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abstract symmetry etc. It is unusual to find
this kind of material presented so well in a

book at this level. Chapter 6 continues with_

more grmip theory and ends with a section on
the Todd-Coxeter Algorithm, again a topic
not usually found in a book at this level.
Chapter7 deals with bilinear forms, hermitian
forms, spectral theorem etc. An introduction
to linear groups and group representations is
attractively presented in Chapters 8 and 9.
The notion of the Lie algebra of a linear group
is discussed in Chapter 8. These two chapters
can be used at the M. Sc. first year level to give
an introductory course on Lie groups and
group representations. Chapter 10, which is
mainly a chapter on rings and ideals has a
concluding section providing a nice motiva-
tion for the study of algebraic geometry. The
chapter on factorization, Chapter 11, has a
detailed discussion on the arithmetic of qua-
dratic number fields, again a topic not nor-
mally found in an introductory text book.
Chapter 12 is on modules leading to applica-

tions to the structure theorem for abelian
groups and various canonical forms for linear
operators. Chapters 13 and 14 provide an ex-
cellent introduction to field theory including
Galois theory.

This book can be used as a text at the under-
graduate as well as the M.Sc. levels. A Note for
the Teacher included in the beginning of the
book gives several useful suggestions for de-
veloping various courses based on it. There
are plenty of excellent exercises, the more
challenging ones being marked with an aster-
isk. It is fortunate that this book is now avail-
able to Indian students and teachers at an
eminently affordable price. No personal col-
lection of a research mathematician, student
or teacher will be complete without it!

Kapil H Paranjape is with Indian Statistical Insti-
tute, Bangalore. Dilip P Patil is with the Depart-
ment of Mathematics at Indian Institute of
Science, Bangalore.
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Some years ago, this reviewer began an addi-
tional preface to the Indian edition of the
Feynman Lectures on Physics (FLP) with the
words, "The Feynman Lectures on Physics
rank among the classics of our times, and it
borders on impertinence to attempt to write a
preface to them". If a preface is impertinence,
a review may be lése-majesté!"But one must
try", as Diracis reported to have told Feynman
in connection with the "search for a meson
equation" analogous to that discovered by
Dirac for the electron. And so:
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Richard Feynman (1918-1988) was an
American theoretical physicist who
shared the Nobel Prize in 1964 with
Tomonaga (Japan) and Schwinger
(USA) for very basic work on “quantum
electrodynamics”. Thistheory describes
the interaction of electrons and other charged ma-
terial particles with photons, i.e. with light. He also
made important contributionstowards understand-
ing the behaviour of liquid helium and the internal
structure ofthe proton and the neutron. His colourful
life and personality and unique style of doing physics

have beenwelldocumentedinJames Gleick's book

Feynman did something very unconven-
tional atthe heightof hisresearch career.
He spent two entire years planning and
teaching acourse of physics atthe under-
graduate level (i.e like our BSc. in India).
Thethree volumeswhichresulted are not
a conventional textbook but have inspired genera-
tions of physicists. We hope that reviewing them in
Resonance will help anew generation of students
andteacherslearnabouttheir existence and benefit

from their unique view of physics.

R Nityananda

How does one describe a set of books whose
lively chapters (52 in Vol.1,42 in Vol.2) repre-
sentnothingless than ajoyousromp throughall
ofbasic physics (and often the relevant mathe-
matics, too) for the interested beginner,and an
exuberant celebration of the beautiful edifice
called classical physics for the more knowledge-
able reader? Like the best wine, these books
seem to improve with age — the age of the
reader,as well ! Each time one goes back to the
FLP, one gains new insights especially in the
pedagogy of physics. Instead of merely describ-
ing ("reviewing") the contents of the volumes,
itmightbe moreinteresting to focus on periph-
eral information thatisrelevant to the apprecia-
tion of this unique legacy of one of the greatest
minds of our times.

Thewhole projectbegan with aplan foratotally
revised, up-to-date course in basic physics at
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Caltech in the early sixties. As in most serious
efforts of this kind, detailed and thorough dis-
cussions of various suggestionsand alternatives
took place. The solution arrived at finally was
remarkable: to have Richard Feynman (who
had never handled freshman physics previous-
ly) prepare and deliver a complete set of lec-
tures; and record, transcribe and edit these in
the form of a textbook for the proposed new
course on physics. Thisis essentially what was
done. Volume 1 covers thelectures given (at the
rate of two per week) during the academic year

Like the best wine, the Feynman
volumes seem to improve with
age — the age of the reader, as
well ! Each time one goes back
to the FLP, one gains new in-
sights especially in the peda-
gogy of physics.
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1961-62, while Volume 2 covers those given
during the bulk of the academic year 1962-63.
(Volume 3,0n Quantum Mechanics, covers the
lectures given during the last quarter of the
second year.) Feynman himself states that he
would have preferred to have followed up elec-
tromagnetism mainly with "...things like fun-
damental modes, solutions of the diffusion equa-
tion, vibrating systems, orthogonal functions,
...developingthe first stages of what are usually
called the mathematical methods of physics."
Given theincomparable combination of physi-
cal insight and mathematical ingenuity that
Feynman possessed, what might we not have
seen if only this had come about!

Andyetthereissufficient magicin the volumes
that did see the light of day. The great math-
ematical physicist Mark Kacclassified Feynman
as “amagician of the highest calibre” in tribute.
The wand-waving is delectably in evidence
throughout the FL.P. Today, more than thirty
yearsafter theevent, weare witness toa flurry of
recognition of Feynman’s heroic effort, by way
of various new editions, video cassettes,and so
on. Feynman himself worked extremely hard
on theselectures (and the demonstrations that
accompanied them). “He gave 100 per cent of
histime to theselectures. He worked from eight
tosixteen hours per day on theselectures, think-
ing through his own outline and planning how
each lecture fitted with the other parts”. If the
lectures themselves constituted a two-year long
virtuoso performance, noless strenuous was the
job of converting them into the classic printed
version we now have—atask “thatrequired the
closeattention of professional physicists (Rich-
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ard Leighton, Matthew Sands) for ten to twenty
hours perlecture!”. Great care was taken how-
ever, to preserve the style and spirit of the lec-
tures— theinformal language, the zestful pro-
gression toreal explanationsand thelively ‘Aha’
ofdiscovery. (“Theunderstanding was reached
that the publisher would follow the manu-
scripts that were provided —because it was not
a textbook but a book of lectures.”)

What did Feynman himselfthink of the FLP?
Some brief comments are to be found in

Robert Walker told Feynman:
"Some day you will realize that
whatyou did for physics in those
two years is far more important
than any research you could
have done during the same pe-
riod."

Feynman’s own preface to the FLP,but hesaid
moreinretrospect,less than amonth before he
passed away: "Now if you ask me if I think I
succeeded in teaching physics well, I haven’t
theslightestidea....Attheend of twoyears (1961-
63)Ifelt that I had wasted two years, that I had
done no research during this entire period...I
remember Robert Walker saying to me: 'Some
day youwill realize that what you did for phys-
icsin those two yearsis far more important than
any research you could have done during the
sameperiod'. Isaid, 'You’recrazy!'.Idon’t think
he’scrazy now. [ think hewasright...whenIread
them (the FLP)over,....they’re good, they’reall
right. P’m satisfied; rather, ’'m not dissatisfied
with them...I must admit now that I cannot
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deny that they are really a contribution to the
physics world."

Thereisn’tawhiffofoverstatement here. Over
the past fifty years, if not more, dedicated and
experienced teachers, researchers and educa-
tionists have grappled with the problem of
successfully teachingbasic physics. Itis no ex-
aggeration to assert that the problem hasunique
aspects that are not shared by the problem of
teaching other subjects such as mathematics,
chemistry or biology at a corresponding level.
(Thesemay have other features of their own, but
thatisnot theissue here.) Entire essays could be
(and have been)written on these aspects. Some
basic ones that readily come to mind are: Our
intuition or mind-set (evolutionary hard-wir-
ing?)tends to be ‘Aristotelian’ (force  change
of position), whereas the macroscopic mechani-
cal world is Galilean/Newtonian (force
change of velocity). Physics is quantitative; its
laws are inevitably expressed mathematically.
Applying them involves a fairly sophisticated
three-fold process: a proper translation (by the
student) of the physical problem irgo math-
ematical terms, its solution using freshly and
often incompletely acquired mathematical
tools,and finally an interpretation of the math-
ematical solution back in physical terms. These
abilities are noteasily acquired, in general. An
editorial by John Rigden on the introductory
course in physics in the American Journal of
Physics concludes with the somewhat diffident
words:

“The students. They leave the introductory
course with a disjointed, collage-like idea as

to the content of physics and they leave with
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no idea whatsoever how it is that we know

what we know.

The faculty. They leave with a rekindled and
deepened awareness of the conceptual rich-
ness of the introductory course. They are
happy with the way they have brought the

ideas together.

The introductory course... illusion...”

In this situation, the FLP offer grounds for
optimism. A perspective that takes in the twin
paradox, the Krebs cycle, seismic waves, insect
vision, thunderstorms, crystal dislocations, vor-
ticity and alternating-gradient synchrotrons,
among other things, and tells one how to place

There are very few places in the
physics literature where one is
likely to encounter the calcu-
lated aplomb needed to write
down just eight lines in a table,
and to call it "all of classical
physics".

them in theirlogical positions on a vast mental
tapestryisnomean accomplishment. Thereare
very few places in the physics literature where
oneislikely toencounter the calculated aplomb
needed towrite down justeightlinesinatable,
andtocallit “all of classical physics”. (Theeight
lines are: the four Maxwell equations, the con-
tinuity equation, the Lorentz force expression,
Newton’s second law of motion and the inverse
square law of gravitation.) Professional physi-
cists know how uncommon it is for even ad-
vanced-level textbooks (as opposed to special-
ized monographs) to appear as references in
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