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Prologue

In 1990, the US House of Representatives authorized a total fed-
eral expenditure of $5 billion dollars to construct a giant proton
accelerator called the Superconducting Super Collider (SSC).
The purpose of this machine was to test a sophisticated theoretical
description of subatomic particles and to announce to the world
that the United States was not prepared to cede leadership in
high-energy particle physics research to Europe.

Some scientists and science administrators not involved in
particle physics feared that the construction and maintenance
costs of the SSC would siphon oft government funds from their
own areas of research. As a result, the scientific community did
not speak with one voice when the budget for the project came
up for review every year by Congress. Two Nobel laureates
emerged as the principal spokespersons for and against the SSC.
The particle physicist Steven Weinberg supported the project; the
condensed matter physicist Philip Anderson opposed it.

Weinberg was an expert in the physics of the very small—one of
the creators of the theoretical “standard model” of subatomic par-
ticles that the SSC was designed to test. He believed that the most
important problems in science aimed to discover the physical laws
obeyed by the minutest particles in the cosmos. Knowing these
microscopic laws, one could derive (in principle) the macroscopic
laws obeyed by larger objects like nuclei, atoms, molecules, solids,
plants, animals, people, planets, solar systems, galaxies, etc.

Anderson was an expert in the physics of the very many—one
of the creators of condensed matter physics, the science of how
vast numbers of atoms interact with each other to produce every-
thing from liquid water to sparkling diamonds. He agreed that the
standard model was interesting, but he denied the assertion that
the laws of elementary particle physics had anything useful to say
about famously difficult and unsolved problems like: Why is there
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such a thing as window glass? How does turbulence develop in
fluids? How does the brain learn? He feared that building and
maintaining the SSC would inevitably consume the majority of
the funds the government allocates to support scientific research
of all kinds.

The debate over the SSC was a unique forum where the differ-
ing scientific philosophies of Weinberg and Anderson intersected
with a hard decision Congress had to make about spending many
federal dollars on a single scientific project. For that reason, the
two theorists provided testimony to Congress on several occa-
sions. But only once, at a1993 hearing, did they testify together in
person.' Portions of their verbatim testimony follow.

Dr. WEINBERG: I'am grateful to the chairman to allow me
to come here to talk about the Super Collider. In essence, the
Super Collider is a machine for creating new kinds of matter,
particles that have existed since the Universe was about a tril-
lionth of a second old. To produce these particles requires an
energy about twenty times higher than the energy of the
largest accelerators that now exist, which is why the Super
Collider is so big and therefore why it is so expensive.

This little statement that I have made really does not do justice,
however, to what the Super Collider is about because particles in
themselves are not really that interesting. .. .If you have seen one
proton you have seen them all. We are not really after the par-
ticles, we are after the principles... that govern matter and energy
and force, and everything in the Universe.

Culminating around the mid-1970s, we developed a theory
called the standard model which encompasses all the forces we
know about, all the different kinds of matter that we can observe

! Superconducting Super Collider, Joint Hearing 103-85 before the Committee on
Energy and Natural Resources and the Subcommittee on Energy and Water
Development of the Committee on Appropriations. United States Senate.
August 4, 1993, pp. 48—60.
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with existing laboratories. We know that [this theory| is not the
last word [because| it leaves out things that are pretty important,
like the force of gravity. .. In addition, the particles that we know,
quarks, electrons and so on all have mass.... But[the theory| does
not know exactly what [these masses| are. This is the question
that the Super Collider is specifically designed to answer.

But there is a sense, nevertheless, [that| this kind of elementary
particle physics is at the most fundamental level of science. That
is, you may ask any question, for example, how does a supercon-
ductor work, and you get an answer. You get an answer in terms
of the properties of electrons and the electromagnetic field and
other things. And then you ask, well, why are those things true?
And you get an answer in terms of the standard model.... And
then you say, well, why is the standard model true? And you do
not get an answer. We do not know. We are at the frontier. We
have pushed the chain of why questions as far as we can, and as far

as we can tell we cannot make any progress without the Super
Collider. Thank you.

CHAIRMAN: Thank you very much Dr. Weinberg. Our
next witnessis Professor Philip Anderson from the Department
of Physics, I think that is Applied Physics, at Princeton
University.

Dr. ANDERSON: Thank you. For the record, I am not an
applied physicist. I like to call myself a fundamental physicist as
well; Tam just fundamental in a somewhat different way.
CHAIRMAN: Was that because of the W particle?

Dr. ANDERSON: No, it was the Higgs boson that I helped

invent.

Now, on several occasions over the years I have testified against
the SSC and against other big science projects, and in favor of
funding a wider variety of fundamental science on a peer-reviewed
basis through institutions such as the National Science Foundation
and the National Institutes of Health, which have good records of
responsible distribution of funds. I will try to be as brief as possible



X Prologue

and in any case I do not think I can be anywhere near as eloquent
as my colleague here, Steve Weinberg.

Dr. WEINBERG: You can try.

Dr. ANDERSON: The point of my testimony is priorities.
The physics being done by the SSC is in a very narrow special-
ized area of physics with a very narrow focus. It focuses on the
very tiny and very energetic sub-sub-substructure of the world
in which we live. Most of that substructure is well understood
in a very definite sense. Nothing discovered by the SSC can, for
the foreseeable future, change the way we work or think about
the world and cannot change even nuclear physics.

Perhaps a couple of hundred theorists (too many for such a nar-
row subject in my opinion)...and a few thousand experimental-
ists work in this particular field of science. That is less than ten
percent of the research physicists in the world....Yet the budget
of [the SSC| dwarfs the budget for all the rest of physics. The fact
is that particle physicists are funded, on average, ten times as lib-
erally as other physicists.. .. In this sense, the SSC is not a very efh-
cient jobs program, at least for physicists.

At least two books and many articles have been published
recently trying to justify the special status for this particular
branch of physics as somehow more fundamental than all other
science. That so many particle physicists have time to write such
books and articles may tell you something about the real interest
in the field; it has not made much progress lately, and so they do
not have anything else to do.

There are many other really exciting fundamental questions
which science can hope to answer and which people like myself
are, on the whole, too busy to write books about. There are ques-
tions like: How did life begin? What is the origin of the human
race? How does the brain work? What is the theory of the immune
system? Is there a science of economics?
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All these things have in common that they are manifestations
not of the simplest things about matter—the elementary
particles—but of the complexity of matter and energy as we
ordinarily run into them. These manifestations of complexity do
not...have any possibility of being affected by whatever the SSC
may discover....On the other hand, the future seems to me to
belong to these subjects, to these questions, rather than to the
infinite regression of following the tiny substructure of matter.
Perhaps you should think which fundamental questions are easier
and less expensive to solve. Thank you.

Congress cancelled the SSC two months later. Many particle
physicists blamed the demise of the SSC on the testimony and
lobbying skill of the outspoken Anderson. He had broken ranks
and given public voice to a dispute best handled quietly within
the family of physicists. Who was this condensed matter physicist
and how had he become so influential?
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Introduction

History will judge Philip W. Anderson (Figure 1.1) to have been
one of the most accomplished and influential physicists of the
second half of the twentieth century. His name is not widely
known to non-scientists because his accomplishments do not
involve the physics of the very small (quarks and string theory) or
the physics of the very distant (supernovae and black holes).

Anderson’s expertise was the physics of the very many, primar-
ily very many atoms and/or very many electrons. How many?
A typical question in his field might ask for the energy required
to disassemble one grain of sand into its constituent atoms. The
number of these atoms is about equal to the number of grains of
sand in the Sahara desert.! Special methods and talents are
needed to answers questions of this kind.

During hisnearly sixty-year career at Bell Telephone Laboratories,
the University of Cambridge, and Princeton University, Anderson
played a dominant role in shaping the character and research
agenda for solid-state physics. This is the subfield of physics that deals
with ordinary matter like iron, wood, glass, and pencil lead. It
also provides the basic understanding which supports the semi-
conductor industry, computers, lasers, smart phones, fiber optics,
magnetic resonance imaging, and most of the other drivers of our
technological society.

Important as they are, these applications of solid-state physics
did not direct Anderson’s personal research. His preference to
focus on basic principles led him to study phenomena with

' This number is about one hundred quintillion (10%).
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exotic-sounding names like superconductivity, antiferromag-
netism, the Josephson effect, superfluidity, the Kondo effect, spin
glasses, Mott insulators, liquid crystals, heavy fermions, and reso-
nating valence bonds. His share of the 1977 Nobel Prize for Physics
recognized his theoretical discovery of a phenomenon now called
Anderson localization, which describes how a propagating wave can
be stopped in its tracks by a disordered medium.

Over the years, Anderson earned a reputation for his ability to
identify and then tackle very difficult solid-state physics problems
and for the deep, seemingly magical, intuition he brought to bear
on them. The type of questions that engaged him were often easy
to state but very difficult to answer. Why are some solids rigid
while others are not? Why do electrons move easily through
some solids but not at all through others? What are the funda-
mental mechanisms responsible for magnetism and supercon-
ductivity?

Anderson’s intuition often led him to reach conclusions
instinctively rather than by conscious deduction. Some part of
this ability comes from a breadth and depth of knowledge that
permitted him to weave multiple strands of information together
into a single coherent story. But at least some of his intuition—
which was so often correct—came from a place that remained a
mystery to even his closest friends and collaborators.

As a theoretical physicist, one of Anderson’s greatest strengths
was his uncanny ability to strip away the details from a compli-
cated problem and identify its key elements. He would then con-
struct a mathematical model (description) which retained only
those elements. Invariably, the models he developed were simple
enough to analyze in detail, yet complex enough to exhibit the
physical behavior he hoped to understand.

Anderson’s nearly 500 scientific papers provide a clear guide to
his research achievements. However, his story is compelling
beyond his individual accomplishments because, more than any
other twentieth-century physicist, he transformed the patch-
work of ideas and techniques formerly called solid-state physics
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into the deep, subtle, and intellectually coherent discipline
known today as condensed matter physics.

This was not merely a cosmetic change of name. To a great
extent, Anderson and a few other like-minded physicists aban-
doned the prevailing methodology of concentrating on the differ-
ences between solid substances and devoted themselves to
discovering, exploiting, systematizing, and educating others about
the universal properties of solids, i.e., those properties that always
appear when 10 particles interact strongly with one another. This
so-called many-body problem fascinated Anderson endlessly.

In a solid, the relevant particles are electrons and an important
part of solid-state physics resembles a chess game where every
chess piece is an electron. We know the rules obeyed by the pieces,
but their vast number generates a huge number of possible
arrangements for them. At the highest level of achievement,
which is where Anderson operated, the insight and skill of a
grandmaster are required to gain an understanding of the true
behavior of the electrons.

Anderson wrote a book where he identified a handful of funda-
mental organizing principles and showed that many seemingly
disparate phenomena in condensed systems are actually different
manifestations of these few principles. His book is not easy to
read, but it had a profound effect on many of the leaders of the
next generation of theoretical physicists. Important ideas spread
quickly and a glance at the current textbook literature shows that
Anderson’s perspective now permeates the gestalt of the entire
condensed matter community.

The concept of broken symmetry is one of the ideas that the physics
community identifies most closely with Anderson’s personal
research. He discovered its importance at an early stage and
applied it over and over with great success to a variety of prob-
lems. Symmetry breaking also describes a recurring feature of
Anderson’s life where he deliberately—and often contrarily—
disassociated himself from the behaviors or beliefs of others. This
pattern had many consequences, not least in producing the
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circumstances for a deep disappointment which settled on him
during the final phase of his long career.

Anderson made it his business to influence the culture and
politics of American science. He sought and found profound ideas
in condensed matter physics as part of a deliberate effort to chal-
lenge a high-energy physics community that had spent decades
claiming the intellectual high ground for its own activities. By
arguing strenuously for the fundamental nature of his own field,
Anderson hoped to blunt the influence particle physicists had
long enjoyed with government officials and science journalists.
The former kept the money flowing to build ever-larger particle
accelerator machines. The latter breathlessly reported the cosmic
significance of every newly discovered subatomic particle while
noting that the latest research by solid-state physicists might
produce a better toaster.

Anderson vented his frustrations in a 1972 article where he
pointed out that symmetry breaking generated novel properties
in large many-particle systems. Moreover, he insisted, these novel

Figure 1.1 Philip Warren Anderson in 1988 at age 65. Source: Donn
Forbes.
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properties are impossible to predict knowing only the properties
of the individual constituent particles and their mutual inter-
actions. He used thisidea to attack the claims of particle physicists
who asserted that the essential job of science was to discover the
laws governing subatomic particles because all other “laws” of
Nature were ultimately derivable from them.

To the contrary, Anderson argued, the hierarchical structure
of science (e.g., from physics to chemistry to biology to psych-
ology) is not merely a convenient way to divide research practice.
Rather, it reflects the existence of fundamental laws at each level
that do not depend in any significant way on the details of the
laws at lower levels. The higher level laws must be consistent with
the subatomic laws, but the likelihood that one can derive the
former from the latter is essentially zero. Anderson inspired a
small intellectual renaissance among philosophers because (unbe-
knownst to him) his ideas revived a concept called emergence which
had been proposed a century earlier.

In the 1980s, Anderson helped found the Santa Fe Institute, a
think tank devoted to developing strategies to study complex
systems as dissimilar as turbulent fluids and the US economy.
Anderson knew that some physical systems produced complex
behavior starting from very simple rules of engagement. This
led him to suggest that the mathematics used to analyze these
systems might be useful to analyze complexity in other situ-
ations. With some success, he lobbied practitioners in fields as
diverse as finance, neuroscience, economics, computer science,
operations research, physiology, and evolutionary biology to
adopt his approach.

Keeping up the pressure on particle physicists, Anderson was a
lightning rod for controversy when, as described in the Prologue,
he testified in Washington to oppose plans by the US government
to build the Superconducting Super Collider. The project was
eventually cancelled and some members of the physics commu-
nity never forgave him for breaking ranks and publicly exposing
disagreements inside the larger community of US physicists.
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The arc of Anderson’s career reveals a shy mid-western boy
who learned the more sophisticated ways of the larger world as a
college and graduate student at Harvard University. Eschewing
an academic career, he went to work at an industrial laboratory,
rose quickly to the top rank of theoretical physicists, and stayed
there for thirty-five years. His name became synonymous with
success in condensed matter physics and the breadth of his ideas
and his skills as a polemicist gave him influence well outside the
traditional community of physicists.

Anderson’s novel theory of high-temperature superconduct-
ivity in the late 1980s should have been the crowning jewel of his
career. However, it proved difficult to work out the predictions of
the theory in sufficient detail to compare them with the results of
experiments. As time went on and other physicists offered alter-
native theories, Anderson sometimes became dismissive and
combative towards them. This behavior damaged his reputation
and drove some young theorists away from the problem. In the
end, twenty years of effort failed to convince the majority of his
colleagues that his basic idea was correct. This experience left a
bitter taste in his mouth.

My original conception of this project was to use Anderson’s
career as a vehicle to discuss the intellectual history of condensed
matter physics. The impossibility of this task soon became appar-
ent. Entire books could be written to trace the history of the com-
munity’s efforts to understand magnetism, superconductivity,
the Kondo effect, the Hubbard model, and dozens of other topics.
For that reason, I was forced to adopt an extremely Anderson-
centric perspective and leave unmentioned the contributions of a
great many other excellent scientists unless they bore directly on
his involvement.

I did not meet Anderson in person until I interviewed him
for this biography. He was no tabula rasa because he had been
diligent to curate his own history. Personal historical commen-
tary appears in a volume of his collected essays, in the annota-
tions to the papers included in two volumes of his selected
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scientific works, in the transcripts of three oral histories, and
even in the text of many of his technical papers.

This is not a textbook, so I have aimed to make my discussions
of Anderson’s physics as descriptive as possible. I use virtually no
equations and diagrams do most of the heavy lifting. The main
requirement is that the reader be able to follow logical arguments
of the sort used in college science and engineering courses.
Technical terms are unavoidable, but all of them are defined, and
when one re-appears later in the text, the reader will lose virtu-
ally nothing by skipping over it lightly as a non-musician might
skip over a technical musical term when reading a biography of a
great composer.

This leads to a broader discussion of the political and cultural
aspects of Anderson’s career. It was, in fact, an issue of science
politics which put him on the path that led to his interests in
emergence and complexity mentioned above. Important sources
of information here are the many non-technical essays and
book reviews he wrote over the years. These feature his opin-
ions about religion, education, computers, journalism, statis-
tics, the culture wars, and the history, practice, sociology, and
philosophy of science.

The mathematician Mark Kac once contrasted the “ordinary
genius,” who was someone simply “many times better” than his
colleagues, with the “magician,” for whom “even after we under-
stand what they have done, the process by which they have done
it is completely dark.” Phil Anderson has always struck me as a
magician in this sense. I cannot pretend to have completely dis-
covered how he got that way, so I have attempted to understand
how this characteristic influenced his scientific trajectory and the
effect it had on his students, coworkers, his community, and on
the enterprise of physics.

* Mark Kac, Enigmas of Chance: An Autobiography (Harper and Row, New York,
1985), p. xxv.
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Son of the Heartland

Philip Warren Anderson was a winter baby, born December 13,
1923. He grew up in an academic family deeply rooted in the
American Midwest. His father, Harry, was a professor of plant
pathology at the University of Illinois at Urbana-Champaign.
His mother, Elsie (née Osborne), was the daughter and sister of
professors of mathematics and English, respectively, at Wabash
College in Crawfordsville, Indiana.

Anderson’s parents were natives of Crawfordsville and a very
pregnant Elsie insisted on a just-in-time road trip to ensure that
her son was born on Indiana soil. Later, holiday and long summer
visits kept Phil connected to his extended Indiana family. Until
the age of thirty, he spent almost every Christmas at his maternal
grandfather’s home in Crawfordsville. These visits exposed him
to the traditional Hoosier values of pugnacity, skepticism, patri-
otism, and sensitivity.1 There is a grain of truth in all regional
stereotypes and the reader can judge the extent to which these
traits appear in some of the behavior of the mature adult.

Phil and his sister Eleanor Grace (older by four years and always
called Graccie by the family) engaged with science from an early
age.2 Their father encouraged them to collect insects and ask
questions, just as he had done as a child. Harry’s professional
interest in horticulture led him to encourage his children to

! Readings in Indiana History, edited by Oscar H. Williams (Indiana University,
Bloomington, IN, 1914), p. 259.
2 Graccie is pronounced “Gracky.”
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learn about this subject and he largely succeeded. Both became
passionate and knowledgeable gardeners as adults.

Harry set up a small chemistry laboratory in his home where
his grade school-aged son managed to synthesize hydrogen. The
boy failed to produce a working firework in this laboratory, but a
child-like enthusiasm for skyrockets and Roman candles sur-
vived far into adulthood.? The Anderson kids also learned to love
the outdoors. Graccie was a tomboy and she and young Phil spent
many summers carousing with their cousins on the farms still
owned by their parents’ families.

Elsie was the guardian of academic standards and she was quite
unhappy if her children ever brought home a grade less than an
“A.” The nurturing example of Harry, fueled by pressure from
Elsie, made it almost inevitable that their children would dream
about careers in science. Harry subscribed to the weekly maga-
zine Science and the Anderson kids always made a stab at reading it
as high school students. Phil was good at math and he thought he
might become a mathematician. Graccie planned to become the
Marie Curie of biochemistry.

The Saturday Hikers

Anderson learned about the world beyond Illinois and Indiana
from his father’s membership in an institution unique to the
University of Illinois called the Saturday Hikers.* This group of
15-30 male faculty members drove out to a river or lake in the
countryside outside Urbana every Saturday morning to hike,
canoe, play softball, swim, battle chiggers, and enjoy a campfire
cookout. Afterward, there would be singing, university gossip,
and spirited political discussion.

> Interview of Claire and David Jacobus by the author, Princeton, NJ, May 5,
2016.

* P.W. Anderson, “Growing Up with the Illinois Faculty’s Saturday Hikers”
(unpublished, 2016).
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The politics of the Saturday Hikers was mostly leftist at the
national level and strongly interventionist when it concerned
Europe and Asia. During the 1930s, they debated President Herbert
Hoover’s plan to relieve farmers facing mortgage foreclosures,
the appropriateness of adopting the “Star Spangled Banner” as
the national anthem, the hunger strike of Mahatma Gandhi, the
rise of the Nazi party in Germany, the Spanish Civil War, and
President Franklin Roosevelt’s plan to add justices to the Supreme
Court of the United States.

At the time, the left-wing orientation of the Hikers was not
common in the Agriculture and Engineering Colleges of the
University of Illinois. This meant that the members of the group
tended to come from other parts of the campus. Among these
people, Harry Anderson was particularly friendly with the chair-
man of the physics department, Wheeler Loomis, the psycholo-
gist Coleman Griffith, and the political scientist Clarence Berdahl.

The creator and leader of the Saturday Hikers for thirty-five
years was William Abbott Oldfather, a distinguished professor of
classics. Oldfather was a fearless scholar who expressed his social-
ist opinions “vigorously and often vituperatively.” The Andersons
and Oldfathers were quite close. They vacationed together in the
Teton Mountains and spent two weeks sharing an isolated cabin
in Ontario, Canada. On that occasion, Oldfather read aloud from
a copy of Thorstein Veblen’s famous economic and sociological
analysis of consumerism, Theory of the Leisure Class (1899).

No faculty children or spouses attended the Saturday Hikes.
However, the Hikers often trooped out again on Sundays, this
time with their families invited. The serious hiking and political
debate simply picked up from where it had ended the previous
day. Anderson remembered these occasions as his happiest hours
as a child and adolescent.®

5 Winton U. Solberg, “William Abbott Oldfather: Making the Classical
Relevant to Modern Life” in No Boundaries: University of Illinois Vignettes, edited by
Lillian Hoddeson (University of Illinois Press, Urbana, IL, 2004), pp. 69-87.

6 Biography of Philip W. Anderson, Nobel Foundation, 1977.
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With the encouragement of his parents, Phil honed his out-
door skills and adopted the political views of the Hikers. Often,
the Andersons hosted a rotating dinner/dance called the “Indoor
Yacht Club” where progressive political talk was a major feature.
Phil and Graccie were notinvited, but they stayed out of sight and
absorbed all that was said. Both remained committed liberal
Democrats their entire lives.

Formal Education

Eleven-year-old Phil Anderson entered the Laboratory High
School of the University of Illinois in the fall of 1935. The quality
of the instruction at this small private high school (nicknamed
“Uni”)wasvery high. A unique feature—exploited by Anderson—
was the ability to begin with a “sub-freshman” year which con-
solidated the seventh and eighth grades. The annual tuition was
$25 and the students were mostly children of University of Illinois
faculty and wealthy businesspeople.’

Graccie was a senior at Uni when Phil entered as a sub-freshman.
She excelled academically and socially, serving as both the vice-
president of the junior class and president of the senior class.
Later, she majored in chemistry at the University of Illinois,
served as a meteorologist for the US Navy, and earned a PhD in
biochemistry from the University of Wisconsin. The birth of her
children interrupted her plans to work in that field but she later
enjoyed a long and successful career as a scientific librarian, biog-
rapher, and translator.®

Graccie and her brother rarely quarreled. However, as one
might expect of two close and very smart siblings, they main-
tained a healthy intellectual rivalry all their lives. When they
both lived in New Jersey, they raced each other to be the first to
complete a difficult word puzzle which appeared every week in
the Sunday New York Times.

7 Interview of Henry P. Noyes by the author, September 20, 2015.
8 Interview of Andrew Maass by the author, June 18, 2017.
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Figure 2.1 Early influences. Phil Anderson’s mathematics teacher,
Miles Hartley (left) and his physics teacher, Wilber Harnish (right) in
1939, when Anderson was a junior. Source: U and I, the yearbook of the
University High School, University of Illinois.

Anderson’s favorite teacher at Uni was Miles Hartley, a University
of llinois PhD who taught plane geometry and algebra to the jun-
iors and solid geometry and advanced algebra to the seniors
(Figure 2.1). He was a stickler, but he was also a pedagogical innov-
ator who used plywood and dowels to construct models to illustrate
theorems in solid geornetlry.9 Inspired by Hartley, Anderson
cemented his plan to major in mathematics in college."

The physics teacher at University High School, Wilber Harnish
(Figure 2.1), was the anti-Hartley. Harnish’s background was in edu-
cation, not physics, and he avoided quantitative deductions by focus-
ing on student experiments. This meant that Phil and his classmates

¢ Miles C. Hartley, “Models of Solid Geometry,” The Mathematics Teacher 35 (1)
57 (1942).
10 Jeremy Bernstein, Three Degrees Above Zero: Bell Laboratories in the Information Age

(Cambridge University Press, Cambridge, 1984), p. 121.
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worked with vacuum pumps and electric motors, but they were not
taught the laws of physics that made them work. Harnish discussed
gravity in connection with pulleys and falling objects, but he
neglected to point out that gravity also governs the motions of the
planets. His teaching provided not a hint of the unity of the subject."

Phil compensated by borrowing popular science books from
the school library. His two favorites were The Einstein Theory of
Relativity (1936) by Lillian and Hugh Lieber, and Mr. Tompkins in
Wonderland (1940) by George Gamow. The Liebers were expert at
using cartoons and geometrical diagrams, but they included ser-
ious algebraic manipulations also.

George Gamow was a world-renowned theoretical physicist who
used fiction to introduce modern physics to a popular audience. His
hero, Mr. Tompkins, was a bank clerk who attended physics lectures
at a local university. Each night, he dreamed of a fantastical world
where the usually unseen effects of special relativity, quantum
mechanics, and the curvature of space due to gravity become appar-
ent during the course of daily life. Clever cartoons and a clear presen-
tation of the physics are notable features of Gamow’s book also.

The Lieber and Gamow books leave the reader with a vivid
impression of the interplay between theory and experiment in
physics.12 In light of Phil’s later insistence on the importance of
experiment to guide and inform theory, it is not surprising that
these particular books never left his memory. On the other hand,
much of the material he read from the Uni library differed so much
from what he saw in Harnish’s physics class that he was a college
freshman before he realized they were all part of the same subject.”
The search for connections would be a characteristic feature of his

research for his entire career.

""" Interview of Henry P. Noyes by the author, September 20, 2015.

2 Both books are still in print: Lillian R. Lieber and Hugh Gray Lieber, The
Einstein Theory of Relativity: A Trip to the Fourth Dimension (Paul Dry Books, Philadelphia,
PA, 2008); George Gamow, Mr. Tompkins in Paperback (Cambridge University Press,
Cambridge, 2012).

13 Interview of PWA by Alexei Kojevnikov on March 30, 1999, Niels Bohr
Library & Archives, American Institute of Physics, College Park, MD.
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Anderson was a diligent student, and the editors of the school year-
book used the title of an Oscar Wilde play, The Importance of Being Earnest,
as the caption for his 1940 graduation photo. The accompanying
thumbnail biography reveals that he acted in the school play every
year, wrote and read the senior class history at commencement, and
participated in the biology and chess clubs. At graduation, he ranked
firstin his class, tied with “three others, one a girl” as his transcript put
it. He earned a grade of “A” in every course except typewriting and
physical education. The latter probably reflects disinterest because he
won the school tennis championship as a junior, competed in the
state track meet as a miler, and was a talented speed skater.

The Krebiozen Affair

Elsie Anderson stressed education to her children, but she also
put great emphasis on the importance of self-respect and respect
for others." There were many opportunities to communicate
this message, particularly because the ravages of the Great Depression
were grimly apparent on the streets of Champaign and Urbana
during her children’s school years. One day, an out-of-work man
came to the back door of the Anderson residence looking for
food. Elsie treated him with kindness and respect and it was made
clear that no other behavior was acceptable.”

Anderson also looked to his father for advice and example.
Harry’s success as a researcher was a clear model for a life devoted
to science.'® Less apparent, but perhaps more important, Phil put
great value on his father’s personal integrity. A striking example

" Letter from PWA to Liberty Santos, November 17, 1986. Anderson, Philip W;
Faculty and Professional Staff files, Subgroup 13: P, ACI07.13, Princeton
University Archives, Department of Rare Books and Special Collections,
Princeton University Librar}h

B Interview of Andrew Maass by the author, June 18, 2017.

16 Harry Anderson’s Diseases of Fruit Crops (McGraw-Hill, New York, 1956) con-
tinues to garner citations in the scientific literature, more than sixty years after
its original publication. Google Search, September 26, 2018.
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is the role Harry played in the notorious Krebiozen affair nearly a
decade after his son left Urbana."”

In 1949, a man named Stevan Durovic came to Chicago from
Argentina to meet Dr. Andrew Ivy, a physiologist then serving as
Vice-President of the University of Illinois. The two men shared a
belief that the human body could be stimulated to fight tumors.
Durovic convinced his host that a substance he had synthesized
from horse plasma called Krebiozen was the stimulant they
sought. Ivy arranged for clinical tests and announced at a crowded
press conference that Krebiozen was “an agent for the treatment
of malignant tumors.”

The American Medical Association (AMA) examined the clin-
ical data and concluded otherwise. The Chicago press clamored
for increased funding for Ivy and Durovic but the President of the
University of Illinois cited the AMA statement and demurred.
Under pressure from Chicago politicians, the Illinois State
Legislature held hearings on Krebiozen throughout 1953.

A letter entered into evidence at the hearings by an Argentine
physician stated that he and Prof. Harry Anderson (who was in
Argentina to attend a scientific conference) had visited the facility
where Durovic claimed to produce Krebiozen. They found an
abandoned building with no laboratory facilities. Back in Chicago,
alawyer for Dr. Ivy attacked Anderson saying he had not submit-
ted the letter under oath. Anderson offered to do so, but the
hearing chair deemed it unnecessary.

Phil was livid when he heard that a lawyer had publicly
impugned his father’s testimony. To his son, Harry Anderson was
incapable of lying because “he embodied integrity just by being.”"®
Phil admired this trait in his father and sought to emulate it all his
life. As we will see, he took a principled stand not to participate in
military consulting work, he was embarrassed personally when

7 George D. Stoddard, Krebiozen: The Great Cancer Mystery (Beacon Press,
Boston, 1955); Patricia Spain Ward, “Who Will Bell the Cat? Andrew C. Ivy and
Krebiozen,” Bulletin of the History of Medicine 58, 28-52 (1984).

' Interview of PWA by the author, October 7, 2015.
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he failed to detect scientific misconduct at Bell Labs, and he
immediately disowned an entire book he wrote when he realized
that the theory at its core was incorrect.

The Illinois Legislature concluded its hearings by endorsing
Krebiozen. Durovic and Ivy (who had by now left the University)
began a ten-year campaign to build public enthusiasm and polit-
ical support for the substance. Negative reports issued in 1963
by the Federal Drug Administration and the National Cancer Institute
did little to dampen the hope of desperate patients. Krebiozen
continued to be manufactured and sold in Illinois until 1973 when
the state criminalized those activities.

Informal Education

Peers were important to Anderson and several played a continu-
ing role in his life. One of these was (Henry) Pierre Noyes, a bright
fellow who attended elementary school, high school, and college
with Phil. Pierre became a theoretical physicist also. At some point
before high school, Phil and Pierre began to question the logic
and historicity of the stories presented in the Bible. It was not
long before they rejected religion and embraced atheism, a deci-
sion abetted by both of their fathers. Anderson’s father helped
him resist his mother’s entreaties to attend church services. Years
earlier, Harry had abandoned organized religion in reaction to his
own father’s hellfire and brimstone form of faith.

Pierre’s father (a chemistry professor at the University of
Mlinois) did his part by giving the boys a copy of Heavenly Discourse
(1927) by C.E.S. Wood. Wood was a prominent attorney who
defended anarchists like Emma Goldman and other political
radicals. His satirical book records conversations between heav-
enly figures like God, Saint Peter, Jesus, and Satan, and historical
figures like Voltaire, Joan of Arc, Thomas Jefferson, Charles
Darwin, Theodore Roosevelt, and Mark Twain. Heavenly Discourses
aimed its satire at exposing the sanctimonious nature of religious
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zealots and decrying the use of religion to justify war." Phil and
Pierre took these messages to heart.

Three other high school students, Henry Swain, Philip
Thompson, and Warren Goodell, joined Phil and Pierre to form a
close-knit group of five friends. Thompson, who went on to a dis-

tinguished career in mathematical meteorology, recalled that:

We all had a very strong scientific bent, particularly in mathemat-
ics...I think we all learned a great deal from each other because
we were constantly stimulating each other. Through our late
high school days until even in our college days, we had a kind of
mathematical competition in which we would pose problems to
each other ... Phil Anderson was particularly good at this. He had
a flair...to use any method that was available to solve a prob-
lem.”

Thompson also recruited Anderson to play violin (which he took
up at Uni) in a string quartet comprised of the two of them,
Henry Swain, and Henry’s sister Martha. Years later, Martha’s best
friend, Joyce Gothwaite married Phil Anderson.

In March of 1937, soon after his thirteenth birthday, Anderson
accompanied his father, mother, and sister on a five-month
excursion to Europe. The occasion was a sabbatical leave of
absence for Harry to visit foreign botanical research facilities.
Because of its timing, this trip had a significant impact on Phil’s
education and maturation. The Spanish Civil War was raging and,
just a month earlier, Adolf Hitler had declared that “the noblest

and most sacred [task| for mankind is that each racial species

must preserve the purity of the blood which God has given it.” 4

19 Robert Hamburger, Two Rooms: The Life of Charles Erskine Scott Wood (University
of Nebraska Press, Lincoln, NE, 1998).

2 Tnterview of Philip D. Thompson by Joseph Tribbia and Akira Kashara,
December 15-16 1987, American Meteorological Society, Oral History Project,
accessed June 17, 2017.

2 “On National Socialism and World Relations,” a speech delivered by
Chancellor Adolf Hitler in the German Reichstag on January 30, 1937.
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The Andersons crossed the Atlantic on a cruise ship with
their family automobile stored below decks.” They spent their
first ten weeks visiting horticultural centers and sightseeing in
England and France. In London, a night spent sitting on a curb
in Hyde Park ensured an unobstructed view of the Coronation
Procession of King George V1. In Paris, the just-completed paint-
ing Guernica by Pablo Picasso graced the Spanish pavilion of the
Exposition of 1937.

The family devoted the next ten weeks to an extended road
trip to European centers of horticulture in Utrecht, Heidelberg,
Munich, Vienna, Budapest, Belgrade, Sofia, Sarajevo, Dubrovnik,
and Trieste. Phil and Graccie angered their parents when they
crossed from the Netherlands into Germany and raised their
hands to give a mock “Heil Hitler” salute to the border guards.?
Nothing came of it, but the family soon perceived a change in
atmosphere. Some people in Germany would not talk to them;
others whispered to the visiting Americans that they hated the
regime. Later, they witnessed huge pro-Nazi demonstrations in
the streets of Vienna. The family had read about the plight of the
Jews in Germany and they were sympathetic.

Following their return to the United States, the long drive
from New York City to Urbana gave Anderson plenty of time to
reflect. Demagoguery was notsomething a kid from the American
Midwest was used to seeing. Fifteen years later, the grown man
had a visceral negative reaction to the same behavior in Senator
Joseph McCarthy when he pursued his campaign to root out the
supposed Communist infiltration of American institutions.

Champaign-Urbana in the 1930s
Like most people, the time and place of Anderson’s upbringing

shaped his world-view. His family’s home was in a cobblestoned

2 Grace Anderson, Log of 1937 European Trip. Courtesy of Andrew Maass.
B Interview of Andrew Maass by the author, June 18, 2017.
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and tree-lined Urbana neighborhood adjacent to the university
where most of the residents were faculty members. He saw these
comfortable people every day. On the other hand, bus rides to
tennis matches with high schools in neighboring small towns
exposed him to people whose survival depended on a good crop
from the seemingly endless corn and soybeans fields of Central
Mlinois.*

The two largest employers in the adjacent towns of Urbana
(pop. 12,000) and Champaign (pop. 20,000) were the University of
Illinois and the mechanical shops of the Illinois Central and Big
Four railroad companies.” The shops employed workers of all
races and Anderson gained some awareness of the small (5 per-
cent) African-American population of Champaign and Urbana
when he and his friends rode their bikes to the shops and poked
around until they were shooed away.

Harry and Elsie taught their children to respect people of all races
although the family’s direct personal experience with minority
groups was quite limited.” Black citizens of Champaign-Urbana had
to sit in designated sections of movie theaters and the public swim-
ming pools were off-limits to them.?” Most of the hotels, restaurants,
and barbershops in both towns refused to serve African-Americans,
despite an explicit law in Illinois forbidding discrimination.

Anderson knew that southern-bound trains passing through
Champaign had segregated passenger cars, but he did not really
understand why his parents consistently refused to take family

* David Foster Wallace, A Supposedly Fun Thing I'll Never Do Again: Essays and
Arguments (Little, Brown, and Company, New York, 1997). Wallace writes about
his upbringing in Philo, Illinois, a small town ten miles from Urbana.

» Roger L. Geiger, To Advance Knowledge: The Growth of American Research
Universities: 1900—1940 (Oxford University Press, New York, 1986), p. 273. The Big
Four was the popular name of the Cleveland, Cincinnati, Chicago, and
St. Louis Railroad.

% The Anderson family employed an African-American woman when Phil
was an infant and later when they needed occasional help with parties.

7 Janet Andrews Cromwell, History and Organization of the Negro Community in
Champaign-Urbana, 1llinois, MS Thesis, Sociology, University of Illinois, 1934.
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road trips to southern states. His real education in racial matters
came in high school from one of his Indiana cousins, who passed
on the attitudes he learned from his progressive aunt, the dean of
students at Bennington College in Vermont.

Champaign and Urbana were politically conservative places at
this time. The majority of the population was Protestant and
church events were important to the social fabric of both towns.
Anti-Semitism and anti-Catholicism existed, but not in minds of
Phil and Graccie.” Their parents’ disapproval of those who made
bogeymen out of religious minorities was another constant of
their childhood.

The left-wing politics of the Anderson family was not common
and neither was the atheism embraced by Phil and Pierre Noyes.
This divide burst into the open in 1945 when a woman named Vashti
McCollum sued the Champaign Board of Education to prevent
them from holding voluntary religion classes at her son’s public
school. Three years later, a landmark decision of the United States
Supreme Court held that these classes violated the “establishment
of religion” clause of the First Amendment of the Constitution.”

Anderson’s late childhood and adolescence coincided with
the years of the Great Depression. In the winter of 1932, nearly
one third of Americans were unemployed. In Champaign, a
few dozen lucky men found employment when the federal
Works Progress Administration built an administrative head-
quarters for the town.* By contrast, a 1938 analysis of nearly

% See, e.g., Winton U. Solberg, “The Early Years of the Jewish Presence at the
University of Illinois,” Religion and American Culture: A Journal of Interpretation 2(2),
21545 (1992).

* The 1948 US Supreme Court case is McCollum v. Board of Education of Champaign
County. Vashti McCollum and her husband John were atheists. John happened
to be a junior faculty colleague of Harry Anderson in the Horticulture
Department of the University of [llinois. Leigh Eric Schmidt, Village Atheists: How
American Unbelievers Made Their Way in a Godly Nation (Princeton University Press,
Princeton, NJ, 2016), pp. 268-71.

30 Raymond Bial, Images of America: Champaign (Arcadia Publishing, Charleston,
SC, 2008).
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200 colleges and universities found that very few professors
lost their jobs. Instead, they experienced an average salary cut
of about 15 percent.”

Harry Anderson experienced a salary cut of just this magnitude
in 1933. However, his salary that year of $3500 was already well
above the national mean of $1970 and his 1940 salary of $4200 placed
him among the top 15 percent of all American wage earners.” This
income (about $77,000 in 2020 dollars) permitted Elsie to hire a live-
in college girl to help with housework and child care. Harry bought
anew car every few years and the family enjoyed regular summer
vacations. Unlike many high school boys around the country, Phil
did not have to contribute to the family income by working after
school or during the summer. By the standards of a nation coping
with the Depression, he led a privileged life.

Money was not a major issue for the Andersons until the
time came to consider college options for Phil. Graccie wanted
to pursue a PhD in biochemistry at the University of Wisconsin
and Harry’s salary was not quite enough to pay simultaneously
for two children pursuing college degrees.33 One solution was
for Phil to attend the University of Illinois as his sister had. That
would cost nothing. Another possibility was to attend inexpen-
sive Wabash College where his grandfather and uncle taught.
A third option—the one taken thanks to a generous scholarship—
was Harvard College.

3 Walter M. Kotschnig, “Depression, Recovery and Higher Education:
A Review and Preview,” Bulletin of the American Association of University Professors
(1915-1955) 24, 19-28 (1938).

32 Transactions of the Board of Trustees of the University of Illinois,
1928-1930, 19341936, 1938—1940; Statistical Abstract of the United States, 1934—1935, No.
177. Individual Income Tax Returns: By Income Classes; Statistical Abstract 0f the
United States, 1944—1945, No. 285. Income Tax Returns, Individual, Estate, and
Trust, by Net Income Classes: 1935-1941.

¥ Grace Anderson did earn a PhD in biochemistry, but the birth of twin
boys prevented her from pursuing the subject professionally. Later, she forged
asuccessful career as a university science librarian. Interview of Andrew Maass
by the author, June 18, 2017.
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A Snapshot

Recommendation letters in his Harvard College application file
provide a glimpse into Anderson’s personality and temperament
as a graduating senior (Figure 2.2). The letters come from Charles
Sanford (Principal, University High School), Prof. Wheeler
Loomis (Chair, Physics Department, University of Illinois), and
Prof. William Oldfather (Chair, Classics Department, University
of Illinois). The recommenders were not free from bias—their
purpose was to help Phil gain admission—but their comments
provide some insight nonetheless.

Figure 2.2 Phil Anderson at age 16 in the photograph he submitted as
part of his application to Harvard College in 1940. Source: Harvard
University, Office of the Registrar.
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Principal Sanford remarked that “as a student, [Phil| is honest
and responsible. He is courteous and pleasant but somewhat
reserved and self-conscious.” Sanford listed the young Anderson’s
outstanding personality characteristics as “persistence, intelli-
gence, wit, originality, modesty, and sincerity.” He attested to
Phil’s emotional balance and noted that “he seems to limit his
friends to a very close circle.”

The physicist Wheeler Loomis had earned all his degrees from
Harvard and, as a Saturday Hiker, he played a key role in convin-
cing Anderson to apply for admission and seek a scholarship. He
stated that “everything I know about Phil is favorable” and then
focused on the Anderson family “traditions” which he character-
ized as “reliability, perseverance, a sense of humor, a force of char-
acter, and an unusual breadth of culture.”

William Oldfather, the 60-year-old leader of the Saturday
Hikers, emphasized his personal knowledge of Phil. He judged
him “a normal wholesome boy in every respect” who “is more
widely read than any boy I have ever known”. He praised Anderson’s
“alert and inquiring intelligence” and then made a prediction:
“I should rate his promise of becoming a conspicuous figure in
society as above that of the young James Tobin, also from this
community.” Tobin had graduated from Uni and gone to Harvard
on a scholarship four years earlier. He won a Nobel Prize for
Economics in 198]1.

The most remarkable document in Anderson’s Harvard file is
a letter written by his father. The Harvard Dean of Freshmen
had written to the parents of all incoming freshmen requesting
a profile of their child to help Harvard with their advising pro-
cess. Harry Anderson’s clear-eyed letter begins, “as a parent,
I am naturally not unbiased...but I believe Philip has always
been happy in his home life.” He remarks that “Philip is not reli-
giously minded...and I would judge that he could be classified
amild radical in his political and social thinking.”
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Harry predicts that the Dean will ind “Philip a good natured,
even-tempered boy, tolerant of others” opinions but likely to
defend his own stubbornly.” He then candidly states that:

Philip’s greatest weakness is his inability to make friends easily. He
is not at ease with people who do not interest him. He has never
cultivated the art of getting along with people and appearing to
be interested in them. I think he realizes this weakness and there
is some evidence he is trying to remedy it. He needs training
socially.

It is a common stereotype that many physicists need training
socially. Nevertheless, later events testify to the truth of much of
what Harry Anderson wrote about his college-bound son.
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Making Waves

In early September 1940, sixteen-year-old Phil Anderson and his
high school friend Pierre Noyes said goodbye to their families at
the railroad depot in Urbana, Illinois. Twenty-five hours, two train
changes, and a subway ride later, they lugged their suitcases through
one of the elegant gated entrances of Harvard University. Their
freshman dormitory, Matthews Hall (Figure 3.1), was only a few
steps away.

Figure 3.1 Matthews Hall. Anderson’s freshman dormitory at Harvard.
Source: Rickinmar.
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Anderson studied at Harvard for six years, earning first a bach-
elor’s degree and then a PhD. The United States entered World
War I in his sophomore year, and he served his country for the
two years between graduation and the end of the war. Two actions
Anderson took during these eight years turned out to have
important professional consequences. As an undergraduate, he
prepared for war-related work by taking mostly electronics and
radio engineering courses rather than pure physics classes. After
the war, he returned to Harvard and completed a PhD thesis in
chemical physics rather than work in the hot new field of nuclear
physics. Together, these decisions led him to a career in theoretical
physics at Bell Telephone Laboratories.

College Accelerated

Anderson attended Harvard because a National Scholarship paid
most of the costs of his tuition, room, and board. These scholar-
ships had been created five years earlier by Harvard’s president,
James Bryant Conant, to make it possible for “boys with superior
intellectual endowment” and a “high development of character
and personality” to attend Harvard.' The scholarship program pro-
vided a (nearly) full-ride because the cost of tuition, room, and
board at Harvard in 1940 was $924, well above the cost of most other
colleges and well above the means of most American families.”
Sixty percent of the seniors who graduated from Harvard the year
Anderson arrived came from the wealthiest 2.5 percent of the United

' The Harvard College National Scholarships: A Descriptive Report at the End of Six Years,
(Harvard University Press, Cambridge, MA, 1949), pp. 12-16.

2 The corresponding costs at the University of Pennsylvania and the University
of Michigan were $520 and $590, respectively. New York Times, November 14, 1982;
http://www.nytimes.com/1982/11/14/education/paying-for-college-is-working-
your-way-through-still-possible. html?pagewanted=all. Accessed July 9, 2017;
University History, Tuition and Mandated Fees, University Archives and
Records Center, University of Pennsylvania. http://www.archives.upenn.edu/
histy/features/tuition/1940.html. Accessed July 9, 2017; Bulletin of General
Information, University of Michigan, 1940—1941, p. 15.
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College Accelerated 27

States population.3 A typical class was very homogeneous in class,
race, religion, and ethnicity.4 Most were graduates of the Eastern
preparatory schools favored by the Protestant elite who still domin-
ated the major political and cultural institutions of the country.’

Harvard’s National Scholarships were open only to high school
students from seventeen states in the Midwest, South, and Far West.
This restriction and the emphasis on students with “high character”
were not accidents. They gave Conant the flexibility to continue
Harvard’s fifteen-year-old policy of limiting the percentage of Jews
who attended the College to around 10 percent. The original and
continuing purpose of that policy was to appease the patrician fam-
ilies (who paid full tuition) so they did not begin to abandon Harvard
and send their sons to college elsewhere.’

The semi-autobiographical novel, The Last Convertible, by Anton
Myrer provides a glimpse of the culture Anderson encountered
when he arrived on campus. Myrer’s alter ego enters Harvard as a
freshman in 1940 and remarks,

The last thing you could call me was sophisticated. I was on full
scholarship; I owned exactly one sports jacket and two suits; my
spending money was what I could earn [from campus jobs]. I was
all too conscious of the gulf that separated me from the other
students in a thousand and one ways...every nuance of social
distinction and the hierarchies of privilege.”

3 Jerome Karabel, The Chosen (Houghton-Mifflin, Boston, 2005), p. 159. The
future American President John Fitzgerald Kennedy graduated from Harvard
College the year Phil arrived.

* The Harvard acceptance rate at this time (85%) reflects the special consid-
eration given to boys from wealthy and socially prominent families and “leg-
acy” boys whose fathers were Harvard graduates. Official Register of Harvard
University 39 (5) 1942.

5 James D. Davidson, “Religion among America’s Elite: Persistence and
Change in the Protestant Establishment,” Sociology of Religion 55 (4), 41940 (1994).

6 Jerome Karabel, The Chosen (Houghton-Mifflin, Boston, 2005), p. 109 and
Chapter 6; Paul F. Zweifel, Norman J. McCormick, and Laurie H. Case,
“Kenneth Myron Case 1923-2006: A Biographical Memoir,” National Academy
of Sciences, 2013.

7 Anton Myrer, The Last Convertible (GP Putnam’s Sons, New York, 1978), p. 31, 34.



