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consciousness

Nothing in science is as mysterious as quantum
mechanics—except. perhaps. the mechanics
of the mind. Now genius-of-all-trades Roger
Penrose says the two are intimately connected.

IN &4 SMALL LECTURE ROOM AT Penn State, Oxford mathematician and
physicist Roger Penrose lectures to a packed crowd of colleagues and students. The
soft-spoken 62-year-old professor is one of the world’s leading experts on general
relarivity and quantum mechanics, the two complex theories that explain just about
everything that happens in our universe. His talk today, however, appears to con-
cern a small bundle of tubes, which he hasuly sketches on the blackboard. » The
bundle could be any one of a dozen different exotic entities from Penrose’s
menagerie of mathematical and physical objects—"super-wistors.” “wormholes.”

and “worldrubes —all space-time oddities now second nature to his audience.
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Yet this partcular bundle turns out to
be an unfamiliar one to his listeners,
even though it1s, in fact. far more
mundane. It is an arrangement of pro-
tein srrucrures found in all living cells.
According to Penrose, these structures
could play a very special role in the
universe: they may enable the brain,
which is essentially a clump of the same
sort of matter that makes up rocks and
stars. to penerate the mind, that intangi-
ble. unbounded enuaty that provides us
with an inner voice, imaginadon. emo-
dons, thought, and our very sense of self.
Although the subject may seem a lit-
tle far afield for this gathering, Penrose
contends it is well within the group’s
purview. The quest for the ultimate laws
of nature has taken physicists to such
wondrous locales as the interiors of mas-
sive black holes and the unimaginably
smatl islets of matter conjured up in par-
dcle accelerators. Penrose maintains that
the trail uldmarety snakes closer to home,
right through the three and a half pounds
of gravish goo jiggling in our skulls. To
understand the mind, he says, you need
new physics—and, almost paradoxically,
uncovering this new physics may very
well depend on new conceptions of mind.
Penrose first advanced the argument
for a deep, if somewhat vague, connec-
tion between the mind and physics in his
1989 surprise best-seller, The Emperor’s
New Mind. In that book he suggested
that consciousness is created by some
mysterious quantum mechanical phe-
nomenon that takes place in brain
cells. Unfortunately, brain cells seem
an improbable locale for quantum me-
chanical antcs. The weli-known weird-
ness of quantum behavior appears al-
most exclusively in isolated subatomic
partcles, and it easily becomes masked
in large and crowded systems of atoms,
such as exist in ordinary matter—and
cells. At the time, Penrose was unable
to provide any hints as to how that con-
flict might be resolved. But during the
past year he has found a way. Penrose
can now point to 2 component of brain
cells that appears to be an ideal conduit
for quantum mechanical phenomena.
That component, known as a micro-
tubule, is Penrose's nominee for the
physical root of consciousness.
Surprisingly, Penrose’s insight about
microtubules was inspired not by an ar-
ticle in one of the leading journals of
neuroscience but through an out-of-the-
blue encounter with a free-thinking Tuc-
son, Arizona, anesthesiologist named
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Stuart Hameroff. Though the colorful if
obscure Hameroff and the reserved but
celebrated Penrose make an unlikely
tearn. the parmership has produced what
may be the most explicit theory of the
physical basis of consciousness ever put
forth—a theory tha, if proved right, could
shake up fields as diverse as physics, bi-
ology, computer science, and philosophy:

is a self-described
“dabbler.” He says it’s
a trait he picked up
from his father, a doctor
who actively pursued interests in
psvchology, philosophy, and math-
ematical puzzles. Unable or
unwilling to keep his mind focused on
whart other people might consider more
than sufficient material for a single ca-
reer, Penrose has continued to collect
new specialties for the past several
decades. After receiving his Ph.D. in
mathematcs from Cambridge Univer-
sity in 1957, he briefly took up computer
science, moved back into physics, and
came to focus first on quantum mechan-
ics and then on general reladvity during
faculty stints at Princeton and Svracuse
unuversiaes before sigrung on at Oxford.
Along the way Penrose came to think
about the mind. In pardcular, he won-
dered whether or not a computer could
be programmed to acquire something
akin to consciousness. Artificial-intelli-
gence researchers have already created
programs that seem 1o capture at jeast the
flavor of all of the mind’s unconscious ac-
tivities, including the work of the five
senses, muscle control, and insanct. Such
programs allow robots to find and pick
up blocks, computers to answer questions
about auto repair, and car-
toonlike “artificial life” crea-
tures to mate, find food, and
otherwise live out their lives
on a video screen. However,
researchers haven’t a clue
about how to get a computer
to intuidvely assess the wuth
in a subtle argument or see the humor in
a joke, to feel the emouoonal impact of
music, philosophize about the meaning
of life, or come up with counterintitive
solutions to unfamiliar problems. In
short, they have no idea how to invest a
computer with those aspects of mind that
seem clearly conscious—that allowed
Descartes to declare, “Cogito, ergo sum.”
Why are such processes so elusive? It
may just be, as most artificial-intelligence

researchers assert, that simuladng them
on a computer requires programs far
more complex than any vet devised. But
Penrose finds this explanation unsadsfac-
tory. For one thing, research suggests that
most brain cells are preoccupied with
such unconscious tasks as processing and
storing images and controlling muscles,
and that only relatvely small portions of
the brain are dedicated to the sorts of
tsks we associate with conscious thoughr.
Such evidence runs counter to the notion
that consciousness emerges from a more
complex version of the same sorts of brain
processes thar give rise to unconscious
though; if it did, one might expectit o ac-
count for the lion's share of brain matter.

Besides, if consclousness were no more
than a program—even a horrendously
complex one—why wouldn’t ardficial-life
researchers or neuroscientists have gained
at least a tiny insight into its nature? The
reason, Penrose concluded, is that the
“quality of understanding and feeling pos-
sessed by human beings is not something
that can be simulated compuragonally”;
that is, it simply cannot be broken down
into a series of steps, a sort of recipe, that
when followed on a computer will result
in a reasonable imitation of the real thing.

The nonon of noncomputable pro-
cesses is not unfamiliar to mathematcians
and computer sctenasts. One particularly
well-known and striking example of such
a process comes from the mathematics of
tling, which concerns the ways in which
different sets of flat shapes, or tiles, can
or can't be arranged to cover an infinite
flat surface without leaving gaps. That
certain shapes—squares or triangles or
hexagons—can do so seems intuitively
obvious. But cuniously, mathematicians
have proved that it’s impossible to devise

ROGCER PENROSE

The Oxfard mathematician and ph_vs..'cisl has dabbled” in
evervthing from tiling problems to wormholes o other universes:

now hes zeroing in on the quantum mechanics of the mind.

a computer program—a general set of
rules—thar can predict whether dles of
any given shape can completely cover a
plane. (Penrose himself has explored
this problem, and out of his investiga-
tions, in 1973, he discovered a pair of
diamond-shaped tles that could com-
pletely cover a surface, but only in an in-
finite variety of never-repeating patterns.}

If the question of whether certain
tiles can cover a floor is noncompurable,




PERHAPS NERVE SIGNALS START OFF IN A QUAN-

TUM MECHANICAL MISHMASH OF STATES THAT

ALLOWS FOR THE SIMULTANEOUS EXISTENCE OF

COUNTLESS BILLIONS OF DIFFERENT PATTERNS.

then might not the task of evaluatng an
object’s beauty as well as any other chore
of consciousness be the same? Penrose was
sure they were. But if consciousness is
noncomputable, then whatever process in
the brain that gives rise to consciousness
must also be noncomputable. This con-
clusion has an unsertling and inevitable
implicadon: presumably, whatever hap-
pens in the brain obeys the laws of physics,
and if one is going to keep religion and
metaphysics out of the picture, all the
known laws of physics are computable.
Arvording to these laws, every physical
process in the universe—trom atomic col-
lision: to galactc collisions—can be flaw-
lessly simulated, at least in principle, on a
computer, That being the case, Penrose
decided the brain must incorporate a
physical process that simply isn't covered
by the know 1 laws of physics. Conscious-
ness, he concluded. is rooted in new
phyvsici—hat 1s, in laws not vet discovered
or formulated. Furthermore, he thought
he knew whnere to look for them: in the
weird underworld of quantum mechanics.

rrechanics is

an unrelent-

ingly strange

theory. Among
other things, it
tells us thar an
electron or an-
other denizen of the subatomic world
rends to exist in a muldrude of states all
at once: it i simultaneously here and
there, moving fast and slowly, spinning
one way and the other. Bur at the mo-
ment the electron interacts with ordinary
matter or energy—when it smacks into
the molecules in a detector, for example,
or is bombarded by a beam of light—the
disturbance somehow causes the electron
to “choose” a single state. At that point
it behaves exacty as one would expecta
minuscule billiard ball to behave. Real-
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life billiard balls never exhibit muldple
personalities because quantum mechan-
ical weirdness is generally apparent only
in objects that are roughly the size of an
atom or smaller and that exist in “quiet”
environments, isolated from the random
jostling of other particles and forces.
Every measurement ever made has
supported this bizarre picture, so physi-
cists regard it as gospel. Yet there is no
widely accepted explanation of bow a par-
ticle happens to choose a single state
when it is disturbed. As far as most physi-
¢ists are concerned, it just does. Of course,
they wouldn't mind if 2 good explanation
just happened to emerge, even from as
unlikely a place as the study of con
sciousness. Bur in all probability. any such
explanadon would also require a funda-
mental change in our understanding of
quantum mechanics—just as Einstein’s gen-
eral theory of relatvity necessitated a fun-
damental change in our understanding of
gravitation. And even a small change could
be a shocking development for a theory
that has withstood so many rigorous tests.
Penrose has always been uncomforuble
with this gap in the quantum mechanic’s
view of the world and has long argued that
the theory must be modified to account
precisely for the process of choosing a sin-
gle state. But in thinking about the need
for a noncomputable physical process in
the brain, it occurred to him thart he might
be able to Lill, or at least graze, two birds
with one stone. What if the process of
quantum mechanically choosing a state
was noncomputable? Then it would be a
viable candidate for the physical process
that gives rise to consciousness. “Some-
times,” he says, “the dabblings seem
to come together for no clear reason.”
According to standard neuroscience, the
brain processes informaton through the
pattern of electrical impulses that the brain’s
nerve cells, or neurons, swap with one an-
other. Perhaps, mused Penrose, these sig-
nals start off in a quantum mechanical

mishmash of states that allows the simulta-
neous existence of countless billions of dif-
ferent parterns; out of this quantum me-
chanical mix, one patern mums up that fulfills
the task at hand—it “clicks"—and thats the
pattern that becomes a conscious thought.
Penrose does not address exactly how
the brain knows just when a soludon is
“nght.” It doesn't. of course; but some-
how, amid the buzz of unconscious actv-
ity that’s always going on behind the
scenes, occasionally a thought or inspira-
don or feeling emerges from the general
background notse and pushes into our
conscious awareness. Just why that state
gets “picked” as opposed to some other
may have to do with some sort of match
between patterns in the mind. Bevond
that, for now at least, no une can say.
This quantum mechanical choosing
among many states is the model for con-
sciousness that Penrose presented in The
Emperor’s New Mind. (The argument
actually appears in the last tew pages of the
book; the rest of the work is a brilliant
primer on the physics, informadon sci-
ence, neurobiology, and other fields
needed to grasp the argument.) The book
raised a maelstrom of dissension from vir-
tually every side of the issue. Artficial-in-
telligence researchers furned that Penrose’s
elegant discourse on noncomputabilicy
failed to provide convincing evidence that
consciousness is noncomputable. So what
if intuidon, insight, and self-awareness
seemn mysterious to us now? Forty-five
vears ago, they said, we didn’t even have
computers, and today they teach children
and play chess at the grand master level:
who knows what computers will be think-
ing 45 years from now? As for physicists,
the idea of modifying quantum mechan-
ics simply because the process of choos-
ing one state out of multiple states seems
arbitrary is one that attracts few admirers.
In early 1992 Penrose set out to
write a follow-up book that would sup-
port his arguments. But the more
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progress he made, the more he felt
nagged by one question: How could
nerve impulses—the packets of eiectrical
energy that neurons swap among them

seives when they fire—be quantum me-
chanical? Nerve impulses are flving
around in one of the noisiest environ-
ments imaginable: the brain is a dense
structure of cells busthng with chermical
and electical acovity. Yet it’s exactly this
iind of interacuon with surrounding
matter and energy that tends to drown
out quantum mechanical behavior. “1 was
endrely uncomiorble with the idea that
neuron firing could be a quantum event,”
savs Penrose. Bur where else besides
nerve impulses could quantum mechan-
1cs play a meaningful role in thoughr?

a student at Hahne-
mann Aledical School in
Philadelphia in the
early 1970s. Stuare
Hameroff was cap-
tivated by the ques-
tion of how celis
manage to carry out the process of
division.  The answer seemed to have
something to do with the newlv discov-
ered cellular components calied micr,
tubules—long. thin hollow wbes of pro-
tein about a ten-millionth of an inch in
diameter. These slender filaments torm
aiongside one another to create long
bundles. a bic hke loosely wrapped fist-
fuls of extended drinking straws. The
microtubule bundles, stili not much
thicker than a millionth of an inch. run
throughout the cell to form meshlike

networks. These microrubule networks
serve as a sort of skeleton to the cell.
lending it structure and creating path-
wavs for the transport of chemicals
within the cell. Bur most intriguingly.
when a cell 1s 2bout to divide. the bun-
dies dissolve: then the microtubules re-
torm in new configurations that pull the
cell apart in exactly the right place.
They behave like cellular traffic cops,
direcung the complex process of division.
Hameroff also had an interest in the
mysteries of consciousness and intelli-
gence, and when he began his internship
at Tucson Medical Center, he Jeaned to-
ward specializing in neurology. But a col-
league in anesthesiology wooed him away
by telling him of a curious finding:
gaseous anesthetics like ether or halo-
thane. which can “turn off” consciousness
withour otherwise significantly impairing
brain function, appeared to work by
somehow temporarily crippling the
mucrotubules in neurons. The protein
molecule that makes up a microrubule
has a sort of pocket along its length: a sin-
gle elecron can slide back
and torth along this
pocket. and the elec-
tron’s position in the
pocker actermnes the
way the protein config-
ures itself and thus the
configuragon and func-
aon of the mucrorubuie.
The molecules of an
anestheuc gas can im-
mobilize the electron,
locking the protein
and the micro-
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tubule uselessly in
place. Though no one knows

prectsely how the shape of the pro-

tetn results in specific acavites. the the-
ory seemed to suggest that microtubules
were directh related to consciousness.
Hameroti contunued to study micro-
tubules atter taking a tacule: posicon at
the Unuversity of Anzona’s medical school
in Tueson. discovering. along with oth-
ers. that the long tubes made exwraordi-

nanly good conductors of physical vibra-
uons, or sound waves. Using computer
models to simulate microtubule behavior.
he found that a vibradon inroduced into
one end of the tube could propagate un-
changed throughout the length ot 1s hol-
low. water-filled interior. Furthermore,
he tound that disturbances in neighbor-
ing microrubules displaved a “coher-
ence "—that is, a vibration in one micro-
tubule couid start another one vibraung
in exacdyv the same fashion. just as a vi-
braung runing fork can get a nearby run-
ing fork vioradng. Eventually, a twitch
propagatng down one microtubule could
be passed on to endre bundles of micro-
tubules vibratng in synchrony. and per
haps even nght through cell membranes
to microtubules in neighboring cells.
Hameroft suspected that this property
was related to the microtubules’ waffic-
cop funcuon in the cell: if they were in
charge of organizing behavior in the cell.
then theyv'd need to communicare with
one another. and for that they'd ne=d an
accurate, rapid signaling svstem. “It

SITE OF CONSCIOUSNESS?

Linderlving the transmission of signals berween nerve colls ileft )
15 @ complex network of mucrotubules arranged in bundies.
Individual microtubules. in turn. are built of tubulin proteins: each
has a sfot” in which an electron can sfide 1o and tro. Some anes-

thencs freeze e erecron i place. QffeCing aspects of COnsCiousness

looked as if microtubules were great at
carrving signals,” says Hameroff. They
were so great at it. in fact, that it seemed
unlikelv such an efficient communica-
dons nerwork wouldn't have a more so-
phisdcated purpose. “But what else could
the signais be for?” Hameroff wondered.

A possible answer appeared in 1982
when Rich Wart. an elecerical engineer
across the hall who knew of Hamerofs in-
terest in microtubules, walked into
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Hameroff’ office and showed him a pho-
tograph taken through an electron micro-
scope. “What is it?” asked Watt. “It looks
like a microtubule,” answered Hameroff
inseantly. “Look again,” said Watt. The
photograph was actually of ane of the mi-
croelectronic switches that make up com-
puter chips. Hameroff realized what had
been lurking in the back of his mind for
some tme: microtubules made up some
sort of information-processing network.

Hameroff spent much of the next ten
vears developing a theory of how this
signal-carrying property of microtubules

STUART HAMEROFF

The University of Arizona anesthesiologist found a quantum
mechamcal structure in the brain. but he lacked a theory of

consciousness o apply it to: and then he mer Roger Penrose.

could enabie a network of them to serve
as a computer within a brain cell. All a
computer chip does is carry electric
pulses around a railroad-yard network
of pathways interconnected by transis-
tors serving as tiny switches. That's one
way the brain functions, too, with neu-
rons serving as the switches. But
Hameroff strongly suspected that mi-
crotubule networks in the cell could also
play the role of such a switching yard,
directing vibrational pulses along cer-
tain pachs within che cell and also
among cells; by arranging and inter-
connecung themselves in the right ways,
they’d direct vibrational signais here and
there just as wires direct the flow of elec-
tric signals. Since such a network could ex-
ist within a single brain cell—a brain cell
that was itself part of a computing net-
work—a microtubule network would in
effect be a computer within a computer.

If the brain’s nerwork of neurons is it-
self a computer, why would it need to
have each individual neuron serve as its
own computer? According to Hameroff,
the brain’s conventonal neural network
alone is simply far too underpowered
even to account for such tasks as a per-
son’s ability to walk into a room and in-
stantly recognize every object in it.
Though this may seem entrely unre-
markable to us, it is in fact a near-mirac-
ulous feat of information processing;
even a dozen of the world’s largest su-
percomputers couldn't come close to
replicating it. Neurons acting as relatively
simple switches couldn't possibly provide
this level of compudng, Hameroff con-
tended. The additional brainpower, he

claimed. is provided witbén each neuron.
At this point, Hameroff wasn't even con-
cerned with consciousness, per se. He
was simply impressed that the brain
seemed to require more computing
power than neurons could provide, and
microtubules signaling each other
through sympathetic vibration seemed to
offer a plausible additional mechanism.

When the brain is attempting to
solve a problem, according to Hameroff,
it handles the enormous amount of pro-
cessing required on two levels: at the
level of microtubules swapping vibra-
tonal signals, and at the level
of whole neurons swapping
electric signals. Hameroff
proposed several mechanisms
for linking these two some-
what distinct processes. Mi-
crotubule signaling could
provide a lower level of pro-
cessing that determines when neurons
will fire as the last stage of processing,
for example. Or the two processes could
work in concert, trading signals back
and forth in a continuous dialogue. Or
microtubules could pass signals from
neuron to neuron in response to neuronal
firing, providing 2 scheme for fine-tun-
ing the firing parterns, much as an ar-
allery spotter telis the soldiers at the guns
how to adjust their aim after each shot.

Hameroff’s theory, innovative as it
was, did not get much attention from
the neuroscience mainstream. It didn't
help that his enthusiasm and imagina-
tion led him to suggest in taiks and pa-
pers that microtubules could be artifi-
cially grown and harnessed to create
“nanorobots” programmed to perform
medical services in the bloodstream of
patients, or to form gigantic ardficial
brains placed in orbit around Earch.

Meanwhile, research in the late
1980s by biophysicists started to pro-
duce intriguing hints that micro-
tubules, by virtue of their tiny dimen-
sions and tubular form. had some
unique quantum mechanical propertes.
Normally, any pulse of vibrational or
other energy in the brain couldn’t ex-
ist in a quantum mechanical mixrure of
states, because all the marter and activ-
ity in the brain would disturb it and in-
stantly cause it to choose a single state.
But according to some researchers’ cal-
culadons, a microtubule could insulate
a pulse from the hubbub: the pulse
could travel along the microtubule
oblivious to the noise around ir, with-
out having to interact with the

molecules in the microtubule wall. And
as long as the pulse wasn’t forced to
choose a single state, it would be free
to explore simultaneously any number
of possible patterns within and among
microtubules. (Even crossing among
cells wouldn’t necessarily disturb the
pulse; after all, one tuning fork can set
another vibratng even if the intervening
air is noisy with other signals.) Hameroff
suspected this new aspect of micro-
tubules might open up yer more possi-
bilities, but he didn’t understand enough
about quantum mechanics to see how.

Then, in 1992, he got around to read-
ing The Emperor’s New Mind. Though
he had to struggle through some of the
sections on physics, he grasped enough
of the material to recognize that whereas
he had a quantum mechanical saucture
in the brain without a theorv of con-
sciousness to apply it to, Penrose had a
theory of quantum consciousness that
lacked an appropriate biological struc-
ture. “I figured I really oughr to get in
touch with this guy,” Hameroff recalls.

Ever since the publicadon of The Em-
peror’s New Mind, Penrose has received
a great deal of mail; much he politely
characterizes as “unreasonable.” When
he first started reading the letter from a
‘Tucson anesthesiologist, he was not par-
tcularly encouraged. But as he read on.
and then examined the enclosed papers.
his interest grew. “Some of the things
that Stuart is willing to put into printare
sort of, um, far our,” he says. “But even
if your ideas sound like science fiction,
one doesn’t want to throw out the baby
with the bathwater. There seemed to be
something really important here.”
Hameroff ended his letter by informing
Penrose that he was planning to visit
London during an upcoming trip to Eu-
rope. Penrose wrote back: Come on down.

. damp fall
day in 1992,
Penrose met
Hameroff at

the train sta-

tion in Oxford.

Back ar his office,

in a small clearing in the spectacular

clutter just large enough for two chairs.

the two sat by a window overlooking a

garden. Hameroff fielded questions

from Penrose for more than two hours:
he explained what microtubules were,
how they were configured in the brain,
the ways they seemed to be able to pass
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on signais. The rwo discussed calcula-
t1ons showing that the mcrorubules
insutatung propertes would aliow vi-
pravonal DUiSCS o quantum mecnani-
caily explore muitiple pathwavs. As
Lenrose listened. his concerns about
HamerofT siowiv evaporated. “In per-
son. Stuart was much more carerui to
point out wruch of his ideas were on the
wiid side. and which ones weren't. than
ne was in print,” he savs, “It’s the other
wayv around with most researchers.”

Thougn Penrose had seemed thor-
vughly intrigued by microtubules.
Hameroff wondered afrer being
aropped oft at the train stanon whether
Penrose would do much with the idea.
1t seemed like sort of a long shot.”
Hameroft savs. It wasn't unal two weeks
1ater that he learned Penrose had an-
nounced to an audience—just days at-
ter their meeting—that thanks to
Hameroff. he had finally located a plau-
sible site for the roots of consciousness.

Even as modified to include Hamer-
off s ideas. Penrose’s theorv is far from
a done deai. For one thing, 1t 1s still
vague on many crucial points. For ex-
ample. Hameroff is stll mving to deter-
mine how thoughts are represented by
signaung parterns in the mucrotubules,
and how these patterns migger. supple-
ment. or modify the firng of nerve imn-
puises. And Penrose does not vet seem
to be ciose to saving preciselv how it
is that a guantum mechanicai mixrure
of patterns goes abour “choosing™ one.

e. the theon
could simply be
plain wrong.
“There are so
many places
one could have
turned off 1n the
wrong direction,” Penrose concedes.
There 15 no hard evidence vet that the
mind is based on a noncomputable pro-
cess, tor example, or even that such a pro-
cess exists in quanturn mechanics or any-
where else in physics. Essenuaily, what he
imows 1s that the brain, in creating mind,
seems to be doing something noncom-
putable and that the mechanism behind
quantum mechanical “choosing™ 1s so sug-
gestively incomplete that it may well also
mvolve noncomputable processes—and
that theres a nice overlap between the two

that seems to converge at microtubules,
But he does have ideas for confirming
at least parts of fus theory. His asserton
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that there 15 a gap n quantum mecnani-
cal theory Decause it CINT 2CCOUNT o7 =
process of choosing a single state would
be tremendousiv boistered it he coul:
come up with a predicnon about the pro-
cess that can't be wrune trom conven-
nonal theor !t the current theorv werz
complete, it would be able to provide. a:
least 1n principle, all predicoions that can
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be made. If he can make a prediction that
doesn't come from the theory, then the
theory is incomplete. Penrose and other
physicists believe that just such a predic-
don may, in fact, be possible. They have
proposed an addiuon to quantum me-
chanics that would describe how much
time, on average, a given particle in a
given environment would last in a quan-
tum mechanical mixrure of states before
choosing a single state—a question on
which conventional theory is mute. “I
believe these umes could very possibly

SCAFFOLDING

pe measured.” he savs. "I'm ralking o
£XPEFIMENtalists abuut the possibiiin.”
Hamerotf. far his part. 1s trving o
come up WiLn 2 scheme f{}]’ CXDETIMER-~
taliv determirung how mucrotubuies pro-
cess patterns of signals. To do that. he 1s
trving to design a device with nwo mi-
croscopic prongs: one would introauce
a uny etectric jolt at certain points in 2
microtubule network: the
other would detect anyv joits
that emerged at some other
point. Determining where
jolts emerge would provide
some indication of how nu-
crotubules interconnect and
direct signal flow as well as
how these arrangements
change over dme. Evenrually.
Hameroft would like to de-
termune how mucrotubuie sig-
nal parterns represent infor-
maton. the wav 2 computer
chip represents informanon
with long senes of 15 and 05.
“If we can decode the pat-
terns,” he savs. “we might be
able to connect microtubules
to 2 compurter and swap 1h-
formation back and forth.”
But even in the absence of
experimencal evidence, Pen-
rose has a very good feeling
about the theorv. “It's the old
Sherlock Holmes argument.”
he savs. "After vou've elimi-
nated the impossible, whar-
ever remains. no mareer how
improbable. is the wruth. I'm
90 percent sure these ideas are
basically correct.” After 2 mo-
ment of thought, he adds:
“Well. mavbe 80 percent.
The Sherlock Holmes argu-
ment can be a dangerous one.”
The quantum conscious-
ness model. as an exquisite
bonus, could in principie help
lead the way to a new theory
of physics that could repair a serious hole
(to some) in quantum mechanics. Penrose
believes such a theory will come to light
sooner or later, whether or not he is nghe
about consciousness—but it could hap-
pen sooner if the model proves correct.
What a great practical joke nature
will have played on us if all the think-
ing that has gone into uncovering the
ultmate laws of the universe turns out
to reveal that one of the biggest clues
was woven all along into the very fab-
ric of thought itself. ©
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