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Preface to the Berkeley Physics Course

This is a two-year elementary college physics course for students majoring
in science and engineering. The intention of the writers has been to pre-
sent elementary physics as far as possible in the way in which it is used by
physicists working on the forefront of their field. We have sought to make
a course which would vigorously emphasize the foundations of physics.
Our specific objectives were to introduce coherently into an elementary
curriculum the ideas of special relativity, of quantum physics, and of sta-
tistical physics.

This course is intended for any student who has had a physics course in
high school. A mathematics course including the calculus should be taken
at the same time as this course.

There are several new college physics courses under development in the
United States at this time. The idea of making a new course has come to
many physicists, affected by the needs both of the advancement of science
and engineering and of the increasing emphasis on science in elementary
schools and in high schools. Our own course was conceived in a conversa-
tion between Philip Morrison of Cornell University and C. Kittel late in
1961. We were encouraged by John Mays and his colleagues of the
National Science Foundation and by Walter C. Michels, then the Chair-
man of the Commission on College Physics. An informal committee was
formed to guide the course through the initial stages. The committee con-
sisted originally of Luis Alvarez, William B. Fretter, Charles Kittel, Walter
D. Knight, Philip Morrison, Edward M. Purcell, Malvin A. Ruderman, and
Jerrold R. Zacharias. The committee met first in May 1962, in Berkeley;
at that time it drew up a provisional outline of an entirely new physics
course. Because of heavy obligations of several of the original members,
the committee was partially reconstituted in January 1964, and now con-
sists of the undersigned. Contributions of others are acknowledged in the
prefaces to the individual volumes.

The provisional outline and its associated spirit were a powerful influence
on the course material finally produced. The outline covered in detail the
topics and attitudes which we believed should and could be taught to
beginning college students of science and engineering. It was never our
intention to develop a course limited to honors students or to students with
advanced standing. We have sought to present the principles of physics
from fresh and unified viewpoints, and parts of the course may therefore
seem almost as new to the instructor as to the students.

The five volumes of the course as planned will include:

I. Mechanics (Kittel, Knight, Ruderman) IIl. Waves (Crawford)
IL. Electricity and Magnetism (Purcell) IV. Quantum Physics (Wichmann)
V. Statistical Physics (Reif)

The authors of each volume have been free to choose that style and method
of presentation which seemed to them appropriate to their subject.
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The initial course activity led Alan M. Portis to devise a new elementary
physics laboratory, now known as the Berkeley Physics Laboratory.
Because the course emphasizes the principles of physics, some teachers
may feel that it does not deal sufficiently with experimental physics. The
laboratory is rich in important experiments, and is designed to balance the
course.

The financial support of the course development was provided by the
National Science Foundation, with considerable indirect support by the
University of California. The funds were administered by Educational
Services Incorporated, a nonprofit organization established to administer
curricallum improvement programs. We are particularly indebted to
Gilbert Oakley, James Aldrich, and William Jones, all of ESI, for their
sympathetic and vigorous support. ESI established in Berkeley an office
under the very competent direction of Mrs. Mary R. Maloney to assist the
development of the course and the laboratory. The University of Califor-
nia has no official connection with our program, but it has aided us in im-
portant ways. For this help we thank in particular two successive chair-
men of the Department of Physics, August C. Helmholz and Burton J.
Moyer; the faculty and nonacademic staff of the Department; Donald
Coney, and many others in the University. Abraham Olshen gave much
help with the early organizational problems.

Eugene D. Commins Edward M. Purcell

Frank S. Crawford, Jr. Frederick Reif

Walter D. Knight Malvin A. Ruderman

Philip Morrison Eyvind H. Wichmann
January, 1965 Alan M. Portis Charles Kittel, Chairman

Volumes I, 11, and V were published in final form in the period from Janu-
ary 1965 to June 1967. During the preparation of Volumes III and IV for
final publication some organizational changes occurred. Education Devel-
opment Center succeeded Educational Services Incorporated as the
administering organization. There were also some changes in the com-
mittee itself and some fedistribution of responsibilities. The committee is
particularly grateful to those of our colleagues who have tried this course
in the classroom and who, on the basis of their experience, have offered
criticism and suggestions for improvements.

As with the previously published volumes, your corrections and sugges-
tions will always be welcome.

Frank S. Crawford, Jr. Frederick Reif

Charles Kittel Malvin A. Ruderman
Walter D. Knight Eyvind H. Wichmann
Alan M. Portis A. Carl Helmholz

Edward M. Purcell} Chairmen



Preface to Volume III

This volume is devoted to the study of waves. That is a broad subject.
Everyone knows many natural phenomena that involve waves—there are
water waves, sound waves, light waves, radio waves, seismic waves,
de Broglie waves, as well as other waves. Furthermore, perusal of the
shelves of any physics library reveals that the study of a single facet of wave
phenomena—for example, supersonic sound waves in water—may occupy
whole books or periodicals and may even absorb the complete attention of
individual scientists. Amazingly, a professional “specialist” in one of these
narrow fields of study can usually communicate fairly easily with other
supposedly narrow specialists in other supposedly unrelated fields. He has
first to learn their slang, their units (like what a parsec is), and what num-
bers are important. Indeed, when he experiences a change of interest, he
may become a “narrow specialist” in a new field surprisingly quickly. This
is possible because scientists share a common language due to the remark-
able fact that many entirely different and apparently unrelated physical
phenomena can be described in terms of a common set of concepts. Many
of these shared concepts are implicit in the word wave.

The principal objective of this book is to develop an understanding of
basic wave concepts and of their relations with one another. To that end
the book is organized in terms of these concepts rather than in terms of
such observable natural phenomena as sound, light, and so on.

A complementary goal is to acquire familiarity with many interesting and
important examples of waves, and thus to arrive at a concrete realization
of the wide applicability and generality of the concepts. After each new
concept is introduced, therefore, it is illustrated by immediate application
to many different physical systems: strings, slinkies, transmission lines, mail-
ing tubes, light beams, and so forth. This may be contrasted with the dif-
ferent approach of first developing the useful concepts using one simple
example (the stretched string) and then considering other interesting
physical systems.

By choosing illustrative examples having geometric “similitude”” with one
another 1 hope to encourage the student to search for similarities and
analogies between different wave phenomena. 1 also hope to stimulate him
to develop the courage to use such analogies in “hazarding a guess” when
confronted with new phenomena. The use of analogy has well-known
dangers and pitfalls, but so does everything. (The guess that light waves
might be “just like” mechanical waves, in a sort of jelly-like “ether” was
very fruitful; it helped guide Maxwell in his attempts to guess his famous
equations. It yielded interesting predictions. When experiments—espe-
cially those of Michelson and Morley—indicated that this mechanical model
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could not be entirely correct, Einstein showed how to discard the model yet
keep Maxwell’'s equations. Einstein preferred to guess the equations
directly—what might be called “pure” guesswork. Nowadays, although
most physicists still use analogies and models to help them guess new equa-
tions, they usually publish only the equations.)

The home experiments form an important part of this volume. They can
provide pleasure—and insight—of a kind not to be acquired through the
ordinary lecture demonstrations and laboratory experiments, important as
these are. The home experiments are all of the “kitchen physics™ type, re-
quiring little or no special equipment. (An optics kit is provided. Tuning
forks, slinkies, and mailing tubes are not provided, but they are cheap and
thus not “special.”) These experiments really are meant to be done at
home, not at the lab. Many would be better termed demonstrations rather
than experiments.

Every major concept discussed in the text is demonstrated in at least one
home experiment. Besides illustrating concepts, the home experiments give
the student a chance to experience close personal “contact” with phe-
nomena. Because of the “home” aspect of the experiments, the contact is
intimate and leisurely. This is important. There is no lab partner who
may pick up the ball and run with it while you are still reading the rules of
the game (or sit on it when you want to pick it up); no instructor, explain-
ing the meaning of his demonstration, when what you really need is to per-
form your demonstration, with your own hands, at your own speed, and as
often as you wish.

A very valuable feature of the home experiment is that, upon discovering
at 10 p.m. that one has misunderstood an experiment done last week,
by 10:15 p.M. one can have set it up once again and repeated it. This is
important. For one thing, in real experimental work no one ever “gets it
right” the first time. Afterthoughts are a secret of success. (There are
others.) Nothing is more frustrating or more inhibiting to learning than
inability to pursue an experimental afterthought because “the equipment is
torn down,” or “it is after 5 p.M.,” or some other stupid reason.

Finally, through the home experiments I hope to nurture what I may call
“an appreciation of phenomena.” I would like to beguile the student into
creating with his own hands a scene that simultaneously surprises and
delights his eyes, his ears, and his brain . . .

Clear-colored stones
are vibrating in the brook-bed. ..

or the water is.
—sosExI1t

t Reprinted from The Four Seasons (tr. Peter Beilenson), copyright © 1958, by The Peter
Pauper Press, Mount Vernon, N.Y., and used by permission of the publisher.
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Teaching Notes

Traveling waves have great aesthetic appeal, and it would be tempting to begin with
them. In spite of their aesthetic and mathematical beauty, however, waves are physi-
cally rather complicated because they involve interactions between large numbers of
particles. Since I want to emphasize physical systems rather than mathematics, I
begin with the simplest physical system, rather than with the simplest wave.

Chapter 1  Free Oscillations of Simple Systems: We first review the free oscillations
of a one-dimensional harmonic oscillator, emphasizing the physical aspects of inertia
and return force, the physical meaning of w2, and the fact that for a real system the
oscillation amplitude must not be too large if we are to get simple harmonic motion.
Next, we consider free oscillations of two coupled oscillators and introduce the con-
cept of normal mode. We emphasize that the mode is like a single “extended” har-
monic oscillator, with all parts throbbing at the same frequency and all in phase, and
that, for a given mode, w? has the same physical meaning as it does for a one-dimen-
sional oscillator.

What to omit: Throughout the book, several physical systems recur repeatedly.
The teacher should not discuss all of them, nor the student study all of them. Exam-
ples 2 and 8 are longitudinal oscillations of mass and springs for one (Ex. 2) and two
(Ex. 8) degrees of freedom. In later chapters this system is extended to many degrees
of freedom, to continuous systems (rubber rope and slinky undergoing longitudinal os-
cillations) and is used as a model to assist comprehension of sound waves. A teacher
who wishes to omit sound may also wish to omit all longitudinal oscillations from the
beginning. Similarly, Examples 4 and 10 are LC circuits for one and two degrees of
freedom. 1In later chapters they are extended to LC networks and then to continuous
transmission lines. A teacher who wishes to omit the study of electromagnetic waves
in transmission lines, therefore, can omit all LC circuit examples from the very begin-
ning. (He can do this and still give a thorough discussion of electromagnetic waves,
starting in Chap. 7 with Maxwell’s equations.) Do not omit transverse oscillations
(Examples 3 and 9).

Home experiments: We strongly advocate Home Exp. 1.24 (Sloshing mode in a
pan of water) and the related Prob. 1.25 (Seiches), to get the student started “doing it
himself.” Home Exp. 1.8 (Coupled cans of soup) makes a good class demonstration.
Of course, you may already have available such a demonstration (coupled pendulums).
Nevertheless, I advocate slinky and soup cans for its crudity, even as a class demon-
stration, since it may encourage the student to get his own slinky and soup.

Chapter 2 Free Oscillations of Systems with Many Degrees of Freedom: We ex-
tend the number of degrees of freedom from two to a very large number and find the
transverse modes—the standing waves—of a continuous string. We define k and
introduce the concept of a dispersion relation, giving w as a function of k. We use
the modes of the string to introduce Fourier analysis of periodic functions in Sec. 2.3.
The exact dispersion relation for beaded springs is given in Sec. 2.4.

Organization
of the Course



xii  Teaching Notes

What to omit: Sec. 2.3 is optional—especially if the students already know some
Fourier analysis. Example 5 (Sec. 2.4) is a linear array of coupled pendulums, the
simplest system having a low-frequency cutoff. They are used later to help explain
the behavior of other systems that have a low-frequency cutoff. A teacher who does
not intend to discuss at a later time systems driven below cutoff (waveguide, iono-
sphere, total reflection of light in glass, barrier penetration of de Broglie waves, high-
pass filters, etc.) need not consider Example 5.

Chapter 3 Forced Oscillations: Chapters 1 and 2 started with free oscillations of a
harmonic oscillator and ended with free standing waves of closed systems. In Chaps.
3 and 4 we consider forced oscillations, first of closed sytems (Chap. 3) where we
find “resonances,” and then in open systems (Chap. 4) where we find traveling waves.
In Sec. 3.2 we review the damped driven one-dimensional oscillator, considering its
transient behavior as well as its steady-state behavior. Then we go to two or more
degrees of freedom, and discover that there is a resonance corresponding to every
mode of free oscillation. We also consider closed systems driven below their lowest
(or above their highest) mode frequency and discover exponential waves and “filtering”
action.

What to omit: Transients (in Sec. 3.2) can be omitted. Some teachers may also
wish to omit everything about systems driven beyond cutoff.

Home experiments: Home Exps. 3.8 (Forced oscillations in a system of two coupled
cans of soup) and 3.16 (Mechanical bandpass filter) require phonograph turntables.
They make excellent class demonstrations, especially of exponential waves for systems
driven beyond cutoff.

Chapter 4 Traveling Waves: Here we introduce traveling waves resulting from
forced oscillations of an open system (contrasted with the standing waves resulting
from forced oscillations of a closed system that we found in Chap. 3). The remainder
of Chap. 4 is devoted to studying phase velocity (including dispersion) and impedance
in traveling waves. We contrast the two “traveling wave concepts,” phase velocity
and impedance, with the “standing wave concepts,” inertia and return force, and also
contrast the fundamental difference in phase relationships for standing versus traveling
waves.

Home experiments: We recommend Home Exp. 4.12 (Water prism). This is the
first optics kit experiment; it uses the purple filter (which passes red and blue but cuts
out green). We strongly recommend Home Exp. 4.18 (Measuring the solar constant
at the earth’s surface) with your face as detector.

Chapter 5 Reflection: By the end of Chap. 4 we have at our disposal both stand-
ing and traveling waves (in one dimension). In Chap. 5 we consider general super-
positions of standing and traveling waves. In deriving reflection coefficients we make
a very “physical” use of the superposition principle, rather than emphasizing bound-
ary conditions. (Use of boundary conditions is emphasized in the problems.)

What to omit: There are many examples, involving sound, transmission lines, and
light. Don’t do them alll Chapter 5 is essentially the “application” of what we have
acquired in Chaps. 1-4. Any or all of it can be omitted.

Home experiments: Everyone should do Home Exp. 5.3 (Transitory standing waves
on a slinky). Home Exps. 5.17 and 5.18 are especially interesting.






