
BOOKS 
The strange story of the quantum, by B a n e s h H o f f m a n n 

( H a r m o n d s w o r t h , P e n g u i n Books Ltd . , 1965; 4s. 6d . ) , te l ls in 

a l ively, r e a d a b l e way t h e s to ry of t h e r ise of t h e q u a n t u m 

t h e o r y , f rom its f i rs t u n s e e n s t i r r ings in t h e p h o t o e l e c t r i c 

e x p e r i m e n t s of H e r t z in 1887 to i t s f inal a c c e p t a n c e as a 

bas ic p h i l o s o p h y of science some fifty yea r s l a t e r . 

U n l i k e mos t ' p o p u l a r sc ience ' b o o k s , t h i s one does n o t 

set ou t p r i m a r i l y to exp l a in one of t h e c u r r e n t top ics , such 

as n u c l e a r fission and i ts uses , b u t se lects i n s t ead a h i s to ry 

of ideas . As t h e s tory is u n f o l d e d , e x p l a n a t i o n s t a k e t h e i r 

p l ace in i t , and u n d e r s t a n d i n g of t h e ideas — t h e i r bas ic 

n a t u r e if n o t t h e i r i n t i m a t e de t a i l — comes to t h e r e a d e r 

in m u c h t h e same sequence as i t c ame to t h e phys ic i s t s at 

t h e t ime . 

Also u n u s u a l is t h e fact t h a t t h i s b o o k is w r i t t e n w i t h an 

e m p h a s i s on p e o p l e , a l l ied to a p e r s o n i f i c a t i o n of t h e v a r i o u s 

t h e o r i e s involved , w h i c h b r ings t h e who le t h i n g to l ife. As 

w i t h a good de t ec t i ve s tory , one is led f rom p a g e to p a g e , 

anx ious to k n o w w h a t will h a p p e n n e x t . A t t h e same t i m e , 

because t h e a u t h o r is a m a t h e m a t i c i a n and one - t ime col labo­

r a t o r of E i n s t e i n and In fe ld , t h e s to ry has a r i ng of 

a u t h e n t i c i t y a b o u t i t . T h e a p p r o a c h m a y shock some of t h e 

m o r e ser ious s t u d e n t s of t h e subjec t , b u t i t wil l a t t r a c t m a n y 

p e o p l e who wou ld o the rwi se r e g a r d such t h ings as q u a n t u m 

m e c h a n i c s as be ing far too m y s t e r i o u s to w a r r a n t t h e i r 

a t t e n t i o n . 

One a d v a n t a g e of a b o o k w r i t t e n in t h i s h i s to r i ca l f ash ion 

is t h a t i t does no t get ou t of d a t e q u i t e so easily as t h o s e 

t h a t a t t e m p t to exp l a in t h e l a t e s t t e chno log ica l advances . 

Th i s one was w r i t t e n o r ig ina l ly in 1947 and rev ised in 1959, 

ye t i t does n o t give t h e i m p r e s s i o n of b e i n g d a t e d . T r u e i t 

ends in t h e ' t u r m o i l ' of p a r i t y n o n - c o n s e r v a t i o n and r e m a r k s 

t h a t i so top ic sp in ' seems des t i ned to p l ay a s igni f icant ro le 

in fu tu re d e v e l o p m e n t s ' , t h e r e a r e no m u o n n e u t r i n o s , 

r e sonances , SU3 or i n e x p l i c a b l e K°2 decays , b u t t hese a re 

only new discover ies in t h e field in w h i c h q u a n t u m 

m e c h a n i c s is va l id ; t hey h a v e no t c h a n g e d i ts f u n d a m e n t a l 

n a t u r e , at leas t n o t ye t . 

T h e s tyle , and v i e w p o i n t of t h e b o o k a r e wel l i l l u s t r a t e d 

by t h e fo l lowing e x t r a c t s , t a k e n f rom t h e i n t r o d u c t o r y 

p r e f a c e : 

' T h e s to ry of t h e q u a n t u m is t h e s to ry of a confused and 

g rop ing sea rch for k n o w l e d g e . . . i l l u m i n e d by f lashes of 

ins ight , a ided by acc iden t s and guesses and en l ivened by 

co inc idences such as one wou ld e x p e c t to f ind only in 

f ic t ion. 

' I t is a s to ry of t u r b u l e n t r e v o l u t i o n ; of t h e u n d e r m i n i n g 

of a c o m p l a c e n t phys ics t h a t h a d long ru l ed a l imi t ed 

doma in , of a s u b s e q u e n t i n t e r r e g n u m p r e d e s t i n e d for des t ruc ­

t i on by i ts own i n h e r e n t c o n t r a d i c t i o n s , and of t h e t e m p e s ­

tuous e m e r g e n c e of a m u c h c h a s t e n e d r é g i m e — Q u a n t u m 

Mechanics . ' . . . 

'The magn i f i c en t r ise of t h e q u a n t u m to a d o m i n a n t 

pos i t ion in sc ience and p h i l o s o p h y is a s to ry of d r a m a and 

h igh a d v e n t u r e o f ten wel l -n igh i n c r e d i b l e . I t is a chao t i c 

t a l e , b u t amid t h e a p p a r e n t chaos one g r a d u a l l y d i scerns a 

sp l end id a r c h i t e c t u r e , each d iscovery , h o w e v e r seemingly 

i r r e l e v a n t or nonsens ica l , fa l l ing c u n n i n g l y i n to i ts a p p o i n t e d 

p lace t i l l t h e who le i n t r i c a t e j igsaw is r evea l ed as one of t h e 

ma jo r d iscover ies of t h e h u m a n m i n d . ' 

This d r a m a of d i scovery is to ld in a P r o l o g u e , two Acts 

(d iv ided by an I n t e r m e z z o ) and an E p i l o g u e , w i th a Pos t -

their member States. This is why their officials are 
subject to a constant tension, in trying to decide 
whether to accept the ideology of the State to which 
they belong, or a more or less agreed division of power 
between rival groups (which would render the organi­
zation ineffective) or whether to work for a closer 
cohesion in the organization and a consequent gain in 
its authority. 

The international official's links with his country of 
origin are important, because they keep him in touch 
with everyday reality and assist his thoughts and dis­
cussions on the choice available in practice between 
the interests of the many and of the few. 

In a world where nationalism still prospers, the 
international organizations lead a hard life, but they 
remain one of the only means of reconciling divergent 
views. In the end it is not the training of the inter­
national official that is of greatest importance, but his 
sense of vocation, which must feed the hope of peace 
inherent in the organizations themselves. 

Contributions to the discussion 

These two interesting talks were followed by a 
sustained discussion, under the chairmanship of 

Mr. Pierre Zumbach. The rather strained relations 
existing at the time with a section of the local popula­
tion were referred to by Prof. A. Babel, President of 
'La Commission de la Genève internationale', who was 
nevertheless confident that the people of Geneva would 
adopt a more positive view of their connexions with the 
'internationals' and thus produce a lasting improve­
ment. On the same theme, it was suggested that inter­
national employees should join Swiss professional 
associations, or local sports clubs, or interest them­
selves in church affairs or other activities in Geneva. 
A point put very strongly was that it was absolutely 
essential to learn French. There was also a proposal 
for a public debate between 'Genevois' and 'Internatio­
nals', covering all the points at issue. 

The healthy growth of the international organizations 
was also a subject of discussion. Whilst it was certainly 
necessary to eliminate any 'Parkinsonian' increase, 
there was a risk that the ceiling at present imposed on 
the non-governmental organizations would seriously 
hinder their work in some cases. 

All in all, an intensely stimulating evening that 
deserved to be followed up. 

Ursula Reich 
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sc r ip t a d d e d for t h e second A m e r i c a n ed i t i on of 1959 (of 
wh ich t h e Engl i sh ed i t i on is a r e p r i n t ) . 

On t h e f irs t p a g e of t h e P r o l o g u e we see H e i n r i c h H e r t z 
a t w o r k on t h e f i rs t e x p e r i m e n t s to d e t e c t r a d i o s ignals , w i th 
no t h o u g h t of wire less t e l e g r a p h y b u t ju s t to p r o v e t h e 
co r r ec tnes s of Maxwel l ' s e l e c t r o m a g n e t i c e q u a t i o n s . A n d 
because he was m o r e i n t e r e s t e d in t h e p h e n e m o n e n itself 
t h a n i ts p r a c t i c a l u t i l i z a t i o n h e n o t i c e d a smal l effect t h a t 
was des t ined to o v e r t u r n t h e w h o l e s t r u c t u r e of phys ics . 
H o w th i s f i rs t came a b o u t is to ld in t h e five c h a p t e r s of 
Ac t 1; t h e Vio le t c a t a s t r o p h e ' , t h e i n v e n t i o n of t h e energy 
q u a n t u m . E ins t e in ' s e x p l a n a t i o n of t h e p h o t o e l e c t r i c effect 
and t h e beg inn ings of t h e 'wave or p a r t i c l e ' con t rove r sy , t h e 
r ise of Niels B o h r ' s a t o m i c t h e o r y and i ts f inal co l lapse as 
a r u i n of c o n t r a d i c t i o n s (a fac t t h a t will come as a su rp r i s e 
to m a n y r e a d e r s , and poss ib ly w r i t e r s , who st i l l be l i eve t h a t 
t h e a t o m rea l ly is j u s t a m i n i a t u r e solar s y s t e m ) . 

Af te r t h e I n t e r m e z z o , w h i c h w a r n s of t h ings to come , t h e 
n e x t seven c h a p t e r s , f o rming Ac t 2, show h o w t h e chaos of 
t h e l a t e n i n e t e e n t w e n t i e s g r a d u a l l y reso lved i tself i n to a 
usab le t h e o r y . H e r e we f ind t h e s to ry of t h e idea and t h e 
e x p e r i m e n t a l p roof t h a t e l e c t r o n s w e r e waves as wel l as 
p a r t i c l e s , t h e g r o w t h of m a t r i x m e c h a n i c s , t h e wave e q u a t i o n 
of Sch roed inge r and t h e f u n d a m e n t a l f o r m u l a t i o n of q u a n t u m 
e l e c t r o d y n a m i c s by D i r ac , H e i s e n b e r g ' s i n d e t e r m i n a n c y p r i n ­
c ip le and t h e a b a n d o n m e n t of causa l i ty , c u l m i n a t i n g in a n e w 
o u t l o o k of phys ics so d i f f e r en t f rom t h a t of hal f a c e n t u r y 
ea r l i e r and exempl i f i ed by t h e s t a t e m e n t of D i r a c t h a t ' t h e 
only ob jec t of t h e o r e t i c a l phys ics is to ca l cu la t e r e su l t s t h a t 
can be c o m p a r e d w i t h e x p e r i m e n t a n d i t is qu i t e u n n e c e s s a r y 
t h a t any sat isfying d e s c r i p t i o n of t h e who le course of t h e 
p h e n o m e n a shou ld be g iven ' . 

I n t h e E p i l o g u e we r e a d of t h e successes of t h e q u a n t u m 
t h e o r y in desc r ib ing t h e ea r ly e x p e r i m e n t a l r e su l t s on t h e 
phys ics of t h e a t o m i c n u c l e u s r a t h e r t h a n of t h e a t o m as a 
who le , t h e d i scovery of t h e p o s i t r o n ( the f i rs t ' a n t i m a t t e r ' 
p a r t i c l e ) , t h e n e u t r o n , a r t i f i c ia l r ad ioac t i v i t y , t h e idea of t h e 
n e u t r i n o , exchange forces a n d mesons , f ission — and t h e 
s u d d e n r ea l i z a t i on t h a t all t h i s d i s i n t e r e s t ed , f u n d a m e n t a l 
r e sea rch , ' sc ience for i ts own sake ' , h a d e n o r m o u s p r a c t i c a l 
a p p l i c a t i o n s . 

T h e P o s t s c r i p t ca r r i e s t h e s to ry of t h e f u n d a m e n t a l 
r e s e a r c h f u r t h e r f o r w a r d i n t o t h e field of sub -nuc l ea r 
phys ic s ; s t a r t i n g w i t h Powe l l ' s d i scovery of t h e p ion , and 
s t o p p i n g for a m o m e n t w i t h t h e shel l m o d e l of t h e nuc l eus , 
i t dea ls w i t h such th ings as t h e f u n d a m e n t a l ' i n f in i t i e s ' of 
t h e wave equa t i ons , t h e L a m b shif t and ' v i r t u a l ' p a r t i c l e s , 
r e n o r m a l i z a t i o n , F e y n m a n d i a g r a m s , s t r a n g e p a r t i c l e s , t h e 
o v e r t h r o w of p a r i t y c o n s e r v a t i o n in w e a k i n t e r a c t i o n s , and 
ends p e r h a p s on an a p p r o p r i a t e t o p i c in v iew of c u r r e n t 
even t s — t h e p o s t u l a t e of CP i n v a r i a n c e ! 

A n y o n e who d o u b t s w h e t h e r t h e h a p p e n i n g s of th i s 
' d r a m a ' a re as i m p o r t a n t as t h e y a r e said to b e has only to 
t o t u p t h e n u m b e r of c h a r a c t e r s w h o h a v e b e e n r e w a r d e d 
w i t h t h e Nobe l P r i z e — no less t h a n t h i r t y - s e v e n of t h e m are 
n a m e d , n o t c o u n t i n g those w h o a p p e a r in t h e P o s t s c r i p t p r i o r 
to t h e i r award . 

Those fami l i a r w i t h t h e w o r k of C E R N and s imi la r h igh-
energy-phys ics l a b o r a t o r i e s wil l also d i scover m a n y pa ra l l e l s 
b e t w e e n t h e even t s of t o d a y and those of t h e q u a n t u m 

s tory . T h e r e is t h e same fee l ing of u n c e r t a i n t y w i t h p r e s e n t 
t heo r i e s , t h e sense of i m p e n d i n g d iscover ies , t h e t h e o r e t i c a l 
successes (omega minus ) and d i s a p p o i n t m e n t s ( i n t e r m e d i a t e 
b o s o n ) ; p r e s e n t day phys ic i s t s h a v e t a k e n over t h e ' g r o u p ' 
a lgebras of t h e p r e v i o u s c e n t u r y in t h e way t h a t t h e 
q u a n t u m t h e o r i s t s a d a p t e d t h e o lde r m a t h e m a t i c s of m a t r i c e s 
and t h e w o r k of H a m i l t o n , for e x a m p l e ; and so on. 

B u t H o f f m a n n ' s b o o k has an i n t e r e s t for eve ryone . W i t h 
some 220 pages of t ex t , in ' p o c k e t ' f o r m a t , i t is i nc r ed ib ly 
good va lue for money , and for t h o s e w h o wish to use i t also 
for r e f e r e n c e i t is p a r t i c u l a r l y wel l i n d e x e d . 

A. G. H. 

New perspectives in physics, b y Lou i s de Brog l i e (Edin­
b u r g h and L o n d o n , Ol iver and Boyd , 1962; 30s. ) , is a 
co l lec t ion of essays by a n o t a b l e c o n t r i b u t o r to t h e field of 
m o d e r n phys ics who , i n c i d e n t a l l y , can also be said to h a v e 
had two ma jo r in f luences on t h e life of CERN. T h e f i rs t 
was in 1924, w h e n h e p r o d u c e d his t h e o r y showing t h a t a 
mov ing p a r t i c l e was assoc ia ted w i t h t h e p r o p a g a t i o n of a 
wave , and t h u s set phys ic i s t s off on t h e who le d e v e l o p m e n t of 
wave m e c h a n i c s w i t h o u t w h i c h h igh -ene rgy phys ics wou ld 
n o t ex is t ; t h e second was in 1949, w h e n he p r o p o s e d to t h e 
E u r o p e a n C u l t u r a l Confe rence t h e c r e a t i o n of a r eg iona l 
r e sea r ch o rgan i za t i on , and t h e r e b y set in m o t i o n t h e even t s 
t h a t led to t h e f o r m a t i o n of CERN. 

T h e b o o k te l l s us q u i t e a lo t a b o u t t h e p r i n c i p l e s of wave 
mechan ic s , b u t m u c h m o r e a b o u t de Brog l i e , t h o u g h th i s 
m a y n o t necessar i ly h a v e b e e n t h e a u t h o r ' s i n t e n t i o n . I t is 
t h u s of i n t e r e s t n o t on ly to t h e s t u d e n t of phys ics , b u t also 
to t h e s t u d e n t of phys ic i s t s (us ing ' s t u d e n t ' in i ts b r o a d e s t 
sense ) . Aga in , a l t h o u g h i t c a n n o t be c o m p a r e d d i r ec t ly to 
B a n e s h H o f f m a n n ' s b o o k ( rev iewed a b o v e ) , i t fo rms an 
i n t e r e s t i n g c o m m e n t a r y on t h e l a t t e r , f rom two p o i n t s of 
view. F i r s t l y , i t shows t h a t t h e r a t h e r l i g h t - h e a r t e d ' w a r s ' 
b e t w e e n t heo r i e s , and t heo r i s t s , p o r t r a y e d by H o f f m a n n w e r e 
in m a n y cases d e e p psycho log ica l s t rugg les , in t h e sea rch for 
b o t h t r u t h and self r e s p e c t ; secondly , i t h igh l igh t s in a ve ry 
p e r s o n a l way t h e fact t h a t t h e r e a r e some weaknesses in t h e 
f o u n d a t i o n s on w h i c h t h e edif ice of q u a n t u m m e c h a n i c s has 
b e e n bu i l t . 

F o r de Brog l i e h imsel f has b e c o m e a r ebe l aga ins t t h e 
' e s t a b l i s h m e n t ' . Af t e r ag ree ing w i t h t h e accep t ed n o t i o n s 
of wave m e c h a n i c s for n e a r l y 25 y e a r s h e r e v e r t e d to his own 
ea r l i e r i n t e r p r e t a t i o n of t h e t h e o r y , w h i c h h e has s t rugg led 
to deve lop ever s ince . Two t h i r d s of th i s b o o k a re d e v o t e d 
to t h e s to ry of th i s c h a n g e of h e a r t , i ts m e a n i n g for phys ics 
and i ts m e a n i n g for himself . 

I t is n o t a c o n t i n u o u s accoun t . E a c h c h a p t e r is t h e t e x t 
of a p a p e r or l e c t u r e dea l ing w i t h t h e h i s to ry and p h i l o s o p h y 
of sc ience, w r i t t e n in t h e p e r i o d 1950 to 1956. T h e y h a v e 
all p r e s u m a b l y b e e n p u b l i s h e d e l sewhere b u t i t is one 
cr i t ic i sm of th i s b o o k t h a t ve ry l i t t l e , if any, i n f o r m a t i o n is 
given to enab l e t h e o r ig ina l s to be t r a c e d . Since each p a p e r 
is se l f -con ta ined and covers m u c h t h e same subject m a t t e r 
as a n u m b e r of o t h e r s , t h e r e is a cons ide rab l e a m o u n t of 
r e p e t i t i o n of t h e m a i n p o i n t s . H o w e v e r , th i s does n o t spoi l 
t h e i n t e r e s t of w h a t t h e a u t h o r has to say; i n d e e d i t is 
p r o b a b l y a h e l p for t h o s e who a re n o t ve ry fami l i a r w i t h t h e 
q u a n t u m t h e o r y in any fo rm. 

90 



WESTON 
T h e f irst six c h a p t e r s dea l w i t h v a r i o u s aspec t s of t h e 

' o r t h o d o x ' q u a n t u m theo r i e s , i n c l u d i n g a d iscuss ion of t h e 

essen t ia l d i f fe rence b e t w e e n ' b o s o n ' and ' f e r m i o n ' waves and 

t h e t h e o r y of ' second q u a n t i z a t i o n ' , t h e L a m b - R u t h e r f o r d 

e x p e r i m e n t on t h e h y p e r f i n e s t r u c t u r e of t h e l ines in t h e 

h y d r o g e n s p e c t r u m , t h e n u c l e a r f ield, and a t o m i c pa r t i c l e s . 

I n dea l ing w i t h t h e l a t t e r t h e a u t h o r deve lops t h e idea t h a t 

only pa r t i c l e s w i th sp in 1hz can b e ' f u n d a m e n t a l ' , all o t h e r s 

b e i n g c o m b i n a t i o n s , a p r o p o s i t i o n t h a t n o w a p p e a r s ve ry 

s imple bes ide t h e m u l t i t u d e of ' p a r t i c l e s ' , ' r e sonances ' , e tc . 

t h a t h a v e s ince b e e n d i scovered and t h e s y m m e t r y t h e o r i e s 

( S U 3 , S U Ô and so on) t h a t h a v e b e e n i n v o k e d to give t h e i r 

c lass i f ica t ion a s emb lance of o r d e r . Discuss ions of cyber­

ne t i c s and c rys ta l s t r u c t u r e , b o t h f rom t h e p o i n t of v iew of 

q u a n t u m t h e o r y and wave m e c h a n i c s , ends th i s f i rs t sec t ion , 

w r i t t e n be fo re 1951 . 

I n t h e n e x t four c h a p t e r s , w h i c h p r o v i d e p e r h a p s t h e m a i n 

p o i n t of t h e book , de Brog l i e desc r ibes , in v a r y i n g ways , 

h is chang ing a t t i t u d e t o w a r d s wave m e c h a n i c s . At f i rs t h e 

s t rove to i n t e r p r e t i t in a m a n n e r t h a t wou ld be in k e e p i n g 

w i t h t r a d i t i o n a l phys ics and t h e idea of causa l i ty , enab l i ng 

phys ica l r ea l i t y to be r e p r e s e n t e d by m e a n s of p rec i se images 

in space and t i m e . By 1927 h e h a d a r r i v e d at t h e idea of 

t h e ' d o u b l e so lu t ion ' , w h i c h p o s t u l a t e d t h a t t h e r e shou ld b e 

two so lu t ions to t h e wave e q u a t i o n of a p a r t i c l e ; one b e i n g 

t h a t w h i c h is genera l ly supposed to b e t h e only so lu t ion , t h e 

o t h e r giving a full d e s c r i p t i o n of t h e m o t i o n of t h e p a r t i c l e 

for all t i m e . At t h e F i f t h Solvay Congress in 1927, h o w e v e r , 

t h i s t h e o r y m e t w i t h l i t t l e r e c o g n i t i o n in t h e face of t h e 

p r o b a b i l i t y ideas p u t f o r w a r d by B o h r , H e i s e n b e r g , B o r n , 

P a u l i and D i r ac . As a r e su l t , de Brog l i e d r o p p e d his own 

a p p r o a c h and l en t h is s u p p o r t to t h e d e v e l o p m e n t of t h e 

' o r t h o d o x ' t h e o r y wh ich p r o c e e d e d to dismiss causa l i ty as a 

n i n e t e e n t h - c e n t u r y d r e a m and a c c e p t c o m p l e m e n t a r i t y as a 

p r o v e n fact . I n 1950-51, howeve r , a f t e r a c r i t i ca l r ev iew of 

t h e s t a t i s t i ca l i n t e r p r e t a t i o n u n d e r t a k e n for a course of 

l e c tu r e s h e was giving, h is d o u b t s r e t u r n e d , and t h e y w e r e 

r e i n f o r c e d by t h e w o r k of B o h m a n d Vigier*. Since t h e n h e 

has w o r k e d w i t h Vig ier to f ind an e x p l a n a t i o n of t h e wave-

p a r t i c l e dua l i sm wh ich wou ld n o t only b e cons i s t en t w i t h 

t h e p r e s e n t views, and p a r t i c u l a r l y t h e e x p e r i m e n t a l r e su l t s , 

b u t supp ly t h e c o n n e x i o n t h a t is s t i l l miss ing b e t w e e n t h e 

t h e o r y of gene ra l r e l a t iv i ty and t h a t of q u a n t a . 

T h e i r m a i n a p p r o a c h has b e e n t h r o u g h t h e t h e o r y of t h e 

d o u b l e so lu t ion , one a d v a n c e b e i n g t h e p o s t u l a t e t h a t t h e 

' u -wave ' , w h i c h would desc r ibe t h e phys ica l ly r ea l p a r t i c l e , 

obeys a non - l i nea r e q u a t i o n w h i c h is i d e n t i c a l w i t h t h e l i n e a r 

e q u a t i o n of t h e 'i |)-wave' — t h e n o r m a l p r o b a b i l i t y wave — 

ou t s ide t h e i m m e d i a t e r eg ion of t h e p a r t i c l e . I n th i s way 

t h e xp-wave so lu t ion wou ld st i l l a p p e a r to ' g u i d e ' t h e p a r t i c l e , 

p r o v i d i n g a p r o b a b i l i t y d i s t r i b u t i o n for i t s a p p e a r a n c e at any 

p o i n t in space and t i m e , whi l s t t h e u -wave wou ld ac tua l ly 

give t h e t r a j e c t o r y of t h e i n d i v i d u a l p a r t i c l e . To t a k e t h e 

e x a m p l e of t h e d i f f r ac t ion p a t t e r n p r o d u c e d by l igh t pass ing 

t h r o u g h two sli ts , t h e xp-waves show w h a t t h e p a t t e r n wil l 

look l ike , t h e u-waves show w h i c h sli t each i n d i v i d u a l 

p a r t i c l e goes t h r o u g h — a d e t e r m i n a t i o n t h a t is r e g a r d e d 

as imposs ib le by c o m p l e m e n t a r i t y . 

De Brog l ie ' s a t t i t u d e is obvious ly c o n d i t i o n e d by t h e fact 

t h a t r i g h t f rom t h e b e g i n n i n g h e h a s ' p r e f e r r e d to i n t e r p r e t 

t h e who le p r o b l e m by m e a n s of i n t u i t i v e phys ica l images 

* See, for example, Quanta and reality, reviewed in CERN COURIER, 
vol . 4, p. 124, September 1964. 

Weston connu dans le monde entier comme le plus ancien producteur 
d'appareils de mesures électriques de haute qualité s'est spécialisé également 
dans la production d'éléments de précision pour uti l isation en électronique. 
Instruments pour tabieux électriques, appareils portatifs de laboratoire et de 
service, pinces volt-ampèremétriques photo-cellules de mesure, relais, 
potentiornètres-Trimmer, éléments de servo-mécanisme. 

SOLARTRON 

SOLARTRON compte parmi les plus importants producteurs européens 
d'appareils électroniques. La nouvelle série d'instruments se signale par une 
haute précision, une construction robuste et moderne ainsi que par des prix 
avantageux. 
Oscilloscopes, voltmètres numériques, alimentations stabilisées, générateurs 
d'impulsions, oscillateurs, amplificateurs de mesure, calculateurs analogiques, 
installations de surveillance pour utilisation industrielle. 

HEATH 

HEATH est le plus grand fabricant du monde d'appareils électroniques 
«Construisez vous-même». Les appareils Heathkit sont appréciés depuis des 
années par une clientèle de plus en plus nombreuse et sont comparables à 
tout produit f ini au point de vue qualité. 
Le programme de fabrication est très vaste, plus de 250 appareils de mesures 
électroniques, émetteurs, récepteurs, radiotéléphones, ensemble de haute-
fidélité, matériel didactique, appareils destinés aux navigateurs de plaisance, 
aux automobilistes, etc. 
Tous les appareils sont livrables en boîtes de construction ou prêts à l 'emploi. 

Par ail leurs, en tant que Société Suisse du Grou­
pement Schlumberger, nous représentons également 
les intérêts des Sociétés suivantes: EMR -
ROCHAR - ACB - SEMAC - TOLANA - LEGPA -
LE BOEUF. 

Vente et service 

1 DAYSTROM S A f ^ f^E 

8, avenue de Frontenex, 1211 Genève 6, tel (022) 35 99 50. 
333, Badenerstrasse, 8040 Zurich tél. (051) 52 88 80. 
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r a t h e r t h a n by m a t h e m a t i c a l a b s t r a c t i o n s ' , t h o u g h of t he 

l a t e r w o r k he says: 'We h a v e d r a w n a c lear d i s t i nc t i on 

b e t w e e n subjec t ive and ob jec t ive r ea l i t y , a d i s t i nc t i on wh ich 

seems to have gone by t h e ways ide in t h e usua l s ta t i s t i ca l 

i n t e r p r e t a t i o n of wave m e c h a n i c s ' . A t t h e same t i m e , he 

recognizes t h a t t h e m a t h e m a t i c a l d i f f icul t ies a re a lmos t 

i n s u p e r a b l e , and t h a t we m i g h t in t h e end h a v e to b e c o n t e n t 

w i th t h e p u r e l y s t a t i s t i ca l v iew, t h o u g h h e n e v e r t h e l e s s 

t h inks t h a t t he a t t e m p t to f ind an a l t e r n a t i v e e x p l a n a t i o n 

is w o r t h m a k i n g . 

To conc lude th i s second sec t ion of t h e b o o k t h e r e is a 

p e r s o n a l accoun t of t h e a u t h o r ' s m e e t i n g w i th E ins t e in , for 

w h o m he obviously h a d a g rea t r e spec t , a t t h e Solvay 

Confe rence . T h e r e m a i n i n g pages c o n t a i n c o m p a r a t i v e l y 

l igh t -weigh t p ieces on ' q u e s t i o n s of gene ra l i n t e r e s t ' and t h e 

h i s to ry of sc ience. A l t h o u g h i n t e n d e d by t h e a u t h o r as a 

' r e w a r d for t h e r e a d e r ' s p a t i e n c e ' t h e y do n o t h a v e t h e 

i n t e r e s t of t h e ea r l i e r p a p e r s . 

T h e whole b o o k has b e e n t r a n s l a t e d f rom t h e o r ig ina l 

F r e n c h by A. J . P o m e r a n s , w h o has p r o d u c e d an Engl i sh 

t e x t whose s tyle is exac t ly in k e e p i n g w i t h i t s c o n t e n t . 

Th is is a vo lume t h a t c o n t a i n s m u c h of i n t e r e s t , w e t h e r one 

accep t s de Brog l i e ' s views or n o t , or even if one is in no 

pos i t i on to dec ide . 

A. G. H. 

The world nuclear directory (London , H a r r a p R e s e a r c h 

P u b l i c a t i o n s Ltd . , 2nd ed i t ion , rev ised and en l a rged , 1963 ; 

£ 1 0 10s.) is a h a n d s o m e l y b o u n d big b o o k t h a t covers 76 

coun t r i e s as wel l as i n t e r n a t i o n a l n u c l e a r o rgan iza t ions . 

I n f o r m a t i o n is given c o n c e r n i n g n a t i o n a l a tomic energy 

agencies , a u t h o r i t i e s , b o a r d s and commiss ions ; o t h e r govern­

m e n t d e p a r t m e n t s i n c l u d i n g t h e a r m e d serv ices ; p r i v a t e l y 

sponsored r e sea r ch o r g a n i z a t i o n s ; un ive r s i t i e s and col leges 

w i th r e s e a r c h d e p a r t m e n t s ; p ro fess iona l and l e a r n e d socie t ies 

and t r a d e assoc ia t ions ; m e d i c a l bod ies and soc ie t ies ; 

i n s u r a n c e g r o u p s and c o m p a n i e s ; confe rences , congresses 

and e x h i b i t i o n s ; i n d u s t r i a l f i rms conso r t i a ; and i n d u s t r i a l 

f i rms. T h e en t r i e s a re a r r a n g e d in th i s o r d e r u n d e r each 

c o u n t r y , t h e b o o k be ing in a l p h a b e t i c a l o r d e r of c o u n t r i e s . 

I n i ts 541 pages , t he v o l u m e also l ists n u c l e a r pe r i od i ca l s 

pub l i shed t h r o u g h o u t t h e wor ld . T h e i n d e x of f i rms , 

i n s t i t u t i ons , o r gan i za t i ons and pe r i od i ca l s t h a t conc ludes 

t h e v o l u m e wil l c e r t a in ly be a p p r e c i a t e d by m a n y users of 

t h e book . 

No such w o r k can poss ib ly c la im to be a l t o g e t h e r c o m p l e t e 

and u p to d a t e and t h e p u b l i s h e r s a r e fully aware of t h i s , 

as expressed in t h e i r i n t r o d u c t i o n . Consp icuous , for 

i n s t ance , is t h e absence of Physical Review and o t h e r 

p u b l i c a t i o n s of t h e A m e r i c a n I n s t i t u t e of Phys ics , and m a n y 

en t r i e s a re obvious ly based on i n f o r m a t i o n supp l i ed a y e a r 

p rev ious ly , as is t h e case for C E R N and t h e C e n t r e d ' E t u d e s 

de l 'Ene rg ie N u c l é a i r e in Be lg ium. None the l e s s , t h e v o l u m e 

can be r e c o m m e n d e d as an e x t r e m e l y useful a d d i t i o n to t h e 

shelves of all l i b ra r i e s , offices or i n d i v i d u a l s whose ac t iv i t i es 

a re r e l a t e d w i th t h e r a p i d l y e x p a n d i n g field of n u c l e a r 

m a t t e r s . 

R.A. 

Heraeus 
Vacuum Pumps 

small sizes 
for laboratory use 
have been extremely successful. 

The engineers of HERAEUS adopted the 3-vane principle and practical use has proved the 

suitability of their choice. The steadiness of the final pressure and the quiet run of these pumps 

are excellent. Wear is extremely slight because of the built-in oil fi lter. 

Type E 2 1 stage 2 m 3/h 

Type DS 1 2 stages 1 m 3/h 

WISMER AG Oerlikonerstrasse 88, 8057 Zurich, Tel. 051 46 40 40 
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m o r e 

Plu» 
ris 

FOR YOUR 
($)175A 

OSCILLOSCOPE 
SYSTEM 

#1784A 
Strip Chart Recorder 
Just push a button to auto­
matically record repetitive 
waveforms to 30 mc. Cost is 
1 /2oth that of standard photo­
graph. 
Price: Fr.3576.-

$)1750B 
50 mc Dual Trace 
Maximum Sensitivity is 
50 mV/cm. Simplified trig­
gering insures stable dual 
trace display. 
Price: Fr. 1488.-

$)1755A 
High Sensitivity Dual Trace 
With one plug-in: High 
Frequency (50mc,10mV/cm) 
or Low Level (20 mc,1 mV/cm) 
operation. DC or AC coupled. 
Simplified triggering as in 
1750B. 
Price: Fr. 2652.-

175A Oscilloscope (without plug-ins) Fr. 6082.-

v ADDITIONAL PLUG-INS FOR Q 175A OSCILLOSCOPE v $) 1751A Single Channel Amplifier 50 mc 50 mV/cm Fr. 746.-I <$) 1752B High Gain Amplifier 30 mc (or 40 mc) 5 mV/cm (50 mV/cm) Fr. 1308.-I @1754A Four Channel Amplifier 40 mc 50 mV/cm Fr. 2711.-

v ($)1781B Sweep Delay Generator offers four different sweep modes Fr. 1488.-v ($) 1782A Display Scanner for transferring CRT picture to x-y-recorder Fr. 1937.-A (§) 1783A Time Mark Generator supplies 10 ^sec, 1 ^sec, 0.1 ^sec markers with 0.5% accuracy Fr. 606.-A Prices are subject to change without notice. 

HEWLETT[htt PACKARD np 
Distributor for Switzerland: 
Ingenieurburo M. P. Frey, Wankdorffeldstrasse 66, Bern, Telefon 031/42 00 78 

Headquarters in USA: 
Palo Alto (Calif.) 
European Headquarters: 
Geneva (Switzerland) 
European Plants: 
Bedford (England) 
Bôblingen (Germany) 



Adsorption and 
Desorption of 
Water Vapour on 
«Molecular Sieve 5 A» 
pi = 0.060 torr, p 2 = 0.085 torr, T = 320 °K 

SORBOPRINT SPG 1 
A complete measuring equipment for: 

Adsorption 
Isobar measurement of the adsorption or desorption rate. 
Also determination of adsorbed or desorbed gas quantities. 
Absorption 
Determination of coefficients of diffusion and of gas 
solubility. 

Permeability 
Determination of the penetration times. 
Measurement of diffused gas quantities. 

Drying 
Determination of the solvent content. 
Measurement of the drying speed. 

BET- isotherms 
Determination of specific surfaces. 

BALZERS AKTIENGESELLSCHAFT FOR HOCHVAKUUMTECHNIK UND DONNE SCHICHTEN 
FL-9496 BALZERS • PRINCIPALITY OF LIECHTENSTEIN 

DISTRIBUTED BY BEN DIX-BALZERS VACUUM, INC . ROCHESTER, NEW YORK 
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35 Mc MULTISCALER SYSTEM 

WITH AUTOMATIC RECORDING 
OF INFORMATION 
Completely transistorised 
Guaranteed to work up to 55° C (131° F) 
version of the system developed at CERN - the European 
Organisation for Nuclear Research. 
Compatible with CERN standard systems. 
Results recorded by print, punch or magnetic tape. 
Rapid adaptation by general control unit to all usual recording 
systems. 
Scaler input level : 500 mV min., 12 V max. Resolution better than 
30ns with triple pulsing. 

ACCESSORY PLUG-IN UNITS : 

• Code converter 
• Time base 
• Delay unit 
• Control unit 
• Scaler convertible from 2 x 3 to 1 x 6 decades 
• 10 channel pattern unit 
• Parameter indicator 
• Remote control box 

OTHER PRODUCTS : 

• Fast discriminators 
• Fast linear gates 
• Triple coincidence units 
• Delay boxes 
• Attenuators 
• Photomultiplier bases 
• Transistorised power supplies 

STUDY AND DEVELOPMENT OF SPECIAL APPARATUS 

PLANNING AND PRODUCTION OF EQUIPMENT 
FOR INDUSTRIAL AUTOMATISATION 
AND DATA HANDLING 

SOCIÉTÉ D'ÉLECTRONIQUE NUCLÉAIRE 
73, RUE DE LYON - GENÈVE/SUISSE - TÉLÉPHONE: (022) 44 29 40 

AGENTS: ZURICH OFFICE: M. Georges HERREN, Dipl. Ing. ETH. • FRANCE : 
S.A.I .P. MALAKOFF (Seine) • ITALY: SOC. EL. LOMBARDA-SELO MILAN • 
GERMANY: HERFURTH GmbH. HAMBURG-ALTONA • HOLLAND : DESSING-ELEC-
TRONICA AMSTERDAM-Z • SWEDEN :OLTRONIX A.B.VÂLLINGBY/STOCKHOLM • 
U.S.A.: NUMINCO APOLLO, Pa. • ISRAEL: PALEC LTD. TEL-AVIV • AUSTRALIA: 
A. A. GUTHRIE PTY, Ltd. MARRICKVILLE, N.S.W. • 


