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Thrice Upon A Tinme -- James P. Hogan

(Version 2002.01.17 -- Done)

PROLOGUE

The digits, glowing bright red in the upper corner of the conputer display screen, changed
silently to count off the final seconds.

00:05...00:04...00:03...00:02...00:01...00:00.

A synmbol appeared bel ow the cl ock-readout to confirmthat the program had begun running. A
nmoment |ater, the main area of the screen came alive to present the display:

30 Decenber 2009, 2325:00 Hours.

TEMPORAL RETROTRANSM SSI ON TEST NUMBER 15 Group 4, Sanple 3. Transm ssion advance
60 seconds.

073681

END

The elderly man sitting in front of the console gazed expressionlessly at the display for
a second, and then tapped a pad on the touchboard array bel ow the screen. A nild whine cane from
one of the racks of electronic equipnment standing next to him at the same tinme a hardcopy of the
informati on on the screen slid smoothly froma slot and into the tray bel ow. The screen went
bl ank. The man took the hardcopy, ran his eye casually over it, then sat back in his chair to
wait. In the upper corner of the screen, the clock-readout had reset to sixty seconds and begun
counting down agai n.

The man's body was tall, and his shoulders still broad and straight, but the hair that had
once glinted jet-black was now white, and the beard jutting stubbornly fromhis chin had faded to
gray. Remants of flanmes that had once blazed bright still snoldered in the eyes | ooking out over

the ruddy crags of his face, but the fire was beginning to give way to a fatigue accunul ated over
many | ong years of life.

After a while he shifted his gaze to the fluffy black-and-white kitten Iying curled up in
the hal f-open, |ower-nost drawer of the desk that stood al ongside his chair.

"Aye, it's a strange pair we are, Maxwell, and that's for sure,” he nurnured. "Still at
work here at an hour when any folks with a dram o' sense woul d | ong have been away to their beds.
Enough's enough. We'll neke this the last for tonight now "

Alerted by the man's voice, the kitten opened a sleepy eye to | ook at him and then
glinpsed the reflex twitching of his own tail. He awoke, pounced back into the depths of the

drawer, and began whirling in futile circles am d sounds of sw shing fur and crunpling paper. A
yel |l ow pl astic pushpin flew out in the confusion, bounced on the floor with a hollow clatter, and
rolled away in a drunken curve around the base of one of the equi pnment cubicles. Maxwell's head
appeared peering fromthe opening with ears erect and eyes following the rolling button like twn
tracking-radars. Then the kitten cleared the side of the drawer in a bound, rounded the corner of
the desk in an uncontrolled skid with all four paws flailing ineffectively at the shiny floor
reengaged forward drive suddenly, and scanpered away in pursuit.

A faint snile softened the corners of the man's nmouth as he watched. Then he | ooked back
at the screen in front of him The countdown had al nbst reached zero.

00: 01...00: 00.

A display simlar to the previous one appeared. The man carefully conpared the nunber
contained in it with the one in the hardcopy record that he was still holding. They matched. He
nodded slowy to hinself. At that very noment, if the phrase retained any nmeaning at all in the
strange real mof topsy-turvy logic that he had uncovered, a man was watchi ng those sane |ines
appear on that same screen for the first tinme -- the gray-haired man who was sitting in that sane
chair, sixty seconds in the past.

He hardcopi ed the second di splay, attached the copy to the first, added the sheets to a
pile lying on the desk, and entered the details in a notebook |ying open beside him Then he
cl osed the book and turned back to the console to begin the brief routine for shutting down the
system
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"Enough' s enough, " he repeated as he finished and rose fromthe chair. As he noved toward
the door, the pushpin rattled back into sight frombehind a part of the machine. The tip of a
bl ack- and- whi te nose poked round the base of a cubicle. Then, slowy, Maxwell's face slid fully
into view closely foll owed by Maxwel |, his body elongated | ow near the floor Iike a snake with
| egs. The kitten gathered hinself to spring, then paused and | ooked up curiously as the nman
reached for the lightsw tch.

"Cch, conme on now," the man called. "There'll be tine enough for that kind o' nonsense
tomorrow. It's nearly tonorrow already as it is." Two saucer-eyes turned wistfully toward the
pushpin and then up again before the kitten stood up and trotted for the doorway. "Aye, you're no
so bad for all your mischief, ye wee scallywag," the man said gruffly. He turned out the light,
waited for Maxwell to | eave the [ ab, and cl osed the door behind.

The passage outside was bare, with plain, whitewashed walls rising up froma gray stone
floor. At the end of the passage they came to a narrow wooden staircase | eading up to a heavy oak
door. The man waited again at the top of the stairs and held the door ajar while the kitten
tackl ed the steps manfully, half |eaping, half scranmbling up one and then bunching hinself for the
next .

They energed fromthe doorway into a |arge, paneled hall, gloony in the feeble Iight of
the single lanp that had been left burning hal fway along a corridor opening off the far side. The
floor here was covered by deep, rich carpet. Vague shadows of portraits stared down fromthe
wal | s, and the furnishings, nost of which dated fromthe early twentieth century or before, were
solid, well preserved, and dignified in keeping with their surroundings. A full suit of nedieva
arnor stood inpassively at the foot of a broad carved staircase that di sappeared into deeper
dar kness above, where glints of reflected |ight traced ghostly outlines of Scottish claynores and
battl e axes nounted on the walls.

The man flipped a switch to illum nate the stairs and began clinbing slowy. Two circles
of mirror-brightness were already staring back at himfromthe darkness just above the top step
"You'd no' be so ninble on your feet with seventy-two years on the wong side o' ye, Maxwell," the
man said. At the top of the flight he turned to followthe railed gallery that overl ooked one side
of the stairwell, and stopped outside one of the doors opening off the short passageway beyond. A
shaft of light |anced across the floor as he pushed the door open

"We've done it, Maxwell," he nurnmured. "There can be no doubt about it now It works, all
right. We'll have to be telling Ted the good news first thing in the nmorning." He paused for a
second. "And Murdoch, of course...It's time we were involving Mirdoch in what's been going on." He
nodded to hinsel f. "Aye. Murdoch will be very interested indeed if I'mnot very rmuch ni staken."”

The door swung shut and pl unged t he household once nore into gl oom

CHAPTER ONE

Kennedy International Airport had shrugged off the snow that fell after Christmas, and was
again a bustling oasis of business-as-usual am d the white-bl anketed suburbs stretching along the
sout hern Long |sland shoreline. Steady processions of groundcars and nono-cabs fl owed between the
ai rport conplex and Manhattan to the west, while overhead swarns of airnobiles arrived and
departed |i ke bees on never-ending foraging mssions. Fromw thin the perinmeter, a succession of
Boei ngs, Lockheeds, and Dougl ases sailed vertically upward on the first stages of their suborbita
trajectories through the ionosphere; higher above, arriving dots from Europe, Japan, Australia,
and el sewhere slowy acquired shape as they dropped fromthe flaw ess blue that had come with the
first day of the new year

In the Arrivals Concourse of the glass-fronted marble scul pture that constituted Terninal
Three, Murdoch Ross stood anong a group of waiting people and divided his attention between
scanni ng the faces of the passengers stream ng fromFlight 235, just in from San Franci sco, and
taking in a few nore lines of an article on graviton wave-nmechanics featured in the current issue
of Scientific Anrerican. He was in his late twenties, on the |lean side of average for his nedi um
hei ght, and cl ean-shaven to reveal a fresh and healthy conplexion. H s eyes were bright and alert
as they glanced up every few seconds fromthe nmagazine in his hand, and al nost as dark as the wavy
bl ack hair above the collar of his overcoat.

He saw the head of copper-colored hair protruding above the rest of the new arrivals at
the sane tinme as the head saw him Its owner changed direction to wade obliquely through the river
of humanity toward Murdoch. He was dressed in a dark-blue, open-necked shirt, navy w ndbreaker
and gray cords, and carrying a | eather travel bag slung across one shoul der; he noved unhurriedly,
but with a powerful, easy-going stride. Murdoch thrust the magazine into the pocket of his
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overcoat and grinned as they shook hands. It was |ike grasping a double-thick cut of spare rib
that hadn't died yet.

"Lee, great to see you again! It seens |like a lot nore than five nonths. |'m sorry about
the short notice, but that's all | had nyself."

Lee Wal ker's nouth barely twi tched, but his eyes cane as near as they ever did to sniling.
"H, Doc. You're right -- it seens a |lot longer. | guess that's the way things go." He heaved his

bag onto his other shoul der and produced a pack of cigarettes fromhis w ndbreaker. "VWat tinme is
it here? How | ong have we got before the flight |eaves?"

"It's on schedule -- just over fifteen m nutes.”

"Get ny ticket fixed okay?"

"You're all set."

"Thanks. "

They began wal king briskly toward the nearest escal ator |eading down to the autonatic
shuttl e systemthat connected the airport termnals.

"So," Murdoch said. "How are things back west? Dynasco goi ng okay?"

"Pretty good," Lee replied. "The checkout's finished, and the docunentation's all done.
think they're pretty pleased with the whole deal ."

" Good. "

“In fact if you hadn't called, |I'd have been coning on over to New York in a week or so
anyway. How s it been | ooki ng?"

"Prom sing. How about Tracey? Did you get her untangled at |ast?"

"Yeah. It's all..."untangled.'"

An enpty shuttle-car was waiting with doors open. They crossed the platformskirting the
track at the bottom of the escal ator and stepped inside.

"Ckay, so tell ne nore about it," Lee said. "You reckon your grandfather has actually done
it -- he can send information backward through tine?" His face was creased into a frown and his
tone skepti cal

Murdoch nodded. "That's what he says.”

"But it's crazy. In principle it's crazy. Wiat happens to causality?" Lee drew on his
cigarette and blew a cloud of snoke toward the roof of the car. "Wat's he done exactly? How far
has he sent it back?"

"You know just about as nuch as | do," Miurdoch told him "He wasn't exactly generous wth
details when he called ne either. He just said it worked and told me to get over there right away.
He knows |'ve talked to you about it a lot, and figured it was about tinme you two net. So | called
you. The rest you know. "

"But it's crazy," Lee insisted. "I never thought he'd get anywhere with it. If it's true,
t he whol e of physics goes down the tubes. | nmean -- "

"Save it," Murdoch said. "There's conpany on the way. Let's talk about it on the plane." A
trio of businessnmen approached al ong the platformand stepped into the car tal king | oudly about
some conpany's narket share or sonething or other. They were followed a few seconds later by a
coupl e shepherding two young, tousle-haired boys. The car doors bl eeped a warning and then cl osed,
and the shuttle slid forward to rejoin the through-track, then accelerated snoothly into the
tunnel that led to the next terminal on the circuit.

Twenty nminutes later they were sixty miles up over the nmid-Atlantic at the apex of a
shal | ow parabol a that joined Kennedy to an artificial island constructed a few niles off-shore
from Edi nburgh in the Firth of Forth. The seats on one side of them were occupied by two pl easant
but inquisitive niddle-aged English | adies who plied themcontinually with questions about the
States; on their other side sat a Bostonian who nai ntai ned a steady nonol ogue on football despite
their repeated proclanmation of total ignorance of, and disinterest in, the subject. At no tine
during the thirty-five-minute flight did they get a chance to talk further about Mrdoch's
gr andf at her.

CHAPTER TWOD

"Did you ever hear of Bannockburn?" Mirdoch asked over the nuted hummi ng of the car's
engi ne.

"Some kind of Scotch baron?" Lee guessed.

"It's a place, not far off down that road on the left there. They had a battle there in
1314. The Scots had kicked the English out of the whole of Scotland except the castle at Stirling,
which is the town we're just comng into. One of the English kings, Edward I, brought an arny up
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to get themout, but he got w ped out by Bruce."

"Scot ch?"
"Yes, except that's the stuff you drink. There was another battle here before that too, in
1297. That was when Edward | lost out. | guess the Edwards didn't have nuch |uck around here."

"I didn't know you went in for all this," Lee said.

Mur doch shrugged. "Maybe it's ny grandpa coming out in ne. You know, | wouldn't nind
movi ng over and living here sonewhere one day. Look at the stonework in sone of those buildings. |
bet they were put up before anybody heard of California."

They had decided not to use the local jet service from Edi nburgh to the town of Inverness,
just over one hundred mles to the north, since it would have made little difference to their
total journey time. Instead they rented a groundcar at the island-airport and drove bel ow t he
Firth to emerge on | and sone niles west of Edi nburgh, heading toward the Scottish Centra
Low ands. Since then, with the groundcar running automatically under renote gui dance on the
controll ed mai n hi ghway, they had turned northward to pass through Perth, the repeatedly besieged
former capital, where they would cross the river Tay.

Lee draped his armalong the | ower | edge of the w ndow and surveyed the scenery for a

while. "It's a pretty country," he conceded at |ast, which fromLee was as near a eul ogy as one
was likely to get.

Mur doch pursed his |ips and nodded. "Now you know why | |ike com ng over here whenever
can."

"How cone your father never talks all that nuch about it?" Lee asked. "I'd have thought

that with a nane |ike Mal com and being a generation nearer to it, he'd have been full of it. Are
you the odd one out or sonething?"

"More like the other way around," Mirdoch replied, shaking his head. "He's the odd one
Grandpa was -- still is -- a theoretical physicist. His father was a mathematician. | guess |'m
mat hematical. As far as | know, ny pa was the only one in the whole line for way back who coul dn't
bal ance a checkbook. Didn't stop hi mmaki ng noney though."

"That's probably the reason,” Lee said. "Buy at sixty, sell at a hundred and nake ten
percent. Now | know why | can't read bal ance sheets. Ah well...| guess I'l|l never be rich." He
fell silent for a nmonent, then went on, "Your father is definitely all-Anerican. So if your
grandfather's different, what's he |ike? Does he wear kilts and go around with daggers in his
socks, and all that stuff?"

"Dirks," Miurdoch said, grinning. "No...not often anyway. Only on fornmal occasions. But

you're right -- he is pretty traditional. | guess that kind of thing tends to run through the
Rosses too. Maybe that's why | like Scottish history."
"And he's still that way after -- How many years was your grandfather in the States before

he noved back to Scotl and?"

"About forty, | think. But people Iike himdon't change very easily. You'll see what |
mean when you nmeet him?"

From Perth they followed the Tay valley into the G anpian H ghlands, a fifty-mle-deep
stormtossed giant's sea of granite waves quick-frozen by the winter snow. At the town of
Ki ngussie in the valley of Strath Spey, Mirdoch switched to manual drive and turned off the main
Pert h-1 nverness highway and into the nountains of Monadhliath for the last Ieg of the journey to
d ennoroch. Wthin minutes the few remaining signs of the space age had di sappeared conpletely.
The road becane a single track, winding its way carel essly anong the feet of regi nents of steep
boul der-strewn sl opes that had fallen hopel essly out of step, and around frosty streans and
rippling lochs, chattering and shivering with the winter cold. Wods of |arch and Norwegi an pi ne
appeared at intervals, stretching fromthe roadsides in irregular patches to formragged skirts
along the Iower parts of the hills. Hi gher up, they thinned away or huddl ed i nto narrow gorges
where they cowered beneath steep sl opes of pebble screes and broodi ng buttresses of naked rock
Only the occasional farnmhouse, bridge, or run of dry-stone wall remmined as a remi nder that the
human race exi sted.

They rounded a bend by one of the farns to find the road bl ocked by a miniature sea of
sheep, which a dour farner, a helper, and three tireless dogs were herding through a gate into one
of the adjacent fields. Murdoch eased the car to a halt a few yards back fromthe scanpering,
bl eating tide.

Lee shook his head incredulously. "This can't be true," he said. Mirdoch grinned and sat
back in his seat to wait. For a while he watched the dogs. On his previous visits to Scotland he
had cone to adnmire the uncanny ability of sheepdogs to coordinate their novenents and anticipate
every gesture and whistle of comand. Trai ned dogs enjoyed working and soon grew restless if
deprived of it; like nmany people, aninmals could becone addicted to the habit. During one of
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Murdoch's previous visits to d ennoroch, a sheepdog bel onging to Bob Ferguson, who owned a farm on
the outskirts of the village, hurt a leg and was prescribed a week's rest by the vet, which neant
no going up onto the hills. The dog occupied itself by herding chickens around the farnyard
i nst ead.

Murdoch shifted his eyes to study the ol der of the two nen, who was clad in a thick tweed
jacket with trousers gathered into knee-length gunboots. He wore a flat peaked cap on top of

grayi ng, short-cropped hair. His face was the color of boiled | obster, |lined and weathered, and
bel ow hi s bushy eyebrows his eyes burned keenly through slits narrowed by a lifetine's exposure to
mountain winds and rain. It was a face, Murdoch thought, that, |like the granite crags, had been

carved by elenments that had rul ed the H ghlands since |ong before the ancestors of the Picts and
Celts drifted northward from Engl and, or nigrated across the sea fromthe |ower valley of the
Rhine. It was a face that belonged here, he told hinself -- just as a part of him sonewhere deep
down inside, belonged here.

The last few strays were rounded up and di spatched through the gate. The farmer raised his
stick to acknow edge the driver's patience, and Mirdoch responded with a wave of his hand as he
eased the car into notion again.

“I'"'d like to see that happen on the Frisco-L. A freeway," Lee said.

"Time waits for people here," Mirdoch told him

The nention of tine sent Lee's mind back to the things they had di scussed briefly at
Kennedy. They had covered another two miles when at |ast he spoke. "Suppose your grandfather's
right. \What happens to free will? If you can send information backward through tinme, you can tell
me what | did even before | get around to doing it. So suppose | choose not to?" He half-turned in
his seat and | ooked defiantly across at Murdoch. "What's there to nake ne? So | don't, and no
infornati on ever gets sent back to say | did. But |I've already received it." He shrugged. "The
whol e thing' s crazy."

"Serial universes," Mirdoch suggested, keeping his eyes on the tortuous road ahead.

Evi dently he had been doi ng sone thinking too.

"What about then?”

"Suppose that all the pasts that have ever existed, and all the futures that will ever
exist, are all just as real as the present. The present only gives the illusion of being nore rea
because we happen to be perceiving it...in the sane kind of way that the frane of a novie that
happens to be on the screen right now appears real, but that doesn't make all the other frames in
the reel less real. Does that make sense?"

"Depends what you nean," Lee answered. "Are you saying that all those pasts exist exactly
the way we renenber then®"

"No. That's the whole point. They could be different. For instance, the 1939 that exists

"now back up the tinmeline mght not contain a Hitler at all. When it arrives at its own 1945,
Wrld War Il won't have happened, and it will have evolved a history that doesn't read |ike ours
at all. Fromthere it will go on into its own future, fully consistent with its own past but

different fromours." Mirdoch cocked an eye and gl anced at Lee.

Lee sat back and frowned into the distance through the wi ndshield. "So that universe wll
eventually arrive in its own 2010, maybe with a Doc and Lee in it who aren't in Scotland at
all...or maybe without any Doc and Lee init. By that time this universe that we're in will have
gone forward to its, what would it be?...2065...carrying an internal history that would be
consistent with what it renenbers. It wouldn't know anythi ng about what's happeni ng way back
upstream Is that what you're saying?”

"More or less. What d'you think?"

"Mm .." Lee turned the suggestion over in his mnd. "Could be, | guess. But if it does
work that way, | can't see nmuch of a future for it."

"Ch. How cone?"

"You could send information back to a past universe, but you could never be affected by
anyt hing that anybody in that universe did as a consequence. It mght help them but it can't help
you. You could tell themnot to do sonething that you did, but you're stuck with it. So why should
you bot her? Why should you want to put that effort into hel ping sonebody el se solve his probl ens,
even if he does happen to be an earlier version of yourself, when it's not going to do anything to
hel p you sol ve yours?"

"Curiosity," Murdoch offered with a shrug. "O philanthropy naybe. There's all kinds of
people in the world. Wy save soul s?"

"Because they count as tax credits on your own return," Lee said. He shook his head. "If
it does work that way, | can't see it ever being nore than an academic curiosity."

"Pretty sensational for a curiosity though, being able to talk to whole new universes that
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you didn't know existed. Isn't that exciting enough?"

"That's what bothers ne. It's sensational, but you can't use it. Suppose you end up
deciding it's pointless talking to past universes because they can't do anything for you, and then
you find that future universes aren't taking calls because they've conme to the sane concl usion
Then what do you do? You're sitting on the biggest breakthrough in physics since electricity, and
it's no good to you. It'd be like Robinson Crusoe inventing the tel ephone.”

Mur doch thought about it, grunted, then fell silent. Lee had a habit of suddenly dunping
whol e new trains of thought by the shovel ful for Murdoch's nmind to sift through. Sonetimes Mirdoch
wi shed that he would find a smaller shovel

At | ast the road ahead of themunfolded into a two-nile straight |eading across bl eak
snow covered grouse-noor textured by scattered rocks and clunps of gorse. Murdoch announced that
they had only a fewniles left to go. For sone tine they had been ascending toward a skyline
formed by the crest of a vast ridge, and the surroundi ngs had been growi ng nore wi ndswept and
barren. The final slopes that led up to the ridgeline itself began on the far side of the noor;
the road clinbed across themin a series of tight hairpins to vanish at a notch of sky pinched in
the snow. To the right the ridge rose steeply and swelled to becone a bul ging shoul der of the
t hree-t housand-f oot peak of Ben Moroch, the towering sentinel that kept watch over the pass
| eadi ng through to the valley-head of the glen beyond.

The sun was soaking into the hills to the west by the tinme they reached the high point of
the pass. To their left the southwest ridge of Ben Moroch marched away in a |ine of descending
spurs before rising again to blend with a nore distant peak, while on the right the nountain
itself soared upward in glowering ramparts of rock and ice. In front of them and bel ow, the ground
fell away into a vast anphitheater forned by the neeting of the west and sout hwest ridges, which
curved away on either side to become the arms that held the ribbon of G ennoroch in between. For a
mnute or two they were able to | ook over the crestline of the west ridge at the Highlands
stretching away like a sea of rose-tinted icebergs with glinpses of the sun-burni shed waters of
Loch Ness in between; then the road began neanderi ng downward once nore, gently at first and then
nore steeply, between the frozen peat bogs and shale slopes that formed the upper reaches of the
gl en.

Soon the whol e of d ennpbroch was spread out in mniature beneath them and Murdoch felt
the elation that always came when he saw the faniliar |andmarks again for the first time after a
| ong absence. The road traced its way down the flanks of the ridge to | eave the crest high on the
left, and converged on the valley floor with the wandering line of the brook where the streans
flowing off Ben Moroch nmustered for their long march to Loch Keld and onward en nasse to the sea
He coul d make out the stone bridge where the road crossed the brook before di sappearing into a
smal | wood, and beside it the rectangular lines of walled fields that marked the begi nning of
Ferguson's farm The road energed fromthe far side of the wood into a scattering of houses,
copses, and tracks that consolidated thenselves | ower down into the huddl e of d ennoroch village
al ready | ooki ng sl eepy beneath faint plunes of chi mey snoke and showing a few lights in the
shadow advancing fromthe foot of the west ridge.

Bel ow the village the road again plunged into trees, which fanned out on either side to
forma rough crescent around the near end of Loch Keld. To the right of these trees, the | and
shel ved gently upward for a distance fromthe shore of the |och, and then swept upward sharply to
formthe ternminal spur of the west ridge. The shelf between the |Ioch and the spur was thickly
wooded, and through the trees a conpact cluster of roofs and turrets protruded to catch the | ast
rays of the dying sun.

"That's it," Miurdoch said, pointing. "The place sticking up through the trees between the
mountain and the water behind the village. That's the Storbannon estate."”

"I thought it was supposed to be a castle," Lee said after a few seconds.

"Well, that's what people round here call it, but it isn't really. Wat did you expect --
portcullises, guys in arnor, and dansels in distress hanging out the w ndows?"

"I'"d have settled for the dansels,"” Lee replied. After a nonent he added, "The dis-dressed
ones. "

Mur doch gr oaned.

The village was quiet as they drove through its main street between terraced stone
cottages interspersed with an assortnment of tiny shops and a few cosy-looking, warmy lit pubs,
and past the ancient, iron-railed churchyard. A couple of figures outside the red-fronted Post
O fice, which also served as grocery and general store, turned to watch the unfamliar car pass
by, but otherwi se there were no signs of life. Nothing had changed.

They left the village and entered the crescent-shaped wood that extended to the shore of
the loch. Atrack took themoff the main road and brought them out of the wood again, this tine
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poi nting toward Storbannon. Mnutes |later, Mirdoch turned off the track between two |arge and

i mposi ng stone gateposts, and into a wide driveway that curved away upslope through the trees. Lee
realized after a while that the brief bird s-eye view of the estate that he had seen from hi gh up
on the far side of the valley had been deceptive, for they had covered what nust have been al npst
a mle before the Iights of the house itself became visible. And then the trees opened up suddenly
before a |l arge, oval -shaped area around whi ch the driveway | ooped, w dened, and then rejoined
itself to formthe forecourt of "Storbannon Castle.” The nmain entrance was in the center of the
bui l di ng, set back on the far side of a small courtyard enclosed on three sides, which was forned
by the main body of the house and its two projecting wings. Miurdoch steered into the courtyard and
stopped at the foot of the broad flight of shallow steps |eading up to the doors.

"We're here," he said needlessly, as Lee craned his neck to take in as nuch of the
frontage as he could see in the light reflected by the snow fromthe two spotl anps above the
entrance.

The buil ding could have been an "E' shape without the niddle bar, Lee thought, or maybe he
was | ooking at one side of an "H. " The doors at the top of the half-dozen or so steps were heavy
and solid, with ornate hinges and hangi ng hand rings of wought iron; they seemed in good repair
as did everything else that forned his first inpressions. The arch fram ng the doors was forned
from colums of round, recessed, stonework ribs, which flowed upward on either side |ike staggered
banks of organ pipes before bowing into flattened curves that nmet in a point at the top. The
wal | s, extending away into the shadowy corners forned by the wi ngs, were faced in dressed gray
stone etched by the battle scars of many long, harsh Scottish winters. Mdway between the entrance
arch and the wings, the walls angled outward for a short distance to formtwo broad piers of
doubl e bay w ndows encased in florid nasonry, which extended upward to join the parade of
castellations that marked the roof line. At least it's a change fromhigh-rise glass and
duropl astic, Lee thought to hinself.

"I can see now why they call it a castle,"’
built I|ike square-waves."

"Recent additions,” Miurdoch inforned him "They were part of renovations that were carried
out by one of the Rosses in the nineteenth century. That was when the turrets were added too.
guess he put up the castellations to give the place a nmatching frontage."

"And that's recent?"

"Sure."

"So how far back does this place go?" Lee asked as they clinbed out of the car and wal ked
around to begin lifting |luggage out of the trunk.

Mur doch paused | ong enough to take in the South Wng with a gesture of his arm "That's
the ol dest part of it. It used to be a nobleman's manor house somewhere around the middle of the
fifteenth century, but there was sonmething there before that; some of the stonework in the
foundations is thought to go back to the twelfth." He shrugged. "But so nuch alteration and
rebui | di ng has gone on over the years that it's difficult to say exactly which part of what you
can see now appeared when. That wing hasn't been lived in for a long tine now, though...minly
storage and stuff. The front part is the garage, and the part that sticks out back is stables; the
whole thing's laid out roughly like an aitch."

Lee closed the trunk and straightened up to survey the front of the central bar, facing
them "So what about this part?" he asked. "Did that come |ater?"

"I'n the 1650s," Miurdoch answered. "Mst of the character is in there. Look at the Tudor
arch and the nmullions across the wi ndows." He nodded his head in the general direction of the
North Wng. "The rest of it appeared in bits and pieces over the last three hundred years or so. A
lot of it was the |late 1800s. The fanily had connections with the C ydeside steel industry, which
was going through fairly good tinmes, so they had plenty of cash to throw around on things |ike
that." He made a face and added, "That part's typical of a lot of Victorian '"inspirations,' for

he said. "The tops of the walls up there are

want of a better word, though -- revived Gothic wi ndows, Georgian portico around the other side,
nmock Doric colums, and baroque ornamentation. Goes together |like ice creamand gravy."
Lee stared at the incongruous blend for a nonent, and then shrugged. "I'Il take your word

for it, Doc," he said.

At that nonment the doors swung open to release a flood of light onto the steps. A man with
thinning hair and wearing a dark jacket and tie wal ked out, closely followed by a woman dressed in
a plain gray dress and white apron, her dark hair tied back in a bun.

"You're here at last!" the wonan called in a high-pitched, wailing voice. "W were
begi nni ng to wonder what had happened to ye."

"Morna, me fine lass!" Miurdoch hugged her around the wai st and spun her off her feet,

i gnoring her protesting scream "W drove up the whole way. | don't trust those French things they
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fly up to Inverness."” He put the woman down and turned to clasp the man's extended hand. "Hello
again, Robert. You're |looking great. How s it all been goi ng?"

"'Tis grand to see you back so soon,"” the man replied warmy. "Sir Charles has been
| ooking forward to today. And this nust be the Lee that we've heard so nuch about."

Mur doch st epped back and cl apped Lee on the shoulder. "This is Lee. Lee, this is Morna.
She's got secret adnmirers all over dennobroch. And this is Robert. He's been here since before
can renenber." Lee shook hands with both of them "And how are Ms. Paisley and Hami sh?" Mirdoch
i nqui red.

"Both fine," Robert told him "Hanmish is all right when he isn't in some pub down in the
village. Is this your first visit to Scotland, Lee?"

"First time ever," Lee said. "I think the place is starting to grow on ne al ready, though
Having this guy in the car is like sitting next to a talking history book."

"He's al ways been one for anything to do wi' the Scots," Mrna said. "Even when he was
here for the sumers as a boy. But enough o' this. Let's get the two o' ye inside and out o' the
cold.™

"Sir Charles is waiting for you in the library now," Robert told them "Go on in. I'll
take care of the bags and the car." He took Miurdoch's keys and went on down the steps. Morna
turned and wal ked back into the entrance hall with the new arrivals.

"Shall | ask Ms. Paisley to find ye sonmethin' t'eat?" she asked. Murdoch threw a quick
si deways gl ance at Lee.

Lee shook his head. "Later maybe," he said.

"Just coffee,” Murdoch told her. "W only left New York |less than an hour and a hal f ago."
He caught the surprised | ook on her face and stopped to gaze at the splendid paneling of the hall
and the majestic main staircase, then added, "It seens |ike a thousand years already."

CHAPTER THREE

"So what's happening with the consultancy in California?" Charles inquired. "Are you
wrappi ng that up now?" They had been tal king for alnost half an hour. Charles was speaking froma
| arge, red-leather armchair to one side of the flickering log fire in the library. Lee was
sprawl ed in the chair opposite, and Murdoch was on the settee between them facing the hearth.

Mur doch had given Charles the | atest news regarding the family in Chicago, and the conversation
had now drifted to the nore i medi ate topic of Mirdoch and Lee.

"We've been running it down for sonme tine really,” Mirdoch replied. "The |last contract we
had was for an outfit called Dynasco. They wanted a study on self-organizing energy vortices in
pl asmas. Lee stayed on for a few nonths to tie up the loose ends on it while | was setting up
things in New York."

Charles took a sip fromthe brandy glass in his hand and smacked his |ips approvingly.

"Did it not work out then?" he asked. "I could have told you you're not cut out to be a
busi nessman |i ke your father."
"Ch hell, | know that," Mirdoch said. "The idea never was to start a nultinational. It was

just a way of working on things that were interesting without being owned by anybody, and to nake
enough to get by on for a year or two. That was all we ever nmeant to do, and that was what we did.
It worked out fine."

"So where to next?" Charles asked him "What happens in New York?"

"It looks as if we're all set for a comm ssion with a consulting group called Wness
Associ ates. They're | ooking for outside help on plasma dynanics. |'ve been talking to them since
Novenber and it's looking pretty certain. Sounds interesting too; they're working with Genera
Atom c on nuplex designs for East Africa."

Murdoch was referring to the integrated nucl ear-based, agricultural-industrial packaged
conpl exes, capabl e of supporting a tightly knit, autonomous conmunity at full twenty-first-century
living standards and |life-styles that was bei ng devel oped for export to the rapidly devel oping
Third Wrld. The "nupl exes" were part of an international programained at once and for al
elimnating fromthe planet the nobst basic scourges that had plagued manki nd as | ong as nanki nd
had exi sted. Later on, the technol ogi es perfected in devel oping the nupl exes would formthe basis
for designing self-sustaining colonies in space

Charl es nodded slowy. "Aye, that sounds as if it could suit you nore. You've always had a
wee bit o' the idealist in you, | suspect, Miurdoch...wanting to contribute sonething to nmaking the
world | ess of a nmess and that kind of thing. You' ve got academ c talent, but you're no academ c by
nature. After CIT and Fusion Electric, you' ve probably seen as nuch of university canmpuses as you
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want to." He glanced across at Lee. "And you're fromthe sane nold if |I'mnot very much ni staken
And 1'll warrant you don't see yourself fitting in with the big corporations either."

Lee crossed a foot |oosely over his knee, pursed his lips for a nonent, then shook his
head. "You've said it. They get things done, but you' ve got to fit. If you don't fit the inage or
the i mage doesn't fit you" -- he spread his hands expressively -- "what's the point of wasting
your time trying to prove sonething you' ve already nmade your mind up you're not all that
interested in proving?"

"Aye," Charles conceded sinply. He already knew enough not to press questions, and by
nature he was not di sposed to di spensing conventional w sdons in the formof grandfatherly advice
unless it was asked for

By the early 2000s, a great deal of basic scientific research and nany of the ngjor
research projects had cone to be nmanaged and funded by the larger nulti-national corporations.
This trend reflected the tendency of private industry to | ook nore after itself and its basic
needs as confidence in governnent initiative was eroded away by the effects of continual policy
reversals, irresolution in the face of electoral whins, and stifling bureaucracy. To insure the
supply of trained talent that these expandi ng ventures woul d demand, the corporations had becone
heavy investors in the educational systemby the closing decades of the twentieth century; sone
had gone further by opening their own colleges and awardi ng their own degrees, which in certain
sectors of research and industry had already conme to be considered nore val uabl e than sonme of the
traditional diplonas.

Murdoch had studi ed mat hemati cal physics at CIT and then noved on to the university
founded by the Fusion Electric Corporation, a Californi a-based conpany engaged in the conmercia
generation and distribution of fusion-generated power, to gain further experience in plasm
techni ques. There he had net Lee, who, it turned out, was a son of the corporation's Vice
Presi dent of Research. Despite the opportunities inplied by virtue of his father's position, Lee's
main interests there lay with the conmputers, an addiction he had been nurturing since an early
age. He didn't find the executive inmage challenging or inspiring and, |ike Mirdoch, was preparing
to go his owm way; again like Mirdoch, he didn't know where to. After conpleting their courses at
the university they had stayed for a while at FEC, and then left to set up the consultancy at Palo
Al'to, on the bay shore a few mles south of San Franci sco.

"So where are you fromoriginally, Lee?" Charles asked. "Have you always |lived on the Wst

Coast ?"

"I was born in Osaka, Japan,"” Lee replied. Charles's eyebrows rose in mld surprise. Lee
expl ained, "My father was chief engineer on a joint U S. -- Japanese tokanmak project out there for
a nunber of years. He noved back to the States when they nade hima V.P."

"You were very young while you were there, | take it," Charles said.

Lee shook his head. "He was there for quite a while. | was nearly fifteen when we noved
back. Al | got to see of the States before then was what | could squeeze into vacations."

"He was brought up on karate,
with his fist."

"Good heavens!" Charles exclained. "You'll no doubt have a lot to talk about with Ted
Cartl and when he gets back, Lee. Did Murdoch tell you about Ted?"

"I's that the English guy that Iives here?" Lee asked. "Used to be in the Air Force...been
all over."

"Aye, that's him" Charles confirmed. "He was born in Mal aya. His father was major in the
Arny, attached to the Australians. Ted's quite an interesting chappie.”

"Where is he?" Miurdoch asked.

"He's been away for a few days, working with one of the firms that we use for conponents,"”
Charles replied. "He should be back tonorrow. " The old nman sat back in his chair and drained his
glass. "Ah well, it sounds as if the two o' ye are still a solution waiting for the right problens
to appear. But there's no rush. You know your own minds better than anyone. There's many a nan in
this world who's rushed headl ong into the wong thing without thinking, and then had to spend the
next half of his life getting hinself out o' the ness he's made." He | eaned forward to refill the
gl ass froma decanter beside him The other two watched in silence, wonderi ng when he woul d get
around to the topic of their visit and the reason for it.

Charl es | eaned back and settled hinself nore confortably into the chair with his glass.
"So, Lee," he said, as if reading their thoughts. "How much do you know about the background to
what Ted and | have | been up to here?"

"Doc's talked to ne quite a bit about it off and on," Lee replied, uncrossing his | egs and
straightening up in the chair. "I know you spent a lot of tinme in the States at places like MT,
Princeton, and Stanford...and after that at NASA and the Defense Departnent, before you cane back

Murdoch interjected. "I've seen him break concrete bl ocks
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here. |'ve read the papers you published on the isolation of free quarks. That was at Stanford,
wasn't it? | guess it nust have started sonewhere around there."

"That was in the eighties,” Charles said, nodding. "But | suppose you're right in a way:
That did lay the foundation. But the really interesting things started happeni ng about ten years
ago. | was with NASA by then, but Stanford was still carrying out experinents involving quarks.
Sone of the experinents were giving anonmal ous results that nobody coul d explain, so they asked ne
to go down and have a | ook at them because of the work |I'd been involved with there previously."

" Somet hi ng anal ogous to nucl ear resonances, wasn't it?" Lee said.

"Aye. They occurred in connection with nucleons decaying into three quarks. The specific
cases were when a nucleon broke down first into two quarks plus an internedi ate particle, and then
the internediate particle transforned into the third quark. The 'quason,' which was the nane given
to the internediate particle that had been tentatively postul ated, had never actually been
detected or observed as such. As you say, it was like a nuclear resonance, but its lifetine was so
many orders of magnitude shorter even than that of a resonance that some people were doubting it
existed at all. It was sinply an entity with certain nathematical attributes needed to account for
the slight delay between the appearances of the first two quarks and the third one. The problem
was that, in the |ight of the nore accurate neasurenents that had been nmade by that tine, it was
i mpossible to assign a set of properties to the quason that were internally consistent. There was
al ways sonething that contradicted the experinental data."

"Yes, | renenber reading about that in sonething that Doc showed ne," Lee said. "Didn't
you offer an interpretation that didn't require quasons at all?"

"That's right,"” Charles replied. "But the alternative interpretation that | proposed
called for a rather unusual assunption: that all three quarks were created sinultaneously, but the
data defining the first two had propagated backward in tine. The nagnitudes involved were of the
order of ten-to-the-mnus-thirty-second -- about the tinme light would take to cross a quark -- but
real neverthel ess.

"Results of other experinents from other places too involved the same kind of thing,"
Charles went on. "To cut a long story short, it turned out that they could all be interpreted
consistently on the basis of information propagating forward or backward through tinme, wthout
quasons coning into it at all. So there were two explanations; one was testable but
unsati sfactory, the other consistent but apparently nonsensical. As you can inagine, there was a
| ot of arguing going on around then."

"That's sonething | was neaning to ask about,’
when, ten years ago?”

"Aye. Around the turn of the century."

"I checked through a |ot of the papers and journals from around then, but | couldn't find
much nention of it.The only things | saw were the things that Doc showed me, which | guess he got
fromyou. How come? And if you' ve proved now that the no-quason interpretation is correct, how

Lee said. "This woul d have been around

conme the traditional version is still accepted practically everywhere?"
"Ah well..." Charles paused to sip his brandy. "There were two reasons. First there was
the obvious thing: Alot of scientists opposed the theory on principle. | can't say | blane them

really. It conflicted with all the accepted notions of causality, and the overwhel m ng tendency
among nost of themwas to stick with the choice that at |east retained faniliar concepts and nade
sense, even if it was giving ragged results. It wouldn't have been the first time in the history
of science that that had happened. So, | suppose, | was part of a very small minority...but then
maybe | al ways was an awkward cuss.

"Then on top of that | was just in the process of noving from NASA to the Defense
Departnment. There were all kinds of security regulations, classified information restrictions and
all that kind o' drivel to contend with, and sone silly ass sonewhere got it into his head that
this particular topic mght have defense inplications. | can't for the life of ne imagi ne why, but
that was enough to keep nost of the story out of the linelight.

"Anyhow, | was convinced | was on the right track, never nind what the rest of themwere
sayi ng, and through the work | was doing at the Departnent, | kept in touch with a few people at
pl aces |li ke Los Al anbs who t hought the sane way. You see, there were a few unofficial experinents
goi ng on here and there even though it was supposed to be restricted work. Eventually everything
started coming out of the woodwork and the whole thing turned political. | got fed up with the
whol e dam busi ness and canme back here to be left alone. As Murdoch has told you, |I've worked here
ever since. It nust be, oh...three years or thereabouts now. "

"And has this guy Ted Cartland been here that |ong too?" Lee asked.

Charl es nodded. "I got to know Ted while | was still at NASA. He was at Cornell, involved
with designing orbiting detectors for X-ray astronony. He'd been mxed up with shuttle and
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satellite design and testing while he was in the RAF...a lot of liaison with other countries and
that kind of thing. He'd worked with the people at Cornell in the past, knew themall, and noved
there when he left the RAF. They were doi ng work for NASA, and that was how we got to know each
ot her.

"When | decided to nove back to Scotland, | had the feeling that | wasn't far fromthe
poi nt of producing a device to test the theory |I'd been working on. Now |I'm not ruch of a
practical man when it comes to putting together gadgets and el ectronics and such, but Ted is. So
invited himto come back as well to take care of that side of things."

Wth that, Charles enptied his glass for the second tine, set it down on the edge of the
hearth, and stood up. "Anyhow, enough of all this witterin' on |ike three old wonen," he said.
"You nmust be wondering if I'mever going to show you the nachine itself. Let's get along
downstairs to the lab."

CHAPTER FOUR

The | ab was much as Murdoch renenbered it fromhis last visit, although it seened to have
sprouted a few additional itenms of equi pment. One side of the roomwas taken up by a large
wor kbench running almost the full length of the wall, littered with tools and unidentifiable
el ectronics assenblies in all stages of confusion. Along the back of the bench stood a line of
stacked wavef orm anal yzers, synthesizers, power supplies, and other instruments studded wth
buttons and covered in screens, and interconnected by unravel ed rai nbows of tangled wire. A
section of ceiling-high storage racks, cramed w th books, boxes, and conponents, occupied the
space between the bench and the door; the wall opposite supported a |arge bl ackboard, covered with
formul as and cal cul ati ons, above a | ong netal table sagging beneath a | oad of charts and papers.

The machine itself stood along the wall facing the door. It consisted of a main display
and control console; a DEC PDP-22/30, obtained secondhand through one of Charles's friends who
worked for British Admiralty research and conplete with its own high-density nmenory subsystem
pl us sone options fromother sources; an auxiliary term nal connected to the national datagrid; a
trio of enclosed, four-foot-high cubicles; and a junble of electronics strung together in open
racks. A cluttered desk beside the operator's chair at the main console and a set of heavy cabl es
runni ng through the wall to the generators in the next room conpleted the scene.

Sayi ng not hi ng, Charles wal ked to the console and brought the systemto life with a few
rapid taps of his fingers. He glanced at the main screen, issued another conmand-string, and cut
off the display. A few winking lights on the main panel were all that was left to show that the
system was active. Then a sheet of glossy, plasticized paper slid fromthe hardcopy slot and into
the tray beneath. Charles picked it up, ran his eye quickly over whatever was printed on it,
folded it in tw with the printed side inward, and then | ooked up

"Now, Murdoch," he said. "Wuld you be so kind as to sit yourself down there at the
consol e."” Miurdoch obliged. Lee noved forward to watch over his shoulder. "There's a cl ock-readout
counting down seconds at the top of the screen there," Charles went on. "Wen it gets to zero,
want you to type in a string of nunbers and letters, up to a nmaxi num of six characters."

Murdoch frowned up at him "Wat, anything? No particular |ength?"

"I't does not nmatter. Anything you like."

Murdoch shrugged. "Ckay." He waited for the zero to appear, and then rattled in a random
sequence. The main screen in front of himdisplayed:

2H7vi 9

"That it?" he inquired.

"That' Il do," Charles said. He unfol ded the sheet of hardcopy that he had been hol di ng and
passed it to Murdoch wi thout saying anything. Mirdoch | ooked at it; Lee gasped audi bly behind him
The sheet read:

1 January 2010, 2038.00 Hours.

TEMPORAL RETROTRANSM SSI ON TEST. No Fil e Reference.
Manual | nput Sequence. Transmi ssion advance 60 seconds.
2H7vi 9

END

Al t hough t hey had been nore or |ess prepared for what to expect, Miurdoch and Lee were too
stunned for the monent to say anything. Tal king about this kind of thing in the car from Edi nburgh
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was one thing; seeing it denonstrated was quite another

"I't works with conputer-transmtted nunbers too," Charles conmented matter-of-factly after
a few seconds. Murdoch continued to stare with disbelieving eyes at the sheet of paper in his
hand.

Lee | ooked slowy up at Charles, his brows knotted in benmusenent. Hi s |ips noved
soundl essly for a second or two. Then he whispered, "That...that was printed before Doc even knew
what you were going to ask himto do. This really isn't sone kind of conjuring trick? Are you
sayi ng those characters were sent backward through tine?"

"Aye. Sixty seconds, to be exact." Charles | ooked back at himinpassively.

"They exist!" Miurdoch breathed, finding his voice at last. "The tau waves that you've
al ways predicted -- they really do exist!"

"So it would appear," Charles agreed.

As Murdoch sl unped back in the chair and began turning over in his nind what it all neant,
Lee gazed with new respect at the array of equi pment surrounding him It didn't |ook particularly
spectacular; in fact, as far as external appearances were concerned, it could have been any one of
a hundred | ab | ash-ups that he had seen before in all kinds of places. And yet what he had just
observed had shaken himnore that anything he could renenber in his twenty-eight years. Mirdoch
had tol d hi menough about Charles's work for himto have a general idea of how the machi ne worked,
but inwardly he had never believed that anything would come of it.

The influence that propagated through tine originated with the annihilation of matter
that is, the conversion of mass into energy. The nmass-energy equival ence rel ati onship becane
nonl i near at high energy densities; under extrene conditions, |ess energy appeared for a given
anount of mass than traditional theory said ought to. The hadron decay into quarks that Charles
had nentioned had been the first instance to be noticed; at the high energy density prevailing
inside the infinitesimally small volume of the interaction, |ess gluon binding energy had been
nmeasured than had been predicted. Were did the rest go? According to the theory devel oped by
Charles and his colleagues, it had propagated away as tau waves and rematerialized as mass-energy
at another instant in tinme. Because of the small scale of the events, the resulting tinme shifts
had been of the nminute order that Charles had described. But at higher energy densities they
proni sed to be nore

Charl es's nmachi ne achi eved high energy densities by focusing an intense beam of positrons
onto a magnetically confined concentration of electrons. It enployed a | aserlike punping technique
perfected in the USSR about fifteen years before to generate energetic gamm photons, which in
turn bred el ectron-positron pairs. The positrons were channeled by tuned fields and directed at a
confined, negative space-charge to produce the sustained annihilations that the process denmanded
Unlike the giant particle accelerators, which were designed to produce a few isolated events but
at enornous energies, this machi ne produced many events at noderate energies within a tiny vol une
of space; it was the energy density that nmattered. That was why the nmachine didn't need to be as
| arge as the whol e Storbannon estate; it also explained why the discrepancies attributable to the
tau waves had renai ned undetected through the earlier decades of particle physics.

The result of the annihilation process was a burst of conventional energy, which was
absorbed by a cooling arrangenent, and a pulse of tau radiation that woul d reappear in detectable
form el sewhere along the tine line. The energy of the ganma photons coul d be varied, enabling the
point in the future or in the past at which the tau pulse would naterialize to be adjusted with a
hi gh degree of precision. The machine therefore functioned nore |like a tel ephone than a radio; the
sender could "aim' a pulse at a selected instant, in the past for exanple, but a receiver in the
past, or future, had no neans of "tuning in." A receiver could do nothing but wait for incom ng
cal I s.

Lee was unable to identify which of the cubicles and racks contai ned whi ch conponents, but
he woul d have anple tinme in the days ahead to beconme faniliar with such details. For the tine
bei ng he just wanted to know nore about the basic principles.

"How is the character infornmation nodul ated onto the positron bean?" he asked Charles. "Do
you interrupt it sonmehow to get a serial code?"

"That would introduce too many conplications, as you'll appreciate later on," Charles
replied, shaking his head. "It sends one data-frane in parallel code. The beamis split forty-
ei ght ways to give forty-eight simultaneous tau pulses. Thirty-six of themare used to encode six-
bit characters, which is why we're restricted to a six-character nessage at the nmonent. The ot her
twelve bits are for control and timng signals.”

"So the sequence that Doc keyed in was stored first, then transmtted all in one block."

"That is correct," Charles said.

Lee nodded slowy and rubbed his chin while he | ooked at the equi pnent again. The shock
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was wearing off, and he was beginning to think nore coherently. "So what's its...its range?" he
asked. "How far back can it send?"

"That's determ ned by three factors,” Charles answered. "The nagnitude of the pul se sent,
the sensitivity of the receiving detector, and the absolute velocity of the Earth through space.
You see, the tau pul se reappears as detectable energy at the sane point in space as it was
generated. Theoretically the profile of the reappearing energy wave forns a spherical surface that
expands at |ight-speed about that point with increasing distances back along the tineline. After
one second back in tinme it would occupy a volune one hundred and ei ghty-six thousand niles in
radi us, after two seconds one of tw ce that radius, and so on."

"It can't be," Lee protested. "The nachine's not big enough to pack that nmuch power. How
could one pulse fromit fill a volune that big?"

"Ah, | only said that was theoretically," Charles reninded him "That's the mathenatica
limt. Inside that volunme, the intensity falls off exponentially fromthe center-point. The signa
exi sts everywhere inside that expandi ng vol ume. However, to receive it, the receiver can only be
up to a certain distance fromthe center of the wave pattern, depending on how sensitive it is.”

"So that's where the velocity of the Earth comes into it," Lee said. "The Earth will have
nmoved between the tinme of sending and the time of receiving. You can only send as far back as
corresponds to noving the receiver to its limt of sensitivity."

"Exactly," Charles confirmed. "According to the data from Doppl er shifting of big-bang
background radi ati on, the Earth noves about twenty-one nmillion niles in a day. The detectors in
the machine will operate reliably up to approximately one hundred and forty-five thousand mles
fromthe center-point of the wave pattern produced by the |l evel of tau pulse that this machi ne
sends. If you work that out, it gives you a range of just about ten ninutes."

Lee shook his head in wonder and stared at the characters still preserved on the screen in
front of Murdoch. "So how | ong have you had it working now?" he asked.

"Only since two days ago,"” Charles told him "I got it to work for the first tine the day
before I called Murdoch. Even Ted Cartland hasn't seen it yet. | called hima few m nutes before

cal l ed you, Murdoch, but he's stuck in Manchester and won't be able to get away until tonorrow
nmorni ng. " Charl es cackl ed wheezily. "The poor fellow was beconing frantic when | talked to him
again, earlier today."

Murdoch was only half listening. He was still staring at the console, nentally replaying
each step of the denonstration that Charles had given. The question going through his mnd was
obvious. Finally he | ooked up at Charles. "Wen you set this machine up a few m nutes ago, you got
the hardcopy first. Then you started up a programthat would tinme-out after sixty seconds and send
back whatever | typed in. Is that right?"

"Yes," Charles said sinply.

Murdoch t hought for a nonent |onger. "Okay. Let's ask the hundred-thousand-doll ar
guestion: What woul d have happened if 1'd sinply decided not to key in anything at all after the
si xty seconds? \Wat woul d have happened to the characters that were already on this sheet? How
could they have gotten there?"

Charl es nodded as If he had been waiting for Mirdoch or Lee to ask that, and noved forward
toreinitiate the system Then he stepped back. "Try it and see," he invited.

Murdoch | ooked at the hardcopy slot expectantly and waited. Behind him Lee noved cl oser
and watched intently.

Not hi ng happened.

Murdoch's face knitted into a puzzled frown. After a while he | ooked up at Charles, but
there was no surprise in Charles's expression. They waited.

"I don't believe this," Lee nmurrmured at last. "It's no different than last time. Surely an
intention inside sonebody's head can't make any difference to what the machi ne does. That's for
ESP freaks."

"Wait," Charles told them

They wai t ed.

Suddenly the slot ejected a sheet of paper. Lee |eaped forward and snatched it up

"I't says MJURDCC, " he announced.

"When was it sent?" Mirdoch demanded

Lee checked the time printed on the sheet and glanced at the tine-of-day readout on the
console. "It's still set up for sixty seconds," he said. The countdown di spl ay had appeared at the
top of the screen to confirm his words.

"Right," Mirdoch declared. "We'Ill just see." He sat back in the chair and folded his arns
in determnation. Clearly he had no intention of doing anything when the zero arrived. Charles
wat ched, but said nothing. The final seconds ticked by; Miurdoch and Lee becane visibly tense. Then
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the zero appeared.

And that was that. The paper with its printed record remained in Lee's hand, and tine
mar ched on past the deadline regardl ess. Two faces jerked round toward Charles, demandi ng an
expl anat i on.

"I don't know," Charles said quietly. "I don't know who sent that, or where from either."
The other two gaped at himincredul ously. They were too confused for a nonment to say anyt hing.
Charl es stepped forward agai n and used the touchboard to bring up a color display on the screen
It showed a horizontal line across the bottom annotated with nunbers |ike the X-axis of a graph
with zero at the center; above the line, the main area of the screen was divided vertically into
three broad bands: a central white one separating two of gray.

"This is a graphical representation of the nachine's wi ndow of range," Charles expl ai ned
"The horizontal axis is tine, with the present instant corresponding to the zero in the mddle.
The white zone is twenty nminutes wide; that's the wi ndow of the machine's current range, extending
ten mnutes forward and back. The gray areas on either side are the edges of the future and the
past |lying outside the ten-m nute range."

To the left of center inside the white area, they could see a short red bar standing up
fromthe scale at the point denoted by -6 -- six nminutes into the past, and a simlar, but dotted,
red bar at -5 minutes. There was a second pair of bars, this tine blue; the solid one was at -11/2
nm nutes, the dotted one at -1/2 minute.

"Those two solid lines represent signals that the machi ne has received and | ogged, "
Charl es explained. "The red one at mnus six mnutes is the random sequence of characters that
Murdoch sent back a little while ago. Sone of the control bits sent with every signal denote the
tinme of transmission, so the conputer can plot on the display when the signal was sent, which it
does by adding a dotted Iine of nmatching color in the appropriate place. You can see that the
dotted red line is a nminute ahead of the solid one in tine. If you watch cl osely, you should just
be able to make out that the whole pattern is creeping slowy to the left as tine advances. Thus
the zero in the center always corresponds to the current instant." Charles paused and took a | ong
breath, as if he were being forced to say sonmething that he didn't really believe. He raised his
arm and pointed at the second, blue pair of bars. "The solid blue line, now at m nus two m nutes,
represents the reception of the signal that Lee read out two ninutes ago. And the correspondi ng
dotted line" -- he pointed with his finger -- "is the nachine's reconstruction of where it was
sent from-- a point in tine that is now one mnute behind where we are right now. " He stopped
speaki ng and waited for the protests that he knew woul d corme.

"That's crazy!" Mirdoch exclainmed. "I didn't send anything one mnute ago. You were both
wat chi ng ne. Nobody sent anything one nminute ago. There has to be sonmething screw with the
system How could -- Wat the...?" He sat forward abruptly and stared wi de-eyed at the screen. A
solid green bar had appeared right on the zero-point of the scale, indicating that another signal
had been received at that very instant. At the sanme tinme a dotted green bar had appeared sixty
seconds ahead of it -- sixty seconds in the future. The hardcopy sl ot disgorged another sheet.

"It says 'CRAZY,' " Lee told themin a bewildered voice. "What in hell's going on?"

A solid yell ow bar appeared at zero to the right of the green one, which had al ready noved
a few seconds leftward into the past. Its dotted yell ow conpanion was well over to the right of
the white area, denoting that sonmething had conme in fromabout eight mnutes in the future.

Charl es touched a pad to deactivate the hardcopy unit.

"We can | ook at what the signals actually say later," he said. "I don't think it matters
all that nmuch for now " It was alnost as if he knew what was going to happen next. The display
suddenly went wild. Bars of every shade and col or added thenselves at the zero-point as fast as
the ones already there could shuffle out of the way, producing a solid, rectangular, rainbow
spectrumthat steadily extended itself relentlessly toward the left. At the sane tinme the right-
hand hal f of the white area, representing the future ten mnutes of the machine's range, filled
haphazardly with matching dotted bars to conplete each pair

Mur doch sl unped back in the chair, shaking his head as his m nd abandoned the struggl e of
trying to find reason in what his eyes told himwas happening. The solid bars nerged into a bl ock
of color that grew until it covered the full ten mnutes of the past. By that time the isol ated
red and blue bars with which the whol e thing had begun had been pushed out of the white area
conpl etely, and were now standing alone in the | eft-hand gray zone, beyond the ten minutes of the
machi ne' s range; al nbst twenty minutes had el apsed since Charles's initial denmpnstration

And t hen Murdoch noticed sonmething. He sat forward and peered closely at the bl ock of
col ors denoting incom ng signals. The bl ock was not conpletely solid; there were a few thin,
scattered gaps, indicating points in time during the previous ten mnutes at which no
transm ssions had been received. That nmuch was fact -- already recorded and firmy sealed in what
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was now the past. A thought occurred to him He pointed toward the screen and | ooked up at
Charl es.

"Those small gaps there,” he said. "Could we set up the machine to send a signal back into
one of then?"

"We could," Charles answered. "Wich one?"

"How about that one?" Murdoch pointed. Charles went quickly through the routine of
initiating the systemto transnit and set the time-shift to select the gap that Murdoch had
i ndi cat ed.

"It's all yours,"” he announced.

Mur doch studi ed the display for a nonent and paused with his fingers an inch fromthe
touchboard whil e he thought about exactly what he wanted to do. He licked his lips and nental ly
conposed a nessage. Anything would do -- any nonsense word sufficiently distinct to be
identifiable, such as MJRDOC or CRAZY or..

And then it slowy dawned on him He was not going to prove anything or uncover anything
sensational. Wat else did all the bars crowded together across the screen tell him but that
sonebody -- sonme where, sone tine -- had already asked the sanme question as he, and was trying to
do the sane thing. And that sonebody wasn't getting any answers. If he were, why did he keep
trying the sanme thing over and over again? Doing so obviously wasn't getting that sonebody
anywhere; there was no reason to suppose it would get Murdoch anywhere either. He drew his hands
back fromthe touchboard and sank back with a sigh to find Charles nodding slowy, as if Charles
had al ready read his m nd.

"You were thinking of trying to fool it, weren't you?" Charles said. "The screen says
there were a fewtinmes in the past ten mnutes at which nothing cane in. Fact. You wondered what
woul d happen if you tried sending sonething back to one of those tines anyway. How could that be
reconciled with what's staring you in the face? AmI right?"

Mur doch nodded. "You've thought the sane thing, haven't you?"

"Naturally."

"And?" Lee asked.

"I never tried it," Charles answered. Then his voice took on a nysterious note. "O at
least if | did, | don't know anything about it." He | ooked fromone to the other and took in their
puzzl ed frowns, then waved a hand in the direction of the display. "Look there. W sent all those
signals that are plastered all over the place? Alot of themwere sent in what has becone the past
al ready, but none of us here sent them Sonebody must have." The statenent voiced what was al ready
witten across Mirdoch's and Lee's faces.

Charl es activated the hardcopy unit to obtain a single-sheet summary of all the nessages
that had come in. He scanned quickly down it. "There's no real rhyne or reason to any of it," he
told them "Things like TEST1 and TIMEl...Here's an interesting one. It says, GAPFIL. It suggests
t hat perhaps whoever sent it was thinking exactly what you were thinking, Mirdoch." He handed the
sheet to Murdoch and proceeded to shut down the system

The nystified | ook on Mirdoch's face deepened as he read. "Wiat are you getting at,
Grandpa? Are you trying to say that | did send all this? That's ridicul ous!"”

"l don't know," Charles replied. "You tell nme. Are those the kinds of words that woul d
have occurred to you?"

"But it worked," Lee nurnured. He was nassaging his broww th his fingers, stil
struggling to find sone shred of sanity in what had transpired in the previous hal f-hour. "That
first test you showed us when we canme in -- it worked."

"Aye," Charles agreed. "When Murdoch had no idea of what | was going to ask himto do, it
wor ked. But as soon as he knew what to expect and began fornming ideas in his head about trying to
fool it, we got nothing but nonsense fromthat point on."

"l still say the whole thing's inpossible," Lee insisted. "It's what you do that affects
what comes out of a nmachine, not what you m ght do or what you think of doing."

"Yes, but what you think now m ght be the cause of what you do l|ater,"” Charles pointed out
"And that's the kind of thing we're nessing around with." He started for the door; Lee turned to
follow, and Murdoch stood up and noved away fromthe console. Charles went on, "I think what it
proves is that idle playing around like this isn't going to help us nake sense out of it. W need
to sit down and work out a systematic approach. | agree with you, Lee. | don't believe in nystica
forces or any of that trash either. As I've said, I've only been working on this nyself for a
matter of days, so | don't pretend to have many answers as yet. This whole thing takes us into a
new real m of physics that's stranger than anything you can inagine. But | believe it is part of
physi cs, nevertheless, and there is sone kind of sense at the back of it all. That's what we have
to see if we can work out."
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As Murdoch turned to follow themtoward the door, a slight nmovenment fromthe | owest of the
storage shelves by the workbench caught his eye. A tangle of wire and cabling, bal anced
precariously on the edge of the shelf, was noving as if alive. As he watched in amazenent, it
rolled off and tunbled to the floor. A sleepy, bew |ldered, black-and-white, whiskered face poked
itself out and gazed about.

"Hey, who's this?" Miurdoch said, stooping to disentangle the kitten fromthe weckage. "A
new nenber of the househol d?"

Charl es | ooked back fromthe door. "Och, the wee rascal nust have followed us in. He's
been here a few weeks now. Do you renenber John Massey who runs the garage down in the village?
Hs wife gave it to Morna. Their cat had a litter o' five."

"He's cute." Murdoch picked up the squirmng ball of fluff and held it up in front of his
face. "The black chin and white patches nake himl ook mad, kinda |like a pug. Wiat's his nanme?"

Charles told him

Murdoch's mouth opened in surprise. "Wat!" he exclainmed. "Janmes Cerk Maxwel | ? You can't
call a cat that!"

"And why not, mght | ask?" Charles demanded gruffly. "It's a grand name of science, and a
good Scottish one on top o' that." He closed the | ab door and began wal ki ng al ong the passageway
toward the stairs that led up to the main hall. "I'lIl no' have any of your 'Kitty' or your

"Tibbles' or such other dam trash for as long as |'mnaster o' this house," he told them

CHAPTER FI VE

Despi te having been born in Los Angeles, Mirdoch Ross did not consider hinself to be truly
an Anmerican at heart. He was by inclination nore of a thinker than a proverbial Anerican nman of
action. The Americans seemed to get things done while the rest of the world found tine to think
about what it all neant, and therefore to criticize.

One of the things he valued in |ife was peace and quiet. He appreciated friends who tal ked
when they had sonething to say and shut up when they hadn't. That was probably one of the reasons
why he had always got along well with Lee.

Breakfast next norning in the kitchen, which was where Murdoch preferred to eat when he
was late in rising, was marked by a distinct |ack of conversation. The neal passed with hardly a
word being said, and at the end of it Miurdoch found hinself gazing at his enpty, egg-sneared plate
with the riddle of the previous night's events still turning over and over in his mnd. On the far
side of the table Lee, presumably occupied with simlar thoughts, was toying idly with a fork
whi |l e behind him Ms. Paisley, Charles's mddle-aged, buxom gray-haired cook, was pouring coffee
into two | arge nugs.

Evidently, Miurdoch told hinself, future selves did exist who were just as "real" as the
selves that existed at a given present nmonment. That had to be so since sonebody had sent the
"phant onf' signals. Wioever had sent them had clearly not existed in the universe that Mrdoch had
perceived and forned part of, and for that matter that he still perceived and still did form part
of . Therefore whoever had sent the signals had to exist in sonme other universe. But what universe?

There appeared to be only two possibilities. First, the phantom sel ves nmi ght have existed
el sewhere in a systemof "serial universes" simlar to that which Murdoch had described to Lee
during the drive from Edi nburgh. On that basis there would be a future universe, one ten m nutes
ahead of the present one for exanple, in which certain events were unfol ding as shaped by the past
circunst ances of that universe; when the present universe had advanced ten minutes, it could find
that the events that it came to experience were not the sane. In the neantine the forner future
uni verse woul d have noved onward to lie still ten minutes ahead.

This nmodel would be Iike a procession of boats drifting down a river on the current, with
the river being the tinmeline and each boat being one of an infinity of universes follow ng
sequentially along it. Each boat would be acconpanied by its own present circunstances, which
woul d be continually evol ving and providing nenories of pasts; a past as renenbered, however,
woul d not necessarily be identical to, or even simlar to, the events that sone other boat back in
the Iine upstream was experiencing. Thus a patch of floating weed might constitute a pernmanent
feature in the universe of one boat, but not exist at all in the universes seen by the rest.

The alternative was that the future selves who had sent the signals had existed on a
different tineline, or tinelines, entirely. That woul d be anot her possible way of explaining how
those future selves had apparently done things that nobody in Miurdoch's universe had | ater done.
This picture inplied sone parallel branching structure of universes in which every point along a
tinmeline becane a branch-point into a possibly infinite nunmber of other tinelines, with the
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branches forking unidirectionally |like those of a tree.

Nei t her concept was especially new, people had been specul ating on possibilities |ike that
for a century or so at least. The big difference now, of course, was that previously there had
never been any neans avail able of testing such notions. Having separated the two alternatives in
his mnd, Mirdoch turned his thoughts back to reexamming the first -- that of serial universes --
nore cl osely.

Suppose, he thought, that fixed instants in tine corresponded to | andmarks al ong the river
bank. A particular tree, for exanple, could be noon on a particular day. Thus each of the boat
uni verses woul d conme to experience its own noon in turn as it passed on its way by. At the instant
that a given boat was passing by the tree, sone random event could take place in the "now' of that
boat's universe, such as a fish junping out of the water alongside it...or sonebody onboard typing
a particular string of characters into a conputer touchboard panel. G ven Charles's nmachine, the
crew of that boat could informanother boat following ten minutes behind that a fish had been seen
just as they were passing the noon tree. But in general, the crew of the second boat woul d not
expect to observe the same event when they cane to pass the tree, for they would be acconpani ed by
a different body of water with different things happening in it. Therefore, in the serial-universe
nodel , different crews woul d observe different things at simlar tinmes. Sone changes ni ght evol ve
slow y, such as a patch of bad weather that many boats might pass through before it cleared, but
i nsignificant randomthings |like the fish junmping out of the water woul d have no correl ation

But the string of random characters that Mirdoch had typed in had nmatched the one that had
been received sixty seconds before. Thus the serial nobdel, or at |least that interpretation of it,
did not appear to fit the facts. An inhabitant of the boat type of serial universe would be able
to influence what happened to other boats followi ng his by advising their occupants of things he
knew but they had not encountered yet, but nothing he did could ever alter his situation, which
woul d have resulted fromevents in the universe noving along with him In other words he woul dn't
be able to change his own past. But Miurdoch had received the sane data as he had later sent. If
that data had been perhaps the sequence of a roulette wheel or the result of a horse race, he
m ght well have changed his past very significantly indeed.

He sat back and exhaled a long breath as he relaxed to give his mnd a break

Lee returned fromhis own realns of thought and | ooked up. "I don't see that it can be
serial."

"No." Murdoch agreed.

There was nothing nore to be said about that.

Ms. Paisley took the sudden burst of conversation as a sign that normal civilities were
in order again and gl anced around from where she was stacking dishes in the di shwasher. "You're
way past your nornal tine today, Miurdoch," she renmarked. "The two of ye were late getting to your
beds, I'Il be bound."

"Well, we had a lot to talk about l[ast night," Mirdoch answered. "l guess we nust have
been up until...oh, | don't know what tinme. Anyhow, we're still on U.S. tine, don't forget."
"Every bit as bad as Sir Charles,” she declared. "I'd give you another six nonths here,

and there'd be no telling the two of you apart."”

"Wth nmy accent? You' ve got to be kidding."

"I't's what goes on inside o' your head | was nmeani ng, not what cones out of it." She
cl osed the di shwasher and began returning unused food to the refrigerator. "And did you sleep well
after all the tal king, M. \Wal ker?"

"Fine, thanks. | prefer just Lee."

"I shoul d have guessed you'd be every bit as easygoing as Murdoch,"” Ms. Paisley said,
noddi ng. She cl osed the refrigerator door and stood for a nonent |ooking at the two Anericans as
if trying to make up her mind about sonething. Then she nobved a step nearer the table and all owed
her voice to drop to a |lower, alnost conspiratorial, note. "There is sonmething |'ve never really
felt I could ask Sir Charles about," she said. Mirdoch raised his eyebrows inquiringly. "If you
don't mind ny being inquisitive, what is it that he's doing down there with all those machi nes and
t hi ngs?"

"He's nmaking a Frankenstein nonster,"” Mirdoch whi spered. "Wat else do people do with
strange machines in the basenents of old castles?"

"There's many a true word spoken in jest," she murmured, |ooking doubtful

"Well, actually he's not."

"I"'mvery glad to hear it."

"Seriously, he's just using the computers to try and prove sone of his nathematica
theories. Al very acadenic. Nothing spectacular."”

"I see." Ms. Paisley nodded and seened satisfied. "I'd have thought that naybe he'd have
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seen enough o' that kind o' thing in his lifetime. Ah well, | suppose it can becone an obsession
just like nost other things in life." She shook her head and sighed. "And yet it's a strange thing
-- Robert cannot trust himwth the household accounts."

Mur doch spread his arnms along the edge of the table and | ooked across at Lee. "Feel like
stretching your | egs before we get back to work?"

"That sounds |ike a good idea."

"Aye, why don't the two of you be getting along," Ms. Paisley said. "Hanmish will be in
fromthe grounds any minute for his cup o' tea.”

"Sure. W'll get out of the way," Mirdoch said, standing up. "Come on, Lee. |I'Il show you
the rest of the house."

The large roomthat Mirdoch led the way into | ooked out through the French wi ndows over a
stone-railed terrace. There was a small bar at one end, and all around chairs were upended on
smal | tables. Mst of the other furnishings were covered by white dustsheets. Lee's footsteps
echoed enptily on the bare wooden floor as he foll owed Muirdoch in and stopped to gaze around.

"This part's normally closed down at this time of year," Miurdoch said. "It'|ll be opened up
again when the visitors start com ng back."
"Visitors?"

"Grandpa keeps hinself and the staff to the central part of the house, where we've just
come from The North Wng is practically self-contained. It's got bedroons, its own kitchen, the
| ounge here, plus a few other roons. Grandpa rents it to shooting parties later in the year...and
sonetimes for small business conferences and stuff like that. W call it the GQuest Wng."

"I'"d i magi ne the conpany does himgood," Lee said.

"It sure does. He often gets a lot of his pals staying out here. They have sonme good tines
when the Scotch starts flow ng."

"That's the stuff you drink, right?"

"Right." Miurdoch smled and wal ked across to the French wi ndows, opened one of them and
led the way out onto the terrace. The bal ustrade overl ooked an expanse of gardens, lawns, a tennis
court, and a sunmerhouse, all |ooking neat and trimdespite the covering of snow

"This area was laid out by Gandpa's father," Mirdoch said, gesturing. "Colonel Janes
Ross. "

"Soldiers in the famly too, huh?" Lee asked.

"That's right. He commanded a British Arny reginment in France during World War | --
Infantry. In Wrld War 1l he was a cryptographer for Mlitary Intelligence in London. You see,
there's the mathematical streak com ng out again.” The air outside was cool and fresh with the
breeze com ng down off Ben Myroch's west ridge. The sky had cl eared since the previous day,
allowing the sun to take the edge fromthe season's chill. "W can wal k back around the outside,"
Murdoch said. "The door will close itself." They descended fromthe terrace by a flight of shallow
steps at one end and began crunching their way along a gravel path that followed the wall of the
bui | di ng.

"There've been sone alterations to this part,” Lee conmented, |ooking up as they wal ked.

"Mostly in the 1960s and 1980s. The estate was nmanaged by a trust while Grandpa was in the
States. They ran it as a private hotel and shooting resort, which is how the Guest Wng cane to be
the way it is. When he canme back to Scotland, he nore or less left it the way he found it."

They rounded a corner of the GQuest Wng and crossed the rear courtyard to reenter the
house through the door by the kitchen. The kitchen was now enpty except for Maxwell, who was
| appi ng noisily over a dish on the floor and paid no attention to them They wal ked on through to
the front of the house and net Mdrna outside the sitting room who infornmed themthat Charles was
in his study and had given the inpression that he wanted to be left alone for an hour or so. That
nmeant that they would not be able to run further tests on the machine for a while, since they were
not yet fanmiliar with the detail ed operating procedures. Charles had, however, told themto fee
free to browse through any of the records and notebooks Iying around in the |lab, and they deci ded
to go down anyway to see what nore they could | earn

Fifteen minutes |ater Lee was | oungi ng agai nst one corner of the desk and studying a
listing of one of the systenis computer prograns, while Mirdoch was seated in the operator's chair
at the console, replaying again in his mnd the sequence of events that had taken place there the
previous night. After a while Mirdoch said suddenly, "It's not parallel.”

Lee | ooked up. "Huh?"

"It can't be, when you think about it," Mirdoch told him "G andpa asked ne to key in a
random character string, right?"

"Right."

“"If the structure was parallel, then that instant in tine should have forned the branch-
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point to as many parallel branches as there were possible sequences that | might have typed, which
must have been thousands...tens of thousands. According to the idea of parallel universes, al
those branches actually exist as different tinelines, and we just happen to exist on one of them?"

"I think I know what you're going to say," Lee said, straightening up fromthe desk. "The
instruction to send the sequence back woul d have been carried along every branch fromthe point
they diverged at."

"Exactly!" Mirdoch said. "So every one of all the me's who existed on all the tinmelines
woul d each have sent his own particul ar sequence back down his own branch. And all the sequences
woul d have arrived together at the point where the divergence had taken place, that is, the point
where we got the hardcopy print. Everything possible would all have cone in at the sane tine."

"You'd have saturated the receiver," Lee said. "It would have given a binary full-house --
all ones with no information content at all."

"Right. Al the codes woul d have been scranbl ed up together. The decoders coul d never have
made sense out of it. But it didn't happen that way. W got one code out, and it turned out to be
the right one. Therefore the explanation of parallel universes doesn't hold up."

Lee tossed the papers he had been readi ng down on the desk and paced slowy across the
| ab, rubbing his brow thoughtfully with his knuckle and frowning. Then he about-faced and returned
back to where Murdoch was sitting.

"So it isn't serial and it isn't parallel,’
the hell is it?"

"I don't know." Murdoch propped his el bows on the arnrests of the chair and swiveled it
absently fromside to side, his fingers interlaced across his chest. "Let's go through the whole
thing again, step by step,"” he said after a while. He swung back to face the console and swept his
eyes over it, as if the act of seeing it again might aid his menory.

Lee perched hinself back on the edge of the desk. "It worked okay until you deci ded you
were going to try to fool it," he said. "You were going to wait for a signal to come in and then
not send it when you were supposed to. W waited for a long tinme, and nothing happened.”

"Right. But we did get a signal without any problemthe tinme before that, in the denp we
got from Grandpa when we first came in. W didn't think of trying to fool it that tine because we
didn't know what was going on. So what was the difference?"

"You just said it," Lee replied. "'We didn't know.' Sonmehow that in itself was enough to
change what happened afterward." Mirdoch nodded. Lee thought for a moment, then went on, "Maybe
that's not so strange. Present intentions affect future actions all the tinme. You decided you
weren't going to send anything, and sure enough nothing got sent. So we never received anything.
The future you was sinply not doing what the earlier you had decided not to do. So far it nmkes
sense. "

"So far," Murdoch agreed. "But then sonething did come in, so evidently the future ne
changed his mnd. The nmessage said MJRDOC, so | assune it was froma 'ne' sonewhere, and fromthe
| ook of it a ne who was a few nmi nutes ahead of that point in tine. Wiat woul d have changed ny m nd
and made ne decide to send sonething after 1'd nmade ny mind up not to?"

A brief silence descended. Lee straightened up, wal ked slowy across to the storage rack
by the door, and stood toying idly with a section of waveguide that was lying in a cardboard box.
Then he turned to face back across the room

"You hadn't made your mind up not to send anything," he pointed out. "You'd only rmade your
mnd up not to send whatever cane in. So let's assunme that the future you who sent MJRDOC had al so
deci ded the sanme thing. And since there's no reason not to, let's also assunme that he stuck to it.
That nmeans he couldn't have received any signal that said MJRDOC i n his past, because if he had he
woul dn't have sent it. But obviously he did send it. So the question is: Wat nade himsend that
signal back on the spur of the nonent, at a tine when he hadn't received anything at all?"

"l shouldn't have to ask that question because | ought to know the answer," Mirdoch
replied. "A few nminutes after | received that signal, |I should have become him But | never was
hi m because | never sent it." He sighed with exasperation and pivoted the chair through a ful
circle.

Lee waited until they were facing one another again. "Wll, let's imagine first for the
sake of argunent that you did becone him" he suggested. "Wat were you thinking of a few ninutes
before that signal cane in?"

Mur doch sat back and covered his eyes with his hand as he tried to cast his mnd back to
the previous night. "Let nme see now...|l'd been waiting for a signal to conme in. Wen it cane, |
wasn't going to send it. W waited...Nothing happened. W' ve been through that. What then?..." Hs
face screwed itself into a frown as he thought. Lee watched and waited in silence. Then Mirdoch
went on, "After a while | was starting to get fed up with waiting. | was |ooking at the screen

he said. "There wasn't anything el se, so what
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here and seeing the time-axis enpty with nothing on it. | started wondering..." Mirdoch's voice
trailed away for a second. Then he | ooked up sharply. "Hey! | wondered what woul d happen if |
decided to send a signal back to a point that was already recorded as having had no signal con ng
in. | thought maybe 1'd try fooling it that way instead, since the other way didn't seemto be

getting us anywhere."

"And the you that sent the MJRDOC signal would have existed at just about the tine that
you were thinking that," Lee said, an undertone of excitement creeping into his voice. "So perhaps
he was thinking the same thing. Only maybe he did send sonething. And maybe that was what we
received a few mnutes earlier."

"So what happened to hi m?" Murdoch objected. "Were is he right now?"

"You coul d ask the sane question about all the other you's who sent all the other garbage
you never sent."

"Ckay, I'Il ask it. What happened to all the other ne's who sent all the other garbage
never sent, and where are they right now?"
"Well, if you don't know, what am | supposed to say?" Lee said. He spread his arnms w de,

then fol ded them across his chest and rocked back on his heels until he was propped agai nst the
door.

"Ckay then, let's go back to the nme that was nme," Miurdoch said. "I was getting fed up
wai ting, and | was thinking of sending a signal back anyway, but | hadn't got to the point of
actually doing it. Then suddenly the signal that said MJRDOC came in, which changed everything. At
that point | forgot all about what |1'd been thinking, and went back to what |1'd made ny mind up
about in the first place: not to send any signal that came in, when the tinme cane to send it. A
signal had conme in; | wasn't going to send it."

"And sure enough, you didn't."

"And we couldn't understand it."

"And a little while later, others started comng in. Wiat were you thinking then?"

"I"'mnot sure,"” Miurdoch confessed. "I think | was too confused to think of anything. Then
the garbage started com ng out of the sky. The next thing |I renenber is noticing the gaps, and
wondering what woul d happen if | sent a signal back into one of them" An intrigued | ook appeared
on his face. He pulled hinmself upright in the chair suddenly. "Say...that's the same situation
that we've just been through. In another minute or less |I'd have been at the point of trying it."

"Which is precisely where all the garbage was coming from" Lee pointed out.

Murdoch became visibly excited. "And it did | ook as if whoever sent all that stuff had
thought exactly that. Think of some of the signals that cane in -- GAPFIL, FILGAP -- things |ike
that. See, they're just the sort of menonics you' d pick if you were trying to do what |1'd started
t hi nki ng of doi ng. Whoever sent those signals nust have seen gaps just like |I did, and had the
sane idea."

"And they succeeded," Lee said, nodding. "But they couldn't have known they were
succeeding. If they'd known, they wouldn't have kept on doing it over and over."

"And that means none of them could ever have been nme," Miurdoch said. "Qtherw se they'd
have renenbered seeing what | saw." He slunped back in the chair again and threw out his enpty
pal ns. "Wich gets us back to the original question: W were they and where are they right now?"

Anot her silence ensued.

"I don't know," Lee said at last. "But it has to have sonmething to do with trying to set
up paradox situations, which is what you were doing. Wen you played it straight, everything
wor ked okay; when you, or sonebody somewhere, started trying to fool the system that was when
weird things started happening. That was the only thing that could have nade a difference.”

"We got results though," Miurdoch said. "The problemis they don't nake sense."

Lee unfolded his arns and wal ked back to the console. He stared at the enpty screen for a
while. "Then perhaps it's our ideas of what nakes sense that need revising. After all, what we
call conmon sense is based on the obvious fact that causes always cone first and effects |ater
But this machi ne says that things no |longer have to be that way. Therefore they can viol ate what
we call common sense. W' ve always called anything that did that crazy." He cl anped his hand
around the top corner of the console panel and wheeled to face Murdoch. "Wich seens, Doc, to |ead
us to the conclusion that, whatever the explanation turns out to be when we get to the bottom of
it, it's gonna have to seempretty crazy."

CHAPTER S| X

Edward Cartland returned shortly after lunch. Miurdoch, Lee, and Charles were discussing
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further thoughts on the previous night's devel opnents when a squeal of brakes sounded fromthe
forecourt outside the window, and was followed by a clattering of running footsteps, first on
gravel then on stone stairs, which termnated in the boom ng of the front doors being throw open
Bl urred snatches of a man's excited voice cane frominside the house and were answered by a few

hi gh-pitched syl l ables that could only have been uttered by Morna. The hurried footsteps sounded
agai n, becane suddenly hollow as they noved from carpet to wooden floor, and grew | ouder. A second
later the library door burst open, and Cartland hurtled through

"What' s happened?" he denanded at once, apparently speaking to nobody in particul ar
"What's it done?" He jerked his head around to take in the room and singled out Charles. "You said
it works, Charles. Wat? What works? Is it still working now?"

Charl es stood up and nade vague sl apping notions in the air with his hand until the stream
of words stopped. "Cch, cal mdown, Ted, for CGod's sake," he said. "Aye, it works. We'll showit to
you right away. Now say hello to Murdoch and Lee."

Cartl and's manner changed abruptly. He turned toward where Murdoch was rising to his feet,
sei zed his hand, and began punping it vigorously. "Mirdoch! How are you, old boy? Delighted to see
you agai n. Sorry about ny appalling manners and all that. W don't get to see tinme nmachines
wor ki ng every day, you know. "

"Hi, Ted," Murdoch said, grinning. "You haven't changed. This is Lee, ny partner from
California."

Lee stuck out a hand, and Cartland repeated the performance.

"Lee Wal ker, isn't it? I've heard all about you. Delighted. |I've worked with all kinds of
Anericans in nmy tinme. Geat bunch! Wiere are you fromoriginally?"
"Japan."

"Good Lord!" Cartland blinked in surprise, then shifted his gaze back to Charl es.

"Charl es, what's happened then? |'ve driven all the way from bl oody Manchester on manual. Nearly
broke my neck a dozen tines. What's it done?"

Charles sighed. "Oh dear, it's obvious that we're not going to get any sense out o' you
until you' ve seen for yourself,” he said. "Cone on then. Let's go down to the |l ab and get on with
the denonstration.” Wth that he led the way out of the library with Cartland tagging i nmedi ately
behi nd. Lee caught Murdoch's eye for an instant as they turned to foll ow and frowned quizzically.
Mur doch shrugged and returned a faint grin.

Cartland was in his early forties, athletically built, and had dark, slightly wavy hair
that was just beginning to recede at the tenples. He wore open-necked shirts around the house,
usually with a sweater or a sports jacket, but never went out w thout a necktie. Wth his
di stinctive upper-crust English accent, neatly clipped noustache, and unfailing -- at tines al nost
school boyi sh -- exuberance the man could never, Mirdoch thought, have been anything but a former
British mlitary officer. He was the kind of person that Mirdoch sonetines imagi ned Col onel Janes
havi ng been when at a conparable age in the 1920s. That had been al nost a century before; however
some traditions still changed only slowy.

In the lab, Charles began with a repeat-perfornmance of the previous night's denonstration
and obtained a simlar result, this time with Cartland as the operator. Cartland was al nost as
amazed as Murdoch had been, despite his having virtually built the nachine, and soon followed the
same |ine of thought as Murdoch had by trying to fool the systemw th paradoxes. After about half
an hour, a pattern essentially the sane as that of the previous evening had established itself. At
that point Cartland declared hinself to be conpletely baffled. A discussion followed in which
Murdoch and Lee expounded again the thoughts they had been devel opi ng since breakfast. Charles
said little, evidently reserving an opinion until nore hard data had been gathered. Eventually
they ended up with Cartland shaking his head at the screen and | ooki ng nonplussed, Charles sitting
at the desk beside him and the other two standi ng behi nd.

"Well, this won't do," Cartland said. "W could talk about it all day, but it won't tel
us any nore. We're still no nearer getting to the bottomof it."

"What do you suggest?" Murdoch asked.

"I"'mnot sure really." Cartland frowned and rubbed his noustache pensively. "It's the
human el ement that's causing all the trouble, isn't it? If we could elimnate that..." He | apsed
into silence, then sat up. "I know Let's do the sane thing as we started with, but this tine

let's automate the process. Then there won't be any possibility of anybody getting clever ideas
hal fway t hrough and upsetting everything. We'll have the conputer handl e the whol e thing, wthout
any intervention fromany of us at all."

"What are you trying to prove?" Mirdoch asked.

Cartland had already keyed the systeminto progran devel opnent node and begun tapping in a
header reference. "I don't really know," he replied candidly. "But it's different, isn't it?" The
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others watched in silence while he set up a sinple programthat would activate the tine
transcei ver systemand run after a delay of two minutes to transmt a random nunber back thirty
seconds.

"Now," Cartland said airily as he added in the final commands. "It's sinply not possible
for us not to receive anything. The programis running. In two-minutes' time, it will generate a
random nunber and it will send that nunber back thirty seconds. Does everybody agree? That nuch is
programed in, running, and unchangeable." Charles grunted affirmatively fromthe chair by the
desk. Cartland turned in his seat and glanced up at Murdoch and Lee, standing behind him They
nodded. "Good. Therefore we will receive it. And now I'll tell you what | intend to do. After we
have received the nunber, | will enter a command to abort the program The programw || then be
unabl e to generate any nunber, or transnit it, when the tinme cones for it to do so." He clapped
hi s hands together and sat back in his chair to wait.

"What's the point?" Lee drawmed. "I can tell you right here and now what'Il| happen: You'l
wind up with a nunber conming in anyhow, despite the fact that you don't send it later. W' ve
al ready seen it."

"I know," Cartland agreed. "And we keep asking who sent it. Well, we know jolly well we
never did, so it's no good asking each other, is it? So what |'mgoing to do is ask the people who
did, or at least who look as if they did."

"Who do you mean?" Murdoch asked.

"Qurselves two minutes ahead in time, of course,” Cartland answered. "I shall use the
machi ne to ask them whether or not they sent it. Depending on the answer we get, assunm ng we get
one, we may or nmay not |earn sonething."

Charl es sat back heavily in his chair with a sigh and tugged at his beard. Miurdoch and Lee
| ooked at each ot her despairingly. They had been tal ki ng about nothing else all norning and
neither of them had seen the solution staring themin the face. Wiy did it always take sonebody
el se to point out the obvious? Before either of them could say anything, sonething happened on the
screen in front of Cartland, who | eaned forward to peer at it for a nonent, and then announced
briskly, "Here's our nunber, 419725. Jolly good. As things stand right now, this nunber wll be
transmtted in just under thirty-seconds' tinme. Everyone agreed? Right." He rubbed his hands
together |ike a concert pianist about to begin playing and then | eaned back over the touchboard.
"Now let's tell this fellowto abort its program" He hamered in a rapid sequence of synbols,
gl anced up at the screen, and sat back with a satisfied nod. "There," he announced. "The programs
on its back with all four legs sticking in the air, dead as a dodo. How | ong have we got to go?
About twenty seconds. Ckay, we'll see if you were right, Lee."

They waited in silence while the twenty seconds passed. At the end of that period nothing
had changed; no signal had been sent.

"There," Cartland said. "Just as we expected. Now when that nunmber came in two mnutes
ago, it was tagged as having been sent fromtwo m nutes ahead of where we were then, which is
right now. But clearly we're not sending anything. So what | want to do nowis send a signal to
two m nutes ahead of where we are right now, and ask whoever picks up the phone if they know
anything about it." He turned back to the console and rubbed his hands together again. "At |east
it mght give us sone idea of how all these bloody universes of yours are connected together
Mur doch, " he added as an afterthought.

"Maybe we shoul dn't have to ask the question at all," Mirdoch nused half to hinself.

"What ?" Cartl and | ooked up, puzzled. "Wy not?"

"If they were us two minutes before, they' d remenber it. They'd al ready know what question
they wanted to ask."

"That's a thought,"” Cartland agreed. "I wonder -- " He broke off suddenly as sonething
happened on the screen. "Just a sec, sonething else is comng in. It's two franmes, one behind the
other. They say..." H s voice faltered as he stared hard, seeningly having trouble believing his
eyes. He blinked and shook his head. "They say, 419725 and, NOT US." Cartl and sl unped back in his
chair and finished weakly, "My God, how extraordinary!"

Charles was already on his feet and bending forward to peer at the screen. Mirdoch and Lee
stared incredul ously over Cartland's shoul der.

“You were right, Miurdoch," Charles breathed. "They renenber thinking exactly what we are
thinking at this very nmonment. They nust exist on the tineline that extends forward from where we
are now. "

"Or one of them™" Lee conment ed.

"They received the sane nunber," Mirdoch said in an awed voice. "That was why they sent it
as the first frame: to identify thenselves as existing in this universe and not in sone other one
where some ot her number night have got sent. But they didn't send it either. They knew the
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question we were asking, and they' ve answered it."

Cartland sat hunched at the console, drumring his fingers on the edge of the panel in
vexation and exasperation. "So who did sent the f...f...faffing thing?" he demanded. "This is
getting ridiculous. It's insane. It...What?..." Mre franmes appeared in rapid succession on the
screen below the two that were already being di splayed. They read:

VEJUST
BROKE
JAR
CAREFL

"What the bl azes?" Cartland said, and then threw up his hands in hel pl essness. Charl es
shook his head slowy fromside to side and sank back into his chair, while Mirdoch's mnd took a
short vacation fromthe effort of trying to think

Lee froze.

The words on the screen had triggered sonething. They neant sonething to some deep-down
part of his mind, a part of his mnd that knew sonething that hadn't yet filtered through to
consci ous awareness. Wthout noving a nuscle, he scanned nethodically through the information
being registered by his senses.

He was hal f-1eaning over Cartland' s shoulder with his left hand gripping the backrest of
the chair. His right armwas draped | oosely across the top of the netal cubicle beside him
resting on a couple of plastic binders and sonme assorted papers. Hi s hand was open with the
fingers | oose and rel axed.

Fi ngers...Fingers...Fingertips!

He started to tense involuntarily, but at the sane instant summoned up an effort of wll
to force his hand to remain notionless. Then he becane aware for the first time that his
fingertips were just touching sonething smooth and cold. He turned his eyes and, very slowy,

i nched his head round.

His fingers were resting against a glass jar half filled with cleaning fluid. Unknow ngly
he had been pushing the jar away fromhim and already its base was partly off the top of the
cubicle and protruding into thin air. It was so delicately balanced that a settling fly would have
been enough to send it to the floor. Lee didn't dare even to pull his hand back for fear of the
vi bration such a novenent m ght cause.

"Doc," he whispered, "turn around, slo-owy." Mirdoch frowned and noved his head; Lee
moved his eyes to indicate his predi canent. Miurdoch nodded, reached out carefully with his arm
and lifted the jar out of harnis way. Lee enmtted a long sigh of relief and pulled his hand back.
Charl es, who had seen the whole thing, was staring w de-eyed with astonishnent.

"What's going on?" Cartland was | ooking fromside to side and behind with rapid,

i nqui sitive novenents of his head. "Wat are you | ot doing back there?"

"Where did those franmes conme fronP" Charles asked him ignoring the question

"Four minutes ahead," Cartland replied. "They seemto be saying sonethi ng about sonebody
breaking a jar or something. Wiy? Wiat's goi ng on?"

"It al nost happened,” Charl es whispered. "Lee was on the verge of knocking a jar off the
cabinet, which | shouldn't have left up there in the first place." He swall owed hard as the
nmeani ng of what had happened began to sink in, and then went on in a halting voice, "There was a
uni verse, four mnutes ahead of ours, in which it did get broken. Woever sent that nmessage back
was trying to find out if he could alter his past. And he did!"

Cartland blinked and thought for a few seconds. "Good grief,"” he conceded. Only an
Engl i shman could have uttered the remark with that preciseness of tone that qualified it as a
sui tabl e response to any event fromthe whol e spectrum of the unexpected; said in just that way,
it could equally have attended the discovery of a fly in one's soup or have greeted the news that
the Moon had just fallen into the Atlantic.

"Not necessarily," Lee said in reply to Charles. "He night have altered our present and
our future. That doesn't prove anything about his past. He m ght still be standing there | ooking
at a heap of broken glass.”

"You're right," Charles admtted. "It could still be serial. | don't think we've done
enough to be able to dismiss that possibility entirely."

"There's one easy way to find out," Mirdoch suggested. "Call up four minutes ahead of now
and ask him"

Cartl and | ooked up sharply, seenmed about to say sonething, then shrugged and turned back
to the console. There was nothing nore to say. Wiile the others watched, he conposed the signal
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DI DJAR, followed by a second, BREAK. Then he set the transmission routine to aimthe first four
m nut es ahead and the second to conme in an instant later, and pressed a key to execute it. He had
barely finished when three new frames canme in: NO followed by, CANTBE, and SERI AL.

“"It's fromfour mnutes ahead," Cartland told them H's voice was al nost matter-of-fact;
he was by now beyond being able to express surprise at anything.

"He knew what we were thinking again," Mirdoch said. "Qur signal didn't say anythi ng about
serial. And the first frame says, NO The jar in the universe four mnutes ahead of us isn't
broken. So whose jar did get broken?"

"This is absurd,” Cartland declared. "It could only have been in whatever universe is four
m nut es ahead of us, yet sonebody in that universe has just told us that it wasn't."

"Not quite," Lee said, glancing at the clock-readout on the consol e panel. "A universe
that's now one minute behind us asked one that's now three ninutes ahead. W' re partway between
changing fromone into the other...if you see what | mean. Maybe that affects it somehow "

"Ch, Christ," Cartland noaned niserably.

"In that case, three minutes fromnow we'll be at the point where the broken jar is
supposed to have existed," Charles said. "I'mgoing to assune that it will still be intact,
because it | ooks fairly safe to ne up there where Murdoch put it. Anyhow, we'll know for sure if
I"'mright in a few mnutes' tine. So what will that tell us?" He | ooked fromone to the other to
invite a reply. Nobody offered anything. "It will nmean that the event has not taken place in our
universe at the tine it was said to have taken place, and we already know that it never took place
in the only other universe it could have occurred in -- the one that is four m nutes ahead of us.

That seens to ne to say that it never took place anywhere!"”

"But it did," Murdoch protested. "Look, it's right there on the screen. It
happened. . .unl ess that nessage is false, but why should it be? Wy would we want to m sl ead
oursel ves? \WWere are the pieces, right now, of that jar that got broken?"

"I don't know," Charles said slowy. "But the only conclusion | can draw fromwhat |'ve
seen is that they no | onger exist anywhere." He paused. A conplete silence envel oped the room as
three stunned faces stared back at him "The event,” he went on, "appears to have been conpletely
eradicated in some way. Have you considered the possibility that whoever sent that nessage
succeeded i n changing his own past, and in doing so, he sonehow erased the universe in which he
exi sted?" He paused again to allow what he was saying tine to sink in, and then nodded soberly at
the others. "Aye. There's a thought to keep you all sleepless for a few nights. Perhaps he does
not exi st anywhere at all, and that's why you' re not having nuch luck in trying to talk to him"

Nobody spoke for a while. Then Murdoch turned his head toward Lee. "You did say it would
sound crazy once we started getting into it."

Lee took a long breath. "Yeah, but | never neant as crazy as this. In fact it's so crazy,
it just might be true."

At that instant two signal-frames appeared on the screen. They were Cartland' s own
questions from four mnutes ago. "Sonmebody back there has just received a warning about a jar,"
Cartl and announced shakily. "He wants to know if ours broke."

"Tell him" Charles advised. "Play it straight. Let's have no nore fooling around with
this until we've a far better idea of what we're doing." Cartland typed in NO as a reply, and
followed it with CANTBE, and SERI AL. Then he entered the appropriate tining conmands and sent the
three signal s.

"You're right," Cartland said. "Let's |eave the nucking around w th paradoxes unti
| ater."

"Then switch the nmachine off now," Charles said. "Before we get too clever and nmanage to
erase ourselves. And let's have no nore nmeddling with it at all until we've given ourselves plenty
of time to think about what we've seen today, and where we go from here."

The others agreed that Charles was right. They al so decided to force adherence to his
ruling by taking the nmachine out of service for a while. Cartland had been to Manchester to
supervi se final testing of conponents he had ordered sone nont hs previously, designed to enhance
the machine's perfornance. First, they would enable larger blocks of information to be transmtted
than the current limt of six characters at a time; second, they would increase the range fromten
nm nutes to sonething on the order of a day. Cartland estimated that he woul d need seven to ten
days to install themand test the nodifications. The best tinme to do all this would be at once,
whi ch everybody accepted sonmewhat reluctantly. Then there would be no opportunity for yielding to
flashes of inspiration or trying out prenmature ideas for probably over a week. By that tinme, they
hoped, they would have recovered sufficiently fromtheir initial intoxication to think rationally.

As they were leaving the |ab at the end of the afternoon, Mirdoch turned to Charles and
said jokingly, "Wat we ought to do is take the range up to a day right now. Then we'd be able to
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ask ourselves tonorrow what we'd decided to do. It'd save us all the hassle of having to figure it
out fromscratch."

"That's precisely the kind of nonkeying around I want to nake damm certain we steer clear
of until we know what the hell we're doing," Charles told himdarkly.

CHAPTER SEVEN

"Do you renenber Lizzie Miir, Miurdoch?" Charles asked. "W said hello to her in Edinburgh
last tine you were over...at that conference on plasma dynam cs or whatever it was. Quite an
attractive woman for her age...getting on for around fifty or so."

"The physicist?" Mirdoch said. "Something to do with the big fusion plant up on the coast.
Bur g- sonet hi ng. . . Burghead, wasn't it?"

"Aye, Burghead. That's her. | think I'd like to bring her in on what we're doing here.
She's done a lot of work on the kinds of things we were tal king about this afternoon. |'ve known
her for years. She's not the type who' d go bl abbing her nmouth off about it if we asked her to keep
it under her hat for a while. Besides, she could be a big help."

They were sitting with Lee and Cartland in a relaxed semicircle around the fire in the
drawing room It was |late evening, a few days after the incident of the al nost-broken jar. Since
then Cartland had been fitting and testing the new conponents that he had brought back from
Manchester, while Lee had worked with himon nodifying the conputer prograns; Mirdoch had been
spendi ng nost of his tine with Charles, reexanm ning the mathenmatical side of things.

"What's Burghead?" Lee asked. He was sprawled full-length in the chair next to Mirdoch
wat chi ng Maxwel | turning sonersaults over his feet in frenzied attenpts to untie his shoel ace.
"Wasn't there something in the news a few nonths ago in the States about it?"

"It's on the Moray Firth about forty miles north of here," Mirdoch replied. "Big
i ndustrial conplex, mainly petrochem cals, hydrogen el ectrolysis, and power generation. The news
itens were about the fusion plant they've been building there for the last few years -- it's the
worl d's biggest heavy-ion inertial system"”

"Worki ng yet?" Lee asked, evidently interested.

"Not yet," Charles supplied. "I think they're still testing parts of it. The last | heard
was that it should go on-line sometine in the sunmer."

"Seens a way-out place to build a fusion plant,"” Lee remarked.

Cartland | ooked up from knocking the bowl of his pipe into an ashtray resting on the arm
of his chair. "Don't judge the whole of Scotland by this part of it," he said. "The northeast was
a boomarea in the eighties with the off-shore oil. That was when all the refineries and
petrochenicals sprang up, along with a few new generating plants to power it all -- oil-fired,
naturally. Then they found out that oil wasn't going to last as long as they'd thought it would."

"Hence the fusion plant," Mrdoch said.

"Makes sense, | guess," Lee agreed.

"The fusion plant itself is the result of a collaborative European effort,"” Charles told
him "It was funded and built by the European Fusion Consortium You probably know about it. It
i ncludes the British, French, Germans, ltalians...aw, and a few nore. Lizzie Miir was in on al
that when it was being planned and set up. She worked on fusion in Europe before the Consortium
was formed."

"So how did you get to know her?" Mirdoch asked. "Bunmp into her at a conference
somewher e?"

"Cch, no. I've known her fromway back when | was in Anerica. | was her tutor for a while
at Stanford."

"You' re kidding."

“I amnot. It was in the eighties, just after your father noved from New York to
California...around the time you were born, in fact. She'd got her doctorate at Edi nburgh and cone
over to Stanford on a research fellowship." Charles stared into the fire and stroked his beard
absently as he thought back. "Aye...That was where she nmet her husband, Hernan...Gernan chappie.
They're still together...Live in a nice place just outside Elgin, up on the river Lossie." His
eyes twinkled faintly about sonething, but he said nothing nore.

"l nust get Herman out on a golf course when this wetched weather clears up," Cartland
mur mured. "We've been saying we'll have a round some day ever since | came here, and we stil
haven't done anythi ng about it."

Charl es nodded abruptly to hinself as if he had just nade up his m nd about sonething.
"That's what we'll do," he declared. "We'Il|l ask Lizzie to come down here for a day or two;

file:/lIF|/rah/James%20P.%20Hogan/Hogan,%20James%20P%20-%20Thrice%20Upon%20A%20Time.txt (25 of 130) [2/4/03 10:54:36 PM]



file:///F|/rah/ James%20P.%20H ogan/Hogan,%20James%20P%20-%20T hrice%20U pon%20A %20Time.txt
there'Il be lots to talk about.” He | ooked across at Cartland. "She'll not believe any of it unti
she sees it for herself. Wien do you think we'll have the machine running agai n?"

"It's going slowy, but we're getting there,"” Cartland said. "Lee's a big help. He nust
have learned to talk in binary before English."

"What do you say then?" Charles asked. "Next Thursday perhaps?"

“"Make it Friday," Cartland suggested. "Then she can stay on for the weekend if she wants
to. It'Il give us an extra day too."

“I"1l call her right away then," Charles said. He | eaned across the armof his chair and
lifted an ancient sound-only tel ephone fromthe | owernost of the bookshel ves by the fireplace.

Lee raised his eyebrows in surprise. "No pictures? | didn't think anybody still used
t hose. "

Charl es glanced up at himas he tapped the word MU R into the array of niniature touchpads
on the instrunment and held the handset to his ear. "Have you ever had to answer one of those dam
Vi -sets when you were in your bathtub?" he asked.

"No problem" Lee said, shrugging. "You just cut the video. It's --

Charles held up a hand for quiet as sonebody canme on the line. "Hello," Charles called
into the phone. "lIs that you, Lizzie?...Charlie Ross...Fine, of course. And how are Hernan and t he
fam ly?...Good...Really?...That's wonderful. Look, | -- ...Yes...Yes...Good..." He clapped his
hand over the nout hpi ece and nuttered something while he raised his eyes nonentarily toward the
ceiling. The sound of indistinct chattering continued to cone fromthe earpi ece. Suddenly he said
in a stronger voice, "Och, will ye stop witterin', woman. |'ve sonething inportant to tell ye."
Murdoch grinned. Lee shifted his feet and w nced audi bly as Maxwel | clung on through his sock.
"Liz, how would you like to conme down to Storbannon and spend a day or two with us? Ted and | have

made sone progress on the work we've been doing here. I'd like you to see it. | think you'd find
it rather interesting...Ch, not now It'd take far too long. That's why 1'd |like you to cone
down. ..l thought maybe next Friday...No, next Friday. You could stay over until the Saturday
perhaps...Yes...l told you. | think you'll find it interesting...Very...Aye, | do...Wll, go and

see what he says then.
he expl ai ned.

"What does Herman do?" Lee asked Mirdoch

"l don't know," Miurdoch said. "I've never net him"

"He used to develop computer algorithms," Cartland said. "Now he wites books about it.
You'd get along fine with him Lee."

"WIIl he be com ng here too?" Lee asked.

Cartl and shook his head. "Shouldn't think so. He was in the m ddle of another book | ast
time | spoke to him He gets a bit antisocial at times like that. Elizabeth told me once she
thinks he's going to wite a book one day called How to Lose Friends and Not Be Influenced by
Peopl e." Then Charles began tal king into the phone again.

"It's all right, is it? Good...glad to get rid of you, is he? | see..." He chuckled at
sonmething. "You tell himfromnme that |'mway past being interested in any o' that
nonsense. .. Di sappoi nted be damed! Ch, and there's sonething el se. W've got a couple of visitors
here with us. Do you renenber ny grandson who | introduced you to in Edi nburgh once?... Aye,
Murdoch. He's over again. He's got a friend with himthis time, the one | told you about... Yes.
Charl es | ooked up at Lee unconsciously as he listened to sonmething. "Ch, a big chappie with red

Charl es | ooked up at the faces listening around him "Gone to ask Herman,"

hair..." He frowned suddenly and raised his voice. "He's just another Anerican. God damm it woman,
what el se do you want ne to say? He's sitting right here...l know you're only teasing...|l am not
getting huffy...Nonsense...Very good. So we'll see you next Friday. Around noon it is then, for

| unch."

"Regards," Cartland sang out.

"Ted sends his regards," Charles repeated. "Aye, to Herman too. Tell himhe's welcone if
he changes his mnd and feels Iike a break...WIlIl, you never know...You too, Lizzie. Bye now" He
repl aced the tel ephone on the bookshelf with a sigh

"Sonme wonan," Lee conmented

"Ch, that's just her way," Charles said. "She likes to tease a little now and then, but
she's not so bad at all really. She has a good head on her shoul ders, and that's what matters."

Suddenly the stand, coal tongs, shovel, brush, and poker that forned the hearth set
collapsed with a loud nmetallic crash. Maxwel | streaked out from underneath the heap of w eckage,
dashed under the nearest arnthair, and about-faced to survey his | atest acconplishment. Charles
| ooked on dourly as Miurdoch | eaned forward to pick up the pieces. After a few seconds he stroked
his beard thoughtfully and said, "Do you think, Ted, that when you've got the nmachine up and
running, we could find a way of erasing that animal into some other poor, unsuspecting universe?"
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CHAPTER El GHT

By the tinme they sat down to dinner, early in the evening of the Friday just over a week
| ater, Elizabeth Miir appeared to have recovered fromthe shock of having a lifetine's
unquestioned beliefs denolished before her eyes. The notion of being able to send information or
any type of causal influence backward through tine was sonething that she, as a physicist, had
al ways di snissed out of hand. The whol e of physics was based on the observation that causes never
wor ked backward. If causality reversal was all owed, physics couldn't work. That physics did work
said causality reversal was a nmyth. Therefore it could never be denonstrated. In the course of the
afternoon, she had been obliged to rethink a | ot of her convictions. She was still a long way from
havi ng answers to the things she had seen, but at least it no | onger showed so nuch.

The nmeal was served in what had once been part of the banquet hall of the original manor
house, which had since been partitioned off to formthe | ess spacious but nore serviceable fornal
dining room It was a high-ceilinged, stately roomwith walls paneled in dark oak that extended to
its hammer-beamroof, affording a suitably dignified setting for the cut glass and gl eam ng sil ver
that had been laid out for the occasion. Forty-odd years of living in America had nade not one
scrap of difference to the habits that Charles had forned in his youth, and he appeared in a
di nner jacket with black tie; the others conceded as far as dark, conventional ties with white
shirts. Elizabeth, knowi ng Charles's whins, wore a |ong, satiny, purple dress that she had brought
for evening wear.

Murdoch had net her only briefly during his last visit to Scotland, and his recollection
of her had been vague, but in the course of the afternoon he had cone to appreciate what Charles
had meant when he described her as attractive for her age. Her hair was neatly styled in waves
that held just a hint of orange, and her figure, though thickening slightly at the hips and bust,
woul d not have dismayed a girl twenty years her junior. But what nmade her attractive had nothing

to do with things physical; it was nore her conposure, and the el egant way in which she nanaged to
speak and carry herself. Many wonen try vainly to cling to youth and glanor until |ong past the
years when the effort becones self-defeating; others, like Elizabeth, draw nore fromlife than

life can draw fromthem and |l earn how to work with nature, allowing girlish good | ooks to give way
to sonething nore subtle and far nmore enduring. Such women mature gracefully, but they never grow

old. If he ever did get married, Miurdoch couldn't help thinking as he watched Elizabeth across the
dinner table, he hoped it would be to a wife about whom he would be able to think the same things

when she was about to enter her second hal f-century.

For propriety's sake the conversati on nade token reference to such things as where Lee was
fromand what he had done, the progress of the trials at Burghead, and Charl es's experiences in
Anerica; but the events of the afternoon were bubbling too near the surface to be contained for
| ong. Soon Elizabeth was describing the aspect of her own work that had | ed Charles to suppose
that she m ght have sonething of value to contribute to the task ahead.

"When | was working in France, | was part of a group |ooking into theories of entropy
states and the general thernodynanics of plasmas. The natural rate of entropy increase in a closed
system defines the flow of what is perceived as tine. W were trying to develop a better insight
to the synchroni zati on between apparently uncoupl ed systens, in other words to explain howtine
manages to flow at the same rate in different parts of the universe; for exanple, how does a
nucl ear reaction inside a star 'know how fast the same reaction is taking place inside another
star or perhaps in a | aboratory? Wiy do they all keep in step? It seened to us that there was
sonmet hing that had sinply been accepted as fact and taken for granted for too long." She paused to
pi ck up her knife and fork to resune eating.

Cartl and nodded fromthe other side of the table. "I nmet a couple of chaps when | was in
Hamburg a few years ago who said they were mixed up in something very sinilar," he said. "They
were fromthe big physics research institute there. Oto...Gauerlick, or sonething like that, one
of themwas. Can't renenber the other. Ever hear of hin®"

"Oto Gauerlicht!" Elizabeth exclained delightedly. "Yes, fromthe Wen Institute. He
worked with us for a while before the Consortiumwas forned. How on earth did you cone to neet
hi nP"

"It was just before |I left the RAF," Cartland replied. "I did quite a bit of touring
around Europe...liaison on spacecraft designs and so on. | got to know Oto through sonebody at
Far ben who worked on propellants. Amazing, isn't it."

"The world gets tinier," Elizabeth agreed. "Anyway, where was |? To cut a long story
short, we ended up by deriving a set of nathenmatical expressions that interrelated entropy
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functions, quantum energy-states, and spaceti ne coordi nates of quantum events. In particul ar
certain variables that could be interpreted as time and energy turned out to be covariant."
"You nean there was some ki nd of equival ence rel ati onshi p?" Lee asked, sounding surprised.
"Not quite," Elizabeth answered. "But you could alnost think of it that way. It neant that
the universe could be represented by an ensenble of 'events,' each characterized by a set of
energy states and spacetime nunbers; nothing nore. And in such a representation of the universe,
conservation of mass-energy did not hold; it was replaced by a conservation of the product of that
quantity with spacetine. By means of mathematical transforns, it was possible to transformone
uni verse into another in which either quantity varied inversely with the other. If you nade al
the spatial variables constant, the spacetinme functions reduced to pure tine; so you could
transformenergy to tinme or vice versa. W had no idea what that nmeant, but it was fun playing
ganes with the equations.”

"You're kidding," Lee said. "I've never heard of anything like that. They don't seem
simlar in any respect at all. There just isn't anything in conmon."
"That was why | said it wasn't really correct to call it an equival ence relationship,"”

Eli zabeth said. "What it seened to say was that energy could be extracted fromthe universe, which
i s where conventional conservation breaks down, and injected into another version of that universe
in which the tinme coordinates of all the 'events' were shifted by sone anmpunt. The nore energy you
transformed, the greater the tine-shift would be." She | ooked around the table and shook her head
in wonder. "If that was interpreted as taking place within the same universe, it seemed to say
that energy could be transferred through time. We couldn't see any physical significance in it at
all, and dism ssed the whole thing as a theoretical curiosity |like tachyons and negative mass. And
that's what |'ve always believed -- until | saw the machi ne downstairs."

"Eli zabeth showed ne sone of the mathematics a while ago," Charles commented. "I realized
then that sonme of the expressions could be identified with parts of my own work. That was why |
t hought she'd be rather interested in what we're doing."

"Rat her interested?" Elizabeth echoed. "Charles, that nust be the biggest understatenent

to date in this century. |I'moverwhel med, fascinated...conpletely hooked, to use our guests
parlance. In fact |I'meven presunptuous enough to assune that |'mpart of the teamnow | am
aren't |, Charles? You wouldn't keep ne in the dark about what happens next now that you've shown

me this nuch. You wouldn't dare."

"Cch, you don't have to tell ne that at all," Charles replied, raising his eyebrows. "It
woul d be nore than ny life's worth and I know it." He stopped eating and placed his knife and fork
down. Hi s expression at once becane nore serious. "OF course you're part of the teamnow, Liz. I'm
certain you could be a big help in making sense out of this whole thing. |I'massumng we'll be
seeing a |l ot nore of you down here now, whenever you can find sonme free tine."

"Wll, I"'mglad we see eye to eye on that, Charlie Ross. You'd have been in trouble if
you'd said anything el se." Elizabeth paused to give her nbod a second or two to adjust to
Charles's tone, then went on, "Very well, where do we go from here? VWat are your thoughts,
Charles? Don't tell me you haven't been turning a few specul ations over in your head in the |ast
week. "

Charles took a sip fromhis wi ne glass and nodded at once as if he had been waiting for
the question. The others watched himand waited expectantly.

"W nust conclude that past and present versions of the universe in which we live exist
and are equally real," Charles told them "W thus have a conti nuum of sone kind. | think we're
all agreed that it can't be of the popular infinitely branching, parallel variety; that would
i ntroduce too many inpossible conplications. In any case, it isn't supported by the data we've
seen." He | ooked around to invite comment, but the others just nodded silently. "Neither can it be
of the sinple serial variety that we considered initially; in such a nodel it would be inpossible
to affect the present by manipulating a past, and again our results seemto indicate that this is
not the case. The only nodel | can think of that could be consistent with what we've seen is a
nmore conplex serial one in which altering the events in a past universe does affect not only the
future of that particular universe as it evolves in tinme, but also the presents of all the other
uni verses that lie ahead of it. In other words there is some mechani sm of causal connection
through the continuumthat the sinple serial npbdel doesn't take account of."

“"You nean like with the jar," Lee said. "That one nmessage changed what happened in all the
uni verses involved, not just in the one universe where the nmessage was received."

"Precisely that,"” Charles confirmed. "To be anywhere near the reality at all, the node
will have to possess a nechani smthat explains such evident facts." Those at the tabl e becane
qui et .

After a while Cartland asked, "Any ideas?"
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"l think maybe | have," Charles replied. The others | ooked at himw th suddenly renewed
interest. "Everything we have discovered so far," he continued, "seens to add up to two things:
First, the universe that we see around us and formpart of is sinply one of many, equally rea
uni verses that appear to be strung sequentially along a single tineline; second, events that
happen in this universe affect not only its future, but the situations in all the other universes
that lie ahead of it. That, of course, suggests a continuity throughout the system the future
uni verses ahead of us forma progression of states that are evolving fromthe present state. W
need to ask ourselves what the mechanismis that provides that continuity. That sanme nechani sm
wWill turn out to be, unless I'mvery much nmi staken, the sane nmechani smthat enables events in one
universe to alter what happens in another. Cbviously we're tal king about a causal influence that
must be propagated by sone neans."

"Agreed, but | don't think you'll find you have to |ook very far," Cartland said with a
shrug. "The continuity follows fromthe fact that objects don't suddenly just appear and vani sh;
they endure in tine. So a universe an hour, say, ahead of this one will contain the sane objects.
They provide the continuity."

"Cbj ects?" Charles repeated in a mldly challenging tone. "A candl e, such as the one on
the table there? A mayfly? A cigarette? They' Il endure in tine?"

"Ch, all right," Cartland conceded. "I used the wong word. Ml ecules then. Atons, if you
l'ike."

"The candl e, the mayfly, and the cigarette are breaking down nol ecules all the tine,"
Charles pointed out. "And they all contain carbon fourteen; atons cone apart too."

"Ch, you know what | nean, Charles,” Cartland said, sounding a |little surprised. "Protons,
neutrons, and electrons if you like. O quarks and photons -- whatever you'll accept as the basic
mass- energy quanta. They don't change."

"They don't," Charles agreed at last. "But they do rearrange. Bundl es of them may cone
together and remain attached for a while to forma tree, and then fall apart again and di sperse
when the tree dies and decays. But as you say, Ted, the basic entities endure. They rearrange into
different patterns to produce the changes that we call tine, and they provide the continuity that
enabl es one universe to evolve from another."

"But you said all the universes were equally real," Elizabeth said, |ooking slightly
puzzl ed. "How can the same quarks and things be in all of themat once?" She thought for a norent,
and her expression changed suddenly. "Ch, wait a minute. | think | can see what you're getting at.

You're saying that the continuity between universes in the time dinmension is just as physically
real as the spatial continuity inside a universe. Every particle has a real extension in tine,
just as tangible as its extension in space. Right?"

"Exactly!" Charles declared. "So if you alter the arrangenent of particles in one
uni verse, you alter the arrangenent of themin all subsequent universes as well by virtue of that
continuity." He sat back, sipping his wine, to allowtine for the others to reflect on what had
been said. Eventually Cartland shook his head and frowned.

"Sorry, old boy, not quite with you,"” he confessed. "Are you saying that the whole
universe is just a part of sone bigger continuum and that things |ike particles sonehow extend
right through the whole thing? The objects we see are only really parts of what they are
conpl etel y?"

"Yes," Charles replied. He pointed toward the center of the table. "That candle there has
burned about a quarter of the way down, but in the universe that's an hour or so behind us, it's
still intact; in a universe that's a few hours ahead, it probably doesn't exist as such at all
The whole candle is the sumof all those, and all the points between. But all we see is the part
of it that exists in the particular universe that we happen to be part of. The 'real' candle is
all of them put together."

"l hear what you're saying," Cartland nurmured slowy. "It's a bit difficult to visualize
t hough. "

"Try thinking of a two-di nensional anal ogy," Mirdoch suggested. "I nmagi ne that the universe
is flat, and that everything it contains is flat. It's a plane, okay? Now forma solid continuum
by stacking an infinite nunber of zero-thickness planes like that together, |ike the pages of an

infinitely thick book. Every page is a universe. The basic particles are ink particles, and they
form character shapes, that is, objects. But unlike in an ordinary book, where all the pages are
different, the ink particles continue through Iike 'threads,' so the patterns they formcan only
change gradually, not abruptly. Also all the pages nove together in one direction along the
threads as they slide down the entropy slope that Elizabeth tal ked about earlier. So anybody

i nsi de one of those universes, us for exanple, will see the patterns changing sequentially. That's
what he calls tinme."
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"Ah..." Cartland nodded and pulled his moustache. "Yes...| think | can see what you're
driving at."

Murdoch thought for a nonent, then fished inside the pocket of his jacket and retrieved a
pi ece of paper, which he unfolded. "Here's a sketch | drew when Grandpa and | were tal ki ng about
it yesterday," he said, snmoothing the paper out and placing it in the center of the table. The
others leaned forward to look at it nore closely except Charles, who continued to drink fromhis
gl ass.

"That's supposed to be a solid continuum of stacked, two-dinensional universes," Mirdoch
informed them "Each universe consists of a space containing objects and inhabitants that are all
made up of particles, at least that's what it |ooks like to you if you happen to live inside one
of them But we, in our privileged position as superobservers looking in fromthe outside, can see
that every particle is really an infinitesimally thin slice of a thread that passes through al
the universes. As the universe noves along the threads in sonme kind of supertine, the particles,
or slices, appear to nove through space. That gives a visible rate of change that is observed as
normal time within the universe.”

"You can see there how, to Murdoch's superobserver, all of the universes are equally
real ," Charles commented. "Only the one that you happen to be part of and noving with gives the
illusion of appearing nore real to you than the rest."

"So in theory it ought to be possible to send signals fromone to another," Lee observed.

"Aye," Charles agreed. "And | maintain that that is exactly what we've nanaged to do."

Morna and Robert entered at that point to clear the dishes and prepare the table for the
next course. The conversation reverted to small-talk for a while, mainly anong Miurdoch, Charl es,
and Lee. Cartland picked up Murdoch's sketch and exanmined it silently while Elizabeth stared
thoughtfully at the center of the table.

Cartland | ooked up just as Morna was about to | eave the room behind Robert. "Conplinments
to Ms. Paisley," he called out. "Tell her the duck was splendid. Absolutely first-class." A
mur mur of endorsement rose around him Morna nodded, smiled, and closed the door. A few seconds
el apsed while the fornmer nobod around the table reestablished itself.

"Ckay," Lee said. "We've explained how they're all real and how they're connected. So what
about events in one universe affecting other universes ahead of it? | can see how causal
i nfluences can nmove forward in time and affect the future. That nuch is everyday experience. But
the universe that a cause happens in is nmoving forward too, so the effects would be observed
i nside the sane universe, which makes sense intuitively. But you sound as if you're saying the
causes can run on ahead and get into other universes that lie in front. AmI right?"

Mur doch gl anced at Charles, who notioned for himto continue. "That's the way it | ooks,"
Murdoch said. "If they only propagated at the same rate as the universes thenselves nove, then it
woul d be the way you said: The effects of a cause would be permanently trapped inside the sane
uni verse that the cause occurred in. But that would give you a sinple serial nodel, and we've
al ready rejected that possibility.”

Lee stared at himdubiously for a few seconds, then said, "You nmean that the patterns that
exist in all the future universes could be rearranged i nto sonething different?"

"Yes," Mirdoch replied sinply.

"Wait a minute, wait a minute," Cartland broke in, raising a hand. "Wat are we saying
now? Is this how the universe in which the jar was broken managed to get itself 'erased,' as
Charles put it? Is that what we're into?"

"Yes," Murdoch said again. "A universe existed in which the objects and i nhabitants forned
by the thread pattern included a broken jar. It broke because of causes that lay behind it, in the
past. Then a signal was sent back that elininated those causes. The pattern fromthat point onward
was re-forned into a new one that represented a different sequence of events."

"What, all of it?" Cartland sounded distinctly skeptical. "The whol e universe? Surely
not."

"Not necessarily all of it," Miurdoch agreed. "Probably only a snall part of the tota
pattern was altered -- the part that corresponded to the fraction of the universe that the lab
downstairs represents. | wouldn't think the signal caused any alteration of the threads that nade

up a fisherman of f the coast of Thailand or sonewhere and changed anything in his life, or an
event that took place in the Andromeda gal axy. But it certainly did alter what happened to us."
"But what about the people in the lab who did break the jar?" Cartland demanded, stil
| ooki ng unhappy. "Wat happened to then? Were are they now? Do you nmean that these threads
sinmply..."junped' sonehow into a conpletely new arrangenent when the signal was received? The
peopl e who broke the jar were sinply..."'reset' into us, who didn't?"
"That is just what | nean," Mirdoch said, noddi ng enphatically.
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"And we know not hing about it?" Cartland asked disbelievingly. "Surely that's
preposterous. Wiy don't we renenber anything connected with the incident?"

"Because our nenories consist of circulating electrical currents and certain DNA
structures," Miurdoch answered. "El ectrons and quarks -- basic quanta. They are all threads too! So
are data bits in conputer nenories and characters on printout paper. Everything that forned any
record of the original pattern was reset. Hence our nenories are consistent with the new pattern
that now exists. On the tineline as it nowis no jar was ever broken. Yes, it's preposterous, but
it accounts for the facts."

Cartland slunped back in his chair and transferred his gaze to the tablecloth. He had
evidently foll owed what Murdoch had said, but was still having difficulty accepting it. Elizabeth
remai ned very thoughtful and said nothing.

“I't accounts for a lot of the other things we've seen too," Charles added after a while,
speaking slowy and seriously. "It would explain, for exanple, how we could receive a signal and
then fail to send it later on. A universe existed that contained in a tiny part of itself a couple
of inhabitants who had no record of any signal having been received at sone point in the past.
They sent a signal to that point. In doing so, they rearranged the threads that constituted
t hensel ves, their nmenories, and their instrunents into new patterns that did include nenories and
records of the event. The fact that they failed to send the signal later wouldn't natter at all
since the people who did send the signal would al ready have ceased to exi st as such anyhow. "

"And here's a sobering thought,” Mirdoch added. "Exactly the same mechani sm expl ai ns why
we al ways see records of other 'selves' in the future who tried aimng signals back at points
where they' d never received any, but we never get around to trying the same thing ourselves: If we
did, we'd sinply join the list of the ones who had been reset."

"Good Cod!" Cartland exclaimed. "That neans we've already been through it -- every one of
us here at this table."”

"Seens that way," Mirdoch agreed. He made an effort to keep his voice nonchal ant as he
spoke, just to enjoy the expression on Cartland s face.

Cartland' s eyes w dened, and his noustache seenmed suddenly to bristle of its own accord.
Hi s throat convul sed soundlessly for a nonent while he struggled to regain his voice. "Good
grief,"” he managed eventually.

"Cbviously this is all very hypothetical at this stage," Charles told them "The first
thing on the priority list is to see if we can devise sone way of trying to test the theory nore
t hor oughl y. "

Lee had been finishing his dessert and listening without interrupting. Wen a short
sil ence descended, he placed his spoon in his enpty dish, |ooked up, and said, "You're saying it's
Iike an old newspaper picture that's made up out of dots. Let's say they forma picture of Ted.
The dots are really the ends of a bundle of wires that has been cut across. The plane of the cut
is a universe; Ted exists as part of that universe. Ckay?"

"That's a good enough anal ogy," Mirdoch agreed.

Lee nodded. "Fine. Now the threads are suddenly rearranged. W're in the sane universe
because we're still looking at the same cut, but the ends of the wires now nake a picture of
Charles, say. Everything in that universe that formed part of Ted is still there, but Ted isn't.
And nobody else in it will ever know anything about any Ted ever being there. That it?"

"That's it," Murdoch said. "The nythical superobserver would renenber it because he's on
the outside and perceives supertime, but nobody inside the conti nuumwould know about it."

"It's the 'suddenly' that bothers me," Lee told them taking his eyes from Miurdoch to | ook
around the whole table. "The cross sections of the wires are material particles. To rearrange
their pattern, they have to nove perpendicular to the tine axis. That nmeans they have to nove
t hrough space in all of the plane universes they pass through. How could they do that
i nstant aneously? They should still be subject to relativity constraints.”

"A good point," Charles agreed, nodding. "W asked the sane question. But don't forget
that we've never said anythi ng about the process being instantaneous; there could be a finite
propagation del ay along the conti nuumthat we haven't any data on yet that would enable us to
measure it. And there is a theoretical consideration that could turn out to be a way round the
problem You see, the basic entities that constitute the threads may be nore fundanental than
quarks or photons. |If a quark cones apart into sonmething sinpler, the attributes that define nmass
may di sappear in the process. Hence you could find that it's possible to deconpose mass at one
poi nt into conponents that thensel ves do not possess nmass individually but only when they're
conbi ned together, transport those conponents to sone other point without a relativistic
restriction, and reconstitute the property of nass there. But that takes us right out on the
fringe of the whole business, and there's a lot of work to be done there yet. In fact this is
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sonething I'd like to talk to Elizabeth about while she's here.” He turned toward her as he spoke.
"You haven't been saying very much for a while, Lizzie. What's your opinion?"

El i zabeth had been listening intently throughout with her fingers pointed together in
front of her nouth and her dessert standing untouched before her. "Opinion on what, Charles?" she
asked. "Your |ast point or the whol e business?"

"The whol e 'reset nodel' that we've been discussing," Charles replied.

El i zabet h brought her arnms down to her sides and paused for a monent to collect her words.
"I think you're on the right track," she said at last. "As you say, that explanation does account
for the observed facts, as extraordinary as it sounds, and for the tinme being at least |1'd be
conpletely at a |l oss to suggest even the begi nnings of any alternative. However, there are two
things that bother nme about it as it stands.

"The first is that the nodel is static, at least if we forget for the noment about being
able to send signals up and down the continuum By that | nean that future events are predefined
by the patterns that exist in the threads. The future is already determ ned but unknown, and is

just waiting to be consciously experienced. There's no scope for human decision, free will, and
chance. | don't like that. | believe that those things are real and inmportant.”
"I agree," Lee tossed in. "I can't buy that they're just illusions either."

"But | never said that," Charles protested. "Take the incident with the jar. That was
sonet hi ng that had every appearance of chance about it, and the event was changed. That says to ne
very clearly that such things are not permanently and unalterably predeterm ned."

"I know," Elizabeth said. "But the npdel doesn't explain it. According to the nodel you
descri bed, that event was always witten into the tineline until the signal was sent back to
change it, which nmeans that only a machine |ike yours can alter the thread pattern. So was the
whol e of human history and evol ution before that sinply a playing out of a fixed script? | can't
bel i eve that, Charles. The nodel has to show how such things as chance coul d operate before you
built your machine, and at present it doesn't."

"I agree with you," Charles said at once. "And |'ve no answer to give. Wuat's your second
probl en"

"Maybe anot her way of saying the sane thing," Elizabeth said. "The experinent with the
jar, for exanple, seened to indicate that the people in a particular universe did nanage to alter
their own past. But the nodel still doesn't explain that fully; it only half explains it."

"How s that?" Miurdoch asked, |ooking surprised. "I thought we covered it okay."

El i zabet h shook her head. "Let's imagi ne sonebody decides to change sonething in his past,
in other words sonething he renmenbers,” she said. "So he sends a signal back that resets the
tineline and remains inprinted upon the fabric of the newtineline that it creates instead.
Because of information contained in the signal, the sonmething that was to be changed i s changed,
and the new sonebody who is fornmed on that timeline perceives nothing that requires changi ng.
Hence our original prem se -- that he began by deciding to change sonething -- becones untenabl e.
So how and when did the signal ever cone to be sent to begin with? O to be a little nore
specific, how did the people who sent the signal about the jar nmanage not to receive the signa
when they were at the tine you were at when you received it? Either a signal was or was not
received at that tinme. If it was, why didn't they receive it; if it wasn't, how did you?"

Mur doch swung his head round to | ook at Charles. Charles thought for a while and nodded
slowmy. "She's right," he nurnured.

"I'n the nodel, causes and effects remain as we would normally define them" Elizabeth went
on. "But instead of being sinply related in sequence along a unidirectional tineline, they exist
on a conplicated loop that takes place in tine. The | oop makes the whol e thing an inpossible
situation, at least it does if the |loop is postulated as a pernanent feature of the nodel |ike the
threads. It can't be always there, but the nodel doesn't explain howit can cone and go."

"You nean the nodel needs to be dynamic," Cartland said.

El i zabet h nodded deci sively. "Yes, dynanmic. That was what | neant when | said | was
bot hered about it being static as it is." She picked up her spoon at |ast and | ooked at Charl es
before returning her attention to her neal. "As | said, | think you're on the right track. But we
need to add sonething that will give free will and random i nfluences a chance to operate --
sonmet hing that injects an el enent of uncertainty into the whole process. The | oops nmust be all owed
to appear and di sappear dynam cally."

"Somet hing |ike a quantum dynam cs of spacetime,” Mirdoch remarked

"Yes, something very nuch like that," Elizabeth agreed. "W need to extend quant um
uncertainty, or sonething very like it, throughout the whole conti nuum of universes. Wen the
nmodel includes that, | think it will be getting extrenely cl ose indeed."
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CHAPTER NI NE

On Saturday nmorning they ran tests to try out a few ideas that had occurred to Charles. In
the course of the experinments they conmuni cated several nore tinmes with future versions of
thensel ves who they did not subsequently evolve into. Although these tests were sinple in nature
and far renoved fromthe rigorous experinents that Charles was planning, they seened to support
the general form of the nodel discussed over dinner the night before. The experience of witnessing
evi dence of a snall part of the universe being wi ped out and re-forned into sonething el se was
still strange to say the least, but by lunchtinme, such being the adaptability of human nature, it
was no | onger disconcerting.

The range of the machi ne had by then been extended to twenty-four hours as Charles and
Cartl and had predicted, and sone of the signals comng in were fromwell beyond the ten-nminute
limt that had previously been the nmaxi num To avoid the possibility of nissing anything that
nmi ght be inportant, they decided to | eave the machi ne switched on and running permanently, thus
establ i shing an al ways-open "line" to receive and record automatically anything that the
i nhabitants of the universes ahead of themin time mght have to say. Since the nmessage capacity
had al so been extended well beyond the previous six-character limt as part of the nodifications,
there was now roomto accommopdate significant anpbunts of information fromthe nysterious future
uni ver ses.

El i zabet h deci ded, without nuch coercion, to extend her stay until Sunday ni ght. This gave
Miurdoch and Lee an opportunity to make a trip into Kingussie, the town about fifteen mles away
where they had turned off the Perth-Inverness road on their way from Edi nburgh, somnething they had
been wanting to do for over a week but had put off. Miurdoch had nmade up a list of things he needed
that were not available in the village, and Lee wanted to buy sone warner clothing; he had not
taken full account of the Scottish winter before |leaving California. After lunch, therefore, they
bade farewel|l for the afternoon and left Charles, Cartland, and Elizabeth to conti nue yet another
seeningly interminable discussion in the library. They stopped in the vestibule just inside the
mai n doors to put on their coats. Fascinating though the work was, the thought of taking a break
was nice, and they were in high spirits.

"I can't say I'll be sorry to get out into sonme fresh air," Mirdoch said. "It |ooks like a
nice day for a drive."

"Suits ne," Lee agreed.

Mur doch noved ahead and swung open one of the heavy wooden doors. He paused and drew in a
deep lungful of air. "Mm snells nice and fresh. Blue sky again at |ast."

"Watch it doesn't give you oxygen poisoning," Lee said, pausing just behind himto [ight a
cigarette. Murdoch grinned and went on down the steps while Lee stood there for a second to draw
the cigarette into life in his cupped hand, at the sane tine holding the door partly open with his
el bow. Down near the floor behind him an inquisitive black-and-white face poked itself from
between Charles's overshoes and the unbrella stand. Lee pocketed his lighter and | et the door go
to close as he began following a few paces behind Mirdoch. Maxwel | squeezed through the gap just
before the door closed and tunbl ed unsteadily down the steps a few feet behind Lee's heels. The
cat reached the car just as the door slanmed above its face, and stood in the snow peering up with
wi de, bewi |l dered eyes.

"All set?" Murdoch asked as Lee settled down in the seat beside him

"Sure. Howwill we be for tinme? | figure maybe | could use a pint of that Scottish beer."

"No problem" Mirdoch said as he started the engine. "I've only got a few-- " He frowned
suddenly. "Hell!"
"What's up?”

"W should have told Ms. Paisley we might be a bit late. 1'd better go back inside and
fixit."

“I"l1l doit." Lee swung hinself out of the car and headed back toward the steps, |eaving
the car door half open. Miurdoch sat back to wait, and after a few seconds switched on the radio.
The musi c was enough to mask the scratching noi ses of Maxwell scranbling in at the bottom of the
passenger's door and worming his way under the seat toward the back of the car. A mnute |ater Lee
reappeared, clinbed in, and cl osed the door

"Ckay," he said. "She'll |eave us sone sandw ches."

"Great. Let's go," Miurdoch answered.

The car turned out of the forecourt and di sappeared into the curve of the driveway,
bet ween the snowcrusted trees.
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Ki ngussie was a quaint little town straddling what had been the main Perth-to-Inverness
road before the opening of the bypass fifteen years before had rescued it fromthe autonobile
i nvasion of the twentieth century. Since then Kingussie had reverted to a picturesque junble of
narrow streets, haphazard buildings, and a few church spires that nade a conveni ent stoppi ng-off
pl ace for travelers on the nearby throughway to have a nmeal, shop for souvenirs, or sinply browse
along the main street's parade of shopfronts displaying everything fromtartan plaids and Scottish
wool ens to skiing and mountai n-clinbing equi pnent.

The main street was busy with Saturday-afternoon shoppers maki ng the best of the fine
weat her when Murdoch and Lee slowed to a halt just ahead of an enpty space in the |ine of vehicles
parked by the sidewal k. Mirdoch backed the car into the space and cut the engine.

"They don't exactly have a surplus of parking lots in this town," Lee observed, | ooking
around.

"What would you pull down to nake some nore?" Mirdoch asked him

"Mm okay, point taken. Were to first?"

"Well, if you still want a beer, why don't we do that now. Then we won't have to carry
lots of junk all over town. There's a place you'd like just around the corner, all oak beans and
stuff. Must be three hundred years old."

"Sounds fine."

Murdoch clinbed out into the road and cl osed the car door. Lee opened the door on the
other side, then paused for a nmonent to check his pockets for the list of things he needed to buy.
In a flash, Maxwell slipped out and vani shed between the underside of the car and the curb. A few
seconds later his nose poked out from behind the rear wheel as he surveyed the strange world of
peopl e and novenent flowing by in front of him

There was a | anppost near the edge of the sidewalk just a few feet fromwhere the car was
parked. Its base was hexagonal, and a crunpled ball of paper had | odged agai nst one of the
corners, carried there by the breeze. The ball of paper fluttered nervously in delicate
equilibriumwhile a trillion nolecules of air played thernmodynanic roulette to decide the issue.
Maxwel | wat ched, his eyes widening slowy. The ball teetered precariously for an instant |onger
then broke free fromthe | anppost and tunbl ed across the sidewal k.

Maxwel | 's first pounce missed by an inch. A split-second |ater he had gat hered hinself
again and was streaking in pursuit after the erratically rolling ball as it veered into the
doorway of one of the shops.

Murdoch was hal fway around the car when a startled shriek, coinciding with an ear-rending
SQU AWK, stopped himdead in his tracks. At the sanme tine Lee, who was just straightening up
fromclosing the door on the other side of the car, spun around. They were just in tinme to see a
girl who was com ng out of one of the shops with an arnful of packages stunble over sonething and
drop nost of the bags. The bundl e of fur that disentangled itself fromher feet and fled into the
crowd was unni st akabl e.

"Ch, shit!" Miurdoch said mserably.

"Jesus, it's Maxwell!" Lee yelled. "He's taken off! Check the damage, Doc. I'll go get
him" Wth that he plunged away into the throng, plowing a swath through the ranks of startled
onl ookers.

"What is it, Maggie?" a wonan wailed in a high-pitched voice to her conpani on

"They're Anericans, | think" was the reply.

"Cch, aye." A man nodded dourly to his wife, as if that adequately explained all

It had all happened so quickly that the girl was still staring at the weckage around her
feet, and had nade no nove to recover the bags. Miurdoch wal ked over and squatted down to begin
collecting the spilled contents. He groaned inwardly at the sounds of tinkling glass that came
fromseveral of the boxes and paper bags, and braced hinmself for a tirade of abuse from above. But
none cane. Instead the girl squatted down opposite him and began gathering the rest of the itens
with calm unhurried conposure.

"CGee, | -- | don't know what to say,"” Miurdoch stanmered. "We didn't even know he was
there. Here, I'Il take that. Oh hell, this one sounds |ike bad news."

"It can't be helped,"” the girl said sinply. "Cbviously it was nobody's fault. Was that
your Kitten?"

"Yes, I'mafraid so. He nust have hitched a ride. W didn't know he was in the car."

"I do hope | didn't hurt him"

Her voice was as cal mand controlled as her manner. It was a rich, mnelodious voice,
carefully cultivated, and her accent was nore English than Scottish, Mirdoch thought. They
strai ghtened up, she holding the rest of the bags and he with his hands full of boxes and burst
wrappi ngs. He found hinself |ooking at a face that was a classically oval conposition of finely
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nol ded features built fromlines that were clean and sharp but w thout any hint of harshness; it

was framed by hair that fell in |oose, dark waves to her shoul ders. Her nose was straight, her
mouth full, and her chin just pointed enough to be dainty without losing its softness. And the
eyes -- | ooking out frombeneath |Iong, dark |ashes, which had to be real to suit the rest of the

i mge -- were dark, clear, and unwavering. They were infinitely deep, intelligent eyes -- the kind

that could take on expressions of their own to mirror the thoughts within or, with equal ease,
remai n al oof and inscrutable. She was dressed in a brown sheepskin coat whose hood was thrown back
to reveal fleece inner lining, with matching knee-length boots of suede.

Murdoch realized that he had been staring for what was about to beconme an inpertinently

long tine. "Ch, he'll be okay," he said. "He's young...Hasn't gotten around to using any of his
nine lives yet." He notioned with his head at the itens he was hol ding. "Look, ah...about this
mess. Naturally 1'lIl take care of the damage for you. Wy don't we get off the street and find

sonepl ace where we can take stock."

"You don't have to," she replied. "If | had been | ooking where | was putting my feet, it
woul d probably never have happened. | think the danmage sounds worse than it is. There wasn't
really a lot in there that could break."

"I't sounded like you had a collection of chandeliers in there to ne," Mirdoch said
dubi ously. "Let's check it out anyhow. It'd sure nmake ne feel a lot better."

Her nouth softened into a snmile that seemed to come easily and naturally. "Very well
Thank you, that's very considerate."” She turned her eyes away to gaze along the street. "Wat's
happened to your friend? | hope he hasn't lost the kitten." As she said this, Lee cane back into
sight through the crowd, holding a squirmng, protesting Maxwell clanped firmy inside the front
of his jacket. At the same nonent the door of the store opened, and a man cane out bearing a
worried expression. He was bald except for two patches of thin, gray hair snpothed down above his
ears, and was carrying a pair of thick-rimed spectacles in his hand. H's dark suit worn without a
topcoat said that he was not a custoner; fromhis age, Mirdoch guessed he was probably the store
nmanager .

"That was a terrible piece of bad luck,” the nan said to them "I saw the whol e thing.
Bri ng everything back inside now, and we'll have a | ook at what's broken. You weren't even off the
premnmi ses, so there will be no problemin replacing it. W can always send the stuff back as
damaged in transit."

"There's no reason why you should have to do that," Mirdoch said. "Just replace whatever
needs replacing and let ne take care of it." The nanager took some of the girl's packages and held
the door open with his back as she turned to reenter the store. Lee bundl ed Maxwel|l onto the back
seat of the car, slamed the door, and joined Muirdoch a few steps behind her

"I guess we're in trouble," Lee said.

“I don't think so," Miurdoch told himas they wal ked over to the counter inside the door
"W seemto have picked a very understanding victim" He dunped the packages he had been hol ding

down on the counter and turned toward the girl. "This is Lee, by the way. |I'm Mirdoch."
"Anne," she inforned them "I'm pleased to neet you both, even if the circunstances are a
little unusual. | gather you're Americans."

"Both from California," Mirdoch said
"It's a strange tine of year to visit your famly,

Anne remarked casual ly. "Mst people

woul d have done it the other way round -- winter there and spend the sunmer in Scotland."
Murdoch's mouth fell open in surprise. "I didn't say anything about any famly. How the
hel I ...?"
Anne gave a qui ck laugh, uncovering a row of perfect teeth. "Ch, just a lucky guess. Wth
a nane |ike Murdoch, you had to have sonme Scottish blood in you. And Lee is still wearing sumrery

cl ot hes, which says you haven't been here very long."

"CGood grief!" Miurdoch exclaimed, realizing as he said it that he had been adopting some of
Cartland's expressions in the last few days. "Wat are you? Do you work for Scotland Yard or
somet hi ng?”

"Ch, nothing as exciting as that. | just notice things, | suppose.”

Behi nd them t he nanager was exami ning the contents of the parcels, and every now and again
pushi ng one of themaside with a sad shake of his head while he called out the design nunbers to
an assi stant who began w apping up the replacenents.

"Are you from around here?" Mirdoch inquired.

Anne shook her head. "I live at Nairn, north of here near Inverness. |'mjust driving hone
from Edi nburgh. Kingussie seened a good place to stop for a snack and do sone shopping."

"Have you had your snack yet?"

"Not yet."
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"W were just about to go for a drink. How about joining us? | think we owe you one."

Anne's brow furrowed slightly. "I couldn't face a drink at this tine of day," she said.
Murdoch decided it just wasn't his day. Then she added, "But a cup of tea and a sandwi ch woul d be
very wel cone. Could you stand that?"

"We'| | take the risk," Mirdoch said and grinned.

The nmanager finished adding up prices on a scrap of paper and cleared his throat to
attract their attention. "Ah, are you sure you still want to pay for this, sir? Really, 1'd be
quite happy to wite it all off as | said.”

"We'll pick up the tab,"” Mirdoch insisted. "Wiat's the danage?"

"As you wish. It conmes to thirty-four pounds and seventy pence. WIIl it be cash, credit,
or on account?"

" AmEx okay?"

"Certainly."

"Here." Murdoch produced his card. The manager inspected it briefly then inserted it into
a slot inthe front of a small, desktop termi nal on one end of the counter. A few seconds went by

whil e a communications satellite high over the Atlantic redirected downward and westward a stream
of binary code prefixed with the nunber of Mirdoch's New York bank account.

"Are you enjoying your visit to Scotland, M. Ross?" the manager asked as the terninal's
nminiature screen cane to life to validate the transaction

"A lot, thanks."

"A grand Scottish nanme, | see. Whuld you be related to any of the Rosses in these parts?"

"My famly's fromnear here -- a place called d ennoroch, over toward Loch Ness," Mirdoch
sai d.

The nanager snatched his spectacles fromhis ear and | ooked up abruptly. "Not Sir Charles
Ross of Storbannon?"

"Yes. He's my grandfather. You know hi n?"

"I nmost certainly do." The manager's voice warned suddenly in surprise and evident
delight. "There aren't nmany around here who don't know Sir Charles. Then you nust be his grandson
fromAnerica. It's not your first visit here either; I've heard about you fromtine to tine." He
extended a hand and shook Murdoch's firmy. "It's a pleasure to neet you at |ast. How long wl |
you be stayi ng?"

"W don't really know for sure. We're hel ping Grandpa with some of his work for a while.
Ch, this is Lee, who's over with me fromthe States. And this is Anne, who we've just bunped
into...or rather our cat did."

"My pleasure," the manager said as they nodded in turn. "I've only known Sir Charles since
he cane back to Scotland, you understand. A grand man he is...a grand man. Renenber nme to hi m when
you get back -- Andrew McKenzie from Kingussie, tell him He'll know who you nean."

"We sure will," Miurdoch pronised. He inclined his head in the direction of his ArEx card,
still protruding fromthe slot in the termnal. "Are you finished with that?" MKenzie extracted

the card, thrust it back into Miurdoch's hand, and stabbed his finger at a button on the pane
besi de the screen. The word VO D appeared superposed in red across the details being displayed
Murdoch started to protest, but MKenzie brushed the words aside with a brisk wave of his

hand. "I'Il not listen, and that's the end of it," he declared. H s voice left no roomfor
argument. "I'm Panmel a McKenzie's uncle, you see. It's the least | can do for the Rosses of
d ennor och. "

Murdoch and Lee exchanged puzzled | ooks. "Sorry, I'mnot with you," Mirdoch said. "Wo's

Panel a McKenzie, apart from being your niece?"

"Ch, | see. They didn't tell you about that, eh." MKenzie nodded to hinself. "Ask
sonmebody to tell you about it when you get back to Storbannon. Ask themto tell you about Panel a
McKenzie. "

They all left the store together and stopped to deposit Anne's packages in her car, a
fairly newl ooking Audi lowine, silver-blue netallic with black trim which turned out to be
parked just a few spaces ahead of Miurdoch's. Then they found a quaint ol de-worlde tea house tucked
away in one of the side-streets off the nmain thoroughfare, and were soon settled at a secl uded
corner table with a heaped plate of sandwi ches and currant buns, while a subdued background of
Strauss pol kas played cheerfully from somewhere anong plant pots and tinber beans up near the
ceiling.

Her name was Anne Patterson. She was originally from Dundee but had spent nmany of her
earlier years at school in England, which accounted for her alnost conplete |ack of a Scottish
accent. As Miurdoch listened to her speaking at greater |ength, however, he began to detect a
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slight [ilt that added an undertone of texture to her voice that nade her even nore fascinating.
She was single and lived alone. Nairn was a pleasant little town, she found, with plenty of
variety to offer without being so large as to becone overpowering. Furthernore it was conveniently
close to where she worked -- the fusion plant at a place called Burghead, about forty mles
farther north, as a junior doctor and assistant to the Head of the Mdical Departnent.

"Bur ghead!" Mirdoch excl ai med when she told themthis. "Can you beat that? The world gets
smal | er every day."

"Do you know it, then?" Anne asked, sounding slightly surprised.

"We know of it," Lee said.

Mur doch passed on. "Do you know sonebody there called Miir -- Dr. Elizabeth Miir?"

"OfF course. She's very well known there. She's the Principal Physicist. | take it she's an
acquai ntance of yours."

"She's an old friend of ny grandfather's. In fact she's staying with us for the weekend
right now. Incredible, isnt it."

Lee shook his head disbelieving. "It seens |ike nobody can nove in this country w thout
bunpi ng i nto sonebody they know. That oughta keep a guy on the straight and narrow. "

"They all seemto know Murdoch's grandfather anyway," Anne remarked. "Sir Charles, wasn't
it?" She said it matter-of-factly, without any trace of deference or awe. This at once nade
Murdoch feel nore at ease, and he was certain she had done it intentionally; he wanted to he just
Mur doch Ross, not the grandson of sonebody fanpus.

"Yes," Miurdoch replied, in a way that he hoped was off-hand but not enough so to sound
carel ess. Anne continued | ooking at himover the rimof her cup, her eyebrows half raised. In one
expression she was able to convey that she was naturally interested but didn't want to appear
inquisitive. "He's a scientist," Murdoch went on. "A theoretical physicist. He spent nbst of his
life ill the U S.A whichis how!l conme to be an Anmerican. He retired about three years ago and
moved back to Scotland."

"He sounds very interesting. Wat kind of work does he do now?"

"Ch...private research. Particle phenonena...connected with comunications nainly."

"You nust be physicists too, then," Anne said, shifting her eyes from Mirdoch to Lee then
back again. "You told M. MKenzie that you were over here hel ping himwth his work."

"l guess we are...sort of," Lee said with a shrug.

"Sort of ?"

"By inclination anyhow," Mirdoch said. "But the world only seens to have room for
graybeards, bonb-freaks, and aspiring executives. So what can you do?"

"I see," Anne said sinply. Mirdoch had the feeling that she did see -- exactly; there was
no need to explain further. "So what do you do?" she asked. "Apart from kidnap kittens."

"For the last couple of years we've been on our own," Mirdoch told her. "I suppose a
theoretical consultancy would be the best way to describe it. We think about other people's
problems for a price, and maybe solve them for a bigger price."

"That's one way of getting paid w thout being owned by anybody, | suppose,” Anne renarked.
Her radar was uncanny. Again there was no need to el aborate; she already understood all there was
to be said. "Wio's | ooking after the business while you two are over here?" she asked.

"Actually we pretty well wapped it up about six nonths ago," Mirdoch said. "We were
| ooki ng at sone other possibilities in New York when ny grandpa asked us to come over." He
shrugged and showed his enpty palnms. "So here we are."

"No plans for what happens next?"

"Quess not. It all depends on the winds and the tide." Miurdoch refilled his cup fromthe
pot of tea that had come with the sandw ches.

"How about you?" Lee asked her. "\WWere do you plan on going after Burghead? Anything in
particular in mnd?"

Anne enitted an al nost inaudible sigh and shrugged, nore with her eyebrows than her body.
"I"'mhoping to qualify as a specialist in nuclear nmedicine while I'mthere. After that? | don't

know. | mght go abroad sonewhere...Anerica possibly."

"No ties here at all, huh?" Lee said.

"Not really."

"What about your folks in Dundee?" Murdoch asked.

"Ch, | left there a long tinme ago. W get along well enough, but" -- she paused just |ong
enough to avoid sounding indelicate -- "we really don't have all that much in common. They're

content enough in their own kind of world, if you know what | nean." She nmade it a plain statenent
of fact with no attenpt at any inplied apol ogy; at the sane time, her eyes asked why there should
be any.
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She was anot her odd-one-out of the family, Mrdoch realized. They were all three of them
the sane: Three young people adrift on life with supplies for a voyage of eighty-odd years, but
with no port singling itself out on the charts as an obvious destination. The najor trade routes
were well marked, but exactly what the trade was that took place at their ends was obscure. Eighty
years of battling stornms could be a long tinme to spend discovering that a cargo was val uel ess.

They tal ked for a while | onger about nothing in particular. Anne's nanner throughout was
pl easant and not unfriendly, but there was a nild, vaguely defined reserve beneath her
conversational exterior -- a studied al oof ness that seemed to define an invisible boundary of
famliarity beyond which strangers were not invited. Miurdoch was too intrigued by her to allow her
to walk out of his life as suddenly as she had wal ked in, but at the sane time he sensed a need
for caution. So, when at last the tine cane for themto | eave, he forced his voice to renmain
casual and said sinply, "W'Ill all have to get together again sonetinme. Wuld you like us to give
you a call if we wind up near Nairn?"

"You could,"” Anne replied. It was sinply a statenent of the fact. "My nunber's in the
directory. It's the only Patterson with Anne spelled in full." As she spoke, Miurdoch watched for
any hint of eagerness in her response, but her expression and her eyes gave away nothing. It nade
her all the nore fascinating, and he wondered for a nonent if it was deliberate. And then he
renenbered that he had al ready deci ded she was the kind of person who never uttered a word or nade
a gesture that wasn't deliberate

The sun had di pped behi nd banks of sullen, wet-Iooking clouds that were nmoving in fromthe
west by the tine they topped the pass on the shoul der of Ben Mdroch and began the descent into the
glen. Lee was idly watching the road ahead while Maxwel|l perched unsteadily on his shoul der
hypnoti zed by the views sliding past the wi ndow Every now and again Lee turned his head to study
Mur doch, who had been unusually quiet all the way from Ki ngussi e.

"Quite a gal," Lee renmarked at |ast after an exceptionally |ong silence.
"“Uh huh."

"Classy. Don't see a lot of that around these days."

"“Uh uh."

Lee studied his fingernails for a second, then said, "Just inagine, the world's biggest
heavy-ion fusion plant. You don't get a chance to see that every day."

"Lee, what are you tal king about?"

"Ch, just a thought...It occurred to ne that if you happen to know the Principal Physicist
of a place like that, it shouldn't be too much of a problemto get yourself a tour." He paused as
Miurdoch's head swung round sharply, then went on in a matter-of-fact voice, "Especially for people
who are physicists thenselves, and even nore especially if they happen to have worked on fusion."

"You're right," Miurdoch said. "W've got a lot of work to do, but, aw hell...everybody has
to have a break once in a while. W ought to talk to Elizabeth."

"Yeah. Just what | was thinking," Lee agreed, nodding his head slowy.

CHAPTER TEN

Virtually any scientifically conducted experinent can, at |east ideally, be reduced to two
broad steps: first, determ ning the variables that affect the outcone of the experinent; second,
setting up conditions such that one of the variables at a tinme may be altered while the rest are
kept constant. Fromthe data obtained in this way the experinenter can, with [uck, begin
constructing a picture of which variables matter, in what way and to what degree they matter, and
whi ch don't.

In the case of the proposed tinme-comunication experinents there were essentially three
vari ables to be considered: the data content of the signal sent, the instant in tinme that the
signal was sent from and the instant it was sent to. An additional conplication was that al
three of these factors were thensel ves consequences of decisions made at sone point or other in
sonmebody' s mind; exactly when, and in what nmanner, the results of such decisions becanme accessible

to observation was sonmething that was still far from clear
To sinplify as far as possible the task of differentiating the effects of all these
i nfl uences, the team agreed upon a schedule of tests that fell into two broad phases. Each phase

woul d consist of transmitting a series of signals containing data of a particular type: phase one,
determ nate data; phase two, randomy generated data. For the first series of tests, the signals
sent woul d conprise the results of conplex algorithns run on the conmputer. These results would
thus be effectively deternined fromthe noment the schedule was fixed and | ong before the tests
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actually came to be perforned; because of the conplexity of the algorithnms sel ected, however,
nobody woul d have any way of knowi ng in advance what the results would be. The second series of
tests woul d use signals that advised the outcones of events decided randomy, such as random
nunber generating prograns run on the conputer, tossings of coins, or arbitrary choices and
deci si ons nade on the spur of the nonent by the people involved. By conbining the results of these
tests, the team hoped to make at least a start in finding out nore about the role played by the

el usive elenments of chance and free will.

That covered the data content of the signals, but still left the two other variables that
had been singled out for investigation: the times of transm ssion and reception. To isolate the
effects of these, the team decided to divide each of the phases into two groups of tests, with one
of the quantities being varied and the other held constant in each group. The first group in each
of the phases would conprise tests to study the effect of varying the transmission tinme of a
signal. The conmputer would wait for an incomng signal fromthe future, determine the moment in
time fromwhich it had been sent, add one second to that tinme, and then transmt a different
signal after the one-second-extended period had el apsed. This process should, the team reasoned,
generate a whole series of |oops back, all '"ained at'' the sane instant in the past but
transmitted froma series of points advancing progressively at one-second increnents into the
future. Then they woul d repeat the whole procedure, but this time with the | oops shortening by one
second with each repetition instead of |lengthening. After that, for the second group of each
phase, they would go through the whole thing again, this time keeping the tine of transm ssion
constant and varying the tinme of reception

To elimnate, or at least mnimze, the human el ement, the team agreed to adhere rigidly
to the schedule once it had been worked out in detail, regardl ess of what took place thereafter
Al so, to avoid the risk of unnecessary conplications, they made a rule forbidding any further
di al ogues with past or future selves, or the transmitting of anything at all that was not
specified in the schedule. The matter was al ready conplicated enough

The conputer would be programmed to record every measurabl e quantity relating to every
test. Then analysis would begin of the data left inprinted on the final tineline preserved at the
end of it all. Fromthis analysis the team hoped to gather nore clues to assist themuntangle
whi ch events were erased by what and under what conditions, and thus gain nore of an insight to
the workings of the strange nechanics that governed the feedback | oops through tine.

Murdoch was on his way through the dining roomto rejoin the others in the |ibrary when he
stopped for a nonment to gaze out through the wi ndow overl ooking the rear courtyard. It was around
ni daft ernoon on Sunday. The steady drizzle that had arrived during the night had conti nued
unabat ed through the day to turn the snow covering the ground into a sea of dreary, watery slush
Behi nd him Robert and Morna were preparing the table for dinner later that evening.

"Looks | ousy out,” Murdoch threw back over his shoulder. "I think I've figured out why the
Scots are crazy."

"And why woul d that be?" Robert's voice asked from somewhere behind him

"They' re descended from crazy ancestors. Wio in their right nminds woul d have settled in a
nmess |ike this?"

"Well, if it's crazy we are, then you're no better yourself," Mrna declared. "You're as
much a Scot at heart as Sir Charles, Anerican nother or not."
A few seconds passed. "Are the others still talking in the library?" Robert asked. "Ye've

all been at it since first thing this norning, and through nost of yesterday too. There nust be
sonet hi ng very inportant happening. M. Cartland seened very excited about sonething at breakfast,
| noticed."

"Not hing that'll change the world," Mirdoch replied. He turned his back to the w ndow and
moved nearer the center of the room "It's starting to look as if some things mght work the way
Grandpa's theories have been predicting for a while. Ted's just excitable by nature. | don't

expect any revolutions." As he said it, Miurdoch had the fleeting thought that, if things worked
out the way he was beginning to suspect they mght, one day that |ast sentence could well qualify
as the biggest lie told in history.

"There was sonething | meant to ask you,'
anyt hing el se. "Who is Panela MKenzi e?"

"Have you not heard about her?" Mrna asked, sounding surprised. "I'd have thought Sir
Charles would have told you. There, isn't that just like himto go not nentioning a word of it."
Mur doch | ooked inquiringly at Robert.

"She's a young |l ass fromjust outside of Kingussie who was working here at Storbannon for
a while last winter," Robert said. He shook his head grimy. "Ch, last winter was a bad one, and

Murdoch went on, nore to change the subject than
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that's for sure. Alot of snow we had...Some of the passes up in the hills were closed for weeks."

"Yes?" Mirdoch said.

"Panel a was taken sick all of a sudden...sonething quite serious inside, it was. They got
her to the hospital just outside of Kingussie, but then a storm broke out so they decided to
operate there instead of taking her up to Inverness. She started henorrhaging, |I'mtold, and they
needed to get sone kind of special blood sent down in a hurry. The anbul ances were grounded so
they sent it down in a police car, but the road fromInverness was so bad that it was touch-and-go
whet her or not it would get through. But anyhow it did, and everything turned out well." Robert
paused fromlaying out the silver and | ooked up. "It was only afterward we found out that M.
Cartland had talked to his RAF friends in the base up at Lossienpbuth and arranged for themto have
an al |l -weat her rescue team standing by ready to pick up an extra supply fromlnverness and bring
it down to Kingussie if the police didn't make it. He tried to make out as if it was nothing at
all, but there are a lot of folk around here who' Il not forget in a hurry what he did."

"I see..." Miurdoch said slowy. "That explains a lot."

"Where did you hear about Panel a?" Mrna asked. "She's been gone from Storbannon a while
now.

"W were talking to a guy in Kingussie who said he was her uncle."

"Ch, that'll be Andy McKenzie, |I'll be bound," Robert said. "Runs the gl assware shop on
the high street."

"That's him Bald head. Wars gl asses."

"Was that where you had the accident with that wee devil of a kitten then?" Mrna asked.

"That's right. When MKenzie found out where we were from he wouldn't -- " Mirdoch's
voi ce broke off as he heard the library door open and a sudden flood of voices pour into the
hal | way outside. "Excuse me," he said. "I'd better go see what's happening."

The others were just comng out to stretch their | egs and break for coffee.
El i zabet h caught sight of Miurdoch and detached herself fromthe group to walk over to him
"Change of plan," she announced. "Your wi cked grandfather has persuaded nme to stay for dinner
I"I'l be |eaving afterwards instead.”
"Unl ess he's nanaged to talk you into making it a week by then,"” Mirdoch said with a grin
“I"d love to, believe nme. But negl ected husbands can be so objectionable. And | sinply

must be back at Burghead tonorrow. W'Ill be testing the reactors at full power for the first tine
very soon now. You woul dn't believe how much there is to be done."

"Say, that reminds nme, | was neaning to ask you sonet hing about Burghead." Mirdoch screwed
up his face and scratched his ear for a nonment. "You know, with the world' s biggest heavy-ion
plant just forty mles away, and with Lee and ne having worked on that kind of thing, | was
wondering -- "

“If I might be able to arrange a visit for you. Yes, Lee has already nentioned it. O
course |1'd be happy to. In fact that was what | came over to tell you. I'll call you later in the
week when |'ve had a chance to organize sonething. It will be a busy week, but I'msure we'll be

able to sort sonething out for you both."

CHAPTER ELEVEN

Murdoch and Lee drove north to visit Burghead on the foll owi ng Thursday, which turned out
to be a convenient time to take a day off. Charles and Cartland wanted to go to Edi nburgh to spend
the day with some former coll eagues of theirs who were visiting Britain fromthe States; the team
therefore declared Thursday a holiday, |eft the machine to run automatically, and went their
separate ways

The lure of taming fusion, with its pronise of practically unlimted amounts of energy
fromeasily processed and abundant fuel in the form of seawater, had captured nen's imagi nations
since around the mddle of the twentieth century. The principle was straightforward: Two nucl ei of
the heavy isotopes of hydrogen, one of deuteriumand one of tritium could be fused together to
produce a nucl eus of heliumand a surplus neutron. A small anobunt of nmass would be lost in the
process, appearing in an Einsteinian way as a |ot of energy to be carried away mainly by the
neutron and partly by the helium nucl eus.

In practice the main problemto be overcome was that of finding a way to i nduce the nucle
to come cl ose enough to each other for fusion to take place since they both carried positive
el ectrical charges. In other words, how could they be confined in close enough proximty for the
strong nuclear force to solemize the marri age when the | ong-range el ectromagnetic force drove
them apart before they were even on speaking ternms? The answer was to cause the nuclei to rush at
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each other so fast that their nmomenta would carry themthrough the repul sive barrier regardl ess of
how the | aws of electrodynanics felt about it. That neant that the plasma fornmed by the nucl ei
woul d have to be hot. Very hot. It worked out at around fifty mllion degrees Cel sius. This was
fine for anybody who happened to live at the center of a star, where gravitational pressure

sustai ned the necessary tenperatures and densities, or in the core of a detonating hydrogen bonb,
where an A-bonb trigger heated hydrogen to such tenperatures before it could disperse. But human
bei ngs had | ong ago adapted to a nore genial type of habitat and had devel oped a distinct
preference for keeping things that way.

Through the latter half of the twentieth century, despite alarm st accusations that
research was bei ng sabotaged by political and comercial vested interests in oil, two broad
approaches energed to solving the confinenent problem The first to be investigated was nagnetic
confinenent, in which the hydrogen plasma was trapped inside nmagnetic "bottles" of various shapes
and then heated by the injection of electromagnetic radiation or of high-velocity particle beans.
The second approach was inertial confinenment, which came later. It consisted of crushing to
superhigh densities snall pellets of hydrogen fuel at very high speed using the inertia of the
nuclei to drive themtogether and fuse before repul sion could stop them This was achi eved by
dunpi ng an enornous anount of energy on the surface of a pellet in a very short space of time --
typically nmeasured in thousandths of a m crosecond; under such conditions the outer skin of the
pel |l et expl oded away and created an opposite, inward reaction-force that inploded the core, rather
Iike a spherical rocket. To convey the required energy to the pellet, three technol ogi es were
devel oped: | aser beans, electron beans, and ion beans.

The first generation of working fusion reactors went into operation in the United States
and the UUS.S.R in the late 1980s and early 1990s. Both nations had devel oped nagnetic net hods as
their primary form of approach, but eventually supplenented themw th one of the inertia
alternatives, the Americans opting for lasers, the Russians for e-beans. Although they both
pursued research on ion beans, neither nation gave priority to perfecting techniques involving
t hem

The European Fusion Consortiumfinally got its act together in 1990 after a spate of
del ays and bickerings resulting fromjeal ousies and petty-politics that should have been forgotten
generations before. The choice open to the Europeans by this tinme was either to buy into the
technol ogi es that had been pioneered el sewhere, which woul d have cost them considerably in noney,
prestige, and national pride, or to go for ion beanms. They chose the latter. Besides the obvious
reasons, the approach prom sed several distinct technical advantages. For one thing, ions were
nmore massive than el ectrons and could carry far nore energy at a given velocity; al so, because of
their high inertia, they could be focused onto their targets fromrelatively |ong distances, thus
reduci ng substantially the problens of designing final-focusing equipment that would withstand the
bonbardnent from a sustained barrage of fusion mcroexplosions. And on top of this the techniques
for generating and controlling particle beanms were well understood after decades of high-energy
accel erator physics, which nmeant that a ot of lost tine could be nmade up by exploiting an al ready
mat ure technology. In fact the attractions of ion beans were so evident that the Europeans
wonder ed why neither of the superpowers had concentrated on themin the first place. But that
wasn't the Europeans' problem

In a rare revival of the enterprising spirit that had i nundated the world with bibles and
gunboats in years gone by, the nations of the European Fusion Consortiumelected to go whol e hog
with a project that would surpass in concept and scale any of the first-generation reactors that
had been conceived by the end of the twentieth century. It would be a gigantic, heavy-ion facility
designed to performa triple role: It would produce power and deliver thousands of nmegawatts into
the European supply grid; it would use a portion of the fast neutrons produced in the fusion
process to convert abundant deuteriuminto tritium thus manufacturing its own fuel; and it would
breed heavy isotopes to help satisfy Europe's fission-reactor needs.

The haggling, of course, began when they tried to agree on where to build it. In the end,
ironically, the issue was decided by oil. Al though the long-termpicture was at |ast beginning to
| ook quite cheerful, oil would still be needed for many years to cone to keep the wheels of Europe
turning. The British had acquired the lion's share of the oilfields developed in the North Sea;
they could therefore sell oil to the other Consortiumnations far nore cheaply than the
traditional overseas suppliers could, or at |east were disposed to. And in the 1990s the prospect
of cheap oil for a while was not sonmething to treat lightly. Furthernore, if British oil was going
to be channeled into Europe, it was only fair exchange, surely, that European fusion power should
be sited where it could sustain the industries that the availability of that sane oil had
engendered. And besides, the British pointed out, they would be nmuch nicer people to do business
with than those insufferable Arab chaps with their never-endi ng squabbl es and price hikes.
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Breeding would tell, and all that...
It all added up to an as-near-as-made-no-difference unassail able position at the
bargai ning table. And so, finally, Burghead it turned out to be.

Sunday's rain had turned to snow by Monday, and then the weat her had cl eared once nore.
Murdoch and Lee's first view of Burghead was fromthe top of a range of low hills that |ay between
El gin and the sea, fromwhere they found thensel ves | ooki ng down over a narrow strip of coasta
plain, standing crisp and white against the blue waters of the Moray Firth in the distant
backgr ound.

The conpl ex stretched away out of sight along the shoreline and extended for perhaps two
mles inland. It was a dense sprawl of refineries, storage tanks, chem cal plants, and generating
stations interconnected by tangl es of roadways, pipelines, and power cables. The whol e resenbled a
scul pture of frosted concrete and steel. The reactor facility itself was |ocated at the end of the
conpl ex nearest them occupying a site that had obvi ously been devel oped nore recently than the
rest. They were able to pick it out easily.

Very easily.

It was square, and nust have neasured three niles along a side.

At | east the area enclosed by the Iine of the perineter fence | ooked square; the far side
of the site was distorted by the perspective and its details obscured by distance, but it seemed
to extend all the way to the shore. The road was hi gh enough, however, to present a good idea of
t he general |ayout.

There were four identical clusters of buildings, one inside each corner of the perineter
square, and a conpact group of larger buildings at the geonetric center. In fact, as far as
surface constructions went, the whole site had a distinctly barren | ook about it; the reason for
its size was the symmetrical pattern of straight-line segnents and circles that it framed, which
reveal ed the arrangenment of underground accel erator tracks and storage rings that generated,
mer ged, and concentrated the beans before hurling theminward at the target chanbers |ocated
beneath the largest of the central group of buildings. The |argest and nobst conspi cuous of the
rings was centrally situated in the perinmeter square. It was two niles in dianeter, and marked the
outer edge of a wide, circular belt made up of many identical structures of some kind; they didn't
project far above the snow and coul d have been just the upper parts of sonething that went deeper.
Four snmaller rings, each about a fifth of a mle across, occupied the corners and encircled the
four outer clusters of buildings. A web of straight-line segnents, intersecting the rings at
tangents and connecting the |arge one to the four smaller ones, conpleted the design.

Lee pursed his lips in a silent whistle as he took in the sight. "Ma-an!" he breat hed
after a few seconds. "Take a | ook at that."

"That's what | call engineering,” Mirdoch murrmured in an awed voi ce. "Real engineering..."
Bur ghead had received coverage fromtine to tine by the U S. news nedia, but the pictures had
never been able to convey anything that approached the inpact of the real thing. Mirdoch sat
forward in his seat to study the facility in detail while the car hunmed al ong contentedly under
the control of its own guidance system aided by routing data transmtted fromconputers in
I nverness or wherever. "That nust be the main storage ring in the mddle," he said after a while.
"It's gotta be two miles across at |east. The ones at the corners nust be secondaries. The primary
probably punps themup in sequence.”

"l guess so," Lee agreed. "Wth a waparound factor of about ten, |I'd guess. They | ook
about a tenth the size. They nust fire inward underneath the primry."
"They do, but not directly," Mirdoch said. "I talked to Elizabeth about it. The

secondaries punp up a battery of tertiary rings, and they unload onto the target. That wi de belt
of stuff just inside the big ring nust be where the tertiaries are buried." He paused for a
monent, then added, "That neans the final pulses are ained fromsonething like a mle out."

"Jeez!" was Lee's only reply.

The road descended fromthe crestline of the hills in a series of shallow, sweeping curves
that eventually strai ghtened out on the flat below to run al ongside the perinmeter fence for its
full length. The fence was a nmonotony of wire, twenty or so feet high, strung between concrete
posts and standing a few hundred feet back fromthe edge of the highway. The fence marched by
endlessly on their left for a while, and then at |ast gave way to a huddle of low, flat buildings
flanking two wi de, steel-franed gates. At this point a road fornmed a junction with the main
hi ghway and ran al ong one side of a fenced-in parking area before passing through the gates and
di sappearing into the site. A sign by the highway at the turnoff read:

EUROPEAN FUSI ON CONSORTI UM
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BURGHEAD HEAVY-1 ON FACI LI TY
SQUTH GATE

Murdoch flipped the car into manual drive to | eave the controlled highway, turned into the
parking lot, and found an enpty space not far from the gatehouse door. They entered through doubl e
gl ass doors and announced thenselves to a security officer, wearing a navy-blue police-style
uni form conpl ete to the bl ack-and-white checkered cap-band al so worn by the Scottish constabul ary,
who was sitting behind a |long counter that partitioned off the rear part of the reception area.
The officer checked a conputer screen to confirmthat they were expected, exam ned their 1D s, and
i ssued them | apel nane-tags; then he called to sonewhere to announce their arrival and asked them
to wait in the gatehouse | obby, which was through another door to one side.

They passed the next ten minutes or so examning a five-foot-square nodel of the facility
that, together with sone pictures and other exhibits, formed a display in the | obby, and chatting
with a couple of service engineers from Honeywel|l who were also awaiting a plant escort. The
engi neers had cone to nake sone final adjustnents to equi pnment before the first full-power tests
of the reactors, scheduled to conmence on the followi ng Monday. Elizabeth had nmentioned that the
tests were inminent, but she hadn't been specific about when

At | ast the door opened and a tall, |ean, youngish-1ooking man anbled in. He | ooked the
ki nd of person who had never quite got past being a student, with untidy, sandy-colored hair, a
nmottl ed brown, rolled-collar sweater, and tan corduroy trousers. He stopped and | ooked inquiringly
fromone pair of faces to the other.

"M. Ross and M. Wl ker?"

"Us," Miurdoch informed him

"Ah." The newconer cane across and shook hands with both of them "M chael Stavely. | work
with Elizabeth Miir. She's got herself tied up with something that won't wait, I'mafraid. |I've
been volunteered to | ook after you between now and | unch. She'll be joining us then."

"Fine," Murdoch said. "I know you've got a busy week conming up. It's nice of you to find
time for tourists.”

“"No trouble at all. Anyhow, | gather you two belong to a rather special category of
tourist." Mke led themback through into the reception area and opened another door that led to
the outside, but on the inner side of the perimeter. "This way. |'ve got one of the firm s buggies

outside. You can | eave your car out front. You haven't left anything in it that you m ght need,
have you?" They descended a few steps to a smaller parking area at the rear of the gatehouse, and
M ke I ed them over to a heavy-duty pickup truck, painted sky blue and bearing the gol den Iightning-
bolt insignia of the European Fusion Consortiumon its doors, which was parked at the end of a

short line of assorted vehicles. "Is there anything in particular you'd like to see first?" he
i nquired as they clinbed in.
"We'll |eave the tour to you," Lee said.
"Right-ho. W'll start at the beginning and end at the end then. I'l|l take you to have a

| ook at one of the injectors. They're where the beans are fornmed and start out from Then we can
follow the whol e gubbins through fromthere."

They followed the main road fromthe gate for a short distance, and then turned off into a
perimeter track that brought themto one of the corner-groups of buildings. Qutwardly there was
not hi ng especi ally distinguishing about them They nade up a lonely huddle of fairly standard
three-storey office blocks and a few bungal ow huts, interspersed with open parking spaces. A
somewhat | arger construction stood in the mddle; it was wi ndow ess, and | ooked squat and
i mpregnabl e, vaguely bl ockhouselike, as if it belonged nore in a space-launch facility. They
parked beside the large building and entered through the single door that fornmed the only break in
its otherwi se blank and featureless walls. A few ninutes |ater they enmerged from an el evat or
several |evels bel ow ground and wal ked into a different world.

It was a world fashioned and shaped by the unconpron sing dictates of high-voltage
engi neeri ng. Banks of transforners |arger than any that Mirdoch had ever seen reared upward am d
an intricate, three-dinensional tapestry of superconducting busbars and cool ant pi pes. Between
them were batteries of insulator stacks ten feet high and nore, carrying lines to i mense
torroidal windings built around sections of partly visible cylindrical constructions that
stretched away through | abyrinths of steel structural franeworks.

M ke led them down a series of netal staircases through several |evels of railed catwal ks
and nai ntenance platforns, and onto a wal kway surroundi ng the base of what |ooked |ike a huge,
round, steel tank, bristling with insulators and wrapped in cables; a long cylindrical structure
energed fromone side of the tank and di sappeared through concrete casemates in the approxi mate
direction of the primary, two-mile-di anmeter storage ring.
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"This is one of the injectors,” Mke told them gesturing upward at the tank. "Inside that
are high-voltage arcs for peeling off electrons to give us our ion supply. That tube is the first
of a series of initial accelerating stages. Initial acceleration is up to a mllion volts. The
accel erators are charged froma capacitor bank |ocated on the next |evel down."

"What ions do you use?" Lee inquired.

"Mercury."

"How many injectors are there altogether?" Mrdoch asked.

"Sixteen," Mke replied. "There are four like this at each corner. This whol e arrangenent
is duplicated by a second systemrunning parallel to it on the other side of that wall." He
poi nted behind them and then started to lead the way along a catwal k that followed the wall of
the tube, which was at |east ten feet high, through the concrete supporting structure and out onto
a fairly wide observation platform They found thensel ves | ooking along a vast, brightly lit
tunnel in which relays of steel supports carried the tube away into rapidly shrinking perspective.
A few hundred feet farther on, they could see the point where the other tube, running al nost
parallel, energed fromone side to join the first at a fine angle.

"This stretch is the first booster stage,” Mke informed them "Fromhere to the junction
al ong there, the beamis pushed up to ten mllion volts. Exactly the same thing happens to the
beam from next door. The two are then nerged to give one doubl e-current beam™

Mur doch | eaned his el bows on the parapet surrounding the platformand gazed for a while at
the intricate webs of piping and wi ndings that encased the gl eaning surface of the tube wall for
as far as he could see. "Wat kind of current are we tal ki ng about ?" he asked.

"Ch, not nuch at this stage,”" Mke said cheerfully. "Even after the two beans nerge, it's
still only on the order of tens of mllianps -- but that's at ten negavolts already, don't
forget."

"l thought you said there were four beans at each corner," Lee renmarked.

"There are. Come on, let's take a walk. I'Il show you where the other two cone into the

act .
They descended to the floor of the tunnel and followed it to the junction, where they were
able to stand and | ook up at the two nassive tubes com ng together over their heads. Beyond that
poi nt the tunnel becane hi gher, and soon opened out into a huge vault, encircled by nore catwal ks
and platforns, where the tube nmerged with one angling downward from sonewhere above. The conbi ned
tube was even thicker than before, and marched away relentlessly into a wi der tunnel that
continued on in the same direction
"The whol e doubl e-beam setup you' ve seen is only half of it," Mke explained. "There are
two nore injectors on a higher level, and their beans are nmerged in the sane way to produce
anot her doubl e-density beam The two doubl e-density beans cone together here.”

"So you've got a quad at this point -- conmbining the outputs fromall four injectors," Lee
obser ved.

"Quite."

"Still at ten mllion volts?" Mirdoch queri ed.

"At this point, yes." Mke pointed across to the other side of the wide bay in front of
them which went down several |evels deeper and separated themfromthe nouth of the larger tunne
that continued fromthere. "That's the begi nning of the second booster chain. The first stage of
it is another garden-variety linear accelerator that shoves things up to twenty-five negavolts.
The other end of the chain is a fair distance away. In fact it's at that primary storage ring,
whi ch you nust have noticed as you canme over the hill."

"We did," Murdoch said. "So what's the beamup to when it reaches the ring?"

"One hundred billion volts," Mke replied.

Mur doch whi st ed.

They skirted the bay by way of a railed wal kway running around its edge, and canme to a
concrete apron fromwhich rose the massive steel supports that carried the accelerator tube into
the next section of tunnel. Fromthis vantage-point the tube | ooked |like a gigantic gun-barre
converging away into the far distance. The tunnel was w de enough to acconmopbdate an underground
roadway that ran al ong bel ow and to one side of the tube itself. One side of the roadway was
flanked by the steel structural work supporting the tube and its coil assenblies, the other by
white, tiled wall lined with | ayers of cable; |ooking along it, Mirdoch felt like a nouse that
found its way into a wiring conduit.

A local control center |ooked out over the bay froma point above the apron and next to
the tube. M ke took themup there to neet sonme of the engi neers who were responsi ble for that
section of the plant and able to answer Miurdoch's and Lee's nore detailed questions. After that
the three of themreturned to the apron and boarded a small, electrically powered car to continue
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their tour toward the central zone of the site.

On the way, M ke explained that the sane thing happened at all four corners of the plant,
yielding four identical beans that entered the prinmary storage ring at four equi spaced points
around its circunference. Each corner-battery of four injectors was designed to produce two
hundred and forty quad-current-density ion pul ses every second, which were then boosted up to
virtually the speed of light. Each pulse lasted for just under a half a thousandth of a second,
whi ch neant that a pul se would be sone sixty-three niles |Iong; obviously, therefore, its |eading
edge would arrive at the primary ring long before its tail end had energed fromthe injectors. The
ring drew the pulse in and wapped it around on itself ten tines, rather like a length of string
being coiled onto a reel, and in the process multiplied the ion current by a factor of ten. At the
same tine it nmerged the conpressed pulse with the ten-tinmes-w apped-around pul ses fromthe three
other injector batteries, achieving a final conbined current of the order of anperes circulating
in the primary ring.

The tunnel opened into a |ong, wedge-shaped space, again going down to deeper |evels, one
side of which was forned by the curving wall of the primary ring itself. Above it, the final, one-
hundred-billion-volt booster section of the tube continued, suspended am d girders and
|atticework, to nerge into the structure of the ring, thus form ng the pointed end of the wedge.
From the ends of the chanber, a brightly lit gallery curved away out of sight in both directions
to carry the roadway al ong the ring' s periphery, no doubt connecting with other, simlar tunnels
coming in fromthe other corners of the site.

"There are four places like this around the whole ring," Mke said as he halted the car to
allow thema few mnutes to take in the scene. "Every one is an entry port where a conbi ned beam
fromfour injectors is sucked in. There are four exit ports as well, situated between the entry
ports. Every time the ring is punped up, it unloads a full charge through each of the exit ports
inturn."”

"Li ke dealing out four hands of cards," Mirdoch said. "Yes, we've cone across it before."

"You've got it," Mke said, nodding. "Wuld you like to see one of the exit ports?”

"Sure. Wy not?"

"Let's drive round the ring a little way and have a | ook at one."

They nmade a U-turn around the blunt end of the wedge to enter one end of the curving
gallery, and followed it around until it opened out into another wedge-shaped chanmber simlar to
the one they had just left. The difference here was that the tube disappearing into the tunne
that terminated in this chanber carried the ion pulses away fromthe ring instead of into it

They turned off the ring-road and followed this tunnel for a | ong distance back out toward
one of the corners of the plant; exactly which corner, Murdoch was by now no | onger sure. It
brought themto yet another simlar, but snaller, chanber where the same story was repeated on a
smal l er scale. The tube fromthe primary ring fed a secondary storage ring, which was one tenth as
| arge; obviously the secondary was one of the four one-fifth-nile-dianeter structures |ocated at
the corners of the site that Murdoch and Lee had spotted earlier fromthe road. Each secondary
ring achieved a further waparound current-nultiplication of ten, ending up with a trapped,
circulating |oad of sixty anperes. The primary discharged two hundred and forty tinmes every
second, feeding each of the secondaries in turn; thus every secondary was punped up to full | oad
sixty times per second.

They drove around the secondary ring until they cane to its single exit port, which
poi nted back to the central part of the plant. A diverter enabled the concentrated pul se comni ng
fromthe ring to be channel ed away through any one of four tubes, which diverged from each other
across a long, fan-shaped vault before disappearing into the nouths of four separate tunnels. M ke
drove themto the far end and into one of the tunnels to reveal yet another seenmi ngly endl ess
procession of lanps and struts marching away to a distant vani shing point. Mirdoch was begi nni ng
to wonder just how much there was of this incredible subterranean networKk.

This tunnel |ed back to the center, all the tinme following a gentle incline that took it
beneath the structure of the primary ring, passing en route through a | ower |evel of one of the
wedge- shaped chanbers that housed the entry and exit ports; for all Miurdoch knew, it could have
been one of the two that they had al ready passed through hi gher up when they were going in the
opposite direction

The tunnel ended in a low, circular space a hundred feet or so across, which contained one
of the tertiary storage rings. The tube they had been following entered the ring at a tangent in a
way that was by now famliar, and the exit tube |l ed away at another tangent fromthe sanme side.
There were sixteen such tertiary rings in all, Mke informed them |ying edge to edge in a belt
around the heart of the plant like a circle of coins. Each of the secondary rings at the corners
fed four tertiaries in sequence via a diverter arrangenent |ike the one they had seen in the fan-
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shaped vault. Since a secondary ring discharged sixty times every second, every tertiary was
punped up fifteen times per second. Further waparound in the tertiaries gave another current-
mul tiplication factor of ten, producing six hundred anperes in each

Thus, fifteen tines every second, a point was reached where there were six hundred anperes
of multiply ionized nmercury atons noving at relativistic speed inside every one of the sixteen
tertiary rings. Wien the plant eventually went to full power, all sixteen rings would be
di scharged sinultaneously, and a total of ten thousand anperes would converge in the final rush
al ong the three-quarter-nile-long guides that clinbed gently upward to the target chamber. The
conpression achieved at that stage woul d be such that the pul se delivered fromsixteen directions
at once would last only for nanoseconds.

The power that smashed into the target pellet in those nanoseconds would be in excess of a
thousand trillion watts.

Murdoch and Lee gazed out through a long, glass wall at the place where the beans ended
their brief lives in a flash of fusion plasma. They had arrived at last in the Main Control Room
bel ow t he Reactor Buil ding, which was the large building domnating the cluster at the center of
the site. Beyond the glass lay a vast, circular cavern in which the thirty-foot-diameter, steel-
clad bul k of the reactor vessel reared up through tiers of access |evels and mai nt enance
platforms. Around its base and bel ow the [ evel of the control room a circle of massive stee
yokes carried the beamtubes fromthe tertiary rings into the reactor wall.

M ke waited a while for themto digest the view, then noved forward to stand beside them
and gestured with his arm

"That's where it all happens. The target chanbers are in there, of course. Actually
they're not as big as you nmight think. Mst of what you can see fromthe outside is due to
shi el ding for neutrons and radiation."

"How cone ' chanbers' ?" Murdoch asked. "How nany are there?"

"Three. The first phase of full-power testing will be to run one of themflat-out. If it
all goes okay, we'll go the whol e hog and double the firing rate of the injectors. Then the
accel erator systemw ||l deliver thirty full packets a second. That will drive two reactors in
parallel. The third is a standby, so the plant will always be capabl e of chucking out two
reactors' worth."

Mur doch | ooked out at the forest of girders and pipes encasing the reactor vessel
scattered anong which a dozen or so technicians were nmaking final adjustnments and measurenents in
preparation for the com ng Monday's tests. "How |l ong before you try running two chanbers in
paral | el ?" he asked.

"Practically straight away," Mke replied. "Every section of the system has already been
tested through individually, and the whole thing has been run up to noderate power |ots of tinmes
wi t hout any major snags. On Monday we'll run two chanbers at full-blast individually. Then, if al
goes well, we'll double up on Tuesday norning. After that it will be solid testing for at least a
few nonths. "

"On-line by sumer then, huh?" Mirdoch said.

"Wth luck. Tentatively we're saying by the niddle of July."

Lee | ooked down at the sanple target that he was holding in his hand, one of two that M ke
had presented as souvenirs. It was a thin-walled, hollow glass | ens over half an inch across,
filled with a mixture of deuteriumand tritium Inside one of the reactor chanbers, a stream of
pellets at a precise spacing of fifteen per second would be directed through the beam focal point
i ke nmachine-gun bullets to be hit on the fly by the titanic bolts of energy fromthe
accel erators. The inner surfaces of the target chanbers conprised "waterfall" screens of liquid
lithiummetal, thus affording no solid area to be eroded by the particles and debris generated in
the fusion process. The fast neutrons produced were sl owed down in the |ithium bl anket, where
their kinetic energy was transformed into heat to be carried away by the liquid and used to
generate power in another part of the plant. As an alternative, the fusion plasna could be
directed out of the chanber and its energy tapped directly via magnet ohydrodynani cs, but that
capability would be added | ater.

"I think Elizabeth said the bl anket was a breeder as well,’
wi th deuterium and breed your own H3?"

M ke nodded. "Yes. It's got fertile fissiles in it too...U238 and thorium 233. After
neutron activation and beta decay, they end up as plutonium 239 and U233. W run a sideline

Lee said. "Don't you seed it

flogging it to fission plants up and down the country -- and abroad, cone to that. It brings in a
bit of extra beer nmoney and hel ps pay the rent."
The two Anericans gazed for a while longer at the scene beyond the glass wall, and then
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turned back to face Mke. "Any nore questions?" he asked them glancing fromone to the other

"I don't think so for the noment," Mirdoch said, shaking his head. "|I guess you've covered
just about everything."

"Quite a show," Lee conceded.

"We try and give value for noney," Mke said cheerfully. "Anyhow, if you've seen all you
want to for now, we ought to be thinking about nmaking a nove. It's alnost twelve-fifteen, and
we' re supposed to be nmeeting Elizabeth in the cafeteria over in the Donestic Block at half past.
We'l | need just about all the time we've got."

"In that case let's go," Mirdoch said.

As they began novi ng between the panels and consoles toward the main door of the contro
room Mirdoch turned for a last |ook out at the reactor. He had seen fusion plants before and had
come not really expecting any big surprises. But he had to adnit that he was inpressed.

CHAPTER TWELVE

"That was good," Lee said approvingly, pushing his enpty plate away. He nodded his head to
i ndi cate the whole of the self-service cafeteria, which the senior executives at Burghead shared
with everybody el se. "They sure | ook after you people here."

"W do our best," Elizabeth acknow edged from across the table. She | ooked feninine as
usual , but at the same time businesslike, in a pale-blue, two-piece suit with a white bl ouse. "You
seened to find the salnmon to your liking, | noticed."

"Beats burgers and French fries."

El i zabet h moved her gaze toward Murdoch, who was deep in thought while he finished his
coffee. "You're unusually quiet today, Mirdoch," she said.

"Ch...l guess |'ve seen too many new things this norning. It takes a while to filter in."

"Savoring the pride of being a nenber of the human race, eh?" She made her voice sound
flippant, but Miurdoch knew by now of her habitual British tendency to use flippancy as a softener
when she was being her nobst serious. "Thirty years ago they thought they had an energy crisis;
today we nake our own suns to order."

"Not really anything like that. I"'mjust..." Mirdoch checked hinself and thought for a
moment. "1 don't know though...Maybe you're right."

"I think maybe he's a bit mad because this place isn't in Arizona," Lee said.

"I wouldn't worry about it, old chap,”" Mke commented. "It wouldn't be here either if the

Germans and the Froggies hadn't paid for everything except the doorknobs. How rmuch do you think
jolly old England was worth after forty years of being run by plunbers' mates? Do you know that in
19 -- " He stopped speaking and | ooked up as a figure approached and stopped by the table. It was
a mddl e-aged man with a ruddy conpl exi on, wearing a heavy tweed jacket. Elizabeth greeted him
with a | ook of obvious recognition.

"Jack, hello. | was keeping an eye open for you. We'll need those figures this afternoon
early if possible. How are they com ng al ong?"

"That's what | came over to nention," Jack said. He | ooked at Mke. "Jan's finished the
flux-count matrix. She's stuck until she gets the Q. Mrris says you were doing it." He gl anced
briefly at Murdoch and Lee. "Sorry to butt in, but it's a bit urgent."

"Don't mnd us," Mirdoch said, shrugging. "The work has to come first."

"Jack, this is Murdoch, and that's Lee," Elizabeth said. "They're over fromthe States.
Murdoch's grandfather is Charles Ross down at G ennoroch. This is Jack Belford. H's group | ooks
after target-chanber instrunentation.”

"Hi L

"Hello."

"Charlie Ross, eh." Jack raised his eyebrows. "l've seen some good crowds down there in
that castle of his. Gve himnmy regards when you get back. Maybe we'll see you later on this

afternoon in Maths and Physics."

"Yes, they'll be paying us a visit," Elizabeth said. "They had the tour this norning. That
was what tied Mke up. My fault, I'mafraid."

Jack | ooked appealingly at Mke. Mke rose to his feet and spread his hands in a gesture
of apology. "Well...it looks as if duty calls. You'll have to excuse me. | enjoyed talking to you
both. We'll probably see each other again later in the afternoon.” He turned and began talking to
Jack as they wal ked away.

El i zabeth noved closer to the table to talk in a | owered voice. "How are things at
St or bannon? |'ve been meaning to call Charles but never seemto get a chance. |Is there anything
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new to report?"

"Not really,"” Miurdoch answered. "We've just been running strictly according to the
schedul e. The machine's running and piling up results, and none of us even knows what any of them
are yet. It's all exactly the way we agreed."

"Ch, | see." Elizabeth sounded slightly disappointed. She sat back in her seat and turned
her hands upward briefly to signal an end to that topic. After a short pause she went on
"So...you've seen our nmain attraction here. |Is there anything else you'd particularly like to add
to the list? If not we can go on over to Math and Phys, and you can neet sone nore of the people.”

"Sounds good," Lee said.

El i zabeth gl anced inquiringly at Miurdoch. Murdoch thought for a nonent. "As a matter of
fact there is something else we could do," he said. "There's a friend of ours who works here.
was thinking maybe we could look in and say hi while we're around."

"I see no reason why not," Elizabeth replied. "W is he?"

"It's a she. Do you remenber that girl we told you about...the one we bunped into in
Ki ngussi e | ast Saturday? She asked us to drop in if we ever found ourselves up this way. She works
in the Medical Center here, or whatever it's called."”

"The Medical Departnent," Elizabeth said. "Yes, we could go by that way; it's practically
next door. What did you say her nanme was?"

"“Anne...sonething." Mirdoch shot a questioning glance at Lee.

"Patterson,"” Lee supplied, in a tone that said Mirdoch already knew dam well what it was.
El i zabet h studi ed Murdoch's face for a second, and her eyes began twinkling in a know ng kind of
way.

"Ah yes," she said. "I think I know the girl you nean -- |ongish dark hair; dresses well;
carries herself nicely?. .."

"Yeah. That sounds about right," Mirdoch agreed, nodding his head casually. Too casually.

"She's very pretty," Elizabeth said. After a short pause she added, "And it would be
terribly inmpolite to cone all this way and not even take the trouble to say hello, wouldn't it."

"Terribly,"” Miurdoch agreed solenmnly. Lee raised his eyes toward the ceiling and | ooked
away with a sigh.

"Not hi ng personal, of course," Elizabeth said. She kept her face straight, but there was
just enough nockery in her voice to be detectable.

"OfF course not," Miurdoch told her

He was begi nning, he realized, to get into the English habit of voicing the opposite of
what he neant. It could be subtly nore enphatic than making direct statenents, which would have
sounded coarse by conparison, and it had the advantage that a person could never be taken to task
on the record of what he had actually said. Perhaps, he thought, that was why the British had
never needed a Fifth Amendnent.

Murdoch and Lee entered a large roomfull of X-ray machines, a gama canera, a body
scanner, and an assortment of electronics consoles, and saw Anne working at a conmputer term na
t hrough the hal f-open door of a small office off the far side. They had | eft Elizabeth in another
of fice next door, talking with a Dr. Waring, who was the head of the facility's Medica
Departnment. Waring had told them where they would find Anne, and to go on through for a few
m nutes. He had gi ven Murdoch the inpression of being the kind of person who didn't really approve
of social calls during business hours, and Miurdoch had taken "...a few mnutes..." to nean just
that. They wal ked across to the office door and stopped, but Anne was facing away and too intent
on what she was doing to notice them

"Excuse ne," Murdoch said. "We're looking for a black-and-white kitten. You haven't seen
one around here by any chance, have you?" Anne turned in her chair and | ooked up. The surprise on
her face lasted for no nore than a fraction of a second. Then she smiled, sw veled the chair
around to face them and stood up.

"Well! If it isn't the two cowboys fromCalifornia. | wondered how long it would be before
you showed up here."

"You...what ?" Miurdoch | ooked at her uncertainly. She was doing it again already.

"You said you worked on fusion in Anerica, and that Dr. Miir was a friend of your
grandfather. It didn't need an Einstein to work out the rest." Anne thought for a nonent. "In fact
it nmust have been Dr. Miir who got you in here. Wiere is she -- in Dr. Waring's office?"

That took care of nobst of the obvious continuations that the conversation m ght have
fol | owed.

"So...what do you do here?" Miurdoch noved forward to | ook at the screen she had been
working at. It was packed with Iines of conputer instruction code. Although Miurdoch was primarily
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a mat hemati ci an, machi ne-1 anguage progranmi ng was not one of his strengths; he was experienced in
usi ng hi gh-level, alnost English, |anguages to formulate problens to be run on conmputers, but the
figures on the screen were used for nanipul ati ng processes down at the fundanental |evel of the
machi ne's registers.

Lee studied the screen with casual interest for a nmonent. "Real-tine 1/O coding," he
commented. "I didn't know doctors worried about what goes on inside conputers. | thought you only
needed to know how to talk to themfromthe outside."

"Ch, that was sonething | got hooked on when | was at university in London," Anne told
them "We were doing a | ot of inmage processing at one point. | becane fascinated at the way in
whi ch the conputers created pictures you could interact with, so | got nyself into a special
course to learn how to programthem nyself." She shrugged. "After that it grewto a kind of hobby.
It's come in useful many tines though."

"So what's that?" Mirdoch asked, gesturing toward the screen

"I't's an inmage-encodi ng comuni cations handl er 1'mworking on for Iinking our system here
to the Health Authority's big conputers in Edinburgh,” she replied. "Part of an idea that Dr.

Waring had and wanted to try out."” She turned away fromthe termnal. "Anyhow, what about you two?
Have you seen nuch of the facility yet?"

"Most of it, | reckon," Murdoch said. "W got a bit lost in the subway a few tinmes."

"And what did you think of our nodest attenpt?"

"Jeez..." Murdoch threw out his hands. "I'd thought 1'd seen fusion plants before. Wat do

you want me to say? It's tonorrow today, already."

Lee | eaned agai nst the doorpost and inclined his head to indicate the | arge room behind
him through which he and Murdoch had entered. "Wiere are all the patients?" he asked. "I know
this is a pretty big plant, but why a place this big, equipped with everything? You |ook all set
up for Wrld War 111."

"It is a quiet day today," Anne said. "Actually, the fusion facility is only the first
phase of what it will be like eventually. Once that's up and running, all kinds of other things
will be built over it on the surface...a steel plant, for exanple. |I'mnot nmuch of an expert on
those things though. But the Medical Departnent was designed with that kind of growth in nind."

They tal ked for a while about Murdoch's and Lee's first inpressions of Burghead and about
its future growmth. Murdoch was unable to prevent hinself searching her face continually for sone
sign that she was being nore than just polite to a couple of casual acquaintances who had dropped
into say hello, but the eyes that were supposed to mirror the soul worked one way. Eventually it
was tine to go.

"Maybe we could all get together later since we're up here for the day anyway," Mirdoch
suggested. "Maybe a bite to eat sonewhere. Did you have any special plans?"

"Not hing definite,” Anne replied. "I had a large lunch though, so | don't think I could
manage a nmeal. But | could take you up on that offer of a drink that you nade last tine."

"Sure. \Were?"

"There's a pub in a village about half a nile off the main road not far fromthe plant,”
she told them "A Iot of Burghead people stop off there for a drink after work. | could neet you
there. Maybe you could get to know sone nore of the people fromhere too."

Murdoch wasn't particularly interested in neeting any nore of the Burghead people, but he
tried to sound enthusiastic. "Wat's it called?" he asked.

"The Aberdeen Angus. Take the mmin road west for about three miles, and turn off at a sign
that says Achnabackie. It's right in the mddle of the first village you come to. You can't niss
it."

"About when, six?"

"That would be fine. Wt usually go in the Lounge Bar. It's straight on through the bar
that's inside the front door. Until about six, then?"

"Sure. See you there."

"Take care," Lee said.

Ten minutes later they were walking with Elizabeth toward the Engi neering Bl ock, which
cont ai ned the Mathematics and Physics Departnment, along a path below the | ooning bul k of the
React or Bui |l di ng.

"So, how was your |lady-friend?" Elizabeth inquired. "Pleased to see you, | trust."”

"Of course,"” Miurdoch replied. "Two handsome, husky, unattached American nmales -- what nore
could a girl want? We're nmeeting her later for a drink."

"My word! You don't waste much tine. Now | know how you people got to the Moon so quickly.
Anyway, |I'mglad | was able to help."
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"You always did strike nme as a ronmantic at heart," Mirdoch said.

"Perhaps | felt | owed you a favor." Elizabeth was sniling m schievously.

"What are you tal king about?" Mirdoch asked her, puzzl ed.

"Maybe | should say | owed the Rosses one. Charles was a professor at Stanford when Hernman
and | nmet, you know. He fiddled the tinmetables around just so that we could work on the sane
projects together. So, you see, there are romantics at heart in your famly too."

CHAPTER THI RTEEN

"Anne, come on back over and join the party. W don't have splinter groups in this pub. It
isn't sociable." The voice was Trevor's, calling above the background of voices froma circle of
Bur ghead peopl e seated around a table filled with bottles and gl asses in one corner of the
spaci ous, oak-beaned | ounge. Trevor was a square-built six-footer, with a pink-hued face and
wearing a dark blazer with striped tie, who was sitting with three of his pals, N ck, Sam and
Steve, at one end of the group. Anne had been tal king to them when Mirdoch and Lee arrived at The
Bull some two hours earlier. Since then she gravitated toward the two Americans to introduce them
to the rest of the crowd, and for the last twenty minutes or so had been talking to Mirdoch by the
bar, off to one side. Trevor appeared to have grown visibly nore irritated by this as the enpty
glasses in front of himaccurmul ated. At the other end of the table, the rest of the group were
talking with Lee about Stateside plans to supplenent the U S. fusion programwth orbiting sol ar-
to-m crowave converters and other proposed devel opnents.

"Who is he?" Murdoch asked in a |owered voice. "I thought you didn't have any regul ar guy.
I mean, | don't want to nmake sone kind of ass out of nyself here."

"Ch, don't take any notice," Anne said, keeping her eyes on Miurdoch. "He can get a bit
bonmbastic when he's had a drink or two. He belongs to a rugby club, and |I've been there with hima
coupl e of tines because they're a good crowd to have a laugh with. That's all there is to it."

"He sounds like I'mtrespassing or sonething.” Mirdoch | ooked past Anne's shoul der, but
Trevor had turned his head away and was tal king to sonebody next to him

"Nonsense," Anne said. "That's for ne to decide. | told you, don't take any notice. He's
forgotten already that he said it. Now, what were we tal king about ?"

"You were telling ne about Jenny and her di sappearing tricks."

"That's right. How about you? Do you have any brothers or sisters?"

"One of each. They're both a bit younger than nme. They live with ny folks."

"“I'n Chi cago?"

"Yes. lain's twenty-five. He's a born businessnan like ny pa. My sister wants to be a

dancer in the novies. She's nmother all over."

"What's her nane?"

"Tanya. She's eighteen."

"That's nice. | like that nane."

"Hey, Doc," Lee called suddenly fromone end of the table. "These guys won't believe we're
gonna dig a tunnel under the Atlantic. Conme over here and tell "em|I'mserious." It was a chance

to rejoin the party wi thout |ooking subm ssive.

"Let's go talk to the people,” Miurdoch murnured. He picked up their glasses fromthe bar
and noved over to where Lee was sitting. Anne followed, pretending not to notice Trevor's glare
fromthe other end.

"He's serious,” Miurdoch said. "W're gonna dig "emall over -- New York City to the Wst
Coast...Toronto to Texas. Airplanes will be strictly for backwoods routes and nuseuns."

"I't nmakes sense," Lee declared, turning back to the faces listening around him "Wy have
to shove all that air out of the way when you can go through tubes where there isn't any air? Wy
lift nmtors up and then bring them down again when all you really want to nove is the passengers?"

"Just like that," Jerry said flatly. Jerry was a cryogeni cs specialist who worked at one
of the injector nodes. "Like a well in the garden.”

"Why not?" Lee asked sinply.

Sheila, an artist of sonme sort fromthe plant, |ooked up incredul ously at Murdoch and then
back at Lee. "But what are you going to dig themw th? You sinply can't get coolies these days,
and even if you could, there aren't enough shovels."

"You nelt your way through,"” Lee said. "Heavy currents are pretty good at nelting rock
under high pressure. They're doing it in Utah for deep mning. The shield even nakes its own gl ass
to line the tunnel behind it as it goes. It works great."

Tom who worked with Jerry, gave Miurdoch an appealing | ook. "COkay, but...fourteen thousand
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nmles an hour?...Lee's saying the bloody trains will be able to do fourteen thousand niles an
hour. Surely not."

"That's what the studies predict,” Mirdoch said with a shrug. "Coast to coast in just over
twenty mnutes, city center to city center. Wiy not? There's no air drag, and if you levitate the
cars magnetically, there's no friction worth tal king about either."

Anne noved through between two of the chairs and sat down in one of two vacant seats
bet ween Sheila and Tom Mirdoch took the other

"That's fantastic,”" Tomsaid. "lI'd read a few things about sonmething |like that, but I
didn't knowit'd got a definite go-ahead."

"I'"ve had a thought," Jerry said suddenly. "If they got it up alittle bit nore, to
ei ghteen thousand, they woul dn't have to bother levitating it at all. It'd be in orbit!"

"Hey, an underground satellite!" Lee exclainmed. "How about that?" They all |aughed.

"So when will all this happen?" Sheila asked, leaning forward to | ook at Lee. "\Wat dates
are we tal ki ng about ?"

Lee finished a long swig fromhis pint glass and wi ped his nouth with the side of his
hand. "They should start the transcontinental ones inside a couple of years. You'll have to wait a
while longer for the Atlantic one though. They've still got to figure out exactly what they're
gonna do about crossing tectonic plate margins."

"These peopl e make me bl oody sick." The voice came suddenly fromthe far end of the table.
The conversation died abruptly. It was Trevor, sounding slightly slurred. "I'msick of these b-
bl oody Yanks, conming over here and telling us how bl oody clever they are all the time," he
pronounced. As he spoke, he | ooked fromone to another of his own henchnen at the far end, but his
voi ce was | oud enough to carry to everybody, obviously deliberately. H s eyes had taken on a
detectabl e gl aze, and his face was a shade redder than it had been earlier. Fromthe corner of his
eye, Miurdoch saw Lee stiffen

"Aw, shut up, Trev," Jerry threw back, trying to nake his tone sound bored. "Now you're
spoiling the party. W don't want to talk about that."

"That's a point,"” Tomsaid, turning to Murdoch and getting back to the previous topic.
"How are they going to get around that?" Miurdoch started to describe a recent proposal that
i nvol ved tel escopic sections of tunnel that would pivot inside twenty-mle-|long excavated caverns
to conmpensate for the drift of the plates. As he spoke, he stole a glance over Anne's shoul der at
Trevor, who was glowering at themwhile draining the |ast of yet another Scotch.

"It's true though,” Trevor cane in again fromthe far end. "W all know they' ve done sone
clever things. Wiy can't they leave it at that? Wiy do they always have to cone over here and act
so bl oody superior about it? W beat them hollow wi th heavy-ion fusion, but we don't keep on about
it all the time, do we?"

"Nobody' s acting superior,'
to appear inferior."

"Well said, Anne," Jerry approved. "Shut up, Trev."

"You can't tell Trev to shut up,” Samsaid fromthe far end, feigning a note of surprise
in his voice. "That won't do. Wose side are you supposed to be on?"

Sheil a sighed and | ooked inploringly fromone end to the other. "There aren't any sides
over anything. For Christ's sake don't start getting silly, Trevor, why don't you go onto Cokes or
sonet hi ng?"

"I prefer to stay with the Scotch, thank you. Why? What are you trying to say?"

"She's trying to tell you you' re over the mark,"” Tomsaid. "It's tine you laid off."

“I"'mall right. All | said was sonme of these foreigners make ne sick..." Trevor |eaned
back heavily in his chair and seened to | ose the thread of what he had been about to say. He
scow ed and raised his eyes to look in Murdoch's direction. "Com ng over here and carrying on as
if it was them who educated the world...all talk." He brought his eyes to focus on Mirdoch
directly, squinting as if he were trying to peer through a haze. "You see...there is this thing
called cul-ture, old boy." He pronounced the word slowy, as if expecting themnot to have heard
it before. "There is nore to life, you nmay be surprised to learn, than just naking nore and
shoddi er machi nes. But the col onies probably haven't got round to finding out about that yet."

"I was over there |last year," Samsaid casually. "Do you know, they put ice in sherry?"

Ni ck, who was sitting on Trevor's other side, gave an exaggerated gasp of disbelief.
"You're joking! That's as bad as serving unchilled white."

"Ch, they do that too," Samtold him "In fact they -- "

"Stop it!" Anne cut in sharply. "If you can't hold a few drinks, then don't nake a
spectacle of the fact. Aren't nmanners supposed to count sonmewhere as wel | ?"

"It's a sham society," Steve joined in, ignoring her. "Know what | mean -- all plastic and

Anne said curtly. "But sone people seemto be doing their best
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tinsel on the outside, but nothing inside. Anything that glitters fascinates them"

"Did you ever cone across that sissie thing they call football?" N ck asked.

"They wear spacesuits for it," Samsaid. "Air-conditioned and spray-sanitized, | think."
He shook his head wonderingly. "They nmake a big fuss about it though."

Trevor | eaned forward and held his jacket out to display the badge on the breast pocket.
"See that? English League rugby badge, that is. Wat you call a man's gane...| wonder why it never
caught on in the States. | nean, they're always tal king about their he-man footballers and their
bl oody Marines, aren't they?"

"Maybe we grew out of needing to prove things," Mirdoch suggested, deciding that things
had gone far enough. He held Trevor's eye steadily and forced hinself to remain calm

"What's that supposed to nean?" Trevor denmanded.

"Burghead's quite a place. |"'minpressed. | didn't expect to find it being run by
school kids. | thought you'd have left such nonsense behind a long tine ago."

"Are you saying we're inconpetent?"

"No. I"'mjust saying that right now you' re acting pretty dunb."”

"Dunb?" Trevor shot a puzzled glance at Nick and Sam "Wat does he nean, dunb? |'m
speaking, aren't |? Is the poor chap deaf or sonething?"

"They get their words mxed up," Samsaid. "I think he neans stupid."

"Ch, | see..." Trevor set his glass down on the table and nodded slowy. "W're getting
personal, are we? | wasn't being personal. |I was just tal king about things in general. Wuldn't
you say he was bei ng personal ?"

"Very personal,” Nick agreed. "Quite uncalled for, I'd say."

"Listen, Yank," Trevor said, |ooking back round abruptly and speaking in a harsher, and
now openly derisive, voice. "I happen to be at Burghead because | qualified to work at Burghead.

I''m here because |I'm a bl oody good engineer, and |I've got a degree from European Energy
Conmunity's university to say so. Wiy are you here?"

"You know why he's here," Samsaid, making little effort to disguise the sneer. "He's
traveling tourist-class. H's grandad knows Lizzie Miir."

"You nean they're not qualified?" N ck asked in nock surprise.

“I think they dropped out," Samreplied.

"CGod knows what business it is of yours," Sheila said, sounding exasperated. "But if you
must know, Murdoch's grandfather happens to be a Nobel Prize winner...for physics."

"So?" Trevor demanded, gesturing toward Murdoch. "Wat's that supposed to nmake hin? My
father was a surgeon. That doesn't make ne a menber of the BMA.'

"I't neans | don't need pieces of paper and boy-scout badges on nmy coat to rem nd ne who |
am " Mirdoch said, allowing his tone to beconme sarcastic. "Wiat's left in there when you peel it
all of f?"

"Wong. They stand for sonething that matters,"” Trevor shot back.

"That's what people who wrap boxes in plastic and tinsel say."

Trevor's face darkened. "Are you trying to make a fool of ne, Yank?"

"There's no need. You manage okay on your own."

Trevor stood up fromhis chair, lurching against the table in the process and sl opping
sone of the drinks. Hs jows had inflated, and his expression was ugly. Lee was on his feet in
the sane instant, facing himfroma few feet away. H s novement had been snooth and catlike; his
face was expressionless, but his rmuscular frane stood poised on a hairspring. Mirdoch gripped the
arms of his chair and forced hinself to stay put. Lee could probably have taken all four of them
even w thout Murdoch's help, but that wasn't the way.

"Lee, cool it," he said. "It's not worth breaking up a nice pub over."

Lee kept his eyes fixed unwaveringly on Trevor. "I've had enough of all this double-talk,"
he grated. "If you're trying to say sonething, let ne hear it to ny face straight-out. W don't
have to ness up the pub. The parking lot outside'll do fine."

"Sit down, you silly sod,"” Nick hissed at Trevor fromthe corner of his nmouth. "He'll take

you apart after the ampunt you've had." Trevor obviously wasn't going to be able to count on any
backup fromthat quarter. Suddenly he | ooked | ess certain of hinself.

Mur doch rel axed, moving back in his chair, in an attenpt to defuse the situation. "Ckay,
Trevor, we agree with you," he said. "Rugby's a tough sport. So why don't we leave it out on the
field where it belongs, huh? This is getting crazy. The way we're going on, a guy's gonna need a
spacesuit soon to have a drink."

"Ch, thank God," Jerry said, sounding relieved. "Cone on, Trev. Knock it off. The man's
tal ki ng sense."

"Now let's see a bit nore

Shei | a suggest ed.
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Trevor hesitated for a noment |onger. Lee renained notionless, watching him Then Trevor
| owered hinself slowy and heavily back into his seat, and made an awkward pushing nmotion with his
hand. "If that's what you want...Wat's the point anyhow?" He sounded surly, but underneath
grateful to let the matter go at that. Lee said nothing as he uncoil ed back into his chair,
sheddi ng tension like a spring being unwound. An unconfortable silence foll owed.

At last Tomturned to | ook across at Murdoch. "I didn't know about your grandfather. Wen
did he get a Nobel ?"

"Back in the eighties," Mirdoch said, keeping his eyes on Trevor for a nonent | onger
before shifting themtoward Tom "It was for sone work he was involved in at Stanford."

"What kind of work?" Sheila asked.

"The first isolation of free quarks. He noved there fromPrinceton to work on the big
Stanford accel erator.”

The conversation gradual ly picked up again. Trevor and his three pals tal ked anong
t hensel ves about other things until a respectable tinme had passed, then got up and | eft together
with a few perfunctory good-nights to the rest of the conpany. At once a nore rel axed atnosphere
descended.

"Whew, that feels better," Jerry said. "For a nonent | thought we were going to have a
real barney. What on earth's got into Trev tonight?"

"I think he thought he had territorial rights," Tom nurnured, noddi ng toward Anne.

"Cee, | didn't nean to start anything like that," Mirdoch said. "As far as | was
concerned, we were just talking."

"Shut up!" Anne excl ai med i ndignantly. "You re sounding as if you' re apol ogi zing for
sonething. If Trevor had any thoughts |like that, he should have asked ne first. |f anybody needs
to apol ogize, it ought to be nme...for calling you cowboys earlier on today. You handl ed the whol e
thing very well."

"Cowboys are from Texas," Mirdoch told her, grinning. "Californians are different."

"You nmean Californians don't wear their hats and smoke cigars in the bathtub?"

"Certainly not"' Murdoch replied. "W take showers.™

"Wth hats and cigars,"” Jerry threwin.

"Of course."

Sheil a | aughed and si pped her drink, then | ooked at Lee. "Wre you bluffing?" she asked.
"For a nonent you really | ooked as if you'd have had a go at all four of them never nmind Trevor."

"He woul d have,"” Miurdoch said. "Don't worry about it. Lee can handle hinself if he needs

to."

"Ah, what the hell," Lee grunted. "It's over. Forget it."

"He's right," Jerry declared. "Look, we've got a nice-sized crowd for a party now. How
about goi ng on somewhere? W could go into town and try one of the clubs. | could use a bite to

eat too. What's the vote?"

"Sounds good," Tom said. The others nodded.

"Right then,"” Jerry declared. "Unaninmous it is. One nore round before we go. This one's
m ne. Sanme again for everybody?"

M dni ght had conme and gone and been forgotten. Mirdoch and Anne were sitting with their
heads cl ose together, tal king across a corner of the table in a dimy lit alcove of the nightclub
Tom and Sheila were together on the dance floor, while Lee and Jerry were at the bar talking with
a couple of girls who had cone in about an hour before. The band had burned off its surplus energy
and was sl owi ng down in preparation for calling it a night.

"Know sonet hi ng?" Mirdoch said. "You snell nice. What is it?"

Anne snil ed and shrugged wi thout |ooking up. "Nothing special. |I've been at work all day.
Maybe it's just sonething that exists in the nose of the...oh, | don't know. What's a word like
" behol der' that neans snell?"

"Hell, how should I know? | don't wite dictionaries." He thought for a second. "How about
"phil odorer'? That ought to nean 'liker of nice scents.'"

Anne giggled and placed her hand on his arm "You really are crazy. Wat would a Texan
have sai d?"

"I can't imagine."

"Where did you get black hair like that? I |ike men with thick, black hair."

"Grandpa's used to be the sane. You'll have to neet himsonetine."

“I"'d like to. He sounds fascinating."

"“You know, " Murdoch said, |eaning closer, "a guy could get really fond of sonebody Iike
you, given enough tine." He traced his fingertip lightly along her arm "Wy don't we do sonething
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like this again soon...just the two of us?"
Anne appeared to think about it for a second or two, then answered, "Yes, | think I'd |ike
that. Is it a promse? I'll hold you to it, you know. "

"You'd better believe it."

Anne slid her fingers over the back of his hand and entwi ned them | oosely with his. They
felt cool, snooth, and exhilarating. "Are you going to be over here for very long?" she asked.

"Who knows?" Miurdoch replied. "I guess it depends on how things go. W're not really sure
yet how much work there is to do at Storbannon.”

"Then | hope you run into all kinds of problens that you didn't bargain for," Anne told
him She smled, and Murdoch could see that the one-way mirrors had been switched off.

CHAPTER FOURTEEN

The tinme-comunication nodel that had been tentatively proposed held that a signa
transmtted back fromthe future would remain inprinted on the new tineline established in the
process. The whole of the tineline that lay after the event of the signal being received, however,
whi ch included the event of its being sent, would be altered according to the new circunstances.
One of the purposes of the tests that had been run throughout that week was to test this
hypot hesi s nore thoroughly.

In one set of tests, the nmachi ne had been programred to send a signal back to a point in
ti me advanced one second fromthe point at which the machi ne had | ast received a signhal in the
past. On the new tineline thus established, the receipt of the tine-advanced signal would itself
beconme the nobst recently received one; therefore the process would repeat to give a series of
| oops back into the past. Every |oop would be one second shorter than the previous one. Hence the
previously received signal would remain inprinted upon the part of the tineline that |ay ahead of,
and therefore outside, a |loop executed later. This would happen with every | oop, and every signa
transmitted in the series would remain on the final tinmeline left at the end of it all

According to the nodel this would not be observed when the converse procedure was applied,
that is, when the | oop was | engthened by one second with each iteration instead of shortened. In
this case a later |l oop would fully enclose an earlier one. The whole of the earlier |oop
i ncluding the events of both its being sent and received, would lie on the section of tineline
that the later signal would reconfigure. Therefore no trace of any | oop except the final one
shoul d renmain at the conclusion of tests of this type.

By Friday nmorning the first phase of tests, which involved signals derived from
determ nate conputer algorithns, was conplete. The team eagerly inspected the results and found to
their elation that they were as the nodel predicted. Accordingly, in a great flurry of excitenent
they began to prepare the systemfor the first part of the second phase of test, which would use
random data, intending to allow the systemto run automatically once nore while they got down to
the task of analyzing the phase-one results in nore detail

But when they went down to the lab to set up the second phase, they ran into an unexpected
difficulty: The receiver was registering continuous activity, but the conputer was unable to
extract anything intelligible fromwhatever it was receiving. In the early afternoon the problem

suddenl y di sappeared for about two hours, then reappeared, continuing until late evening. At ten
o' clock that night all was well again, but shortly after midnight the trouble began once nore. By
Saturday norning the situation was still the same. Cartland concluded that there had to be a fault

somewhere in the system He announced to the inpatient teamthat there was no choice but to strip
the machi ne down and put off the intended tests until the trouble could be |ocated and cured.

Cartland rested his el bows on the edge of the bench and peered intently at the waveforns
bei ng di spl ayed on the screen of the signal analyzer connected to the exposed el ectronics inside
one of the system cabinets. He consulted a chart draped over the bench beside him frowned,
clicked his tongue several tinmes, and shook his head.

"There isn't a bloody thing wong with the phase decoder or the array generator," he
pronounced. "This is preposterous. Run the output diagnostic for the Bragg coupler and see what
that says."

"I just did," Lee told himfromthe main console. "It checks out okay. No faults.”

"Preposterous,"” Cartland nuttered again. "That's tw ce through the whol e ruddy system from
end to end, and not a thing. There has to be sonething in here that's doing it. What about that
vect or address dunp, Miurdoch? Found anyt hi ng?"

Mur doch shook his head wi thout |ooking up fromthe desk behind Lee, where he was poring
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over a sheet of densely printed hardcopy. "I haven't got through all of it yet, but it |ooks clean
so far."

"Well, get a nove on then, there's a good chap,” Cartland said. "W can't make a start on
the discrimnators until you've finished that."

"Sorry. | guess |I'mnot thinking too fast today."

"He's in love," Lee remarked casually as he keyed another bl ock of code onto the screen in
front of him

"Ch, God help us," Cartland nuttered.

At the desk, Miurdoch sniled to hinmself but said nothing. Yesterday he had called her
twice, once in her office at Burghead to ask if she had a hangover too, and once at hone in the
evening for no reason in particular. That norning she had called him ostensibly to ask if he had
found out who Panel a McKenzie was. They had arranged a dinner date in Inverness for Sunday
eveni ng. Sunday was only tonorrow, but Sunday evening seened a | ong way away.

Early on Saturday evening the probl em suddenly di sappeared again. By ten o'clock that
night it hadn't returned, and Cartland began to suspect that it wouldn't.

"That's a strange thing you seemto be telling us, Ted," Charles said fromhis chair in
the library late that night as they sat tal king about it. "You nmean the machi ne has been working
perfectly all evening? What did you do to it?"

"Not hing." Cartl and shrugged and showed his palns for enphasis. "All |'ve done is take
bits out, test them and put themback. But | tell you there's nothing wong with it."

"How about some kind of intermittent fault?" Charles suggested.

"Possible, | suppose. But if so, there isn't a trace of it now. |'ve tried all Kkinds of
things to reproduce it, but the whole machine is as clean as a whistle."

"So we can carry on fromwhere we |eft off?"

"I don't see why not."

Lee turned around to face the room from where he had been standing deep in thought for the
| ast few minutes. "How do we know it was any kind of fault?" he asked. "The problemdidn't show
any signs of being intermttent while it was there. And if it wasn't intermittent, why isn't it
t here now?"

"What el se could it have been?" Mirdoch asked.

"I"'mnot sure,” Lee replied slowly. "But I've been thinking about those raw detector
waveforns we | ooked at while it was going on. |I'd have said it | ooked nore |ike sonme kind of
i nterference."

"I nterference?" Charles | ooked puzzled. "Fromwhere? How could it be? It would have to be
sonet hi ng propagating through tau space to affect pair production. Wat else is there that
produces tau waves?"

"I don't know," Lee replied. "But we could go back over everything and have a | ook. W' ve
got portions of the waveforns stored. Maybe if we played them back through the anal yzers, they'd
show up sonet hing."

"We could," Cartland agreed. Hi s tone was dubious, as if he saw little point to such an
exer ci se.

Charles said the rest for him "GCch, why should we be bothering with stuff like that?
We've | ost enough tine as it is. If the machine's working now, let's just be thankful for that and
stop nmessing around with it. If we get any nore trouble, we can worry sone nore about what's
causing it then."

"I agree," Cartland said.

"Me too," Miurdoch declared. "Sorry, Lee, but you just lost the vote. We're a strictly
denocratic institution.”

Lee shrugged and left the matter at that.

A few nminutes |ater Charles bade the others good night and went to bed. Cartland suggested
to the other two that it wouldn't take the three of themlong to tidy the machine up in readiness
to comence the phase-two tests first thing in the norning. Murdoch and Lee agreed, and they al
proceeded on down to the | ab

Cartl and reassenbl ed the subunits strewn across the top of the bench, rapidly ran through
a series of checks, nodded his head in satisfaction, and slid the assenbly back into the equi pnent
rack fromwhich he had taken it. Then he began reattaching wires and connectors, his hands noving
swiftly and deftly with practiced ease. Lee | eaned with his el bows resting on one of the | ow
cubicl es and watched with the unspoken respect of one professional for another

"Doc says that you spent a lot of time in the British Air Force," Lee said after a while.
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"Was that where you studied el ectronics?"

"Royal Air Force, old boy," Cartland said wthout |ooking up. "Yes, | suppose | did pick
most of it up there. | was mxed up with mlitary types and gadgets |Iong before | joined the jolly
ol d RAF though...ever since | was a boy, in fact."

"“Charl es once said that you were born in Malaya. Is that right?"

"Yes...born into an Arnmy fanily. My father was an instructor in a school of jungle warfare
that the Australians ran in Malaya in the 1960s...nmainly for U S. Rangers and Special Forces,
actually. He was with the British Arnmy, of course, but attached to the Aussies. Wen the war in
Vietnamfell apart in 1970 whenever-it-was, he noved to Australia, so that was where | grew up."
Cartl and shrugged as he tightened the restraining clips of a bus mcroconnector. "You know how it
is -- the town wasn't much nore than a glorified Arny canp and air base. | got interested in
el ectronics and flying and that kind of thing, and when we noved back to England | went to
Canbridge for a while, then joined up."

"The RAF?" Lee said.

"That's right. After a while they sent ne to the U S.A for shuttle training in Nevada.
Spent a year there. Then went to Gernmany to work with the people who were designing the E. S A
shuttle, then to the Sahara to fly it."

“You sure got around."

"That's not all of it either," Mirdoch threw in fromwhere he was tidying up the cabl es at
the rear of one of the racks. "Tell himthe rest, Ted."

"Well," Cartland said, "to cut a long story short, | suppose | becane a sort of Air Force
consul tant on designing orbital vehicles. | did that in the UK for a while, then went back to
Australia to do testing at the mssile range at Whonera. Then when the Anericans and the Europeans
merged their space progranms, | went to Washington to do technical |iaison."

"So how did you wind up at Cornell ?" Lee asked. "That was where you net Charles, wasn't
it?"

"That's right. | got to know himfairly well while working in Washi ngton. They were doi ng
sonme interesting things for NASA on orbiting observatories. Charles was with NASA at the tinme, and
that was how we bunped into each other."

"l can see why you never got narried, Ted," Lee renarked.

"Good heavens! No tine for anything like that." Cartland | ooked positively shaken by the
idea, as if the possibility had occurred to himfor the first time in his life. "Mnd you, there's
no shortage of popsy on that kind of circuit, so there's no reason to mss out on anyt hing.
mean. ..just because a chap likes a drink now and then, it doesn't nmean he has to go mad and buy
hi nsel f a whol e bl oody pub, does it?" He straightened up and placed the tools that he had been
usi ng back on the bench, where Maxwell was pawing frantically at a CRT screen in a futile attenpt
to trap the flickering trace. Then he noved over to the console and ran quickly through a sequence
of system checks. "There," he announced. "That seens to be it. 1'll leave it running in nonitor
nmode in case anything cones in. Tal king about drinks, |I wouldn't say no to a quick noggin before
turning in. How about you chaps?”

"Sounds |ike a good idea," Lee said.

"I mght as well put these covers back while I'mat it," Miurdoch called from behind the
rack. "You go on upstairs and set 'emup. I'Il be there in a couple of minutes." Cartland and Lee
left the lab, and Murdoch heard their voices fading away al ong the corridor outside.

He finished replacing the covers, cane around from behind the rack, and stood for a while
staring at the console of the machine. It was strange, he thought, that everybody coul d appear
outwardly so nonchal ant and matter-of-fact about it -- a discovery that seened on the verge of
rocki ng the whol e of established science back on its heels. And yet, inside, surely the others
were all as excited as he was. He tried to picture the possibilities that would be opened up when
they could relax the rules and comunicate freely with pasts that had been and with futures that
still lay ahead. Staggering possibilities, which in all probability none of them had even glinpsed
yet.

Hi s eyes strayed to a sheet of hardcopy printout that was |ying on the desk by the
console. It was a nenory nmap that he had used earlier in the day, show ng which parts of the
systems nenory were reserved for prograns and other purposes and which were left free. For no
particul ar reason he nentally selected a portion of the unallocated space and deci ded that, when
the tine came, there would be his own personal mailbox fromthe future. Crazy!

And then an intriguing realization dawned on him By virtue of his having nade that sinple
deci sion, every version of hinself who existed along the tineline ahead as it then stood would
possess that same know edge, by renenbering having been himnow. For the sane reason, they woul d
remenber having thought exactly what he was thinking at that very moment. Therefore, if any of
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them had anything to say that was sufficiently inportant to warrant breaking the rules for any
reason, this would be the obvious nmoment in the past to send it to.

Wth a shrug and not really expecting to find anything, he noved a step forward and tapped
a code into the touchboard to interrogate the mail box. As he had expected, nothing was there. He
| aughed inwardly at hinself for being silly, scooped Maxwell out of the trash bin bel ow t he desk,
and cl osed down the [ab for the night.

But the thought still intrigued himas he wal ked back al ong the white-wall ed passage that
led to the foot of the stairs. He would continue to check his mailbox regularly fromthen
on...just in case. Sonething mght cone in one day. And there was no harmin sinply interrogating
an area of nenory. That woul dn't involve the breaking of any rules.

CHAPTER FI FTEEN

As Murdoch came down the main staircase after getting up and showering the next norning,
the first thing he heard was Modrna's hi gh-pitched voice com ng from sonewhere i medi ately bel ow
hi m

"l cannot see him Robert. He's gone right down inside. | can hear him scrabblin' around
sonewhere down here near the leg."

Mur doch came down the [ower flight to find Robert dismantling the suit of early sixteenth-
century English arnor that stood by the foot of the stairs, while Mrna watched anxi ously from
behi nd his shoul der. The hel met, gorget, and paul drons were on the floor surrounded by a heap of
i ronmongery that had once been an arm Robert was nuttering profanities to hinself while he
fiddled with the straps securing the breastplate.

"What's the idea?" Murdoch asked cheerfully. "Thinking of selling it on the side as

scrap?"

"Cch, it's Maxwell," Mrna told him "He stepped off o' the stairs and into the hel net.
The visor fell shut behind him and now he's gone down inside."

"He's fallen into the | eg and cannot get back up," Robert grunbled blackly. "I'lIl have to

be takin' the whole damm thing to pieces now to get himout."

"Grilled cat for dinner today, huh?" Mirdoch said with a |laugh, and wal ked away in the
direction of the kitchen

After breakfast he went down to the lab just for the hell of it and checked his nail box.
There were no deliveries. Then he went back upstairs and joined Charles in his study. Charles had
sone cal cul ations that he was particularly anxious to conplete in tinme for a clean start on Mnday
nmor ni ng, and Miurdoch had agreed to spend the whol e day hel ping out until the tine cane for himto
| eave for Inverness to neet Anne. The work divided itself conveniently into two parts that coul d
be tackl ed separately and nerged together later on, and they worked largely in silence throughout
the norning. They broke off to have lunch with Cartland and Lee, who had been in the lab setting
the systemup for phase two, and resuned inmediately afterward. It was a necessary but not
especially exciting part of the research, and Murdoch found the hours draggi ng. But he consol ed
hinself with pleasant anticipations for the evening that |ay ahead.

It was approaching five in the afternoon when Murdoch suddenly screwed his face into a
puzzl ed frown. A check-function that he had just finished evaluating had failed to give the
expected result. He sighed and began the procedure again, using a terminal connected into the
datagrid. Ten minutes later the sane, wong, answer was staring himin the face. He gritted his
teeth against rising inpatience and recalled to the screen a sutmmary file of the results he had
stored before lunch. It was five-thirty when he groaned al oud and sl unped back in his chair.

"What is it?" Charles asked, looking up fromhis littered desk on the far side of the
st udy.

Murdoch gestured wearily toward the screen. "I got the third integral of the theta field
wong. It's carried on right through all the envel ope profiles. Everything I've done since
lunchti me has been garbage.” Charles got up, cane across the room and stood | ooking fromthe
papers lying at Murdoch's el bow to the screen and back again while Miurdoch explained briefly what
had happened.

"Ah well," Charles said with a heavy sigh. "I suppose it's better you found out about it
now than in a week's tinme. Wiy don't you pack it in now and give your brain a rest. You can
straighten it out tonmorrow. Anyhow, it's alnpst time you were thinking of getting away to your
fooling around in Inverness, is it not?"

"Ah hell, that'd ness up all your plans for tonorrow," Mirdoch said. He heaved a | ong sigh
and cursed hinmself inwardly. "Look, I'Il give her a call and put tonight off. Now | know where the
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problemis here, I'lIl still be able to get it done tonight. It'll be a straight substitution when
I'"ve figured the right integral."

"You can't do that," Charles protested. "That's no way to be treating your |assie."

"No, really, 1'd feel better about it if |I fixed it and got it out of the way."

"There's no need. Dammit, a day sooner or later won't nake any difference to ne,
sai d dubi ously.

"It will to ne,"” Mirdoch insisted.

Charl es

He called Anne fifteen mnutes later fromthe viset in the sitting room The way her face
it up when she saw him nade him feel worse. She was obviously di sappoi nted when he expl ai ned the
situation, but understanding, and insisted that he couldn't think of letting Charles down under
the circunstances. She was due to work |l ate-shift on Monday and Tuesday, but could nake it for
Wednesday. It seemed a hundred years away.

Al'l through di nner Murdoch was far from happy. By then, his imagination was starting to
play tricks and bl ow the whole thing out of proportion in his mnd. He could see how it nust have
| ooked to her, even though she hadn't actually said anything to suggest it -- a precedent that
said conputers and theories would al ways take first place. That wasn't true, of course, but how
could Anne possibly be expected to know it wasn't when she had no inkling of what was happeni ng at
St or bannon and what it all neant? And his knowing that it wasn't true made matters all the worse.
The rational part of himconceded that he was probably exaggerating everything in his nmnd, but

still there was an enotional part that wouldn't stop worrying about it. He knew it was adol escent,
but that didn't help nuch.
After dinner, still npody, he left the others and started wal ki ng through the nain hal |l way

on his way back to the study to begin work again. As he passed the door that |led down to the |ab,
an insane thought hit himfromnowhere. He stopped dead in his tracks.

The mail box! It could renove the whole problem-- literally. At this very nonent he, or at
least a "him" could be hal fway to Inverness.

A sinking feeling cane with the realization that sonmething inside himwas yielding to the
i dea. The rational part of his mind clutched wildly for straws, reciting over and over in his head
all the reasons why such an action would be utterly and conpletely out of the question. But even
as he contenplated it, the enotions that were in control were guiding his feet to the top of the
stairs.

Hi s reason cane spluttering back to the surface when the nessage was conposed and staring
back at himfromthe screen, awaiting only the press of a single key to send it back to the
destination that he had specified. He shook his head and blinked at the words in front of him as
if he had just awakened froma dream and was seeing themfor the first tine. What the hell did he
thi nk he was doi ng? Nobody fully understood the conplexities of neddling with things like this
yet. And besides, doing so was against all the rules that he had agreed to. No, it was
unt hi nkabl e.

He had never sent back a signal that would alter a past event. None of the team had. They
couldn't, because of the way the process worked. Anybody who sent back such a signal would alter
the past that had nol ded his recollections, and in doing so woul d establish a new tineline that
i ncluded a new self whose recollections would be consistent with the signal being received and
what ever el se foll owed as a consequence of it. The "self" who sent the signal would no | onger
exist on the new tineline; he would have been erased, and therefore could never exist to remenber
that the event had ever taken pl ace.

Erased? Murdoch had been about to erase hinmsel f? Sonething cold and slithery was turning
sonersaults along his spine at the thought of it. He sat back slowy in the chair and shook his
head.

And t hen suddenly, he heard the door |eading down to the |ab being opened. Footsteps began
descending the stairs, and the voices of Charles and Cartland cane floating in fromthe passage
out side. Murdoch was seized by an irrational panic; his finger shot out instinctively to delete
the words that were glowi ng on the screen. But for a long tinme while he had been sitting there
t hi nki ng, his mind had been subconsciously fixating on the Send key with a norbid fascination

He hit the wong button

Hi s eyes widened with disbelief as they stared stupefied at his hand. But nothi ng had
happened. He didn't know what shoul d have, but sonething was surely wong...like the feeling he
al ways had in the dentist's chair when he wanted to tell themthat the anesthetic they had just
given himwasn't going to work. ..

"He's fallen into the | eg and cannot get back up,"” Robert grunbled blackly. "I'll have to
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be takin' the whole damm thing to pieces now to get himback out."

"Gilled cat for dinner today, huh?" Mirdoch said with a | augh, and wal ked away in the
direction of the kitchen

After breakfast he went down to the lab just for the hell of it and checked his mailbox. A
second | ater he had sunk into the operator's chair in front of the console and was staring in
astoni shment at the screen

It was sayi ng something about the theta-field integral connected with the work he had
promi sed to do that day with Charles. He swall owed hard and shook his head in disbelief as he
| eaned forward to study the nessage nore closely. It seemed to be nothing nore than a detail of a
trivial error. The whole thing was ridicul ous. What coul d possibly have been so inportant about
sonething like that that it justified breaking all the teams rules? He had no way of telling; the

message didn't go into any detail. He shrugged to hinself, noted the information on a scrap of
paper, deleted the record fromthe systemand, still nystified, sauntered back upstairs to join
Charl es.

The di nner had been superb and the wi ne pleasantly nellowi ng. The nusic was soft and sl ow,
and Anne's body swayed |like warm |iquid velvet as she danced close to him

And she snell ed nice

"I don't want to go home,"” she nmurrmured into his shoul der

"You shoul dn't even be thinking about that,” he told her. "There's lots of tine left yet."

"Not enough. It's been a nice evening."

"Mm.."

“You woul dn't believe how nuch |'ve been | ooking forward to tonight. | had an awful
premoni tion you were going to call at the last mnute and put it off." She giggled softly. "There,
doesn't that sound terribly schoolgirlish?"

"Nope. It sounds crazy. Wiy would I go and do something |like that?"

"Ch, | don't know. ..You nmight have got too wapped up in that work you're doing to tear
yoursel f away. Sonething like that."

"Now that's really crazy. You don't think |I'd have called it off just over a few | ousy

suns. "

"You never know with scientists.”

"No way in the world."

A week | ater Murdoch was still puzzling fromtinme to tinme over what could have been so
i mportant about a trivial third integral that it was worth breaking the rules and jeopardizing the
whol e experi nent.

CHAPTER SI XTEEN

Dr. Ahmul Shaj awnpur stood frowning thoughtfully out of the wi ndow of his office in the
Casualty Department of the Jawaharlal Nehru Hospital in Calcutta, absently fingering the tie cord
of the surgical mask dangling below his chin. In over twenty years of mnedicine he had never cone
across anything like this. He turned away fromthe wi ndow after a while and | ooked again at the

conput er - gener at ed body-scan still being displayed on the large wall-screen opposite his desk.
The body from which the scan had been generated bel onged to an i nsurance broker who had
been adnmitted a few hours earlier that day, and who was still recovering under sedation. The man

had col | apsed suddenly on the deck of a boat on the river, in the course of a day's sailing with
sonme friends. Heart attack, everybody had said.

The thin line, enhanced by conputer to stand out clearly on the image, entered the |unbar
regi on above the waist and to the right of the spine; fromthere it traced a snooth, shallow curve
through nmuscle, arteries, lung, and bones to exit through the Ieft shoulder an inch behind the
clavicle. Analysis had shown it to conprise a microscopically thin hairline of devastated cells,
seemingly torn apart by sone agency and, fromthe lab tests performed on tiny sanples of the cell
debris, subjected to considerable heat. The line ren nded Shaj awnpur of a track from a bubbl e-
chanmber picture, as if sonething had passed right through the broker's body from | ower-right back
to upper-left front. Sonething such as what? What was small enough to pass through a nman's body
without killing him dense enough to drill through bone, and hot enough to ionize sodi um
pot assi um and carbon?

He | eaned forward and touched a pad on the panel by his desk to switch to another view
The new i mage showed the broker's body positioned on the scanning table bent at the waist with the
|l eft armextended forward and the right armflexed and drawn back. According to the friends who
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had seen the incident, the broker had been hauling in a rope just before he collapsed, and to the
best of their recollection had been stooped in that kind of posture. It was interesting. Allow ng
for the approximations involved, with the body in that position, the nysterious track becanme a
straight line. What noved nore or |ess horizontally over water and passed through a nman's body as
if it wasn't there? Shaj awnpur shook his head. He would have to bring a specialist in on this, he
deci ded.

A specialist in what?

He sighed, sat down at the desk, and entered a note into the terminal to bring the case to
the attention of the staff surgeon when be made his rounds the next norning. His patient seenmed to
be in no imredi ate danger. He closed the file.

Pr of essor Ferdi nand Chaurrez, fromthe Geophysics Departnent of the University of Bogota,
Col ombi a, stared suspiciously at the data-plot pinned to the wall before himin the cranped
| aboratory trailer. The trailer was one of two parked anid a small junble of portable cabins,
tents, oil druns, crates, and a few m scell aneous vehicles at the upper end of an arid valley in
the rocky foothills of the Cordillera Orvental, a northern extension of the Andes. The plot showed
the conputer's interpretation of the |atest data relayed from equi pnent that was measuring cosm c-
ray intensities at the bottom of an unused m ne about twenty niles to the west. Behind the
prof essor, Jose Calliano, one of his graduate students, perched on the edge of an anal ysis bench
and wat ched curiously.

"That one doesn't nmke sense,"” Chaurrez said at last. "According to the readings, a single
particle occurred there" -- he pointed with a pen -- "that sent everything off-scale. That would
mean an energy at |east four orders of nmgnitude greater than anything that has ever been
recorded. And it could even have been nuch greater than that; fromthis there's no way of
telling."

"l thought the same thing," Jose told him "I've never heard of anything like it either
but | thought you ought to see it. Another strange thing is the associated trajectory coordinates.
Look at them According to those figures, the particle would have been noving practically
hori zontally. 1've never heard of a cosnmic-ray particle that travel ed through a m neshaft
si deways, have you?"

"WAs this the only one?" Chaurrez asked.

"Just that one."

"That's not a cosmic-ray particle at all," the professor declared. "You' ve got a fault in
the equi prent sonewhere. 1'd forget this batch of data if | were you; it's probably all corrupt.
Make sure the conputer's okay. If anything like it happens again, take a jeep up to the mne and
check the equi pnent there. O herw se forget about it."

“You don't think it could be sonething el se?"

"Yes, it could. If you can think of sonething that flies through solid rock horizontally
with at least a hundred thousand tinmes nore energy than the nost energetic cosnic-ray particle
ever detected and probably a ot nore, then yes, | suppose it could be that. Alternatively it
could be the result of an intermttent equipnent fault. Now, which of those two hypot heses do you
thi nk best accounts for the facts and requires the m ni mum of assunptions?"

"Ckay," Jose said, grinning. "Point taken. I'll go and check over the conputer."

In a structural analysis |laboratory of the Instrumentation Comm ssioning section of the
Skycom Cor poration's space-launch facility on the edge of the Western Australian desert, John
Skelly, Director of Quality Control, gazed grimy at the 3-D col or hol ogram bei ng presented at
medi um t o- hi gh magni fi cati on.

"Somebody's head will roll for this,”" he growmed in a bass-baritone runble that was barely
above a whisper. A few of the other nmen standing around the display table shuffled their feet
unconfortably.

The hol ogram generated fromthe output of a scanning electron mcroscope, reproduced a
smal | part of the surface of the mirror for an astrononical tel escope being assenbled in orbit;
the mrror had been scheduled to be lifted into orbit for nounting in the tel escope in two nonths
time. For over a year the mirror surface had been ground, polished, nmeasured with | aser
interferometers, and then polished some nore until it was accurate to within a small fraction of a
wavel ength of light. And now, after all that painstaking care, this..

What ever it was had gouged a microscopic furrow for a short distance al ong what had
yesterday been a flawl ess surface. The furrow was shall ow at one end, but deepened rapidly toward
the other, where it terninated in a hole that continued on into the glass. X-ray imges had shown
that the hole continued on in a straight Iine right through the body of the mirror, nmaking a
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slight descending angle with the surface. The far end of the hole had been | ocated a smnal

di stance down the mirror's edge on the opposite side. The furrow was undetectabl e by the naked
eye, but it was enough to make the mrror useless for the delicate nmeasurenents for which it had
been desi gned.

"Do we know yet what did it?" Skelly denmanded, | ooking up at the circle of faces. The
heads shook wordl essly fromside to side. Sonebody shrugged and showed his hands. "But bl oody
hell, don't we even have a clue?" Skelly raged. "There was nothing wong with it yesterday. W
must know what's been going on around it since then, for Christ's sake!"

"We've checked all the records and | ogs,"” one of the technicians told him not for the
first time. "Everything has been kept well inside spec. There hasn't been anything unusual in any
way. No accidents reported, no faults on anything, no -- "

"Somet hi ng bl oody unusual has happened all right!" Skelly expl oded. "Look at that, man
Are you telling me something just cane out of nowhere and drilled its way through five feet of
solid glass?" He straightened up fromthe i mage, and his face darkened even further. "By the end
of today I want an answer,” he told them "I want to know what did it, and who was responsi bl e.
The sal ary of whoever it was can go toward paying the penalty clause in the contract.”" Wth that
he turned on his heel and stanped out of the |ab.

An uneasy sil ence descended.

"So, what next?" sonmebody asked at last. "Wiere do we go fromhere? |I'mnot even sure what
we' re supposed to be | ooking for."

"What ever did that," sonmebody el se replied, waving toward the hol ogram

The first speaker pulled a face and stared glumy at the imge.

"The only thing that could have done that would be an arnor-plated bacteriumw th a rocket
motor up its ass," he said. "Now you tell nme, where do you start |ooking for sonething |ike that?"

CHAPTER SEVENTEEN

January turned to February, and the Scottish Hi ghlands renmined frozen in the grip of
winter. At Storbannon the results of the second phase of tests, which used randomy generated data
as the content of the signals sent back through tine, were anal yzed and reveal ed a strange
phenonmenon: On a few occasions the nunber received was different fromthe nunber that was |ater
sent.

Many of the tests involved programrng the systemto record an incom ng nunber fromthe
future, waiting until the tine cane to send it, then, at that point, generating a random nunber
and sending it back to the point at which it had been received. In tests of this type where the
whol e process ran automatically, the pair of nunbers always nmatched; there were no anonalies in
t he thousands of nunbers recorded.

In some |later tests, however, the teamtried experimenting with the effects of arbitrary
human deci sion. They set the programexactly as before, allowed it to run through to the point
where the signal was about to be sent, and at that point nmade an arbitrary decision, sonetines
based on flips of a coin and sonetines by other neans, whether or not to switch off the
transmitter. In the cases where they did switch it off, the conmputer produced a nunber anyway but
couldn't send it. The nunber that had been received, therefore, the teamreasoned, nust have been
sent froma time-line that had been altered only to the degree of containing a transnitter that
had been swi tched on, but which was switched off on the new tineline. This should not have
affected the value of the random nunber produced; the nunber received should still have matched
t he nunber | ater observed, whether it was sent or not. And indeed, in nost of the cases the two
did match. But in a tiny fraction of the |large nunber of results, they didn't. Mirdoch and Lee
di scussed the anomaly one day in md-February while they were tranping from Storbannon down to
d ennmoroch village for some fresh air and a spot of exercise, which was as good an excuse as any
for a drink.

"Let's go through it, very sinply, one nore tinme," Mirdoch said. They were follow ng a
footpath that led froma side gate in the grounds down toward the crescent-shaped wood. "Here is
the machine waiting, and at sonme time a nunber cones in -- let's say, 123."

"Ckay," Lee agreed.

"So 123 gets stored. Now nothing happens until the tinme cones for it to be sent back. The
random nunber routine runs and generates a numnber.”

" Check. "

"Now we know, fromthe data we've collected fromlots of tests, that if the nunmber that's
just been generated is sent, it always natches what has al ready been received. If it isn't sent,
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then nost of the times it still matches, which is what we'd expect. But sonetines, just
sonmetimes...we end up with 123 recorded as havi ng been received, but the program outputs somet hing
else, let's say 456. Now try and nmake sense out of that for ne." By now they had entered the wood.
The silence was broken only by the steady crunching of their boots in the snow and the occasi onal
swi shi ng sound of snow sliding off the branches in the trees all around.

"There had to be a tineline with a conputer on it that generated 123," Lee said after a
while. "There had to be because there's no other way that 123 could get received in the first
pl ace. Agreed?"

"Ckay, I'll buy that."

"But by the tinme our computer has becone that computer, it doesn't produce 123; it
produces 456. Therefore the conputer that did produce 123 doesn't exist any nore."

"Which says it got reset onto a new tineline."

"Which says it got reset onto a new tineline. So what reset it?"

"That's where it gets crazy," Mirdoch said. "The whol e sequence was preprogranmed so the
events of both sending the signal and receiving it had to be on the original tineline that
i nvol ved 123. Not hi ng changed fromthat situation until we took the decision to switch off the
transmitter. But that couldn't have had any effect on what was happening inside the conputer. So
what nade the nunber cone out wong?"

"And why doesn't it ever cone out wong when you | eave the transmitter on?" Lee conpl et ed.

"Exactly," Mirdoch said.

The path brought themto a flight of iron-railed stone steps that led up to the road
running fromthe wood to the village. As they came out onto the road, Bob Ferguson fromthe farm
on the far side of the village drove by in a rickety van with one of his sheep-dogs hangi ng out
fromthe passenger-side window. He tooted the horn and waved cheerfully as he passed, then
di sappeared around a bend in the road heading in the direction of Loch Keld.

"There's only one answer," Lee said after they had covered a few hundred nore yards.
"Somnet hi ng el se must have reset the tinmeline...something that's got nothing to do with signals
bei ng sent back or not being sent back."

"What are you getting at?"

"Well, look at it this way. Here | amw th 123 stored as having conme in. Now suppose that
sonet hing affects the tinmeline I'"mon, after that noment but before the time cones to send the
signal...sonmething that | eaves ny record of 123 intact, but causes the conputer to generate 456.

Now if | switch off the transmitter, 456 never gets sent. So I'mleft with a msmatch, which is
what we got."

Mur doch t hought about it for a few seconds, then said, "But if you | eave the transmtter
on, 456 does get sent. That would reset the whole tineline fromthe nonment the signal was received
on, so that it would show 456 coning in. In that situation it would overwite 123 and you'd end up
never knowi ng that 123 ever got sent at all. Yes...and that was what we got too: Whenever the
nunber was sent, we never had a m smatch."”

"It's sneaky," Lee declared. "The something else alters the tinmeline and sets up a
m smat ch situation. But when you send the signal, it changes things in such a way as to cancel out
the effect of it. It's only when you don't transnmt that you can hope to catch it."

"So what's the sonething el se that affects tinmelines?" Miurdoch summari zed.

"Yes. And why doesn't it do it consistently? Wiy does it only happen every now and then
i nstead of every tine?" Lee added.

They reached the outskirts of the village w thout speaking further. The few people who
were out and about acknow edged themwi th nods or a few words of greeting as they passed.

"Sonet hi ng unpredictable,” Mirdoch nused, half to hinself. "It has to be sonething that
operates randomy and can affect random nunbers generated by a conputer. Wat kinds of things work
l'ike that?"

"Noi se fluctuations," Lee said. "Thermal effects. Relaxation sequences of excited atons.
Al'l Kkinds of quantum.." His voice trailed away, and his pace slowed abruptly as he realized what
he had said. He halted and turned to stare back at Murdoch, who had already cone to a halt a pace
farther back. In the sane instant they had both realized the sane thing.

"It's exactly what Elizabeth said,"” Mirdoch breathed. "She said that an adequate nodel
woul d have to include some kind of quantum uncertainty. Now we've found exactly the same thing,
but from actual experimental data." They stood silently for what seened a long time as the ful
inplications sank in. A woman who was clearing snow froma path I eading to the side door of a
house across the road stopped to | ook at them curiously, but they took no notice. Then they
started wal king again, this tinme nore slowy.

"The particle threads can't be precisely defined," Lee said after a while. "They're only
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defined within uncertainty linmts. At the quantumlevel, the pattern is dynamic. It can change
spont aneously, independent of whether any signals are sent or not. That says it must happen al
the tine, machine or no machine.”

"So at the quantum |l evel events are not frozen into the thread pattern and predeterm ned,"
Murdoch said excitedly. "And all kinds of macroscopi c phenonmena can be deci ded by random quant um
| evel fluctuations. That could be where chance and free will conme into it. That's exactly what
El i zabeth wanted to see!"

They reached the main street of the village and came at |east within sight of the Argyll,

d ennoroch's hotel and principal pub. "W'Il have to get Elizabeth involved again as soon as we
can," Lee said. "Any idea when she's due back?"
"Next week, according to Grandpa. They're still having problens up at the plant.”

El i zabeth had visited Storbannon a few tines since md-January. She had hoped to have even
more tinme to spare after the full-power tests of the reactors were conpleted, but an unexpected
snag had devel oped. The tests had begun on the Mdnday as planned and continued through to Tuesday
norni ng. Then the control conputers at Burghead had announced an energency condition and shut down
the reactors. Subsequent investigation had reveal ed severe erosion on the undersides of the
reactor chanbers, resulting in a vacuum| oss that the sensors had detected. None of the engineers
at Burghead had been able to explain what had caused the erosion. The proposed schedul e for taking
the plant on-line by sunmer was threatened, and Elizabeth had been tied up day and night with her
staff, trying to track down the cause of the probl em

They reached the door of the Argyll, and Lee ducked to follow Mirdoch through the | ow
threshol d. The bar inside was cheerily lit by a roaring, open fire, and pleasantly warmafter the
ear-ni pping cold outside. A few heads turned anong the knot of farnmers and other |ocals gathered
at the bar. In the middle of themwas Hani sh, the gardener from Storbannon, a wld-1ooking man
with eyes that always seened wi de and staring like a naniac's, a bald head fringed by two dense
tufts of unruly, red hair, and a full, rust-col ored beard.

"Well, if it isn't our two Americans conme to join us," one of the farmers said. He had a
weat hered face, laced with a network of fine purple veins, and was wearing a flat cloth cap
"Hel | o, Murdoch Ross, and hello, Lee. WII you be joining us for a drink?"

"Hi, WIllie," Mirdoch replied. "Pint, thanks."

"Sanme," Lee said. "Hi...and thanks."

"T'is good to see you're cultivating a taste for real beer at last," Hanmish told them
wiping a trace of froth fromhis beard with his sleeve. "All that Anerican synthetic rubbish does
nothing for a man at all."”

"What's wrong with our beer, Hanmi sh?" Mirdoch asked, feigning surprise. "It's not
synthetic, it's natural. It's nmade from natural ingredients, under natural conditions, grown wth
natural organic fertilizers. The ads on the TV say so."

"Aye," Hami sh grow ed, screwing his face into a scow of distaste. "And it tastes like a
certain natural organic fertilizer that | could nention too."

CHAPTER EI GHTEEN

Mur doch col l ected the few remaini ng di shes together into a stack and dropped the two
crunpl ed napkins on top, leaving the glasses and the still quarter-full bottle of burgundy on the
table. Then he picked up the stack, balancing it carefully, and turned to the door that |ed
through to the kitchen.

He enjoyed the evenings and all-too-infrequent weekends that he found tine to spend in
Anne's Nairn apartnent. Storbannon was all very grand and inposing, and quite cheerful in its own
lofty way, but this was what he called honey. He was never quite sure what it was that Anne did
that made the apartment seemthat way, but every time he wal ked in, he was instantly aware of
sonmet hing subtly different about it fromthe places belonging to girls he had known in California,
New Yor k, and el sewhere.

There was no one thing that stood out on its own, but rather lots of little things that
contributed sonmehow to an overall effect nerely by being there -- such as the collection of small,
hol | ow gl ass scul ptures on the bookshel ves, always containing a few flowers that were fresh, or
the frilly covers on the arnthair backs and side tables that always matched. And then there were
the things that were slightly nore el aborate and slightly nore ornate than they needed to be, but
in a particular kind of way such that each of them served the dual role of fulfilling the purpose
it was ostensibly designed for while at the sane tine contributing sonething to the nood of the
whol e setting. The witing paper on the bureau in one corner, for exanple, could have been just
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witing paper; it was, but in addition it was pale brown and richly textured, with a sinple flora
design in green and yellow at the | ower |eft-hand corner of every sheet. The envel opes coul d have
been just envel opes, but they matched the paper. The cabi net opposite the w ndow coul d have
contai ned just bottles and glasses; it contai ned an arrangenent of bottles and gl asses, along with
a cut-crystal decanter and set of goblets. The vi-set screen, standing on its flexible supporting
armon top of the cabinet, could have been the standard bl ack-and-gray nodel that cane at the
standard rental, but it was coffee-brown two-tone, which cost slightly nore; the room needed
cof fee-brown two-tone. It was the same with the funny fluffy animal figures in the corners and
over the door, the china figurines on the | edge above the heater vent, and the enbroidered,
tassel ed mats underneath the table | anps. They achi eved nothing individually, but had any of them
not been there, sonething would have been ni ssing.

O maybe Murdoch was imagining it all; nmaybe the only thing different was that Anne |ived
t here.

He carried the stack through to the kitchen and set it down besi de where Anne was | oadi ng
the di shwasher with the rest of the dishes fromdinner. She was wearing a figure-huggi ng, navy-
bl ue dress that seened to continue the curves of her legs in a flowing wave all the way through to
her shoul ders. Mirdoch slipped his arnms under hers and around her wai st, nibbled her ear, and
squeezed her breasts lightly. She giggled and wiggled, but not too much

"You know you shouldn't do that in front of the children," she said, neaning the picture
that was taped to the refrigerator door, showi ng a pair of scanpish-1ooking puppies staring out of
a gar bage can.

"They have to learn sonetinme,” Miurdoch replied as he let go of her and drifted back to the

door. "There's still about two glasses of wine left. Want nme to fill yours up?"
"Mm please. |I'Il be through in a second.”
"l ce?"
"Heat hen! "
"Just ki dding."

He strolled back into the Iounge, refilled the glasses, and settled down with his in the
arnchair by the window to | ook out over the lights of the town center. Anne had known exactly what
she was | ooking for when she chose this place, he thought to hinself...just |ike everything el se
A minute or so later, Anne canme into the room picked up the other glass fromthe table, and
curled herself up on one end of the sofa, facing him

"Don't you get claustrophobic in this hunble abode after your castle?" she asked, smiling.

"I told you before, I like it,"” Mirdoch replied. "It's Texans who have to have everything
big. You're forgetting."

"But Storbannon isn't just big," Anne said. "It's magnificent. There aren't nany people
who can go honme to sonmewhere |like that these days, especially with the taxes and things. How does
your grandfather do it...if it's not a rude question?"

"Ch, he has a few sources of income -- and a good | awyer in Kingussie, who's worked for

the famly for years. On top of that, ny father in Chicago channels sone of the profits fromhis
busi ness into keeping the estate intact." Mirdoch could have added that it was a problemthat he
woul d al most certainly inherit one day, but he never broached that issue in his conversations with
Anne. It was sonething that she had never touched upon or hinted at either. Miurdoch was gl ad of

t hat .

"He told me you'll be opening up the Guest Wng again next nonth," Anne said. "Wn't that
meke things inpossible? | nmean, you' ve got nore than enough to do w thout worrying about | ooking
after visitors, and conferences going on and things, surely."

"He's got an agent in Edi nburgh who takes care of all that,"” Mirdoch informed her. "They
supply their own people, who live in and handl e contractors for decorating, catering, and all that
stuff, so the whole thing runs itself...kind of self-contained." He paused and sipped his drink.
"Say, | was neaning to tell you, Gandpa's been thinking about that suggestion of yours for
extending the visitors' parking area behind the sumrerhouse and putting sone shrubs there. He
likes it. Robert's getting the agent in Edinburgh to look into it."

“I"'mglad," Anne said. "It |ooked too cranped and bare by the wall there."

"Grandpa al so wanted to know when you're com ng down again," Mirdoch said. "W thought
maybe we could fix sonething for Saturday...dinner naybe."

"I thought Dr. Miir was going down there on Saturday. Wn't it be all business tal k?"

Mur doch shook his head. "She had to cancel out. She's still tied up with the reactor
problemthey're having at your place. Have you heard anythi ng about how it's goi ng?"
“I"'mafraid | haven't. | don't get to hear very nmuch about that side of things. | do know

it's causing a lot of concern though. W've had all kinds of people coning up from London, and
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over from Brussels and pl aces. "

"I see." Miurdoch shrugged. "So, how about Saturday?" he asked again. "lIs it okay?"
"Fine. I'll probably turn up around m dafternoon because |I've got to go into Inverness for
sonething in the nmorning," Anne replied. She smled suddenly. "I can say hello to Maxwel |l again

How i s Maxwel | ?"

"I'n disgrace. He's discovered that swi nging on drapes is great fun. Unfortunately it
breaks vases."

Anne | aughed and stretched herself out nore confortably along the sofa. After a few
monment s of silence she nodded her head in the direction of the vi-set screen, standing on the
cabinet. "Do you want to watch the news?" she asked. "It'Il be on in about three mnutes."

"Not especially. It'll just be the usual garbage."

"I thought you might be curious to see if any nore bugophants had turned up anywhere,"
Anne said. "You're always tal king about themwith Lee."

"Bugophant" was the name that the media had given to the still unidentified objects that
had been drilling holes through people and things in various widely scattered parts of the world
ever since |late January. The term had been coined after an Anmerican scientist had described the
properti es of whatever was responsi bl e as being conparable to "sonething like a bug with the
wei ght of an el ephant." Eleven incidents involving these strange objects had been reported in the
three nonths that had el apsed since January. The nost recent had occurred in Scotland itself, and
i nvol ved a housewi fe in d asgow who had fallen down sone stairs when a sudden stabbi ng and burning
pai n caused a convul sion of her |eg. Subsequent exam nation had reveal ed a "bugophant burrow'

t hrough her knee.

"Ch, I'mnot interested in hearing any nore inarticul ate eyewi tnesses and their inane
accounts," Mirdoch said. "Wen sonebody finds out what's doing it, | guess we'll know anyhow. How
about some nusic instead?"

Anne reached out and picked up the carry-around conmmuni cator pad that controlled the
apartment's electronics. She used its miniature screen to pick out a prespecified medley, and the
strain of a popular orchestral piece began issuing fromthe built-in sound system

"What are your |atest ideas on thenP?" Anne asked as she replaced the pad. "Have you had
any brain waves? They seemto be baffling all the experts.”

"Not really," Miurdoch confessed. "The only thing | can think of is that they have to be
extraterrestrial, |ike some astrononers are saying."

"A shower of high-density particles fromsone other part of the gal axy?"

"Or even sone other galaxy,"” Miurdoch said. "That's where the highest-energy cosnic rays
come from Wwo knows? It nmakes about as nuch sense as anything el se.™

"But if that's true, why do they nove horizontally?" Anne queri ed.

Murdoch shrugged. "Maybe it's just a probability effect. It could be that there's nore
chance of sonething or sonebody getting hit by one that just grazes the surface of the Earth.
Maybe npbst of them do conme strai ght down, but we don't hear about those because they don't hit
anyt hi ng. "

"I't could be, | suppose,” Anne nused. She thought for a second, and an inpish snile forned
on her face. "I take it that you don't exactly subscribe to the explanation in the Herald | ast
week, then," she said.

"What expl anation?"

"They're parts of debris froman orbiting UFO that was powered by sone revol utionary kind
of drive based on neutronium The Americans or the Russians mstook it for a MRV-satellite that
the other one had put up despite the treaty, fired a nuke at it, and now they're hushing it up."

Murdoch snorted. "Garbage! That's even crazier than sonme of Ted's satellite stories.”

"Ch, how is Ted?" Anne inquired. "I was neaning to ask."

"He's as well as ever. Did you know, he spent sone tinme once at one of the places that had
a bugophant? It was the place in Australia...Skycom Corporation's launch site. That was where the
tel escope mrror was wecked just before it was supposed to be put up into orbit for assenbly."”

"They fired a couple of people, didn't they?" Anne said. "Then they had to reinstate them
with lots of apol ogi es and conpensati on when nore bugophants began turning up in other places."

"That's right. In fact Ted once knew the guy who fired them He used to handle the
contracts that Skycom had for the RAF when Ted was out there. He sounded |like a real nean bastard,
fromwhat Ted said."

"Maybe he won't be so mean in such a hurry in future,” Anne said. "People should keep
their words soft and sweet; they may have to eat themlater." She rel axed against the end of the
sofa and | apsed into silence while she listened to the nusic and tasted her wi ne. Then she went on
absently, "W had a doctor at university in London who was perpetually nmean. He was a

file:/lIF|/rah/James%20P.%20Hogan/Hogan,%20James%20P%20-%20Thrice%20Upon%20A%20Time.txt (65 of 130) [2/4/03 10:54:36 PM]



file:///F|/rah/ James%20P.%20H ogan/Hogan,%20James%20P%20-%20T hrice%20U pon%20A %20Time.txt

neur ophysi ol ogi st who taught progranm ng. Later on they found out that he had an incipient brain
tunmor, which was what was maki ng hi m behave like that. Rather funny in a way...like having a
dentist with bad teeth.”

"Did he get fixed okay?"

"Ch, yes. He's fine now, as far as | know."

Mur doch t hought for a nonent. "Was that where you learned to programreal -tine...the inmage-
processi ng and things you tal ked about once?"

"Yes. That was where | started getting interested in it anyway."

"What ki nds of other things did you progran?” Mirdoch asked.

"Ch..." Anne sighed. "I tried to programconputers to conpose nusic once, but it never
really worked. The prograns did what they were supposed to, all right, but...oh, | don't
know...the result never sounded what | would have called right."

Murdoch snmirked to hinself. He couldn't resist it. "Maybe it was because your Bach was
wor se than your byte," he suggested.

Anne squeal ed and threw a cushi on. Miurdoch | aughed and caught it a foot in front of his
head. "Ooh...That was sinply awful ," she npbaned. She | eaned back and wat ched despairingly while
Mur doch tossed the cushi on back onto the sofa, then said, "Try being serious instead. Wat's the
| atest news with your grandfather's machine? |'ve been hoping you' d have sonet hing exciting to
tell nme."

"There is"' Mirdoch told her. "I was saving it until after dinner." Anne pulled herself up
into a nore attentive position and raised her eyebrows expectantly. Mrdoch hunched forward in the
chair to prop his el bows on his knees, and paused for a nonment to collect his thoughts.

Al t hough the machine was not, strictly speaking, secret, there was an unvoi ced agreenent
anong the nenbers of the teamthat the tinme was not yet ripe for outsiders to be aware of the
nature of the experinments. But Anne, being Anne, had been naturally curious about the work Mirdoch
was involved with, and as tine went by he had found hinmself letting slip odd hints that he hoped
m ght suffice as answers to her questions w thout giving too nmuch away. In no time, however, she
had fitted the pieces together for herself, and bit by bit led himto fill in the rest of the
story. At first she had thought the whole thing to be an el aborate joke on Murdoch's part.

However, as it becane clear that he was being absolutely serious, her incredulity had given way to
a rational, though astounded, acceptance of the whol e thing.

Al t hough Charles had taken well to Anne, Miurdoch had not as yet nentioned anything to him
about how much she knew of what was happeni ng at Storbannon. Although Murdoch hinsel f had no
qual ms about Anne's discretion, he did have m|d apprehensions regardi ng Charles's possible
reaction. Later, Murdoch was sure, when Charles had had a chance to get to know her even better
woul d be a nore suitable tine. It was one of those things that would al ways sound better tonorrow.

"We think we've nore or less got the nodel figured out," Mirdoch said. "Qualitatively, at
| east...A rigorous, quantitative theory will probably take years to come together. The nodel is
dynamic in the way that we figured it had to be, but the latest indications are that it's far nore
stable than we'd expected."”

"How do you nean, stable?" Anne asked.

"The particle threads that are woven together to formthe tineline are not static,"
Miurdoch replied. "They vibrate within linits defined by quantumuncertainty. In fact we're
begi nning to suspect that the Uncertainty Principle of classical physics m ght be nothing nore
than a mani festation of the fluctuations in threads passing through a particul ar universe."

"Yes, | renenber that," Anne said. "Wat we call chance events have their roots down at
that level. That was how it was possible for the tinmeloops not to be permanent fixtures."

"Right. Sonmetinmes a quantum|evel event can have effects at the nacroscopic |evel. Wen
that happens, the tineline can reconfigure itself spontaneously such that the part of the tota
pattern affected by the event can alter itself nacroscopically all the way through fromthat point
on."

"Let's just get this straight,” Anne said, raising a hand. "Wile you were tal king, | just
happened, for no reason at all, to brush ny hair out of nmy eyes with nmy right hand."
"Ckay. "

"And fromwhat you've said before, there's another 'me,' who exists ten seconds back al ong
the tineline we're on, who hasn't done that yet."

"Right."

"Now you're saying that in her universe, random quantum events coul d be taking place
differently to the way they did in ours. For instance, sonething at the atom c |evel could perhaps
decide the difference between a finely balanced neuron firing or not firing, and that neuron could
be enough to trigger a different behavior pattern. So she m ght do the same thing as | did, only
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with her left hand." Anne paused and | ooked inquiringly at Murdoch. He nodded. She conti nued,
"That action would reconfigure the part of the timeline that contains ne so that a new ne woul d
exist, right at this instant, whose nenory and everything would be consistent with the new thread
pattern: |I'd have used ny left hand, renenbered that |I'd used ny left hand, and I wouldn't know
anyt hi ng about it ever having been any other way."

"That's right," Miurdoch confirmed. "And for all we could ever know, it night have happened
in exactly that way, except you'd have switched fromleft to right."

"And that kind of thing could be going on spontaneously all the tinme?"

"Yes."

"Sounds spooky."

“"Don't worry about it. You've been living with it all your life."

Anne pulled a face. "Very well, | won't. So where does the stability part conme in?"

"That's where it gets interesting," Mirdoch told her. "You see, at first we had this
vision of the whole pattern being in a state of tremendous agitation all the time...with the
threads com ng together and bouncing apart, and reconfiguring all kinds of events at the
macroscopic level frominstant to instant. But in fact it doesn't happen like that; the tineline
doesn't change nacroscopically at anything like the rate at which quantum events take place. At
the large-scale level, the systemis amazingly stable."”

"So there aren't millions of ne's spaced mcroseconds apart over the |last couple of
m nutes, all deciding to brush their hair with different hands."

"Exactly. The overwhel mi ng probability is that the situation will stay stable...in other
words, the way you remenber it. It's as if there were sone kind of noise-filtering process that
operates as you go up fromthe smaller, unpredictable | evel up through to the larger, nore stable
level. Only very, very rarely does a quantum event aval anche upward in scale and produce
significant changes that are tangible. So at the everyday |evel things become nore determnate,
but chance still gets its innings."

"I see." Anne | eaned back and drummred her fingertips lightly on the back of the sofa while
she di gested what Murdoch had said. After a while, a puzzled frown formed on her brow. She | ooked
back at him "How could you possibly test something |ike that experinentally?"

"By realizing that we'd never thought of sonething obvious."

"What's that supposed to nmean?"

"Here's a paradox," Miurdoch said. "W programthe conputer to do a very sinple thing. W
programit to examine its record for some point in the past and deci de whether or not a signal was
received at that point. If one wasn't, the conputer sends one there; if one was, the conputer
doesn't send anything. Now |l et that programrun continually. Wiat happens?" He sat back and waited
whil e Anne frowned with concentration as she stepped nentally through the tortuous | ogic of
visual i zing tinel oops.

"It's absurd," she said slowy at last. Murdoch nodded in satisfaction. She went on
"You' d keep going round the same | oop forever. There wouldn't be any way out of it." Her eyes

narrowed thoughtfully as she renenbered what Miurdoch had said a few nmoments previously. "It's
obvious, isn't it...the first thing that you'd inmagi ne anyone would think of. So what are you
saying -- that you never thought of trying it?" She paused as a new |light of understanding fl owed

into her eyes. "Or should | say that if you did try it, you ve no recollection that you di d?"

"You've hit it right on the head," Miurdoch told her. "W're nearly at the end of Apri
now, and we've been running the nmachi ne since January. And in all that time something that shoul d
have been first on the list of things to try never occurred to us. But if we had tried it, the
machi ne woul d have gone into an infinite | oop. What does that say to you?"

"There nust have been tinelines on which you did try it."

"“Yes," Mirdoch agreed, nodding. "That |oop would have sustained itself permanently, unless
some quantum fluctuation got us out of it. For exanple, sonmebody who existed on the tineline
i nside the I oop night have nade a decision for no particular reason to di scontinue the experinent,
or nmaybe sonebody ahead of the | oop decided not to conmence it in the first place...or
maybe. .. never thought of it in the first place! It would have to be sonmething with billions-to-one
odds agai nst, but it would happen sooner or later if the loop iterated indefinitely. Wien it did
happen, the | oop woul d di sappear, and on the final tineline we'd end up right where we are now in
April, with no record preserved that any experinment |ike that was ever performed."

"And having acted very much out of character," Anne renarked.

"Which is just what you' d expect fromthose odds," Mirdoch said.

"So how did you test it?" Anne asked again. "Or did you have to infer that indirectly?"

"No, we found a way," Miurdoch replied. "W set up a programjust like |I said, but in such
a way that it incremented a count every tine it went around the |oop. Wen the count reached a
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preset number, the programdiscontinued the test. So there was a nechanismto break out of the

|l oop built in. The I oop couldn't becone infinite. Tests like that gave us enough data to figure
out how the | oops are structured. Later on we included random factors, which was how we managed to
nmeasure the stability. That was the part that was really unexpected. You have to run tens of
mllions of nunbers to get a handful that don't match."

Anne subsided into silence for a while, and then picked up the comunicator pad again.
"Wul d you like a coffee?" she asked.

"CGood idea."

She tapped a brief code into the pad, and in the kitchen the percol ator began filling
itself. "So where do you go next?" she asked. "Has your grandfather lifted the ban on ad hoc
di al ogues with the future yet? I"'mdying to find out what happens then. Just think how we coul d
clean up at the races."

Mur doch shook his head. "Not yet. There are still a few nore things that he wants to find
out about first. The nodel seens to inply some di mension of 'supertine' that the patterns can
reconfigure in. He wants to know what the relationship is between tinme and supertinme. There are
reasons for believing that causal influences can only propagate along the threads at a finite rate
in supertine. What's the rate? Wiat's the rate at which tau waves propagate? He wants to know a
| ot nmore about things like that."

"It certainly sounds as if there's still a lot nore to do," Anne said. She sighed. "Onh,
do wi sh you' d clear up this business about ny know ng what you're doing down there. |'m sure your
grandf at her wouldn't mind as nuch as you think. I'd love to be able to help in sone way, even if
it was only by debugging a few prograns or sonething. Are you going to talk to himabout it?"

"Ckay," Murdoch said. "I'Il talk to himtonorrow. Maybe you're right."

"Do...please."

“I will. | already said | would."

"Ch, dear, aren't | getting to be an old nag. Ckay." Anne smiled, got up fromthe sofa,
and di sappeared into the kitchen. She cane back a minute or so later, carrying two steani ng nugs
and some nmints on a tray.

"There was sonething else | renmenbered while you were gone," Miurdoch said as she set the
tray down. "Grandpa has figured out another interesting thing: The quantumlevel vibrations of
basic particles can absorb energy fromtau waves."

Anne's brow knitted as she handed himone of the mugs. "I"'mso glad you told me that. It
was just what | was wondering. Now tell me what it means."”

"It means that normally, w thout anybody sending any tau waves through tine, the tineline
is highly stable; alterations at the macroscopic | evel due to aval anching quantumeffects are
rare. But an incoming tau wave raises the energy-level of sone quantum processes, and nakes them
far nore likely to alter large-scale events on the tineline. So every time we use the machi ne, we
destabilize the systemto a degree at the monment in tine that receives the signal."

"You nean that it interferes with the outcone of chance events in the universe that the
signal arrives in...and therefore all the universes after that as wel |l ?"

"Yes," Miurdoch replied sinply.

Anne | ooked slightly uncertain. "Chance events where...at Storbannon? In the |ab?..

"No, everywhere," Mirdoch said. "You're forgetting that the wave renmaterializes in a
vol unme that expands at light-speed as it gets farther away in tine fromthe instant of
transm ssion. The range of the nachine is one day. In that tine the Earth noves about twenty-one
mllion mles. So everywhere inside a sphere of that radius, the signal is at |east as strong as
it needs to be for the machine to detect it. In other words if it can affect chance events in the
lab when it rematerializes, it sure-as-hell can do the sane thing here in Nairn, or cone to that
anypl ace el se on Earth too."

Anne remained very quiet for a nonent. "I hadn't realized that," she said, for the first
ti me soundi ng genui nely awed. "You mean that whenever you use the machine to send a signal, you
coul d be changing the outcone of chance events all over the world in the universe that you inject
the signal into?"

"Exactly that," Miurdoch said slowy. Hi s tone had becone very serious. "lnmagi ne a guy
sonewhere in New York who made a million last night on the spin of a roulette wheel. The
overwhel mi ng probability is that the part of the tineline that includes himin it has remined
stabl e since then, and tonight he's out somewhere whooping it up. But now suppose we decide to run
a test on the machine at Storbannon right now Suppose that in the course of that test we happen
to send a signal back to the exact nonent in tine at which the ball on the wheel was bal anced
between falling into red or black |last night. The tau-pulse field materializing at that instant,
here, in New York, and everywhere el se inside twenty-one mllion mles of where the Earth is right
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now coul d be enough to nmake the ball go the other way, and reconfigure that part of the tineline
fromthat nmonent on. So tonight, instead, the guy's on a bridge, about to junmp into the East
Ri ver.

"I't makes you think, doesn't it."

CHAPTER NI NETEEN

VWhen Murdoch returned to Storbannon in the early hours of the foll owi ng norning, he was
surprised to see Elizabeth Miir's car parked outside the nmain entrance. He hurried inside and
found the team and Elizabeth gathered in Charles's study. Charles was at his desk with his tie
| oosened and hi s wai stcoat unbuttoned, and Cartland was propped wearily agai nst the bl ackboard to
one side, his arnms folded across his chest. Elizabeth was sitting in another chair, and Lee was
standing by the window. The roomwas littered with papers and enpty cups, and evidently the scene
of much hard work for many hours. There was an atnosphere of tension about the place.

"What' s happened?" Murdoch asked.

Charl es | ooked up and passed a hand across his brow "If it's what we think it is, it's
bad, Murdoch," he said. "Elizabeth called earlier today about sone thoughts she'd been having on
the wee wornhol es that are appearing all over the place. She came down later to go through sone of
our fornulas. W think we know what they are.”

"The bugophants?" Mirdoch stared at Elizabeth. A smile flickered briefly on her nmouth to
acknow edge his arrival, but she was evidently too tired to volunteer a | engthy expl anation
Murdoch shifted his gaze to Lee. He couldn't imagi ne what the nysterious objects could have to do
either with anybody at Storbannon or with Elizabeth.

"When is a fusion pellet |ike a supernova?" Lee asked sinply. There was no hunor in his
voi ce.

Mur doch blinked back his bew | dernent at the question. "Wat the hell is that supposed to
mean?" he asked t hem

"Thi nk about it, old boy," Cartland said quietly. Mirdoch stared hel pl essly around the
circle of sonber faces. Nobody was offering any clues. So he thought about it.

A supernova: a catastrophic explosion of an abnormally large star. Throughout its stable
life, the star maintained an equilibriumbetween the gravitation of its mass, which tried to nmake
it collapse, and the radiation-pressure resulting fromthe fusion reactions going on inside it,
which tried to blow it apart. The radiati on was conveyed to the surface by photons, which noved
extrenely slowy because of their repeated absorption and reemi ssion by matter along the way. The
i nside of the star generated energy faster than the surface could radiate it away, so the core got
hotter...and hotter. Eventually it reached a tenperature of sixty billion degrees -- at that
nunmber, who cared on what scal e?

At that critical tenperature, the rate of production of neutrinos suddenly increased
abruptly to an enormous figure. Neutrinos hardly reacted with matter at all; they went straight
out through the body of the star, carrying amay with themlots of the energy that up until then
had gone into produci ng photons. So, all of a sudden, there were far fewer photons being produced,
and consequently far | ess radiation-pressure to hold the force of self-gravitation in check

At that point the star started to collapse, suddenly and violently.

In the process it released gravitational energy at a phenonenal rate -- far faster than
the material of the star's outer layers could absorb it. So they expl oded away into space,
produci ng a supernova. The opposite reaction of that explosion drove the already collapsing core
harder and faster inward toward the star's center

A fusion pellet was inploded in the same way...alnost. The difference was that, because
the pellet possessed negligible self-gravitation, the energy to inplode it had to be supplied
externally, such as by lasers or particle beans. But apart fromthat, the mechanics were sinilar.
An inertial-confinement fusion reactor was, in effect, a supernova in a test tube. And a supernova
produced. ..

Mur doch gasped in disbelief as the answer to the riddle at |ast becane clear. "Ch, Jesus
Christ!" he murnmured, sinking weakly down onto the nearest chair, the color draining fromhis
cheeks.

A supernova conpressed its core all the way down to a bl ack hol e!

CHAPTER TVENTY

Ral ph Courtney, Chairman and Managi ng Director of the local Board at the Burghead Heavy-
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lon Fusion Facility, and Associate Director of the European Fusion Consortium studied the faces
of the dozen or so people sitting around the polished oak table that formed the centerpiece of the

mai n conference room Sonme of the faces were wearing worried frowns, sone were still |ooking
benused, and others were just deep in thought.
Eli zabeth Miir was still standing where she had finished speaking a mnute or so before,

in front of a large map of the world pinned to a board hal fway al ong one side of the room
opposite the nmiddle of the table. The neeting had been specially convened at her request. In the
hal f hour that it had been in session, she had already said all there was to say. In fact she had
said that in the first ten mnutes; it had taken the rest of the tine for the turnoil that
followed to die down, and nore than a few of those present were still only beginning to recover
their capacity for coherent thinking.

She had begun by announcing her conviction that a serious flaw existed in the body of
t heory upon which the design of the Burghead reactor system had been based. Despite the decades of
research that had gone before, and despite the carefully verified formulas and figures, she
cl ai med, sonething conpletely unexpected, and at that stage inexplicable, had occurred during the
full -power tests that had been conducted in January: The target pellets had been crushed down into
m ni ature, probably nucl ear-sized, black holes. The black holes had fallen through the floors of
the reactor vessels toward the Earth's center, and that was what had caused the erosion that
nobody had yet been able to explain.

The dynani cs of what woul d happen after that were unclear. However, she told them she had
eval uat ed sone approximate nodel s, and the possibilities were alarmng. The swarm of tiny black
holes could forma nmutually orbiting systemwi thin the Earth's core, exchangi ng energy anong
t hensel ves and undergoing further excitation and agitation as new arrivals fromthe surface
supplied gravitational energy and conponents of surface rotational nomentum Sonme of them could be
thrown into violently eccentric orbits in this process -- sufficiently eccentric to penetrate back
up and reenerge on surface-grazing trajectories. Hence the "bugophants" that had been making
appearances in recent nonths, Elizabeth suggested.

VWhat was the evidence?

First there was the erosion through the | ower casings of the two reactors used in the
January tests. Analysis had shown that the erosion conprised a dense concentration of tiny tunnels
that were identical to the ones being reported fromvarious parts of the world. Second, the tests
had been performed in md-January; the first bugophant had been reported | ess than two weeks
later. Third, all the incidents reported to date were scattered along a band that extended from
the northern British Isles southward across the Atlantic to Panana and the top of South America,
down over the southeast Pacific to mss Antarctica, and then northward fromthere to rejoin itself
via Western Australia, northern India, central Russia, and Scandi navia. Wen this band was drawn
on a globe, it formed a great circle around the Earth; if Elizabeth's account was correct, this
marked the Iine of intersection between the Earth's surface and the orbital plane of the bl ack-
hol e system It was as sinple as that.

There was one other thing. The two reactors had been run first independently for a day at
fifteen pellets per second, and for about half of the second day in parallel at a conbined rate of
thirty per second. That neant there would be sonething like two mllion black hol es down there.

"Surely...CGod, | don't know...This whole thing is preposterous, Elizabeth," Courtney said
at last. "Black holes...nmlling around in the core like a swarm of bees? It's too far-fetched. |
can't accept anything like that purely on the basis of what you've said. That isn't evidence; it's
just a collection of coincidences...wld hypotheses, if you don't mnd ny saying so."” Sone of the
heads around the table began nodding in nute agreenent.

"I know that, Ralph," Elizabeth said wearily. "I know there isn't anything quantitative to
support it. But it is a consistent explanation of what these things are and where they've cone
from And it explains the erosion. It's the only one that fits both sets of facts. How many
experts have been racking their brains and haven't even been able to offer a clue?"

There was one other item of evidence, an itemthat was conclusive, but she was obliged not
to nention it. At Storbannon on the previous day, she and Charl es had anal yzed the data coll ected
by the machine at the tine in January when the system had been nal functioning, which covered from
Friday to Saturday before the Monday on which the Burghead test had conmenced. As Lee had
mai ntained at the time, the cause of the problem had been interference fromtau waves coming from
some source other than the machine itself. Cartland had anal yzed t he groupi ngs and tinings of the
interference pul ses, and found that it matched exactly with records brought by Elizabeth of the
pellet-firing sequence followed in the tests at Burghead. The two had matched exactly, which could
never have been expl ai ned away by coi nci dence. Therefore the interference picked up by the machi ne
could only have cone fromthe reactors being tested at Burghead. But the interference had been
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pi cked up at Storbannon two full days before the tests at Burghead took pl ace.

Therefore the Burghead reactors nust have generated tau waves that had propagated back two
days in tinme. But tau waves were generated by the annihilation of matter. The Burghead reactors
were not designed to annihilate matter; they were designed to convert matter to energy via fusion.
Nevert hel ess, they had generated tau waves; therefore they must have anni hilated matter. According
to the established theory upon which the designs had been based, such an eventuality was
i mpossi ble. The facts said it had happened. Therefore there was sonmething greatly amiss with
est abl i shed theory.

El i zabet h and Charles had spent npbst of the previous day review ng the physics of fusion
plasmas in the light of Charles's newer theory, and had di scovered sone significant discrepancies.
The conpression of a target pellet to black-hole density was clearly predicted from Charles's
equati ons, though for reasons that coul d never have been taken into account using conventiona
concepts. They had agreed that Elizabeth would have to informthe Burghead directors of the
concl usi ons, and accordingly she had called the neeting for the afternoon of the foll ow ng day.
Charl es had been reluctant to publicize details of his research if it could be avoi ded, and
El i zabeth had therefore elected to try in the first instance to convince the directors of the
facts wi thout nentioning the Storbannon nmachine or its function. She knew that this would be a
tough assignnent, but she had to give it a try. The first indications at the neeting were that she
was unlikely to enjoy nmuch success.

Max Wehrbaum fromthe EFC s Miunich | aboratories, was shaking his head and | ooki ng openly
contenptuous. "VWat is all this talk about a fundanental flaw in the theory?" he demanded. "The
theoretical foundations for fusion and pl asma physics have been well understood for half a
century. Wiere is there roomfor any kind of flaw?"

"l agree," Simon Vickers, Technical Director at Burghead and Elizabeth's i mredi ate boss,
said from Courtney's right. "Accepted theory appears to be nore than anply validated. Experinenta
results have al ways been consistent with prediction, and there are machi nes working all over the
world wi thout problens." He shrugged. "W've got holes through the reactor casings that we can't
explain yet, and sone other people in other places have found a few holes here and there that they
can't explain either. | don't see any conpelling reason to assune that the two are connected at
all. It's certainly no reason to go tearing up physics all the way back to Galileo."

"There just isn't enough energy delivered to a pellet to get it anywhere near to bl ack-
hol e density," sonmebody else threwin fromthe far side. "W all knowthat. It's elenmentary.
Surely you're not suggesting that every scientist who's worked in the field over the last fifty
years couldn't get a few sunms right.”

"Nobody has ever worked at the same conbi nati on of high energy and energy density,"

Eli zabeth replied. "Plasm phase changes are notoriously nonlinear at high-density regines. |'m
saying that | suspect we have invalidly extrapolated | ower energy-density results into a realm
where they don't apply. The tests entered a conpl etely new phenonenol ogi cal region domi nated by
processes that we failed to anticipate.”

"What ki nds of processes?" Courtney asked dubiously. "Substantiated by what data? What
reason is there for postul ating processes that nobody's had any inkling of before?...As far as |'m
aware, anyway." He glanced fromside to side and was rewarded by a few sol etm shaki ngs of heads.
"Nor anybody el se by the look of it," he added.

"Ch, | can't describe themin precise detail at this stage," Elizabeth said. "But I
contend we nust assune they exist, and we should investigate them Look at the map here. The pl ot
passes right through Scotland...and the first incidents were reported within days of the tests
here. Surely that tells us sonething."

She couldn't tell themthat Charles had al ready determnined where the flaw in conventiona
theory lay and expl ained how it was possible for the beans to crush the pellets to far higher
densities than had been predicted. In the energy-dense core of the pellet, pair-production of
el ectrons and positrons woul d be induced, followed by nutual annihilations sufficiently
concentrated to generate nmnute tau waves; these tau waves would anplify rapidly as a consequence
of a conplicated, positive-feedback nmechanism The anplified tau waves woul d propagate out of the
uni verse entirely, carrying away energy that should have been avail abl e to oppose the inplosion
This process would invalidate the predictions of conventional theory conpletely by effectively
i ncreasing the beam power in the core region by a factor of millions. Conventional theory took no
account of tau waves.

"That track on the nmap is a pure fabrication.” The speaker this time was Maria Gal dari ni
from Turin, another nenber of the European del egation that was at Burghead that week to
i nvestigate the erosion problem "There is only a handful of points on it. The trend is illusory.
There's nothing but a scattering without any statistical significance at all."
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"Anyway, besides all that, there's another thing," Sinon Vickers added. "Even if we
suppose for the nmonent that you are correct and these things are black holes, Elizabeth, they'd be
m croscopic. You said that yourself a few mnutes ago. They'd be very short-lived because of
Hawki ng radi ati on. They coul d never have continued to exist since January. But the | atest

bugophant was reported only a few days ago. So how could it have been a black hole that was
produced here when we ran the tests? It's inpossible."”

El i zabet h had di scussed this issue at great length with Charles as well. According to
accept ed quantum mechani cs, a particle trapped inside a black hole had a certain probability of
being able to "tunnel” its way out. The probability grew |larger with particles that were nore

energetic, and with holes that were snaller. A snall hole would therefore | ose particles at a

hi gher rate, and continue to do so in an accelerating fashion until the hole "evaporated." But
accepted quantum nmechanics failed to allow for the energy lost to the tau waves produced whenever
a new particle fell in. Therefore the trapped particles would be left with | ess energy than
accepted theory said. Therefore they would not be able to tunnel out as easily as accepted theory
said. And that neant that the hole would | ast |onger than accepted theory said.

"I do know about Hawking radiation," Elizabeth said. "All | can say is that if we did
drive the plasma into a new region of nonlinearity, then we mght be mstaken in assuning that we
can apply the sane concepts that work for other regions." None of the |isteners appeared very
convinced. What Elizabeth had said sounded too rmuch |ike bending the facts to suit the answer, and
she knew it.

"I'f such things ever existed, which to say the least is very unlikely in ny opinion, then
nmost of themw |l already have extingui shed thensel ves,"” Max Wehrbaum decl ared. "After all,
weren't there supposed to have been two mllion of then? Perhaps a few statistically extrene cases
have survived for this long. If so, then in a few nore days they will have di sappeared too."

"So there's really no problem™" Vickers said. "If we did nanufacture them here, which
very much doubt, all we have to do is turn the wick down a bit when we get the reactors fixed." He
paused and reconsidered his words for a nmonment, then |ooked up at Elizabeth. "lI'msorry. | didn't
mean to sound flippant. Qobviously if it did turn out that you were right, we'd all have sone very
serious problenms to think about. It's just that...well, | can't see it...never in a nmllion
years." He shrugged, spread his hands, and left it at that. Elizabeth | ooked appealingly at
Court ney.

“I"'msorry, Elizabeth," Courtney said in a regretful voice. "But | think we all agree with
Sinon. | nust say, | wish you' d given ne a better idea of what this was going to be about before
we called this neeting. If you could show us something tangi ble to suggest even that what you' ve
said is possible, let alone fact, then of course that would put an entirely different light on
things. We'd have to reappraise the whole world fusion program from basics." He sighed and waved
toward the map. "But we need sonething nore convincing than that, I'mafraid. Until |'ve seen
sonething that's nore specific, I'mcertainly not going to | ose any sleep over it."

"Cch, don't worry yourself about it," Charles said fromthe screen in Elizabeth's office a
hal f hour later. "You did your best, and | appreciate it."

"So where do we go from here?" Elizabeth asked with a heavy sigh. "Are we going to have to
tell themthe whole story?"

"It looks like it, I"'mafraid," Charles said. "I'll talk to Ral ph Courtney nyself and see
if | can come up and talk to himat Burghead. I'l|l probably bring Ted along with nme as well."

Eli zabeth bit her lip and | ooked unhappy at the idea. "Is it absolutely necessary?" she
asked. "You know, |'m beginning to wonder if perhaps we're overreacting a little bit. |If the holes
are going to disappear before much |l onger, what's the point in you conming up to Burghead to tel
Ral ph and the rest something that they' Il find out eventually in their own tine anyway? Wiy can't

you sinply stay out of it and | eave themto it?"

Char | es shook his head gravely.

“I'f I were certain that the holes will just go away, |'d do exactly that," he replied.
"But I'mfar fromcertain. |'ve been running the accretion functions all morning here with
Murdoch. We're not sure yet whether or not some of the expressions are convergent so we can't be
absolutely sure, but |I'mbeginning to suspect that the holes won't just go away. If the tau | osses
extend the lifetimes sufficiently for the accretion rate to overtake the Hawki ng depletion rate,
the holes will become permanent. After that, they'll only be able to get bigger."

CHAPTER TVEENTY- ONE
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The results of Charles and Miurdoch's attenpt to cal cul ate what would ultimately becone of
the mniature black hol es were inconclusive. The two of them spent the rest of the day exam ning
an alternative nethod, working through the evening and into the night with Lee to set up the
equations in a formthat could be submtted to the datagrid for analysis on the network conputers.
The task was |long and arduous. At three o'clock in the nmorning, by which tine the job was still a
I ong way from being conpleted, they called a halt for the night. There was, after all, a lint.

Murdoch was just finishing a |late breakfast in the kitchen the next norning, when Cartland
anbled in holding a single sheet of glossy paper. Mirdoch recognized it as hardcopy from one of
the datagrid termnals, either the one in the lab or the one in Charles's study. Cartland | ooked
around in mld surprise. "Wiere's Lee this norning?" he inquired.

"Still in bed," Murdoch answered. "l guess he overdid things a bit last night. He'll show
up later. Wiat's that you've got there?"

"Sonething | copied fromthe News about an hour ago. Thought you night know sonet hi ng
about it. Even if you didn't, | presuned you'd be interested.” Cartland slid the sheet across the
tabl e and wat ched whil e Miurdoch took in the headline over a slice of toast and marmal ade: M N STER
DENI ES COVER- UP OF HEALTH HAZARD AT SCOTTI SH FUSI ON PLANT. Murdoch noved his coffee cup to one
side and drew the sheet nearer to himto scan the text. It read:

In answer to a question raised in the House yesterday, the Mnister of Energy Utilisation
and Power, M Stanley Newell, enphatically denied recent allegations that a hitherto unsuspected
and hazardous form of radiation has been di scovered, which originates in the process of nuclear
fusion. The questioner, M Francis Booth, Conservative Menber for Tyneside South, where a new
fusion reactor is planned for conpletion in 2015, was referring to the claimnmade earlier this
week by a spokesman for the anti-nuclear action-group 'Pandora' concerning the sudden out break of
an as yet unidentified sickness anong technical personnel at the Burghead plant, on the Sol way
Firth.

The EFC s Heavy-lon Fusion Facility at Burghead, the world's |largest project to date of
its type, was conpleted |ast year. Since conpletion of the construction phase, trials have been
continuing in preparation for the plant's schedul ed conmencenment of full comercial operation in
July. Wthin the |last seven days, eight enployees of the plant, all of themtechnical personne
who normally work in close proximty to the reactor vessels at the center of the facility, have
been admtted to hospital suffering fromthe sudden onset of synptons that have so far defied
di agnosi s. They appear to be associated with a nmalfunctioning of the central nervous system the
precise nature of which remains obscure. According to Pandora, a new type of hazardous radiation
originating in the fusion process, is responsible for the outbreak, details of which are being
deli berately w thheld foll owing Government intervention

In part of his statenent in reply to these clains, M Newell said, "It is true that eight
menbers of the Burghead technical staff have, within approximately the | ast week, becone victins
of an affliction which has not yet been positively identified. The suggestion, however, of this
being a result of a formof radiation attributable to the fusion process and hitherto unknown to
science, is utterly without foundation of any kind. This being so, the further suggestion, that
information pertaining to such nmythical radiation is being withheld fromthe public domain as part
of a conspiracy of silence between certain unnanmed departnments of Hi s Mjesty's Governnment and the
governments of other Consortiumnations, is ludicrous in the extrene."

Dr M J. Waring, Head of the Burghead facility's Medical Departnent, told our reporter
during a video-call interview, "Nothing that we have observed is even renotely suggestive of the
ef fects of radiation-induced phenomena. Thank you. That is all | have to say."

Dr Elizabeth Miir, Principal Physicist at Burghead, was stated as being in conference
yesterday afternoon and unavail able for comrent.

The report went on to give a canned history of the Burghead plant and a few details of its
pl anned schedul e for the conming nonths. Interestingly, Mirdoch noted, there was no nmention of the
erosion problem which had al ready made nonsense of the planned schedul e.

"No, | hadn't heard about this," Miurdoch said when he had finished reading. "That place
must have a jinx on it. As if they didn't have enough probl ens already.”

"I"'msurprised Anne never nentioned anything about it," Cartland remarked. "Wat's the
matter with you two? Don't you talk to each other these days?"

"Ch, sure we do," Miurdoch told him missing the tone of voice. "I guess it's just doctors
prof essional ethics: They don't |ike talking about things like that." He rubbed his chin
thoughtfully. "Unless of course there is sonmething funny going on that she's been told not to talk
about . "
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"That's what | was wondering," Cartland said. "Do you think it could have anything to do

with these bugger-whatsits? You know -- possible focusing of the orbits at the point of origin or
sonmething like that."
Mur doch t hought for a nonent while he finished the last of his toast. "I can't see it," he

said. "The doctors would have known if they were bugophants, but fromwhat it says here, it sounds
i ke sonething conpletely different. Mre likely sonebody shipped Burghead a case of |ousy
sal mon. "
"Unl ess sonebody sonmewhere didn't want peopl e connecting bugophants wi th Burghead, "
Cartl and suggested. "Maybe they took Elizabeth nore seriously than she thought."

"That's a thought." Mirdoch frowned and drunmed his fingers on the table. "I wonder..." He
gl anced across at the newssheet again and then | ooked up. "Do you think Anne mi ght say sonething
about it if | called her? She's bound to know nore about what's going on than whoever wote this
Now it's in the news, she nmight be in nore of a nmind to talk about it."

"You tell ne, old boy," Cartland answered.
Mur doch downed the last of his coffee and got up fromthe table. "I'Il call her right
he said as he headed for the door

avay, "
"Ch, don't tell nme!l" Anne exclained fromthe vi-set in the sitting rooma few mninutes
later. "We've had every neurotic and freak in the country calling us. Just now!l had a little old
|l ady from somewhere saying it was caused by breathing in neutrons. She'd read all about them She
was sure that if we all wore surgical nmasks soaked in lenon juice, it wouldn't happen again. Just

trying to help, | suppose, but we really could do without it. Dr. WAaring has refused to talk to
any nore of them so guess who's getting it all."

"But what is it?" Mirdoch asked. "All 1've seen is what Ted just showed me. Has it got
anything to do with the reactors?”

Anne gl anced off-screen and | owered her voice instinctively. "I can't really say very nuch
right now 1'll talk to you about it when | see you at Storbannon tonorrow. W don't know what it

is, but it's alnmost certainly viral so you can forget all this nonsense that's being tal ked about
it having anything to do with fusion. In sone ways it resenbles a highly virulent and
extraordinarily accelerated formof multiple sclerosis. None of the experts we've talked to have
heard of anything like it before."

"So how come all the people who've got it just happen to work in the central reactor
conpl ex?" Murdoch asked. "That sounds |ike too nuch of a coincidence...O isn't it true?"

Anne sighed. "Yes, it's true. But there nust be some other factor they all have in common
that's | ess obvious. The records are being processed to see what else there is that correl ates
with what; also we're doing a check through London to find out if anything sinilar has been

identified anywhere el se. But at the nmonment, it's still a mystery. There's -- " She gl anced away
agai n. Her expression changed, and she turned back apol ogetically. "Ch dear, sonething s just
cropped up. Murdoch, 1'll have to go. Sorry. I'Il call you back later when it's not so busy." At

that monment a flashing red caption appeared across the screen, superposed on Anne's face, to
announce: URGENT CALL HOLDI NG

"Something's waiting to come in here too," Mirdoch said. "Talk to you |l ater, okay?"

"As soon as | can." Anne's face vanished in a blaze of colors that pronptly reassenbl ed
thensel ves into the features of a well-groomed worman, neatly dressed, and sonewhere in her md-
forties.

"Hello," she said. "This is M. Courtney's assistant calling from EFC, Burghead. Could
speak to Sir Charles Ross, please?"

"Sure," Mirdoch replied. "Hold on a nonent. 1'll have to transfer you." He tapped in a
code to route the call to Charles's study, waited for the Accepted indicator to |light up at the
bottom of the screen, and cleared down. If the call neant what he thought it neant, Charles would
probably be going up to Burghead to see Courtney |ater that day. That nmeant there would no doubt
be a panic to get the analysis up and running on the datagrid before Charles went. Mirdoch sighed.
It was going to be another one of those days. He wal ked out of the sitting roomand went upstairs
to pull Lee out of bed.

It was approaching |unchtime when Miurdoch entered the lab with the | atest set of nunbers
that Charles had produced upstairs in the study. He found Lee slunped back in the chair at the
desk, screwing his face into knots and rubbing his eyelids with his thunb and fingers. Lee stopped
and blinked uncertainly over his hands at the piles of hardcopy and flowcharts strewn around him

"Seeing code on the walls?" Murdoch said with a grin. "lI'mnot surprised.”

"Huh?" Lee | ooked up, aware of Murdoch's presence for the first tinme. "Ch, hi, Doc.
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Yeah...| guess |'ve been hitting it a bit hard. Maybe |I need lenses. It all went hazy for a
while."

"Are you okay?" The grin vani shed abruptly from Miurdoch's face.

"Ch, sure...Seens to have cleared itself up now"

"How are we doi ng?"

"Just about there. Al | need now are sone boundary paraneters that Charles was working on
upstairs, and it should be all set to run."

"I've got 'emhere," Mirdoch said. "Gandpa and Ted are taking off for Burghead now.
They're leaving us to get the analysis running. How | ong do you figure from now?"

"Aw...say an hour or two to check through the program..allow a little bit for bugs...I
think we should have it into the network and running by nid-afternoon.™

"And how long to run?"

"Ch..." Lee thought for a second. "If the network |oading is about what it usually is on
Friday afternoons, |'d say six, maybe seven hours."

"W shoul d know by tonight then, huh?”

"CQuess so."

A short silence followed. Miurdoch put the sheet of figures down on the desk and sat back
on the edge of the nain console. "And what if the eta derivative cones out positive?" he asked at
| ast .

"Then there won't be a darn thing anybody can do about it," Lee said slowy.

There were nore errors in the programthan they had expected, which was unusual for Lee,
but by five o' clock the job was at | ast |oaded into the datagrid via the terminal in the lab. Lee
was feeling fatigued by this tine and went upstairs to lie down for a few hours to catch up on the
sl eep he had | ost the previous night.

Shortly afterward, Murdoch was wal ki ng past the door of Charles's roomwhen Robert cane
out, evidently in a hurry, carrying sonme of Charles's shirts in one hand and a brown | eather
traveling bag in the other.

"What gives?" Miurdoch inquired.

"Cch, | wish | knew, " Robert replied. "There's an awful fuss suddenly broken out about
sonet hi ng. Your grandfather called about ten m nutes ago from Burghead. Hinself and M. Cartl and
are going to Brussels tonight with sone of the directors on the seven-fifteen flight from
Edi nburgh. | don't know what's going on, |'msure."

"They' Il never nmake it," Miurdoch said flatly. "It's alnbst six now "

"Burghead are flying themto the airport in one of their airbuses. They're on their way
here now to pick up some things."

"Want a hand with that stuff?"

"Ah, it's good of you to offer, but you ve work enough of your own to be worryi ng about
today," Robert said.

"We're through,” Mirdoch told him "I'mon free tine now Here, 1'll take those things.
How | ong have we got ?"

Twenty minutes |ater, Murdoch and Robert were standing in one corner of the tennis court
with a small pile of bags, watching a black dot grow in the sky above the crestline of Ben
Moroch's southwest ridge. The dot gradually took on the shape of a short-haul VTOL transporter
slowed to a halt two hundred feet over their heads, and then descended snoothly to land in the
center of the court. Before the Iast whines of its engines had died away, a door opened and
Cartland junped out. He ran over to help with the |uggage as Murdoch and Robert approached, and at
the sane time Charles appeared in the frame of the doorway.

"They' re convinced," Charles yelled down before Murdoch could ask anything. "We're neeting
sone of the EFC people in Brussels tonorrow norning. It should be quite a party. They're flying in
fromall over Europe tonight."

"On Saturday norning?" Mirdoch said, surprised.

"That's the only time you'll get themall together at this kind of short notice,
told him "How did it go this afternoon?”

"Ckay. It's running now. There were a couple of bugs though, so it won't conplete unti
sonetine late tonight."

"Call us in the norning with the results,” Charles said. "W'l|l be at EFC Headquarters
fromten o' clock onward. Ask for C aude Montassier. Cot that?"

"Where will you be staying tonight?" Mirdoch asked. "I could call you there.”

"I don't know. Sonebody will be neeting us off the plane. They're arranging all that."

Charl es
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The pil ot appeared from sonewhere at the nose end and took the last of the bags from
Robert to hoist it aboard. "That the lot?" Cartland said, getting ready to clinb back inside.
"Good show. Thanks for the effort, chaps. Wll, | suppose we'd better be toddling along. No tinme
for tea and all that."

El i zabet h squeezed into the doorway from behind Charles. "Hello, Mirdoch," she said.
"Hell o, Robert. It looks as if the cat's really anong the pigeons now "

"dad it worked out," Miurdoch said. "I guess they're not so nad now about having their
ti me wasted yesterday, huh?"

"No. They see things a bit differently now Wll, we'll see you when we see you."

"Sure. Have a good trip. I'Il call you tonmorrow "

"Aye, thanks a lot, Miurdoch," Charles called out as he noved back inside to nake room for
Cartland. "I don't know when we'll be back. It all depends on how it goes." Cartland clinbed in

The pilot closed the door and disappeared in the direction of the nose. A nminute |ater the engine
started, its sound swelled to a loud note, and the VIOL lifted off. Mirdoch and Robert watched as
it clinmbed and turned southward across the glen, and then they turned and began wal ki ng back to
t he house.

As soon as they got inside, Mrna inforned Murdoch that Anne was hol ding on the vi-set in
the sitting room Mirdoch went on through and saw that Anne was wearing a white coat and was
framed by the familiar background of her office at Burghead.

"Still working?" he asked in surprise.

"It's been absolutely hectic all day. That's why |I didn't call back earlier,"” she told
him "I'"mjust about to | eave. Is everything still okay for tonorrow?"

"I't's all changed. Things have been hectic here too. Grandpa and Ted have had to nake a
rush trip to Belgium In fact they just left here a few mnutes ago in an EFC jet. | guess di nner
tonmorrow s off. There's no reason why you shouldn't still come down though."

"Yes, I'd like to," Anne said. "In fact, if your grandfather and Ted are away, naybe we

could go out sonewhere tonight. You' ve had a hard day, and |I've had a hard day. Wiy don't we both
rel ax and have a break?"

"Great idea. | could use one. Were? Any suggestions?"

"How about that place in Tomatin we tried the other week? It's about hal fway in between.
And why not bring Lee as well? It would be better than | eaving himstuck on his own down there."

"Ckay. I'lIl have to wake himup later. He's been burning it at both ends lately and has
gone to sleep it off. We'll see you at about what...eight, say?"

"Just what | was going to say."” Anne smled suddenly and | ooked pleased. "I'I|l have to go
hone and change first. See you at eight." She blew hima kiss, and the screen went bl ank

CHAPTER TVEENTY- TWD

"It seens to be sonme kind of sudden deterioration of the nyelin insulating sheaths around
the nerve fibers of the brain and spinal cord,"” Anne said, keeping her voice low. "The sane kind
of thing happens with nmultiple sclerosis, but that usually takes years to devel op. Whatever this
is takes hold in a week or two." Miurdoch listened fromacross the booth while he finished his
soup. Beside himLee, who had declined a starter, was staring norosely at the wall and saying very
little.

"And nobody's got any clues what's causing it?" Mirdoch asked.

Anne hesitated for an instant |onger than was natural before shaking her head. "Not as far
as |'maware anyway," she said.

Mur doch caught the curious inflexion of her voice. "How do you nean?" he asked.

"There's sonething very strange about the whol e business," Anne replied, speaking in a

| ow, confidential tone. She paused. Murdoch said nothing. She went on, "I don't know. ..l just get
the feeling that there's nore to it behind the scenes than is being tal ked about."
"How cone?"

"Strange things happening lately...such as lots of scranbled calls conming in for Dr.
Waring from various governnent departnments that shouldn't be interested in anything like this."

"Li ke who?"

"Ch..." Anne thought for a second. "Eurospace Medicine at Farnborough, NASA at
Washi ngton...the Soviet Aerospace Mnistry. Wiy would people like that be interested in a small -
scal e outbreak of an unidentified sickness in Scotland?"

"Search me." Mirdoch shook his head and spread his hands hel pl essly.

"See the kind of thing | nean," Anne said. "And then we've got a mysterious visitor who
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keeps turning up to talk to Dr. Waring. And he spends a lot of time at the Infirmary in G asgow,
whi ch is where the cases were sent."

"What kind of visitor?" Miurdoch asked, beconing nore baffled by the whol e thing.

"His nane is Sir Gles Fenninore. He's quite fambus -- a specialist in viral DNA
mani pul ati on and an advisor to the Governnent on genetic engineering |egislation. Wy would
sonebody |ike that be involved with this?"

Agai n Murdoch could only shake his head. "And that's all you know? No other clues at all
huh?"

"There was one thing I was going to ask you,"
Satellite? Have you heard of it?"

"Centurion?"

"That was what it sounded |ike."

Anne replied. "What's the Centurion

“I'"ve no idea," Miurdoch confessed. "'Wiy? Where does that conme into it?"
"It was sonething | accidentally heard themtal ki ng about yesterday," Anne said. "They
menti oned sonething that sounded |like Centurion Satellite. | was curious about what it was."

"What did they say about it? Anything nore?"

“I didn't hear any nore. It was just a split-second before they closed the door."

“"It's a pity Ted isn't here," Miurdoch remarked. "He'd know for sure."

They |l apsed into silence for a while. Anne |ooked quizzically at Lee, but he seened | ost
in a wrld of his own and made no response. She | ooked back at Murdoch

"Anyhow. I'mtired of being cross-exam ned,"” she said. "Now it's your turn. You haven't
told me what's going on in Belgiumyet. Wat's this sudden panic all about?"

Murdoch frowned to hinmsel f and bought tinme by breaking a roll and buttering one of the
pi eces. He didn't want to say anything about the black holes yet, at |east not until he had sone
firmanswers fromthe analysis running in the datagrid. "It was sonething to do with the erosion
in the reactors,"” he said at last. At least, that wasn't really a lie. "The fusion products at the
hi gh energy-densities attained in the tests weren't exactly what they were supposed to be." That
certainly wasn't a lie either. "They' ve gone to the EFC HQ in Brussels to tell the Consortium
scientists about the latest findings."

Anne | ooked at him suspiciously. "Is that all? | wouldn't have thought that your
grandf at her woul d have anything to do with something like that." She went quiet for a few seconds.
Mur doch chewed a piece of roll and said nothing. "The only work that your grandfather is involved
with these days is the machine," Anne went on, talking half to herself. "How could that have any
connection with the reactors at Burghead?..." Her voice trailed away for a few seconds. She
fingered a button on the front of her dress, and her eyes narrowed slowy. "Unless, maybe, the
machi ne sonmehow pi cked up something that the reactors radi ated...But how could that be? The
machi ne picks up tine waves."

Mur doch | ooked away in despair; she was ninety percent of the way there already. Hi s eye
fell upon a group of four men tal king around the table in one of the corner booths. Two of the
faces were fanmliar; the other two were not.

"Don't | ook around," he murnured.

"What is it?"

"There are sone nutual friends in the corner...pal Trevor and one of his buddies. They're
with a couple of other guys | don't know "

"There's no reason why they should bother us," Anne said.

"I know," Murdoch replied. "But why risk naking it |ook like an invitation?"

"l can see themin the mrror on the end wall," Anne renarked after a few seconds. "The
other one is Nick. | don't know who the other two are. |'msure they're not Burghead people
t hough. "

"Trust themto pick this place."”

"They know we're here," Anne said, still watching the mirror. "Trevor just pointed in this
direction while he was tal king." Miurdoch noved his head so that he could watch fromthe corner of
his eye without staring directly. One of the strangers turned his head to | ook back over his
shoul der for a noment, then faced back toward Trevor and nodded. Mirdoch kept his eyes averted.

"Rai ncoats," Anne nused absently.

"Huh?"

"There are raincoats on the seat next to them?"

" goo"

"On aday in May like this? I'd say they're traveling quite a long way from
hone. .. probably for the whole day, wouldn't you?"

"Who cares?" Murdoch said with a shrug
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"And we're right on the main road going south,” Anne went on, taking no notice. "I bet
those two have been at the plant today. They could be on their way back to Edi nburgh, nmaybe to the
airport. Trevor and Nick both live near here. They probably arranged to neet them here for sone
reason. One of them has been using a pocket recorder too. | can see it under his el bow"

"Aw, lay off," Mirdoch told her. "Who cares what the hell sonebody in -- "

"Ah hah!" Anne said suddenly. "I bet |I know what it is. Do you remenber Sam that other
friend of Trevor's, who was in the Bull that night Lee was getting nad? He was one of the eight
who were hospitalized in dasgow. | bet those two are reporters from somewhere, |ooking for the
i nside story."

"Save it," Murdoch said. "They're com ng over."

The first of the pair was overwei ght, and strode toward the booth with a ponderous, self-
assertive gait. He sat down and squeezed in next to Anne without waiting to be asked, smling
broadly and flashing a press card. H's partner was snaller, thin-faced, and had a curt, no-
nonsense air about him he noved a nearby chair across and sat down at the end of the table.

"You don't mind if we join you for a mnute, do you," the first opened. His voice was firm
and presunptuous. "Joe Gowl ing, United News Services, London. This is Harry Squires. W're
covering the story of what's gone wong at Burghead...the real story fromthe inside," he added
with a knowi ng wink. "I understand from your friends back there that this lady is a doctor at
Burghead." He turned to Anne, still snmiling. "lIs that right? Mss Patterson, isn't it? O can we
all be friends and make it Anne?" Gow ing saw Anne catch her breath and raised a hand to stifle
her protest. "Don't worry. It'Il only take a minute or two. That's not nuch to ask out of anyone's
life, is it?"

Anne shook her head and | ooked inploringly at Murdoch. "Ch, not now, " she said. "I've had
nore than enough of this whole thing all week."

"Sorry," Miurdoch said shortly. "This is a private party. W're done with work now "

Gowing's smle only broadened further. "I understand, lads. We don't want to take up your
whol e evening. Just five mnutes, okay?" He turned to face Anne again. "Now, Anne, you nust have
been one of the first to see every new case. Wat kind of synptons did these peopl e have when they
were first brought in? Were they dizzy, sick, anything like that...or what? Wre there any
external signs of the kind you'd expect fromradiation -- rashes, burns, or anything sinilar?" At
the end of the table, Squires switched on the recorder he was holding and set it down on the
corner between hinmsel f and Murdoch.

"The official spokesman on nedical matters at the facility is Dr. Waring," Anne said
wearily. "You should speak to himon Monday. I'mnot in any position to give you any official
quotes. "

"But you must know," Gowing insisted. "All we want --

"Look, I've already said this is private," Mirdoch cut in. "W haven't got anything for
you. Wiy not just do as she says and |l et us enjoy our neal."

"You can't get near Waring," Gowing replied. "We tried today. He won't even take calls
about it."

"That's tough," Mirdoch said. "Maybe when he's got sonething to say, he'll say it. You can
quote us on that. Now woul d you | eave us al one, please." He sounded inmpatient.

Gowing's snmle faded. "Aw, cone on, pal," he said. "Be reasonable. W' ve got a job to do
too. The public has a right to know the facts. If it's all been a bit exaggerated, this is a
chance for you to help straighten things out. If it hasn't been exaggerated, the people should
know. If you don't say anything, that makes it all sound as if there is sonmething to cover up
Know what | nean?"

"BURGHEAD DOCTOR FAI LS TO DENY FUSI ON RADI ATI ON HAZARD, " Squires shot at them | ooking up
suddenly. "See, it doesn't sound good. You're better off telling us about what you do know, even
i f your account does have some gaps in. W'll worry about filling those in. That's our job."

Gow i ng had stretched out an arm and was about to take a cracker fromthe dish in the
center of the table. Murdoch noved the dish away pointedly and set it down out of reach. "I don't
seemto be getting through to you two," he said. "lI've already told you twice that this is
private, and we're not answering questions. |I'll say it plainer: Beat it. You're annoying us."

Gow i ng' s expression darkened. He didn't reply, but turned his head away to talk directly
to Anne, making it plain that he considered the conversation to be none of Mirdoch's business.

"You're a doctor," Gowling said. "You understand all about obligations, right? Wll,
you' ve got an obligation to the public who pay your salary. You owe it to themto -- Wat the...?
He swung his head around sharply as Miurdoch picked up the recorder fromthe corner of the table,
ejected its magnetic cartridge into his hand, and held it over the candle flane, destroying
what ever was stored on it.
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Squires snatched frantically to retrieve the tape but was too slow. "You had no right to
do that!" Squires snapped angrily.

"That information was public property,” Gowing seethed. "Can't you see how bad this wll
read now? Use your head. You've still got a chance to put it straight."

Behi nd them the restaurant nanager appeared, attracted by the rising voices and the flare
of the plastic coating on the outside of the cartridge. Heads began turning to ook in their
direction fromthe surroundi ng booths and tables. The nanager hovered uncertainly, as if hoping
that his presence might be sufficient to cal mthings down.

Murdoch turned his head to | ook up over the back of the booth. "Could you get these two
buns away from our table? W don't know who they are, they're bothering us, and all we want to do
is have a neal. Otherwise call the police."

The nanager noved nearer reluctantly and | ooked from Gowing to Squires. "lI'msorry, but
if you two gentlemen wouldn't mind returning to -- " he began, but a sudden gasp from Anne
interrupted him

"Miurdoch! Look..."

Mur doch jerked his head around to find Anne staring with horrified eyes at where Lee was
sitting. He turned fully to follow her gaze. At the sane instant the vague thought flitted through
his mind that Lee, in a way that was conpletely out of character, had not been reacting to the
hostil e exchange at all

Lee seenmed to be unaware of anything around him He was clutching a glass of water with
his armhalf rai sed above the table. His armwas convulsing in short, irregular spasns fromthe
el bow, causing water to spill onto the tablecloth; Lee was staring at it with a stupefied
expression, as if it had suddenly acquired a will of its own and was defying his attenpts to bring
it under control. H's jaw tightened visibly as he made a concentrated effort. The glass shattered
on the table, and his fingers went |inp anong the pieces. A trickle of blood ran out from under
hi s hand and began soaking into the white cloth.

"Lee, what is it?" Miurdoch said, alarmed. Lee remained staring blankly in front of him
Anne waved her hand to and fro in front of his eyes. They didn't blink.

"I don't think he can see anything," she whispered, and then nore loudly, "Lee...Lee, can
you hear ne?" No response. Mirdoch stared aghast, not know ng quite what to do.

"He's sick," Anne said in a worried voice. "Very sick. W have to get himto hospital."
She | ooked up at the nanager, who was about to say sonmething. "I'ma doctor. Can we get hi mout of
the restaurant and have an anbul ance here as quickly as possible, please? Also | need to use a
phone. "

"There's an arnthair in ny office," the manager replied. He turned to one of the
wai tresses who had appeared behind him "Peggy, ask Ms. Grahamto call for an anmbul ance ri ght
away, woul d you. When she gets through, she's to put the call through to ny office. Ask her to
tell themthat we have a doctor on the premises who will be able to give them whatever infornation
they need. Hurry al ong now. "

Anne got up to |l eave the booth. Gow ing, now suddenly subdued, heaved hinsel f out and
stood back to make room while Squires got up to get out of Mirdoch's way.

Anne lifted Lee's hand gently fromthe broken glass and swathed it in a napkin. As she did
so, his arm began tw tching uncontrollably again, and he nunbl ed fragnments of words that made no
sense. "You'll have to give ne a hand," she said, glancing at Murdoch and the manager. "He'll
probably need supporting. | think his balance will be affected too."

Between themthey half led and half carried Lee fromthe restaurant while the shocked
silence that had descended slowy gave way to a nornal |evel of noise as people resuned eating and
talking. In the office they sat Lee back in the arncthair, and Anne | oosened his shirt collar and
belt. Then she produced a small, black |eather wallet from sonmewhere inside her pocketbook

She took a plastic packet fromthe wallet and unsealed it to expose a thin adhesive disk
with a blob of what |ooked like yellow gelatin at its center, protected by a translucent film She
peel ed the filmaway and placed the disk firmy over an artery on the side of Lee's neck. As the
drug penetrated his skin and entered the bl oodstream the convulsions in his |linbs died away, and
his body fell linp. Anne felt inside his jacket and passed his wallet to Mirdoch

"See if you can find his social security nunber," she said. "They'll need it to access his
records in the U S Health Departnent databank."

"I's there anything I can do?" the manager asked.

"If you could get sonmebody to bring in sone clean water for that hand, it would help,"”
Anne sai d, noving an upright chair underneath Lee's feet. "Also we'll need an area cleared in the
car park for the anbulance to | and."

“I"lIl see to it right away,"

the manager said, and |left the office.
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Anne produced a penlanp from her pocketbook and lifted each of Lee's eyelids in turn to
exam ne the pupils. She tested his pulse at the tenple, and then |ifted one of his arnms to fee
for stiffness in the el bow, hand, and fingers. Just as she was finishing this, the call-tone
sounded fromthe vi-set on the desk behind her. It was a gray-haired woman, presunably the one the
manager had referred to as Ms. G aham

"l have the Emergency Unit at Inverness Hospital on the |ine,

t he woman sai d.

"Thank you," Anne acknow edged. "And would you try another call for ne? 1'd like you to
call the Royal Infirmary at dasgow, if you would. Ask to be put through to a Dr. Fisher in
Intensive Care Special Isolation. If he's not available tonight, then I'll talk to whoever is on
duty there."

“I'"1l put the call through as soon as | get them" Ms. Gaham said, and vani shed. A
second | ater she had been replaced by a young wonan wearing a white coat, who announced that she
was speaking fromthe Energency Unit.

"Hello," Anne said to her. "My name is Patterson, Dr. Patterson. |I'mat the C ansnan
Restaurant at Tomatin on the Kingussie road south fromlInverness. W need an anbul ance here ri ght
away. "

"Very good," the woman replied. "Can you give ne sone information?"

“"A man has col | apsed here and needs hospital treatnment i mediately. |'ve administered a
di ffusive tranquilizer. This is inportant: He nust be taken to the Special Isolation section of
the Intensive Care Unit at G asgow Royal. They are fanmiliar with this kind of case there." Mirdoch
stared at Anne in horror as he listened. She went on, "The patient is a United States citizen by
the nane of..." She took the papers that Murdoch was proffering nunbly and scanned them "Lee
Francis Wal ker; last residing at 236 Bayvi ew Towers, San Franci sco; social security nunber 101-58-
1453."

"His records to be beanmed through to d asgow?" the woman inquired.

"Yes, please. And could you arrange for the ambul ance to bring a supply of Sotisone 5 and

Formactinin. W're clearing a |l anding area here, and we'll have a car transnmitting on Emergency
Band for the anbul ance to home on."

"Very good, Dr. Patterson. They'll be leaving inmrediately."

"Thank you." Anne cut the call and turned to Murdoch, who was still watching speechl essly.

Her face was grave. "Has he been drowsy for the last day or two?" she asked. "Lack of energy,
sleeping a lot...temporary blurrings of vision?"

"Yes...he has," Miurdoch nunbled. "I thought he'd been working too hard."

"Fits of giddiness? Difficulty in coordinating novenents?"

"He never nentioned anything like that, but then he isn't the kind of guy who would." He
swal | owed hard. "You've seen this before, haven't you? It's the sane thing you' ve been getting at
the plant."

Before Anne could reply, the call-tone sounded again. This tine the call was put straight
t hrough, and showed a swarthy, gray-bearded man dressed in what |ooked |ike a surgical smock. "Dr.

Patterson,” he said at once. "Surely you're not still working at this tine on a Friday."
"Hello, Dr. Ellis. No, I'mnot, but we have an energency that |I'marranging to be sent
straight to you. His nane is Lee Walker. You'll be getting all the details soon via conputer from

I nverness. An anbulance is on its way here to collect him™"

Ellis's expression becanme nore serious. "How positive is it?" he asked. "Has voluntary
nmotor deterioration set in yet?"

"Possibly incipient. The diaghosis is tentative at this stage, but I don't want to take
any chances. Listlessness and lethargy for the last two days, tenporary visual disturbances, and
suspect ed gi ddi ness. Ri ght now we have conplete |oss of vision, extrene dilation of pupils, and no
stimul us responses; involuntary contractions of right armand partial |oss of control of |ower
linbs; pulse fifty-four; skin cold and noist; stiffening of hands and armnms under sedation."

Ellis |listened and nodded his head slowy.

"I't could be another one, right enough,” he said. "Very well. |I'Il have them prepare for
reception right away."

CHAPTER TVEENTY- THREE

It was one-thirty in the norning when Murdoch and Anne cane out of a side door of the
d asgow Royal Infirmary and trudged across the alnost enpty parking lot to his car. A w nd was
beginning to blow fromthe west, and it was just starting to rain. Anne had flown to d asgow with
Lee in the anbul ance; Mirdoch had driven, |eaving Anne's car at the restaurant in Tonmatin to be
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collected later.

In the Intensive Care Unit of the Infirmary, Ellis had confirned Anne's suspicions and
admtted Lee to the Special Isolation section, where the other cases from Burghead were interned
Ellis had also nentioned to themin confidence that the nost recent reports from London had
reveal ed a flood of identical cases appearing in nany parts of the world, but especially in the
West Coast region of the United States. The victins were fromall walks of life, and it seened
safe to conclude that whatever the cause of the sickness was, it had nothing to do w th working
around fusion reactors. If anything, the conmon |ink seened to be that all of the victins had been
in the western United States around ei ght nonths previously; Lee, for exanple, had been living
there, and the eight from Burghead had all been nenbers of a party that had spent sone tine in
California in early Septenber as part of an exchange program of European and Anerican fusion
scientists. Fromwhat had been |l earned so far fromthe earlier cases, Lee's condition could be
expected to deteriorate rapidly toward total disruption of the central nervous system To date
there had been no fatalities, but all the signs pointed inevitably in that direction, probably
wi thin several weeks. As far as Ellis knew, the cause had still not been identified, and no cure
was even renotely in sight. There was nothing nore that anybody coul d do.

Murdoch was still shaky fromthe shock when he clinbed into the car next to Anne and
closed the door. He sat for a long tine, staring out at the streetlanps through the streaky
patterns of rain and dust on the w ndshield. The occasional lights fromtraffic passing by outside
the Infirmary grounds added to the bl eakness and enptiness of the scene. And the enptiness of
St or bannon woul d be even worse to return to. Tonight of all nights, he didn't want to be al one.
Even as he thought it, he felt Anne's hand cl ose around his in the darkness of the car. He turned
his head and saw that she was watching him

"W can pick ny car up tonorrow," she whispered sinply. Mirdoch barely nodded by way of
reply. There was no need to say anything.

They arrived at Storbannon, tired and exhausted, in the early hours of the norning.
Despite the events that had taken place that night, one thing couldn't be allowed to wait. Wen
they wal ked in, Murdoch told Anne that there was sonething of crucial inmportance that he would
have to check in the | ab.

"You look as if you could do with a strong coffee,” Anne said as they hung their coats on
the pegs inside the main entrance. "Wuld you |ike nme to make sone?"

"Good idea," Murdoch told her. "Black with plenty of sugar."

“You go on down to the lab. I'Il bring it when it's ready."
direction of the kitchen, and Murdoch hurried downstairs.

As he switched on the lights in the [ab, a sleepy-eyed Maxwel| detached hinself fromthe
shadows in the doorway and followed himin. "Getting lonely, huh, little fella?" Mrdoch grunted
as he sat down at the datagrid terminal to access the results file of the analysis. Maxwell rubbed
hi nsel f agai nst Murdoch's ankl e and began purring. Mirdoch smled faintly and turned his eyes away
as the screen in front of himfilled with nmathematical expressions. He scanned down them and then
pul l ed over a pile of hardcopy that Charles and he had used earlier to set up the equations. He
began foll owi ng through the sheets to interpret the results being presented on the screen

How does a man feel when he finds the end of the world staring himin the face?

Murdoch just stared nunbly at the screen, unable to think, unable to nove, unable to fee
anything. But for himthe shock was not total; he had been half prepared for it all along.

The bl ack hol es were not going to evaporate.

The | oss of energy through tau radiation would sustain themuntil they became pernanent.
Then they would grow. As they |lost orbital nmonentum they would spiral toward the Earth's core,
eventual ly coal escing into | arger black holes...which would continue to draw in matter and grow
even faster. There was insufficient information to determ ne exactly how quickly the process would
accelerate or howlong it would go on -- nmaybe nonths, years, tens of years, or perhaps even
|l onger -- but the final result at the end of it would be inevitable:

Eventual | y they woul d consune the whol e pl anet.

It was unstoppable, and irreversible. There was no other way it could end.

"Miurdoch, what's the matter?" Anne's voice came suddenly fromthe doorway. She sounded
worried. Murdoch | ooked up slowy and turned his head toward her, but his eyes seemed to be
staring straight through

"Sit down, Anne," he said in a dull, heavy voice. "I guess it's time | told you about what
el se has been happening at Burghead."

Anne di sappeared in the
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CHAPTER TWVENTY- FOUR

"There isn't any way they can be stopped,” Mirdoch said wearily. "At |east, assuning these
calculations are correct. W didn't spend tinme doubl e-checking everything, and we had to nake a
few assunptions that m ght be suspect, but right nowthat's the way it | ooks."

"You can't be absolutely certain, then," Anne said. She had recovered somewhat fromthe
i npact of Murdoch's revel ation, although her face was still pale and her voi ce shaky.

"No," Murdoch admitted. "Not absolutely." His tone said that he was convinced in his own
m nd neverthel ess. A silence descended. Murdoch returned his attention to the curves and nunbers
that he had been nani pulating on the nmain screen of the nachine's consol e throughout the hour or
so that he and Anne had been talking. At intervals he had | apsed into |ong periods of staring
silently and thoughtfully at the displays, but so far he had not told Anne anything of the idea
that was beginning to formin his nmnd

Anne sat back in her chair with a long, despairing sigh, and tried again to grasp the
enormty of what Miurdoch had told her. The whol e history of the human speci es was not hing but the
tail-end of the saga of the birth and shaping of the Earth itself. Even the story of life was but
the final page to be added to the book that had been witten so far. It was as if the whole,
intricate, billions-of-years-long process had been sinply preparation for the story that would
begi n when manki nd at | ast appeared upon the stage. And now, with the first few lines of the
openi ng act barely conpleted, the story would never be told. Al that would be left to mark that
it had ever begun would be a knot of deforned spacetine orbiting the sun

She | ooked at Murdoch, still working silently and intently at the console, not know ng
what to make of the strange change that she had sensed coming over himin the course of the |ast
hour. An hour ago he had been resigned to the hopel essness of everything;, now his nood seened
det erm ned and purposeful. Anne sensed that it was not a tine to press himw th questions. She
wai t ed.

At | ast Murdoch sat back in the chair and stared for a long tinme at the data being
di spl ayed on the main screen. Then, without turning his head to | ook at her, he asked, "Anne, can
you program one of these conputers?”

Anne's forehead creased in bew | dernent. "I've worked with DEC 22/40s and 435," she
replied. "Software-wi se they're the sane as a 30. Wiy?" Miurdoch did not answer directly. |nstead
he swiveled his chair around to face where she was sitting. There was a strange, distant |ook in
his eyes, one that Anne had never seen before.

"There's no way that a black hole can be destroyed once it's grown | arge enough to be
stable," he said. "Fromthat point on, nothing you do can get rid of it."

Anne shrugged. "I know. So there's nothing anybody can do to change things now. "

"There is," Murdoch said. "The phrase | used was: '...fromthat point on..." " For a few
seconds Anne was conpletely nystified. Then her expression changed slowy to one of disbelief. She
gasped, and noved her eyes involuntarily from Muirdoch to the machi ne besi de him

Mur doch nodded. "Exactly!" he told her. "There is sonething we can do. We can change what
happened before those damm hol es were ever created in the first place!"

Anne shook her head as she tried to understand what Murdoch was saying. After everything
he had said in the last hour, this was too nuch.

"It's the only way," Miurdoch said. "Nothing el se could nake any difference now "

"The machi ne?" she whispered. "You think we could use the nmachine to change what's

happened?"

"Way not ?"

"But...but to do that, you'd have to have the reactor tests stopped right at the
begi nni ng. "

"Yes."

Anne rested her face in her hands whil e she reached through her mnd for sonmething she
m ght have m ssed. At |ast she | ooked up. "But how?" she asked. "The machine only has a range of
one day."

"I know. "

"The tests were run in January. How can we possibly do anything that will change that?"
Anne prot ested.

"By using the machine as a relay,” Mirdoch said.

Anne sank back and waved her hand in front of her face. "I don't know what you're talking
about, Murdoch. What are you tal ki ng about ?"

"The machine that's here today can send a nessage back to itself yesterday," Mirdoch said.
"That one could relay the same nessage back to the nmachine that existed the day before that. It
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could chain back like that for as far as we wanted it to go." Anne's nind began spinning. She
stared from Murdoch to the machi ne and back again, but could find nothing wong with what he had
said. In fact it now seemed obvi ous.

Murdoch started speaking again, this time nore rapidly and with a note of urgency in his
voice. "To get in all the infornmation needed about the black holes, we'd have to send a succession
of screens full of data that would all arrive in sequence and remain inprinted on the restructured
timeline. That nmeans they'd have to be sent simultaneously in supertine froma series of points
along the tineline we're on now. Fortunately we know fromthe shortening-loop tests howto set up
a transm ssion-control programthat will acconplish that.

"Anot her snag is that the machines that exist on the present tineline yesterday and the
days before all the way back to January don't have a programin themthat will read in an incom ng
message and retransnit it back down the line. So what we need to do is set up a bootstrap: a set
of machine instructions that can be sent on ahead as the first signal to read in the nmain program
Then the whol e package will copy itself all the way through in one-day junps to January. Al we
can do after that is hope to God that sonebody back there takes notice of it."

Anne' s expression had been changi ng while Mirdoch was tal king. Hi s scheme was feasible,
she realized. In ternms of technique, it was identical to the nethod of down-line-|oading used for
sendi ng a programout to another part of a conputer network and starting it running in a renote
machi ne; the only difference was that, in the case that Murdoch had descri bed, the program woul d
be bootstrapped through a tinme-link rather than over a conventional optical cable or a | aser beam

"I think you' ve got something, Mirdoch," she whi spered, nodding slowy at last. "It could
just work, couldn't it..." Her voice rose to a normal level. "It mght work. W'll have to put it
to Charles and Ted when they get back. I'msure that -- " She broke off as she saw the | ook on

Murdoch's face. Her face becane puzzled. "Wy not? Surely we've got to tell themabout it."

Murdoch hal f turned and gestured toward the screen on the console. "W can't wait for them
to get back," he said. "W don't have any tinme."

Anne was nonpl ussed. "Wat do you nean? | thought you said there was no i medi ate hazard."

"There isn't,"” Miurdoch said. "But it's got nothing to do with that. W' ve only got
sonmething like twelve hours left in which we can use the machine. If we don't do it in that tineg,
we'll never be able to do it at all." Anne threw out her hands and shook her head in
nonconpr ehensi on

"“I've been monitoring the noi se background here,"” Mirdoch explained. "There are sonething
like two million black holes down there, consum ng mass and radiating tau waves all the tine. The
machine is picking up the radiation froma few days ahead of now as background noise.” He took a
deep breath. His voice was soundi ng hoarse. "The holes are getting bigger, and the noise is
getting stronger. If ny estimates are right, sonmewhere around twelve hours fromnowit'll be
strong enough to swanp the signal. The machine will be unusable...permanently. After that it wll
only be able to get worse."

"You're not suggesting that we do this right now. ..w thout any reference to anybody," Anne
said in a shocked voice. "That's unthinkable, surely.™

"W don't have any choice,"” Mirdoch pointed out. "W have to do it now, or do it never. If
the machine is going to get us all out of this nmess, it has to be inside the next twelve hours. W
don't have time to convene any comittees.”

"But, Miurdoch, you're tal king about changing the whole tineline back to January," Anne
protested. "All kinds of people's lives could be affected in ways you can't even inagi ne. How can
we go tinkering with something like that? W' ve no way of telling what the consequences m ght be."

"You're right," Miurdoch agreed. "But we know what the consequences of the alternative wll
be. "

"We don't know...not for certain. You said yourself that the results of the analysis m ght
be wong."

"They might, but it could take years to verify every detail of the theory rigorously,"
Murdoch said. "W haven't got years, Anne; we've got twelve hours.™

"How sure can you be about that?"

Murdoch shrugged. "It's an estinmate. | could be wong about that too, but that's the way
it looks right now You want to just wait around, do nothing, and find out that way?"

Anne fell silent and thought about the things Murdoch had said. Murdoch watched and read
fromthe changing | ook in her eyes that she was conmi ng around to accept the irrefutable |ogic of
the situation confronting them It was as he had said: They had no choi ce.

"Very well,"” Anne said eventually in a resigned voice. "Wiat do you want nme to do?"
At once Murdoch's manner becane nore brisk. "I'll need you to wite the retransnit program
and the bootstrap," he said. "The references you'll need are all over there. |I'Il use G andpa's
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| atest calculations and the information that Elizabeth brought on the reactor design to put
together a nessage. 1'll keep it short and to the point."

"How | ong have we got?" Anne asked.

"It's four-fifteen now The background interference could build up faster than
estimated. | think that to play safe, we ought to aimat being ready to go by noon. Wat do you
t hi nk?"

"We should nake it okay. That kind of progranmming is really quite straightforward."

"Just remenber that it will have to run right first tine," Mirdoch said. "If that neans
you have to take | onger, take |onger."

Murdoch got up and began rummagi ng t hrough the notebooks and papers |lying on the desk

Anne sat down at the console and activated the nmachi ne's program devel opnent system "I'll have to
get sonme things fromthe study," Mirdoch said, and turned for the door. "I'll be back down in a
m nute."

"Are we still going out for dinner tonight?" Anne called after him He stopped for a

monent and frowned, unable to decide whether or not she realized what she had said, or if she was
being serious. Finally he shook his head, ignored the question, and wal ked out into the corridor.

By five-thirty Murdoch had explained in detail what he wanted the programto do, and Anne
had flow charted an interpretation that he had agreed shoul d work. She began codi ng the routine,
and he conmenced selecting the items of information to go into the message. They worked mainly in
silence, each fighting off the fatigue of the hours i mediately precedi ng dawn. Maxwel | burrowed
into a pile of discarded printout and went to sleep

At seven-thirty-five Anne ran a test of the program by using a separate area of the
conputer's nenory to sinulate the machine that would be functioning as the receiver. She found an
error and began tracing it back through the coding that she had generated. Miurdoch conpl eted the
message and loaded it into the conmputer ready to be accessed and transmitted by Anne's program He
went to make sonme coffee while she worked on

Eight-fifteen. Anne had fixed the error but then had found another one. Mirdoch ran an
anal ysis of the background interference and found that it was building up faster than he had
estimated. He revised the deadline to ten A°M instead of noon

Wil e Anne was tracing the second error, Mirdoch checked back through the machine's log to
find a good point in the past at which to aimthe nessage. Obviously the recipients should have as
much tinme as possible to grasp the significance of the nessage and take appropriate action, which
meant that the message ought to be sent back as far as possible. The farthest back it could be
sent was to the time at which Cartland had increased the nessage capacity of the nachine and
extended its range to twenty-four hours; Anne's program would not work correctly with the ten-
nm nute range and the six-character linmt that the machi ne had possessed prior to then

To get that far back, the nessage woul d have to be "hopped" through the two-day period in
whi ch the machi ne had been tenporarily disabled by interference com ng back fromthe Burghead
tests in January. Luckily the tests had not involved continuous operation of the reactors for the
thirty-six hours they had run, but had included several gaps of an hour or two at a tine, which
were caused by the engi neers shutting down the reactors to assess internediate results and alter
the test paraneters. The interference pattern obtained at Storbannon had correspondi ng gaps,
during which the machi ne had been operable. Anne's program woul d cause the nessage to materialize
in, and be retransmtted from one of those gaps.

These consi derations eventually I ed Murdoch to select a point mdway through a Saturday
afternoon shortly after he and Lee had arrived in Scotland. He tried to renenber what had taken
pl ace on that day so many nonths before, but too nuch had happened since, and he was too tired to
t hi nk about it.

At nine-twenty Anne announced that the program appeared clean. "W can check out the whole
system now," she said. "Is your file ready?"

"Al'l set," Murdoch told her. "Vector in at thirty-six thousand. Access |levels are zero-
five and zero-four. Use node three."

"Are you using a trap synbolic?"

"Defaul t."

Anne nodded and ran her fingers deftly over the touchboard. Her screen went blank for an
instant, and then the first few lines of Mirdoch's nessage appeared at the top, acconpanied by a
duplicate of itself halfway down; each copy was tagged with a set of nunbers and synbols.

From where he was standi ng behind her chair, Mirdoch grinned feebly through eyes that had
becone red-rimed. The screen told himthat the program along with the nmessage, had boot strapped
itself into an area of nmenory that sinulated a second machine, and fromthere repeated the process
into a third area. It had stopped there because Anne had inserted a single test-instruction into
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the programtelling it to. For the real thing, she would sinply have to delete that test
instruction and substitute the target-date data that Miurdoch had sel ected. The program woul d then
relay itself back up the tineline in one-day hops. After each hop it would conpare the date that
it carried with it against the actual date supplied by the machine that it nmaterialized in. Wen
the two dates matched, the programwould stop retransmitting itself, activate the printer, and
out put Murdoch's nessage

“It's all right," Anne said, scanning down the screen. "W're ready to go. It just needs a
coupl e of sinple changes now. You'd better bring the transmitter on-line." Mirdoch was already
flipping the switches beside her to make the systemfully operational. He ran through a few switch
checks and noted the readings on an auxiliary readout: The interference |evel was high, but not
yet critical.

Mur doch | ooked down at the long, dark hair falling over Anne's shoul ders as she | eaned
forward toward the console, at her slender armstretching out over the touchboard, and thought
that she had never seened nore beautiful than at this nmonent. He bit his lip silently and gri pped
the back of the chair with whiteni ng knuckl es.

She had forgotten

She was so intent on her task that she had forgotten what it would nmean to restructure a
whol e tinmeline. Events woul d shape thensel ves into conpletely new universes along the new tineline
that would result. Everything connected with Storbannon and Burghead, and eventual |y places far
renoved fromthese, would be changed. Everything that he and Anne renenbered doi ng together woul d
be changed -- for better or worse. There was no way of telling.

There was no way of being sure even that they would still be together

O even know that such a universe had ever been, or could have been.

That was what frightened him

"The |inkages are conplete," Anne said quietly, turning her head to ook up at him "It's
ready." Sonething vast and hol | ow opened up sonewhere in the pit of Muirdoch's stomach. He felt his
body shiver but was unable to control it. There was nothing to decide, he told hinself. Everything
was already decided. If he didn't do it now, he'd never be able to do it. He |l eaned forward and
stretched out an armfor the Transmt key; at the same tine his other hand slid onto Anne's
shoul der and brushed agai nst the softness of her hair and her cheek. He froze as his finger
touched the cold surface of the key; conflicting enptions tore at each other inside him Anne's
hand cane up to her shoul der, found his, and squeezed it reassuringly. He swallowed hard and
pressed the key firmy

Somewhere back in time, binary digits were already nmaterializing out of an intangible
real m of existence and assenbling thensel ves together before consolidating, and hurling thensel ves
back yet further again a hundred tines over. At the end of the chain, causes had already conme into
bei ng whose effects were rushing back down the tinmeline toward the present nonent, denolishing the
uni verses that lay in between and reforning new ones fromthe sane elements |like the patterns in a
kal ei doscope.

How |l ong...?

Anne got up fromthe chair and turned to slip inside Mirdoch's arm He could feel the warm
curves of her body flattening against himas she pressed herself close. Hs armtightened, and she
| ooked up into his face. H's mouth fell open as he saw that her eyes were brinming with tears that
she had been hol ding back for a long tinme, and he read what was witten in them He shook his head
in mute protest.

"I hadn't forgotten,"” she said.

CHAPTER TVENTY- FI VE

“I't looks pretty busy," Lee observed as he | ooked out of the car at the crowds of shoppers
threading their way al ong the snow cl eared sidewal k of the town's main street. He | ooked al ong the
line of parked vehicles beside them "You' re gonna have problens finding a space here.”

"It just needs patience,"” Mirdoch said, slowing the car to a craw. "Ah, what did | tel
you -- there's one." He brought the vehicle to a halt just ahead of an enpty space, checked behi nd
them and reversed into it.

"They don't exactly have a surplus of parking lots in this town," Lee observed, | ooking
ar ound.

"What woul d you pull down to nake some nore?" Mirdoch asked him

"Mm okay, point taken. Were to first?"

"Well, if you still want a beer, why don't we do that now. Then we won't have to carry
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lots of junk all over town. There's a place you'd like just around the corner, all oak beans and
stuff. Must be three hundred years old."

"Sounds fine."

Murdoch clinbed out into the road and cl osed the car door, Lee opened the door on the
other side, then paused for a nonent to check his pockets for the |list of things he needed to buy,
and got out.

I nside a volune of space that extended for millions of niles around, a whispering
di sturbance materialized out of another realm perturbing quantum states of energy and juggling
with the interactions of a billion subm croscopic uncertainties.

As Murdoch canme around the car and clinbed over a pile of snow onto the sidewal k, he
caught the eye of a girl who was coming out of one of the stores, carrying an arnful of packages.
She had | ong, dark hair, and was wearing an expensive-| ooki ng sheepskin coat with knee-1ength
suede boots. For an instant he found hinself staring. Then he realized that she had stopped, and
was | ooking at himcuriously with a faint half-snile playing on her |ips. She nodded her head
toward the rear end of his car

"I's that your kitten down there?" she asked. Her voice was precisely cultivated and
mel odi ous, sending a strange tingle of excitement down his spine. He and Lee both turned together
and | ooked back. A faniliar black-and-white, whiskered nose was peering out from behind the rear
wheel of the car, transfixed by a crunpled ball of paper that was fluttering agai nst the base of a
| anppost, pinned there by the breeze.

"Christ, it's MaxwelI!" Lee exclaimed. "How in hell did he get here?"

"Must have hitched a ride,” Miurdoch said. He noved back to the car and stooped to reach
behi nd the wheel. Maxwel|l's head promptly withdrew itself and proceeded to glare balefully out at
him fromthe shadows beneath the car. "Get around the other side," Mirdoch called. "Mike sure he
doesn't run out across the street." Cursing beneath his breath, Lee stanped through the snow pil ed
in the gutter and squatted down to bl ock the line of escape. Murdoch made a few futile attenpts to
reach the kitten, but succeeded only in getting his sleeve plastered with slush fromthe whee
arch. Finally he scooped up a handful of snow, crushed it into a hard ball, and threw it hard at
the road inches in front of Maxwell's nose. Maxwell recoiled fromthe expl oding snowbal |, straight
into Lee's waiting hand. Miurdoch opened the car door again while Lee carried the kitten around and
dunped hi minside

“I'n you go, fella," Lee said. "I never saw him He nust have been under the seat or
somewhere all the tinme. How d he get out of the house in the first place anyway?"

"I don't know," Murdoch said as he slammed the door. "If it hadn't been for -- " He turned
toward where the girl had been standing, but she was gone. He | ooked al ong the sidewal k and saw
her closing the trunk of a silver-blue car parked a few spaces ahead of theirs. She wal ked around
to the driver's side, opened the door, and started to get in.

"Hey..." Murdoch called. She stopped and | ooked up. "Thanks." The girl sniled, gave hima
cheerful wave, and clinbed into her car. A few seconds later the car pulled snoothly out into the
traffic | ane and headed away al ong the street.

Murdoch watched it for a nonent with silently admiring eyes. "Say..." he nmurnmured. "Wasn't
she sonmething. What's the natter with us today, Lee? Wiy didn't we give her a hand with the
parcel s?"

"Because we've got things to do," Lee said. "Anyhow, the good-looking ones are always
married before you find 'em How about that beer? | could sure use it."

"Yeah...l guess you're right. Come on. The pub's this way."

They turned and wal ked away al ong the sidewal k. Behind them the ball of paper broke free
and tunbl ed along into one of the doorways.

They arrived back at Storbannon early in the evening to find the teamin Charles's study,
wild with excitenment over sonething. Charles handed them sone hardcopy sheets fromthe | ab
conputer, then stood back to await their reactions. Elizabeth and Cartland wat ched expectantly.
Murdoch ran his eyes quickly over the heading of the first sheet while Lee read over his shoul der
After a few seconds, Miurdoch | ooked up, his face creased in bew | dernent.

"I's this some kind of joke?" he demanded.

"It nost certainly is not,"” Charles told himgruffly.

"The machine just started spewing it out,” Cartland said. "It was about hal fway through
the afternoon...less than an hour after you left."

"But...l don't understand," Miurdoch protested. "What the hell is this?"

"You should know," Elizabeth said. "It appears that you sent it."

Murdoch sat down and began studying the sheets nore carefully. Exactly how the physics of
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ti me communi cati on worked was still unclear, but it seenmed reasonable to suppose that a teamthat
exi sted sonewhere in the future would have di scovered nore about it; presumably that future team
had di scovered a nethod of sending nultiscreen nessages in sequence, which was sonething they
hadn't | ooked into as yet. Fromthe nodel of the process that was just beginning to energe, the
team that had sent this nessage would no | onger exist, since they would have existed on a tineline
that no | onger existed as it had been. Provided that the nodel was correct in this respect, the
team that had sent the nessage woul d have known at |east as nmuch too. And still they had sent it.
That was a sobering thought.

From odd pi eces of text here and there Mirdoch coul d see that the nessage had sonething to
do with miniature black holes and the plant at Burghead where Elizabeth worked, although nost of
the data and nat hemati cal expressions included with the text neant nothing at all to him But the
thing that staggered himwas that the nessage purported to have cone froma date in May. How coul d
that be possible when the machi ne had a range of only one day? Perhaps they would be able to
anal yze what had come into the conputer and obtain a few clues about that later, but for the
monment Murdoch was nore intrigued by the contents of the nessage itself. He passed the first sheet
to Lee and proceeded to exanine the next.

"We've been going through it all afternoon," Charles told them "Sone of the fornmulas in
there are obviously fromny work because they use ny own synbol ogy, but | nust confess that |'ve
never seen nost of those expressions before. Elizabeth says that other parts of it are to do with
the physics of the reactors at Burghead. It seens there's a connection between the two that we
never dreaned of."

"Have you made any sense out of it yet?" Murdoch asked. "I don't understand a tenth of
this stuff, whether |I'm supposed to have sent it or not."

"We can followthe gist of it," Elizabeth replied. Her face was grave and her voice
unusual |y serious. "It appears that at high energy-densities and full power, a positive-feedback
mechani sm can generate a miniature black hole at the core of a fusion target pellet. At this
monent | can't explain why conventional design procedures give different answers. That's sonething
that Charles and | are going to have to spend sone tinme |ooking into."

"Bl ack hol es?" Murdoch stared at her incredul ously. "But inertial systens don't go
anywhere near that kind of density."

"That's what current theory says," Elizabeth sighed. "But current theory doesn't take any
account of Charles's tau phenonmena. There seens to be an inplication that we don't know about, but
whi ch whoever sent that did."

"You haven't got to the end yet,"” Cartland cane in. "It's telling us to have next week's
full -power tests at Burghead stopped...and in no uncertain terns. Apparently they nmanaged to nmake
two million of the bloody things."

“"Two nmillion black hol es?" Mirdoch gasped.

"Aye," Charles said grimy.

"What happened?”

"W don't know," Charles replied. "It doesn't go into details. W' ve been discussing it
here for hours and can think of all kinds of possibilities. But we'd need to run a full conputer
sinul ati on before we could be sure of anything."

"Whatever the result was, it was serious enough for whoever sent this to do sonething
extrenely drastic to change it," Elizabeth said.

"Surely not," Lee objected, |ooking up fromhis reading. "Holes that small wouldn't | ast
| ong enough to do any harm