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and flavors, and can hardly wait for 
particle physicists to dig down to how 
the world works at subquark dis­
tances. But confinement doesn't be­
fuddle him the way quantum mechan­
ics does. "Conceptually it's no strang­
er than Hooke's law," he says, "except 
for the absence of a cutoff." 
I> Georgi should not hold Professor 
Mozart responsible for my own exu­
berant merging of the goals of cosmol­
ogy and particle physics. Mozart's 
point was more subtle: that the possi­
bility of an endless hierarchy of 
shorter and shorter time scales in the 
early universe, each with its own 
characteristic features, suggests the 
analogous possibility of a hierarchy of 
shorter and shorter length scales, 
each with a newer and more "funda­
mental" particle phenomenology 
than the one above it. Thus he finds 
in cosmology some serious warnings 
about the path particle physicists are 
pursuing. While it's all a bit specula­
tive for my taste, I can't see the 
slightest hint of a comparable moral 
for condensed matter physicists in the 
behavior of TV sets. 
I> Who said anything about the SSC? 
Can no opportunity be lost to praise 
its scientific, intellectual and morally 
uplifting qualities? As it happens 
Professor Mozart is a big supporter of 
the machine. He's filled with curios­
ity about what will turn up in the next 
layer and delighted that the public is 
willing to invest billions in a purely 
intellectual exercise, with major spin­
off's for cosmology. "Certainly it 
would be tragic to stop digging now," 
he insists, "comparable to the loss of 
the Great Library at Alexandria. 
Whatever the layer at which we 
finally have to stop, it will be tragic." 
Nor is he worried about the drain the 
project might impose on the rest of 
science. He says his productivity has 
actually increased since his funding 
was cut. "Fewer reports to file , fewer 
graduate students to worry about and 
more time to follow my nose, wherev­
er it takes me." He is, of course, a 
theorist, but as for the experimental­
ists, "A temporary return to string 
and sealing wax on the kitchen table 
would refresh them all. Science has 
become entirely too dependent on 
high technology. Nor am I among 
those who would blot the landscape of 
intellectual history, disgracing all of 
basic science, for the sake of better TV 
sets. I'm proud that the American 
people have decided to put up with 
low-resolution screens for a few extra 
years, in their excitement and eager­
ness to get inside those massive inter­
mediate vector bosons." (I can't agree 
with Mozart about the Great Library. 
After all, if we have to wait a century 

or two the bosons will wait with us, 
but those plays of Euripides and 
Sophocles are gone forever.) 

Unlike Georgi, who suggests that 
Professor Mozart may have "lost most 
of his marbles," Drasko Jovanovic 
merely thinks him diseased. I am 
puzzled by the violence of both re­
sponses. Mozart seems to think that 
the last word has not yet been said on 
the meaning of the quantum theory­
that experiment may still have some­
thing more to teach us; that we will 
find endless hierarchies of new struc­
ture as we probe to shorter and 
shorter length scales; and that naive 
reductionism is too innocent a basis 
for a deep understanding of the phys­
ical world. I can understand disagree­
ing with any or all of these opinions, 
but is holding them evidence of de­
mentia? As for the argument Jovano­
vic offers in support of his diagnosis, 
I can only say that while I myself 
sometimes orchestrate a case for a 
prize for good physics, I am entirely 
unimpressed by the view that, con­
versely, prizes or even Prizes provide 
a definitive measure of scientific mer­
it. (See my Reference Frame column 
of January 1989, page 9.) 
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Reflections on 
Broken Symmetry 
Philip W. Anderson (May 1990, page 
117) states that ferromagnetism is not 
a case of broken symmetry, but that 
antiferromagnetism is, because in the 
latter "the" ground state is not an 
eigenstate of the symmetry. I must 
disagree. If there is a unique ground 
state, it must of course respect the 
symmetry. The real question is 
whether the eigenstate of the order 
parameter belongs to a representa­
tion of the symmetry group. In ferro­
magnetism one may assume the order 
parameter to be the magnetization, 
including both magnitude and direc­
tion, in which case it does not respect 
the spin rotation symmetry. In the 
macroscopic limit an alternative is to 
choose the magnitude of the magneti­
zation and the direction in which the 
component is maximum. This does 
define a representation of the group, 
and the fluctuations in direction are 
negligible in the macroscopic limit. 

In the antiferromagnet the same is 
true as regards the spin rotation 
group. There is, however, a further 
symmetry here: the displacement 
that interchanges the even and odd 
sites. The antiferromagnetic order 
clearly breaks that symmetry. The 
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LElTERS 
exact ground state is still an eigen­
state of the symmetry: It would be an 
even superposition of the two states, 
with even and odd sites interchanged. 
The energy difference between this 
and the odd superposition is exceed­
ingly small, as it involves the matrix 
element for the whole substance 
changing from one antiferromagnetic 
configuration to the one with odd and 
even sites interchanged. In the infi­
nite-volume limit the energy differ­
ence is zero, the ground state is 
degenerate, and there is freedom of 
choice of a ground-state wavefunc­
tion. As long as we are dealing with 
the antiferromagnet in isolation, 
there is no argument for any particu­
lar choice, but the broken-symmetry 
state (characterized by an order pa­
rameter) is favored because it is the 
zero-order approximation for dealing 
with an interaction, however small, 
with other magnets or fields. 

This situation of a degenerate 
ground state and the appearance of a 
symmetry-breaking order parameter 
is characteristic of many cases of 
broken symmetry. 

RuDOLF PEIERLS 
Nuclear Physics Laboratory 
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I was saddened to see the beautiful, 
far-reaching and actually quite sim­
ple concept of broken symmetry, 
or, more precisely, spontaneously 
broken symmetry, confused by Philip 
W. Anderson's letters-<:olumn ex­
change with Paul Langacker and 
Alfred K. Mann. Anderson makes 
two statements that directly contra­
dict earlier statements of his; also the 
venerable term "eigenstate" was im­
plicitly given a different meaning. 

The self-<:ontradictions as well as 
the new usage are contained in the 
statement "In ferromagnetism, spe­
cifically, the ground state is an eigen­
state of the relevant continuous sym­
metry (that of spin rotation), and as a 
result the symmetry is unbroken . ... 
Broken symmetry proper occurs 
when the ground state is not a n 
eigenstate of the original group, as in 
antiferromagnetism or superconduc­
tivity; only then does one have the 
concept ... of Goldstone bosons . .. " 
(italics mine). Table 1 of Anderson's 
book Basic Notions of Condensed Mat­
ter Physics (Benjamin-Cummings, 
Menlo Park, Calif., 1984) is a list 
of broken-symmetry phenomena, and 
ferromagnetism is one of the entries. 
Furthermore, ferromagnetic spin 
waves are listed as Goldstone bosons. 
Concerning the new usage, the ferro­
magnetic ground state, with, for ex­
ample, all spins in the z direction, is 
obviously not an eigenstate (in the 

usual sense) of, say, a spin rotation 
about the x axis; Anderson has in­
formed me that what he meant by 
"eigenstate" in his letter to PHYSICS 
TODAY was "belonging to a single 
representation." 

The simplicity of the concept of 
symmetry breaking, in my opinion, 
can be grasped only if a symmetry­
breaking field zB, the thermodynamic 
limit and thermal equilibrium are 
considered. To discuss this briefly, let 
Q be the order parameter operator. 
(For ferromagnetism Q is the z compo­
nent of the total spin, and B is the 
uniform magnetic field; for simple 
antiferromagnetism Q is the z compo­
nent of staggered or sublattice spin, 
and B is the staggered field.) Also 
assume the Hamiltonian is invariant 
under reversal of all N spins. Ther­
mal equilibrium then implies that the 
expectation value <Q> vanishes by 
symmetry if B = 0. If on the other 
hand the order parameter1 

m = lim lim <Q> 
B - 0 N - oo 

does not vanish, then the symmetry is 
said to be spontaneously broken: It's 
broken because <Q> is not zero (as it 
would be if B = 0, as demanded by 
symmetry), and it's broken spontan­
eously because B is taken to zero. 
While the two limits might seem 
abstract and formidable, the defini­
tion is really very physical and sim­
ple. It merely recognizes that for 
macroscopic N even the smallest pos­
sible value of B in the laboratory 
would already saturate <Q> (the limit­
ing curve <Q> vs B has a jump at 
B = 0). 1 In ferromagnetism m is pro­
portional to the saturation magneti­
zation; certainly by this definition 
ferromagnetism is an example of 
spontaneously broken symmetry. For 
the interesting antiferromagnetism 
whose Hamiltonian has full spin rota­
tion symmetry, this definition re­
moves the mystery of how the symme­
try can be broken spontaneously even 
though the B = 0 ground state is a 
nondegenerate singlet (and therefore 
does not break the symmetry) for any 
finite system. Related matters have 
been discussed recently for this (quan­
tum) antiferromagnetism.2 
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ANDERSON REPLIES: Neither of the 
two letters commenting on my rather 
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continued from page 15 
casual remarks addresses the actual 
question that was under discussion in 
the May 1990 letters column. Paul 
Langacker and Alfred K. Mann 
might or might not agree with me on 
the dictionary definition of "broken 
symmetry" for the purposes of solid­
state physicists, but what was in 
question was the meaning and use of 
the phenomenon in particle theory. 
Neither Sir Rudolf Peierls nor Thom­
as A. Kaplan refers to the original 
work by Yoichiro Nambu and G. 
Jona-Lasinio or by Steven Weinberg 
and his colleagues, which are in fact 
the only relevant references on this 
question. 

In this work the property that is 
used is the actual change in sym­
metry of the excitation spectrum, 
which is consequent on the order 
parameter's not being a conserved 
quantity, that is, not commuting with 
the original Hamiltonian. Therefore 
excitations-read "particles" in 
the electroweak or chiral symmetry­
breaking theories-are no longer clas­
sified by representations of the origi­
nal group. In the work of Nambu and 
Jona-Lasinio, for instance, the origi­
nal group includes chiral symmetry, 
while the resulting particles-pions 
and nucleons-do not have a chirality 
quantum number. This is analogous 
to BCS theory, where the Hamilto­
nian is charge conserving but the 
quasiparticles do not create charge 
eigenstates. In the ferromagnetic 
case the excitations-spin waves­
can be chosen to create states with a 
definite spin quantum number, so the 
analogy to ferromagnetism is flawed. 
There are no particle theories with 
spontaneously broken symmetries of 
the conserved type. It was this point I 
wished to make, and it is this defini­
tion of "broken symmetry" which is 
natural in the context of particle 
theory. (It is also useful in under­
standing the sometimes mysterious 
properties of excitations in solid-state 
systems, such.as that phonons do not 
have a true momentum quantum 
number, nor antiferromagnetic spin 
waves a fixed spin.) 

Let me discuss the two letters 
individually. Kaplan's use of my own 
words against me is a tactic not 
worthy of a reply. The rest of his 
letter is a dictionary definition for 
solid-state physicists, combined with 
a discussion essentially equivalent to 
part of that given in my original 
1952 paper in which, I believe, this 
kind of question was first correctly 
treated; Nambu and Geoffrey Gold­
stone's original work is also useful , 
in that they first made explicit the 
idea of quasidegeneracy and coined 
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the phrase "broken symmetry"-for 
which service, I should imagine, they 
earned the right to define the words. 

Peierls's discussion seems to be 
seriously incomplete, in that he 
misses the large quasidegenerate 
manifold of states with spin quan­
tum numbers from 0 to N: In the 
idealized system, these states are 
rigid rotor eigenstates, with energies 
J(J + 1)/ N x . He seems to have read 
neither my original paper on this 
question nor the relevant references 
by Nambu, Goldstone, Abdus Salam 
and Weinberg, and I strongly recom­
mend he do so. 

Since the entire question is one of 
particle, not solid-state, theory, I hope 
that some particle theorist will weigh 
in with an opinion. 
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Teaching Physics to 
Poets, and Vice Versa 
How does one learn to appreciate fine 
cuisine: by going into the kitchen and 
apprenticing under a great chef, or by 
visiting many restaurants and sam­
pling a variety of dishes? 

If I understand Leon Lederman's 
Reference Frame column "Physics for 
Poets" (July 1990, page 9), a non physi­
cist's appreciation of the beauty and 
excitement of physics must be ac­
quired in the kitchen, that is, through 
problem solving and laboratory ex­
perimentation. This time-honored 
viewpoint ignores the difficulty that 
ordinary folks have in casting elemen­
tary problems in terms of the simplest 
mathematics. It also ignores the fact 
that so many of the problems and 
experiments examined in low-level 
courses are not particularly interest­
ing to poets and philosophers. 

Now, as in the past, the guiding 
principle seems to be that somehow 
the pain a non physicist experiences in 
even attempting to solve physical 
problems will be transformed into 
insight and appreciation. To the con­
trary, my personal experience was 
one of acute indigestion . 

Perhaps it's time for the physics 
community to try the opposite ex­
treme: Invite the poet and philos­
opher to sit down at the best table in 
the house and sample the rich fare of 
contemporary physics, the same stuff 
that is served in issue after issue of 
PHYSICS TODAY. The classical basis for 
these concepts might be introduced 
qualitatively by imaginative use of 
interactive computer graphics. The 
poet could, for example, play with the 
Navier-Stokes equations and observe 

the beautiful patterns that emerge as 
boundary conditions and other pa­
rameters are changed. And if he can't 
derive the equations, so what? 

I don't see how students taking such 
a course could help but be captivated 
by the world of physics. Many, out of 
interest, would probably continue to 
keep up with what's happening in the 
field, and those who end up in the 
political arena would better under­
stand the importance of funding this 
project or that. Certainly all would 
emerge with a much deeper under­
standing of the role physics has to play 
in approaching the global problems 
with which mankind is faced today. 

Of course there is always the dan­
ger that if the course was too success­
ful, the starry-eyed physics major 
might also wish to enroll, thereby 
earning an easy credit. 

KENNETH PERRY 
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I enjoyed Leon Lederman's "Physics 
for Poets" very much and agree with 
him wholeheartedly: We must do 
better at educating everyone on the 
importance and relevance of science 
in today's world. But the other side of 
the educational coin also needs ad­
dressing. I would like to propose a 
course called "Poetry for Physicists," 
with a parallel goal to "Physics for 
Poets"-namely, teaching what phys­
icists should remember about poetry 
(or history or music or whatever) in 10 
or 15 years, when we are working on 
global warming or creating the next 
Stealth bomber. In the past few years 
I have noticed that ethics courses in 
business colleges are becoming more 
popular. It seems to me that ethics 
for scientists is at least as impor­
tant-perhaps even several orders of 
magnitude more important. 

In my academic utopia, we physi­
cists would first sharpen our intellec­
tual scalpels on the problems of what 
it means to be a human being before 
going at what it means to be a 
hydrogen atom. And if physics de­
partments let in a little more liberal 
arts, perhaps the liberal arts depart­
ments would return the favor. Then 
we would all be able to remember, in 
10 or 15 years, why it was that we 
bothered to study at an institute of 
higher learning, and not simply a 
trade school. 

CRAIG R. HAAS 
7190 Arlington, Illinois 

Apropos Leon Lederman's important 
plea, the following should be of help in 
the economics of teaching the meth­
ods of physics to large numbers of 
citizens: Include among lecture dem­
onstrations several in which the stu­
dent makes all the observations from 




