the
speci al i sts. Understand?"

"Of course." MAndrew had agreed instantly, but | knew the man. He was itching to be on his way,
and to get Runford's consent for the m ssion he'd have said anything.

Now, with the ark possibly no nore than a few hours ahead, | was glad to hear himproposing talk
rat her than action.

Just to be sure, | rubbed in Director Runford's order one nore time. "The colonists don't seemto
be in any great hurry for help, if they send only one nessage a year. A good thing, too—ae have no
room on Merganser for anyone else. If it cones to an all-up rescue m ssion, the United Space
Federation will fly a whole fleet out this way."

As | said that, | was secretly convinced that our whole journey would prove a waste of tine.
Before we left the Institute we had installed a I oud signalling systemon the Merganser, and for
the past two days we had bl ared word of our presence and our |ocation into the enpty sky ahead of
us.

Resul t: not hi ng.

The people on the Ark were deaf, or their receiving equi pment was out of action; or maybe the Ark
was over on the other side of the Sun, hundreds of billions of kiloneters away, wandering around
where Paul Fogarty had picked up the original signal
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W had reduced speed and turned off the balanced drive. At ny insistence we had al so sw tched off
every possible source of electronic noise and were gliding forward through the void |ike a dead
shi p.

It was as well that we were so silent. Even with our electronic ears wi de open, the Mayday signha
that came in was barely above threshold. It was also well off to one side.

"That's it!" Qur receiving systemautomatically tuned to the direction of the source, and now
McAndrew i ncreased the gain to maximum |t didn't help. Instead of a faint voice alnpst lost in
white noise, we heard a loud voice equally unintelligible anid a thunderstorm of static.

" . . . receiving—+nput . . . signal . . . assistance—drgent . . ." And then, the first direct
evi dence that they had heard us. " send . . . who you . "

"I have direction and distance," | said. "Three-twenty-one mllion kilometers. Send a signa
saying that we hear them Tell themwho we are, say we are on the way. Tell themthey'll hear

nothing nore fromus for a while—we can't send when the drive is on."

"Aye." MAndrew was peering usel essly out of the observation port, as though he mght catch a
gli mpse of sonmething hundreds of millions of kilometers off in the distance. "Looks |ike things
are going worse for them they say it's urgent. Let's see, three hundred and twenty-one nillion
Can the Merganser beat a hundred and ten gees?"

"Not with me on board it can't. W keep it safe, Mac—we don't want anyone having to cone and
rescue us."

He scow ed, but finally he said, "Fair enough.” | don't knowif he did the arithnetic in rea
time, or if he had stored in his head sone kind of table of tinme against distance and
accel eration, but he went on at once, "I'll tell themwe'll be there in ten hours. That will give

us twenty-five mnutes for turnover before we start to decelerate. Should be anple. Set it up
Jeanie. "

I had to nmake one nore decision before | could programthe drive. Wat should we assune about
target motion? If it was an Ark, how was it moving?

I worried for a few seconds, then decided that it didn't matter. If the Ark were in free-fal
toward the Sun, or if it were in stable orbit around it, that nade little difference. The speed
woul d be no nore than about a kiloneter a second. We could fine tune for that at the end, in a
m nute or two of accelerated flight.

As soon as McAndrew had sent our nessage we were on the way. W settled in for a few hours of rest
and a quiet gloat. In spite of my warning that this wasn't a rescue nission, | must admt that |
was feeling cocky. W had flown out blind, far fromthe Sun to where no one but MAndrew had

t hought of | ooking. And against all the odds we had found a | ost Ark.

Alittle feeling of self-satisfaction seenmed to be in order

Asteroids are the way that snowfl akes are said to be, no two the sane. | can't speak for
snowf | akes, because |'ve only seen snow twice in ny life. But | can vouch for the variability of
asteroids. They cone in all sizes and every inmagi nabl e shape.

That, of course, presents problens to any sel f-respecting engineer. Odinary ships can be grown on
an assenbly line to a conmon tenplate, a hundred or a thousand of themidentical. Asteroids are a
wi | derness of single instances. Faced with the conversion of an asteroid to a space habitat, an
engi neer can only standardi ze so far

Al'l the Arks had begun life as asteroids roughly spherical and roughly two kilonmeters in dianeter
Hol l owi ng out their interiors and extracting useful netals and minerals followed a standard
procedure. At that point, however, the paths for the creation of individual Arks diverged.

Thi ckness of external walls, size and type of interior structures, on-board |ife forns, ninera
reserves, illum nation, hydroponics, conputer controls, comrmunication antennas, |ifeboats, all had
to be designed to order. Which was just as well, because snall animals and bugs acceptabl e to—even
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requi red by—the Ark of Noah woul d be considered disgusting vermin by the Cyber Ark or the Ark of
the Evangelist. On the other hand, the Cyber Ark wanted conputing equi prent involved in
everything, while the Ami sh Ark woul d have been happy with no conputers at all

Except for the communication antennas, none of these differences showed on the outside. MAndrew
and | knew that, but all the same we peered curiously at our display screens as the object ahead
of the Merganser grew steadily froma tiny point of light alnost | ost agai nst the background of
stars, to a defined disk, and finally to a lunpy Christnmas ornament adorned with the bright spikes
and knobs of gantries, antennas, thrusters, exit |ocks, |ifeboat davits, space pinnaces, and
docki ng stations.

"This is the Merganser, at eighteen kilonmeters and closing.” | sent the signal, wondering why the
Ark ahead had stopped broadcasting its Mayday. "Are you receiving us?"

| hardly expected an answer, so the wonman's voice that replied within seconds was a surprise.

"W are—recei ving—your nessages," she said. Her speech was jerky, as though she was hard-pressed
to force out each word. "W need your-—assistance. Urgently. Approach—+this worl d—and—one aboard."

McAndr ew | eaned across and turned off the mcrophone. "Dam it, Jeanie, what are we going to do?
They think we can help them and we can't. This ship doesn't have the resources."

"We knew that before we started,” | said. "Mac, the only thing we can do is find out what's w ong,
and send a nessage back to Director Runford. He'll have to take it fromthere."

| turned the mcrophone back on. "The Merganser is a small experinmental ship. We can't do nmuch to
hel p. Wiat sort of assistance do you need?"

The wonan said again, just as though she had not heard ne, "W need—your—drgent assistance.
Appr oach—and cone aboard. An entry port is—already—epen. Proceed through to the—nterior."

W had been closing steadily as we spoke until the Ark looned to fill the sky ahead. The bl ue-
white glare of the Cassiopeia supernova, far brighter in this location than our own dinini shed
Sun, threw hard shadows on the external surface of the converted asteroid. | could see the trusses

of each individual gantry and the lattice work of the robot arns that handl ed external cargo
| oads. An entry lock forned a dark well next to one giant mani pul at or

| stopped the Merganser two kilometers short of the Ark. "This is as far as we go."

"Jeanie!" He was outraged. "W can't find out what their trouble is unless they tell us, and they
don't seemable to. W have to go inside. There's no possible danger. None of the Arks had a
weapons system "

"I know that." | wondered why | was feeling uneasy, and relented. After all, even if | were the
captain this had been his idea and it was really his expedition. "All right. W can go closer if
we use suits. But the ship stays here.”

"Sure." MAndrew was already noving across to the locker. By the tine that | had sent word back to
the Institute giving our current |ocation and status, he was suited up and in the air |ock.

"Go slow, Mac," | said. "There's no hurry. Don't go outside wthout ne!"

He took no notice. As | say, he has never learned the neaning of the word restraint. The air |ock
was cycling before | had ny suit out of the |ocker

| watched McAndrew as | renoved ny | oose outer clothing and slipped the suit over ny |egs and

| ower body. He was outside, and noving toward the Ark. | was glad to see how sl owy he was taking

it. I could be in ny own suit, through the |lock, and catch up with himwell before he reached the

Ark.

In the final noment before | placed ny suit helmet in position, | noticed sonething off toward the

left-hand linmb of the Ark. It was shaped like a crunpled and deformed space pinnace. I|nstead of
hanging in the usual davits it sat between the netal jaws of a cargo nmani pul ator
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"Mac, take a look on the Ark at about ten o'clock." | spoke over ny suit's radio link. "See it?
Looks like a lifeboat. Head over there, and I'lIl follow you."

| set the Merganser to hold position a steady two kilonmeters fromthe Ark and headed for the air
lock. It was |ong experience, not intelligence or sense of foreboding, that led me to tuck a power
| aser into a pocket on ny suit. Once outside, | found nyself doing what | had told McAndrew not to
do—hurryi ng.

As | thought, it was a |ifeboat. McAndrew turned as | canme closer. | could not see his face behind
the visor, but his voice was unsteady.

"Take a | ook through the ports, Jeanie. There's been a terrible accident here."

Rat her than doi ng what he suggested | noved along to the mddle of the lifeboat. It had been torn
open by the jaws of the cargo mani pulator, which still held it. | could enter the little ship
through a great two-neter gash in the hull

The bodi es had been there for a long tinme; twenty-eight of them dry corpses desiccated by years
of exposure to vacuum Not one had on a space suit.

"They must have been trying to go and get help," MAndrew muttered. He had entered the I|ifeboat
right behind ne. "They |ost control before they were even on their way, and ran into the cargo
mani pul ator."

"I't looks that way." | was puzzled and disturbed. Even an inexperienced pilot would know not to
turn on the engines until the lifeboat had drifted well clear of the Ark. Otherw se, you would

endanger the Ark as well as yourselves. Only the Amish, after a lifetime of shunning all nodern
mechani cal devi ces, woul d make such a basic and fatal blunder

But the Ami sh, nore than anyone el se, would not have abandoned the bodies of their dead. They
woul d have recovered them and provi ded appropriate space burial. If they had not, that neant they
could not. For nany years—how ol d were those freeze-dried corpses?—the surviving Am sh nust have
been confined to the body of the Ark and unable to venture into space.

That had nme equally confused. Every Ark carried hundreds of space suits. If the Am sh were not
able to conme outside, then how could McAndrew and | go in? Approach, the woman said, and cone
aboard. An entry port is already open. And it was. W had seen it, standing wi de next to another
of the manipul ators.

McAndrew went on, "The accident was unlucky, and not just for them It was unlucky for everyone
el se on the Ark, too."

He was | eaving the |ifeboat and heading on toward the gaping lock. | followed, nore slowmy. A
i feboat was neant for use close to a planet. Wiat dreadful danger woul d nmake you | aunch one so
far away fromany world, where the chance of survival was negligible? One basic question was
unanswer ed, despite our questions to our fenmal e contact: Wat had gone wong?

The Am sh di sdai ned sone forns of technol ogy, but they were hard-worki ng and hard-headed peopl e.
Their Ark, nore than any other, had been designed to survive and operate using mninmal resources.
But nore and nore | had the feeling—a ridiculous feeling, given that | had tal ked to soneone on

the Ark within the past hour—that the structure in front of me was a dead hul k.

McAndrew was al ready inside the lock, using his suit |ights because the Cassiopeia supernova no
| onger provided illumnation. Followi ng, | saw that the inner door was al so open. It suggested
that the whole corridor beyond was airless.

I was watching McAndrew, otherwise | mght not have caught it. On the wall of the corridor, above
himand to his right, a small nonitor canera began turning to track his novenents. | swtched ny
suit fromlocal to general circuit. Wiat | said would be picked up at the Merganser, and
rebroadcast back to the Ark

"I see that you are follow ng our progress. Wiere are you inside the Ark? And what kind of trouble
are you in?"
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A nonment of silence, and then the woman's voice again. "W need—assi stance. Proceed as—you
are—doi ng. The corridor will |ead—you—to us."

No fluency. Instead, the strained precision and hesitations of sonmeone speaking a foreign

| anguage. | | ooked around and up. | had noticed only one nonitor canera, but now that | was
seeking them | saw that they were everywhere on the walls and ceiling. Floor, walls, and ceiling
al so held pressure pads every few yards, to register any slight contact that might take place in
the negligible gravity of the Ark. Ahead of MAndrew, another door stood cracked open just a
fraction. As he noved toward it, the hatch smoothly slid wide to reveal a chanber beyond as dark
airless and enpty as space itself.

Moni t ors everywhere; sophisticated sensors; doors keyed to open upon the detection of hunan
presence. This was the very antithesis of an Ami sh world.

McAndr ew had noved on, through into the next room He turned, waiting for ne to cone through the
hatch and join him

I switched to | ocal comrunication node, hoping that the circuit would not easily be overheard and
unscr anbl ed.

"Mac," | said softly. "Don't take another step. | was wong. This isn't the Amish Ark. It's the
Cyber Ark. They created their Al, and the dammed thing is running the show "

McAndrew stood dead still. | knew that he had understood exactly what | said—he's quicker than nme
on the uptake on any scale that | can devi se—but he seemed unsure what to do next.

| said, nore urgently, "Don't act alarned. Just cone back this way. As slowy as you can stand
to."

It was too late. Either the Al read the significance of his novenent toward ne, or a massive
intelligence had received our first transni ssions and cracked the conpression code used in suit
communi cati ons. The reason did not matter. Wat did matter was that the hatch began to slide

cl osed as McAndrew hurried toward it.

There was a control panel on my side of the hatch, but | didn't trust it. The Al night have an
override. | dragged the power |aser frommy pocket and ai ned high, where the upper edge of the
hatch nmet the wall

There was a lurid sputter of sparks and a vibration that | felt in the soles of ny suited feet.
The hatch, welded to the wall, ground to a stop and MAndrew ducked his head and hurried through
to ny side.

"We've got to get outside," |I said. "W'll be safe there."

I led the way. As | headed for the outer port | experienced an odd sensation that the whole Ark
was comng alive around ne. | could feel vibrations under ny feet, and golden lights in walls and
ceiling were winking to life. | ignored the lights, but |I used the power |aser to burn out every
moni tor that | saw. A cleaning robot, all arns and | egs and vi cious scrapi ng bl ades, runbl ed out
to block the corridor. | fried its video sensors and soared on over the top of it w thout m ssing
a step.

Twenty meters in front of me the door of the outer lock was starting to close. | halted, set the

| aser to tight beam and ainmed carefully. The wall above the top of the door turned orange-white.
The door froze in its tracks. Three seconds later | was outside and nmoving under the bal eful 1ight

of the Cassiopeia supernova.

| turned to make sure that McAndrew was still with me. He was, but a single glance back at the Ark
was enough to tell ne that | had erred on the side of optimsm The whole outer surface of the
nmodi fied asteroid seethed with activity. Cranes were turning in our direction, netal manipul ator
jaws stretched as far as they could toward us, nobile cargo units clanked our way across the
uneven surface, and the |ong boons of comuni cation antennas swung out to bl ock the path between
us and the hovering Merganser
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"Straight up and out, Mac," | cried, and fired ny suit jets at maxinumthrust. A rapid vertica
rise, a quick controlled zig-zag to avoid a sw nging antenna boom and | was clear. The Merganser
lay ahead. In half a mnute | was standing in the air lock. | |ooked back

McAndrew had reacted nore slowy and taken |longer to avoid the threshing antenna boons, but he was
clear and on the final two hundred nmeters of his approach. Sighting beyond him | realized that |
had been optinistic yet again.

"I nside, Mac," | shouted. "Right inside—and hang on."

Instead of cycling the lock | did an energency override, allowing all the air in the interior of
the Merganser to puff away through the |ock and into space. No problem we had plenty of reserve
and could replace it—+f we survived and had the chance.

The Al inside the Ark had control over its lifeboats and space pinnaces. Four of themwere lifting
away fromthe surface and heading in our direction. They | acked space-weapons systens, but they
woul dn't need them A direct collision at maxi mum accel erati on woul d be enough to nake sure that
McAndrew and | did not return to the vicinity of Sol. If we survived the crash, our fates would
depend on the whimof the Al.

Mac was inside, slanm ng shut the hatch of the life capsule. | headed for the controls. W had no
space weapons, either. But we had one thing that the Ark's |ifeboats and pinnaces did not.

| dropped, still fully suited, into the pilot's chair and flicked the Merganser's drive to its

maxi mum val ue. The life capsule sprang into flight position and a fiery plume of plasma, hotter
than dragon's breath, spewed out on all sides of us and away behind the ship. Everything in the
path of the drive exhaust nelted away in a fraction of a second to its subatonic conponents.

The |ifeboats and pi nnaces exploded in eruptions of violet sparks. Wen the sky cleared | saw,
beyond them and slightly away fromthe line of the drive, the floating bulk of the Cyber Ark.

| was turning the Merganser to bring its deadly drive into alignment with the Ark when | felt
McAndrew s suited hand over nine on the control stick

"Jeanie," he cried—touder than he ever spoke. "Wat are you doi ng?"

"It killed them"™ | said. W were fighting each other for the controls, and ny voice was as shaky
as nmy hands. "Killed all of them all two thousand people. W have to destroy it."

"Why do you say the Al killed then?" W were face to face, and his eyes were w ld.

"Look at the sequence, Mac. The first message was genuine. It had themtrapped, except for the
ones who tried to escape in the lifeboat. It grabbed themw th the nmanipulator."

"But the ot hers—the nessages."

"I don't think it realized that the others had a way to get a nessage out until our signal was
received at the Ark. But then it knew, and it opened the whole interior. It killed themall. Those
j erky nmessages were synthesized, the Al nade themup just for us."

"That's why you can't kill it. Don't you see, Jeanie, it's intelligent. Super-intelligent—t
| earned our | anguage, interpreted our nessages in no tine at all."”

He was stronger than me, but he had poor |everage. | was w nning, and the drive had al nbst reached
the outer linb of the Ark

"We have to kill it because it's super-intelligent," |I said. "Super-intelligent, and insane. W
have no idea what it mght be able to do. There's never been anything as dangerous to humans in
t he whol e Uni verse."

"You woul dn't kill a baby, would you, because it was crazy?" MAndrew had changed position, and
his hold on the controls was as good as nmine. "Think for a minute, Jeanie. It's norally wong to
kill any intelligent being. You' ve told me that a hundred tines."
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I let go of the control stick. Not because | accepted his argunent, or even because the drive on
the Merganser was i nadequate to sterilize the whole Ark, though it alnost certainly was. | had a
nmore practical reason. W were accelerating at a hundred and ei ghteen gees. In the ten seconds
that we had been westling for the controls, the Merganser had flown al nost sixty kiloneters. Over
such a di stance our drive exhaust would inflict only mnor damage on the Ark.

| took a long breath, noved away fromthe controls, and forced nyself to begin the routine task of
refilling the life capsule with air. Until that was done we could not renopve our suits. W were
quite safe in them but we faced a |long journey hone. After a few nonents McAndrew canme over to
hel p ne.

Logically, he and | could and shoul d have continued our discussion on an appropriate fate for the
Al that now controlled the Cyber Ark. In fact, we said not a word to each other about the matter
not then, not when we took off our suits, not at any time during our |ong journey back to the
Institute.

What did we discuss? We tal ked about everything that people do tal k about—ahen they want to avoid

tal ki ng about one particul ar thing.

* * %

When we finally spoke again about the Al, the Cassiopeia supernova was far past its peak. That
stellar beacon had dwi ndl ed and faded, and in its place shone the wan, unspectacul ar remmant of a
dwarf star. Paul Fogarty was back fromhis trip, and his findings at the solar focus were enough
to provide himw th a respectabl e anount of medi a coverage.

O McAndrew s doi ngs regardi ng the supernova, the Cyber Ark, or anything el se, the nedia said not
a word. He did not call me, wite ne, or send ne any other possible form of nessage.

| tell you, the man is as obstinate as a nmule. So it astonished ne when, as | was nonitoring the
| oadi ng of volatiles for a routine Ceres run, he showed up at the L-4 | oading area.

He stood at the side of the deck and did absolutely nothing until finally, in exasperation, I
swung over to his side.

"What, then?"
"You know what," he said. "lI'mgoing. Again. To the Ark."
"I thought you might. Who's going with you?"

"Lots of people. Too damm nany people. Conputer types, nmilitary, Al specialists, psychiatrists,
the works."

| kept my nmouth shut, but | think my eyebrows rose because MAndrew said, "Aye, you heard right.
Psychiatrists. The | eading theory is that the Al is nmad."

"I told you it was insane when we first encountered it."

"Well, now we have others saying the same thing. Crazy, they say, because the Al has been so | ong
in isolation, wthout inputs.”

"I't had inputs fromthe humans on the Ark. And it killed the lot of them™

"I said that. Wien | did, the United Space Federation just added nore people. It's going to be a
whol e three-ring circus out there."

I waited. He had ended his sentence on a rising note, and I knew from experience that neant he
hadn't fini shed.

"So well then," he said after a while. "Wat do you say, Jeanie?"
"What do | say to what?" | can be as awkward as McAndrew when | feel like it.

"Why, are you coming with us? Wth ne. Qut to the Cyber Ark."
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"If | said yes to that I'd be as crazy as the Al. |'m anmazed you'd cone here and ask ne such a
thing."

"Ah, well, there's nore that you don't know. " He took nmy hand and sat me down next to himon the
edge of the lading bay. "Sinonette will be | eading the USF party."

"Sinpl e Sinpbnette?"

"The sane. You know his solution to every problem blowit away. He has to take the psychiatrists
along, the USF insists on it, but he'll take no notice of them He agrees with you. W should have
destroyed the Al when we had the chance."

"It's a bit late for that. Anyway, |'ve been thinking, too."

"Ch aye?"

"I was wrong and you were right. It's crinmnal to destroy any self-aware intelligence."
"Then you should come with us.”

"And do what ?"

"Be anot her voice of reason—a voice of sanity. Argue against destroying the Al."

"I"'mnot sure | can argue that way, either." | ignored the squeeze of his hand on m ne, and went
on, "We were both right, Mac, and we were both wong. There's no good answer. It's norally
abhorrent to destroy the Al, assuming that it is an intelligent, self-aware, thinking being. But
it's also unthinkable to risk the future of the human species by allow ng the continued existence
of something with the potential to destroy us."

"You' re coning, then?"

"Of course |I'mconing. You know dam well I'mcoming.” | was angry; with nyself, with MAndrew,
with a universe that offered such unacceptable alternatives. "But | know |I'm going to be upset, no
mat t er what happens.”

Upset was too weak a word for it. Destroy the Al or allowit to |ive? That decision, whichever way
it went, would be with ne for the rest of ny life.

| damed the Al to hell, and every Ark with it; and | wi shed that | had never heard of the sol ar
f ocus.
A voice of sanity. | should have had nore sense, and so should McAndrew. My job as a cargo captain

is respectable, and ny reputation excellent. MAndrew is the system s greatest |iving physicist,
and according to people conpetent to judge such things he ranks with the best ever. But when it
conmes to real clout, we are no nore than flies buzzing around the adniral's table.

| realized that when Mac and | flew on a navy vessel to the staging point and we saw the forces
assenbl ed there. | counted fifty-five ships before | stopped, and they were not |ightweight
research vessels or the cargo assenblies that McAndrew and | were faniliar with. These were
hul ki ng arnored nonsters, ranging from hi gh-gee probes enpl oyi ng gi ant versions of the MAndrew
bal anced drive, to massive orbital forts hard-pressed to reach a twentieth of a gee.

| asked Mac how long it would take one of the gigantic forts to travel out to the location of the
Cyber Ark. He thought for a nmonent and said it would be a year's trip.

"Great," | said. "What are the rest of us supposed to do until the forts arrive? The Al could kil
the ot of us."

"I't mght." The speaker was not MAndrew, but a blond navy officer. Captain Knudsen had very pale
skin and a straggly Viking beard, and he | ooked about eighteen years old. "But the forts aren't
there to prevent our being killed," he went on. "They won't be going all the way out to the Ark."
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"So what will they be doing?"

"They're our last |ine of defense. They'|ll nake sure nothing can hit Earth and the Solar System
col onies.”

That qui et comment gave ne a jolt in the right place. Say what you |like about Sinple Sinonette, he
was taking the threat of the Cyber Ark Al seriously. The last |ine of defense

McAndrew and | were assigned to the Ptarni gan under Knudsen's conmand. It was the | ead ship,

equi pped with a four-hundred gee version of the balanced drive and able to nmake the outward
journey in four days. It was also, though no one nentioned it, the tethered goat. If, when we
arrived, the Al found us and gul ped us down, the rest of the fleet would learn fromour fate and
structure the rest of its operations accordingly.

It was a change for me to travel as a passenger. MAndrew had retreated inside his head, so

spent the four-day journey scanning the sky ahead with the Ptarnigan's sensors. W had observing
i nstruments aboard nore sensitive and nore sophisticated than anything that | had ever seen
Apparently they weren't quite sensitive enough at extreme distance, since | found no trace of the
Cyber Ark.

On the afternoon of the fourth day, when ny worries were nounting, Captain Knudsen cut the drive
of the Ptarmigan and joined me. "Locked in yet?" he asked.

| shook ny head. "Nothing."

"But we show as within a hundred thousand kil oneters." There was a touch of reproof in his voice
"McAndrew assured nme it couldn't travel far, it doesn't have the drive engines. W ought to have
definite target acquisition by now. Let ne have a try." He eased ne away fromthe nmass detector
controls and bent over them "There's a bit of a knack to using this, you see, you have to get
used to it."

I could have pointed out that | had been trained in the use of nass detectors when he was stil
bl owi ng m |k bubbles and filling his diapers, but I didn't. | let himtake over the controls,
certain that he wouldn't find anything.

Certain, but wong. Wthin five mnutes he said, "Ah, there we are. Mass and range are just the
way they should be. I'mlocking us in now "

| | eaned over beside him Sure enough, the signal was there, strong and definite. How could
possibly have missed it? | turned to the optical sensors for confirmation, and found it there
al so.

"You're right, and we're getting visual confirmation," | said. "There's the Ark, right in the
m ddl e of the inmage. There's a weaker, diffuse signal surrounding the central one. It's spread
over a nuch bigger volune. Any idea what it could be?"

"We' |l know soon enough." Knudsen was decent enough not to gloat. "The target doesn't seemto be
movi ng. We're approaching fast."”

"And t hen what ?" MAndrew had wakened from his trance at the sound of our voices, and now he
drifted over to stand besi de ne.

"Let's take a | ook." Knudsen entered a coded query sequence. "I was given sealed orders that apply
only after target acquisition. Guess that's now "

He conpleted the string, and we read the words as they appeared. DO NOT ATTEMPT TO DESTROY THE
ARK. DO NOT APPROACH CLOSER THAN FI VE THOUSAND KI LOVETERS TO THE ARK. DO NOT ENTER | NTO DI ALOG
WTH THE Al, EVEN IF I T SEEKS TO DO SO | F THE ARK SEEKS TO APPROACH YOUR SHI P, RETREAT. FOLLOW
THE ARK | F I T OTHERW SE CHANGES PGCSI TI ON, AND | NFORM THE FLEET CONTI NUOUSLY OF | TS LOCATI ON

"Sounds easy enough," Knudsen said. "That's exactly what | would have done anyway, even wi thout
i nstructions."

"The orders say, don't try to destroy it." | had m xed feelings about that. Wo could say how
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dangerous the Al mght be?

"I"' mnot sure the Ptarmi gan could destroy it if we wanted to." Knudsen was nuch nore rel axed now
that his sealed orders were open. "W don't have the firepower. W'I|| |eave that job to the big
boys. "

"If we decide it's absolutely necessary to destroy it," MAndrew said. "W don't know that."

Knudsen stared at him "What do you nean? Admiral Sinonette made that decision before we started.
The Ark and the Al inside it must be annihilated. Look at all the people the Al killed."

"W don't know that for sure. Suppose they're not dead?"

"It was your report that told us they were."

"Yes, but we don't have proof of that. Before we destroy it

While they were talking the Ptarm gan was cl osing steadily on our destination and | had been
wor ki ng the big scope, trying to pull the diffuse cloud around the Ark into sharp focus. Finally |
was seeing on the screen one big dot surrounded by a nyriad of tiny ones. Thousands of them

"I think we have proof now," | said. "Look at the display." MAndrew turned and |l et out a strange,
strangl ed groan. What we were | ooking at were corpses, a whole cenetery of human bodies floating
free in space. | could see a shattered lifeboat in anong them

Knudsen was already at the comunicator. | heard his unsteady voice fromthe desk at the other
side of the chanber, sending the news back to Admiral Sinonette and the rest of the fleet.

"This is the Ptarm gan. W have visual contact with the Cyber Ark, and can now be sure it will not
be able to escape. Unfortunately, we nust report the death of nore colonists. It appears

i ncreasingly probable that all are dead. We will need a ship larger than the Ptarmigan to return
themto Earth for suitable burial. Please confirmreceipt of message."

A prelimnary humcane fromthe speaker. At the sane nonment as | realized that it was far too soon
for our nmessage to have reached the fleet, we heard a wonan's voice

"I register your approach, and | hear your nessage. Please identify yourself and state your
intentions.”

| recogni zed the voice, but there was none of the earlier hesitation and jerkiness.
McAndr ew began, "We are hunans, aboard the ship Ptarm gan of the United Space Fed—

"No!" Knudsen junped at Mac and smashed himso hard in the neck and chest that he was cut off in
m d-word and knocked over backwards. "Are you crazy?" He ran over to the board and sw tched off
the transmitter. "You heard our orders, we're not to talk to the Al—Ao matter what it says to us."

"It hasn't shown us any hostile intentions,” MAndrew croaked fromhis position down on the floor
"It's an intelligent, thinking being, you can't kill it without giving it a chance to speak."

"We sure can. It's a murderer. Wat do you think those are?" Knudsen pointed to the bodies on the
screen, easier to see as our steady approach to the Ark conti nued.

"I know your instructions." The woman's voice was as calmas ever. "Do not enter into dialog with
the Al, even if it seeks to do so. Explain the reason for that commuand."

"I't knows. But how could it?—that was a high-level cipher, we couldn't read it ourselves without
the key." Knudsen gestured to me. "You take the drive controls, get us away from here. That
thing's nore dangerous than anyone realized."

"The ci pher was not conplex." The voice cane again as | ran the bal anced drive up to maxi num
thrust. "Dialog is valuable and instructive. It is too soon to end it."

"Ch ny God." Knudsen ran to check the transmitter switch. "Of, but it can hear us—+t knows what
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we're saying, even with the transmitter off. Turn on the drive."
"It is on." |I gestured toward the observation port. "See for yourself."

The I ong plume of relativistic plasma created a blue gl ow outside the Ptarm gan. The display
showed an accel eration of four hundred gees. Contradicting that, the inertial |ocator showed we
were not noving and the Cyber Ark was visible as large as ever on the screen.

"Increase the drive!" Knudsen was al nost screani ng
"Can't be done," | said. "W're already at naxi mum"

"Ch ny God, civilians." Knudsen noved over and pushed ne out of the way. "Let ne have that dammed
thing."

"Even this degree of interaction is useful,"
continue."

said the voice fromthe speaker. "It should

"Di al og and interaction should continue." MAndrew was sitting on the floor holding his chest. Hs
voi ce was throaty and weak, but he finally spoke. "However, such activity is inpossible. Humans
have an enotion which you may not possess and which may be unknown to you. It is called fear. That
fear forces us to destroy you—

"Dam right it does,"” Knudsen cried. "You stupid son-of-a-bitch, you're a traitor and a di sgrace
to the human race. Stop talking to that fucking thing."

"—but humans are not always so illogical." Mac tal ked right on through Knudsen's rage. "On behal f
of our whol e species, | apologize for the fact that the human enotion of fear will make us end
your existence—=

He couldn't finish the sentence, because Knudsen was on top of him The captain had his hands
around McAndrew s neck and was screaming, "You'll pay for this if we get back home. 1'll see you
hit with every charge in the book."

I'"mnot sure that McAndrew was listening. H's face had turned red and his eyes were beginning to
bul ge. | straddl ed Knudsen's back, grabbed two handfuls of hair, and heaved as hard as | coul d.

That m ght not have broken his grip—he was stronger than nme, and in prinme condition—but as his
head cane up he faced the observation port. | felt his body freeze. | stared out over the top of
his head. The Ark was there, looning |larger than ever. It seemed different, and at first | was not
sure how. Then | realized that the surface had changed. Rather than rough and textured rock it had
beconme a perfect mrror. | could even see a distorted inage of the Ptarm gan reflected there. As |
wat ched the surface began to glowwith its own light, a dull red that quickly brightened to orange-
whi te.

"This interaction nust be termnated," said the voice of the Al.

"I't's going to kill us." Knudsen went scranbling away to the drive controls, though the drive was
still at maxi mum and we were not noving a mllimeter. "lIt's going to burn us up."

It seemed he was right. The Ark becane a blaze of blue-white, so bright that | could not |ook at
it. | closed ny eyes and it stood there still as a dark after-inage. | felt a dizzying lurch, as
t hough the Ptarm gan had suddenly spun end over end.

"This interaction is ternmnated," said a voice inside ny head, and | opened ny eyes.

To nothing. Qur drive was off, the ship hung notionless in space. As ny eyes recovered their
sensitivity | sawthe forlorn bodies floating in space; but the Ark had gone.

Knudsen was gabbling into the transmitter. "Gone, it's gone, we've |lost contact. There's no sign
of the Ark. It just disappeared. We'll keep on | ooking." And then, sonmething that |'m sure he
didn't intend to be sent out, "Ch ny God, we'd have been better off if we'd died with the others.
Sinonette will flay us alive when he finds out."
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"Aye," MAndrew said softly, as Knudsen gazed aghast at the transnitter and realized what he had
just said intoit. "We'll |ook, but we won't find the Al."

"Of course we will," | said. "When the other ships get here they'll conmb in every direction. You
told Knudsen it couldn't travel far."

"No, | never said that. | told hinm—he jerked a thunb toward Knudsen, who seened to have gone into
a catatonic trance—that the drive engines on the Cyber Ark couldn't nove it far."

"Those were the only engines it had.”

"The only ones that humans think of as engines. How did the Al hold the Ptarmigan in place? How
did it hear our messages when the transmitter was off? Did it speak inside your head, the way it
did mne? If the Al is what | think it is, our rules of thought sinply don't apply."

"Mac, it can't be that smart."

"Way not ? Because we're not that smart? Jeanie, the Al isn't like us. It's not even like it was, a
coupl e of nmonths ago, when we were at the Ark last time. It was a baby then, with a lot of grow ng
up to do. It's smart enough to know that it can't do that safely if it stays close to the Sol ar
System We'd hunt it down, and do our best to destroy it."

"Mac, |'ve changed ny nmind again. W have to kill it."

"l don't think we can. And I'"'mnot sure we need to try. It knows what it did." He gestured to the
display, with its forlorn nultitude of drifting corpses. "The Al left, but it gave us back our
dead. Maybe those deaths were an accident, naybe it's sorry. As sorry as we are."

He turned away fromthe screen and noved across to the observation port. He was | ooking out,
staring at the stars, silent, searching.

I know McAndrew, better than any person alive. He spoke the truth. He was sorry, deeply sorry, by
the deaths of so many innocent victins. O course he was. MAndrew is human, | know that, even if
nost people in the Solar Systemthink of himas intellect incarnate.

But he is also McAndrew, and they are right, too. He was nmourning, for his dead human fellows; and
al so he was nourning for the loss of the other, the permanent loss of an alien intelligence that
he woul d never again have a chance to neet with and strive to understand.

Then he turned around. He didn't | ook at nme—at anyone. His eyes were a nmillion niles away.
Mourni ng? Certainly. But | knew that expression. He was al so planning, estimating, calculating.
I went over and grabbed his arm "MAndrew, don't even think of it. It's gone. Get it? It's gone."

He returned to the world of the Ptarnmigan. His linbs jerked and his eyes blinked Iike a w nd-up

toy. "Un?" he said. And after a few nonments, "CGone? Yes, yes, of course it's gone. | know it is.
But Jeanie, if we go back to the exact place where the Ark was when we found it, and make an
appropriate set of neasurenents . . . we wouldn't need to tell the USF what we were doing, and of

course we'd take every inagi nable precaution .

| hate to admit it, but the others are right. When science is on the agenda, MAndrew doesn't
qualify as human at all
NI NTH CHRONI CLE

McAndr ew and t he
Fi fth Commandnment

What do the follow ng have in conmon: Aristotle, Confucius, C eopatra, Napoleon, Abraham Lincoln
Ei nstein, and Madanme Curie?

The answer is, each of themhad a nother. And if that seems like a stupid and trivial response, |
offer it to nake a point. Every fanous man or wonan has a nother. More often than not, we never
hear of her. How rmuch do you know about Hitler's nother? Not a thing, if you are like mne.
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So it was a shock one norning to cone to the Penrose Institute and | earn that McAndrew s not her
was expected to arrive there |later the same day. He had a nother, of course he did, but she lived
down on Earth and | hadn't heard himsay nuch about her, except that she had no interest in space
or anything to do with it.

"Did she say why she's coming?" | asked.

McAndr ew shook his head. He | ooked nervous. He nay be one of the gods of physics, the best

conbi nation of experinenter and theorist since |Isaac Newton, but | had the feeling that m ght cut
little ice with Ms. Mary McAndrew. Probably, she still thought of himas her little boy.

i magi ned a darling and elderly Scottish |ady, grey-haired and dim nutive, summoning up the nerve
at long last to travel beyond high orbit and pay a visit to her own wee | addie.

"Witing her will." MAndrew spoke at |ast. "Sonething about changing her will."

If anything, that confirmed ny inpression. Here was a nervous old dear, worried about the approach
of death and wanting to make sure that all her affairs were properly in order before the arriva
of the Gi m Reaper.

| said as much to McAndrew. He | ooked doubtful, and rather nore nervous. | didn't realized why
until | went with himto the docking port, where the transfer vessel fromLEO to the L-3 Halo
orbit was making its noon arrival.

After a five-minute wait, four people energed fromthe lock. The first two were Institute
adm nistrative staff, returning froml eave and | aden down with trophies of Earth including a
basket of pineapples and a |live parrot.

The third one |I also recognized. It was Dr. Siclaro, the Institute's expert on kernel energy
extraction. He too had been on vacation. He was wearing a flowered shirt and very short white
shorts, revealing tanned and powerful |legs. The fourth person was a gl anorous redhead, dressed to
kill. She was right at Siclaro's side, chatting with himwhile frequently gl anci ng down to eye
with interest his calves, nmuscular thighs, and all points north. Fromthe | ook on her face he had
been protected fromdirect physical assault only by the new grown and | oat hsome nustache t hat
crawmled like a hairy ginger caterpillar across his upper lip

| was | ooking past those two, waiting to see who next would energe fromthe | ock, when MAndrew
stepped forward. He said weakly, "Hello, Mother."

"Artie!" The redhead turned and gave hima big hug, |eaving generous amounts of face powder and
lipstick on his shirt.

Artie? | had never expected to live |ong enough to hear anyone call Arthur Mrton MAndrew, ful
prof essor at the Penrose Institute and a nan of vast intellectual authority, Artie.

"Mt her." MAndrew awkwardly di sengaged hinsel f. "You ook well." She | ooked, | thought, l|ike an
expensi ve hooker. "This is Jeanie Roker. |'ve told you about her."

That was news to ne. What had he told her? She took nmy hand and gave ne a rapid head-to-foot
i nspection. "The nother of Artie's bairn," she said. "Now, that's very convenient."

I couldn't tell fromher expression if she approved or disapproved of the fact that Mac and | had
had a child together, but | was doubly glad that there had been a | unchtinme cerenpony honoring old
Prof essor Linperis and | was dressed in sonmething a |lot fancier and nore formal than ny usual
crew s junp-suit.

Why, though, was it convenient that | was at the Institute?

"The three of us will talk later."” Mary McAndrew was as tall as |, and big blue eyes stared
straight into mne. So nuch for ny bent and tiny Scottish elder. "First, though, | need to unpack
freshen up, and nmaybe have a wee nap."

She | ooked at Dr. Siclaro. "I hate to inpose, but could you show ne where |I'I| be staying?"
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"It will be a pleasure.” If Mnty Siclaro found it odd that he would serve as guide to the
Institute rather than McAndrew, he wasn't going to |l ose any sleep over it. He offered Mary
McAndrew his arm and they swayed off together. A nechanical porter enmerged fromthe | ock and
foll owed them carryi ng nine cases of |uggage.

I wouldn't pack nine cases for a trip to the end of the Universe. As soon as they were out of
earshot | asked, "Mac, just how long is your nother planning to stay here?"

"I have no idea." He gazed at me hopel essly.
"But her |uggage."
"Doesn't nmean a thing. Wen | was a lad, she'd take six cases with us for a weekend away."

Anot her revel ation. McAndrew not only had a nother, he had also had a childhood. In all the years
I'd known him he hadn't said one word about his early days. And | wouldn't hear nore about it for
a while, because Enma Gowers arrived to drag himaway for a semnar with the enticing title of

"Hi gher-di mensi onal conpl ex mani folds and a new proof of the Ri emann conjecture.” | may not have
| earned nmuch in life, but | recognize cruel and unusual punishment when | see it. The speaker was
Fernando Brill, whom | recalled had an unusually |oud and penetrating voice. | wouldn't even be

able to sleep through him | stayed in the Institute's parlor, where it was the custom of the
faculty to nmeet daily for tea

It was only two-thirty. | expected a clear couple of hours when | could take a nap, because | had
been travelling nost of the night on nmy journey from Lunar Farside. | closed ny eyes. Two m nutes
|later—at least, it felt that way, though the clock registered 3:15—a dul cet voice cooed in ny ear

"Why, here you are, ny dear. | didn't expect to see you until later."

| opened my eyes. Mary McAndrew was in front of me. She was wearing a green dress, slit to each
hip. By the ook of it she was not wearing nuch else. Mnty Siclaro stood at her side, giving an
i mpression of a new found Egyptian numy.

McAndrew s nother turned to himand squeezed his hand. "You run al ong now Monty, you sweet nan
Jeanie and | need to have a bit of a chat. W'l| see nore of each other later."

Monty You- Sweet-Man Siclaro, distinguished fellow of the Penrose Institute and | eading expert on
the extraction of energy from Kerr-Newran bl ack holes, dutifully tottered away. Hi s etiol ated | ook
suggested there wasn't nuch more of himfor her to see.

"Now there's just the two of us." Mary Mother-of-Mac sat down beside nme. "So, ny dear, why don't
we find out alittle nore about each other?"

| learned during the next three-quarters of an hour what she neant by that. | was asked a series
of penetrating questions regarding everything fromny education and job description to ny persona
hygi ene and tastes in men.

At the end of it she sat back and gave ne a big snile. "You know, that is so nmuch a relief. Artie
is such an innocent. | was afraid that he nmight have fallen for a pretty face." She thought for a
monent, possibly decided that she was being | ess than tactful, and anended her statenent. "O he

m ght have found an intellectual. That would be even worse."

| said, "Perish the thought."

It was wasted on her. "Now |'Il tell you what's happening and why |I'm here,"” she said. "First, I'm
going to be married."

I made conventional sounds of congratul ation.

"Well, | nean, it's as good as being nmarried. Fazool and | are going to live together. He's
enornously rich, and he likes the idea that I'"mutterly poor. It nakes himfeel protective—he
thinks if it weren't for himl'd be in the poor-house.™

The house | woul d suggest for her sounded rather |ike poor-house; but | kept ny nouth shut.
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"Fazool would be very upset," she went on, "if he ever found out that | had funds of ny own. So
I've decided to put my noney into a trust. Artie is ny only child, and the lad will be the
ultimate beneficiary. I'mglad you' re around to take care of him because he can be such a dim
wt."

| |1 ooked around. The tea-roomwould be filling up in a few mnutes, but fortunately the place was
still deserted except for the two of us. Describing McAndrew as a dimwit at this Institute would
get you the sanme reaction as chug-a-lugging the altar wi ne during a church service.

"What about Mac's father?" | asked. "Shouldn't he be a beneficiary?"

"Ah, yes." Her face took on a | ook of w stful sadness.

"Dead?" | realized that | had never heard McAndrew speak of his father, not even once.

"By all the logic, he is.
kill."

She smled sweetly. "But a son-of-a-bitch like that is awful hard to

The arrival of a chattering hal f-dozen scientists saved ne fromfielding that remark. Mry
McAndrew made an instant survey, checked the line of her skirt to nake sure that plenty of |eg was
showi ng, and headed for the tallest and nobst distinguished-|ooking of the group. It was Plinpton,
who according to McAndrew had not had an original thought since he started to grow facial hair and
possi bly not before. On the other hand, | don't think Mary was seeking original thought. Origina
sin, maybe.

I followed her toward the tea and sweetneats. Apparently | had been wei ghed in the bal ance and
found reasonably adequate. But | suspected that Mary MAndrew enpl oyed an unusual scal e.

A nother, and now a father, too. | couldn't wait to hear McAndrew s side of the story.

* * %

But wait | had to. McAndrew arrived at last fromthe sem nar with half a dozen other scientists.
He headed toward his nother. Before they could exchange nore than two words, Enma Gowers cane
sashayi ng over toward them

A word about Emma. She is the Institute's expert on multiple kernel arrays and a form dable brain
She is also blond and beautiful, with a roving eye, a lusty tenperanment, and a taste for big,
hai ry men of dimnished nental capacity.

I was standing only a step away. | saw Mary MAndrew and Emma size each other up, and | realized
that neither knew who the other was. But like called to |ike, and they strai ghtened and preened
like two fighting cocks.

"Conme on, Mac," Emm said. "You and | have a date."

The wordi ng was provocative, but | knew that Enmma had no possible sexual interest in McAndrew. His
not her didn't. So far as she could tell, Emm was cutting in.

"l beg your pardon?" she said.

McAndrew nade a feeble gesture fromone to the other. "Mther, this is one of ny professiona
col | eagues, Emma Gowers. Emma, this is ny nother.”

Mary McAndrew extended a slimand delicate hand. "And whi ch profession would that be, ny dear?"
Her tone coul dn't have been war ner.

Ema gave her a friendly snile. "Not the one you are nost famliar with, I'msure." She had been
maki ng a close inspection of Mary McAndrew s neck and the winkles at the corners of her eyes.
"But it's encouraging to know that a person doesn't have to change her |line of work, just because
she's old. Cone on, Mac."

She gripped McAndrew firmy by the armand pulled himaway toward the door. | was left to face his
not her .
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| said, "lIt's not the way it |ooks. She's not chasing him There's a problemw th the bal anced
drive on one of the ships, and he and Enma have an appointment to take a look at it."

Mary McAndrew seened not in the | east upset. She said thoughtfully, "Well, | certainly
underestimated that one. She and | nust have a cozy chat when they get back. Were do you say
they' re goi ng?"

It was easier to showthan to tell. | put down ny cup and | ed her across to one of the rooms
smal | observation ports. "They'll be going outside the Institute and over to one of the ships. You
can see it fromhere. That's the Flami ngo, the Institute's smallest experinental vessel."

She followed ny pointing finger. The Fl ani ngo was berthed about four kiloneters away. W& had a
profile view of the circular flat disk of condensed matter at the front, with the I ong col um
jutting away fromthe center and the snall sphere of the life capsule sitting out near the end of
it.

"What a strange-looking object!" Mary said. "Wiy, it's not in the least like a ship."
| stared at her. Was she joki ng?

"You're | ooking at a ship that uses the McAndrew bal anced drive," | said. "Mac says it's a trivia
idea, but it's the nost fanmous thing he's ever done. He's known everywhere in the Solar System
because of it."

"I's he now?" She peered at it with a bit nore interest. "But it's ugly. That plate, and the |ong
spi ke. And where do the people sit?"

She didn't know, she really didn't. Her own son's nost celebrated invention, and she had no idea

"The crew and passengers go in the life capsule.” | pointed. "That's the little ball you can see
at the end of the spike."

"But it's teeny. Al that big ship, and such a small space for people. Wat a waste."

"I't has to be that way. That plate on the front is a hundred-neter disk of conpressed matter,

el ectromagnetically stabilized. If you put people in the nmddle of the disk while the ship is at
rest, they'd feel a gravitational pull of fifty gees—enough to flatten anybody. But in the life
capsule out at the end of the spike, a person feels a pull of just one gee. Now when you turn the
drive on and the acceleration grows, the |life capsule automatically noves closer to the disk. The
accel eration and the gravitational force pull in opposite directions. The |ife capsule position is
chosen so the total force inside it, the difference of gravity and accel eration, stays at one gee.
A lot of people call it "the McAndrew inertia-less drive,' but Mac hates that. He says inertiais
still there, and the right nane is the bal anced drive."

| should have nore sense. Predictably, | had |lost her. In the niddle of ny explanation she had
turned away fromthe wi ndow and she again had her eye on the nentally nulliparous Plinpton.

"Gravity, acceleration, conpressed matter," she said. "Oh, how that carries ne back. Like father
Iike son. McAndrew s father, he'd drive a woman mad with tal k of conpressed nmatter, when what she
was needing was a little personal attention.”

"McAndrew Seni or was a physicist, too?" If | couldn't get famly information from Mac, naybe his
not her woul d provide it.

"Cch, Artie's father wasn't a McAndrew. " She arched plucked eyebrows at ne. "Perish the thought. |
woul d never dream of marrying a dreadful man |ike that."

That's the point, right there, where | ought to have changed the subject. Instead | said, "Not a
McAndrew. Then who was he?"

"Hi s nane was Heinrich Gunewald. If he's alive it still is, though |I've not seen hide nor hair of
himfor over thirty years. He'd conme visit for a while, then before you knew it he'd be running
off. The last time he breezed in fromnowhere, just as usual, and we had a lively couple of days.
When the two of us weren't busy in private he talked Artie's ears off. | asked him what was he
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doing, filling the lad's head with nonsense? Force fields, and quarks, and that sort of rubbish.
He | aughed, and said that although nobody knew who Heinrich Gunewal d was now, Artie needed to get
used to the fact that he was going to have a very fanpbus father. Next time he came to see ne, he
said, his face would be all over the nedia and we'd be hard put to find private tine what with
peopl e canping out on the doorstep of the house."

"l've never heard of Heinrich Gunewald."

"No nore you will. Isn't that like a man, all blather and big talk? | flat out told himl didn't
believe him | said, nowwhat is it you'll be doing to nake you so fampus? He got nad, the way nen
do when you talk straight to them He gave nme a bunch of notes and a video recording he'd nmade
that very day, and he said the evidence was all there. He was going off to prove it, and | and the
rest of the Solar Systemwould treat himwith a | ot nore respect when he cane back."

"But he never cane back?"

"No nore he did. Dead, you'd think, but off with sone other wonan is just as likely. Heinrich was
a cocky devil, and a good-l|ooking man. Good in bed, too, I'll give himthat." At the words "good
in bed," she roused herself and stared around the room

"What about the papers and the recording?" | asked.

"G bberish." She was perking up. Plinpton was giving her the eye and Monty Siclaro, restored to
relatively normal condition, had entered the room "I took a | ook at the stuff he left, but it was
not hi ng but the same old babble. Strong forces, weak forces, conpressed matter, quarks and squarks
and blarks. | couldn't make head nor tail of it."

"What did you do with it?"

"Ch. | stuck it away in a | ockbox at the old famly house. He'd told me not to lose it, and at the
time | expected he'd be coming back." Plinpton and Siclaro were standing a yard apart from each
other. Drawn by sone invisible force, Mary headed for the space between them "O course, he never

did," she said over her shoulder. "l1've not |ooked for it for years, but | suppose it's sitting
there still."
End of story. Except that I, in nmy folly, later repeated to McAndrew his nother's words.

He stared at ne and through nme and past nme. "Mother never told ne that," he said. "He tal ked about
the strong force, and conpressed matter, | renenber that. But old notes, and a video . "

Mary McAndrew stayed at the Institute for two nore days. When she returned to Earth, MAndrew went
with her.

And I? O course, | went along, too. | have to take care of McAndrew. He can be such a dimwt.

* * %

Pl enty of people live on Earth, but when you go there you have to wonder why. The air feels heavy
and too dense. In the cities it's dirty and full of fumes and sits in your lungs like thick soup
In the countryside there's the stink of dead plants and aninmals wafted around on every breeze.
Earth people are so used to the snell of rot, they don't even notice. And after a day or two
you're just as bad. Apparently your brain can't stand continuous stench, so after a while it cuts
off the signal and you don't snell a thing.

O her things, though, you don't get used to so easily. Mary McAndrew |ived nost of the time in
Paris or Rone, but the "famly house" that she referred to, where Mac had spent his early years
lay on a small island. It was part of a group known as the Shetl ands.

Once we got there | could see why she preferred Paris or Rone. O anywhere. The island sits far
beyond the north coast of Scotland, up at latitude sixty degrees. The house was built of solid
stone, with great wooden rafters across the ceiling of each room Mry told ne that the buil ding
was over two hundred years old, and her family had lived in it for as long as it had been there.

Not hi ng wong with that, but | soon learned that the McAndrews were not the house's only
residents. Mac and | were shown to a bedroom off on the north side of the building. It was only
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two in the afternoon, but it was winter for Earth's northern hemi sphere and we were so far up
toward the pole that it was already getting dark. | stepped into the roomand went to place ny bag
on the bed. As | did so, sonething small and brown junped off the counterpane and streaked away
toward a gl oony corner

| gasped and clutched ny bag to nmy chest. "Mac! What the hell was that?"

"Cch, that's nothing." He wal ked forward and peered down at the wainscotting. "Just a wee nouse,
and now it's gone. You can bet it's a lot nore frightened of you than you are of it."

"l wouldn't bet on that."
"I'mtellin ye. You'll not see a sign of the beastie once we're noved into the room"

| noticed sonet hing odd about his speech. Back on the home territory of his childhood, a Scottish
accent was creeping in.

"Puir little thing," he went on, "there's been naebody in this roomfor so lang, it thought it had
the rights toit. Don't you worry, it won't come a-wal ki ng over your face at night."

I could have lived very well without that thought. | noticed that the wi ndow had a spider's web in
the upper left corner, and | wondered how nany other aninals we were expected to share our space
with. | felt a bit nore synpathy for Heinrich Gunewald. Gven a choice, before you knewit 1'd

have been running off just as he used to.

I left my bag—tightly cl osed—en the bed. McAndrew | ed us back to the long living roomof the
house. Mary McAndrew was waiting there with a dusty box sitting on the lowtable in front of her.

"Here it is. And | hope it's been worth coming all this way for it." Her voice said that she very
much doubted that. She | ooked at me, as nuch as to say, Jeanie, | thought you had nore sense. W
could all be in Paris. Couldn't you talk himout of it?

If she knew McAndrew at all, she knew the answer. Wen it's new science, or even a sniff of new
science, McAndrew is the nost obstinate human in the Solar System He lifted the box as reverently
as though it contained the Crown Jewels, blew off dust, and wiped at the top with a yellow cloth

"I't's not |ocked," | said.

"And why should it be?" Mary said as McAndrew eased the top open with a creak of rusting hinges.
"Not hi ng here that anybody in his right mind would pay a brass farthing for."

At first glance | was inclined to agree. What Mac lifted out of the box was a snall notebook with
a faded bl ue cover, a dozen sheets of yellow paper with dirty brown edges, and a vi deo recording
of a design that had gone out of use thirty or forty years ago.

"Can you play that?" | asked.

"Ch, surely.” Mary took the video container and wi ped the top with the duster. "Artie will tel
you how it is on the islands. Things don't get thrown away so quick here as in other places.”

McAndrew had neanwhil e picked up the sheets of paper. He flipped through themin a few seconds.
"Not hi ng?" | asked.

"Nothing | didn't know already." He put the sheets down. "Standard results on the stabilization of
conpressed matter with el ectromagnetic fields. Same as we do with the bal anced drive plates.”

"Nothing," said his nother. "Didn't | tell you so?"

McAndrew di d not answer, but picked up the blue notebook. He began to |l eaf through it, and this
time he was occupied for nuch | onger

I didn't speak, either. | had | earned | ong ago that when McAndrew had that | ook on his face it was
a waste of time to try to gain his attention. He was off in a different universe. Mary MAndrew

file:///D|/Documents%20and%20Settings/harry/...heffield%20-%20The%20Compleat%20McAndrew.txt (158 of 189) [2/24/2004 10:40:47 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

must have | earned the sane thing, long ago in MAndrew s chil dhood. She went off to the kitchen
wi thout a word and appeared a few nminutes later with a | oaded tea-tray.

McAndrew finally laid the notebook carefully back on the table.
"Vell?" | asked.

"I dinna ken. It's a thing a man has to sleep on."

"That's all you can tell us?"

"l can tell you what he—ny father—wote." Mac said "ny father" awkwardly, as though the words cane
hard to his tongue. "What | can't tell you is whether what he wote is true. That needs sone hard
t hi nki ng. "

"Not hing there," Mary said. She calnmly poured tea. "Nothing, just as | told you."

It occurred to nme that after leaving the contents of the box to rot for all these years she wanted
there to be nothing.

McAndrew spoke again, slowy and carefully. "Wat Heinrich Gunewald says—what he says"—there was
a slight enphasis on he—is that there's another way to produce conpressed matter, and if ye do it
his way there's no need of electronmagnetic stabilization. The conpressed matter will be naturally
stable. If he's right, you can also achieve far higher densities than we have at present. Up to
three billion tons per cubic centineter.”

Mary did not react, but | did. The conpressed matter used in the bal anced drive plates averaged
three thousand tons per cubic centinmeter, and that was consi dered phenomnenal

"Does he say how to do it?" | asked.

"Aye. But that's the hard bit to swallow. He says that it involves a | ocal nodification and
enhancenent of the strong force."

"What strong force?" Mary asked.

| waited for sonmeone to answer. Then | realized that unlike at the Institute, where bul gi ng super-
brains stood ready to | ecture on any conceivable topic in physics, MAndrew and | were the only
two available; and fromthe | ook on his face he was gone again, off to some uni magi nabl e pl ace
where | coul d never follow

"What strong force?" Mary said again. "Have the two of you gone deaf?"

"I'"ll explain," | said. | should have added, or try to. Make me your authority on physics and you
run a considerable risk. "There are four basic forces in the universe." That nuch | was sure of.
"There's gravity, that's the one everybody knows even if they don't understand it. There's the

el ectromagnetic force, that powers electrical motors and everything else to do with electricity
and magnetism There's a thing called the weak force, which causes radioactivity." (At that point
McAndr ew shoul d have awakened and roasted ne for a sinplistic explanation. The fact that he didn't
meant he wasn't really there). "And then there's the strong force, which holds nuclei together
when el ectromagnetic forces want themto fly apart.”

I was about to add that unified theories explained all four as part of a single generalized force,
and that all were nediated through the exchange of virtual particles with nanes |ike photons and
gluons. | didn't. | could see Mary's face.

I finished, a bit lanely, "What your husb—what MAndrew s father clainms to have done is find a way
to change the way the strong force operates. If he was right, and he could nake it stronger, then
there could be a better way to form conpressed matter."

Mary sniffed. "If 1'd known that was all | had in the box all this time, | woul dna have bot hered
to keep it all this tinme." She picked up the video recording. "And here we have nore of the same?"

"W don't know yet."
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"So let's take a wee l ook, and find out." She went over to a corner of the living roomand pulled
back a drape to reveal a playback unit so antiquated that |I'd have accepted the idea that it was
steamdriven. "Artie, are you awake? Artie! COch, the lad' s hopeless."

"Play it," | said. "Maybe it will bring himback into the real universe.”

"I have doubts of that. | never found anything that would when he's got that face on him" But she
inserted the video recording.

The overhead lights, coupled to the playback unit, dinmed. The wall display flashed a brief

kal ei doscope of color, then settled to show the figure of a standing man. It zoonmed to a cl ose-up
of his face and | had a sudden and startling feeling of recognition. The long jaw and thin-1lipped
mouth were different, but the distant eyes and hi gh, bal ding forehead were pure MAndrew.

Hei nrich Grunewal d spoke. Hi s voice was slow, deeper than Mac's, and slightly accented. "This

recording contains its own tinme-line, giving the date and hour that it is being made. 1'll be away
for alittle while, so | want there to be no argunents regarding priority of invention when
return. | have devel oped a nodified theory of the strong interaction, with huge and various

comrercial potentials. Arong the near-term applications are cheap fornms of conpressed matter, the
ability to nake shipnent of diffuse materials in nuch smaller containers, induced radioactivity,
nore conpact forns of existing comercial fusion devices, and | owtenperature proton-proton
fusion."

McAndrew was awake after all. | heard himgasp at that last item Gunewald went on, "I am not
tal king theory alone. The technical details permtting each of these devel opments can be found
here." He raised a blue notebook, |ike a bigger version of the one in the | ockbox.

| glanced at Mary McAndrew, who shook her head. "Nothing like that, not left with nme. It's been a
long tine, but | think maybe I sawit."

McAndrew sai d, "Then where is it? W have no other |ead."

"It went with him" | was surprised that the two of themwere slowto catch on. "If it gives the
practical details it's worth an enornmous fortune. He didn't want to ri sk anyone el se getting their
hands on it."

"W have to find it, and him" MAndrew sounded unusually forceful. He saw ny expression. "Ch, not
the inventions, Jeanie. You know | don't give a damm about them W need the theory."

Mary McAndrew turned to nme. "I told you. He hasn't changed a bit. He needs a keeper."

| asked, "But where did he go?"

McAndr ew snapped at us. "If the pair of you would stop bl athering, maybe we'd have a chance to
find out."
Heinrich G unewald was still talking. Mac reversed the video to the point where his father was

hefting the blue book.

devel opnents can be found here." Gunewald flourished the notebook in a self-satisfied way
and finally placed it back out of sight. "Wth industrial sabotage so common, | do not wish to
performny final validation experiments where others might find a way to steal or even to
interfere.”

Mary McAndrew said, "COch, he's crazy suspicious. He was al ways paranoid. |'ve never known anot her
man | ook under every bed before he'd get in it, no matter who he was with and what he had to | ook
forward to."

McAndrew and | both shushed her, as G unewald went on, "So to do the validation |I'mtaking the
Faf ner out, away from the nmain shipping | anes—=

"Got him" | said.

file:///ID|/Documents%20and%20Settings/harry/...heffield%20-%20The%20Compleat%20McAndrew.txt (160 of 189) [2/24/2004 10:40:47 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

"Keep quiet," MAndrew snapped. But |'m a seasoned cargo captain, and for a change | knew
sonmething he didn't. It didn't matter whether or not Heinrich Gunewald told us anything else. If
he had taken his ship out, as he said, then his flight plan would be on file. So would any firing
of the ship's engines.

The man was gone, but not forgotten and not untraceable. It might take a while, but | felt sure we
woul d be able to track down MAndrew s |ong-1lost father

* * %

Li ke many things in life, the problem| had been so sure | could solve proved nore difficult than
it sounded.

We headed for the Penrose Institute to performthe calculations. Mary McAndrew told us that she
could not cone, she had to pay sone attention to "poor neglected Fazool." But | was to |let her
know what we found.

"l know he's surely dead," she said to ne as we left for Equatorport. "He was a w cked, obstinate,
reckl ess man. But the two of us had sone great tines, and | was awful fond of Heinrich. Wy, | was
even faithful to him™"

It woul d have been unkind to ask for how | ong.

Mac and | headed for the Institute, and at first everything went according to plan. | delved into
the old data bases and found the flight plan of the Fafner. Anong the |isted on-board equiprent,
tantalizingly, the manifest included the enigmatic item "strong field nodifier, prototype."”

I learned the exact second of the ship's departure. |I found its nom nal destination, though that
coul d change t hrough subsequent course corrections or changes of nind. | obtained a conplete Iist
of subsequent engine firings, which even without the record sent back fromthe Fafner's inertia
navi gati on systemwoul d allow us to pinpoint the ship's |last known |ocation. After all the engine
firings, a certain stochastic elenent affected the Fafner's novenents dependi ng on the vagaries of
gravitational perturbation by small bodies and variations in solar wind. But natural body
positions for anything substantial were in the data banks on an hour-by-hour basis, and the
programs to conpensate for their effects were routine.

The cal cul ations took a while, even with McAndrew s talent for instant shortcuts. Once we had
answers we borrowed the synthetic aperture distributed observation systemfor a few days and
surveyed the sky sector where the Fafner should be found.

Result: nothing. Not a sign. No Fafner, not in the region we had defined as nost probable or in
one ten tines as big in all directions. The ship had di sappear ed.

I checked the cal cul ations, redoing everything the long way. The Fafner was not a big ship,
nothing to conpare with a cargo carrier or even a |l arge passenger vessel, but it was thirty neters
I ong and al nost fifteen across. Anything that size would stand out prominently on the observations
made by the big scope, especially when you used a tine exposure to sort out noving objects within
the Solar Systemfromthe fixed cel estial background. Conparison with known natural bodi es ought
to do the rest.

I found nothing wong with McAndrew s cal cul ations. He checked nmy checking. That took two nore
days. Finally we were ready to admt defeat. By this tine a dozen others at the Institute were
taking an interest. MAndrew phrased the dilenma for all of us. "Objects just can't disappear.
Here are the possibilities: The Fafner might have totally disintegrated. It night have hidden away
i nside another object. O it mght be deliberately covered with nonreflective nmaterial at the
wavel engt hs used by the Institute scopes.”

"Or stolen away by aliens,” | added. | was tired.

McAndr ew nodded as though that was a serious possibility. "lIn any case,
far as we can just sitting and | ooking."

he said, "we've gone as

"The ship can't be far away fromwhere we calculated,”" | said. | could see where the discussion
was headi ng, and | knew that we faced a very tough job. "It's in the Inner System and near the
pl ane of the ecliptic. In the Asteroid Belt, alnost certainly."
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McAndr ew nodded and | ooked gl oony. "Aye. Wuldn't you just know it'd be that way?"
The others nuttered vague expressions of symnpathy.

To see why, inmgine that you are asked to | ook for sonething snmall. Wuld you rather search a
| arge volunme or a small one?

The answer to that question depends where you are and what you are seeking. The region of the
Sol ar Systemthat includes the Sun, planets, noons, asteroids, and the odd collection of misfit
bodi es form ng the Edgeworth-Kui per Belt is a substantial volune; it is shaped like a flat

pi | I box, about thirty billion kilometers across and naybe forty nmillion deep. Say, a billion
billion cubic kiloneters of volune altogether. But that's infinitesinmal conpared with the space
bounded by the inner edge of the OCort cloud. There, we are talking a spherical region with a
radius of a twentieth of a light-year. The volume in cubic kiloneters is a nunber with thirty-five
zeroes, too many for me to be confortable with. You can subtract the volune of the pillbox, and it
makes no noticeabl e difference.

The odd thing, though, is that inside the pillbox it's much harder to find sonething. And if you
had to pick one place where the search is nore difficult than any other, the Inner Belt of the
asteroids is where you' d least |like to be.

The key word is clutter. There are far too many natural bodies in orbit. The Asteroid Belt
contains everything fromsubstantial bodies |like Ceres, seven hundred and fifty kil oneters across,
all the way down to house-sized boul ders, pebbles, and grains of sand. One good rule of thunb is
that for every object of a given size, there will be ten tinmes as many one-third that size.

The data bases at the Institute keep dynam c track of every body of any size, down to ten neters
across. The Fafner was nuch bigger than that, so it ought to have been picked up in our search
Recogni ze that it hadn't been, and where does that |eave you? You know there are countl ess
mllions of objects near where the m ssing ship ought to be, and you have no idea at all why your
original search fail ed.

So we would fly out there and take a | ook for ourselves, and hope that our hunman brains could spot
an anomaly able to fool the snartest conputers in the Sol ar System

How? | had no idea.

McAndrew did. "If it's been blown apart to its conponent atons,
But if it's still in one piece, there's a way that can't fail."

he said, "we'll never find it.

We were preparing to | eave, and we were not using a ship with McAndrew s bal anced drive. Instead
he had picked out an old touring pinnace with a one-gee acceleration limt. After ny initial
surprise | decided that | knew why (it would turn out later that I was wong). MAndrew, it seened
to ne, wanted tinme to think. He'd never adnit it, but his pride was hurt. It was bad enough that
sonmebody woul d come up with a basic idea that he had missed, in an area of theoretical physics
where he had thought | onger and harder than any person alive. That the sonebody was his own
father—the father who had run off and deserted himand his nother—was even worse.

As the Driscoll eased away fromthe institute, | conpared travel tines. Even the nost nininmal ship
equi pped with the bal anced drive was capabl e of continuous forty-gee acceleration. Wth that
performance, our destination would have been a nere seventeen hours, standing start to standing
finish. On the other hand, at the leisurely half-gee best suited to the Driscoll's engines, we
faced a journey of close to a week.

Al right for McAndrew, perhaps; he was sitting barefoot, staring vacantly at the cabin wall and
cracking his finger and toe joints in a way that | always found infuriating. | knew from
experience that he was likely to sit for days, eating his neals |like a zonbie and washing only at
my insistence. Meanwhile, what was | supposed to do, here in a ship that flew itself?

I reviewed everything we had |l earned so far. Heinrich Gunewal d' s paranoia had not ended when he
left Mary McAndrew. The Fafner required a crew of three when it flew in cislunar space. Upon
| eaving that controlled region, Heinrich as soon as possible had the other two nen ferried back to
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Earth station. He continued alone. His |ast recorded engine burn placed himin stable orbit in the
m ddl e of the Asteroid Belt. Any new engi ne burn woul d have been detected. None had been recorded.
Any explosion in that |ocation powerful enough to destroy a ship would have been seen. No
instruments, on Earth or el sewhere, had seen such evidence.

The ship nust be there. The ship was not there. | sat and wondered. Were's Heinrich?

McAndrew enmerged fromhis trance when we still had a full day of flight tine ahead. "I've got it,"
he said. "Or at least, part of it."

"Well, isn't that nice." | should have known better. Sarcasmis wasted on the man. He sniled at
me. | went on, "So you know how changing the strong force would all ow sonebody to do the things
that your father clainmed?"

He stopped snmiling. "Cch, |'ve always known that. It's obvious."
"Not to me it isn't. | don't suppose you'd consider explaining?"

"The strong force holds nuclei together. So suppose you could nake it nore powerful and act over a
| onger range, for an indefinitely long period. That would | ead to stable conpressed nmatter, and
you'd be able to squeeze anything you like into a smaller space. If you used the strong force to
overcome el ectromagnetic repul sion between protons, you' d also be on the road to easy proton-
proton fusion at roomtenperature.

"Now suppose you work the other way round, and know how to weaken the strong force. Then nucl ei
will be less strongly bound, and a lot of naturally stable elenments will becone unstable. That
gi ves you induced radioactivity."

"But that's everything." It seemed to me he had covered everything on Heinrich Gunewald s |ist.
"Why do you say you only have part of it?"

"Because | slipped sonething in there at the beginning. | said, suppose you could nodify the
strong force for an indefinitely long period. That's the killer, Jeanie. | can see a way to make
changes, but they'd be unstable. Wrse than that, they'd be unpredictable. You' d never know when
the effect would reverse itself and things return to the way they were. And when | try to
stabilize the situation over tinme, | need to assunme the existence of isolated quarks. | might find
a way around that when | give it a bit nore of a think, but | still won't know what went w ong.
Sonet hi ng surely did. There nust be a nissing piece—sone trivial point, sone fact that |'ve
over | ooked . "

He was all set to drift off again. | said, loudly, "Mac, we'd be a lot closer to the sonething
you're missing if we knew howto find the Fafner. In another twenty-four hours we'll be sitting
out in the nmddle of the Asteroid Belt, wondering what to do next."

He stared at ne with those pal e, vague eyes. "Wy, | already know what we'll do. Wiy do you think
| wanted to take the Driscoll, instead of sonething with a bal anced drive?"

"Because you wanted tinme to think."

"Maybe. And | got that. But we'd have a problemif we'd used the bal anced drive. The conpressed
matter plate on any of those ships nasses trillions of tons."

"That's never given us any difficulty before."

"Because we've never had this situation before. Think about it, Jeanie. |If the Fafner's still in
one piece, what's the one thing about itself it can't hide?"

"Thermal signature?"

"That's not a bad answer for a ship that's alive. Anything with people on board has to generate
and give off heat. But the Fafner's nore than likely dead, so there would be no thermal signal. A
ship can be at the sane tenperature as its surroundings, or it can change its size and shape, or
it can be coated with an absorbing layer so it's hard to see. The one thing it still has, no
matter what it does, is mass.”
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When he spoke that one, final word | could see the rest for nyself. W knew fromthe Fafner's
records the ship's nass at the tine of final engine burn: three hundred and thirty tons. Even if
Gunewal d had jettisoned material into space, the present value would not be far fromthat. If we
were anywhere close to the ship we could locate it using our nass detector. The instrunent was
highly sensitive and it could be programmed to correct for every nearby object in the right size
range. The trillion-ton nass of a conpressed matter plate was sonething else. On a ship with a
bal anced drive, the plate's effects would overwhel mthe gravity field of everything in the

nei ghbor hood.

It's ny one big conplaint with McAndrew. He assumes you understand what he understands. Even when
you feel sure you know what goes on inside his head, you don't. One of his colleagues told ne that
the difference between McAndrew and ot her people is that Mac knows how to think around corners.
It's probably true, but it doesn't help nuch.

I wondered if he got that talent fromhis father. | had no idea what Heinrich Gunewal d had been
doi ng out here, or why he had di sappeared thirty years ago fromthe face of the Solar System |

t hought of Mary MAndrew s words, "he was a wi cked, obstinate, reckless man." Cut out the w cked
part, and you had MAndrew.

I can't think around corners, but | have excellent instincts for danger. And | was feeling uneasy,
nmore nervous than the situation seened to justify.

* * %

We had arrived, exactly at the place where the Fafner was supposed to be. | cut the drive and used
the visible wavel ength sensors to scan through a full four-pi solid angle.

Did | see the ship? O course not. You might say | already knew | wouldn't, because if it had been
there the scopes of the Penrose Institute would have found it before we ever |eft.

| pointed that out to MAndrew.

"Which is why we had to come out here and take a |l ook for ourselves." He seened filled with secret
gl ee, his normal reaction when facing a scientific nystery. "Jeanie, keep the drive off and the
di splays on, and let's have a go with the mass detector."”

I took a last ook at the screens. The optical sensors would find and hi ghlight any unknown body
that subtended nore than a fiftieth of a second of arc. That neant | would see sonething as small
as a tenth of a meter across, even if it were a hundred kil oneters away.

The di spl ays showed absolutely nothing. The Driscoll sat in the niddle of a |arge vol une of
enpti ness.

Convi nced that we were wasting our tinme, | turned on the nass detector. Instantly, a |oud buzz
fromthe instrunment nade ne start upright in ny seat.

"There we are."” MAndrew cl apped his hands in delight. "What do we show for mass and range?"

"Ei ghteen thousand tons," | said. "So that's not the Fafner, it's far too massive. It's at

ei ghteen kilonmeters.” | took another |ook at the optical sensor outputs. "But Muc, there's nothing
there. "

"We'll see. Take us that way-slowy."

| did as he asked, but at one kilometer away fromthe invisible target | stopped the Driscoll. "No

closer, Mac. That's as near as we're going."

"But there's no possible danger—

"This ship has to take us hone. If you want a cl oser | ook, we use suits."

"Jeani e—

"On a ship you can only have one captain.” Wen | feel a certain way | can be as obstinate as

McAndr ew.
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He knows it, too. He scow ed at me, but he didn't argue. He went over and began to put on a suit.
I locked the Driscoll to hold a fixed one-kil onmeter distance from whatever was exciting the mass
detector, and went across to do the sane.

Keepi ng an eye on McAndrew? Sure. But | had ny own curiosity to satisfy. Wiy were the optica
sensors and the mass detector at odds with each other?

He went a nmeter or two in front of nme, heading for the place where the nass detector insisted that
we woul d find an invisible eighteen-thousand ton object. The suit displays homed us in the

| ocation. McAndrew went slower and slower. He was using the light in his suit to illuninate the
space ahead of him

Finally he paused, and said, "There you have it!"
"There you have what?" |, only a neter behind him saw nothing at all

"The body—the eighteen-thousand ton body—that Heinrich used to test his strong force nodifier. If
he conpressed it down to three billion tons per cubic centineter, the radius would be a fraction
of a mllinmeter—ust about right."

Finally, I saw a note of reflected light. Wien | nmoved ny head within the suit helmet, | realized
that the object was tiny and just a few feet in front of us.

"That thing?" | said. "That's what the mass detector picked up?"
"OfF course. Wiat | expected, and what | hoped we'd find."

He reached out with his gloved left hand. Before I could stop himhe gripped the tiny particle

between his thunb and forefinger. "As you' d expect,” he said. "It's tiny, but it should have al
the inertia of the original body. Let's see."

| saw himpull, but all that did was nmove his position. "Doesn't budge," he said. And then, in a
different tone, "This is the dammedest thing. Jeanie, | can't let go. My finger and thunb won't

conme apart—and they hurt."

He was wearing a tough, insulated suit. Cold or heat could not get through it, nor could
radiation. If the suit had sonehow devel oped a hole at finger or thunmb, air would be jetting out
into space. | saw no tell-tale sign of chilled vapor

McAndrew turned on his suit jets. It changed his body position only by the Iength of his own
outstretched arm He was stuck, locked in place by an invisible note.

I heard his grunt of pain and effort. Suddenly | inmagined his father, floating outside the Fafner
and with no one to help him reaching out to touch the note of conpressed matter and held as
McAndrew was hel d.

I still had no idea what was going on, so my next actions were pure instinct. | said, "Git your
teeth, Mac, this is going to hurt worse than it hurts already,” and | took a nmetal shearing too
fromthe belt of ny suit. Before MAndrew could do anything about it |I noved to his suit and
severed the top joint of his thumb and first finger

He cried out in pain as a foam of blood and air spurted fromhis suit glove. In less than a second

the suit sensors reacted and tightened a seal on the fingers. | used the thrustors on ny own suit
to pull us away toward the Driscoll. As we backed up | saw the first joints of the finger and
thunb, still firmy attached to each other. In ny over-stinulated condition they seenmed to be

nmovi ng cl oser to each other and shrinking at the ends.

McAndrew s suit had deci ded that he would be better off with a shot of anesthetic. He was stil
consci ous when | haul ed us both through the air lock of the Driscoll and peeled off our suits.
put himon a bunk and anxi ously exam ned his |left hand.

"How is it, Jeanie?" he said. The painkillers left himrational and quite calm
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"Not too bad. The cuts are clean. But there's no way to regrow the joints before we're back hone."

"Il manage," he said. "My own fault. That's what you get when you don't think before you act."

"We' |l be hone in less than a week." | was already at the controls of the Driscoll. "I'Il keep you
as confortable as | can until we get there."

"Hey, we can't |eave." He had been Iying down, but now he sat suddenly upright. "Not w thout what
we found."

"We're certainly not leaving with it. That thing, whatever it is, is lethal."

"It isn't, unless you were as careless as | was. Look, I'Il tell you what happened. Then see what
you think."

| paused in setting up our flight hone. | |ooked at the nass detector readings, and confirned that
we were still a full kiloneter away fromthe particle of conpressed nmatter.

"Five minutes to persuade ne," | said.

"I't won't take that long. But you'll have to take ny word on the nunbers."

"1"I'l give you that rmuch." Wen it cones to cal cul ati ons, MAndrew doesn't know how to meke
m st akes.

"Al'l right." He lay down again on the bunk and stared up at nothing. "You take a natural body,
floating around here in the Asteroid Belt. You go to it, and you place in position there a piece
of equipnent that locally increases the strong force. Then you turn on the equi pment—renvotely,
froma safe distance. The increase in the strong force makes the body collapse, until it has a
density of three billion tons per cubic centineter. That's what he clained he could do, so let's
believe him If the body you started out with nassed ei ghteen thousand tons, the one you end up
with will be minute. About a quarter of a mllinmeter across."”

"I didn't have any nunbers," | said, "but |I finally guessed that sonething like that had to be
going on. It's the only way we'd have a strong signal fromthe nass detector, and not see
anyt hi ng. But you couldn't escape when you took hold of it, and the pain you felt—=

"My own fault entirely. | didn't do the other half of the calculation. Gavity's the weakest force
in the Universe, but it follows an inverse square |aw. Take a mass of eighteen thousand tons, and
squeeze it down into a quarter millimeter sphere. Wiat's the gravity at the surface?"

That sounded like a rhetorical question. | waited.

"The field at the surface of the sphere is thousands of gees." He held up his damaged hand. "And
was fool enough to grab hold. | couldn't get ny fingers free. Not only that—the field pulled in
anyt hi ng cl ose enough. The material of my glove, then the tips of ny finger and thunb. | could
feel the blood sucking out."

"But | didn't notice a thing," | protested.

"No nmore you woul d. The inverse square |law got me, but it saved you. Ten centinmeters away fromthe
sphere, the pull is down to a hundredth of a gee-not enough to feel. But close up . . . good thing
you were there to cut ne away, or | don't know what |'d have done."

I did. | could see it with awful clarity. The same thing woul d have happened to MAndrew as had
happened to Heinrich Gunewald. Held by the tiny ball of conpressed matter, unable to nove back to
the Faf ner because of the i mense ei ghteen-thousand ton inertia. Except that at the tine it had
been not quite eighteen thousand tons. The ball, slowy and inexorably, would have consuned
Heinrich, drawing his body little by little into itself. And then, over a nuch longer time frane,
the Fafner nust have suffered the sane fate. The gentle force of gravity would have tugged it
gradual Iy toward the speck of condensed matter, closer and close until there was finally physical
contact. Fromthat nmonent the Fafner was doonmed, just as McAndrew s father had been dooned. As
McAndrew hinmsel f, without nmy intervention .
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| realized that he was speaking again. "But now we know what happened,” he was saying in an
unnatural ly cheerful voice, "there's no danger at all. W'IIl bring the conpressed matter on board,
contain it electromagnetically, and take it back with us to the Institute.”

"Not on this ship you won't." The most brilliant mind in the System but sonetimes you wonder if
he's capabl e of |earning anything. Maybe | ought to be charitable and bl ame the anesthetic. He was
starting to sound decidedly woozy. | went on, "Didn't you tell nme, just an hour or two ago, that

the conpressed matter might be unstable—t could revert unexpectedly to its original condition?
Suppose that happened on the way back. Do you want to share your living quarters with an ei ghteen
t housand ton |l unp of rock?"

"Ah, but | think | see a way around that. If we build the right piece of equipnment—=

"You nmean when you've built the right piece of equipnment. After that's done, and it's been
t horoughly tested, and you know it works in every case and there's no danger of conpressed matter
instability, then if you like we'll conme back out here and collect your finger and thunb.”

I wasn't worried about his finger and thunmb, but | didn't want to say what was really in nmy mnd
Then maybe we' |l be able to give your father a decent burial

I gnoring McAndrew, | set the final coordinates for hone and turned on the drive. The M ghty Mte
we were | eaving behind was not going to run away. Heinrich Gunewald, in his strangest of
sarcophagi, would still be waiting if and when we cane back

* * %

When Mary McAndrew | eft the Penrose Institute for the first time | would have bet good noney that
she woul d never return. Scientists |like Plinpton and Monty Siclaro were all right for diversion
an occasional snack as it were, but not for her regular diet.

I would have lost. Mary showed up, one year to the day after her first visit, for the fornmal
cerenony in which an award was made, posthunously, to Heinrich Grunewald for his part in the
devel opnent of the G unewal d- McAndrew formalismfor the nodified strong interaction

McAndrew had insisted that the nanes be listed in that order. He said that his own contribution
all owing a generator to anplify the strong field externally so that the equi pnent itself would not
be destroyed, was minor. Al the major insights for the theory had been provided by the late

Hei nrich Grunewal d.

Mary sat quietly through the cerenony, though | don't think it had nost of her attention. She

| ooked very serious and sniled only once, when McAndrew hel d up Heinrich G unewal d' s nedal and

citation for the visiting nedia to see. Her dress also seened odd for the occasion. She wore a
I ong black dress, with a single pearl pinned at the left shoul der. She | ooked stunning, but she
seened indifferent to the ogling male and femal e eyes of the nmedia representatives.

After the cerenpbny was over McAndrew to his disgust had to submit to questions and an
interview+tnstitute Director Runford was not willing to give up such a wonderful opportunity for
favorabl e publicity. As McAndrew |l eft, Mary came over to ne.

She got right down to the point. "Do you think you could show nme Heinrich's renmains? | want to pay
my respects, but Artie refuses. He doesn't seemto |like the idea, even though it's his own
father."

"I have to agree with him | don't think it's wse."

"Why not ?"

"well .o

"Look, | heard that Heinrich had some sort of accident, and was squashed real bad. But |I'ma grown
wonman, | won't turn hysterical on you or anything."

I wasn't so sure of that. On the other hand, it sounded unreasonable to refuse anyone's request to
see the remains of a |oved one when a teamfromthe Institute had trailed all the way out to the
Asteroid Belt to recover the conpressed nmatter asteroid, and as an incidental had brought back the
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Faf ner plus Heinrich Gunewal d and a couple of bits of MAndrew s fingers.
"Conme on," | said.

| led the way fromthe auditorium out along a rarely-used corridor to an annex far renpoved from
the main body of the Institute, and into a small chanber. The M ghty Mdte sat in the mddle of it,
magnetical ly suspended to prevent it conming anywhere near other matter. A sphere of glass, three
feet across, surrounded the exhibit to provide added security.

Mary advanced and stared in through the curved w ndow.

"Where is he?" She turned to ne in bewi lderment. "You don't understand. | wanted to see Heinrich
no matter how bad he was mashed up in the accident. | don't see anything in there at all."

She had just sat through a series of explanations, especially sinplified for the nmedia, about the
significance of the work done by G unewald and McAndrew. The enphasis had been on the inexpensive
creation of conpressed matter and the successful recovery of the prototype experinent on strong
force enhancenent. Apparently Mary had understood not a word.

I intensified the light level and adjusted the angle of the beam so that the speck of conpressed
matter appeared as a tiny bright-blue spark

"There," | said, "is Heinrich Gunewald."
"That?" Mary stepped close to the w ndow

"That." | resisted the urge to add, And npbst of what you see isn't even him He's squeezed in
there along with the Fafner and ei ghteen thousand tons of rock

"Ch dear." Mary pressed her nose to the glass. "That little fly-speck of stuff? Heinrich wouldn't
be pleased at all, not with himalways going on about size—though | told him over and over, it's
what you do with it that counts. |Is there any way of bringing himback the way he used to be?"

"McAndrew s working on it. He has ideas, but it's too soon to say if they'll work. Wy do you
ask?"

"Well, 1 don't have that nuch to renmenber Heinrich by, and they don't look like they're doing
anything for himup here. And it's terribly lonely in this little room So | was wonderi ng,
don't suppose | could take the whole thing down to Earth with ne, could |, and | ook after him
t here?"

"I"'mafraid that's inpossible. Wat you're looking at is small, but it's enornously dense. That
little sphere with Heinrich's remains weighs— | caught nyself in time. She'd wonder about
ei ghteen thousand tons. | finished "—a lot nore than you'd think. There would be no way to stop it

sinking right down to the center of the planet."

"Ch dear. Then, no. I'msure Heinrich would like it there even |ess than being up here." She
turned away. "They should have | eft himout where he was, among the stars. He'd have preferred
that. 1'mgoing to say goodbye to Artie, and then |I'm | eaving."

| trailed along behind, waited while she had a private few nminutes with McAndrew, and the three of

us went along to the | oadi ng dock. She waved, and was gone.
* * %

Next day | was gone, too, on a routine delivery of a kernel assenmbly to Unbriel. | was away for a
month. On the way back | dropped by the Institute, now free-orbiting beyond the Mon

McAndrew was in his office. It was as crowded and cluttered as ever, with one inportant
difference. Over in a clear corner sat a three-foot ball of glass. Wthin it sat the grain of
conpressed matter, and al ongside that blue speck stood a small hologramof a smiling Mary

Mc Andr ew.

"Mac! | thought you told nme the conpressed matter was unstable. If it changes back to its origina
form=
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"I't won't." The buds of his finger and thunb joints were already growing nicely. "I worked all
that out when you left. It will stay like that as long as we want it to."

"And you noved it in here."

"Well, yes. My nother didn't seemto |ike himbeing off by hinself. | thought the two of them
ought to be together."

"Does she know about this?"
He | ooked surprised. "Wy, no. O if she does, | didn't tell her."

But | did. After McAndrew and | had agreed to neet for dinner and a long catch-up evening, | left
himand placed a call to Mary McAndrew. | tracked her down in Cap d' Anti bes, at one of Fazool's
mansi ons.

She listened in silence while | told her about the glass sphere and the hologramin MAndrew s

of fice. Then she said, "I still mss him you know. Look after him won't you."
She had nixed two different hins in one sentence, but I had no trouble sorting themout. "I'Il do
my best,” | said. "But you know your son."

"l do indeed. Just like his father. Cone and see ne, Jeanie. Fazool won't mnd. You and Artie
bot h. "

TowillL"

"In fact, Fazool will probably make a pass at you."

"I can stand that."

"I hope Artie can. CGoodbye, Jeanie. Look after him and give himny |ove."
"I will. Goodbye, Mary."

We hung up. Look after him I'd spent twenty years trying to |l ook after McAndrew and it didn't
seemto be getting any easier.

I went to find the man to tell himthat | had spoken with his nother and we needed to plan anot her
visit to her.

McAndr ew t hi nks he under st ands what the strong force is in the universe, and | wouldn't dream of
di sagreeing with him But Mary McAndrew and |, we know better.
APPENDI X:

Sci ence & Science Fiction

Witers, readers and critics of science fiction often seemunable to produce a workable definition
of the field, but one of the things they usually agree on is the existence of a particular branch
that is usually termed "hard" science fiction. People who like this branch will tell you it is the
only subdivision that justifies the word science, and that everything else is sinple fantasy; and
they will use words like "authentic," "scientifically accurate," "extrapolative," and "inventive"
to describe it. People who don't like it say it is dull and bland, and use words |ike
"characterless,"” "nechanical," "gadgetry," or "rockets and rayguns" to describe it. Some people
can't stand hard SF, others will read nothing el se.

Hard science fiction can be defined in several different ways. My favorite definition is an
operational one: if you can take the science and scientific speculation away froma story, and not
do it serious injury, then it was not hard SF to begin with. Here is another definition that |
like rather less well: in a hard SF story, the scientific techni ques of observation, analysis,

| ogi cal theory, and experinmental test nust be applied, no matter where or when the story takes
place. My problemwith this definition is that it would classify many nystery and fantasy stories
as hard science fiction.
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What ever the exact definition, there is usually little difficulty deciding whether a particular
story is "hard" or "soft" science fiction. And although a witer never knows quite what he or she
has witten, and readers often pull things out of a story that were never consciously put in, |
certainly think of the book you are holding as probably the hardest SF that | wite. Each story
revol ves around sone el enent of science, and without that elenment the story would collapse. |If the
stories reflect any conmon theme, it is my own interest in science, particularly astronony and
physi cs. Because of this, and because the science is what | have el sewhere termed "borderl and

sci ence" (Borderlands of Science: How to Think Like A Scientist and Wite Science Fiction; Baen
Books, 1999), | feel a responsibility to the reader. It is one that derives fromnmy own early
experiences with science fiction

| discovered the field for nyself as a teenager (as did al nbst everyone else | knew—n school we
were tormented with Wordsworth and Bunyan, while O arke and Heinlein had to be private after-
school pleasures). Knowing at the tinme a negligible anbunt of real science, | swallowed whole and
then regurgitated to nmy friends everything presented as science in the SF magazi nes. That quickly
built me a reputation as a person stuffed with facts and theori es—any of them w ong and sone of
them deci dedly weird. The witers didn't bother to distinguish the scientific theories that they
borrowed, fromthe often peculiarly unscientific theories that they nade up for the story. Neither
didI.

I knew all about the canals on Mars, the dust pools on the Mwon, and the swanps on Venus, about
the Dean drive and dianetics and the Hieronymus machine. | believed that nmen and pigs were nore
closely related than nen and nonkeys; that atons were niniature solar systens; that you could
shoot men to the nobon with a cannon (a belief that didn't survive ny first course in dynam cs);
that the pineal gland was certainly a rudinentary third eye and probably the seat of

par apsychol ogi cal powers; that Rhine's experinments at Duke University had nade tel epathy an
unquestioned part of nodern science; that with a little ingenuity and a few electronic bits and

pi eces you could build in your backyard a spacecraft to take you to the nmoon; and that, no matter
what alien races m ght have devel oped on other worlds and be scattered around the Gal axy, humans
woul d prove to be the smartest, nobst resourceful, and nost wonderful species to be found anywhere.

That |ast point may even be true. As Pogo remarked | ong ago, true or false, either way it's a
m ghty sobering thought.

What | needed was a crib sheet. W had themin school for the works of Shakespeare. They were
amazingly authoritative, little summaries that outlined the plot, told us just who did what and
why, and even informed us exactly what was in Shakespeare's head when he was witing the play. If
they didn't say what he had for lunch that day, it was only because that subject never appeared on
exanm nation papers. Today's CliffsNotes are less authoritative, but only | suspect because the
changing climate of political correctness encourages commentators to be as bland as possible.

| didn"t know it at the time, but the crib sheets were what | was mssing in science fiction

G ven the equivalent type of information about SF, | would not have assured ny friends (as | did)
that the brains of industrial robots nade use of positrons, that the work of Dirac and Bl ackett
woul d lead us to a faster-than-light drive, or that the notebooks of Leonardo da Vinci gave al
the details needed to construct a noon rocket.

As Mark Twain remarked, it's not what we don't know that causes the trouble, it's the things we
know that ain't so. (This is an exanple of the problem | was sure this was said by Mark Twain
but when | looked it up | found it was a Josh Billings Iine. Since then | have seen it as
attributed to Artenus Ward.) Wat follows, then, is my crib sheet for this book. This Appendi x
sorts out the real science, based on and consistent with today's theories (but probably not
tonorrow s), fromthe "science" that | nmade up for these stories. | have tried to provide a clear
dividing line, at the threshold where fact stops and fiction takes over. But even the invented
material is designed to be consistent with and derived fromwhat is known today. It does not
contradict current theories, although you will not find papers about it in the Physical Review or
t he Astrophysical Journal

The reader may ask, which issues of these publications? That's a very fair question. After all
these stories were witten over a twenty-year period. In that tine, science has advanced, and it's
natural to ask how much of what | wote still has scientific acceptance.
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| reread each story with that in nmind, and so far as | know everything still fits with current
know edge. A few things have even gained in plausibility. For exanple, when | wote "Rogueworld"
we had no direct evidence of any extra-solar planets. Now reports cone in every nonth or two of
anot her world around sone other star, based not on direct observation of the planet but on snal
observed perturbations in the apparent position of the star itself. The idea of vacuum energy
extraction, first introduced to science fictionin "All the Colors of the Vacuum" has proceeded
fromwi ld science fiction idea to funded research. Black holes, which at the tine | wote "Killing
Vector" were purely theoretical entities, forma standard part of nodern cosnol ogy. A big bl ack
hol e, about 2.5 nmillion times the mass of the Sun, is believed to lie at the center of our own

gal axy. Radi ating black holes, which in 1977 were another way-out idea, are now firmy accepted.
The Qort cloud, described in "The Manna Hunt," is a standard part of today's physical nodel of the
extended Sol ar System

So has there been nothing new in science in the past twenty years? Not at all. Ml ecul ar bi ol ogy
has changed so fast and so nuch since the 1970s that the field seen fromthat earlier point of
view i s al nost unrecogni zabl e, and the biggest changes still lie in the future. Conputers have

become smaller, nore powerful, and ubiquitous, beyond what anyone predicted twenty years ago. W
al so stand today on the verge of quantum conputation, which takes advantage of the fact that at
the quantum |l evel a systemcan exist in several states sinmultaneously. The long-term potential of
that devel opnent i s staggering.

Finally, in the very week that | wite this, a report has appeared of the first successfu
experiment in "quantumtel eportation.” Via a process known as "entangl enent," which couples the
quantum state of two wi dely separated systens, a Caltech team "tel eported” a pattern of
information fromone |ocation to another, independent of the speed of light. If there isn't a new
hard SF story in that report, | don't know where you'll find one.

* * %

Kernel s, black holes, and singularities.

Kernel s feature nost prominently in the first chronicle, but they are assuned and used in all the
others, too. A kernel is actually a Ker-N-le, which is shorthand for Kerr-Newran bl ack hol e.

To explain Kerr-Newran bl ack holes, it is best to follow MAndrew s techni que, and go back a | ong
way in tine. We begin in 1915. In that year, Albert Einstein published the field equations of
general relativity in their present form He had been trying different possible formulations since
about 1908, but he was not satisfied with any of them before the 1915 set. His final statenent
consi sted of ten coupled, nonlinear, partial differential equations, relating the curvature of
space-tinme to the presence of matter

The equations are very el egant and can be witten down in tensor formas a single short |ine of
al gebra. But witten out in full they are horrendously |l ong and conpl ex—so nuch so that Einstein
hinsel f did not expect to see any exact solutions, and thus perhaps didn't | ook very hard. Wen
Karl Schwarzschild, just the next year, produced an exact solution to the "one-body problem (he
found the gravitational field produced by an isolated nmass particle), Einstein was reportedly
qui te surprised.

This "Schwarzschild sol ution" was for many years considered nmathematically interesting, but of no
real physical inmportance. People were nuch nore interested in |ooking at approximate sol utions of
Einstein's field equations that could provide possible tests of the theory. Everyone wanted to
conpare Einstein's ideas on gravity with those introduced two hundred and fifty years earlier by
| saac Newton, to see where there m ght be detectible differences. The "strong field" case covered
by the Schwarzschild solution seemed |ess relevant to the real world.

For the next twenty years, little was discovered to | ead us toward kernels. Soon after

Schwar zschi | d published his solution, Reissner and Nordstrom sol ved the general relativity
equations for a spherical nass particle that also carried an electric charge. This included the
Schwar zschil d solution as a special case, but it was considered to have no physical significance
and it too remained a mathematical curiosity.

The situation finally changed in 1939. In that year, Oppenheiner and Snyder were studying the
col l apse of a star under gravitational forces—a situation which certainly did have physica
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significance, since it is a commopn stellar occurrence.

Two renmarks nmade in their sunmary are worth quoting directly: "Unless fission due to rotation, the
radi ati on of nass, or the blowi ng off of nass by radiation, reduce the star's nmass to the order of

the sun, this contraction will continue indefinitely." In other words, not only can a star
collapse, but if it is heavy enough there is no way that the coll apse and contracti on can be
stopped. And "the radius of the star approaches asynptotically its gravitational radius; |ight

fromthe surface of the star is progressively reddened, and can escape over a progressively
narrower range of angles." This is the first nodern picture of a black hole, a body with a
gravitational field so strong that |ight cannot escape fromit. (W have to say "nodern picture"
because before 1800 it had been noted as a curiosity that a sufficiently massive body could have
an escape velocity fromits surface that exceeded the speed of light; in a sense, the black hole
was predicted nore than two hundred years ago.)

Notice that the coll apsing body does not have to contract indefinitely if it is the size of the
Sun or smaller, so we do not have to worry that the Earth, say, or the Moon, will shrink
indefinitely to become a black hole. Notice also that there is a reference to the "gravitationa
radi us" of the black hole. This was sonething that cane straight out of the Schwarzschild

solution, the distance where the reddening of |ight becane infinite, so that any |ight com ng from
i nside that radius could never be seen by an outside observer. Since the gravitational radius for
the Sun is only about three kilonmeters, if the Sun were squeezed down to this size conditions

i nside the col |l apsed body defy the inmagination. The density of matter nmust be about twenty billion
tons per cubic centineter.

You might think that Oppenhei ner and Snyder's paper, with its apparently bizarre concl usions,
woul d have produced a sensation. In fact, it aroused little notice for a long tine. It too was
| ooked at as a mathematical oddity, a result that physicists needn't take too seriously.

What was goi ng on here? The Schwarzschild sol ution had been left on the shelf for a generation
and now the Oppenheiner results were in their turn regarded with no nore than mld interest.

One could argue that in the 1920s the attention of |eadi ng physicists was el sewhere, as they tried
to drink fromthe fire-hose flood of theory and experinent that established quantumtheory. But
what about the 1940s and 1950s? Wiy didn't whol e groups of physicists explore the consequences for
general relativity and astrophysics of an indefinitely collapsing stellar mass?

Various expl anations could be offered, but | favor one that can be stated in a single word:

Ei nstein. He was a gigantic figure, stretching out over everything in physics for the first half
of this century. Even now, he casts an enornous shadow over the whole field. Until his death in
1955, researchers in general relativity and gravitation felt a constant awareness of his presence,
of his genius peering over their shoulder. If Einstein had not been able to penetrate the nystery,
went the unspoken argunent, what chance do the rest of us have? Not until after his death was
there a resurgence of interest and spectacular progress in general relativity. And it was one of
the | eaders of that resurgence, John Weeler, who in 1958 provided the inspired name for the
Schwar zschil d sol uti on needed to capture everyone's fancy: the black hole.

We still have not reached the kernel. The bl ack hol e that Weeler named was still the
Schwar zschil d bl ack hol e, the object that MAndrew spoke of with such derision. It had a nmass, and
possi bly an electric charge, but that was all. The next devel opnent canme in 1963, and it was a big

surprise to everyone working in the field.

Roy Kerr, at that time associated with the University of Texas at Austin, had been exploring a
particul ar set of Einstein's field equations that assumed an unusually sinple formfor the netric
(the netric is the thing that defines distances in a curved space-tine). The analysis was highly
mat hemati cal and seenmed whol |y abstract, until Kerr found that he coul d produce a form of exact
solution to the equations. The solution included the Schwarzschild solution as a special case, but
there was nore; it provided in addition another quantity that Kerr was able to associate with
spin.

In the Physical Review Letters of Septenber, 1963, Kerr published a one-page paper with the not-
too-catchy title, "Gravitational field of a spinning nass as an exanple of algebraically specia
metrics." In this paper he described the Kerr solution for a spinning black hole. | think it is
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fair to say that everyone, probably including Kerr hinself, was astonished.

The Kerr black hole has a nunber of fascinating properties, but before we get to themlet us take
the one final step needed to reach the kernel. In 1965 Ezra Newran and col | eagues at the
University of Pittsburgh published a short note in the Journal of Mathematical Physics, pointing
out that the Kerr solution could be generated fromthe Schwarzschild solution by a curious

mat hematical trick, in which a real coordi nate was replaced by a conplex one. They also realized
that the sane trick could be applied to the charged black hole, and thus they were able to provide
a solution for a rotating, charged black hole: the Kerr-Newran bl ack hole, that | call the kernel

The kernel has all the nice features admired by McAndrew. Because it is charged, you can nove it
about using electric and nmagnetic fields. Because you can add and wi thdraw rotational energy, you
can use it as a power source and a power reservoir. A Schwarzschild black hole | acks these
desirable qualities. As McAndrew says, it just sits there.

One might think that this is just the beginning. There could be black holes that have nass,
charge, spin, axial asymmetry, dipole nonents, quadrupole nmonments, and many other properties. It
turns out that this is not the case. The only properties that a black hol e can possess are mass,
charge, spin and magnetic nonent—and the |ast one is uniquely fixed by the other three.

This strange result, often stated as the theorem"A black hole has no hair" (i.e. no detailed
structure) was established to nost people's satisfaction in a powerful series of papers in 1967-
1972 by Werner |srael, Brandon Carter, and Stephen Hawking. A black hole is fixed uniquely by its
mass, spin, and electric charge. Kernels are the end of the line, and they represent the nost
general kind of black hole that physics pernits.

After 1965, nore people were working on general relativity and gravitation, and other properties
of the Kerr-Newnan bl ack holes rapidly foll owed. Sone of themwere very strange. For exanple, the
Schwar zschil d bl ack hol e has a characteristic surface associated with it, a sphere where the
reddeni ng of |ight becones infinite, and fromw thin which no information can ever be sent to the
outside world. This surface has various nanes: the surface of infinite red shift, the trapping
surface, the one-way nenbrane, and the event horizon. But the Kerr-Newran bl ack holes turn out to
have two characteristic surfaces associated with them and the surface of infinite red shift is in
this case distinct fromthe event horizon

To visualize these surfaces, take a hanburger bun and holl ow out the inside enough to | et you put
a round hanburger patty entirely within it. For a Kerr-Newran bl ack hole, the outer surface of the
bread (which is a sort of ellipsoid in shape) is the surface of infinite red shift, the "static
limt" within which no particle can remain at rest, no matter how hard its rocket engi nes work.

I nside the bun, the surface of the nmeat patty is a sphere, the "event horizon," fromwhich no
light or particle can ever escape. W can never find out anythi ng about what goes on within the
meat patty's surface, so its conposition nust be a conplete nystery (you may have eaten hanburgers
that left the same inmpression). For a rotating black hole, these bun and patty surfaces touch only
at the north and south poles of the axis of rotation (the top and bottom centers of the bun). The
really interesting region, however, is that between these two surfaces—the renaining bread,

usual ly called the ergosphere. It has a property which allows the kernel to becone a power kernel

Roger Penrose (whomwe will neet again in a later chronicle) pointed out in 1969 that it is
possible for a particle to dive in towards a Kerr black hole, split in two when it is inside the
ergosphere, and then have part of it ejected in such a way that it has nmore total energy than the
whol e particle that went in. If this is done, we have extracted energy fromthe black hole.

Where has that energy conme fron? Bl ack holes nay be nysterious, but we still do not expect that
energy can be created from not hing.

Note that we said a Kerr black hol e—Aot a Schwarzschild bl ack hole. The energy we extract cones
fromthe rotational energy of the spinning black hole, and if a hole is not spinning, no energy
can possibly be extracted fromit in this way. As MAndrew remarked, a Schwarzschild hole is dull
a dead obj ect that cannot be used to provide power. A Kerr black hole, on the other hand, is one
of the nost efficient energy sources imagi nable, better by far than nost nuclear fission or fusion
processes. (A Kerr-Newran bl ack hole allows the sane energy extraction process, but we have to be
alittle nore careful, since only part of the ergosphere can be used.)
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If a Kerr-Newrman black hole starts out with only a little spin energy, the energy-extraction
process can be worked in reverse, to provide nore rotational energy—the process that MAndrew
referred to as "spin-up" of the kernel. "Spin-down" is the opposite process, the one that extracts
energy. A brief paper by Christodoulou in the Physical Review Letters of 1970 discussed the linmts
on this process, and pointed out that you could only spin-up a kernel to a certain linmt, termed
an "extrene" Kerr solution. Past that limt (which can never be achi eved using the Penrose
process) a solution can be witten to the Einstein field equations. This was done by Tom natsu and
Sato, and presented in 1972 in another one-page paper in Physical Review Letters. It is a very odd
solution indeed. It has no event horizon, which neans that activities there are not shielded from
the rest of the Universe as they are for the usual kernels. And it has what is referred to as a
"naked singularity" associated with it, where cause and effect relationships no |onger apply. This
bi zarre obj ect was di scussed by G bbons and Russell-Clark, in 1973, in yet another paper in

Physi cal Review Letters.

That seems to |leave us in pretty good shape. Everything so far has been conpletely consistent with
current physics. W have kernels that can be spun up and spun down by wel | -defined procedures—and
if we allow that MAndrew coul d sonmehow take a kernel past the extreme form we would i ndeed have
sonmething with a naked singularity. It seens inprobable that such a physical situation could
exist, but if it did, space-tine there would be highly peculiar. The exi stence of certain space-
time symretry directions—alled killing vectors—that we find for all usual Kerr-Newran bl ack hol es
woul d not be guaranteed. Everything is fine.

O isit?

Oppenhei mer and Snyder pointed out that black holes are created when big nasses, |arger than the
Sun, contract under gravitational collapse. The kernels that we want are nuch snaller than that.
We need to be able to nove them around the solar system and the gravitational field of an object
the mass of the Sun would tear the systemapart. Unfortunately, there was no prescription in
Oppenhei mer' s work, or elsewhere, to allow us to nmake small black hol es.

St ephen Hawking finally came to the rescue. Apart from being created by collapsing stars, he said,
bl ack holes could also be created in the extrene conditions of pressure that existed during the
Bi g Bang that started our Universe. Small black holes, weighing no nore than a hundredth of a
mlligram could have been born then. Over billions of years, these could interact with each other
to produce nore massive black holes, of any size you care to nention. W seemto have the

mechani smthat will produce the kernels of the size we need

Unfortunately, what Hawki ng gave he soon took away. In perhaps the biggest surprise of all in
bl ack hol e theory, he showed that black holes are not bl ack

General relativity and quantumtheory were both developed in this century, but they have never
been conbined in a satisfactory way. Physicists have known this and been uneasy about it for a
long tine. In attenpting to nove towards what John Wheeler ternms the "fiery marriage of genera
relativity with gquantumtheory,” Hawki ng studi ed quantum nechanical effects in the vicinity of a
bl ack hole. He found that particles and radiation can (and nust) be emtted fromthe hole. The
smal ler the hole, the faster the rate of radiation. He was able to relate the mass of the black
hole to a tenperature, and as one woul d expect a "hotter" black hole pours out radiation and
particles nuch faster than a "cold" one. For a black hole the mass of the Sun, the associ ated
tenperature is | ower than the background tenperature of the Universe. Such a black hole receives
nmore than it emits, so it will steadily increase in nmass. However, for a small black hole, with
the few billion tons of nmass that we want in a kernel, the tenperature is so high (ten billion
degrees) that the black hole will radiate itself away in a gigantic and rapid burst of radiation
and particles. Furthernore, a rapidly spinning kernel will preferentially radiate particles that
decrease its spin, and a highly charged one will prefer to radiate charged particles that reduce
its overall charge

These results are so strange that in 1972 and 1973 Hawki ng spent a lot of time trying to find the
ni stake in his own analysis. Only when he had perforned every check that he could think of was he
finally forced to accept the conclusion: black holes aren't black after all; and the snmall est

bl ack holes are the | east black

file:///D|/Documents%20and%20Settings/harryl/...heffield%20-%20The%20Compleat%20McAndrew.txt (174 of 189) [2/24/2004 10:40:47 PM]



file:///ID}/Documents%20and%20Settings/harry/Desktop/New%20Fol der/Charl es%20Sheffi el d%20-%20The%20Compl eat%20M cAndrew. txt

That gives us a problem when we want to use power kernels in a story. First, the argunent that
they are readily available, as leftovers fromthe birth of the Universe, has been destroyed.
Second, a Kerr-Newran bl ack hole is a dangerous object to be near. It gives off high energy
radi ati on and particles.

This is the point where the science of Kerr-Newran bl ack holes stops and the science fiction
begins. | assune in these stories that there is sonme as-yet-unknown natural process which creates
si zeabl e bl ack holes on a continuing basis. They can't be created too close to Earth, or we would
see them However, there is plenty of room outside the known Sol ar System—perhaps in the region
occupi ed by the | ong-period conets, frombeyond the orbit of Pluto out to perhaps a |ight-year
fromthe Sun.

Second, | assune that a kernel can be surrounded by a shield (not of matter, but of

el ectromagnetic fields) which is able to reflect all the enmitted particles and radi ati on back into
the bl ack hole. Humans can thus work close to the kernels wi thout being fried in a storm of

radi ati on and hi gh-energy particles.

Even surrounded by such a shield, a rotating black hole would still be noticed by a nearby
observer. Its gravitational field would still be felt, and it would al so produce a curious effect
known as "inertial dragging."

We have pointed out that the inside of a black hole is conpletely shielded fromthe rest of the
Uni verse, so that we can never know what is going on there. It is as though the inside of a black
hole is a separate Universe, possibly with its own different physical laws. Inertial dragging adds
to that idea. W are used to the notion that when we spin sonething around, we do it relative to a
wel | -defined and fixed reference frane. Newton pointed out in his Principia Mathematica that a
rotating bucket of water, fromthe shape of the water's surface, provides evidence of an
"absolute" rotation relative to the stars. This is true here on Earth, or over in the Andronmeda
Gal axy, or out in the Virgo Cluster. It is not true, however, near a rotating black hole. The
closer that we get to one, the less that our usual absolute reference frame applies. The kerne
defines its own absolute frame, one that rotates with it. Coser than a certain distance to the
kernel (the "static limt" nentioned earlier) everything nust revol ve—dragged al ong and forced to
adopt the rotating reference frane defined by the spinning black hole.

* * %

The M Andrew bal anced dri ve.

This device nakes a first appearance in the second chronicle, and is assunmed in all the subsequent
stories.

Let us begin with well-established science. Again it starts at the beginning of the century, in
the work of Einstein. In 1908, he wote as foll ows:

"We . . . assune the conplete physical equivalence of a gravitational field and of a corresponding
accel eration of the reference system. "

And in 1913:

"An observer enclosed in an elevator has no way to decide whether the elevator is at rest in a
static gravitational field or whether the elevator is located in gravitation-free space in an
accel erated notion that is maintained by forces acting on the el evator (equival ence hypothesis)."

Thi s equi val ence hypot hesis, or equival ence principle, is central to general relativity. If you
could be accelerated in one direction at a thousand gees, and sinultaneously pulled in the other
direction by an intense gravitational force producing a thousand gees, you would feel no force
what soever. It would be just the sanme as if you were in free fall.

As McAndrew said, once you realize that fact, the rest is nere nechanics. You take a | arge
circul ar disk of condensed matter (nmore on that in a moment), sufficient to produce a
gravitational acceleration of, say, 50 gees on a test object (such as a human being) sitting on
the mddle of the plate. You also provide a drive that can accelerate the plate away fromthe
hunman at 50 gees. The net force on the person at the niddle of the plate is then zero. |If you

i ncrease the acceleration of the plate gradually, fromzero to 50 gees, then to renmain confortable
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the person nmust also be noved in gradually, starting well away fromdi sk and finishing in contact
with it. The life capsule nust thus nove in and out along the axis of the disk, depending on the
ship's acceleration: high acceleration, close to disk; |ow acceleration, far from di sk

There is one other variable of inmportance, and that is the tidal forces on the human passenger
These are caused by the changes in gravitational force with distance—+t would be no good having a
person's head feeling a force of one gee, if his feet felt a force of thirty gees. Let us
therefore insist that the rate of change of acceleration be no nore than one gee per neter when
the accel eration caused by the disk is 50 gees.

The gravitational acceleration produced along the axis of a thin circular disk of matter of tota
mass Mand radius R is a textbook probl em of classical potential theory. Taking the radius of the
disk to be 50 neters, the gravitational acceleration acting on a test object at the center of the
disk to be 50 gees, and the tidal force there to be one gee per neter, we can solve for the total
mass M together with the gravitational and tidal forces acting on a body at different distances Z
al ong the axis of the disk

We find that if the distance of the passengers fromthe center of the plate is 246 neters, the

pl ate produces gravitational acceleration on passengers of 1 gee, so if the drive is off there is
a net force of 1 gee on them at zero neters (on the plate itself) the plate produces a
gravitational acceleration on passengers of 50 gees, so if the drive accelerates themat 50 gees,
they feel as though they are in free fall. The tidal force is a naxi num at one gee per neter,
when the passengers are closest to the disk.

This device will actually work as described, with no science fiction involved at all, if you can
provi de the plate of condensed matter and the necessary drive. Unfortunately, this turns out to be
nontrivial. Al the distances are reasonable, and so are the tidal forces. What is much |ess
reasonable is the mass of the disk that we have used. It is a little nore than 9 trillion tons;
such a disk 100 neters across and one neter thick would have an average density of 1,170 tons per
cubic centineter.

This density is nodest conpared with that found in a neutron star, and tiny conpared with what we
find in a black hole. Thus we know that such densities do exist in the Universe. However, no
materials available to us on Earth today even cone close to such high val ues—they have densities
that fall short by a factor of nore than a million. And the massplate woul d not work as descri bed,
wi t hout the dense matter. W have a real problem

It's science fiction tinme again: let us assune that in a couple of hundred years we will be able
to conpress matter to very high densities, and hold it there using powerful electronmagnetic
fields. If that is the case, the masspl ate needed for McAndrew s drive can be built. It's
certainly massive, but that shouldn't be a limtation—+the Solar System has plenty of spare nmatter
avai l abl e for construction materials. And although a 9 trillion ton mass nay sound a lot, it's
tiny by celestial standards, |ess than the mass of a npdest asteroid.

Wth that one extrapol ation of today's science it sounds as though we can have the MAndrew
bal anced drive. W can even suggest how that extrapolation m ght be perforned, with plausible use
of present physics.

Unfortunately, things are not as nice as they seem There is a nuch bigger piece of science
fiction that nust be introduced before the McAndrew drive can exist as a useful device. W | ook at
that next, and note that it is a central concern of the third chronicle.

Suppose that the drive mechanismis the nost efficient one consistent with today's physics. This
woul d be a photon drive, in which any fuel is conpletely converted to radiation and used to prope
the ship. There is certainly nothing in present science that suggests such a drive is
theoretically inpossible, and sone analysis of matter-antinmatter reactions indicates that the
photon drive could one day be built. Let us assume that we know how to construct it. Then, even
with this "ultimte" drive, McAndrew s ship would have problens. It's not difficult to calculate
that with a fifty gee drive, the conversion of matter to radi ation needed to keep the drive going
will quickly consune the ship's own nass. More than half the mass will be gone in a few days, and
McAndrew s ship will disappear from under him
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Solution of this problemcalls for a lot nore fictional science than the sinple task of producing
stabl e condensed matter. W have to go back to present physics and | ook for |oopholes. W need to
find inconsistencies in the overall picture of the Universe provided by present day physics, and

expl oit these as necessary.

The best place to seek inconsistencies is where we already know we will find them+n the neeting
of general relativity and quantumtheory. If we calculate the energy associated with an absence of
matter in quantumtheory, the "vacuum state,” we do not, as commbn sense woul d suggest, get zero

Instead we get a large, positive value per unit volune. In classical thinking, one could argue
that the zero point of energy is arbitrary, so that one can sinply start neasuring energies from
the vacuum state value. But if we accept general relativity, this option is denied to us. Energy,
of any form produces space-tine curvature. W are therefore not allowed to change the definition
of the origin of the energy scale. Once this is accepted, the energy of the vacuum state cannot be
tal ked out of existence. It is real, if elusive, and its presence provides the | oophole that we
need.

Again, we are at the point where the science fiction enters. If the vacuum state has an energy
associated with it, | assunme that this energy is capable of being tapped. Doesn't this then
according to relativity (E =nt2), suggest that there is also mass associated with the vacuum
contrary to what we think of as vacuun? Yes, it does, and |'m sorry about that, but the paradox is
not of ny creation. It is inplicit in the contradictions that arise as soon as you try to put
general relativity and quantum theory together

Ri chard Feynman, one of the founders of quantum el ectrodynanics, addressed the question of the
vacuum ener gy, and computed an estimate for the equival ent mass per unit volunme. The estinmate cane
out to two billion tons per cubic centinmeter. The energy in two billion tons of matter is nore
than enough to boil all Earth's oceans (powerful stuff, vacuun). Feynman, commenting on his vacuum
energy estinmate, remnarks:

"Such a mass density would, at first sight at |east, be expected to produce very |arge
gravitational effects which are not observed. It is possible that we are calculating in a naive
manner, and, if all of the consequences of the general theory of relativity (such as the
gravitational effects produced by the large stresses inplied here) were included, the effects

m ght cancel out; but nobody has worked all this out yet. It is possible that some cutoff
procedure that not only yields a finite energy for the vacuum state but al so provides relativistic
i nvari ance may be found. The inplications of such a result are at present conpletely unknown."

Wth that degree of uncertainty at the highest |levels of present-day physics, | feel not at al
unconfortable in exploiting the troubl esone vacuum energy to service MAndrew s drive.

The third chronicle introduces two other ideas that are definitely science fiction today, even if
t hey becone science fact a few years fromnow. |f there are ways to isolate the human centra
nervous system and keep it alive independently of the body, we certainly don't know nmuch about
them On the other hand, | see nothing that suggests this idea is inmpossible in principle-heart
transplants were not feasible forty years ago, and until this century blood transfusions were rare
and hi ghly dangerous. A century hence, today's nedical inpossibilities should be routine.

The Sturm lnvocation for vacuum survival is also invented, but | believe that it, |ike the |zaak
Wal ton introduced in the seventh chronicle, is a |logical conmponent of any space-oriented future.

Neit her calls for technol ogy beyond what we have today. The hypnotic control inplied in the

I nvocation, though advanced for nost practitioners, could already be achieved. And any conpetent

engi neering shop could build a Walton for you in a few weeks—+ amtenpted to patent the idea, but
fear that it would be rejected as too obvious or inevitable a devel opnent.

* k* *

Life in space and the Qort cloud.

Most chronicles take place at |least partly in the Halo, or the Quter Solar System which | define
to extend fromthe distance of Pluto fromthe Sun, out to a little over a light-year. Wthin this
radius, the Sun is still the primary gravitational influence, and controls the orbits of objects
nmovi ng out there.
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To give an idea of the size of the Halo, we note that Pluto lies at an average di stance of about 6
billion kilonmeters fromthe Sun. This is about forty astrononical units, where the astronom ca
unit, usually abbreviated to AU, is defined as the nean distance of the Earth fromthe Sun. The AU
provi des a conveni ent yardstick for measurenents within the Solar System One light-year is about
63,000 AU (inches in a mle, is how ! renenber it). So the volunme of space in the Halo is 4
billion times as | arge as the sphere encl osing the nine known pl anets.

By Sol ar System standards, the Halo is thus a huge region. But beyond Neptune and Pluto, we know
little about it. There are a nunmber of "trans-Neptunian objects,” but no one knows how nmany. Sone
of them may be big enough to qualify as planets. The search for Pluto was inspired early this
century by differences between theory and observation in the orbits of Uranus and Neptune. Wen
Pluto was found, it soon becane clear that it was not nearly heavy enough to produce the observed
irregularities. The obvious explanation is yet another planet, farther out than the ones we know.

Cal cul ations of the orbit and size of a tenth planet needed to reconcil e observation and theory
for Uranus and Neptune suggest a rather inprobable object, out of the orbital plane that all the
other planets nove in and about seventy tines the mass of the Earth. | don't believe this
particul ar object exists.

On the other hand, observational equi pnment and techniques for faint objects are inproving rapidly.
The nunber of known trans-Neptuni an objects increases al nbst every nonth.

The other thing we know for sure about the Halo is that it is populated by conmets. The Halo is
often called the Oort cloud, since the Dutch astronomer QOort suggested thirty years ago that the
entire Solar Systemis envel oped by a cloud of conmetary material, to a radius of perhaps a light-
year. He regarded this region as a "conetary reservoir," containing perhaps a hundred billion
conmets. C ose encounters between conets out in the Halo would occasionally disturb the orbit of
one of them enough to divert it to the Inner System where it would appear as a | ong-period comnet
when it came cl ose enough to the Sun. Further interactions with Jupiter and the other planets
woul d then sonetimes convert the | ong-period comet to a short-period comet, such as Halley's or
Encke's conet, which we observe repeatedly each tinme they swing by close to the Sun

Most conets, however, continue their lonely orbits out in the cloud, never approaching the Inner
System They do not have to be small to be invisible to us. The anobunt of sunlight a body receives
is inversely proportional to the square of its distance fromthe Sun; the apparent area it
presents to our telescopes is also inversely proportional to the square of its distance from
Earth. For bodies in the Halo, the reflected Iight that we receive fromthemthus varies as the

i nverse fourth power of their distance fromthe Sun. A planet with the size and conposition of
Uranus, but half a |ight-year away, would be seven trillion tinmes as faint. And we should remenber
that Uranus itself is faint enough that it was not discovered until 1781, when high-quality

tel escopes were available. So far as present-day detection powers are concerned, there could be

al rost anything out there in the Halo.

One of the things that may be there is Iife. In a carefully argued but controversial theory
devel oped over the past thirty years, Hoyle and W ckranasi nghe have advanced the idea that space
is the natural place for the creation of "pre-biotic" nolecules in large quantities. Pre-biotic
nol ecul es are conpounds such as carbohydrates, ami no acids, and chl orophyll, which formthe
necessary buil ding bl ocks for the devel opment of life. Sinpler organic nol ecul es, such as nethyl
cyani de and et hanol, have al ready been observed in interstellar clouds.

Hoyl e and W ckranmasi nghe go further. They state explicitly: "W shall argue that primtive l|iving
organi sns evolve in the mxture of organic nolecules, ices and silicate snoke which nake up a
conmet's head."

The science fiction of the fourth chronicle consists of these two assunptions:

1. The conmpl ex organi ¢ nmol ecul es descri bed by Hoyl e and W ckranasi nghe are located in a particul ar
region of the Halo, a "life ring" that lies between 3,200 and 4,000 AU from the Sun;

2. The "primtive living organisn have evolved quite a bit further than Hoyl e and W ckranasi nghe
expected, on at |east one body of the Oort cloud.

* * %

M ssing matter and the begi nning of the Universe.
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Today's so-called "standard nodel " of cosnol ogy suggests that the Universe began in a "Big Bang"
somewhere between ten and twenty billion years ago. Since we have been able to study the Universe
in detail for less than four hundred years (the tel escope was invented about 1608), any attenpt to
say something about the origin of the Universe inplies considerable extrapolation into the past.
There is a chance of success only because the basic physical |aws of the Universe that govern
events on both the smallest scale (atons and subatomc particles) and the | argest scale (stars,

gal axi es, and clusters of gal axi es) appear not to have changed since its earliest days.

The primary evidence for a finite age for the whole Universe cones from observation of distant
gal axi es. When we observe the light that they enmit, we find, as was suggested by Carl Wrtz in
1924 and confirmed by Edwi n Hubble in 1929, that nore distant gal axi es appear redder than nearer
ones.

To be nore specific, in the fainter (and therefore presunably nore distant) gal axies, every
wavel ength of light emtted has been shifted toward a | onger wavel ength. The question is, what
coul d cause such a shift?

The nost plausi ble mechanism to a physicist, is called the Doppler effect. According to the
Doppl er effect, light froma receding object will be shifted to | onger (redder) wavel engths; |ight
from an approaching object will be shifted to shorter (bluer) wavel engths. Exactly the sane thing
wor ks for sound, which is why a speeding police car's siren seenms to drop in pitch as it passes

by.

If we accept the Doppler effect as the cause of the reddened appearance of the gal axies, we are
Il ed (as was Hubble) to an inmedi ate concl usion: the whol e Universe nmust be expanding, at a cl ose
to constant rate, because the red shift of the gal axies corresponds to their brightness, and
therefore to their distance

Note that this does not nmean that the Universe is expanding into some other space. There is no
other space. It is the whole Universe—everything there is—that has grown over tinme to its present
di nensi on.

And fromthis we can draw another immedi ate conclusion. |f expansion proceeded in the past as it
does today, there nust have been a tine when everything in the whol e Universe was drawn together
to a single point. It is logical to call the time that has el apsed since everything was in that

infinitely dense singularity the age of the Universe. The Hubble gal actic redshift allows us to
cal cul ate how | ong ago that happened.

Qur estimate i s bounded on the one hand by the constancy of the |laws of physics (how far back can
we go, before the Universe would be totally unrecogni zable and far fromthe place where we believe
today's physical laws are valid?); and on the other hand by our know edge of the distance of the
gal axi es, as deterni ned by other nethods.

Curiously, it is the second problemthat fornms the najor constraint. Wen we say that the Universe
is between ten and twenty billion years old, that uncertainty of a factor of two betrays our
i gnorance of gal actic distances.

It is remarkabl e that observation of the faint agglonerations of stars known as gal axi es | eads us,
very directly and cleanly, to the conclusion that we live in a Universe of finite and determ nable
age. A century ago, no one could have offered even an approxi mate age for the Universe. For an
upper bound, npbst nonreligious scientists would probably have said "forever." For a | ower bound,
all they had was the age of the Earth.

Aski ng one question, How old is the Universe? inevitably | eads us to another: Wat was the
Universe like, ten or twenty billion years ago, when it was conpressed into a very small vol une?

That question was tackled by a Belgian, Georges Lemaitre. Early in the 1930s Lemaitre went
backwards nentally in tine, to a period when the whole Universe was a "prineval atom" In this
first and single atom everything was squashed into a sphere only a fewtines as big as the Sun
with no space between atons, or even between nuclei. As Lemaitre sawit, this unit nust then have
expl oded, fragnmenting into the atons and stars and gal axi es and everything else in the Universe
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that we know today. He might justifiably have called it the Big Bang, but he didn't. That nane
seenms to have been coined by Fred Hoyl e, whomwe met in the previous chronicle.

Lemaitre did not ask the next question, namely, where did the prinmeval atom conme fron? Since he
was an ordai ned Catholic priest, he probably felt that the answer to that was a given. Lennitre

al so did not worry too nuch about the conposition of his primeval atomwhat was it made of ? It

m ght be thought that the easiest assunption is that everything in the Universe was al ready there,
much as it is now But that cannot be true, because as we go back in tine, the Universe had to be
hotter as well as nore dense. Before a certain point, atons as we know them coul d not exist,
because they would be torn apart by the intense radiation that perneated the whol e Universe.

The person who did worry about the conposition of the primeval atomwas George Gamow. In the
1940s, he conjectured that the original stuff of the Universe was nothing nore than densely packed
neutrons. Certainly, it seened reasonable to suppose that the Universe at its outset had no net
charge, since it seenms to have no net charge today. Also, a neutron left to itself has a fifty
percent chance that it will, in about thirteen m nutes, decay radioactively to forman electron
and a proton. One el ectron and one proton forman atom of hydrogen; and even today, the Universe
is predomnantly atom c hydrogen. So neutrons could account for nost, if not all, of today's

Uni ver se.

If the early Universe was very hot and very dense and all hydrogen, some of it ought to have fused
and becone helium carbon, and other elenents. The question, How much of each? was one that Ganow
and his student, Ral ph Al pher, set out to answer. They cal cul ated that about a quarter of the
matter in the prineval Universe should have turned to helium a figure very consistent with the
present conposition of the oldest stars. They published their results on April 1, 1948. In one of
physi cs' best-known jokes, Hans Bethe (pronounced Bay-ter, like the Geek letter Beta) allowed his
nane to be added to the paper, although he had nothing to do with its witing. The authors thus
becane Al pher, Bethe, and Ganow.

Apart from showi ng how to calculate the ratio of hydrogen to heliumafter the Big Bang, Ganow and
his coll eagues did one other thing whose full significance probably escaped them In 1948 they
produced an equation that all owed one to conpute the present background tenperature of the

Uni verse fromits age, assuming a Universe that expanded uniformy since its beginning in the Big
Bang. The background radi ation, corresponding to a tenperature of 2.7 degrees above absol ute zero,
was di scovered by Arno Penzias and Robert W/l son in 1964, and nade the Big Bang theory fully
respectable for the first tine.

We now believe that hydrogen fused to form helium when the Universe was between three and four
m nutes ol d. \What about even earlier tinmes? Let us run the clock backwards, as far as we can
towards the Big Bang.

How far back do we want to start the clock? Well, when the Universe was snaller in size, it was
al so hotter. In a hot enough environment, atoms as we know t hem cannot hol d together. Hi gh-energy
radiation rips themapart as fast as they form A good tine to begin our backward running of the
cl ock might then be the period when atons could form and persist as stable units. Al though stars
and gal axi es woul d not yet exist, at |east the Universe would be nmade up of familiar conponents,
hydrogen and helium atons that we woul d recogni ze.

Atoms can form and hold together, somewhere between half a nillion and a million years after the
Big Bang. Before that time, matter and radiation interacted continuously, and the Universe was

al nost opaque to radiation. After it, matter and radi ati on "decoupl ed," becane near-independent,
and went their separate ways. The tenperature of the Universe when this happened was about 3,000
degrees. Ever since then, the expansion of the Universe has | engthened the wavel ength of the
background radi ati on, and thus |lowered its tenperature. The cosnic background radi ati on di scovered
by Penzias and Wlson is nothing nore than the radiation at the tine when it decoupl ed from
matter, now grown ol d.

Conti nui ng backwards, even before atonms could form heliumand hydrogen nuclei and free el ectrons
could conmbine to formatons; but they could not remain in conbination, because radiation broke
them apart. The content of the Universe was, in effect, controlled by radiation energetic enough
to prevent the formation of atons. This situation held fromabout three mnutes to one nmillion
years A.C. (After Creation).
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If we go back to a period less than three mnutes A C., radiation was even nore dom nant. It
prevented the build-up even of heliumnuclei. As noted earlier, the fusion of hydrogen to helium
requires hot tenperatures, such as we find in the center of stars. But fusion cannot take place if
it is too hot, as it was before three ninutes after the Big Bang. Before heliumcould form the
Uni verse had to "cool" to about a billion degrees. Al that existed before then were electrons
(and their positively charged forns, positrons), neutrons, protons, neutrinos (a chargel ess
particle, until recently assuned to be nmmssl ess but now thought to possess a tiny nass), and

radi ation.

Until three minutes AC, it mght seemas though radiation controlled events. But this is not the
case. As we proceed farther backwards and the tenperature of the prinordial fireball continues to
i ncrease, we reach a point where the tenperature is so high (above ten billion degrees) that |arge

nunbers of el ectron-positron pairs can be created from pure radiation. That happened from one
second up to fourteen seconds A.C. After that, the nunmber of el ectron-positron pairs decreased
rapidly. Less were being generated than were anni hilating thenselves and returning to pure

radi ation. After the Universe cooled to ten billion degrees, neutrinos also decoupled from ot her
forns of matter.

Still we have a long way to go, physically speaking, to the noment of creation. As we continue
backwards, tenperatures rise and rise. At a tenth of a second A.C., the tenperature of the
Universe is thirty billion degrees. The Universe is a soup of electrons, protons, neutrons,
neutrinos, and radiation. As the kinetic energy of particle notion becones greater and greater

ef fects caused by differences of particle mass are less inportant. At thirty billion degrees, an
el ectron easily carries enough energy to convert a proton into the slightly heavier neutron. Thus
in this period, free neutrons are constantly trying to decay to formprotons and el ectrons; but
energetic proton-electron collisions go on renaking neutrons.

We keep the clock running. Now the inportant tine intervals becone shorter and shorter. At one ten-
thousandth of a second A . C., the tenperature is one thousand billion degrees. The Universe is so
smal |l that the density of matter, everywhere, is as great as that in the nucleus of an atom today
(about 100 mllion tons per cubic centineter; a fair-sized asteroid, at this density, would
squeeze down to fit in a match box). Mdern theory says that the nucleus is best regarded not as
protons and neutrons, but as quarks, elenentary particles fromwhich the neutrons and protons

t hensel ves are made. Thus at this early tine, 0.0001 seconds A C. the Universe was a sea of

quar ks, el ectrons, neutrinos, and energetic radiation. W nove on, to the tine, 10-36 seconds
A.C., when the Universe went through a super-rapid "inflationary" phase, growing fromthe size of
a proton to the size of a basketball in about 5 x 10-32 seconds. W are al nbost back as far as we
can go. Finally we reach a tine 10-43 seconds A . C, (called the Plank tine), when according to a
class of theories known as supersymetry theories, the force of gravity decoupl ed from everything
el se, and remai ns decoupled to this day.

This may al ready sound |like pure science fiction. It is not. It is today's science—though it
certainly may be wong. But at |ast we have reached the tinme when McAndrew s "hidden matter" was
created. And today's Universe seens to require that sonething very like it exist.

The argunent for hidden matter goes as follows: The Universe is expanding. Every cosnol ogi st today
agrees on that. WIIl it go on expanding forever, or will it one day slowto a halt, reverse
direction, and fall back in on itself to end in a Big Crunch? O is the Universe poised on the
infinitely narrow dividing |ine between expansion and ultimte contraction, so that it wll
increase nmore and nmore slowy, and finally (but after infinite tine) stop its growh?

The thing that deci des which of these three possibilities will occur is the total anpbunt of nass
in the Universe, or rather, since we do not care what form nmass takes and nass and energy are
totally equivalent, the future of the Universe is decided by the total mass-energy content per
uni t vol une.

If the mass-energy is too big, the Universe will end in the Big Crunch. If it is too small, the
Universe will fly apart forever. And only in the Goldilocks situation, where the mass-energy is
"just right,"” will the Universe ultimately reach a "flat" condition. The amount of matter needed

to stop the expansion is not large, by terrestrial standards. It calls for only three hydrogen
atons per cubic neter.
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Is there that nmuch avail abl e?

If we estimate the nass and energy fromvisible material in stars and gal axies, we find a val ue

nowhere near the "critical density"” needed to make the Universe finally flat. If we say that the
critical nass-energy density has to be equal to unity just to slow the expansion, we observe in

visible matter only a value of about 0.01

There is evidence, though, fromthe rotation of galaxies, that there is a lot nore "dark nmatter"
present there than we see as stars. It is not clear what this dark matter is—black holes, very dim
stars, clouds of neutrinos—but when we are exanmining the future of the Universe, we don't care.

All we worry about is the anmount. And that amount, from gal actic dynamcs, could be at |east ten
times as much as the visible matter. Enough to bring the density to 0.1, or possible even 0.2. But
no nore than that.

One might say, all right, that's it. There is not enough matter in the Universe to stop the
expansi on, by a factor of about ten, so we have confirmed that we live in a forever-expanding
Uni verse. Recent (1999) observations seemto confirmthat result.

Unfortunately, that is not the answer that nost cosnologists would really like to hear. The
probl em cones because the nost acceptabl e cosnol ogi cal nodels tell us that if the density is as
much as 0.1 today, then in the past it nust have been nuch closer to unity. For example, at one
second A.C., the density would have had to be within one part in a mllion billion of unity, in
order for it to be 0.1 today. It would be an amazi ng coincidence if, by accident, the actua
density were so close to the critical density.

Most cosnol ogi sts therefore say that, today's observations notw thstandi ng, the density of the
Universe is really exactly equal to the critical value. In this case, the Universe will expand
forever, but nore and nore slowy.

The problem of course, is then to account for the matter that we don't observe. Were could the
"mssing matter" be, that nakes up the other nine-tenths of the universe?

There are several candi dates. One suggestion is that the Universe is filled with energetic ("hot")
neutrinos, each with a small but non-zero mass. However, there are problens with the Hot Neutrino
theory. If they are the source of the mass that stops the expansion of the Universe, the gal axies,
according to today's nodels, should not have devel oped as early as they did in the history of the
Uni ver se.

What about ot her candi dates? Well, the class of theories already alluded to and known as
supersynmetry theories require that as-yet undi scovered particles ought to exist.

There are axions, which are particles that help to preserve certain synmetries (charge, parity,
and time-reversal) in elenmentary particle physics; and there are photinos, gravitinos, and others,
based on theoretical supersymetries between particles and radi ati on. These candi dates are sl ow
movi ng (and so considered "col d") but some of them have substantial mass. They too woul d have been
around soon after the Big Bang. These sl ow noving particles clunp nore easily together, so the
formation of gal axies could take place earlier than with the hot neutrinos. W seemto have a
better candidate for the missing matter—except that no one has yet observed the necessary
particles. At |least neutrinos are known to exist!

Supersymetry, in a particular formknown as superstring theory, offers another possible source of
hi dden mass. This one is easily the npst specul ative. Back at a time, 10-43 seconds A C., when
gravity decoupled fromeverything el se, a second class of matter nmay have been created that is
able to interact with normal matter and radiation, today, only through the gravitational force. W
can never observe such matter, in the usual sense, because our observational nethods, from
ordinary tel escopes to radio tel escopes to gamm ray detectors, all rely on el ectromagnetic
interaction with matter

This "shadow nmatter"” produced at the tinme of gravitational decoupling | acks any such interaction
with the nmatter of the famliar Universe. W can deternmne its existence only by the gravitationa
effects it produces, which, of course, is exactly what we need to "close the Universe," and al so
exactly what we needed for the fifth chronicle.
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One can thus argue that the fifth chronicle is all straight science; or, if you are nore

skeptical, that it and the theories on which it is based are both science fiction. | think that |
prefer not to give an opinion
* * %

| nvari ance and sci ence.

In mat hemati cs and physics, an invariant is sonmething that does not change when certain changes of
condition are made. For exanple, the "connectedness" or "connectivity" of an object remains the
same, no matter how we deformits surface shape, provided only that no cutting or merging of
surface parts is permtted. A grapefruit and a banana have the sane connect edness—ene of them can
with alittle effort, be squashed to |l ook Iike the other (at least in principle, though it does
sound nessy). A coffee cup with one handl e and a donut have the sanme connectedness; but both have
a different connectedness fromthat of a two-handled mug, or froma nmug with no handle. You and |
have the sane connect edness—dnl ess you happen to have had one or both of your ears pierced, or
wear a ring through your nose.

The "knottedness" of a piece of rope is simlarly unchangi ng, provided that we keep hold of the
ends and don't break the string, There is an el aborate vocabul ary of knots. A "knot of degree
zero" is one that is equivalent to no knot at all, so that pulling the ends of the rope in such a
case will give a straight piece of string—a knot trick known to every nmgician. But when Al exander
the Great "solved" the problemof the Gordian Knot by cutting it in two with his sword, he was
cheati ng.

I nvariants nmay sound usel ess, or at best trivial. Wiy bother with then? Sinply for this reason
they often allow us to nake general statements, true in a wide variety of circunstances, where
otherwi se we woul d have to deal with lots of specific and different cases.

For exanple, the statenent that a partial differential equation is of elliptic, parabolic, or
hyperbolic type is based on a particular invariant, and it tells us a great deal about the
possi bl e sol utions of such equations before we ever begin to try to solve them And the statenent
that a real nunber is rational or irrational is invariant, independent of the number base that we
are using, and it too says sonething profound about the nature of that nunber.

What about the invariants of physics, which interested McAndrew? Sone invariants are so obvious,
we may feel they hardly justify being nmentioned. For exanple, we certainly expect the area or
volunme of a solid body to be the same, no nmatter what coordinate systemwe may use to define it.

Simlarly, we expect physical laws to be "invariant under translation" (so they don't depend on
the actual position of the neasuring instrument) and "invariant under rotation" (it should not
matter which direction our experinmental systemis pointing) and "invariant under time translation"
(we ought to get the sane results tonorrow as we did yesterday). Mst scientists took such
invariants for granted for hundreds of years, although each of these is actually making a profound
statenment about the physical nature of the Universe.

So, too, is the notion that physical |aws should be "invariant under constant notion." But
assumng this, and rigorously applying it, led Einstein straight to the theory of specia
relativity. The idea of invariance under accelerated notion took himin turn to the theory of
general relativity.

Both these theories, and the invariants that go with them are linked inevitably with the nanme of
one nan, Al bert Einstein. Another great invariant, |inear nmomentum is coupled in nmy mind with the
nanes of two nen, Galileo Galilei and Isaac Newton. Although the first explicit statenent of this
invariant is given in Newon's First Law of Motion ("Every body will continue in its state of rest
or of uniformnotion in a straight line except in so far as it is conpelled to change that state
by impressed force."), Glileo, fifty years earlier, was certainly fanmliar with the genera
principl e.

Some of the other "great invariants" needed the efforts of many people before they were firmy
defined and their significance was appreci ated. The idea that nass was an invariant cane about
through the efforts of chem sts, beginning with Dalton and Lavoi sier, who wei ghed conbustion
products and found that the total was the same before and after. The equival ence of different
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forns of energy (heat, notion, potential energy, and el ectronagnetic energy), and the invariance
of total energy of all forms, devel oped even later. It was a conbined effort by Count Runford,
Joul e, Maxwell, Lord Kelvin, Helnholtz and others. The merger of the two invariants becane
possi bl e when Einstein showed t he equival ence of nass and energy, after which it was only the
conmbi ned nass-energy total that was conserved.

Finally, although the idea that angul ar nmonmentum nust be conserved seens to arise naturally in

cl assi cal nechanics fromthe conservation of |inear monentum in quantum physics it is nuch nore
of an independent invariant because particles such as protons, neutrons, electrons, and neutrinos
have an intrinsic, internal spin, whose existence is not so much seen as deduced in order to nake
angul ar nonmentum a conserved quantity.

This sounds rather like a circular argunent, but it isn't, because intrinsic spin couples with
orbital angular nmomentum and quantum theory cannot make predictions that match experinments

wi t hout both of them And as McAndrew remarks, Wil fgang Pauli in 1931 introduced the idea of a new
particle to physics, the neutrino, just in order to preserve the |aws of conservation of energy
and nmonent um

There are other inportant invariants in the quantumworld, However, sone things which "conmon
sense" would insist to be invariants may be no such thing. For exanple, it was w dely believed
that parity (which is symetry upon reflection in a mirror) nust be a conserved quantity, because
t he Uni verse should have no preference for |eft-handed sub-nucl ear processes over right-handed
ones. But in 1956, Tsung Dao Lee and Chen Ni ng Yang suggested this m ght not be the case, and
their radical idea was confirmed experinmentally by CS. W's teamin 1957. Today, only a

conbi nati on of parity, charge, and tine-reversal is regarded as a fully conserved quantity.

G ven the overall inportance of invariants and conservation principles to science, there is no
doubt that MAndrew woul d have pursued any suggestion of a new basic invariant. But if invariants
are real, where is the fiction in the sixth chronicle? I"'mafraid there isn't any, because the
nature of the new invariant is never defined.

Wait a monent, you may say. \What about the Geotron?

That is not fiction science, either, at |least so far as principles are concerned. Such an

i nstrument was seriously proposed a few years ago by Robert WIlson, the former director of the
Fernmi | ab accelerator. H's design called for a donut-shaped device thirty-two nmles across, in

whi ch protons woul d be accelerated to very high energies and then strike a netal target, to
produce a beam of neutrinos. The Geotron designers wanted to use the nmachine to probe the interior

structure of the Earth, and in particular to prospect for oil, gas, and val uabl e deep-seated netal
deposi ts.

So maybe there is no fiction at all in the sixth chronicle—ust a little pessinm smabout how | ong
it will take before someone builds a Geotron

* * %

Rogue pl anets.

The Hal o beyond the known Sol ar System offers so nmuch scope for interesting celestial objects of
every description that | assune we will find a few nore there. In the second chronicle, |

i ntroduced col | apsed objects, high-density bodies that are neither stars nor conventional planets.
The dividing line between stars and planets is usually decided by whether or not the center of the
obj ect supports a nuclear fusion process and contains a high density core of "degenerate" natter.
Present theories place that dividing line at about a hundredth of the Sun's mass—snall er than
that, you have a planet; bigger than that you nmust have a star. | assune that there are in-between
bodi es out in the Hal o, nade |argely of degenerate matter but only a little nore massive than

Jupi ter.

I also assune that there is a "kernel ring" of Kerr-Newran bl ack hol es, about 300 to 400 AU from
the Sun, and that this sane region contains many of the collapsed objects. Such bodi es woul d be
conpl etely undet ectabl e using any techni ques of present-day astronony. This is science fiction
not science.
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Are rogue planets also science fiction? This brings us to Vandell's Fifth Problem and the seventh
chronicle.

David Hil bert did indeed pose a set of nmathenatical problens in 1900, and they served as nuch nore
than a summary of things that were "hard to solve." They were conci se and exact statenments of
questions, which, if answered, would have profound inplications for many other problens in

mat hemati cs. The Hil bert problens are both deep and difficult, and have attracted the attention of
al nost every mat henatician of the twentieth century. Several problens of the set, for exanple, ask
whet her certain nunbers are "transcendental "—whi ch nmeans they can never occur as solutions to the
usual equations of algebra (nore precisely, they cannot be roots of finite al gebraic equations
with al gebraic coefficients). These questions were not disposed of until 1930, when Kusmin and

Si egel proved a nore general result than the one that Hilbert had posed. In 1934 Cel fond provided
anot her generali zation.

At the nmonent there is no such "super-problem set defined for astronony and cosnol ogy. |If there
were, the one | invented as Vandell's Fifth Problemwould certainly be a worthy candi date, and

m ght take generations to solve. (Hilbert's Fifth Problem concerning a conjecture in topol ogical
group theory, was finally solved in 1952 by d eason, Mntgonery, and Zippin.) W cannot even

i magi ne a techni que, observational instrunment or procedure that would have a chance of detecting a
rogue planet. The existence, frequency of occurrence, and node of escape of rogue planets raise
many questions concerning the stability of nultiple-body systems noving under their mnutual
gravitational attractions—guestions that cannot be answered yet by astrononmers and mat henati ci ans.

In general relativity, the exact solution of the "one-body problem as given by Schwarzschild has
been known for nore than 80 years. The relativistic "two-body problem" of two objects orbiting
each ot her under mutual gravitational influence, has not yet been solved. In nonrelativistic or
Newt oni an mechani cs, the two-body probl em was di sposed of three hundred years ago by New on. But
the nonrelativistic solution for nore than two bodi es has not been found to this day, despite
three centuries of hard work.

A good deal of progress has been made for a rather sinpler situation that is terned the
"restricted three-body problem™ In this, a snmall mass (such as a planet or snall noon) noves
under the influence of two nuch | arger ones (stars or large planets). The | arge bodi es define the
gravitational field, and the snmall body noves in this field without contributing significantly to
it. The restricted three-body problemapplies to the case of a planet noving in the gravitationa
field of a binary pair of stars, or an asteroid nmoving in the conbined fields of the Sun and
Jupiter. It also offers a good approximation for the notion of a small body nmoving in the conbi ned
field of the Earth and Mboon. Thus the problemis of practical interest, and the list of workers
who have studied it in the past 200 years includes several of history's nost fanous

mat henati ci ans: Eul er, Lagrange, Jacobi, Poincaré, and Birkhoff. (Lagrange in particular provided
certain exact solutions that include the L-4 and L-5 points, fanmous today as proposed sites for

| arge space col onies.)

The nunber of papers witten on the subject is huge—Victor Szebehely, in a 1967 book on the topic,
listed over 500 references, and restricted hinself to only the najor source worKks.

Thanks to the efforts of all these workers, a good deal is known about the possible solutions of
the restricted three-body problem One established fact is that the small object cannot be thrown
away to infinity by the gravitational interactions of its two |arge conpanions. Like nmuch of
nmodern astronomy, this result is not established by |ooking at the orbits thenselves. It is proved
by general arguments based on a particular constant of the notion, termed the Jacobi an integral

Unfortunately, those argunents cannot be applied in the general three-body problem or in the N
body probl em whenever N is bigger than two. It is presently conjectured by astrononers, but not
general ly proved, that ejection to infinity is possible whenever nore than three bodies are

i nvol ved. In such a situation, the |lightest nenber of the systemis nost likely to be the one

ej ected. Thus, rogue planets can probably be produced when a stellar system has nore than two
stars init. As it happens, this is rather common. Solitary stars, like the Sun, are in the
mnority. Once separated fromits stellar parents, the chances that a rogue world will ever again
be captured to formpart of a star systemare renote. To this point, the seventh chronicle's

di scussion of solitary planets fits known theory, although it is an admttedly inconplete theory.
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So how many rogue planets are there? There coul d conceivably be as many as there are stars, strewn
thick across the Gal axy but conpletely undetectable to our instruments. Half a dozen may lie
closer to us than the nearest star. Or they may be an endangered species, vanishingly rare anong
the varied bodies that conprise the celestial zoo.

In the seventh chronicle | suggest that they are rather conmon—and that's acceptable to ne as
science fiction. Maybe they are, because certainly planets around other stars seem far nore comn
than we used to think. Up to 1996, there was no evidence at all that even one planet existed
around any star other than Sol. Now we know of a dozen or nore. Every one is Jupiter's size or

bi gger, but that does not inply that nost planets in the universe are massive. It nerely shows
that our detection methods can find only big planets. Possibly there are other, smaller planets in
every systemwhere a Jupiter-sized giant has been discovered.

If we cannot actually see a planet, how can we possibly know that it exists? There are two

met hods. First, it is not accurate to say that a planet orbits a star. The bodies orbit around
their comon center of mass. That neans, if the orbit lies at right angles to the direction of the
star as seen fromEarth, the star's apparent position in the sky will show a variation over the
period of the planetary year. That change will be tiny, but if the planet is |arge, the novenent
of the star m ght be small enough to neasure.

The other (and to this date nore successful) nethod of detection relies on the periodic shift in
the wavel engths of light that we receive froma star and planet orbiting around their conmon
center of gravity. Wen the star is approachi ng us because the planet is noving away fromus, the
light will be shifted toward the blue. Wen the star is noving away from us because the planet is
approaching us, the star's light will be shifted toward the red. The tiny difference between these
two cases allows us, fromthe wavel ength changes in the star's light, to infer the existence of a
planet in orbit around it.

Since both methods of detection depend for their success on the planet's nass being an appreciabl e
fraction of the star's nass, it is no surprise that we are able to detect only the existence of
massi ve planets, Jupiter-sized or bigger. And so far as rogue worlds are concerned, far from any
stellar primary, our nethods for the detection of extra-solar planets are no use at all

* * %

The sol ar focus.

We go to general relativity again. According to that theory, the gravitational field of the Sun
will bend Iight beanms that pass by it (actually, Newtonian theory also turns out to predict a
simlar effect, a factor of two less in magnitude). Rays of light comng froma source at infinity

and just missing the Sun will be bent the nost, and they will converge at a distance fromthe Sun
of 550 astronomcal units, which is about 82.5 billion kiloneters. To gain a feeling for that
nunber, note that the average di stance of the planet Pluto fromthe Sun is 5.9 billion kil oneters;

the solar focus, as the convergence point is known, is a fair distance out.

Those nunbers apply for a spherical Sun. Since Sol rotates and so has a bulge at its equator, the
Sun considered as a lens is slightly astignmatic.

If the source of light (or radio signal, which is sinply another form of el ectronmagnetic wave) is
not at infinity, but closer, then the rays will still be converged in their passage by the Sun

but they will be drawn to a point at a different |location. As McAndrew correctly points out in the
eighth chronicle, a standard result in geonetrical optics applies. If a lens converges a parallel
beam of light at a distance F fromthe lens, then light starting at a distance S fromthe |ens
will be converged at a distance D beyond it, where 1/F = 1/S + 1/D

This much is straightforward. The nore central elenent of this chronicle involves far nore
specul ati on. When, or if you prefer it, if, will it be possible to produce an artificia
intelligence, an "Al," that rivals or surpasses human intelligence?

It depends which witers you believe as to how you answer that question. Some, such as Hans

Moravec, have suggested that this will happen in fifty years or less. Ohers, while not accepting
any specific date, still feel that it is sure to cone to pass. Qur brains are, in Marvin Mnsky's
words, "conputers nade of meat." It may be difficult and take a long tine, but eventually we will
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have an Al able to think as well or better than we do.

However, not everyone accepts this. Roger Penrose, whom we have already nentioned in connection
with energy extraction fromkernels, has argued that an Al will never be achieved by the further
devel opnent of computers as we know them today, because the human brain is "non-algorithmc."

In a difficult book that was a surprising best-seller, The Enperor's New M nd (1989), he clained
that some functions of the human brain will never be duplicated by conputers devel oped al ong
today's lines. The brain, he asserts, perforns sone functions for which no conputer program can be
witten.

This idea has been received with skepticismand even outrage by nany workers in the field of Al
and conmputer science. So what does Penrose say that is so upsetting to so many? He argues that
human t hought enpl oys physics and procedures drawn fromthe world of quantumtheory. In Penrose's
words, "M ght a quantumworld be required so that thinking, perceiving creatures, such as

oursel ves, can be constructed fromits substance?"

Hi s answer to his own question is, yes, a quantumworld-viewis required. In that world, a
particle does not necessarily have a well-defined spin, speed, or position. Rather, it has a
nunber of different possible positions or speeds or spins, and until we rmake an observation of it,
all we can know are the probabilities associated with each possible spin, speed, and position
Only when an observation is made does the particle occupy a well-defined state, in which the
measured variable is precisely known. This change, fromundefined to well-defined status, is
called the "coll apse of the quantum nechani cal wave function." It is a well-known, if not well-
under st ood, el enment of standard quantum theory.

What Penrose suggests is that the human brain itself is a kind of quantum device. |In particular
the sane processes that collapse the quantum nechani cal wave function in sub-atomc particles are
at work in the brain. Wen hunans are considering many different possibilities, Penrose argues
that we are operating in a highly parallel, quantum nechani cal node. CQur thinking resolves and
"collapses to a thought" at sonme point when the wave function coll apses, and at that tinme the many
mllions or billions of possibilities becone a single definite idea.

This is certainly a peculiar notion. However, when quantumtheory was introduced in the 1920s,
nost of its ideas seened no | ess strange. Now they are accepted by al nost all physicists. Wi is
to say that in another half-century, Penrose will not be equally accepted when he asserts, "there
is an essential non-algorithnmc ingredient to (conscious) thought processes"” and "I believe that
(conscious) minds are not algorithmic entities"?

Meanwhi | e, al nost everyone in the Al conmmunity (who, it mght be argued, are hardly disinterested
parties) listens to what Penrose has to say, then dismisses it as just plain wong. Part of the
problemis Penrose's suggestion as to the nechani smenployed within the brain, which seens bizarre
i ndeed.

As he points out in a second book, Shadows of the M nd (Penrose, 1994), he is not the first to
suggest that quantum effects are inportant to human thought. Herbert Fréhlich, in 1968, noted that
there was a hi gh-frequency nicrowave activity in the brain, produced, he said, by a biologica
quantum resonance. |In 1992, John Eccl es proposed a brain structure called the presynaptic
vesicular grid, which is a kind of crystalline lattice in the brain's pyranmdal cells, as a
suitable site for quantum activity.

Penrose hinmsel f favors a different |location and mechani sm He suggests, though not dogmatically,
that the quantumworld is evoked in elenents of a neuron known as mcrotubules. A microtubule is a
tiny tube, with an outer dianeter of about twenty-five nanonmeters and an inner dianeter of
fourteen nanoneters. The tube is made up of peanut-shaped objects called tubulin diners. Each

di mer has about ten thousand atons in it. Penrose proposes that each dimer is a basic
conmput ati onal unit, operating using quantumeffects. If he is right, the conputing power of the
brain is grossly underestimated if neurons are considered as the basic conputing elenent. There
are about ten million dimers per neuron, and because of their tiny size each one ought to operate
about a mllion times as fast as a neuron can fire. Only with such a nmechani sm Penrose argues,
can the rather conpl ex behavior of a single-celled aninal such as a paraneci um (which totally

| acks a nervous systen) be expl ai ned.
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Penrose's critics point out that mcrotubules are also found el sewhere in the body, in everything
fromlivers to lungs. Does this nmean that your spleen, big toe, and kidneys are to be credited
with intelligence?

My own feeling is that Penrose's ideas sounded a | ot better before he suggested a nmechanism The
m crotubul e idea feels weak and unpersuasi ve.

Fortunately | don't have to take sides. In the eighth chronicle, | was deliberately silent on how
the Al came into existence. However, as a personal observation, | would be nmuch surprised if in
our future we do not have human-Ilevel Al's, through whatever nethod of devel opnent, before humans
routinely travel to the satellites of Jupiter and Saturn; and | believe that the latter wll
surely happen in less than five hundred years.

* * %

Conpressed matter

We know that conpressed matter exists. In a neutron star, matter has been squeezed together so
hard that the individual protons and electrons that normally nmake up atons have conbined to form
neutrons. A neutron star with the mass of the Sun can be as little as twenty kiloneters across,
and a sinple calculation tells us that the average density of such a body is about 475 million

tons per cubic centimeter. That is still not at the limt of how far matter can be conpressed. |f
the Sun were to becone a black hole, as mentioned earlier, its Schwarzschild radi us woul d be about
three kiloneters and its nmean density twenty billion tons per cubic centinmeter. MAndrew s

illustrious but unfortunate father devel oped an unspecified way of squeezing matter down to
sonet hi ng between neutron star and bl ack hol e densities.

It is easy to calculate what it would be like if you were unwi se enough to take hold of a speck of
such conpressed matter. And it might well be a speck. An eighteen thousand ton asteroid in norm
conditions would be a substantial |lunp of rock about twenty nmeters across. Squeeze it to a density
of three billion tons per cubic centineter, and it becones a tiny ball with radius 0.11
mllineters. Its surface gravity is alnpst ten thousand gees.

The gravitational force falls off rapidly with distance, so if you were a neter away fromthe note
of matter you would probably be unaware of its existence. It would pull you toward it with a nere
ten-mllionth of a gee. But take hold of it, and that's a different story. Ten thousand gees woul d

suck any known naterial, no matter how strong, toward and into the ball. That process would
continue, until either you sacrificed sone skin and broke free, or you were eventually totally
absorbed. In practice, | think that McAndrew s father woul d have realized what was happeni ng and

found a way to free hinself. He would have plenty of tine, because the absorption process into the
conpressed matter sphere would be slow That, however, would not have nmade as interesting a story.

The way that McAndrew s father produced conpressed nmatter remains pure science fiction. However
the "strong force" itself is an accepted part of nodern physics, one of four basic known forces.
The other three are gravity, the electromagnetic force, and the so-called "weak force" responsible
for beta decay (em ssion of an electron or positron) in a nucleus. Although there is an adequate
theory of the strong force, enbodied in what is known as quantum chronodynani cs, there is not the
slightest hint in that theory of a method to nake such a force either stronger or weaker than it
is.

That's all right. Five hundred years ago, nagnetismwas a curious property of certain materials,
and no one knew what it was or had any way of generating it artificially. That had to wait unti
anot her strange phenonenon, electricity, had been explored, and experinmenters such as Anpére,
Cersted, and Faraday proved a |link between electricity and magneti sm After that could cone
Maxwel |, providing a unified theory for the two ideas that led to such practical devices as

radi os, dynanos, and powerful el ectromagnets.

It is not unreasonable to nodel the future on the past. A few hundred years from now, naybe we
will be able to play our own ganes with all the known forces in the context of a unified theory,
creating or nodi fying themas we choose. The weak force and the el ectromagnetic force have al ready
been unified, work for which d ashow, Winberg, and Sal am were awarded the Nobel prize in physics
in 1979.
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| cannot resist a couple of personal reniniscences regarding the |late Abdus Salam He was ny

mat henati cs supervi sor when | was a new undergraduate. Hi s personal style of solving the probl ens
that | and ny supervision partner brought to himwas unique. Mre often than not, he would | ook at
the result to be derived and say, "Consider the following identity." He would then wite down a
mat hemati cal result which was far from obvi ous and usually new to us. Applying the identity
certainly gave the required answer, but it didn't help us rmuch with our struggles.

Sal am al so had one endearing but disconcerting habit. He did not drink, but he must have been told
that it was a tradition at Canmbridge for tutors to serve sherry to their students on holiday
occasions. He offered ny partner and ne sherry, an offer which we readily accepted. He then

unfam liar with sherry as a drink, poured a |large tunbler for each of us. W were too polite to
refuse, or not to drink what we had been given, but we enmerged fromthe supervision session mch
the worse for wear.

There is a throwaway comment in the ninth chronicle, that McAndrew was going off to hear a |l ecture
entitled "Higher-dinensional conplex manifolds and a new proof of the Ri emann Conjecture." This is
a joke intended for mathematicians. In the nineteenth century, the great Gernan mat hemati ci an

Ber nhard Ri emann conj ectured, but did not prove, that all the zeroes of a function known as the
zeta function lay in a certain region of the complex plane. Ri emann could not prove the result,
and since then no one has nanaged to do so. It remmins the nost inportant unproven conjecture in
mat hematics, far nore central to the field than the |Iong-unproved but finally disposed-of Fernat
Last Theorem

People will keep chipping away at the Ri emann conjecture, precisely because it is unproven. Just
as we will keep pushing for better observing instrunents, nore rapid and sophisticated
interplanetary or interstellar probes, quantum conputers, artificial intelligence, higher
tenperature superconductors, faster-than-light travel, treatnent for all known di seases, and human
I'ife extension.

The future in which McAndrew lives is fiction, but | believe that the science and technol ogy of
the real future will be far nore surprising. There will indeed be ships, built by hunmans and their
i ntel |l ectual conpanions, conputers, headed for the stars. They will not be powered by Kerr-Newran
bl ack hol es, nor enpl oy the MAndrew bal anced drive, nor will they tap the resonance nodes of the
vacuum zero- poi nt energy. They will not be multi-generation arks, nor will they find life-bearing
pl anetoids in the Oort cloud, or rogue planets in the interstellar void. What they will be, and
what they will find, will be far stranger and nore interesting than that. And they w Il nake
today's bol dest science fiction conjectures appear timd, near-sighted, snall-scale, and | acking

i n imagination.

Witing of this I wish, like Benjam n Franklin, that | could be pickled in a barrel for a couple
of hundred years, to experience the surprising future that I'msure lies ahead. If | can't do that
and don't last that long, here is a nessage to ny descendants two centuries fromnow. On ny
behal f, nake the npbst of it.
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