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It has always beea a somewhat
awesome experience for professional
theoretical physicists to rcad the
Snviet Course of Theoretical Phusics
—universally known as * Landau
and  Lifshitz —because of the
authors® total domination of the vast
range of their subject. This English
translation of the Jatest instalment
of thar justly celebrated work is ne
exception, even though Landau, the
late “grand master’ of Russian
physics, is not ameng the authors.

Quantum n‘echdmrs has cnabled
us to achieve a detatled understand-
ing of the structure of atoms, of
matier in bulk, and of the empirical
rules of chemisiry. Yet the simplest
form of the theory, based on
“ Schridinger’s wave equation ”, con-
tains the time as a universal vari-
able, the same for all observers, and
is thus in conflice with Einstein’s
theory of relativity, according to
which time is but one of four coordi
nates which vary with [he notion
of the observer.

This book is part of a treatment
of tire intricate formalisms that have
been developed in the stillincom-
plete attempt 1o marey the  two
theories into a *relativistic quan-
tum mechanics ®. This generaliza-
tion is necessacy in order te discuss
microscopic processes involving par-
ticles travelling near the speed of
Hght, such as the decays, trangitiotis
and trans{ermations of * clementary
particles ” and radiation.

Of course this is a tough subject,
and the authors® approach demands
secfous study ; they believe that “a
reader whose stody . has e¢x-
tended as far as the quantum theory
has  no need of predigesied
material . This is a bit forbidding,
but in fact the authors are sensitive
to the difficulties faced by students,
and there are very many of those
parenthetical remarks which char-
acterize & good textbook, explaining
in the middle of a complicated cal-
culation “where the factor of 2
comes from ™.

It would have been easy for the
authors £o have confined themselves
to empty formalism, and there is
indeed a great deal of pure mathe-
matics——the theory of four-dimen-
sional spinors, for example. But in
fact the book lives up to Landau’s
reputation, and does not shirk basic
physical questions. Thus the intro-
duction shows how Heisenberg’s
famnus  “uncertainty principle »,
when applied to the relativistic
case, implies that the “wave func
tion ”, so important in non-relativis-
tic quantum mechanics, no longer
has a simple interpretation. The
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only physicallymeaninafnl  quami
ties involve the probabilities that
various * velecity states ” will result
frem the intcraction between given
obiccts,

Again, it is emphasized in chapter
two thatr the relativistic interconver-
1ibility of mass and cncrgy implies
that pariicles need prot be con
served, so that a * va:i:tl;]epauic]e
numbet * formaiism is required {the
non relativietie Schridinger equa-
tion can cope only with systems
where the number of particles is
fixed).

It is-a sound pedagngical prin-
ciple, which applies just as mnuch
at the present abstruse level as it
does at the level of the “new
maths > in primary schools, that the
power of new formalisms should be
demonstrated by applying them in
# varicty of contexts. The authors
are well aware of this, and there are
copious examples, some of which
are  the highly non-trivial “ prob-
lemis” for which this Course is
famous,

The book starts with the wave
equations, operators, and so on, re-
guired fe describe the “ objects ” of
the therry—photons, bosons and fer-
mions. Ther the Pirac eqguation is
solved far an clectron in an external
iicld. Next ine theory of the emis
sion and scattering of radiation is
developed, and many examnle: are
given. There follows a treatiment ot
the scatiering matrix, which inclhudes
a pari?. ularly thorough discussion of
the < phvsical regions ” in the spave
of the invariant quant’ties describing
scatiering with two particles in the
inittal and fipal state..

Next comes an account of © periur
bation theory » applicable to weakly
interacting systems, coptaining a
careful stavement of the rules for
using the teclmique of “TFeynman
diagrams’ Finally, there is.a.
ah, .,rh-lce of calculations, illust-a
tive of the whole theory but import-
ant in their own right, of the proba.
bilities for processes involving elen-
trons, muons and radiation. I have
only one small criticismi of thz
authors’ selection of material: there
is no discussion of the strange
“zitte-bewesung ¥ predicted Dby
Dirac’s theory of the.electrun.

it {s perfectly possibie to read this
book on iis own, even though the
course has been phm‘ed as a wiole,
so that there are frequent references
to the carlier volumes. Despite in
evitable delays in Snviet-British col-
laboration, the work is up-to-date
(the latest references in the text are
for 1970). The translation, by J. B.
Sykes and J. 8. Bell, is elegant, the
book is well produced, and the price
does not seem excessive for a work of
this kind, Although not for begin-
ners, this treatise is strongly recom-
mended to theorcticians working in
the field, and to university libraries.

Michael Berry
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