
molecular scale. "Such a 
machine \vould be a kind 
of computing crystal with 
all parts participating in 

Materials on the move. A 
how a n  input  o f  energy a 
distribution of material. 

cellular automaton depicts 
:lters a three-dimensional 

form of  molecules, 
atoms, o r  subatomic particles-so too might 
space and time, the two researchers suggest. 

Not  everyone buys that line. Villars of 
MIT,  for one, feels that Margolus and 

the computation," Margolus says-a lump of 
"pure computronium." 

T o  turn any CAM into a simulacrum of a 
specific physical system, Toffoli explains, an 
investigator interprets cells in the computer's 
memory banks as, say, atoms in a lump of 
gold, molecules crystallizing from a vapor, 
bacteria in a Petri dish, smoke particles in a 
wind tunnel, volumes of atmosphere in a 
thunderstorm, o r  parcels of interstellar hy- 
drogen collapsing into a star. Each cell in- 
cludes information about the state of the 
atom, molecule, living cell, or dust particle- 
whether it is moving, say, o r  electrically 
charged. "We are synthesizing universes 
here," Toffoli says like a man with a mission. 

But setting a model universe in motion 
takes more than just mapping its pieces onto 
the cells in the computer. A universe needs 
laws-and in a cellular automaton model 
that means local rules. Discovering rules 
that successfully describe natural phenom- 
ena remains the central challenge of the 
field. Hasslacher and colleagues in France 
have scored one notable success by develop- 
ing transition rules that enable cellular au- 
tomata t o  model many problems in fluid 
dynamics, such as the propagation of sound 
waves and the flow of  liquid through a pipe. 
But so far cellular automata enthusiasts 
haven't come up with a good  general 
method for finding such rules. Until they 
do, prospects for cellular automata will re- 
main uncertain. 

Still, the sight of  a cellular automaton 
simulation evolving on  a computer monitor 
is striking enough for witnesses to  think 
they are watching the inner workings of 
reality, says Tatar ofAutomatrix. Consider a 
model of vapor molecules assembling into a 
crystal on  a surface, like frost growing o n  a 
window: "The seed crystal stays fixed as 
gaseous molecules seem t o  jiggle and 
bounce around. When the gas molecules 
touch the seed, it looks as if a chemical 
reaction takes place and they stick t o  the 
seed. In a few minutes, you see a dendritic 
structure emerge," he says. 

The promise of running more compli- 

cated models much faster, Toffoli and 
Margolus think, surely will help CAM-8 and 
its progeny earn a place in the computa- 
tional toolbox of scientists and engineers. 
But they see a deeper message in those 
compelling screen displays-a hint that 
physical reality is more like a cellular au- 
tomaton, made up of tiny pieces interacting 
in discrete time steps with their neighbors, 

Toffoli have been too quick t o  claim philo- 
sophical weight for cellular automata. But in 
the end, says IBM's Bennett, "it's probably 
a matter of taste and aesthetics." "If you 
have a lurking feeling that there is a discrete 
underlying structure for our physics," he 
says, you may be ready t o  accept program- 
mable matter as something more than a 
catchy metaphor. IVAN AMATO 

New Clue Found to Alzheimer's 
Alzheimer's is a puzzling disease, raising a 
host of questions for which answers are only 
now beginning t o  accumulate. A central 
paradox is whether the protein called P-amy- 
loid, which forms the core of the abnormal 
plaques that stud the patients' brains, actu- 
ally causes the nerve cell degeneration of 
Alzheimer's o r  is merelv the result of that 
degeneration. Now, a team of Boston re- 
searchers has given a big boost to  the idea 
that P-amyloid causes the nerve cell degen- 
eration by showing for the first time that the 
peptide can produce neuronal damage, simi- 
lar t o  that seen in Alzheimer's, in the brains 
of living animals. 

What's more, the research team, led by 
Bruce Yankner of Children's Hospital in 
Boston and Neil Kowall of Harvard's Mas- 
sachusetts General Hospital, showed that 
the degeneration can be blocked by another 
peptide-substance P-which is one of the 
chemicals the body uses to  transmit nerve 
signals. Taken together, the findings pro- 
vide "an important insight for drug devel- 
opment," says Zaven Khachaturiin, who 
oversees Alzheimer's research for the Na- 
tional Institute on  Aging (NIA). Not  only 
d o  they suggest that substance P or related 
compounds might be useful for Alzheimer's 
therapy, but the work may also provide an 
animal model for testing the effectiveness of 
potential therapeutic drugs. 

According t o  Yankner, the new results, 
published in the 15 August issue of the Pro- 
ceedings of the National Academy of Sci- 

ences, are an outgrowth of previous research 
in which he and his colleagues showed that P- 
amyloid causes nerve cells growing in culture 
to  degenerate. Now they've injected pure, 
synthetic P-amyloid directly into two areas of 
rat brains, the hippocampus and cortex, that 
are severely affected in human Alzheimer's. 
"We tried t o  create an experimental plaque," 
Yankner says. The result? "The animals 
showed profound neuronal degeneration 
around the plaques." 

Even more intriguing, antibody studies 
indicated that the neurons surrounding the 
experimental plaques contain a protein 
known as tau, which is a major component 
of the neurofibrillary tangles, a second char- 
acteristic feature of Alzheimer's pathology. 
Although plaques and tangles are found 
together throughout Alzheimer's brains, 
nobody knows whether the two are linked 
in any way. This work suggests they are- 
that P-amyloid deposition might be some- 
how involved in inducing tangle formation. 

But if substance P is given at the same time 
or  a little before the P-amyloid injections, 
Yankner says, formation of both plaques and 
tangles can be prevented. And that's impor- 
tant for a couple of reasons. For one thing, a 
great deal of evidence suggests P-amyloid 
deposition alone doesn't cause the nerve cell 
death of Alzheimer's. Yankner and Kowall's 
results suggest that substance P deficiency 
might be one of the other factors. 

And then, of course, there are the thera- 
peutic implications. According to Khacha- 
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tuffan, substance P will be considered for 
inclusion in NIA's Alzheimer's drug devei- 
opment program, although he suggests that 
the neurotransmitter itself may not be a 
suitable drug. Substance P is a mediator of 
inflammation, as well as a neurotransmitter 
in the body's pain pathways, although 
Yankner says that the rats injected with it 

didn't show any signs of discomfort. The 
next step, everyone agrees, will be to see 
whether Yankner and Kowall's model can 
be duplicated in nonhuman primates, so 
that substance P's action can be tested in 
animals whose brains more closely resemble 
those of humans. 

Whether those results can be duplicated 

in monkeys or not, Khachaturian says this 
latest development is "going to get every- 
one excited." Which isn't a trivial thing, 
because, he says, "science always does well 
when there's excitement." Next to be seen: 
whether that excitement will produce an- 
swers to the remaining puzzles in the 
Alzheimer's mystery. JEAN MARX 

Quantum Cryptography's Only Certainty: Secrecy 
From the  battles of  the ancient Spartans t o  the cold \var, people 
relaying secret messages have played a game o f  cat and 111ousc 
with code-cracking opponents.  As message-senders employed 

measure \\.hen she intercepts a passing p h o t o n  \Vh~t ' s  more,  
\vhiclie\.er form she detects, she'll end LIP affecting the other,  
lea\,ing an impression on the photon's polarization that Alice 

more  advanced encrypting techniques, enen~ics  \vith incrcas- 
ingly sophisticated spying methods  follo\\.ed fast o n  tlieir lieels, 
But  no\+, physicists say thc secretive mice may even t~~a l ly  rest 

. . 

I Center and Oxford physicist Artur Ekert t o  see \\rho can cloak I o f  the  stem. I 

and Bob \\.ill ultimatcl!. be able t o  detect. Tlicy could then 
discard the potentially compromised code. 

T o  be sure of  catching Eve in Rcnnctt's scheme, Alice and 
safely, protected by the  la\vs o f  quantum mechanics. Indeed, 
there's a friendly transatlantic competition afoot bet\\,een pliysi- 
cist Charles Bennett  o f  IBM's Thomas J .  Watson Kesearcli 

Bob must compare notes for a series o f  individual photons.  
Ekert's competing scheme offcrs a shortcut: Under  his plan, Eve 
\\,ould leave her fingerprint in thc  overall statistical properties 

messages in the  darkest quantum secrecy. 
The  uncertainty principle, \vhich hides nature's finest details 

in perpetual pri~racy, can protect a Iiicssage froni eavesdroppers, 

I photon,  for exaniple-the prbcess o f  measuring o n e  changes tlie / particles from the central source, are both equipped \\.ith detec- ( 

In Ekcrt's scheme, neither Bob nor  Aice  elevelops ancl sends the 
key. Instead, the information is created by the \,agarics o f  quan-  
tun1 mechanics as pairs of  subatomic particles arc shot o u t  in 

says Ekert. I n  the  minute \vorld o f  the atom, the uncertainty 
principle decrees that for certain pairs o f  properties-the posi- 
t ion and momentum o f  a particle such as an electron o r  a 

opposite directions by the deca! o f  a single atom. The particles 
c a r n  a qua1it~1n1-mcc11a1iical properg. called spin, \\.hicIi is mea- 
sured as cithcr "up" or  "do\\,n." Bob and Alice, \vaiting to  receive 

other,  making tlie combination o f  properties forever ~ l n k n o ~ v -  
able. "The laws o f  physics itself prevent you from kno\ving 
anything without disturbing the  system," says Ekert. If a nics- 

( Physicists discussed the possibility o f  harnessing n a t ~ ~ r c ' s  se- I particle, the o ther  must be detecting a "do\vn" particle. Rut I 

tors that measure spin along a given axis. They vary the orirnta- 
tion of  tlieir detectors at  rando~i i  as they make their obscnations.  

According t o  tlic la\\zs o f  cluantum mechanics, the spins o f  the 
sage could be encoded in such a pair o f  quantum properties, 
even the cleverest spy would leave an obvious fingerprint if he 
tried to read the message. 

two  particles cmittcd by each decay are correlated. In tlie 
siniplest case, if both Bob ancl Alice are holding their spin 
detectors in the same orientation and one clctects an "up" 

cret-keeping ability as early as 1970,  and Bennett devised the 
first quantum-mechanical scheme t o  relay messages in 1982.  
No\+,, in a paper in the 5 August Physical Review Letters, Ekert 

I and decode messages. In modern cryptography, only the key / tion, each kno\\,s \\.hat the o ther  must have mc , l s~~rcd .  If  Bob I 

those correlations \\.auld be disturbed if an eavesdropper made 
a measurement along s o ~ u c  other  axis. 

Thus  the  correlations give Rob and Alice tlie common infor- 
has presented his o\Irn brand of  quantum cnptogrupliy.  

All quantum cryptography schemes aim t o  protect the "key"- 
the secret string o f  numbers sender and receilrcr use t o  ellcode 

niation the!. need t o  create-and protect-their key. 13ob and 
Alice liavc t o  confer aftcn\.at-d t o  figure o u t  \\.lien their detectors 
were in thc same orientation, but  once thcy share that informa- 

needs t o  be kept confidential; the  scran~bled lncssagc can tra\rel 
over an  insecure channel such as the phone system. 

I n  Bennett's original sclicnie, Alice and Bob ( the  t\\,o prover- 

measured LIP, Alicc m ~ ~ s t  have measured down-or vice versa. 
Ry prior arrangement, one  o ~ l t c o ~ i i e  represents a 1, the  o ther  
a 0 in the key. Since the spin m c a s ~ ~ r e ~ i i c n t s  s l i o ~ ~ l d  sho\v an 

bial secret exchangers in cryptography), transmit a series o f  0s 
and 1s-the binary code for tlie key-\vrittcn in tlie polarization 
o f  individual photons.  Polarization describes the vibrational 
direction o f  the  electric field associated \\.it11 the light. Alicc 

overall statistical correlation e\.en \\,hen the detectors \\.ere 
oriented differently, Rob and Alice can foil E\,e just by examin- 
ing the statistics o f  the measurements they aren't including in 
tlie key. By the ~~ncc r t a in ty  principle, any eavesdropping \\.ill 

sends each bit coded either in a photon's c i r c ~ ~ l a r  (rotating) 
polarization (Icft=l,  right=O) o r  its linear polarization (horizon- 
ta l=l ,  vertical=O). 
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disrupt the  correlations in these noncoding bits. 
A variation of  Ekcrt's strategy using photons has act~~all!. been 

tested in a room-sized experiment involving ultrafast cletectors. 
These two types o f  polarization make LIP a pair Bennett's idea has also t ~ k e n  shape in a prototype 

o f  properties protected froni mcasLlreme1it by device lie and John  Smolin de\.eloped in 1 9 9 0  at  
the  uncertainty principle. M e a s ~ ~ r e  one and a IRM. But until the tcclinology ad\,ances- 
the value of the other will be forever un- and  Ekert  is confident it will-sending 

kno \vab lc .  A n  nlessages more tlian several meters \\,ill be 
~~~~t~~ link, ea\ 'esdropper  (tra- o u t  o f  reach of  either sclieme. At that dis- 

A secret, secure code ditionally named Eve) 
emerges from the spins w o n ' t  k ~ i o \ \ '  \vhich 

tance, Rcnnctt ad~ni ts ,  it \vo~l ld  be eq~1a11y S C C L I ~ C -  

and much easier-just t o  halid someone the message 01 

of correlated particles. form of polarization t o  a piece of  paper. FAYE FLAM 




