BOOKS

The Feynman lectures on physics, vol. I — mainly
mechanics radiation, and heat, by Richard P. Feynman,
Robert B. Leighton and Matthew Sands (Reading, Mass.,
Addison — Wesley Publishing Co. Inc., 1963; § 8.75).

In recent years physicists, first in the United States and
then in Europe, have been taking a very hard look at the
way in which their subject is taught in schools and univer-
sities. Indeed, one of the things that has come under
scrutiny is the very idea that physics is a ‘subject’, some-
how separate from mathematics, chemistry, or biology, or
from history, economics or foreign languages. A new idea
(which, after all, is only a very old idea in modern form)
has arisen, seeking not only to remove the rigid sub-divisions
into which the study of physics has been split but also to
present physics as a part of the knowledge that we all ought
to have of the world we live in, something essential to a
full education and not as an esoteric subject for a relatively
few specialists. Specialists there must be, of course, and
they will study physical phenomena in much more detail,
but even specialists should remember that what they discover
are explanations for human experience. As such, this
knowledge has at some stage to be fitted into the everyday
context of life, together with that of other sciences and of
the arts, and not kept separate. Even at the frontiers of
knowledge, in sub-nuclear 1esearch as at CERN, for example,
where the hehaviour of the ‘things’ we study seems so far
from normal life, physics cannot be shut off from the
various aspects of engineering, chemistry, biology, economies,
languages, politics, and so on, that are all involved.

Nevertheless, at any level of teaching, not only historical
inertia and the dictates of a workable timetable but -also
a certain natural grouping ensures that ‘physics’ will still
be treated independently, though its relationships with other
disciplines will be emphasized more than in the past. To
this end a number of good text books have appeared
which contrast strongly with even the best of those that were
current, say, twenty years ago.

One of the most compelling must certainly be this one,
edited under the direction of Profs. Feynman, Leighton
and Sands and recording in vivid fashion the lectures
given by Prof. Feynman to the first-year students of the
California Institute of Technology in 1961-62.

As explained in the Foreword, this volume (the first of
three) covers the first year of the two-year introductory
course taken by all incoming students at the Institute and
constitutes a major part of a fundamenal revision of the
course, carried out over a four-year period. Prof. Feynman
prepared and delivered the whole series of lectures, which
were tape-recorded, and the text-book for future use was
prepared from the recordings — after an editorial revision
that turned out to be much more arduous than was
(perhaps somewhat naively) originally expected !

A study of the contents list, giving the titles and sub-
titles of the 52 lectures which have become the 52 chapters
of the book, shows immediately that this is no ordinary
text-book of physics. As one slowly reads through the
book (and it takes a long time because there is a year’s
instruction in its pages) this first impression is reinforced
again and again. The physics is certainly that which has
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been taught for many years in the last terms at school and
the first at university, supplemented by more recent know-
ledge. But the topics are in a different order, which
gives the physics a new shape, there are examples and cross
references that give it a new clarity, and the language is
of a kind that separates the more important from the less
important and compels a new enthusiasm for parts of the
subject long since dismissed as dull.

The tone of the bhook is set in the first two pages. In
these opening paragraphs, Prof. Feynman explains that
physics cannot be taught as a set of axioms like Euclidian
geometry; firstly we do not know all the basic laws and
secondly the statement of those we do know requires a know-
ledge of advanced mathematics as well as some very unfamiliar
ideas. Physics has to be learnt gradually, and everything
we learn is only an approximation to the truth so that
corrections will be needed later. Stressing that the test
of all knowledge is experiment, he points out that it is
imagination that is needed to create the great generalizations
that are moulded into the laws of physics*.

Then he puts the proposition, that if all of scientific
knowledge were to be destroyed and only one sentence
passed on to the next generation, then the statement that
would contain the most information in the fewest words
would be the following: ‘All things are made of atoms —
little particles that move around in perpetual motion,
attracting each other when they are a little distance apart,
but repelling upon being squeezed into one another’.
All through the book this fact is not lost sight of. Even
though many of the topics dealt with do not involve the
idea of atoms explicitely, always the question is asked:
‘Is what we have said consistant with what we know about
atomic behaviour; if not, why not ?

To begin with, the first three chapters are of a general
nature: atoms in motion, basic physics, the relation of
physics to other sciences (chemistry, biology, astronomy,
geology, psychology). Here there is no mathematics to put
anyone off and this section in particular can be thoroughly
recommended to anyone, not just the physics student, who
would like to know what physics is.

Next comes a chapter on the conservation of energy,
again a touchstone to be used many times to gauge the
sense of a statement or derivation. Having often sought to
define ‘energy’ for the sake of non-physicists, it was some-
thing of a relief to find here the confirmation that it does
not exist in little blobs and in fact we have no knowledge
of what energy is! ‘Time’ is a similar ahstract notion,
impossible to define specifically (‘how long we wait’, says
Feynman) yet essential in our thinking and therefore need-
ing to be measured in an accurate and agreed fashion.
Both time and distance are dealt with in chapter 5, and
the chapter following is devoted to a discussion of probe
bility, not forgetting its relation to atomic structure an
the Heisenberg uncertainty principle.

The next eighty pages or so develop the topic of Newton’s
laws of motion, beginning with the theory of gravitation,
discussing what we mean by motion and how it is described

* Since this review was written, the selection of Prof. Feynman as one
of the Nobel Prizewinners for 1965 has given recognition to his own
eminence as a theoretical physicist.



by the mathematics of the calculus (differentiation and
integration), the components of velocity and force, the
conservation of momentum, vectors and vector algebra,
different kinds of forces, including (already!) nuclear
forces, and ending with the ideas of work and potential
energy.

Next, and this is another surprise for someone brought up
in the old tradition, come chapters on the special theory
of relativity, relativistic energy and momentum, and space-
time, the latter including a clear treatment of four-vectors
and four-vector algebra — the logical extension into the
four dimensions of space-time of the three-dimensional
vectors already discussed. It seems obvious that this is
the place to introduce these ideas. As presented by Prof.
Feynman, they are not so terribly difficult and they show
how Newton’s laws have to be modified when the velocities
involved approach those of light. Even Einstein’s equations
are still approximate, since they do not take account of the
uncertainty principle, but they are not as approximate as
Newton’s equations dealing with the same phenomena.

From the mathematical refinements of essentially point-
like particles, the lectures turn to the realities of solid
bodies at the sort of speeds normally encountered, deriving
such concepts as the centre of mass and moments of inertia
and treating various aspects of rotation in bhoth two and
three dimensions, using vector notation.

The chapter entitled ‘The harmonic oscillator’ is intro-
duced by the excellent explanation that the standard
examples (mass suspended from a spring and simple
pendulum) are to be seen as easily understood demon-
strations of the properties of the highly versatile linear
differential equation with constant coefficients, rather than
as particularly interesting phenomena in themselves. A
beautifully devised chapter on ‘algebra’ leads to the relation-
ship between complex numbers and the ‘geometrical’
notation for oscillations in terms of sines and cosines, and
thus enables such things as resonances and transients, in
both mechanical and electrical systems, to be treated
relatively easily in the following pages.

In the second half of the book, the first thirteen chapters
deal with various aspects of electromagnetic radiation, a
sort of synthesis between geometrical and physical optics
and electrical wave theory that brings out the essential
unity underlying these former sub-divisions of physics.
Fermat’s ‘principle of least time’ is used as the basis for a
study of geometrical optics, and justified by quantum-
mechanical considerations (again this cross-checking from
one concept to another for consistency). Maxwell’s equations
introduce the topic of electromagnetic radiation, with all
the phenomena of interference, diffraction, dispersion,
absorption, polarization, and so on, that this involves,
whilst the discussion brings in many of the ideas on the
calculus, vectors, oscillations and quantum behaviour dealt
with earlier. The section is brought to an end by one
chapter on the relativistic effects of radiation and two that
(at the moment!) are not physics at all, on the sensations
of colour and the more general mechanics of seeing.
Prof. Feynman rightly makes no apologies for ‘these
excursions into other fields’. ‘Nature is not interested in
our separations’, he says, ‘and many of the interesting
phenomena bridge the gap between fields’.

There is also a sort of postscript, in which two chapters
are devoted to an elementary discussion of quantum

mechanics and the question of the relation between the
wave and particle viewpoints. At the same time this acts
as a bridge to the next section, which begins with the
kinetic theory of gases, passes through the principles of
statistical mechanics, Brownian movement, application of
the kinetic theory, and diffusion, to the laws of thermo-
dynamics, devotes a chapter to some of the applications of
thermodynamic theory, and ends with a chapter entitled
‘ratchet and pawl’. In this, a model of good teaching,
Prof. Feynman takes a simple piece of mechanical equip-
ment, known to everyone, shows that it is not so simple as
it looks, and thereby derives some of the essential ideas
concerning reversibility and irreversibility that are at the
heart of fundamental physics.

The next four chapters deal with various aspects of
sound, serving as specific examples of some more general
phenomena that arise from wave motion and supplementing
the earlier chapters on electromagnetic waves. Included in
this section is a statement of the important synthesis given
by the idea of ‘linear systems’, and a consequent relation-
ship between our ways of thinking about macroscopic waves,
on the one hand, and quantum-mechanical atomic and
nuclear systems on the other.

In the last chapter, Prof. Feynman’s clarity of exposition,
coupled with humourous presentation, is again shown to the
full, and this explanation of ‘symmetry in physical laws’ is,
like the opening chapters of the book, accessible to many
more readers than just the students to whom it was first
delivered. After defining what we mean by symmetry in
such a context, and giving some of the more obvious
examples, he deals with the remarkable connexion that
exists between symmetry rules and conservation laws. He
then considers some of the interesting properties of mirror
images, including the particularly surprising fact that many
biological systems distinguish between ‘left-hand’ and ‘right-
hand’ molecules, so that many substances which can be made
artificially in both forms exist in nature in only one.
The difference between polar and axial vectors is also
clearly explained.

In his highly entertaining story of the Martian who was
told by telephone how to make a model of a man on Earth,
Prof. Feynman shows clearly how the symmetry laws come
into play and describes the connexions between the non-
conservation of parity in weak interactions, antimatter, and
the so-called CP invariance (though, perhaps typically, he
doesn’t name the latter as such).

Finally, in the last paragraphs, he turns to broken sym-
metries, giving a glimpse of problems with which physicists
in high-energy laboratories are now so familiar.

A really adequate impression of this lively, sometimes
provocative, and very personal approach to a major part
of physical knowledge would require another Feynman as
reviewer. All I can really say, in summary, is that anyone
who has ever reached the stage of studying physics at
university level should get the book for himself and explore
its contents. He will be extremely well rewarded.

A.G. H

Introduction to radiological health, by Hanson Blatz
(Maidenhead (U.K.), McGraw-Hill Publishing Co. Ltd., 1964;
99s.).

This book forms a very good introduction to the variety
of problems associated with the field of radiation protection
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— or radiological health, as the author prefers to call it. Tt
discusses radiation and radiation sources, and their proper-
ties, as well as the problems of the interaction of radiation
with matter; it also deals with biological effects, related
to permissible radiation doses, contamination levels, radiation
measurements, and protection, including radiation accidents
and the legal aspects of radiation control.

The book is written in general terms, but it gives a
considerable amount of information on its subject. It would
be more useful as a volume of general interest to someone
who wishes to gain some knowledge of the character and
scope of radiation protection, rather than as a reference
book for a health physicist. It is to be recommended to
those who have some background in physics, biology or
medicine and who would like to learn what the problems
of radiation protection really are.

The book has a good subject index.
J.B.

Nuclear physics, by Irving Kaplan (Reading, Mass.,
Addison-Wesley Publishing Company Inc., Second edition,
second printing, 1964; $ 15).

The first edition of this well-known book appeared in
1954, and the first printing of the second edition dates
from 1962.

Part I (7 chapters) deals with the ‘Background of nuclear
physics’, including chapters on the special theory of relativity
and on atomic spectra, part II, called ‘The nucleus’, is
devoted mainly to radioactivity and nuclear reactions, while
part III (4 chapters: neutron physics, nuclear fission, nuclear
energy sources, and accelerators) is a choice, as indicated by
its title, of ‘Special topics and applications’. )

Each chapter is followed by a list of references and —
with one exception — by several (6-20) problems, the
solutions being given in an appendix. The references are
divided into two parts: general (mostly books), and particular
papers quoted in the text. Many classical books and papers
are included, which — if consulted — would serve to give
the student a ‘feeling of history’. Generally the references
stop at 1958; only in a few places are there some items
up to 1961, obviously ‘added’ at a later stage.

Many numerical tables in the main text and the appendices
enable the student both to solve the problems and to become
familiar with the orders of magnitude of the quantities
involved and with the most important and characteristic
physical data. As a separate enclosure a chart of the
nuclides, up to lawrentium 103, contains valuable infor-
mation, such as abundances, activation cross sections, modes
of decay and energies, some isomeric states, and masses on
the carbon-12 scale. This is the only place, incidentally, in
which this scale is used explicitely.

As stated in the author’s preface the book is intended for
an advanced undergraduate level. Generally speaking, from
this point of view the choice of topics is reasonable, although
the complete absence of elementary-particle physics is a
limitation, even if the book is addressed mainly to non-
physicists and particularly students of nuclear engineering.
From the present text, in fact, it is rather difficult to
guess for what useful purpose the high-energy accelerators
described in the last chapter might have been built. The
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‘curriculum’ of the book may also explain why spark
chambers or solid-state detectors are not even mentioned;
nevertheless, this must be seen as a serious gap today.

Obviously it would be quite unreasonable to provide the
text with more than a rather descriptive treatment of
theoretical problems involving quantum mechanics, such as
(for example) alpha-decay or parity conservation, and the
reader who wants to acquire a better understanding and a
deeper insight must make use of the literature, to which,
it is true, he is generously and judicially sent by the

references.

A few minor negligent formulations might give rise to
erroneous understandings. For example, on p. 156 one
finds: ‘The spin angular momentum of the electron... could
have the values +1/2 or —1!/2.’, when in fact, in opposition
to its projections, the spin itself is characterized by
essentially positive quantum numbers.

As a whole, however, the book is written in a clear-minded
and attractive manner, able to stimulate the beginner’s
interest in nuclear physics and its applications. Its
reputation as a most valuable introduction to nuclear
physics is well deserved. Let us hope that a further
edition, which will become necessary presumably in the not
too distant future, will not only be brought up to date
but will also include an elementary account of high-energy

physics and fundamental particles.
J. S. Auslinder (Karlsruhe)
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All parts for assembling of
vacuum plants

are available immediately from our stock
at Zurich :

Flanges, disks, valves, gauges,
pumps simple- and double-stage
design in all current sizes.
Ovens with or without vacuum

for laboratories.

Exclusive Representatives for Switzerland
and Liechtenstein :

WISMER A.G,

8057 ZURICH

Oerlikonestrasse 88, tel. 051 /46 40 40

New
Vaclon®
Pumps

Here are the new Vaclon® Pumps with speeds of
140 1/s, 270 /s, 500 I/s and 1000 I/s.
The new control units start these pumps twice as fast as older pumps
and deliver more power for faster pumping at high pressure.
The large diameter anode cells and new magnets,
which are bakeable to 400 °C,
provide more speed at low pressures and faster bakeout cycles.
Please contact
. Varian AG, Baarerstrasse 77, 6300 Zug, Switzerland, Tel. (042) 4 45 55
Varian ior data sheet Vac 2227 describing the new pumps.
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NEW
PRODUCTS

FROM...

GENEVE

100 Mc COUNTER, DECIMAL VERSION-SEN 136

- Size and readout circuits compatible with standard SEN
123 scaler (CERN 3009)

- Frequency range: zero DC to over 100 Mc (countinuous
and aperiodic rates)

- Better than 10 ns triple pulse resolution

- Minimum input pulse width: 2 ns

- Input impedence: 50 or 75 Ohms

- Adjustable input threshold from 350 mV to 1,5 Volt

- Input circuit protected against overloads

- Capacity: 10°

100 Mc COUNTER, BINARY VERSION-SEN 194

- Same general characteristics as the SEN 176 counter

- Straight binary output for efficient operation with "on line”
computers

- Capacity : 224

BUFFER MEMORY-, SEN 400

- Allows recording of several events during each burst of
accelerators

- Provides most efficient use and considerable economy of
magnetic tape

- Capacity: 1024 words of 24 bits

- Compatible with SEN standard counting systems

- Standard chassis for 19” rack

NEW LINE OF MEMORY MODULES SOLVING SPECIFIC
NEEDS OF PHYSICISTS.

SOCIETE D’ELECTRONIQUE NUCLEAIRE
31, AV.ERNEST-PICTET GENEVE-SUISSE TEL. (022) 442940

FROM 17t OF APRIL 1966

NEW ADDRESS
31, av. Ernest-Pictet - Geneva,/ Switzerland




NEW!

DOUBLE SCALER 613  with high resolution,
corresponding to 100 Mc/s. 2 X 8 decades,
decimal display, input for positive or negative
pulses of min. 2.5 ns. Adjustable sensitivity
Automatic readout. Other types for 2+20 Mc/s.
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Other products :

READOUT LOGIC 630° Control unit for

to 98, 6 or 8 decades - scalers.

speed of 14 characters/s.

HIGH SPEED TAPE PUNCH 493
contained power supply.

TAPE READER 495 for 10 characters/s.

automatic readout up

PARAMETER UNIT 650 For insertion of
information to be read out together with the scaler contents.

DRIVE UNIT 642 Simultaneous control of recording instruments
such as output writers, tape perforators etc.

identification and

OUTPUT WRITER 494 with typing head. Operates at an output

for 110 characters/s, self

I ELECTRON!C—SOLOTHURN

Heidenhubelstr. 24

SWITZERLAND

Tel. 065 / 285 45

Great Britain: 36, East Street, Shoreham-by-Sea, Sussex, tel. 4305

Germany : Kaiserstrasse 10, 8 Miinchen 23

France : Sorelia Electronique, 92 Courbevoie, 25, rue de Nor-

mandie, tel. 333 82-96

ftaly : D.I.S.l. Nuclear Corporation, Viale Lunigiana 40, Milano
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EMI ELECTRONICS MAKES
A WWORLD OF DIFFERENCE

In the time that it takes you to read the first few lines of this advertisement you
could be completely checked by an EMI radiation monitor. This happens every
day so that thousands of people working in nuclear establishments go home
safe from radioactive contamination. The new generation of EMI Nuclear
Health Monitors, the largest range in Europe, includes instruments to meet the
needs of establishments large or small. The monitors illustrated are but two of
the EMI range which includes, Hand and Clothing Monitors, Hand Monitors,
Foot Monitors, Floor Monitors, Beta/Gamma and Neutron Dose Ratemeters,
and Air Monitors, as well as the Wells series of modular nucleonic instruments.
If nuclear safety is your business, send now for full details of the EMI range.

EMI]I ||[EmMI ELECTRONICS LTD

NUCLEONICS DIVISION - HAYES - MIDDX - ENGLAND - TELEPHONE: HAYES 3888
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1S OUR BUSINESS

MI NUGLEAR HEALTH II’[NI MEETS EVERY NEED

SAHEY

Above : Rate meter RM2 is a low cost solid state
general purpose monitor for all types of radiation. It
weighs only 6 Ib.

Below : Single Hand Monitor Type HM2. Economical
solid state instrument—ideal for universities and
hospitals using radio isotopes. Has audible and
visible indicating systems.




plans and delivers
Processing Plants for :

Precision rectification
Heavy water recovery

Gas liquetying

Uperisation sterilizing

Town gas detoxification, etc.

Laboratory columns

Thermal Plants

Steam generators up to
the highest pressures
Hot water boilers and
accumulators

Gas turbines

Diesel engines

Reactor plants for
nuclear power stations

Heat pumps

Refrigerating Plants

Cooling installations
Tube-ice generators

Cryogenic installations

Air conditioning plants

Heating and air conditioning plants

Axial and radial compressors
Oil-free reciprocating compressors
Pumps

for delivering high- and

low-viscosity fluids and corrosive media

Sulzer Brothers
Limited
Winterthur, Switzeriand

Cryogenic installation (— 250° C) for
D20 recovery (Emser Werke AG., Domat/Ems
Switzerland).
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NANOCOUNTER"

100 MC DUAL COUNTER/SCALER

SPECIFICATIONS (Each Section)

Counting Rate: 0-108 counts/sec (100 Mc)
Pulse-Pair Resolution: 10 nsec
Count Capacity: 107 (7 decades)
Input Data —
Sensitivity: 100, 200, 500 mV; 1, 2, 5V
Max. Input: 100V; any sensitivity range
Input Impedance: 50 ohms; DC-coupled
Reflection: +-10% max.
Output Data —
Display: In-line, 7-digits, long-life Nixies
Elec. (Printer) Readout: On command
Parallel: 36-line 1-2-4-8 BCD; other codes special order
Serial (Optional); 4-line 1-2-4-8 BCD; other codes special order
Output Logic Levels: OV — 0, —4V = 1; 1K ohms. -4V or -8V
options available
Reset: Local-front panel pushbutton; Remote-ground line on rear
connector
Scaler Identification: BCD (00-99) via framing switches
OVFL: Overflow count; —4V, 3002 source Z
General —
Temperature Range: 0°C to 60°C; all silicon, no fans
Power Requirements: 105-125 or 210-240 VAC, 50-400 cps
Dimensions: 314”h x 16”d x 19”w, 0/a; fully shielded
Price: $2200. f.0.b. Mt. Vernon, N. Y. Slightly higher
outside USA

CHRONETICS
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NANOLOGIC™ 100

100 MC DIGITAL LOGIC SYSTEM
FOR NUCLEAR PHYSICS

FUNCTIONAL MODULES
(6 shown of 18 availahle):

101 Dual Discriminator « 102 AND (coincidence)/OR » 103 AND/OR
with DC-coupled anti-coincidence * 105 Time to Pulse Height Con-
verter « 106 Dual Nanoamptm « 107 Dual AND (coincidence) 108
Dual Fan-Qut < 109 Dual 100 Mc Decade Prescaler « 111 Gate
Generator ¢ 112 Dual 4-Fold Logic Fan-In « 113 Dual AND Gate
e 114 Four Discriminator « 115 Dual Power Fan-Out « 116 Linea’
Gate & Stretcher « 118 Dual Linear 6-Fold Fan-In « 119 Dual Lineal
Gate « 38 Three 8-Fold Resistor Fan-In « 44 Four 4-Fold Fan-Out

NANOLOGIC 100 proven performance —in use at most of the majo.
accelerators of the free world—advanced design, unmatched stability
and reliability. Comprehensive technical literature available.

You are invited to discuss any problem of nuclear instrumentation with
CHRONETICS’ exceptionally capable technical staff. Please write or phone.

tm trademark of CHRONETICS, INC.

New York: 500 Nuber Avenue, Mt. Vernon, New York. (914) 699-4400 TWX 710 560 0014

Europe:

39 Rue Rothschild, Geneva, Switzerland

(022) 31 81 80 TELEX 22266
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