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genuinely frightened by the imaginary mon- 

The Meaning of Make-Believe ster under the be4 we adults, after all, gen- 
uinely weep over Romeo and Juliet. 

Alison Gopnik But this still leaves the puzzle of why hu- 
man beings evolved this fictive capacity at 

I
magine the following scenario: You walk nary (though they are no less beloved because all. It is easy to see why understanding the 
into a room and are greeted by a wild- of it); Henry Wellman showed that even the real world would be adaptive. But why would 
haired person wearing a piece of sparkly youngest children can provi telling and understanding patent- 

cloth around her shoulders and a cardboard appropriate causal explanatio ly untrue stories help us to sur- 
crown on her head. In an unnaturally deep for simple events (2). vive? Harris suggests that the 
and loud voice she informs you that she is These empirical advanc answer involves language. Chil- 
the Queen of Fairyland and proceeds to sum- have completely reversed t dren begin to pretend at about 
mon invisible spirits to serve her. Where are traditional idea of the ir the same time they begin to 
you? Three possibilities spring to mind. You tional, fantasy-ridden chi speak, and there is some evi- 
are in the schizophrenia ward of a psychi- But they leave us with a puz dence that language, drama, and 
atric hospital. You are attending a perfor- that is the central theoreti art all evolved at around the 
mance of A Midsummer Night k Dream. Or question of The Work of the same time. Harris points out that 
you are in preschool. Imagination. If young children in order to take advantage of lin- 

Young children typically spend hours pre- are so good at understanding reality and guistic information from others we need to 
tending. Why? Until recently, the standard differentiating it from pretense, why do take their narrative perspective, even if the 
answer was that they behaved in this strange they spend so much time pretending? story they tell is far removed from our imme- 
way because they thought in a strange way. Preschoolers understand the real world diate experience. 
Both Freud and Piaget, for example, believed very well, but apparently (all things con- This definitely seems to be on the right 
that young children were fundamentally irra- sidered) they would prefer to live in the track, but the problem that remains is why so 
tional. They were supposed to loosely associ- unreal one. much pretense and fiction should be so drasti- 
ate ideas rather than organizing them logical- Harris's answer is that the children's pre- cally removed from any possible experience, 
ly. Their thoughts were supposed to fulfill tenses really are more like theater than like our own or others. Why should evolution have 
wishes, rather than reflect reality. Children psychosis. He points to studies that show how designed us to believe in fairies, or at least to 
were supposed to be un- act if we do? The promise of Harris's book 
able to think causally or is that further empirical developmental re- 
to discriminate fantasy search will eventually tell us how our sojourns 
from fact. in the imaginary worlds of Teddy and Titania 

Paul Harris's intrigu- help us to get along in the real one.  
ing and lucid book sum-  
marizes twenty years of References  

1. M. Taylor, Imaginary Companions and the Children empirical research, much 
Who Create Them (Oxford Univ. Press, Oxford, 

of it from his own lab, 1999).  
that definitively disproves 2.  H. M. Wellman, A. K. Hickling. C. A. Schult, New Dir.  

these views. In the au- Child Dev. No. 75 (spring 1997), p. 7.  

thor's simple but clever 
studies, even two- and B O O K S :  C O M P U T I N G  

three-year-olds turn out to 
be adept at distinguishing Grappling 
uretense from reality. 
They may spend hours pretending, but they deftly adults take on the perspective of a fic- with Qubits 
know they are pretending. They don't try to tional narrative. Ordinary, everyday, unhistri- Gunter Mahler 
eat the pretend ice cream or talk on the pre- onic adults are remarkably good at putting 
tend telephone, and they can describe with themselves into the shoes of a fictional char- 

I
s physics useful? Considering the end- 

great accuracy how thoughts and facts differ. acter. They even generate, in detail, the appro- less list of technical devices that sup- 
-
F: 

Moreover, children can make sophisticated priate fictional spatial orientation, and they port our everyday life, there can be no 
genuinely experience the appropriate ficti- serious doubt. Is quantum physics useful? causal inferences and they can even reason :. 

$ counter-factually. In Harris's studies, for ex- 
3 ample, three-year-olds can explain that if an 

imaginary Teddy hadn't spilled the ink, his 
hands would not be dirty Other developmen- 

2 tal psychologists have come to similar conclu- 
$ sions. Marjorie Taylor (1)has found that chil- 
$ dren with imaginary friends are perfectly 
6 aware that their companions really are imagi- 
5  
8 
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tious emotions. Becoming caught up in a sto- 
ry, it seems, is not just a rarified experience of 
Shakespeare-lovers, but a deep part of our hu- 
man cognitive competence. 

Hams argues convincingly that children 
are doing just this in their pretend play. Like 
adults, they can follow through on fictional 
premises even when they are perfectly aware 
that these are fictional. In fact, children do 
so in ways that reveal the extent of their 
causal knowledge. Two-year-olds predict that 
imaginary tea spilled on an imaginary Teddy 

Surprisingly, the answer to that question is 
far less clear. Although any physical sys- 
tem, when studied on a sufficiently funda- 
mental level, is believed to be quantum in 
nature, more often than not its function 
can be described in classical terms. This 
approach even holds for such macroscopic 
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quantum phenomena as superconductivity. copy, generally, but also they cannot be per- source"; its transformation, distillation or di- 
But it does not hold for a quantum com- fectly distinguished." We are then led to lution "emphasizes the interchangeability of 
puter. Understanding the operation of such contemplate reality. Although the descrip- different resources in quantum mechanics." 
a machine explicitly calls for a quantum tion of the state, being classical, can be Thus, we tentatively conclude that it is this 
mechanical description. copied and distinguished at will, the actual web of interrelations (rather than any singled- 

There has been much uncritical praise of referent of that description cannot. This is out property) that eventually gives rise to the 
quantum computation, in particular (though why a classical simulation of a quantum sys- power of nonclassical computation. 
not exclusively) in the semi-popular media. tem, even if perfect in terms of the underly- Turning to our third question, we read 
Most readers of Science have -r"-=r"-r"--==-r"--=---r"-r"-r"--, ing equations, cannot substitute the chapter "Quantum circuits" to familiar- 3 probably been exposed to some Quantum 1 for the behavior of the "real ire ourselves with what needs to be done. 
explanations of the subject. /I Computation 1 thing." In our scientific training Proceeding to the chapter on physical real- 
However, even experts in the and Quantum I /  we are always warned against ization, we learn about basic models taken 
field often find themselves Information 1 mistaking a description of reali- from different branches of physics includ- 
confused when asked to identi- 11 byMichaelA. Nielsen ij ty for the reality itself. Never- ing ion-trap physics, cavity electrodynam- 
fy the most decisive facts be- / /  andlsaacl Chuang 1 theless, it comes as a surprise to ics, nuclear magnetic resonance (NMR) 

I hind the computational con- 11 Cambridge University I j  see how technically relevant this schemes, and semiconductor quantum dot- 
cepts, let alone to assess future i press, N~~ york, 2000. 1 warning can be. arrays. To date, there is no obvious best 
directions of development. 11 702 pp. $130, £80. ISBN i! This brings us to the question choice for a quantum computer. 

Here the book by Michael / 0-521-63235-8. paper, 1 about the origin of quantum What are the main obstacles an actual 
~ielsen and Isaac Chuang comes ,i $47.95, £29.95. ISBN 0- ij computational efficiency. Chap- implementation must overcome? As for any 
to rescue. But be warned, the in- j/ 521-63503-9. I/ ter 1 introduces us to so-called physical device, there will be control prob- 
sight it provides has a price. LL==L=-L=-==~-===L=L=L=L=& quantum algorithms, i.e., algo- lems. Studying their quantum variants (dis- 
Quantum Computation and Quantum Infor- rithms which can be shown to be "better" cussed in the chapter on quantum noise) 
mation is a challenging text that offers a thor- than any classical algorithm for the same sheds new light on these. For example, error 
ough discussion of the relevant physics and a task. So far, the list of such algorithms is de- correction, as in the classical case, is based 
reference book that guides readers to the orig- pressingly short. Nielsen and Chuang offer on clever coding, which makes sure that 
inal literature. One can certainly profit from some clues as to why this may be so. Our some memory of the "true state" is still 
reading selected sections or browsing about thinking has been trained within the classical available even after errors of a given class 
and letting one's attention be captured by de- world, so our intuition is of little help to sug- have occurred. Quantum error correction 
tails here and there. Perhaps the best way to gest useful applications of quantum rules. It had first been considered impossible be- 
use the book, though, 'is to ask questions and remains open whether this will change with cause testing (that is, direct measurements) 
then search within it for answers. Such a self- time and whether would destroy the 
guided tour can keep one from getting lost in there might even be H 

CI 1 / NH2 
precious superposi- 

details and can provide a reward'ig journey. a real breakthrough. 1 tions. Surprisingly, 
Among the most pressing of such ques- At present, central CI - c- H O\ /' \ this shortcoming 

tions, I think, are these: (i) What is the dif- roles are played by I c CH, 
I 

can be overcome. 
ference between quantum information and the quantum Fourier- H Br 

OH In thermodynarn- 
classical information? (ii) What makes transform and the ic language, we are 
quantum computation more efficient than quantum search algo- \ /F "\ /" //O 

H-C, 
thus proposing to 

classical computation? (iii) Why is the ac- rithm, which are dis- /'='\ /C =C\ O-Na+ control micro-states 
tual implementation of a quantum comput- cussed in separate F Br CI CI rather than macro- 
er so difficult? chapters. Testbits. Some of the molecules (and their qubits, states. Chapter 12 

To address the definition of quantum in- Is there a com- highlighted) that have been used to demonstrate includes an appeal- 
formation, we first consult chapter 1, "In- mon feature under- quantum computation tasks with NMR. ing analogy in which 
troduction and overview." Here we are ad- lying all known error correction is 
vised to "think physically about computa- quantum algorithms? The authors intro- compared to a kind of refrigerator, the com- 
tion" and "computationally about physics." duce a nai've explanation only to reject it mon task being to keep the entropy down. In 
Information emerges as the specification of after second thoughts. The quantum super- neither case does this contradict the second $ 
a physical state (on a given level of de- position principle seems to give rise to a law of thermodynamics, as we are dealing $ 
scription), and information may be said to form of "quantum parallelism:' which, un- with open systems. However, although the 5 
be carried by that state. Classically, we are like the well-known classical parallelism refrigerator reduces entropy basically by  re- 2 
accustomed to think of a two-level system (separate processors working in concert), ducing the accessible state space of the 2 
(states 0 and 1) as representing a unit of in- would be effective within an individual cooledsystem, the trajectory of the quantum $ 
formation, the bit. This notion is readily "processor." Unfortunately, this wonderful computer should remain freely disposable. 5 
carried over to quantum mechanical two- multiple processing of information is not There is apparently no law of physics for- ? 
level systems (a spin, say). The encoded in- accessible to any single experiment, and bidding this goal, but also no guarantee it 
formation is then called a qubit. It differs resorting to ensembles would require re- can be achieved at acceptable cost. e 

I from a bit because it specifies a state that is sources comparable to those of classical Much work in the field is still in progress, 5 
allowed to be in a superposition of 0 and 1. parallelism. and unexpected results may emerge-any day. $ 
Easy enough, but is this all? An alternative explanation for the in- Nevertheless, Quantum Computation and 

Jmping to chapter 12 ("Quantum infor- creased efficiency is based on "entangle- Quantum Information will not become im- 5 
mation theory"), we find ourselves con- ment," which is a direct consequence of ap- mediately outdated. And even after a few 2 
fronted by strange limits with respect to ac- plying the superposition principle to the years, some addenda and mild revisions f 
cessible information about quantum states. states of composite systems. In chapter 12, should suffice for a second edition. Nielsen E 

"Not only are quantum states impossible to entanglement is treated as a nonclassical "re- and Chuang have set a high standard. 8 
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