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Richard Feynman, circa 1962

Introduction

I first heard of Richard Feynman and Ralph Leighton in 1986, through their
entertaining book Surely You're Joking, Mr. Feynman! Thirteen years later
I met Ralph at a party. We became friends, and over the next year we worked
together on the design of a fantasy stamp honoring Feynman.' All the while
Ralph was giving me books to read, by or about Feynman, including (since
I am a computer programmer) Feynman Lectures on Computation.” The
discussion of quantum mechanical computation in this fascinating book
intrigued me, but without having studied quantum mechanics, 1 had diffi-
culty following the arguments. Ralph recommended 1 read The Feynman
Lectures on Physics Volume III: Quantum Mechanics, which | began, but
Chapters 1 and 2 of Volume I1I are reproduced from Chapters 37 and 38 of
Volume 1, so 1 found myself backtracking through references in Volume I
rather than progressing through Volume Iil. | therefore decided to read all
The Feynman Lectures from beginning to end—I was determined to learn
some quantum mechanics! However, that goal became secondary as time

'Our stamp appears in the liner notes of Back TUVA Future, a CD featuring the Tuvan
throat-singing master Ondar and a cameo appearance by Richard Feynman (Warner
Bros. 9 47131-2), released in 1999.

2Feynman Lectures on Computation, by Richard P. Feynman, edited by Anthony J.G.
Hey and Robin W. Allen, 1996, Addison-Wesley, ISBN 0-201-48991-0.
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went on and I became increasingly absorbed in Feynman’s fascinating
world. The joy of learning physics, simply for the pleasure of it, became my
highest priority. 1 was hooked! About halfway through Volume I, 1 took a
break from programming and spent six months in rural Costa Rica study-
ing The Lectures full-time.

Every afternoon I studied a new lecture and worked on physics prob-
lems; in the mornings I reviewed and proofread yesterday’s lecture. I was
in e-mail contact with Ralph, and he encouraged me to keep track of errors
I mentioned encountering in Volume I. It was not much of a burden, because
there were very few errors in that volume. However, as I progressed
through Volumes II and 111, 1 was dismayed to discover increasingly more
errors. In the end I had compiled a total of more than 170 errors in The
Lectures. Ralph and I were surprised: how could so many errors have been
overlooked for so long? We decided to see what could be done about get-
ting them corrected in the next edition.

Then I noticed some intriguing sentences in Feynman’s preface:

“The reason there are no lectures on how to solve problems is because
there were recitation sections. Although I did put in three lectures in the
first year on how to solve problems, they are not included here. Also there
was a lecture on inertial guidance which certainly belongs after the lecture
on rotating systems, but which was, unfortunately, omitted.”

This suggested the idea of reconstructing the missing lectures and, if
they proved interesting, offering them to Caltech and Addison-Wesley for
inclusion in a more complete and error-corrected edition of The Lectures.
But first I had to find the missing lectures, and I was still in Costa Rica!
Through a bit of deductive logic and investigation, Ralph was able to locate
the lecture notes, which were previously hidden away somewhere between
his father’s office and the Caltech Archives. Ralph also obtained tape
recordings of the missing lectures, and while researching errata in the
Archives after my return to California, I fortuitously discovered the black-
board photos (long believed lost) in a box of miscellaneous negatives. The
Feynman heirs generously gave us permission to use these materials, and
so, with some useful critiques from Matt Sands, now the only surviving
member of the Feynman-Leighton-Sands trio, Ralph and I reconstructed
Review B as a sample, and presented it with the errata for The Lectures to
Caltech and Addison-Wesley.

Addison-Wesley received our ideas enthusiastically, but Caltech was
initially skeptical. Ralph therefore appealed to Kip Thorne, the Richard
Feynman Professor of Theoretical Physics at Caltech, who eventually man-
aged to achieve a mutual understanding among all involved, and who gen-
erously volunteered his time to oversee our work. Since Caltech did not want
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to amend the existing volumes of The Lectures for historical reasons, Ralph
proposed putting the missing lectures in a separate book. That is the origin
of this supplementary volume. It is being published in parallel with a new
Definitive Edition of The Feynman Lectures on Physics, in which the errors
I found are corrected, as are other errors found by a number of other readers.

Matt Sands’ memoir

In our quest to reconstruct the four lectures, Ralph and I had many ques-
tions. We felt very fortunate to be able to get answers from Professor Matt
Sands, the man whose idea it was to embark on the ambitious project that
produced The Feynman Lectures on Physics. We were surprised that the
story of their genesis was not widely known, and realizing that this project
offered an opportunity to remedy that deficit, Professor Sands kindly
agreed to write a memoir on the origins of The Feynman Lectures for inclu-
sion in this supplement.

The four lectures

From Matt Sands we learned that in December 1961, toward the end of the
first term® of Feynman'’s Caltech freshman physics course, it was decided
that it would be unfair to introduce new material to the students just a few
days before the final exam. So, for the week preceding the test, Feynman
gave three optional review lectures, in which no new material was intro-
duced. The review lectures were intended for students having difficulties in
the class, and emphasized techniques for understanding and solving physics
problems. Some of the example problems were of historical interest,
including the discovery of the atomic nucleus by Rutherford, and the deter-
mination of the mass of the pi meson. With characteristic human insight,
Feynman also discussed the solution to another kind of problem, equally
important to at least half the students in his freshman class: the emotional
problem of finding oneself below average.

The fourth lecture, Dynamical Effects and Their Applications, was given
early in the second term of the freshman class, shortly after the students
returned from winter break. Originally, it was to be Lecture 2/, and the
idea behind it was to take a rest from the difficult theoretical discussion of

'The academic year at Caltech is divided into three terms; the first runs from late
September to early December, the second from early January to early March, and the
third from late March to early June.
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rotations presented in Chapters 18 through 20 and show the students some
interesting applications and phenomena that arise from rotations, “just for
entertainment.” Most of the lecture was devoted to a discusston of technol-
ogy that was relatively new in 1962: practical inertial guidance. The
remainder of the lecture discussed natural phenomena that arise from rota-
tions, and also offered a clue as to why Feynman described the omission of
this lecture from The Feynman Lectures on Physics as “unfortunate.”

After the lecture

After ending a lecture Feynman often left his microphone on. This has pro-
vided us with the unique opportunity of witnessing how Feynman inter-
acted with his undergraduate students. The example given here, recorded
after Dynamical Effects and Their Applications, is particularly noteworthy
for its discussion of the incipient transition in real-time computing from
analog to digital methods in 1962.

The exercises

In the course of this project Ralph reestablished contact with his father’s
good friend and colleague Rochus Vogt, who graciously gave his permis-
sion to republish exercises and solutions from Exercises in Introductory
Physics, the collection that Robert Leighton and he had created especially
for The Lectures back in the 1960s. Due to space limitations I chose only
exercises for Volume I, Chapters 1 through 20 (the material covered before
Dynamical Effects and Their Applications), preferring problems that, to
quote Robert Leighton, “are numerically or analytically simple, yet incisive
and illuminpating in content.”

Website

Readers are invited to visit www.feynmanlectures.info for more informa-
tion on this volume and The Feynman Lectures on Physics.

Mike Gonlieb
Playa Tamarindo, Costa Rica
mg @feynmanlectures.info
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to amend the existing volumes of The Lectures for historical reasons, Ralph
proposed putting the missing lectures in a separate book. That is the origin
of this supplementary volume. It is being published in parallel with a new
Definitive Edition of The Feynman Lectures on Physics, in which the errors
I found are corrected, as are other errors found by a number of other readers.

Matt Sands’ memoir

In our quest to reconstruct the four lectures, Ralph and [ had many ques-
tions. We felt very fortunate to be able to get answers from Professor Matt
Sands, the man whose idea it was to embark on the ambitious project that
produced The Feynman Lectures on Physics. We were surprised that the
story of their genesis was not widely known, and realizing that this project
offered an opportunity to remedy that deficit, Professor Sands kindly
agreed to write a memoir on the origins of The Feynman Lectures for inclu-
sion in this supplement.

The four lectures

From Matt Sands we learned that in December 1961, toward the end of the
first term® of Feynman’s Caltech freshman physics course, it was decided
that it would be unfair to introduce new material to the students just a few
days before the final exam. So, for the week preceding the test, Feynman
gave three optional review lectures, in which no new material was intro-
duced. The review lectures were intended for students having difficulties in
the class, and emphasized techniques for understanding and solving physics
problems. Some of the example problems were of historical interest,
including the discovery of the atomic nucleus by Rutherford, and the deter-
mination of the mass of the pi meson. With characteristic human insight,
Feynman also discussed the solution to another kind of problem, equally
important to at least half the students in his freshman class: the emotional
problem of finding oneself below average.

The fourth lecture, Dynamical Effects and Their Applications, was given
early in the second term of the freshman class, shortly after the students
returned from winter break. Originally, it was to be Lecture 21, and the
idea behind it was to take a rest from the difficult theoretical discussion of

*The academic year at Caltech is divided into three terms; the first runs from late
September to early December, the second from early January to early March, and the
third from late March to early June,
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On the Origins of
The Feynman Lectures on Physics
A MEMOIR BY MATTHEW SANDS

Education reform in the 1950s

When | first became a regular faculty member at Caltech in 1953, [ was
asked to teach some graduate courses. I found myself quite dismayed about
the course program for the graduate students. During the first year they
were given courses only in classical physics—mechanics and electricity
and magnetism. (And even the E and M class covered only statics, no radi-
ation theory at all.) I thought it was disgraceful that these hotshot students
were not exposed to the ideas of modern physics (many of which had
already been around for 20 to 50 or more years) until their second or third
year in grad school. So [ began a campaign to reform the program. I had
known Richard Feynman since our days at Los Alamos, and we had both
come to Caltech a few years back. I asked Feynman to join the campaign,
and we outlined a new program and eventually persuaded the physics
faculty to adopt it. The first year program consisted of a course in
Electrodynamics and Electron Theory (taught by me), Introductory
Quantum Mechanics (taught by Feynman), and, as I recall, a course in
Mathematical Methods, taught by Robert Walker. I think that the new pro-
gram was quite successful.

At about that time Jerrold Zacharias of MIT was stimulated by the
appearance of Sputnik to push for a program to revitalize the teaching of
high school physics in the United States. One result was the creation of the
PSSC (Physical Science Study Committee) program, and the generation of
many new materials and ideas, as well as some controversy.

When the PSSC program was nearing its completion, Zacharias and
some colleagues (I believe among them Francis Friedman and Philip
Morrison) decided that it was time to tackle also a revision of university
physics. They organized a couple of large meetings of physics instructors,
out of which came the formation of the Commission on College Physics, a
national committee of a dozen university physics instructors, which was



