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othesis may still
be a top Or Co versy among phi-
losophers, but among the great majority
I think it is accepted

Phi ]. ip W. Andersonl"he workings of our

® i NI/RMIH BT ZERHRES
NP2 o JE R« AR T 19724F
£ Science X % [ i N “ More is
Different” W, 51
A AN < O N~ W7 7 = = - VA R

(constructionist) Rt

and of all the ani-
mate or inanimate matter of which we
have any detailed knowledge, are as-
sumed to be controlled by the same set
of fundamental laws, which except
under certain extreme conditions we
feel we know pretty well.

It seems inevitable to go on uncrit-
ically to what appears at first sight to
be an obvious corollary of reduction-
ism: that if everything obeys the same
fundamental laws, then the only sci-
entists who are studying anything really
fundamental are those who are working
on those laws. In practice, that amounts
to some astrophysicists, some elemen-
tary particle physicists, some logicians
and other mathematicians, and few
others. This point of view, which it is
the main purpose of this article to
oppose, is expressed in a rather well-
known passage by Weisskopf ([I):

Looking at the development of science
in the Twentieth Century one can dis-
tinguish two trends, which I will call
“intensive™ and “‘extensive” research, lack-
ing a better terminology. In short: in-
tensive research goes for the fundamental
laws, extensive research goes for the ex-

The author is a member of the technical staff
of the Bell Telephone Laboratories, Murray Hill,
MNew Jersey 07974, and visiting professor of

i i at C i L. ¥,
Cambridge, England, This article is an expande
wversion of a Regents’ Lecture given in 1967 at
the University of California, La Jolla.

4 AUGUST 1972

2, Volume 177, Number 4047

More Is Different

Broken symmetry and the nature of
the hierarchical structure of science.

P. W. Anderson

planation of phenomena in terms of
known fundamental laws. As always, dis-
tinctions of this kind are not unambiguous,
but they are clear in most cases. Solid
state physics, plasma physics, and perhaps
also biology are extensive. High energy
physics and a good part of nuclear physics
are intensive. There is always much less
intensive research going on than extensive.
Once new fundamental laws are discov-
ered, a large and ever increasing activity
begins in order to apply the discoveries to
hitherto unexplained phenomena. Thus,
there are two dimensions to basic re-
search. The frontier of science extends all
along a long line from the newest and most
modern intensive research, over the ex-
tensive research recently spawned by the
intensive research of yesterday, to the
broad and well developed web of exten-
sive research activities based on intensive
research of past decades.

The effectiveness of this message may
be indicated by the fact that I heard it
quoted recently by a leader in the field
of materials - science, who urged the
participants at a meeting dedicated to
“fundamental problems in condensed
matter physics™ to accept that there
were few or no such problems and that
nothing was left but extensive science,
which he seemed to equate with device
engineering.

The main fallacy in this kind of
thinking is that the reductionist hypoth-
esis does not by any means imply a
“constructionist™ one: The ability to
reduce everything to simple fundamen-
tal laws does not imply the ability to
start from those laws and reconstruct
the universe. In fact, the more the ele-
mentary particle physicists tell us about
the nature of the fundamental laws, the

SCIENCE

less relevance they seem to have to the
very real problems of the rest of sci-
ence, much less to those of society.

‘The constructionist hypothesis breaks
down when confronted with the twin
difficulties of scale and complexity. The
behavior of large and complex aggre-
gates of elementary particles, it turns
out, is not to be understood in terms
of a simple extrapolation of the prop-
erties of a few particles. Instead, at
each level of complexity entirely new
properties appear, and the understand-
ing of the new behaviors requires re-
search which I think is as fundamental
in its nature as any other. That is, it
seems to me that one may array the
sciences roughly linearly in a hierarchy,
according to the idea: The elementary
entities of science X obey the laws of
science Y.

> Y
solid state or elementary particle
many-body physics physics
chemistry many-body physics
molecular biology chemistry

cell biology molecular biology

- -
psychology physiology

social sciences psychology

But this hierarchy does not imply
that science X is *“just applied ¥.” At
cach stage entirely new laws, concepts,
and generalizations are necessary, re-
quiring inspiration and creativity to just
as great a degree as in the previous one.
Psychology is not applied biology, nor
is biology applied chemistry.

In my own field of many-body phys-
ics, we are, perhaps, closer to our fun-
damental, intensive underpinnings than
in any other science in which non-
trivial complexities occur, and as a re-
sult we have begun to formulate a
general theory of just how this shift
from quantitative to qualitative differ-
entiation takes place. This formulation,
called the theory of “broken sym-
metry,” may be of help in making more
generally clear the breakdown of the
constructionist converse of reduction-
ism. I will give an elementary and in-
complete explanation of these ideas, and
then go on to some more general spec-
ulative comments about analogies at

393
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