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"Three centur ies ago, sc ience w a s trans­
fo rmed by the dramat ic new idea that rules 
based on mathemat ica l equat ions could be 
used to descr ibe the natural wor ld . My pur­
pose in this book is to initiate another such 
t ransformat ion, and to introduce a new kind 
of sc ience that is based on the much more 
general type of rules that can be embod ied in 
s imple computer programs." T h u s begins A 
New Kind of Science, in a probably self-
consc ious reference to Newton 's Principia. 
Ambit ion is certainly not lacking; this work 
c laims to give us a radically new v iew of a 
large number of natural and social sc iences. 
T h e author says that the discover ies he has 
made with his new kind of sc ience will t rans­
form many fields of scientif ic endeavour , 
including the theory of evolut ion; the interpre­
tation of genet ic informat ion; the origin of 
morphology in biological sys tems; embryo l ­
ogy; the very notions of space and t ime; 
e lementary particles; quan tum mechan ics ; a 
fully f ledged complexi ty theory; and brain 
funct ion. A deeper understanding of th ings 
like free will and extraterrestrial intel l igence 
are thrown in for good measure . 

Wol f ram w a s a child prodigy w h o also 
worked on particle physics and cosmology , 
making important contr ibut ions. He is wel l 
known as the author of Mathematica, a mag­
nificent sof tware package that al lows 
sophist icated symbol ic manipulat ions. Th is 
provides the basic tool for the invest igat ions 
presented in this vo lume . W h e n the program 
w a s re leased, it was an instant success , and 
most high-energy physicists are a lmost as 
addicted to it as they are to Paul Ginsparg 's 
archives. Nearly 20 years ago, Wol f ram 
decided to s tudy sys tems known as cellular 
au tomata . T h e s implest of these consists of 
an array of cells that can be in two states -
say black and white - whose evolut ion gener­
ates a pattern in a two-d imensional array. T h e 
update rule that al lows us to determine the 
state in the next row is (in the s implest var i ­
ety) determined by the state of the cell and 
that of its two nearest neighbours. In this case 
the total number of possible rules is just 256 , 
and one can program a computer to s tudy 
their evolut ion for a var iety of initial condi ­
t ions. A particularly important program is rule 
110, which states that if the cell is whi te , it 
will only turn black if its right ne ighbour is 

black, and if it is black, it will remain black 
unless its two neighbours are also black, in 
wh ich case it will turn white. Given the initial 
condi t ion, one can apply the rule and fol low 
the two-dimensional pattern that is generated 
after many iterations. Wol f ram d iscovered in 
the early 1980s that in spite of the simplicity 
of these rules, the patterns generated can 
contain great complexi ty - s imple rules can 
generate complex behaviour. By thoroughly 
s tudying many kinds of cellular au tomata , he 
proposed their classif ication into four cate­
gories accord ing to the long-term patterns 
they generate: uniformity, periodicity in t ime, 
fractals, and genuine complex non-repetit ive 
patterns. With this principle, he begins his 
s tudy of how to understand the complexi ty w e 
observe in nature. 

After making the basic observat ion by look­
ing at computer exper iments with linear 
cellular au tomata , Wol f ram presents many 
other sys tems leading to complex behaviour , 
including higher-dimensional cellular 
au tomata , tag-systems, substi tut ion sys tems , 
cont inuous automata and Tur ing mach ines. 
His conc lus ions a lways seem to be that once 
complex behaviour is ach ieved, the addit ion 
of new rules (compl icat ing the initial p rogram) 
will not signif icantly change the level of com­
plexity. He also presents a plethora of natural 
phenomena that at first sight look complex. 
Tradit ional intuition might lead to the belief 
that the underly ing rules are compl icated, but 
Wol f ram can produce s imple automaton rules 
that v isual ly reproduce their pattern of c o m ­
plexity. Th is includes snowf lakes, leaves in 

plants, mol lusc shel ls, iterated maps , p igmen­
tation patterns throughout the animal wor ld , 
the breaking of materials, ear thquake pat­
terns, and many others. S o m e of these 
phenomena have been studied by others, but 
s ince the main body does not include refer­
ences , it is hard for the reader to know this. 

In s o m e instances, Wol f ram's case is con­
vincing; in others it looks more like a good 
guess . In chapter 9, for example , he offers his 
v iew of the origin and except ions of the sec­
ond law of the rmodynamics , together with a 
speculat ive model of the physical universe 
based on discrete causal networks where 
e lementary particles are identified with local­
ized structures o t t h e universal au tomaton . 
T h e model is far f rom being testable, and 
fur thermore, the w a y in which quantum 
mechan ics is incorporated may have difficul­
t ies with the Bell inequalit ies. 

T h e last two chapters on the notion of com­
putat ions and the principle of computat ional 
equ iva lence are the natural conclusion of 
previous arguments . Like others (in particular 
Edward Fredkin) , Wol f ram proposes that the 
universe is a computat ion ("it for bit", as J o h n 
Whee le r wou ld s a y ) . The fact that running 
s imple programs roughly reproduces a large 
var iety of complex patterns leads him to for­
mulate his principle of computat ional 
equ iva lence (p720 ) : "The principle of compu ­
tat ional equ iva lence introduces a new law of 
nature to the effect that no sys tem can ever 
carry out explicit computat ions that are more 
sophist icated than those carried out by sys­
tems like cellular automata and Tur ing 
mach ines . " In fact, in chapter 11 a proof is 
presented showing that rule 110 is a univer­
sal Tur ing mach ine - a universal computer . 
On p i 115 w e learn that the proof comes f rom 
one of Wol f ram's former emp loyees , Mat thew 
Cook, w h o w a s asked to work on it by Wol f ram 
himself. T h e fact remains that to codify other 
universal computers as initial condit ions to 
rule 110 so that it can simulate them seems 
extraordinari ly compl icated. Assuming the 
proof to be correct, and Wol f ram is aware that 
a few errors may remain , it provides the s im­
plest universal Tur ing machine constructed to 
date. However , a more unsettl ing conclusion 
can be d rawn. S ince humans are more 
processes than beings (we are gene survival 
kits, as Richard Dawkins colourfully puts it), 
w e can descr ibe our existence as an ongoing 
computa t ion . Hence according to the princi­
ple of computat ional equiva lence, we are > 
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computat ional ly equivalent to rule 110. Ever 
s ince Copern icus, our place in the universe 
has d imin ished. Wol f ram's conclus ion s e e m s 
the epi tome of Copern ican recess ion. "But the 
Principle of Computat ional Equ iva lence also 
implies that the same is ult imately true of our 
who le un iverse, " Wol f ram reassures us on 
p845. T h e problem may also be in the details 
of the initial condi t ions, and the devil is 
a lways in the detai l . 

If we fol low the previous arguments , the 
same principle seems to lead inevitably to the 
conclus ion that the whole universe, with all its 
subtle and wonderfu l features, can be encap­
sulated in a few lines of computer code (for 
example in Mathematica). T h e book ends with 
a humbl ing thought: "And indeed in the end 
the Principle of Computat ional Equ iva lence 
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P a r t i c l e p h y s i c s in N e w Z e a l a n d 
Y o u descr ibed a plan for New Zea land to 
contr ibute to instrumentat ion for the LHC that 
is being built primarily to search for the Higgs 
boson (CERN Courier Augus t 2002 p29) . It 
might have been ment ioned that not all New 
Zealanders bel ieve in the existence of the 
Higgs boson , even though s o m e basic con­
cepts of the Standard Model were proposed 
here. T h e profile did of course refer to 
Rutherford, a l though he may not have done 
much nuclear physics in New Zea land . It is, 
however , perhaps noteworthy that 
ast ronomers in New Zea land are currently 
using a gravitat ional microlensing techn ique 
that is comparab le to Rutherford scatter ing to 
search for terrestrial extra-solar planets. T h e 
main dif ference is that whereas in Rutherford 
scatter ing electrons decelerate the projecti le, 
in gravitat ional microlensing, the projectile is 
def lected by planets. T h e mathemat ics is 
otherwise quite similar. 

Philip Yock, University of Auckland, New Zealand. 

Alick MacPherson replies: 
It was with great pleasure that we were able to 
report in CERN Courier Vne deve lopment of a 
New Zea land particle physics initiative that 
will contr ibute to the C M S pixel detector and 
the CMS heavy- ion p rogramme. By des ign, 
N Z _ C M S (now elected a full m e m b e r of C M S ) 

encapsu la tes both the ultimate power and the 
ult imate weakness of sc ience. For it implies 
that all the wonders of our universe can in 
effect be captured by s imple rules, yet it 
shows that there can be no w a y to know all 
the consequences of these rules, except in 
effect just to watch and see how they unfo ld." 

Wol f ram has very high expectat ions for his 
new kind of sc ience. No doubt many of his 
ideas and ana lyses will be incorporated in 
scientif ic d iscourse, but whether they will 
have the power to truly solve basic open 
quest ions in so many fields of knowledge 
(even in just one would be a great a c c o m ­
pl ishment) remains to be seen . 

The book is often vague, which is in part due 
to the style of exposit ion chosen by the author, 
w h o is writ ing for a general aud ience. In (tradi-

will contr ibute to CMS, while building on 
exist ing research strengths within New 
Zea land physics research (astro-particle 
phys ics, as t ronomy, electronics, materials 
sc ience and solid s tate) . It is expected that 
N Z _ C M S will foster deve lopments with the 
wider research communi ty , the New Zea land 
government and industrial sector, wh ich will 
benefit both New Zealand and CMS. 

In short, a crucial factor in the success of 
N Z _ C M S will be its ability to deve lop syner­
gies within the New Zea land research 
communi ty , and to extend these through the 
st rengthening of international links. As such , 
w e see it as a healthy sign that New Zea land 
physicists are not in uniform agreement on 
the structure of our underlying particle theory, 
and that the N Z _ C M S programme has 
renewed interest amongst New Zea land 
researchers and students in high-energy parti­
cle phys ics. Indeed in the last year, guided 
visits to C E R N and to the CMS exper iment by 
New Zea land-based staff and students have 
been made on five occas ions, compared with 
none in the previous year. 

T h e N Z _ C M S programme, with a combined 
thrust of fundamenta l HEP and instrumenta­
t ion technology, should create a strong and 
wel l -balanced New Zealand-based particle 
phys ics research initiative that builds on our 
exist ing strengths, whi le opening research, 
techno logy and industrial opportuni t ies for 
young New Zealanders . This will al low New 
Zea landers to develop and part icipate fully in 
CMS, wi thout adding to the "brain dra in" of 
human resources that has plagued New 
Zea land s ince the t ime of Rutherford. 

t ional) scientif ic pract ice, the identif ication of 
precise definit ions and features of a given 
problem often takes us a long way towards its 
resolut ion. It is clear that much more work will 
be done fol lowing the methods of this book, 
and in a few years ' t ime, we will know whether 
they have become commonp lace . 

Apar t f rom the controversial and specu la­
t ive aspects of this book, it is worth 
ment ioning that it provides an excel lent 
exposi tory account of large areas of physics, 
mathemat ics , computer sc ience and biology 
in the main text and in the notes. The latter 
contain lucid presentat ions of vast areas of 
human knowledge. There is a lo t to be learned 
f rom this book , # and without a shadow of 
doubt , it will not leave you indifferent. 
Luis Alvarez-Gaume, CERN. 

G r o w i n g i n t e r n a t i o n a l i s m a t F e r m i l a b 
I en joyed your piece on Fermilab {CERN 
Courier N o v e m b e r 2002 , p32) , but unfortu­
nately, a smal l error crept into your 
descr ipt ion of DO's evolut ion. The French 
Sac lay laboratory was indeed the only non-US 
founding m e m b e r of DO, but this happened in 
1984 (not 1996) . By 1995, the author list on 
the top quark d iscovery paper had grown to 
include groups f rom Brazil, Co lombia, France, 
India, Korea, Mexico and Russia, together 
with visitors f rom Argent ina, China and 
Ecuador , w h o later wen t on to become the 
nuclei of full m e m b e r groups in those coun­
tries. Now the list of countr ies affiliated with 
DO also includes the Czech Republ ic, 
Ge rmany , I re land, the Nether lands, S w e d e n , 
the UK and V ie tnam. Western European 
invo lvement is substant ial - instead of one 
French m e m b e r group, we now have s e v e n . 
More than half of our col laborators are now 
f rom non-US institutions. 
John Womersley, co-spokesman, DO experiment. 

Comment: 
T h e internationalization of DO has indeed been 
impress ive, reflecting a growing trend in parti­
cle physics in genera l . From one foreign 
institution to over 50% non-US participation 
in two decades is certainly substant ia l , and 
C E R N is undergoing a similar evolut ion, with 
over 40% of col laborat ing institutes being in 
non-member states. 

Another error crept into the profile. T h e 
Tevat ron is, of course, a pro ton-ant ipro ton 
collider, and n o t a p ro ton-pro ton mach ine. 
James Gillies. 
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S U P P L I E R I N F O R M A T I O N 
P e a r s o n E l e c t r o n i c s I n c 
Fast wide-band current monitors 
Pearson Electronics is the original and leading 
manufacturer of wide-band current monitors. 
Pearson monitors measure submilliamp currents 
of up to several hundred thousand amps. New fast 
designs have a 3 dB bandwith from 140 Hz to 
250 MHz and a rise time of 1.5 ns. Clamp-on 
current monitors and standard models are in stock 
and available for immediate delivery. 

Pearson Electronics Inc 
4009 Transport Street, Palo Alto, CA 94303, USA 
Te l :+1650 494 6444 
Fax:+1650 494 6716 
Web: www.pearsonelectronics.com 

V A T V a c u u m P r o d u c t s L t d 
The VAT Series 54 all-metal right-angle valve 
A new concept in all-metal sealing technology! 
The traditional copper pad system is replaced with 
a stainless-steel Vatring. The valve closes to a 
physical stop, eliminating the need to even 
consider closing torque. Any operator can close 
the valve leak-tight every time. 

VAT Vacuum Products Ltd 
Edmund House, Rugby Road, Leamington Spa, 
Warwickshire CV32 6EL, UK 
Tel:+44 (0)1926 452 753 
Fax: +44 (0)1926 452 758 
E-mail: uk@vatvalve.com 
Web: http://www.vatvalve.com 

J a n i s R e s e a r c h C o m p a n y I n c 
Janis offers APD cryogenics 10 K cryocoolers 
Janis is pleased to announce that the original APD 
cryogenics pneumatically driven, 10 K cryocoolers 
are once again available. These cryocoolers are 
supplied with either Janis cryostats or as "bare" 
systems, and are provided in either the DE-202 or 
DE-204SL configurations. A complete range of 
accessories and ancillary equipment are 
available. 

Janis Research Company Inc, 2 Jewel Drive, 
Wilmington, MA 01887 USA 
Te l :+1978 657 8750 
Fax:+1978 658 0349 
E-mail: sales@janis.com 
Web: www.janis.com 

Photonis 
Photonis, based in Brive, France, a world leader in 
PMT development and manufacture, offers you a 
free copy of trie new edition of our 320-page book 
Photomultiplier Tubes - Principles and 
Applications, The book, which was originally 
published when Photonis traded as a division of 
Philips Photonics, is a popular reference with 
scientists and engineers and is particularly 
suitable as lecture material for introductory 
courses in nuclear-detector technology. For your 
free copy, please contact: 

Carole Marmonier, Photonis, 
BP 520 F-19106, Brive, France 
E-mail: c.marmonier@photonis.com 
See also our updated website www.photonis.com. 

XR-100CR at 186 FWHM Resolution 
No Liquid Nitrogen!!! 

Sol id State D e s i g n 

Easy - simple to operate and portable 
Performance - approaching that of Si(Li) detectors 
Affordable - visit www.amptek.com 

A M R TEK 
AMPTEK I n c . 

6 De Angelo Drive, Bedford, M A 01730-2204 USA 
Tel: +1 (781) 275-2242 Fax: +1 (781) 275-3470 

E-mail: sales@amptek.com WWW . amptek .com 

XR100CR X-Ray Detector 
with Power Supply & 
Amplifier 

APPLICATIONS 
Nuclear Physics 
Synchroton Radiation 
High Energy Physics 
Neutron Experiments 
Ast rophys ics 
Research & Teaching 
Nuclear Medicine 
X -Ray Fluorescence 

XR100CR fitted for vacuum 
applications 

X - R a v Detector 

p H o t o m u L t i p L i e R tUBes 
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