
s i m u l t a n e o u s m o m e n t u m m e a s u r e m e n t w i l l t h e n g i v e 
t h e m a s s of t h e p a r t i c l e , a n d t h i s i s w h a t w e n e e d f o r 
d i s c o v e r i n g h e a v y , ' s t a b l e o r s e m i - s t a b l e p a r t i c l e s 
p r o d u c e d a t l a r g e a n g l e s b y c o l l i d i n g b e a m s . 

A t t h i s p o i n t o n e m a y a s k w h a t i s t h e p r o b a b i l i t y of 
p r o d u c t i o n , p e r i n t e r a c t i o n , of a p a i r of s u c h h e a v y , 
s t r o n g l y i n t e r a c t i n g p a r t i c l e s , s a y a q u a r k 15 t i m e s 
h e a v i e r t h a n a p r o t o n ? T h e r u l e of t h u m b i s : 

p r o b a b i l i t y p e r i n t e r a c t i o n ^ ( m ^ / M ) 2 , 
g i v i n g ^ 1CT4 w i t h M = 15 G e V , 

( m ^ = m a s s of JT m e s o n ) . 

S i n c e a s y s t e m of l a r g e a n d f a s t s c i n t i l l a t o r s c a n 
c o v e r a s o l i d a n g l e of a b o u t 0.1 s t e r a d , t h e r a t e of 
m e a s u r a b l e e v e n t s c o u l d b e a b o u t 100 p e r h o u r — a 
c o m f o r t a b l e o n e — if t h e s e p a r t i c l e s e x i s t . 

Why go on ? 

I c a n n o t f i n i s h w i t h o u t a s k i n g t h e g e n e r a l q u e s t i o n 
t h a t i n v o l v e s u s a l l . W h y d o w e w a n t t o k n o w t h e s e 
t h i n g s , a n d urgently ? C o u l d i t n o t b e t h a t w e a r e a 
c a s t of m a n i a c s , w h o t r y t o s o l v e p r o b l e m s c r e a t e d 
o n l y b y o u r m a c h i n e s , p r o b l e m s n o t a t a l l i m p o r t a n t 
f o r t h e e q u i l i b r i u m of n a t u r e , t h e n a t u r e w e l i v e i n ? 

If t h a t w e r e t h e c a s e , if o u r p u r e s c i e n c e w e r e so 
p u r e a s t o b e of n o f o r e s e a b l e u t i l i t y , t h e n I f e a r t h a t 
i n t h e l o n g r u n S o c i e t y w o u l d s t o p u s f r o m p r o g r e s s i n g 
so f a s t . W e b e g i n t o b e a b u r d e n t o S o c i e t y w h e n w e 
g o o n a s k i n g f o r l a r g e r a n d c o s t l i e r a c c e l e r a t o r s . 

M y a n s w e r t o t h e s e d i s t u r b i n g q u e s t i o n s i s t h a t , 
p r a c t i c a l a p p l i c a t i o n s a p a r t , w e a r e n o t so q u e e r a n d 
t h a t o u r p r o b l e m s a r e n o t B y z a n t i n e . M y f a i t h c o m e s 
f r o m t h e f a c t t h a t t h e r e a r e p l a c e s i n t h e u n i v e r s e w h e r e 

m a t t e r c o n s i s t s u n i q u e l y of p a r t i c l e s h a v i n g a n e n e r g y 
of 1 0 1 2 - 1 0 1 3 e V e a c h , a n d t h e s e p l a c e s a r e l i g h t y e a r s i n 
d i m e n s i o n s a n d c o n t a i n a n u m b e r of p a r t i c l e s e q u i ­
v a l e n t t o m i l l i o n s of s u n s . I h a v e i n m i n d , of c o u r s e , 
t h e c e n t r e of t h e r a d i o g a l a x i e s . 

M e s o n i c m a t t e r i s t h u s n o t o n l y p r o d u c e d i n t h e o d d 
s i t u a t i o n s p r e s e n t i n o u r a c c e l e r a t o r s (o r i n t h e e v e n 
m o r e o d d o n e t h a t w i l l b e c r e a t e d b y c o l l i d i n g b e a m s ) , 
b u t i t i s a l s o t h e b a s i c m a t t e r a t t h e c e n t r e of n o t - s o -
r a r e g a l a x i e s . P o s s i b l y e v e n t h e a p p a r e n t r a r i t y of 
t h e s e o b j e c t s i s d u e t o t h e f a c t t h a t g a l a x i e s r e m a i n i n 
t h o s e c o n d i t i o n s o n l y f o r a s m a l l f r a c t i o n of t h e i r 
e v o l u t i o n . P e r h a p s a l l g a l a x i e s , a l l of u s , w e n t o r w i l l 
g o t h r o u g h t h a t s t a g e . T h u s t h e G e V , t h e T e V w o r l d * 
c a n n o t b e a n a b s t r a c t i o n , s i n c e i t i s d e e p l y c o n n e c t e d 
w i t h t h e n a t u r e t h a t s u r r o u n d s u s . I t i s e v e n i m a g i n ­
a b l e t h a t i n t i m e w e w i l l toe a b l e t o e x p l o i t i t t o o u r 
a d v a n t a g e . 

T h e p a r a l l e l w i t h s t e l l a r e v o l u t i o n i s t o o b a n a l f o r u s 
t o d a r e t o t h i n k t h a t , m u t a t i s m u t a n d i s , i t w i l l b e a p p l i ­
c a b l e i n t h i s c a s e . B u t I c a n n o t h e l p r e c a l l i n g t h a t 
w h a t , f o r t y y e a r s a g o , l o o k e d l i k e t h e i m p o s s i b l e 
p r o b l e m of u n d e r s t a n d i n g h o w t h e c e n t r e of t h e s u n 
k e p t o n b u r n i n g i s n o w a d a y s r e d u c e d t o t h e s t i l l 
d i f f i c u l t b u t n o t so i m p o s s i b l e p r o b l e m of m a k i n g 
n u c l e a r e n e r g y e c o n o m i c a l l y c o m p e t i t i v e w i t h c o a l 
b u r n i n g . 

C a n w e a f f o r d t o b e i g n o r a n t a b o u t t h e s e p r o b l e m s ; 
c a n w e a v o i d a s k i n g w h a t i s t h e e q u a t i o n of s t a t e of 
m a t t e r a t t h e s e e x c i t a t i o n s , w h a t a r e t h e p r o p e r t i e s of 
a m a s s c o l l a p s i n g t o w a r d s t h e r e l a t i v i s t i c l i m i t ? C a n 
w e a f f o r d t o w a i t ? A c c o r d i n g t o t h e r u l e s of t h e 
h u m a n g a m e , w e m u s t g o a h e a d , a n d a s f a s t a s w e c a n © 

* TeV: 1 Te ra -e l ee t ronvo l t = 101 2 eV = 1000 GeV. 

BOOKS 
Nuclear radiation detection, by Wil l iam J . Price (New 

York, McGraw-Hill Book Co., 2nd ed. 1964; $12 .75 ) . 

This volume is the second edi t ion of a text-book deve­
loped for use by students of the Nucleonics Instrumentat ion 
Course at the U.S. Air Force Inst i tute of Technology. In 
the book, according to the author, 'an attempt is made to 
collect the basic information on all the important nuclear-
radiation detectors in use today . . . including sufficient 
specific information to enable the reader to select his own 
detect ion equipment and, in many cases, to apply it'. 
Although not expl ic i t ly stated, the main emphasis is on those 
problems and techniques most frequently met in reactor 
physics, low-energy nuclear physics and dosimetry. 

The first chapter covers many of the essential aspects of 
the interact ion of radiation wi th matter, treating particularly 
proton, neutron, electron, gamma-ray and fission-fragment 
interactions. This, together with the next two chapters, 
surveying detect ion methods and the statistics of detect ion 
systems generally, provides a foundat ion for the more 
detai led study of detectors in the fol lowing sections. 

Succeeding chapters are devoted to ionizat ion chambers, 
Geiger-Miiller counters, proport ional counters, scint i l lat ion 

detectors, and semiconductor radiation detectors. The 
chapter ent i t led 'Photographic emulsions and other detect ion 
methods' , which briefly ment ions cloud chambers, bubble 
chambers and spark chambers, includes a section on chemi­
cal and calorimetric techniques . A separate chapter is 
devoted to methods of neutron detect ion, because of the 
special problems involved and because of the importance of 
neutron measurements . In the concluding chapter a more 
detai led treatment of the electronics used for nuclear-
radiation detect ion is given. 

The scope of this single vo lume is large; consequently , 
the treatment is mainly descript ive and litt le attempt is 
made to derive most of the equations used. Nevertheless , 
much quantitat ive data are given and a useful guide to 
students is provided by means of frequent numerical 
examples interspersed throughout the text. A good balance 
is obtained between practical and theoret ical considerations 
and, on the whole , the aims of the author can be considered 
to have been largely fulf i l led. 

Al though the treatment is generally concise and the 
presentat ion logical there are, occasionally, passages which 
are either misleading or not al together clear. For example , 

Continued on p. 108 
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Heraeus 
Vacuum 

Backing 
Pumps 

Wismer AG 
Oerlikonerstrasse 88 

8057 Zurich 

Tel. 051 46 40 40 

with automatic addition and fi l tration 

of oil. 

Backing pumps working with 

a high suction pressure 

show appreciable losses of oil 

which escapes 

with the expelled air. 

The problem of making up the oil 

charge of the pump continuously and 

automatically has been 

solved by HERAEUS in a simple and 

interesting way. 

At the same time the pump oil 

is f i l tered. 

We shall be pleased to place detailed 

documentation at the disposal 

of our customers. 

the variation of photomult ip l ier s ingle-electron pulse 

ampli tude is due to the statistical nature of the multi­

pl icat ion process rather than to any 'variation in secondary-

emission ratio', as stated on p. 181. In discussing noise in 

pulse amplifiers on p. 381, it is not 'the low resistance 

associated with a short c l ipping-t ime constant . . .' that 

would make '. . . thermal noise intolerable' , but rather the 

correspondingly increased bandwidth; indeed, the noise 

generated by the resistor decreases with its resistance. The 

fact that the d.c. feedback amplif ier on p. 406 is phase-

inverting is not ment ioned, and there is confusion in the 

appl icat ion of the appropriate sign, which appears correctly 

in some equations and wrongly in others. No explanat ion 

is given here of the virtual-earth principle and it is by no 

means clear that 'the amplif ier (of gain G) is seen to act 

as a current amplif ier . . .' wi th the feedback acting such 

that ' . . . t h e input capacitance C is reduced to C/ ( l + G)'. 

The t ime constant of the input circuit is indeed reduced 

to RC/(1 + G), but because the feedback reduces the input 

resistance R to R / ( l + G) rather than affecting C. 

Many additions have been made since the first edit ion, 

and the extensive set of references has been largely brought 

up to date. Newcomers to the field of nuclear radiation 

detect ion should find the book useful, and the chapter 

devoted to semiconductor detectors should prove valuable 

as an introduct ion to the subject. Notable omissions in the 

range of topics covered are t ime-of-f l ight techniques , and 

only very l itt le space is devoted to mult ichannel analysers. 

On the other hand, it is diff icult to see why any space was 

devoted, for example , to bubble chambers in a volume 

which otherwise almost complete ly ignores high-energy 

radiation. 

B. Z . 

Votre 
maison de confiance pour 

Microfilms — Appa re i l s pho tograph iques 
et d ispos i t i f s de lec ture - Loca t ions de 
caméras - Travaux de déve loppemen t en 
régie. 

Photocopies — Appare i l s d 'éc la i rage et 
d ispos i t i f de déve loppemen t - Papiers 
pour pho tog raph ies - Insta l la t ions pour la 
pho tocop ie . 

Héliographie — Appare i l s d 'éc la i rage et 
mach ines à déve loppe r - Nouveau té : 
H É L I O M A T I C , mach ine à hé l iograph ier 
avec V A R I L U X permet tan t de fa i re var ier 
la pu issance d 'éc la i rage - Papiers pour 
déve loppemen ts à sec et semi -humides. 
Bureau-Offset — Mach ines-o f fse t et 
p laques-o f fse t p résens ib i l i sées O Z A S O L . 
Dessins — Mach ines à dess iner J E N N Y 
et combina ison de dessins - Papiers à 
dessin (pap iers pour dess ins de déta i ls ) , 
l istes de p ièces , pap ie rs t ransparents (à 
ca lquer ) , pap ier pour c roqu is . 
Meubles pour serrer les plans — «Sys­
tème à suspens ion , à sou lèvement et à 
aba issement». 

Installations de reproduction pour hé l io ­
graph ies , impress ion de plans, pho to ­
cop ies , t ravaux de pho tog raph ie t e c h ­
n ique, réduc t ions , agrand issements , t ra ­
vaux de déve loppemen t de micro f i lms. 

OZALID ZURICH 
Seefe lds t rasse 94 - Tél . (051) 2447 57 
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Nal (Tl), Gsf (Tl ) and Lil (Eu) 

Scintillation Crystals 
S T A N D A R D M O U N T E D C R Y S T A L S A N D 
CRYSTAL PHOTOMULTIPLIER ASSEMBLIES 
# W I D E RANGE OF CRYSTALS 
High quality Nal (T l ) , Csl (Tl) and Lil (Eu) 
crystals available in a wide range of sizes and 
types of m o u n t Linear dimensions of crystals 
f rom 0.003 in. to 12 in. 
# EXCELLENT Nal (T l ) RESOLUTION FOR 
GAMMA RAYS 
7.0 to 9.0% resolution on Cs 137 gamma ray 
photopeak for crystals up to 3 in. x 3 in. and 
larger crystals average 8 to 10%. 
# SPECIAL MOUNTINGS 
Special crystals available include wel l and f low 
types and X-ray mounts. 
# THIN Csl (Tl ) CRYSTALS FOR HEAVY 
PARTICLES 
Four per cent resolution on Po alpha particles 
obtainable. 
# Lil (Eu) NEUTRON DETECTOR 
Mounts for s low and fast neutron detection. 
Resolution of 14 MeV neutrons averages 6%. 
# IMPROVED RESOLUTION W I T H NEW HIGH 
QUALITY ASSEMBLIES 
A completely new range of scinti l lation crystal 
head units combining high quali ty Na l (T I ) , 
Csl(TI) and Lil (Eu) scinti l lation crystals w i th 
speciallyselected high resolution photomult ipl iers. 
# LEAD COLLIMATORS 
A series of f ive focussing wide angle or parallel 
bore lead coll imators available for several crystal 
assemblies. 
# SPECIAL LOW BACKGROUND ASSEMBLIES 
Special assemblies w i th quartz, stainless steel, 
and copper components for very low level 
detection are available. 
# PREAMPLIFIER-DYNODE CHAIN UNITS 
A compact cathode fol lower preamplifier unit 
including a dynode resistor chain available for 
f i t t ing in all assemblies. 
# ANTI-COMPTON BACKGROUND SHIELDS 
Large organic or inorganic scintil lator shields are 
available to reduce Compton background. 

Some excellent results recently obtained w i th a 
10 in. diameter by 12 in. depth Nal (Tl) crystal 
v iewed by seven 3 in. photomult ipl ier tubes are 
as fo l lows: -

Resolution 

Cs137 (0.662 MeV) 8.3% (axial uniformity. ± 1%). 
ThC" (2.62 MeV) 5.7% 
F19 (p ,ay ) 6.14 MeV 5.2% 
T (p ,y) 20.5 MeV 6.9% 

4 £ 

f ~ — — ~ — 

PULSE HEIGHT (VOLTS) 

Glass Scintillators 
Typical thermal neutron 
"peak " obtained w i th NE 
905 glass scintillator. 

T Y P E : Cerium activated lithium silicate glasses. 
L I T H I U M CONTENT: 7.5% or 2.5% by weight of Li enriched in Li 6 to 
96%, Li depleted in Li 6 (Li 7 99.99%) or natural Li. 

I NEUTRON DETECTION EFF IC IENCY: For i- in. thick glass with 7.5% Li 6 

^ ( N E 905) detection efficiency for thermal neutrons is 99%. 
^ For 1 in. thick glass detection efficiency for 1 keV neutrons is 
I approximately 20%. 
I D ISCRIMINATION AGAINST G A M M A R A D I A T I O N : Excellent especially 
I with thin glass (see graph). 
I L IGHT O U T P U T : 30% anthracene. 
I STABIL ITY : Chemically inert and stable up to 600°C. 

DECAY CONSTANT : 75 x 10" 9 seconds. 

C L A R I T Y : Optically clear. 

Glass scintillators for use with pulse shape discrimination technique 
(NE 907 and NE 908) are now available. 

CATALOGUE 1965/66 (102 pages fully illustrated) giving f u l l 
details of specifications available on request. 

NUCLEAR ENTERPRISES (G.B.) LTD. 
SIGHTHILL, EDINBURGH 11, SCOTLAND 

Telephone: CRÀ 4060. Cables: 'Nuclear, Edinburgh1 

Canadian Associate: Nuclear Enterprises Ltd., 550 Berry St., Winnipeg 21. ,:pj 

109 



•IRRADIAJIOJsL I N D U S T R I E L L E ^ 
J R A T ^ O T H E R A P I E U L f R A - P E N E T R A N 

/ G A M M A G R A P H I E \ / 

JLe Département Accélérateur de la CSF met à votre service ses.. 
*15 ans d'expérience dans la conception et la réalisation indus­
trielles d'accélérateurs de particules : linéaires à électrons, à 

-protons, à ions lourds, cyclotrons isochrones./ \ l ' — 

CSF - COMPAGNIE GENERALE DE TELEGRAPHIE SANS F 

"CSF - CENTRÉ DE PHYSIQUE ELECTRONIQUE ET C O R P U S C U L A I R E - - / ^ ^ 
'Domaine de Corbeville - Boîte Postale N° 10 - ORSAY - (Seine-et-Oise) - Tél. : 928-47-20, 
^Exportation X . 
CSF - DIVISION INTERNATIONALE - 79, Boulevard Haussmann, PARIS 8 e - Tél. : 265-84-60 

M S F I L r r ^ L 
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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. 

® 

B A L Z E R S A K T I E N G E S E L L S C H A F T F U R H O C H V A K U U M T E C H N I K U N O D U N N E S C H I C H T E N 
F L - 9 4 9 6 B A L Z E R S * P R I N C I P A L I T Y O F L I E C H T E N S T E I N 
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