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Everyone knows about the three-volume
Feynman Lectures In Physics, which surely is
one of the great contributions of this century
to science literature. The book under review,
written by friends and colleagues of
Feynman’s, documents one of the lesser
known stories associated with the Lectures:
how five of them got omitted from the
published version, and one of them, delivered
in CalTech in March 1964 and titled ‘The
Motion of the Planets Around the Sun’, was
rescued from oblivion in 1994 by the authors,
using only the audio tape of the lecture and
some notes that Feynman had prepared
fortunately containing a few sketches.

The authors have produced a very
valuable book. Its value lies not only in the
insight it provides into the style of teaching
and working of a very great physicist (for
instance, it reveals the great care that
Feynman took over his lectures; a phrase
casually thrown in during a lecture may in
facthave beenagonised overforhours before
the lecture), but it does a wonderful job of
capturing and laying out on a broad canvas
the historical setting behind the subject
matter of the lecture.
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Chapter 1, titled From Copernicus To
Newton, provides a quick tour of celestial
mechanics as itadvanced during the times of
Copernicus, Brahe, Kepler, Galileo and
Newton. Wonderful discoveries were made:
the Copernican model of the solar system;
Kepler'sthree laws of planetary motion, found
after two decades of toil; Galileo’s
observations: (a) the natural state of an object
in horizontal motion is to keep moving
horizontally, forever and at constant speed
(this was later refined and formalised by
Newton as a law of motion), and (b) the path
followed by a projectile near the earth’s
surface is a parabola; and finally, the
extraordinary contributions of Isaac Newton
— the law of gravitation, invention of the
calculus, formalisation of the three laws of
motion, and his extraordinary treatise,
Principia Mathematica, in which he does
nothing less than lay out the system of the
world. The story is an inspiring one, and the
authors tell it with humour and precision.

Followingthis chapteris a biographical
onetitled Feynman: A Reminiscence, which
provides a thumb-nail sketch of his life and
work. The story is told with affection and
humour. Readers who have gone through
Gleick’s book ‘Genius’ and Feynman’s own
bestsellers, Surely You'reJoking, Mr. Feynman!
and What Do You Care What Other People
Think?, may not find much that is new, but
the chapter does provide fresh insights into
Feynman’s personality. The description of
the 'only private verbal exchange' that
occurred between Einstein and him s
amusing . (I will not spoil the reader’s fun by
describingithere.) Arathertouchingincident
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describes him and Goodstein (one of the
authors of the book under review) attempting
to track down an error in one of their joint
papers. Justafewdays earlier, Feynman had
been diagnosed as having stomach cancer
andwas togoinforsurgery. Nevertheless, he
got to work

“ .. with unflagging energy on an
unimportant problem intwo-dimensional elastic
theory. . . . The problem provedintractable. At6
P.M., wedeclaredthe situation hopelessandwent
ourseparateways. Twohourslaterhe calledmeup
athome. He hadtheanswer! He hadnotbeenable
to stop working, he told me excitedly, and had
finally tracked it down. He dictated the solution
tome. Fourdaysbefore enteringthe hospitalforhis
firstcancer operation, Richard Feynman was
burstingwithjoy.. ..”

The high personal regard and affection
which Goodstein feels for Feynman are in
evidence all through the chapter.

The next two chapters are about the
actual lecture which Feynman gave on the
subject of planetary motion. Why did he
decideto give such alecture? When Newton
presented a proof of the law of ellipsesinthe
Principia, he used the language of classical
geometry which others of his time would
understand . Feynman was sufficiently
intrigued by the proof to want to find one for
himself. (This was typical of him). He saysin
his lecture, “... It is not easy to use the
geometrical method to discover things, but
the elegance of the demonstrations afterthe
discoveriesare madeis really very great. The
power of the analytic method is that it is
much easier to discover things than to prove
things. But not in any degree of elegance.”
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One must remark here that personal and
aesthetic elements inevitably enter into any
discussion concerning proof. Given a
proposition, which of several proofs available
should one considerthe ‘best’? One may use
the most powerful techniques available at
hand and obtain the desired result with
comparatively little effort. Sometimes
however, one may seek a proof using the
simplesttools. Thisis likely to be longer and
more difficult to find and understand but
there is a certain satisfaction in being able to
find one. Dichotomies of this kind often arise
in plane geometry, where any valid
proposition can (in principle) be proved using
analytic geometry or trigonometry. Such
proofs can be quite unappealing, not subtle
and incisive. Another striking example is
provided by the prime number theorem, first
proved in the 1890’s using the machinery of
complexvariables. An elementary later proof
avoids entirely the heavy machinery usedin
the earlier proof. (It is another matter that
the ‘elementary’ proof is more difficult to
understand).

Chapter4 givesthelectureinverbatim
form (including grammatical errors!), while
Chapter 3 gives a very detailed annotated
form ofthe lecture. It seems thatthe authors
have written the book for a very general
audience, taking nothing for granted. Chapter
3 alone occupies more than 80 pages with
some 150 illustrations! Unfortunately this
gets to be quite tedious — readers who are
familiar with the subject matter will probably
feel the urge to race through the chapter or
skip it altogether. The authors take great
pains to establish the propositions used by
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Feynman; for instance the fact that for an
ellipse with foci at S and H, the locus of the
image of H under reflection in all possible
tangentstothe ellipseisacircle centredat S.
This fact is used by Feynman in an elegant
way to show that an ellipse is one possible
orbit of a planet. The crucial insight that he
hits upon is the factthat as the planet moves
around the sun, the velocity vector movesin
acircle. (Well before Feynman, Maxwell and
Hamilton had found this a century earlier,
seealso T Padmanabhan, Resonance.Vol.2.
No.3.34,1996).Thisis forced by the inverse
square law of gravitation, and essential to the
final part of Feynman’s proof.

The authors could perhaps have
included compact proofs of some propositions
in an appendix. Forinstance the vector proof
mentioned above is more convincing and
shorterthan the geometric one of Feynman.
Some arguments offered by the authors seem
unnecesarily involved; for instance, the
footnote on page 115, which attempts to
explain why for points A, B, C on an orbit,
with the sun at S, if the central angles ASB
and BSCare equal and small, then the ratio of
areas of the sectors ASBand BSCis roughly
AS? : BS2. A proof using the fact familiar to
most readers that the area of a sector of a
circle with radius r and central angle 6 is
proportional to both 2 and 6 may be more
convincing.

Feynman confessesthathe wasunable
to follow Newton’s geometrical arguments at
one point, as they depend heavily on obscure
properties of the conic sections; so he set
himself the task of devising his own proof
(and did so). The authors of the book found
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themselvesinasimilarpredicament, asthey
had only an audiotape and some sketchesto
go by. After great effort they succeeded in
reconstructing Feynman’s proof. As it
happened, | found myself similarly placed
with regard to the authors’ version of the
proof, and had to do a fair amount of work
before | could feel confident about the
argument! Readers will probably report
similar experiences. (Perhaps this says more
about the problem than the various proofs;
but | still feel that the authors’ exposition
could be improved.)

Towards the end of the lecture Feyn-
man shows how the same method provides an
explanationforthe behaviour of an a-particle
beam when fired at a heavy nucleus. The
difference between this situation and the
preceding oneisthatthe forces are repulsive
rather than attractive. It turns out that under
a model in which all the positive charge is
concentrated into an exceedingly tiny space,
the spatial distribution of the reflected beam
canbe predicted precisely, and this matches
closely withthe observedfacts. This discovery
was pivotal in the acceptance of the nuclear
model, and this led in turn to the Bohr model
of the atom.

The story is stirring , and the authors
have done a goodjob of conveyingits flavour
anddrama. The book may attimes taxthe lay
reader, but on the whole it has been written
with skill. Despite its flaws, | feel that it is a
‘must read’ for anyone with an interest in
physics, andindeedforall undergraduatesin
physics and mathematics.

Shailesh Shirali, Rishi Valley School, Chittoor District,
Rishi Valley 517 352, Andhra Pradesh, India.
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Environmental Biology
Man and his Environment

M D Subhash Chandran

Environmental Biology
Biswarup Mukherjee
TataMcGraw-Hill, New Delhi
1996, pp.691, Rs.395.

The travails involved in writing an ecology
textbook are expressed by RL Smithin Eco-
logy and Field Biology (Harper Collins, 1990):
“The fragmentation of ecology into specialised
subdisciplines with their own journals and
books requires many hours devotedto reading
and becoming acquainted with new concepts
and advancesinmany areas. Keeping up with
the literature is more difficultand demanding
than ever. While most ecologists become more
specialised and restrict their reading and
researchtoanarrowarea. .. atextbook author
isforcedtobecome moreandmore ofagenera-
list, ranging over the broad landscape of eco-
logy, attempting to make something of deve-
loping patterns, discovering interrelations
among various fields, and synthesising that
information into some kind of a coherent
whole.”

One of the two choices for the authoris
to write about what he knows best and skim
over the rest. This could result in an
idiosyncratic book reflecting his own, often a
narrow view of ecology. The second, more
difficult approach is to write a general text,
which provides an overview of the subject,
reflecting the broad diversity, that makes
ecology such an exciting field.
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Biswarup Mukherjee's Environmental
Biology is surely a step towards fulfilling the
second choice. Mukherjee's efforts to survive
the pitfalls of specialisation, to provide an
holistic treatment of the subject, is
commendable. The 40 chapters are grouped
into 9 parts. Part 1 deals with the ecosystem,
its structure and function. Parts 2and 3 provide
an insight into the biotic and abiotic factors
and their impacts on the environment and
the biota. Parts 4 and 5 explain the system
dynamics. Parts 6 and 7 deal with the different
habitats, the communities they support and
the environmental setting. Parts 8 and 9
highlight the environmental problems and
strategies to deal with them. A glossary
enhances its value. The book is profusely
illustrated. But the coloured plates are
somewhat disappointing and many of the
diagrams are crammed.

Beginning with the concept of an
ecosystem the book gets into environmental
factors and their effects on the biota. The part
discussing the growth and development of the
biota, in places slumps into mediocrity
revolving merely aroundthe classical theories
of Clement's (1916) Monoclimaxand Tansley's
(1935) Polyclimax, the discourse on succession
is rather retrograde. Parts of the chapters on
community organisation and stratification
are rather inept. Vain efforts are made to
apply the impressionistic picture of
stratification in the tropical rain forest (after
P W Richards, 1952) to the northern tropical
moist deciduous forests of India. Examples
are not given for the top strata of trees of 30—
45m. Wendlandia notoniana (misspelt as
Weilandia), a small tree cannotbelongto the
second strata of 18—-27 m. Astonishingly, just
three shrubs (Woodfordia floribunda, Indigofera
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pulchellaand Clerodendron inforfunatum) are
given as examples of the third strata of trees of
8-14 m. Sweeping generalisations such as
that the forest understorey is an abode of
‘monkeys, chimpanzees, gorillas, squirrels’
etc.couldhave beenavoided. The presentation
of the niche concept, however, is well done.

The chapter on population growth and
regulation, with its elements of mathematics,
could be quite useful. The chapter dealing
with association and integration among
organisms has no mention of mycorrhizal
association, pollination or fruit dispersal.
Ecosystem dynamics and energetics are well
written chapters. Mukherjee is at his best in
the chapters on fresh water and marine
environmentswhich are spread over 100 pages.

The author seems to be treading on
unfamiliar grounds while dealing with some
ofthe biomes of India. Bamboos and the grass
Cynodon dactyloncannot be characteristic of
the tropical wet evergreen forest. Bambusa
(bamboo) is not an evergreen member of
Lauraceae. Schleischera trijuga belongs to
Sapindaceae and not to Myrtaceae. Ground
weed Lantana camara and Euphorbia
antiquorum, asucculentxerophyte, cannotbe
characteristic of the second storey trees of
moist, deciduous forest. The galore of errors
continues in this portion of the book.

The part on human impact and
environmental hazards is very informative
about pollution although it needs to be
enriched with data from the 1990's. The last
part of the book on environmental awareness
and management deal with system analysis,
conservation and wild life management and
non-conventional energy. Although published
in 1996 and reprinted in 1997, one wonders,
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why this part of the book is silent on
momentous events of the decade like the Earth
Summit of 1992!

Despite the need to revise and update
parts of the book, the value of this prodigious
work lies inits educativeness. Shortcomings
apart, the book is ideally suited for learning
the routine curriculumin ecology. The author
aims the book mainly at students and the
layman. The major theme of the book is man
and his environment. Mukherjee's commit-
mentto environmentis amply reflectedin his
work, in his personal views and in the many
aptquotations. The author strongly feels that
the biggest need of the hour is for ordinary
peopletolearn something about ecology.

The anguish of the author and his
concern for the environment are expressed
towards the end of the book: ‘It is not a
question as to when we will meet the final
catastrophe: a hundred million years—dueto
cooling and glaciation; afew thousand years
—duetothecoldregime; 10,000 years—dueto
global warming and final flooding; or a few
centuries — due to exhaustion of resources.
Here we can take an optimistic view and say
that large scale cyclic environmental
catastrophes have been a part of the earth's
five billion year old history and what we have
donesofaristoaccelerate ourselves towards
such a situation. What we need today is to
stabilise the process, reformourselvestowards
sustainable development and preserve our
environmental quality for the future
generations.’

M D Subhash Chandran, Department of Botany,
Dr Baliga College of Arts and Science, Kumta 581 343,
Karnataka, India.
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