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Our changing view of the nature 
of matter 1954-1974 

W e c a r r y o u t r e s e a r c h i n t o t h e n a t u r e 

o f m a t t e r b e c a u s e w e d o n o t k n o w 

e n o u g h a b o u t t h e p a r t i c l e s o f w h i c h 

m a t t e r i s c o m p o s e d t o b e a b l e t o 
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p a s t t w e n t y y e a r s , s o o u r p i c t u r e o f 

m a t t e r h a s c h a n g e d . 
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s i t u a t i o n w h e r e w e d i s t i n g u i s h b e 

t w e e n f o u r d i f f e r e n t t y p e s o f 

b e h a v i o u r w h i c h w e s a y i s c a u s e d b y 

f o u r d i f f e r e n t t y p e s o f f o r c e . I t m a y b e 

o u r p r e s e n t i g n o r a n c e t h a t p r e v e n t s u s 

s e e i n g t h a t t h e s e f o r c e s a re d i f f e r e n t 
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B u t f o r t h e m o m e n t j u s t a s t w e n t y 
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a c e n t i m e t r e . 
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w e a k — a t h o u s a n d m i l l i o n t i m e s less 

p o w e r f u l t h a n t h e s t r o n g f o r c e . T h e 

r a n g e o v e r w h i c h i t c a n b e f e l t , t o t h e 

b e s t o f o u r p r e s e n t k n o w l e d g e , i s 

l i m i t e d t o w i t h i n t h e p a r t i c l e i t se l f . 

T h e g r a v i t a t i o n a l f o r c e a c t s t o p u l l 

t o g e t h e r a l l p a r t i c l e s w h i c h h a v e m a s s . 

W e c a n s e e i t i n i m p r e s s i v e a c t i o n 

w h e n p a r t i c l e s a s s e m b l e i n b u l k — l i k e 

t h e p u l l b e t w e e n t h e s u n a n d i ts 

p l a n e t s o r t h e e a r t h a n d i ts i n h a b i t a n t s 

— b u t o n t h e i n d i v i d u a l p a r t i c l e s c a l e 

i t i s e x t r e m e l y f e e b l e . T h e s t r o n g f o r c e 

a c t s b e t w e e n t w o p a r t i c l e s o v e r . a 

m i l l i o n m i l l i o n m i l l i o n m i l l i o n m i l l i o n 

m i l l i o n t i m e s m o r e p o w e r f u l l y t h a n t h e 

g r a v i t a t i o n a l f o r c e . L i k e t h e e l e c t r o 

m a g n e t i c f o r c e i t i s f e l t o v e r a n i n f i n i t e 

d i s t a n c e w i t h i ts s t r e n g t h f a l l i n g o f f 

i n v e r s e l y a s t h e s q u a r e o f t h e d i s t a n c e . 

B e c a u s e i t i s s o f e e b l e , t h e g r a v i 

t a t i o n a l f o r c e i s g e n e r a l l y i g n o r e d i n 

i n t e r p r e t i n g t h e b e h a v i o u r o f m a t t e r 

a t t h e l e v e l o f i n d i v i d u a l p a r t i c l e s . W e 

a l w a y s h a v e t o k e e p o u r m i n d s o p e n — 

p e r h a p s g r a v i t a t i o n a l e f f e c t s d o c o m e 

i n t o p l a y , i n w a y s w e h a v e n o t y e t 

a p p r e c i a t e d , w h e n p a r t i c l e s i n t e r a c t . 

B u t i n t h e f o l l o w i n g p a g e s w e l o o k a t 

w h a t w e h a v e l e a r n e d a b o u t h o w t h e 

f i r s t t h r e e f o r c e s a re i n v o l v e d i n 

p a r t i c l e i n t e r a c t i o n s . 

T h e p a r t i c l e s t h e m s e l v e s c a n a l s o 

b e s l o t t e d i n t o c a t e g o r i e s . A l l o f t h o s e 

t h a t f e e l t h e s t r o n g f o r c e a re c a l l e d 

h a d r o n s . T h e y are o f t w o t y p e s — 

b a r y o n s ( w h o s e s p i n s a re a l w a y s h a l f 

i n t e g e r u n i t s a n d w h o s e m o s t f a m o u s 

m e m b e r i s t h e p r o t o n ) a n d m e s o n s 

( w h o s e s p i n s a re a l w a y s i n t e g e r 

u n i t s a n d w h o s e m o s t f a m o u s m e m 

b e r i s t h e p i o n ) . A l l t h o s e p a r t i c l e s 

( w i t h t h e e x c e p t i o n o f t h e p h o t o n ) 

w h i c h d o n o t f e e l t h e s t r o n g f o r c e a re 

c a l l e d l e p t o n s . T h e y a l l f e e l t h e w e a k 

f o r c e , a n d t h o s e w h i c h a re e l e c t r i c a l l y 

c h a r g e d a l s o f e e l t h e e l e c t r o m a g n e t i c 

f o r c e . 

N o w le t u s see h o w w e i n t e r p r e -

t a t e d p a r t i c l e b e h a v i o u r u n d e r e a c h o f 

t h e t h r e e f o r c e s i n 1 9 5 4 a n d h o w o u r 

i n t e r p r e t a t i o n h a s s i n c e e v o l v e d . 

The electromagnetic 
force 

T h e s u r p r i s i n g t h i n g a b o u t t h e e l e c 

t r o m a g n e t i c f o r c e i n t h e p a s t t w e n t y 

y e a r s i s t h a t t h e r e h a v e b e e n n o s u r 

p r i ses . C o m p a r e d t o t h e u p h e a v a l s 

r e l a t i n g t o t h e s t r o n g a n d t h e w e a k 

f o r c e s , o u r u n d e r s t a n d i n g o f t h e i n t e r 

a c t i o n b e t w e e n t w o c h a r g e d p a r t i c l e s 

r e m a i n s e s s e n t i a l l y u n c h a n g e d a n d 

h a s r a t h e r b e e n r e f i n e d a n d r e i n f o r c e d 

b y t h e e x p e r i m e n t a l d a t a w h i c h h a s 

b e e n a m a s s e d i n t h e m e a n t i m e . 

T h e s u c c e s s f u l i d e a s are t h o s e o f 

q u a n t u m e l e c t r o d y n a m i c s ( Q E D ) . T h e y 

s a y t h a t t h e e l e c t r o m a g n e t i c f o r c e i s 

t r a n s m i t t e d b y t h e i n t e r m e d i a r y o f 

p a r t i c l e s c a l l e d p h o t o n s — p a c k e t s o f 

e l e c t r i c a l e n e r g y w h i c h are t r a n s m i t t e d 

f r o m o n e c h a r g e d p a r t i c l e t o a n o t h e r . 

A c c o r d i n g t o t h e i r e n e r g y t h e y a re t h e 

p a r t i c l e s o f r a d i o w a v e s , o f v i s i b l e 

l i g h t , o f X r a d i a t i o n . . . E a c h c h a r g e d 

p a r t i c l e h a s a s s o c i a t e d w i t h i t a c l o u d 

o f ' v i r t u a l ' p h o t o n s c o n s t a n t l y e m i t t e d 

a n d a b s o r b e d b y t h e p a r t i c l e a n d 

e x t e n d i n g o u t t o i n f i n i t y . A n i n t e r 

a c t i o n o c c u r s w h e n o n e o f t h e s e 

p h o t o n s p a s s e s t o a n o t h e r c h a r g e d 

p a r t i c l e c o n v e y i n g i ts p a c k e t o f e n e r g y 

f r o m o n e t o t h e o t h e r . 

T h e v i r t u a l p h o t o n c l o u d c a n e x i s t 

u n d e r t h e p r o v i s i o n s o f t h e ' u n c e r 

t a i n t y p r i n c i p l e ' . T h i s t e l l s u s t h a t 

d e p e n d i n g o n t h e e n e r g y o f t h e 

p h o t o n a d e f i n i t e t i m e i s n e e d e d t o 

d e t e c t i t . I f t h e p h o t o n e n e r g y i s 

h i g h , i t c a n h o p o u t o f t h e c h a r g e d 

p a r t i c l e f o r o n l y a v e r y s h o r t t i m e , 

o t h e r w i s e i t b e c o m e s rea l , o r d e 

t e c t a b l e , a n d t h e e l e c t r o n c a n t h e n b e 

o b s e r v e d a s h a v i n g l os t t h a t a m o u n t 

o f e n e r g y . I f t h e p h o t o n e n e r g y i s l o w , 

i t c a n h o p o u t o f t h e e l e c t r o n f o r a 

l o n g e r t i m e . 

T h e s e v i r t u a l p h o t o n s c a r r y t h e 

i n f o r m a t i o n w h i c h se t s u p t h e a t t r a c 

t i o n o f o p p o s i t e l y c h a r g e d p a r t i c l e s 
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Part of the muon storage ring which was used 
in the second experiment to measure g-2 of the 
muon. This measurement is a direct insight into 
the way in which we believe the electromagnetic 
force manifests itself and it agrees with the 
calculations of quantum electrodynamics to 
high accuracy. 
Inside the ring is a fan of counters to detect 
the electrons produced as the muons decay 
and it is via these electrons that the orientation 
of the magnetic moment of the muon in the 
field of the ring is determined. 

a n d t h e r e p u l s i o n o f s i m i l a r l y c h a r g e d 

p a r t i c l e s . T h e w a y t h e c l o u d ' t h i n s 

o u t ' a s t h e d i s t a n c e f r o m t h e p a r t i c l e 

i n c r e a s e s g i v e s r ise t o t h e i n v e r s e 

s q u a r e l a w o f t h e i n t e r a c t i o n b e t w e e n 

t w o c h a r g e d p a r t i c l e s . 

T h e Q E D i d e a s a re p h i l o s o p h i c a l l y 

s a t i s f y i n g i n t h a t t h e y d i s p o s e o f t h e 

e n i g m a o f ' a c t i o n a t a d i s t a n c e ' . I n 

c l a s s i c a l t h e o r y t h e c o n c e p t o f e l e c t r o 

m a g n e t i c f i e l d s d i d n o t r e a l l y r e m o v e 

t h e d i f f i c u l t y o f u n d e r s t a n d i n g h o w a 

c h a r g e d p a r t i c l e k n e w o f t h e e x i s t e n c e 

o f a n o t h e r a n d t h u s i n t e r a c t e d w i t h i t . 

T h e i n t e r m e d i a r y a c t i o n o f t h e p h o 

t o n s r e m o v e s t h i s d i f f i c u l t y . 

T h e t h e o r y t o o k i n i t i a l s h a p e i n t h e 

l a te 1 9 2 0 ' s . A t t h a t s t a g e h o w e v e r 

t h e r e w a s a w e a k n e s s i n t h a t w h e n 

t r y i n g t o c a l c u l a t e p h y s i c a l q u a n t i t i e s , 

w e f i n i s h e d u p w i t h i n f i n i t e v a l u e s . 

H o w t h i s i s s o c a n b e g l i m p s e d f r o m 

r e a l i z i n g t h a t t h e c h a r g e d p a r t i c l e 

se t s u p i ts p h o t o n c l o u d w h i c h 

c h a n g e s t h e p r o p e r t i e s o f t h e c h a r g e d 

p a r t i c l e w h i c h c h a n g e s t h e p r o p e r t i e s 

o f t h e c l o u d a n d s o o n . I n t h e l a te 

1 9 4 0 s , R.P. F e y n m a n , J . S c h w i n g e r 

a n d S . T o m o n a g a g o t a r o u n d t h i s 

p r o b l e m b y n o t i c i n g t h a t b e h i n d a l l 

t h e i n f i n i t i e s l ie a p p a r e n t i n f i n i t i e s o f 

t h e p a r t i c l e m a s s a n d c h a r g e . T h e y 

' r é n o r m a l i z e d ' t h e t h e o r y b y f e e d i n g 

i n t h e p h y s i c a l l y o b s e r v e d v a l u e s f o r 

t h e m a s s a n d c h a r g e a n d w h e n t h e 

s u m s are d o n e n o w , f i n i t e v a l u e s 

e m e r g e f o r a l l t h e p h e n o m e n a i n v o l v 

i n g t h e e l e c t r o m a g n e t i c f o r c e a n d t h e y 

c a n b e c o m p a r e d w i t h t h e e x p e r i 

m e n t a l l y o b s e r v e d v a l u e s . O n e p a r t i c 

u l a r c a l c u l a t i o n , w h i c h g a v e t h e 

r é n o r m a l i z e d Q E D t h e o r y a l l t h e 

s t r e n g t h t h a t i t h a d i n 1 9 5 4 , w a s t h a t 

o f t h e L a m b s h i f t . T h e e x i s t e n c e o f t h e 

p h o t o n c l o u d d o e s m o d i f y t h e c h a r g e d 

p a r t i c l e p r o p e r t i e s t o a s m a l l e x t e n t 

a n d , b e c a u s e o f t h i s , a t i n y m o d i f i c a t i o n 

o c c u r s i n t h e e n e r g y l e v e l s o f t h e 

e l e c t r o n s a r o u n d t h e n u c l e u s . S u c h a 

m o d i f i c a t i o n w a s f i r s t d e t e c t e d b y 

W . E . L a m b a n d R.C. R e t h e r f o r d i n 

1 9 4 7 f o r t h e e l e c t r o n i n t h e h y d r o g e n 

a t o m a n d t h i s ' L a m b s h i f t ' a g r e e d w e l l 

w i t h t h e Q E D t h e o r y . 

I n 1 9 5 4 , a l l t h i s w a s c o m p a r a t i v e l y 

f r e s h . A m e a s u r e m e n t o f t h e L a m b 

s h i f t i n 1 9 5 3 h a d b r o u g h t a g r e e m e n t 

w i t h Q E D t h e o r y t o t h e l eve l o f 1 p a r t 

i n a t h o u s a n d b u t t h e t h e o r y w a s s t i l l 

f e l t t o b e a n a p p r o x i m a t i o n t o t h e 

t r u t h . T h e q u e s t i o n w a s m o r e ' h o w 

f a r w i l l t h e t h e o r y e x t e n d i n i ts 

v a l i d i t y ? ' r a t h e r t h a n t h e ' e u r e k a ' 

w h i c h Q E D t h e o r y c a n c l a i m i n 1 9 7 4 . 

G e n e r a l l y i t w a s e x p e c t e d t h a t Q E D 

w o u l d b r e a k d o w n w h e n t h e e n e r g i e s 

i n v o l v e d r e a c h e d t h a t o f t h e n u c l é o n 

m a s s ( a b o u t 1 G e V ) . F u r t h e r m o r e , 

w i t h t h e sea o f v i r t u a l p h o t o n s 

a r o u n d , i t w a s f e a s i b l e o n p a p e r t h a t 

m a n y c o m p l e x e x c h a n g e s o f p h o t o n s 

c o u l d t a k e p l a c e a s w e l l a s t h e 

s t r a i g h t f o r w a r d e x c h a n g e o f a s i n g l e 

p h o t o n . B u t i t w a s n o t k n o w n w h e t h e r 

t h e s e ' h i g h e r o r d e r t e r m s ' s h o u l d b e 

f e d i n t o t h e c a l c u l a t i o n s s i n c e t h e r e 

CERN 17.1.66 

w a s n o e x p e r i m e n t a l e v i d e n c e f o r 

t h e i r e x i s t e n c e . 

W h e n w e t a l k o f t h e e l e c t r o m a g 

n e t i c i n t e r a c t i o n , w e t a l k m o s t l y a b o u t 

t h e e l e c t r o n . I n 1 9 5 4 , i t w a s n o t a t a l l 

c e r t a i n t h a t t h e e l e c t r o n w a s ' p o i n t 

l i k e ' s i n c e t h i s i s n o t t e s t e d i n a L a m b -

s h i f t t y p e o f e x p e r i m e n t . ( T h e e x p r e s 

s i o n ' p o i n t - l i k e ' i s a p p l i e d t o a p a r t i c l e 

w h e n i t h a s n o d i s c e r n i b l e i n t e r n a l 

s t r u c t u r e — i t a c t s as i f f r o m a s i n g l e 

p o i n t . ) 

T h e r e s u l t s o f t h e e l e c t r o n - p r o t o n 

s c a t t e r i n g e x p e r i m e n t o f R . H o f s t a d t e r 

i n 1 9 5 4 r e v e a l e d t h a t s t r u c t u r e w a s 

i n v o l v e d s o m e w h e r e i n t h e i n t e r a c t i o n 

( i t w a s n o t p o i n t - l i k e ) a n d t h e e l e c 

t r o n w a s i n i t i a l l y a s s u s p e c t a s t h e 

p r o t o n . I t g r a d u a l l y b e c a m e a c c e p t e d 

h o w e v e r t h a t t h e p r o t o n i s t h e p a r t i c l e 

w i t h t h e s t r u c t u r e t h o u g h t h e r i g o 

r o u s p r o o f o f t h i s c a m e la ter . T h e 

e x p e r i m e n t s a t t h e e l e c t r o n - p o s i t r o n 

s t o r a g e r i n g s , b e g i n n i n g w i t h t h e 

F r a s c a t i - O r s a y a n d P r i n c e t o n - S t a n f o r d 
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The detection system surrounding a collision 
region in the electron-positron storage ring, 
SPEAR, at the Stanford Laboratory. A large 
solenoid magnet surrounds cylindrical wire 
chambers and scintillation counters. The 
system has recently gathered astonishing results 
(reported in the February issue page 39) on the 
production of hadrons in the collisions. The 
results bring a worry to our calculations of the 
influence of the strong force on electromagnetic 
interactions and also disrupt our view of the 
strong interaction. 

(Photo S LAC) 

m a c h i n e s i n t h e e a r l y 1 9 6 0 s c o n f i r m 

e d t h a t t o t h e b e s t o f o u r p r e s e n t 

k n o w l e d g e , t h e e l e c t r o n i s p o i n t - l i k e 

w i t h n o i n t e r n a l s t r u c t u r e . 

A n o t h e r u n c e r t a i n t y w a s t h e r e l a 

t i o n s h i p b e t w e e n t h e m u o n a n d t h e 

e l e c t r o n — t h e m u o n w a s n o t w e l l 

e n o u g h s t u d i e d t o r e v e a l j u s t h o w 

c l o s e a r e l a t i v e t o t h e e l e c t r o n i t is. I n 

t h e f o l l o w i n g y e a r s , w h e n t h e m u o n 

p a r a m e t e r s w e r e p i n n e d d o w n w i t h 

m o r e c e r t a i n t y ( f o r e x a m p l e , t h e 

m e s i c X r a y w o r k p r o v i n g t h a t i t h a s 

s p i n 1 / 2 a n d t h e f a m o u s B r o o k h a v e n 

e x p e r i m e n t s h o w i n g t h a t t h e r e i s a n 

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

t y p e n e u t r i n o ) , t h e m u o n e m e r g e d 

c o n v i n c i n g l y a s a h e a v y v a r i a n t o f t h e 

e l e c t r o n . 

T h e s t u d i e s o f q u a n t u m e l e c t r o d y 

n a m i c s w h e r e C E R N has b e e n p a r t i 

c u l a r l y a c t i v e h a v e c o n c e r n e d t h e 

m e a s u r e m e n t o f t h e g - 2 o f t h e m u o n . 

T h e g - 2 v a l u e a r i ses d i r e c t l y f r o m t h e 

i d e a s o f h o w t h e e l e c t r o m a g n e t i c f o r c e 

i s t r a n s m i t t e d a n d t h e c o n c e p t o f v i r t u a l 

p h o t o n s . T h e s p i n n i n g c h a r g e o f t h e 

m u o n ( o r t h e e l e c t r o n ) g i v e s t h e p a r 

t i c l e a m a g n e t i c m o m e n t as i f a t i n y 

ba r m a g n e t l a y a l o n g t h e s p i n ax i s . T h e 

v a l u e o f t h e m a g n e t i c m o m e n t i s p r o 

p o r t i o n a l t o t h e a n g u l a r m o m e n t u m 

a n d t h e c l a s s i c a l v a l u e has t o b e m u l -

t i p l i e d b y t h e g y r o - m a g n e t i c r a t i o o r 

g - f a c t o r . Fo r p a r t i c l e s w i t h s p i n 1 / 2 , 

t h e D i r a c t h e o r y p r e d i c t s a g - f a c t o r o f 

2 w h i l s t t h e n e w t h e o r y p r e d i c t s a v e r y 

s m a l l c h a n g e i n t h e g - f a c t o r a n d t h u s 

i n t h e m a g n e t i c m o m e n t ( k n o w n a s 

t h e a n o m a l o u s p a r t o f t h e m a g n e t i c 

m o m e n t ) . I t i s t h e e x i s t e n c e o f t h e 

v i r t u a l p h o t o n c l o u d w h i c h p r o d u c e s 

t h e c h a n g e a n d , t h u s , m e a s u r i n g t h e 

g - f a c t o r ( o r m o r e u s u a l l y g - 2 ) g i v e s 

a d i r e c t l o o k a t t h e a c c u r a c y o f q u a n 

t u m e l e c t r o d y n a m i c s . 

M e a s u r e m e n t s f o r t h e e l e c t r o n w e r e 

g o i n g o n i n 1 9 5 4 a n d h a d r e a c h e d 

a c c u r a c i e s o f 1 p a r t i n a t h o u s a n d . T h e 

o b s e r v a t i o n o f m u o n p o l a r i z a t i o n i n 

p i o n d e c a y t o w a r d s t h e e n d o f t h e 

1 9 5 0 s a n d o f t h e a s y m m e t r i c d e c a y 

o f t h e m u o n t o g i v e a n e l e c t r o n o p e n e d 

t h e d o o r t o g - 2 e x p e r i m e n t s o n t h e 

m u o n a l s o . I n 1 9 6 0 , a f i r s t e x p e r i m e n t 

a t C E R N m e a s u r e d g - 2 t o 2 % , la te r 

i m p r o v e d t o 0 . 4 % , a c c u r a c y . T h e 

Q E D v a l u e w a s c o n f i r m e d w h i c h w a s 

i n a w a y s u r p r i s i n g b e c a u s e , a t t h e 

0 . 4 % a c c u r a c y , b r e a k d o w n w o u l d 

h a v e b e e n o b s e r v e d i f i t h a d o c c u r r e d 

a t t h e 1 G e V l e v e l a n t i c i p a t e d i n 1 9 5 4 . 

T h i s e x p e r i m e n t a l s o u n d e r l i n e d t h e 

e l e c t r o n - m u o n r e l a t i o n s h i p — n o n e w 

f o r c e w a s o b s e r v e d t o d i s t i n g u i s h t h e 

m u o n f r o m t h e e l e c t r o n . 

A s e c o n d s e r i es o f C E R N e x p e r i 

m e n t s c a r r i e d t h e g - 2 a c c u r a c y e v e n 

f u r t h e r u s i n g a m u o n s t o r a g e r i n g a n d 

n o w e x p e r i m e n t a n d t h e o r y a g r e e t o 

( 2 4 0 ± 2 7 0 ) p a r t s pe r m i l l i o n . A t h i r d 

e x p e r i m e n t o f s t i l l h i g h e r a c c u r a c y i s 

b e i n g p r e p a r e d . M e a n w h i l e t h e g - 2 

o f t h e e l e c t r o n h a s b e e n p u s h e d t o a 

p r e c i s i o n o f a f e w pa r t s i n a m i l l i o n . 
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A t t h e a c c u r a c y n o w e x p e c t e d f o r 

t h e m u o n , t h e e x p e r i m e n t a l v a l u e i s 

c o n f i r m i n g t h e v a l i d i t y o f t h e t h e o r y o f 

q u a n t u m e l e c t r o d y n a m i c s d o w n t o 

d i s t a n c e s o f 1 C H 5 c m a n d e n e r g i e s 

e q u i v a l e n t t o o v e r 2 0 G e V . I t i s c o n 

f i r m i n g t h e c a l c u l a t i o n s w h i c h t h e 

t h e o r i s t s h a v e e x t e n d e d t o i n c l u d e 

h i g h e r o r d e r t e r m s ( m a n y p h o t o n 

e x c h a n g e s a s d i s c u s s e d a b o v e ) a n d i s 

b e g i n n i n g t o r e a c h l e v e l s w h e r e t h e 

e x i s t e n c e o f t h e s t r o n g i n t e r a c t i o n i s 

e x p e c t e d t o i n f l u e n c e t h e o b s e r v e d 

v a l u e s . I t i s a l s o c o n f i r m i n g t h e v i e w 

o f t h e m u o n a s s i m p l y a h e a v y e l e c 

t r o n . O n e c o m m e n t a r o u s e d b y t h e 

p r e c i s i o n o f t h e m e a s u r e m e n t s i s t h a t 

' t h e g - 2 v a l u e a c t s a s a g r e a t r e s t r a i n t 

o n t h e f a n t a s y o f t h e o r i s t s ' . 

O n e c l o u d d i d a p p e a r o n t h e Q E D 

h o r i z o n w h e n t h e L a m b s h i f t m e a s u 

r e m e n t s m o v e d o u t o f l i n e w i t h t h e o r y 

b u t t h i s w a s d i s p e l l e d a b o u t 1 9 7 0 

w h e n S . B r o d s k y s p o t t e d a n e r r o r i n 

t h e c a l c u l a t i o n s . S i n c e t h e n , t h e o r y 

a n d e x p e r i m e n t h a v e l i n e d u p w i t h 

a p e r f e c t i o n w h i c h w o u l d h a v e s t a g 

g e r e d t h e p h y s i c i s t o f 1 9 5 4 . 

S o , i s e v e r y t h i n g r o s y i n o u r u n d e r 

s t a n d i n g o f t h e e l e c t r o m a g n e t i c f o r c e ? 

N o , b e c a u s e t h e r e a re t w o l o n g - s t a n d 

i n g m y s t e r i e s a n d a n e w w o r r y 

w h i c h h a s r a i s e d i ts h e a d o n l y i n 

r e c e n t m o n t h s . 

T h e f i r s t m y s t e r y c o n c e r n s t h e 

e x i s t e n c e o f t h e m u o n . T o q u o t e I . R a b i 

' C o n s i d e r t h e m u o n . W h o e v e r o r d e r e d 

t h a t ? ' . I t i s b e l i e v e d t h a t t h e m a s s o f a 

p a r t i c l e i s a c o n s e q u e n c e o f t h e i n t e r 

a c t i o n s i t u n d e r g o e s . I f s o , h o w c a n 

t w o p a r t i c l e s b e s o i d e n t i c a l a s t h e 

e l e c t r o n a n d t h e m u o n w h i c h s e e 

m i n g l y d i f f e r o n l y i n t h e i r m a s s ? 

W h e r e i s t h e f o r c e f e l t b y t h e m u o n 

a n d n o t b y t h e e l e c t r o n ? A r e t h e r e 

o t h e r h e a v i e r p a r t i c l e s , s o f a r u n i d e n 

t i f i e d , r e s u l t i n g f r o m w h a t e v e r i t i s t h a t 

t u r n s t h e m u o n o n ? 

T h e n e w w o r r y c o m e s f r o m t h e 

h i g h e n e r g y e l e c t r o n - p o s i t r o n s t o r a g e 

r i n g r e s u l t s r e p o r t e d i n t h e F e b r u a r y 

i s s u e . I f t h e p r o d u c t i o n o f h a d r o n s i n 

e l e c t r o n - p o s i t r o n i n t e r a c t i o n s c o n t i 

n u e s c o n s t a n t a s t h e m e a s u r e m e n t s 

a re t a k e n t o e v e r h i g h e r e n e r g i e s , t h e n 

t h e s t r o n g i n t e r a c t i o n i n f l u e n c e o n 

e l e c t r o m a g n e t i c i n t e r a c t i o n s w o u l d 

n o l o n g e r b e c a l c u l a b l e . T h e p r e s e n t 

c l o s e d n a t u r e o f t h e Q E D c a l c u l a t i o n s 

w o u l d b e s p o i l e d a n d n e w , a t p r e s e n t 

u n k n o w n , f a c t o r s w o u l d h a v e t o b e 

f e d i n t o t h e s u m s . 

T h e s e c o n d m y s t e r y i s i n t h e v e r y 

r o o t s o f t h e t h e o r y . W h y d o w e h a v e t o 

p l u g i n t h e o b s e r v e d m a s s a n d c h a r g e 

o f t h e e l e c t r o n o r m u o n ( t h e p r o c e s s o f 

r e n o r m a l i z i n g t h e t h e o r y ) i n o r d e r t h a t 

t h e c a l c u l a t i o n s w o r k w i t h s u c h p e r 

f e c t i o n ? T h e t h e o r y , le f t t o i t se l f , g i v e s 

i n f i n i t e v a l u e s f o r b o t h o f t h e s e q u a n 

t i t i e s . I t w o u l d o b v i o u s l y b e p h i l o s o 

p h i c a l l y m o r e s a t i s f y i n g i f t h e o b s e r v e d 

m a s s a n d c h a r g e e m e r g e d n a t u r a l l y 

f r o m t h e t h e o r y i tse l f . 

P e r h a p s t h e e l e c t r o n i s a b l a c k h o l e ! 

O n e c a n p l a u s i b l y a r g u e t h a t i ts 

S c h w a r z c h i l d r a d i u s o f a b o u t 1 0 ~ 5 5 c m 

w o u l d g i v e i t e n o u g h s i ze t o g e t r i d o f 

t h e i n f i n i t i e s i n q u a n t u m e l e c t r o d y n a 

m i c s a n d g i v e t h e c o r r e c t e l e c t r o n 

m a s s . S o p e r h a p s g r a v i t a t i o n i s d e e p l y 

i n v o l v e d w i t h t h e e l e c t r i c p r o p e r t i e s o f 

m a t t e r b u t s o fa r n o f i r m f r a m e w o r k 

h a s b e e n f o u n d f o r t h e s e i d e a s . 

A l t o g e t h e r , f r o m 1 9 5 4 t o 1 9 7 4 o u r 

u n d e r s t a n d i n g o f t h e e l e c t r o m a g n e t i c 

f o r c e h a s r e m a i n e d i n s u r p r i s i n g l y 

g o o d h e a l t h . I t h a s b e e n s h o w n t h a t i t 

c a n p r e d i c t , w i t h a c c u r a c y , t h e e f f e c t 

o f t h e e l e c t r o m a g n e t i c f o r c e o v e r a 

v a s t r a n g e o f d i s t a n c e s f r o m 1 0 ~ 1 5 t o 

1 0 1 0 c m . 

The strong force 

C o m p a r e d w i t h t h e o r d e r w h i c h h a s 

r e i g n e d i n t h e o b s e r v a t i o n s o f p a r t i c l e 

b e h a v i o u r u n d e r t h e i n f l u e n c e o f t h e 

e l e c t r o m a g n e t i c f o r c e , t h e o b s e r v a 

t i o n s o f b e h a v i o u r u n d e r t h e s t r o n g 

f o r c e h a v e o p e n e d u p a c o m p l e t e l y 

n e w w o r l d . * 

I n 1 9 5 4 , t h e i n t e r p r e t a t i o n o f t h e 

s t r o n g f o r c e w a s s t i l l d o m i n a t e d b y 

t h e i n s i g h t s o f Y u k a w a m a n y y e a r s 

p r e v i o u s l y i n 1 9 3 5 . H e i n t e r p r e t e d t h e 

i n t e r a c t i o n b e t w e e n t w o h a d r o n s i n 

t e r m s o f t h e e x c h a n g e o f m e s o n s 

( l a t e r c a l l e d p i m e s o n s o r p i o n s ) . T h i s 

c a n b e s e e n a s t h e p r o t o n h a v i n g a 

v i r t u a l p i o n c l o u d a s s o c i a t e d w i t h i t , 

j u s t as t h e e l e c t r o n has a v i r t u a l 

p h o t o n c l o u d a s s o c i a t e d w i t h i t . T h e r e 

i s a c o n s i d e r a b l e d i f f e r e n c e b e t w e e n 

t h e t w o p i c t u r e s h o w e v e r . 

I t i s c l ea r , f i r s t o f a l l , t h a t t h e m e s o n 

c l o u d p r o d u c e s a m u c h m o r e p o w e r f u l 

e f f e c t t h a n t h e p h o t o n c l o u d — t h e 

s t r o n g f o r c e b e t w e e n p r o t o n s i n t h e 

n u c l e u s h o l d s t h e m t o g e t h e r d e s p i t e 

t h e e l e c t r o m a g n e t i c f o r c e d u e t o t h e i r 

p o s i t i v e c h a r g e s t r y i n g t o p u s h t h e m 

a p a r t . S e c o n d l y , t h e r a n g e o f t h e f o r c e 

i s v e r y s h o r t ( a b o u t 1 0 ~ 1 3 c m ) — t h e 

p r o t o n s s t i c k t o g e t h e r o n l y i f b r o u g h t 

w i t h i n n u c l e a r d i s t a n c e s o f o n e a n 

o t h e r . T h i s s e c o n d c l u e l e d Y u k a w a 

t o t h e p i o n . U s i n g t h e u n c e r t a i n t y 

p r i n c i p l e , a s d i s c u s s e d i n t h e a r t i c l e 

a b o v e , a n d k n o w i n g t h e t i m e t o t r a v e l 

1 0 - 1 3 c m a t t h e s p e e d o f l i g h t ( 1 0 - 2 3 s ) , 

h e c o u l d c a l c u l a t e t h e m i n i m u m 

e n e r g y w h i c h a p a r t i c l e c o u l d h a v e t o 

t r a v e r s e t h i s d i s t a n c e w h i l e r e m a i n i n g 

as a v i r t u a l p a r t i c l e . I t c a m e o u t a t 

a r o u n d 1 0 0 M e V . T h e p i o n , w h e n 

f i r s t i d e n t i f i e d i n 1 9 4 7 , p r o v e d t o 

h a v e a m a s s o f 1 4 0 M e V . 

T h e p r e d o m i n a n t p i c t u r e i n 1 9 5 4 

w a s t h e r e f o r e o f p r o t o n s a n d n e u t r o n s 

b o u n d i n t h e n u c l e u s t h r o u g h t h e 

i n t e r m e d i a r y a c t i o n o f p i o n s ( p o s i t i v e , 

n e g a t i v e a n d n e u t r a l c h a r g e d f o r m s 
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Perhaps the most famous bubble chamber 
picture in history — the detection of the omega 
minus particle predicted by the classification 
scheme of unitary symmetry. It was taken in 
the 80 inch chamber at Brookhaven and 
crowned the efforts to put some order into the 
plethora of particles, which were found at the 
high energy accelerators in the late 50s/early 
60s, being produced under the influence of the 
strong force. 

a c c o u n t i n g f o r t h e e q u a l s t r e n g t h s 

o f t h e i n t e r a c t i o n s p r o t o n - p r o t o n , 

n e u t r o n - n e u t r o n a n d p r o t o n - n e u 

t r o n ) . 

T r o u b l e w a s a l r e a d y b r e w i n g a t 

t h a t t i m e . A h e a v i e r m e s o n , t h e k a o n , 

h a d b e e n s p o t t e d i n n u c l e a r e m u l s i o n 

p h o t o g r a p h s o f c o s m i c r a y s a n d 

h e a v i e r b a r y o n s ( h e a v i e r v a r i a n t s o f 

t h e p r o t o n a n d n e u t r o n s u c h a s t h e 

l a m b d a a n d s i g m a ) h a d b e e n s e e n . 

B u t t h e y w e r e i n i t i a l l y t h o u g h t o f a s 

r a t h e r e x o t i c e n t i t i e s a n d d i d n o t r o c k 

t h e Y u k a w a b o a t i m m e d i a t e l y . T h e y 

n e e d e d s o m e t h i n g n e w , h o w e v e r , t o 

e x p l a i n t h e i r b e h a v i o u r . T h e k a o n s 

w e r e t h e i n t e r m e d i a r y o f t h e s t r o n g 

f o r c e b e t w e e n t h e p r o t o n a n d t h e 

n e w b a r y o n s ( b u t n o t b e t w e e n t h e 

p r o t o n s t h e m s e l v e s ) a n d a p r o p e r t y 

c a l l e d ' s t r a n g e n e s s ' w a s c o n j u r e d u p 

f o r t h e n e w p a r t i c l e s b y M . G e l l -

M a n n a n d K . N i s h i j i m a t o e x p l a i n w h y 

t h i s l i m i t a t i o n a p p l i e d . 

D o u b t s r e a l l y b e g a n t o m u l t i p l y 

w h e n t h e H o f s t a d t e r e x p e r i m e n t , m e n 

t i o n e d a b o v e , i n d i c a t e d t h a t t h e p r o t o n 

c h a r g e r a d i u s w a s s m a l l e r t h a n t h e 

C o m p t o n w a v e l e n g t h o f t h e p i o n . 

Y . N a m b u a n a l y s e d t h i s p r o b l e m 

t h e o r e t i c a l l y a n d s u g g e s t e d i n 1 9 5 7 

t h a t a n o t h e r v i r t u a l m e s o n , a h e a v i e r 

m e d i a t o r o f t h e s t r o n g f o r c e , b e 

c a l l e d i n t o p l a y . P i o n s c o u l d t h e m 

s e l v e s b e p r o d u c e d i n t h e d e c a y o f 

t h e h e a v i e r m e s o n , w h i c h w a s c a l l e d 

t h e r h o m e s o n . T h i s n e w p a r t i c l e w a s 

d e t e c t e d i n 1 9 6 1 . 

T h e f l o o d g a t e s r e a l l y o p e n e d w h e n 

t h e l a r g e b u b b l e c h a m b e r s o f L . A l v a 

rez c a m e i n t o o p e r a t i o n a t t h e B e r k e l e y 

6 G e V B e v a t r o n . T h r o u g h t o t h e e a r l y 

1 9 6 0 ' s , a w h o l e h o s t o f n e w m e s o n s 

a n d b a r y o n s w e r e i d e n t i f i e d a n d m a n y 

o f t h e i r p r o p e r t i e s m e a s u r e d . T h e l is t 

h a s g r o w n t o i n c l u d e o v e r 2 0 0 d i s t i n c t 

p a r t i c l e s . H i g h e n e r g y p h y s i c i s t s b e 

c a m e l i k e b o t a n i s t s r e c o r d i n g t h e 

f e a t u r e s o f p l a n t a f t e r p l a n t a s t h e y 

w a l k e d t h r o u g h p a s t u r e s n e w . 

T h i s w a s t h e f i r s t b i g c h a n g e a n d a 

c h a n g e f r o m w h i c h w e h a v e s t i l l n o t 

r e c o v e r e d . T h e s i m p l e p i c t u r e o f 

Y u k a w a w a s o b v i o u s l y i n a d e q u a t e 

t o a b s o r b t h e b e h a v i o u r o f t h i s m u l 

t i t u d e o f p a r t i c l e s , y e t , e v e n n o w , n o 

c o n v i n c i n g p i c t u r e has b e e n p u t i n i ts 

p l a c e . T h e r e h a s , h o w e v e r , b e e n a l o t 

o f t i d y i n g u p — a l o t o f e l e g a n t w o r k 

w h i c h h a s d e r n o n s t r a t e d r e m a r k a b l e 

r e l a t i o n s h i p s w i t h i n t h e l a r g e f a m i l y 

o f p a r t i c l e s a n d i t m u s t s u r e l y b e t r u e 

t h a t s o m e d e e p r e a s o n s e x i s t f o r t h e 

s i m i l a r i t i e s i n b e h a v i o u r t h a t w e 

o b s e r v e . 

T h e m o s t i m p o r t a n t a d v a n c e i n 

c l a s s i f y i n g t h e p a r t i c l e s c a m e i n 1 9 6 1 

f r o m Y . N e ' e m a n a n d M . G e l l - M a n n . 

T h e y u s e d a m a t h e m a t i c a l t e c h n i q u e 

f r o m 1 9 t h C e n t u r y g r o u p t h e o r y , 

c a l l e d S U ( 3 ) — s i m p l e u n i t a r y g r o u p 

o f t r a n s f o r m a t i o n s i n t h r e e c o m p l e x 

d i m e n s i o n s — w h i c h i s a t e c h n i q u e 

f o r s t u d y i n g se t s o f t h r e e b a s i c 

o b j e c t s . A p p l y i n g t h i s t o p a r t i c l e p r o -
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To illustrate the new flood of information 
coming with the opening up of higher energy 
ranges at Batavia and the CERN ISR, is this 
presentation of strong interactions resulting in 
the emergence of many particles from an exper
iment at the ISR. Each diagram corresponds 
to a number of emerging particles (5 to 13). 
When only five particles emerge, most of the 
events involve the 'fragmentation' of one or 
other proton (the two high peaks) and only a 
few involve the 'centralregion'. But the higher the 
number of particles, the more the central 
region events dominate until, with thirteen 
emerging particles, they are almost entirely from 
central region events. 

p e r t i e s , t h e y c l a s s i f i e d t h e p a r t i c l e s i n 

g r o u p s , u s u a l l y c a l l e d m u l t i p l e t s . W h a t 

N e ' e m a n a n d G e l l - M a n n w e r e d o i n g 

m a t h e m a t i c a l l y w a s t o t r e a t t h e k n o w n 

p a r t i c l e s a s i f i n r e a l i t y t h e y w e r e b u i l t 

u p o f t h r e e m o r e b a s i c ' b u i l d i n g 

b l o c k s ' . 

T h e s c h e m e p r e d i c t e d h o w t h e 

p a r t i c l e s s h o u l d g r o u p t o g e t h e r . For 

e x a m p l e , i t s a i d t h a t a l l m e s o n s o f t h e 

s a m e s p i n s h o u l d e x i s t i n g r o u p s o f 

e i g h t . A n e i g h t h c o m p a n i o n f o r t h e 

t h r e e z e r o s p i n p i o n s p l u s t h e f o u r 

z e r o s p i n k a o n s w a s f o u n d i n 1 9 6 1 ; 

e i g h t s p i n o n e m e s o n s l i k e t h e r h o 

w e r e a l s o f o u n d t h a t y e a r ; e i g h t s p i n 

t w o m e s o n s w e r e f o u n d b y 1 9 6 4 . T h e 

m o s t s p e c t a c u l a r p r e d i c t i o n w a s o f 

t h e e x i s t e n c e o f t h e p a r t i c l e n o w 

k n o w n a s t h e o m e g a m i n u s . P l a y i n g 

w i t h t h e i r t h r e e m a t h e m a t i c a l b l o c k s , 

t h e y g r o u p e d t h e b a r y o n s o f s p i n 

3 / 2 i n a g r o u p o f t e n a n d b y 1 9 6 1 

n i n e o f t h e s e h a d b e e n i d e n t i f i e d . 

D u r i n g t h e C E R N c o n f e r e n c e o f 1 9 6 2 , 

G e l l - M a n n w r o t e o n t h e b l a c k b o a r d 

t h e m a s s ( 1 6 8 0 M e V ) , c h a r g e ( m i n u s 

o n e ) a n d s t r a n g e n e s s ( m i n u s t h r e e ) 

o f t h e t h e n m i s s i n g t e n t h m e m b e r . 

A t t h e b e g i n n i n g o f 1 9 6 4 , t h e o m e g a 

m i n u s , w i t h p r e c i s e l y t h e s e p r o p e r t i e s 

w a s s e e n f o r t h e f i r s t t i m e a t B r o o k -

h a v e n . 

T h i s r e a l l y r u b b e d h o m e t h e v a l i d i t y 

o f t h e c l a s s i f i c a t i o n s c h e m e a n d 

( f o l l o w i n g w o r k b y G . Z w e i g a n d 

G e l l - M a n n ) o p e n e d t h e h u n t f o r 

p h y s i c a l o b j e c t s , u s u a l l y r e f e r r e d t o a s 

q u a r k s , i n s i d e t h e h a d r o n s w h i c h 

w o u l d c o r r e s p o n d t o t h e m a t h e m a t i c a l 

o b j e c t s o f S U ( 3 ) . T h e r e i s s t i l l n o s i g n 

o f a n i n d i v i d u a l q u a r k b u t S U ( 3 ) h a s 

w o r k e d m a g n i f i c e n t l y i n c l a s s i f y i n g 

t h e k n o w n h a d r o n s a n d i ts i m p l i c a t i o n 

o f s o m e t h i n g d e e p e r w i t h i n t h e h a 

d r o n s l o o k s e v e r m o r e v a l i d a s m o r e 

a n d m o r e e x p e r i m e n t a l d a t a i s a c c u 

m u l a t e d . 

H a d t h i s s k e t c h o f t h e r o l e o f t h e 

s t r o n g i n t e r a c t i o n i n t h e b e h a v i o u r o f 

p a r t i c l e s b e e n w r i t t e n a f e w y e a r s 

a g o , w e c o u l d s t o p h e r e w i t h a t a n 

t a l i s i n g t h e o r e t i c a l i n d i c a t i o n o f a n 

o t h e r l a y e r o f t h e o n i o n o f m a t t e r , b u t 

v e r y l i t t l e e x p e r i m e n t a l i n d i c a t i o n 

e x c e p t f o r t h e s u c c e s s o f t h e c l a s s i 

f i c a t i o n s c h e m e . M a n y f r u s t r a t i n g 

y e a r s f o l l o w e d t h e a d v e n t o f S U ( 3 ) . 

E x p e r i m e n t a l d a t a p o u r e d i n . T h e o r e 

t i c a l s c h e m e s s h o w e d u p f u r t h e r 

r e m a r k a b l e r e l a t i o n s h i p s — t h e R e g g e 

t r a j e c t o r i e s a n d t h e i r e x c h a n g e m e 

c h a n i s m , t h e d u a l i t y c o n c e p t , t h e 

m u l t i p e r i p h e r a l m o d e l — b u t n o 

d e e p e r i n s i g h t r e a l l y e m e r g e d . 

T h e y w e r e a l l u s e f u l c o n c e p t s f o r 

c a t e g o r i z i n g w h a t w a s b e i n g s e e n . 

T h e y h a d c o n s i d e r a b l e p r e d i c t i v e 

p o w e r — t h e y c o u l d p r e d i c t n e w 

p a r t i c l e s o f h i g h e r s p i n ; t h e y g a v e t h e 

e n e r g y d e p e n d e n c e o f i n t e r a c t i o n 

c r o s s - s e c t i o n s ; t h e y c o u l d b r i n g o u t 

t h e ra te o f i n c r e a s e o f p a r t i c l e p r o 

d u c t i o n a s t h e e n e r g y g o e s h i g h e r . 

B u t n o n e o f t h e m r e a l l y p a s s e d f r o m 
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CERN 87.6.73 

The two sources of completely new information 
on the strong force: 

1) The 400 GeV accelerator at the Fermi National 
Accelerator Laboratory, Batavia, is seen in 
the background in this aerial view. 
The ejected protons travel to the 
experimental areas towards the bottom of 
the picture. 

2) The CERN Intersecting Storage Rings of 
which one intersection is pictured here 
showing the two crossing beam pipes 
surrounded by detectors. 

t h e s t a g e o f b e i n g a u s e f u l c o n c e p t 

f o r d e s c r i b i n g w h a t w e s a w i n t o t h e 

s t a g e o f g i v i n g a t r u e u n d e r s t a n d i n g 

o f w h a t w e s a w . A l s o , w h e n p u s h e d 

t o d e s c r i b e d e t a i l e d f e a t u r e s o f p a r t i c l e 

i n t e r a c t i o n s d u e t o t h e s t r o n g f o r c e , 

t h e c o n c e p t s f e l l o v e r . 

I n t h e 1 9 7 0 s t w o n e w f e a t u r e s h a v e 

b e e n f e d i n t o t h e s t r o n g f o r c e p i c t u r e . 

T h e f i r s t i s t h e r e s u l t o f a c c e s s t o 

h i g h e r e n e r g i e s a t t h e C E R N I n t e r 

s e c t i n g S t o r a g e R i n g s a n d a t t h e 

4 0 0 G e V s y n c h r o t r o n o f t h e F e r m i N a 

t i o n a l A c c e l e r a t o r L a b o r a t o r y i n t h e 

U S A . P r i o r t o t h e i r o p e r a t i o n , p a r t i c l e 

b e h a v i o u r h a d b e e n s t u d i e d a l m o s t 

e n t i r e l y i n t e r m s o f ' t w o - b o d y ' i n t e r 

a c t i o n s — w h e n a h a d r o n m e e t s a 

h a d r o n g i v i n g t w o o t h e r p a r t i c l e s 

e m e r g i n g . T o t a c k l e t h e s i t u a t i o n w h e n 

m o r e t h a n t w o p a r t i c l e s e m e r g e d 

l o o k e d a d a u n t i n g t a s k — a f t e r a l l we 

c o u l d n o t e v e n m a k e rea l s e n s e o f t h e 

s e e m i n g l y m o r e s i m p l e ' t w o - b o d y ' c a s e . 

T h e h i g h e r e n e r g y c o l l i s i o n s m a k e 

i t m o r e d i f f i c u l t t o l e a v e a s i d e t h e 

' m u l t i - b o d y ' e v e n t s b e c a u s e p a r t i c l e s 

p o u r o u t i n p r o f u s i o n f r o m t h e h i g h e r 

e n e r g y s t r o n g i n t e r a c t i o n s . T h e b i g 

s u r p r i s e h a s b e e n t h a t a n a l y s i n g t h e s e 

m u l t i b o d y e v e n t s a t v e r y h i g h e n e r g y 

i s v e r y m u c h s i m p l e r t h a n c o u l d b e 

a n t i c i p a t e d f r o m w h a t w a s s e e n b e 

f o r e . P a r t i c l e s m a y p o u r o u t i n p r o 

f u s i o n b u t t h e u n d e r l y i n g p h e n o m e n a 

c a n b e d i s t i n g u i s h e d w i t h g r e a t e r e a s e . 

L e t u s l o o k a t t h e i n f o r m a t i o n c o m 

i n g f r o m t h e p r o t o n - p r o t o n c o l l i s i o n s 

i n t h e I S R . L e a v i n g a s i d e t h e p u r e l y 

e l a s t i c e v e n t s , w h e r e t h e p r o t o n s 

e f f e c t i v e l y b o u n c e o f f o n e a n o t h e r , 

w e c a n s e e t w o t y p e s o f i n t e r a c t i o n . 

I n o n e t y p e , o n e p r o t o n r e m a i n s i t se l f 

b u t t h e o t h e r o n e i s s e v e r e l y d i s t u r b e d 

a n d s h e d s p i o n s . T h i s t y p e h a s c o l 

l e c t e d t h e n a m e ' d i f f r a c t i o n d i s s o 

c i a t i o n ' c o l l i s i o n s . T h e o t h e r t y p e 

( o f t e n c a l l e d ' p i o n i z a t i o n ' c o l l i s i o n s ) 

sees b o t h p r o t o n s d i s t u r b e d a n d t h e 

p r o d u c t i o n o f p i o n s i n l a r g e n u m b e r s . 

E v e n w i t h t h e l a r g e n u m b e r o f p a r -
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t i d e s t h e r e s e e m s t o b e s o m e t h i n g 

f a i r l y s i m p l e g o i n g o n b e c a u s e s t r o n g 

c o r r e l a t i o n s a re s e e n ( f o r e x a m p l e , i f a 

p o s i t i v e p i o n o f a c e r t a i n e n e r g y f l i e s 

o f f , w e a re l i k e l y t o f i n d a n e g a t i v e 

p i o n a r o u n d w i t h v e r y s i m i l a r e n e r g y ) . 

T h i s s u r p r i s i n g s i m p l i c i t y h a s s w u n g 

o u r t h i n k i n g a b o u t t h e s t r o n g f o r c e 

o n t o n e w p a t h s . T h e p o u r i n g o u t o f 

p i o n s i n p i o n i z a t i o n c o l l i s i o n s w h i l e 

p r o t o n s e m e r g e p e r h a p s e x c i t e d b u t 

e s s e n t i a l l y i n t a c t , i s l i k e l y to be a 

p r o f o u n d c l u e t o t h e n a t u r e o f t h e 

s t r o n g f o r c e . 

B e f o r e s a y i n g m o r e a b o u t t h i s , le t 

u s r e t u r n t o t h e s e c o n d p i e c e o f 

i n f o r m a t i o n o f t h e 1 9 7 0 s . T h e s u c c e s s 

o f t h e S U ( 3 ) s c h e m e s e e m s t o b e 

t e l l i n g us t h a t a b a r y o n , e . g . a p r o t o n , 

c o n t a i n s t h r e e ' b u i l d i n g b l o c k s ' o r 

' q u a r k s ' , e a c h c a r r y i n g a f r a c t i o n o f 

t h e p r o t o n e l e c t r o n c h a r g e (2/3,
 2 A 

a n d - 1 / 3 ) . 

T h e 2 2 G e V l i n e a r a c c e l e r a t o r a t 

S L A C ( S t a n f o r d ) has l o o k e d a t t h e 

p r o t o n w i t h e l e c t r o n b e a m s t o see 

w h e r e t h e e l e c t r o m a g n e t i c f o r c e i s 

e f f e c t i v e , i.e.. h o w t h e e l e c t r i c c h a r g e 

i s d i s t r i b u t e d i n s i d e t h e p r o t o n s . T h e 

r e s u l t a g r e e s w i t h a p i c t u r e w h e r e i t i s 

c o n c e n t r a t e d o n t h r e e ' g r a i n s ' o f 

d i a m e t e r a t l eas t t e n t i m e s s m a l l e r 

t h a n t h e p r o t o n , t h e g r a i n c h a r g e s 

b e i n g a g a i n 2/3,
2A, - Vs. I t is t h e r e f o r e 

n a t u r a l t o i d e n t i f y t h e s e p o i n t - l i k e 

g r a i n s w i t h q u a r k s . T h e S t a n f o r d 

e x p e r i m e n t s s h o w i n a d d i t i o n t h a t i n 

a h i g h e n e r g y p r o t o n , a b o u t h a l f t h e 

e n e r g y i s c a r r i e d b y t h e g r a i n s , t h e 

o t h e r h a l f b e i n g c a r r i e d b y h a d r o n i c 

m a t t e r w h i c h i s e s s e n t i a l l y u n c h a r g e d 

a n d i s o f t e n s p e c u l a t e d t o b e a k i n d 

o f ' g l u e ' h o l d i n g t h e g r a i n s t o g e t h e r . 

T h e n e u t r i n o e x p e r i m e n t s , e s p e c i a l l y 

t h e C E R N e x p e r i m e n t w i t h t h e b u b b l e 

c h a m b e r G a r g a m e l l e , h a v e l o o k e d a t 

t h e h a d r o n t o see w h e r e t h e w e a k 

f o r c e i s e f f e c t i v e ( t h e n e u t r i n o , b e i n g 

a l e p t o n a n d c a r r y i n g n o c h a r g e , o n l y 

f e e l s t h e t i n y w e a k f o r c e ) . A g a i n t h e 

t h r e e g r a i n p i c t u r e e m e r g e s . 

R e t u r n i n g n o w t o o u r h i g h e n e r g y 

s t r o n g i n t e r a c t i o n s a t t h e I S R , i n 

p a r t i c u l a r t h e p i o n i z a t i o n c o l l i s i o n s : 

W e s e e t h a t o u r p r o t o n s e m e r g e 

e s s e n t i a l l y i n t a c t ( i n o t h e r w o r d s , 

s t i l l a s a b o u n d t h r e e - g r a i n e d o b j e c t ) , 

a l b e i t w i t h a b o u t ha l f t h e i r o r i g i n a l 

e n e r g y , w h i l e a c l u t c h o f p i o n s a re 

le f t i n t h e i r w a k e . I t i s as i f t h e g r a i n s 

g o t h r o u g h w i t h a b o u t t h e i r s h a r e o f 

t h e p r o t o n e n e r g y , w h i l e t h e g l u e 

p r o d u c e s t h e m a n y p i o n s e m e r g i n g 

f r o m t h e c o l l i s i o n , e a c h w i t h r a t h e r 

l o w e n e r g y . 

W h e n a h a d r o n g e t s i n v o l v e d w i t h 

t h e w e a k o r e l e c t r o m a g n e t i c f o r c e , 

t h e g l u e s e e m s q u i e s c e n t b u t w h e n i t 

g e t s i n v o l v e d w i t h t h e s t r o n g f o r c e 

t h e g l u e b e c o m e s h i g h l y a c t i v a t e d a n d 

r e s u l t s i n a n o u t p o u r i n g o f p i o n s . T h e 

g l u e s o f t w o h a d r o n s s t i c k t o g e t h e r 

a s t h e g r a i n s r u s h o n . T h e ^ c o r r e l a t i o n s 

w h i c h a re s e e n i n t h e o u t p o u r i n g , t i e 

u p w i t h t h i s s o r t o f p i c t u r e . 

S o p e r h a p s w e are e v o l v i n g a n e w 

p i c t u r e o f t h e h a d r o n s a n d t h u s o f t h e 

s t r o n g f o r c e . B u t t h e e x p e r i m e n t a l 

i n f o r m a t i o n i s n e w a n d w i l l n o d o u b t 

b e a u g m e n t e d c o n s i d e r a b l y i n t h e 

n e x t f e w y e a r s , s o a n y i n t e r p r e t a t i o n 

a t t h i s s t a g e is a f i r s t s h o t a t a d e e p e r 

u n d e r s t a n d i n g . T h e r e a re o b v i o u s 

p r o b l e m s s u c h a s o u r i n a b i l i t y t o 

e x t r a c t t h e g r a i n s t h e m s e l v e s . A n d 

a l s o t h e r e i s t h i s v e r y r e c e n t i n f o r 

m a t i o n o n h a d r o n p r o d u c t i o n i n 

e l e c t r o n - p o s i t r o n a n n i h i l a t i o n c o l l i 

s i o n s , m e n t i o n e d w h e n d i s c u s s i n g t h e 

e l e c t r o m a g n e t i c f o r c e a b o v e . T h i s f i t s 

n o p i c t u r e t h a t w e c a n d r a w a t t h e 

m o m e n t . 

C o m p a r e d w i t h t w e n t y y e a r s a g o , 

t h e b e h a v i o u r o f p a r t i c l e s u n d e r t h e 

i n f l u e n c e o f t h e s t r o n g f o r c e has 

p r o v e d r i c h b e y o n d be l i e f . W e h a v e 

s e e n t h e f o r c e i n a c t i o n i n a m y r i a d 

d i f f e r e n t w a y s . O u r v i e w o f t h e h a d r o n 

i s c o m p l e t e l y t r a n s f o r m e d . B u t w e 

s t i l l c a n n o t c l a i m t h a t w e rea l l y u n 

d e r s t a n d w h a t w e are s e e i n g . 

The weak force 

E x p e r i m e n t s w i t h h i g h e n e r g y a c c e l 

e r a t o r s h a v e r e v o l u t i o n i z e d o u r k n o w l 

e d g e o f p a r t i c l e b e h a v i o u r u n d e r t h e 

i n f l u e n c e o f t h e w e a k f o r c e e v e r y b i t 

a s m u c h a s t h e y h a v e o f t h e s t r o n g 

f o r c e . W i t h t h e w e a k f o r c e i t i s p e r h a p s 

less s u r p r i s i n g s i n c e t h e p r o b a b i l i t y o f 

w e a k i n t e r a c t i o n s t a k i n g p l a c e r ises i n 

p r o p o r t i o n t o t h e e n e r g y a n d i t i s o n l y 

a t h i g h e n e r g i e s t h a t w e b e g i n t o see 

t h e f o r c e a t w o r k i n a v a r i e t y o f 

w a y s . 

P r i o r t o 1 9 5 4 , p r a c t i c a l l y a l l t h e 

i n f o r m a t i o n o n t h e w e a k f o r c e c a m e 

f r o m o b s e r v a t i o n s o f b e t a d e c a y — 

t h e e m i s s i o n o f a n e l e c t r o n f r o m a 

n u c l e u s d u e t o t h e b r e a k u p o f a n e u 

t r o n t o g i v e a p r o t o n , a n e l e c t r o n a n d 

a n e u t r i n o . T h e m y s t e r i o u s n e u t r i n o 

h a d b e e n s e e n f o r t h e f i r s t t i m e a y e a r 

p r e v i o u s l y i n a r e a c t o r e x p e r i m e n t by 

F . R e i n e s a n d C .L . C o w a n . T h i s c o s t 

W . P a u l i a c a s e o f c h a m p a g n e . W h e n 

h e p o s t u l a t e d t h e e x i s t e n c e o f t h e 

n e u t r i n o i n 1 9 3 1 i n o r d e r t o m a k e 

s e n s e o f t h e e n e r g y a n d s p i n b a l a n c e 

i n b e t a d e c a y , h e t h o u g h t t h a t t h e 

l i k e l i h o o d o f a p a r t i c l e w h i c h o n l y 

f e e l s t h e w e a k i n t e r a c t i o n e v e r b e i n g 

o b s e r v e d m a d e a c h a m p a g n e w a g e r a 

s a f e f i n a n c i a l p r o p o s i t i o n . C o w a n a n d 

R e i n e s , h o w e v e r , u s e d t h e f l o o d o f 

n e u t r i n o s f r o m b e t a d e c a y s i n a 

n u c l e a r r e a c t o r t o s p o t t h e i r i n t e r 

a c t i o n w i t h a p r o t o n t o p r o d u c e a 

n e u t r o n a n d a n e l e c t r o n . 

T h e t h e o r y o f h o w t h e w e a k f o r c e 

w o r k e d d a t e d b a c k t o E . F e r m i i n 1 9 3 4 . 

H e m o d e l l e d i t o n t h e t h e o r y o f t h e 

e l e c t r o m a g n e t i c i n t e r a c t i o n — h e n c e 

c o m e t h e t e r m s ' c h a r g e d c u r r e n t ' a n d 

' v e c t o r f o r c e ' i n a n a l o g y t o t h e e l e c t r i c 

c u r r e n t a n d e l e c t r i c a n d m a g n e t i c v e c 

t o r s . S i n c e t h e f o r c e s e e m s t o b e 

e f f e c t i v e o n l y o v e r a n e x t r e m e l y s h o r t 

r a n g e , h e t r e a t e d t h e i n t e r a c t i o n a s 

' p o i n t - l i k e ' w i t h n o n e e d f o r a n i n t e r 

m e d i a r y p a r t i c l e s u c h a s w e ca l l f o r i n 
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e x p l a i n i n g t h e e l e c t r o m a g n e t i c a n d 

s t r o n g f o r c e s . 

T h e i dea o f a n i n t e r a c t i o n w h i c h i s 

r e a l l y p o i n t - l i k e d i d n o t m a k e e v e r y 

o n e h a p p y b u t w i t h c o m p a r a t i v e l y 

l i t t l e d i s t u r b a n c e t o t h e m a i n a s p e c t s 

o f F e r m i ' s t h e o r y , t h e c o n c e p t o f a n 

i n t e r m e d i a r y p a r t i c l e c a n b e b r o u g h t 

i n . F o l l o w i n g w h a t w e h a v e s a i d 

a b o v e a b o u t t h e u n c e r t a i n t y p r i n c i p l e , 

t h e i n t e r m e d i a r y o f t h e w e a k f o r c e 

s i n c e i ts a c t s o n l y o v e r s h o r t d i s t a n c e s 

c a n bë a p a r t i c l e o f h i g h m a s s . I t h a s 

b e e n g i v e n t h e n a m e ' i n t e r m e d i a t e 

b o s o n ' o r ' W - p a r t i c l e ' . D e s p i t e m a n y 

s e a r c h e s , u p t o p o s s i b l e W m a s s e s o f 

m a n y G e V , i t h a s n e v e r b e e n s e e n . 

T h i s m a y s i m p l y m e a n t h a t t h e i n t e r 

a c t i o n i s e f f e c t i v e o n l y o v e r e x t r e m e l y 

s h o r t d i s t a n c e s a n d t h a t t h e b o s o n i s 

a v e r y m a s s i v e p a r t i c l e i n d e e d . 

A n o t h e r f e a t u r e o f t h e o b s e r v a t i o n s 

o n t h e w e a k f o r c e t h r o u g h t o 1 9 5 4 ( i n 

f a c t t h r o u g h t o 1 9 7 3 ) , a n d o n t h e 

t h e o r y t h a t e m e r g e d f r o m t h e s e o b s e r 

v a t i o n s , i s t h a t t h e c h a r g e d c u r r e n t s 

i n v o l v e d a l w a y s c h a n g e d s i g n w h e n 

t h e i n t e r a c t i o n t o o k p l a c e . Fo r e x a m 

p l e , i n t h e r e a c t o r e x p e r i m e n t w h e n 

t h e n e u t r i n o m e e t s t h e p r o t o n a n d 

g i v e s a n e u t r o n a n d a n e l e c t r o n , t h e 

h a d r o n c h a n g e s i ts c h a r g e ( t h e p o s i 

t i v e p r o t o n b e c o m e s t h e n e u t r a l n e u 

t r o n ) a n d t h e l e p t o n c h a n g e s i t s c h a r g e 

( t h e n e u t r a l n e u t r i n o b e c o m e s t h e 

n e g a t i v e e l e c t r o n ) . F e r m i t h e r e f o r e 

s a i d t h a t c h a r g e c h a n g i n g c u r r e n t s 

w e r e a l w a y s i n a c t i o n i n t h e w e a k 

f o r c e a n d t h e i n t e r m e d i a t e b o s o n 

p i c t u r e s a i d t h a t t h e e x c h a n g e d W 

p a r t i c l e w a s a l w a y s e i t h e r p o s i t i v e o r 

n e g a t i v e . 

T h e f i r s t b i g c h a n g e i n o u r v i e w o f 

t h e w e a k f o r c e c a m e i n 1 9 5 6 . I t w a s 

t r i g g e r e d b y o b s e r v a t i o n s o n h i g h 

e n e r g y a c c e l e r a t o r s b u t w a s i n f a c t 

s o m e t h i n g w h i c h c o u l d h a v e b e e n 

s e e n y e a r s b e f o r e i n b e t a d e c a y . 

T . D . Lee a n d C . N . Y a n g i n a t t e m p t i n g 

t o e x p l a i n s o m e p u z z l i n g o b s e r v a t i o n s 

o n t h e d e c a y o f t h e k a o n i n t o t w o a n d 

t h r e e m e s o n s m a d e t h e r e v o l u t i o n a r y 

s u g g e s t i o n t h a t p a r i t y m i g h t b e v i o 

l a t e d b y t h e w e a k f o r c e — t h a t w h e n 

a w e a k i n t e r a c t i o n t a k e s p l a c e , N a t u r e 

m i g h t b e p a r t i c u l a r a b o u t t h e d i r e c t i o n 

i n w h i c h t h i n g s h a p p e n . I m m e d i a t e l y 

a f te r , C .S . W u l o o k e d a t t h e e l e c t r o n s 

e m e r g i n g f r o m t h e b e t a d e c a y o f 

c o b a l t 6 0 . T h e y w e r e s p i n n i n g c l o c k 

w i s e a n d , t o p r e s e r v e t h e a n g u l a r 

m o m e n t u m b a l a n c e , t h e e m e r g i n g 

n e u t r i n o s w h i c h c o u l d n o t b e d e t e c t e d 

m u s t a l w a y s b e s p i n n i n g a n t i c l o c k 

w i s e . B y n o w w e k n o w t h a t t h e r e a re 

o n l y l e f t - h a n d s p i n n i n g n e u t r i n o s i n 

N a t u r e ; r i g h t - h a n d s p i n n i n g n e u t r i n o s 

d o n o t e x i s t . 

T h i s w a s a p r o f o u n d p h i l o s o p h i c a l 

c h a n g e i n o u r v i e w o f N a t u r e . W e h a d 

b e l i e v e d t h a t ' r i g h t ' a n d ' l e f t ' w e r e 

h u m a n c o n v e n t i o n s t o h e l p u s f i n d 

o u r w a y a r o u n d t r a f f i c i s l a n d s a n d t h a t 

N a t u r e d i d n o t d i s t i n g u i s h b e t w e e n 

r i g h t a n d le f t — t h a t N a t u r e w a s s y m 

m e t r i c a n d d i d n o t i n s i s t o n t h i n g s 

h a p p e n i n g i n a p a r t i c u l a r d i r e c t i o n . 

T h e v i o l a t i o n o f p a r i t y i n t h e w e a k 

i n t e r a c t i o n h a s o v e r t h r o w n t h i s b e l i e f 

a n d i n i t s p l a c e has le f t t h e s u s p i c i o n 

t h a t N a t u r e always ca res a b o u t t h e 

d i r e c t i o n t h a t t h i n g s h a p p e n b u t t h a t 

i n t h e s t r o n g a n d e l e c t r o m a g n e t i c 

i n t e r a c t i o n s t h i s i s h i d d e n b y m o r e 

p o w e r f u l e f f e c t s . N o w w e c o u l d c o n 

t a c t i n t e l l i g e n t b e i n g s i n a r e m o t e 

c o r n e r o f t h e U n i v e r s e a n d c o m m u 

n i c a t e t o t h e m i n w h i c h d i r e c t i o n w e 

t u r n a r o u n d t r a f f i c i s l a n d s . 

T h e F e r m i t h e o r y r e q u i r e d a m a j o r 

r e v i s i o n t o a b s o r b p a r i t y v i o l a t i o n . I t 

w a s c o n v e r t e d f r o m a v e c t o r t h e o r y 

t o a d d a n ' a x i a l - v e c t o r ' pa r t ( b r i n g i n g 

i n t h e n e e d f o r d i s t i n g u i s h i n g d i r e c 

t i o n ) . T h e r e v i s e d t h e o r y w o r k e d v e r y 

w e l l w h e n a p p l i e d t o t h e d a t a o n b e t a 

d e c a y t h o u g h n o t a l l t h e d a t a f r o m 

e x p e r i m e n t s f i t t e d w e l l . O n e h o l e w a s 

p l u g g e d b y t h e f i r s t i m p o r t a n t r e s u l t 

t o c o m e f r o m C E R N . T h e t h e o r y p r e 

d i c t e d t h a t a s m a l l p e r c e n t a g e o f 

p i o n s c o u l d d e c a y d i r e c t l y i n t o a n 

e l e c t r o n a n d n e u t r i n o i n s t e a d o f t h e 

u s u a l d e c a y i n t o m u o n a n d n e u t r i n o . 

T h i s w a s s e e n i n 1 9 5 8 a t t h e 6 0 0 M e V 

s y n c h r o - c y c l o t r o n . 

W e c o u l d s a y t h a t t o u n d e r s t a n d 

t h e e l e c t r o m a g n e t i c f o r c e i s t o u n d e r 

s t a n d t h e e l e c t r o n a n d t h a t t o u n d e r 

s t a n d t h e s t r o n g f o r c e i s t o u n d e r s t a n d 

t h e p r o t o n . T h e n t o u n d e r s t a n d t h e 

w e a k f o r c e i s t o u n d e r s t a n d t h e n e u 

t r i n o . I t i s a l e p t o n n o t f e e l i n g t h e 

s t r o n g f o r c e a n d c a r r i e s n o c h a r g e n o t 

f e e l i n g t h e e l e c t r o m a g n e t i c f o r c e . B u t 

t h e v e r y f a c t t h a t i t o n l y f e e l s t h e w e a k 

f o r c e m a k e s i t e x t r e m e l y d i f f i c u l t t o 

d e t e c t . W e b e l i e v e t h a t n e u t r i n o s a re 

p r o d u c e d i n t h e e n e r g y c y c l e s o f t h e 

s ta r s a n d t h a t t h e y p o u r i n a b u n d a n c e 

t h r o u g h t h e U n i v e r s e b u t w i t h o n l y 

t h e w e a k f o r c e t o d i s t u r b t h e m t h e y 

c a n p a s s h a p p i l y t h r o u g h t h e e a r t h 

w i t h v e r y v e r y l i t t l e c h a n c e o f i n t e r 

a c t i o n . 

A n e w w i n d o w o p e n e d o n t h e w e a k 

i n t e r a c t i o n w h e n i t w a s r e a l i z e d i n t h e 

e a r l y 1 9 6 0 ' s t h a t i t w a s j u s t a b o u t 

f e a s i b l e t o d o e x p e r i m e n t s o n n e u 

t r i n o s w i t h t h e d e t e c t o r s a n d n e u 

t r i n o f l u x e s a v a i l a b l e a t t h e n e w 

B r o o k h a v e n a n d C E R N a c c e l e r a t o r s . 

T h e i r p r o b a b i l i t y o f i n t e r a c t i o n i n 

c r e a s e s a m i l l i o n - f o l d as t h e i r e n e r g y 

g o e s f r o m a f e w M e V t o a f e w G e V . 

A b o u t 1 9 6 2 - 6 3 , e x p e r i m e n t s s t a r t e d 

a t b o t h L a b o r a t o r i e s w i t h e v e n t ra tes 

o f a r o u n d o n e p e r d a y . W i t h p r e s e n t 

d e t e c t o r s a n d f l u x e s , t h i s has i n c r e a s e d 

t o a b o u t o n e p e r m i n u t e . 

T h e f i r s t i m p o r t a n t d i s c o v e r y , i n 

1 9 6 2 , w a s t h a t t h e r e a re t w o d i s t i n c t 

t y p e s o f n e u t r i n o . O n e t y p e i s a l w a y s 

i n v o l v e d i n i n t e r a c t i o n s i n a s s o c i a t i o n 

w i t h a n e l e c t r o n , t h e o t h e r a l w a y s i n 

a s s o c i a t i o n w i t h a m u o n . T h u s t h e 

t y p e w h i c h i s p r o d u c e d a t a c c e l e r a t o r s 

i n t h e d e c a y o f p i o n s a n d k a o n s i n t o 

m u o n s a n d n e u t r i n o s d o e s n o t t a k e 

p a r t i n f u r t h e r i n t e r a c t i o n s t o g i v e 

e l e c t r o n s b u t a l w a y s t o g i v e m u o n s . 

T h e d i s c o v e r y , a s m e n t i o n e d a b o v e i n 

d i s c u s s i n g t h e e l e c t r o m a g n e t i c i n t e r -
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The detection system at Brookhaven which first 
saw the decay of the long-lived neutral kaon 
into two pions and thus the violation of charge-
parity in the weak interaction. The origin of this 
violation is still not really identified and the 
disruption to the theory of the weak force is 
nicely side-stepped by postulating a 
'super-weak' force which, to the best of our 
present knowledge, only produces a discernible 
effect with the sensitive neutral kaon system. 

(Photo Brookhaven) 

a c t i o n , e m p h a s i z e d a g a i n t h e r e l a t i o n 

s h i p b e t w e e n - t h e m u o n a n d t h e e l e c 

t r o n b u t o t h e r w i s e h a s n e i t h e r d i s t u r b 

e d n o r i l l u m i n a t e d o u r i n t e r p r e t a t i o n 

o f t h e w e a k f o r c e . 

T h e f i r s t n e u t r i n o e x p e r i m e n t s c o n 

f i r m e d s u c h t h i n g s a s t h e r i s i n g p r o 

b a b i l i t y o f t h e w e a k i n t e r a c t i o n t a k i n g 

p l a c e a s t h e e n e r g y i n c r e a s e d . T h e y 

d i d n o t h o w e v e r s e e a n y s i g n o f t h e 

i n t e r m e d i a t e b o s o n . U p t o p o s s i b l e 

W m a s s e s o f o v e r 5 G e V s u c h p a r t i c l e s 

h a v e s t i l l n o t b e e n o b s e r v e d . 

T h e t w o n e u t r i n o d i s c o v e r y m a y n o t 

h a v e a f f e c t e d a n y t h e o r e t i c a l i n t e r 

p r e t a t i o n b u t w h e n B r o o k h a v e n s t r u c k 

a g a i n w i t h t h e e x p e r i m e n t o f V . L . F i t c h 

a n d A . J . C r o n i n i n 1 9 6 4 , i t l o o k e d 

l i k e l y t o o v e r t u r n t h e r e v i s e d F e r m i 

t h e o r y c o m p l e t e l y . T h e e x p e r i m e n t 

s h o w e d t h a t , i n t h e d e c a y o f t h e l o n g -

l i v e d k a o n , t h e p r o d u c t o f c h a r g e 

c o n j u g a t i o n a n d p a r i t y ( C P ) i s v i o l a t e d . 

S y m m e t r y h a d b e e n r e i m p o s e d o n 

t h e w e a k i n t e r a c t i o n s i n s a y i n g t h a t . 

t h o u g h N a t u r e m a y l i m i t i t se l f f o r 

e x a m p l e t o a p a r t i c u l a r p a r t i c l e 

a l w a y s s p i n n i n g r i g h t h a n d e d l y t h e n 

i t s a n t i p a r t i c l e s p i n n i n g le f t h a n d e 

d l y i s e q u a l l y f e a s i b l e . I f a n e u 

t r o n d e c a y s g i v i n g a r i g h t s p i n n i n g 

e l e c t r o n , a n a n t i n e u t r o n c a n d e c a y 

g i v i n g a l e f t s p i n n i n g p o s i t r o n . 

I t w a s f o u n d t h a t t h e n e u t r a l k a o n 

d e c a y e d a t a v e r y l o w ra te ( a b o u t o n e 

d e c a y i n 5 0 0 ) i n t o t w o p i o n s a n d C P 

s y m m e t r y s a y s t h a t t h i s d e c a y c a n n o t 

o c c u r . T h e b r e a k d o w n o f t h e s y m 

m e t r y c a n b e a p p r e c i a t e d m o r e e a s i l y 

f r o m t h e r e s u l t s o f l a te r e x p e r i m e n t s 

l o o k i n g a t t h e d e c a y o f t h e l o n g - l i v e d 

n e u t r a l k a o n i n t o p i o n , e l e c t r o n a n d 

n e u t r i n o . I f C P s y m m e t r y w e r e p r e 

s e r v e d , t h e p r o d u c t i o n o f a p o s i t i v e 

p i o n , a n e l e c t r o n a n d a n a n t i n e u t r i n o 

s h o u l d b a l a n c e t h e p r o d u c t i o n o f a 

n e g a t i v e p i o n , a p o s i t r o n a n d a n e u 

t r i n o . I t d o e s n o t q u i t e b a l a n c e — C P 

s y m m e t r y i s b r o k e n on a s m a l l s c a l e . 

I n a d d i t i o n i t c a n b e s h o w n t h a t t i m e 

s y m m e t r y i s a l s o v i o l a t e d i n t h e k a o n 

d e c a y . T h i s i s a rea l p h i l o s o p h i c a l 

s h a k e r f o r i t u p r o o t s t h e i d e a t h a t 

i f i t w e r e p o s s i b l e t o r u n b a c k w a r d s i n 

t i m e , w e c o u l d p r e c i s e l y r e v e r s e 

N a t u r e ' s b e h a v i o u r . 

A g r e a t d e a l o f i n f o r m a t i o n o n t h e 

l o n g - l i v e d n e u t r a l k a o n has b e e n 

a m a s s e d a t # t h e h i g h e n e r g y a c c e l e r 

a t o r s b u t n o c l u e e m e r g e d t o e n a b l e 

t h e o b s e r v a t i o n o f t h e v i o l a t i o n o f 

c h a r g e - p a r i t y s y m m e t r y t o b e s l o t t e d 

i n t o t h e t h e o r y o f t h e w e a k i n t e r a c t i o n . 

T h e o n l y w a y i n w h i c h t h i s p r o b l e m 

c a n b e r e m o v e d i s t o p o s t u l a t e a 

' s u p e r - w e a k ' f o r c e ( a n i d e a w h i c h 

c a m e f i r s t f r o m L . W o l f e n s t e i n ) w h o s e 

e f f e c t c a n o n l y b e n o t i c e d i n t h e h i g h l y 

s e n s i t i v e n e u t r a l k a o n s y s t e m . T h e 

e x p e r i m e n t a l e v i d e n c e i s i n l i n e w i t h 

s u c h a n i d e a b u t t h i s i s o n l y s w e e p i n g 

t h e d i f f i c u l t y u n d e r t h e c a r p e t b e c a u s e 

t h e r e i s n o u n d e r s t a n d i n g o f w h y s u c h 

a s u p e r - w e a k f o r c e s h o u l d e x i s t a n d 

n o t m u c h p o s s i b i l i t y o f s t u d y i n g i t 

f u r t h e r e x p e r i m e n t a l l y . 

I t w a s 1 9 7 3 b e f o r e t h e n e x t p i e c e 

o f i n f o r m a t i o n c a m e a l o n g w h i c h i s 

n o t i n l i n e w i t h t h e r e v i s e d F e r m i 

p i c t u r e o f t h e w e a k f o r c e . I n a n e u t r i n o 

e x p e r i m e n t w i t h t h e l a r g e h e a v y 

l i q u i d b u b b l e c h a m b e r , G a r g a m e l l e , 

a t C E R N , w e a k i n t e r a c t i o n s w e r e 

d e t e c t e d w h i c h d i d n o t i n v o l v e t h e 

c h a r g e c h a n g i n g c u r r e n t s o f t h e F e r m i 

t h e o r y t h a t w e m e n t i o n e d a b o v e . 

N e u t r a l c u r r e n t i n t e r a c t i o n s h a v e b e e n 

s e e n i n c o n s i d e r a b l e n u m b e r s . ( I f w e 

r e t a i n t h e i n t e r m e d i a t e b o s o n p i c t u r e , 

t h i s m e a n s t h a t i n t e r a c t i o n s c a n t a k e 

p l a c e v i a t h e i n t e r m e d i a r y o f a n e u t r a l 

W p a r t i c l e . ) 

T h i s o b s e r v a t i o n i s n o t s o d i s r u p t i v e 

b e c a u s e s o m e n e w w o r k o n t h e t h e o r y 

o f t h e w e a k f o r c e s a i d t h a t n e u t r a l 

c u r r e n t i n t e r a c t i o n s s h o u l d b e p o s 

s i b l e . T h e w o r k a t t e m p t e d t o r e m o v e 

t h e b i g d e f e c t o f t h e w e a k i n t e r a c t i o n 

t h e o r y , n a m e l y t h a t i t c o u l d o n l y 

c a l c u l a t e t h e s i m p l e s t e f f e c t s o f t h e 

w e a k f o r c e a n d a l l ' h i g h e r o r d e r ' 
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CERN News 

Above : the Gargamelle chamber photographed 
when it was being assembled. Its large 
volume enabled the products of neutrino 
interactions to be identified with confidence 
which was crucial in isolating those which are 
believed to involve neutral currents. 

The track photograph shows an interaction of 
the neutral current type involving the weak 
force. It was taken in the CERN heavy liquid 
bubble chamber, Gargamelle. A neutrino 
(entering on the right) interacts with a neutron 
but no muon is seen emerging. This, in contrast 
to all previously observed weak interactions, 
implies that no charge current has been at work. 

e f f e c t s , s u c h a s a re s o w e l l m a s t e r e d I n 

e l e c t r o m a g n e t i c t h e o r y , a re i m p o s s i b l e 

t o c a l c u l a t e . B y b u i l d i n g o n t h e r e v i s e d 

F e r m i t h e o r y i n a m o r e d e t a i l e d w a y 

a n d e x t e n d i n g t h e a n a l o g y w i t h t h e 

e l e c t r o m a g n e t i c t h e o r y , ' r é n o r m a l i z e d ' 

f o r m s o f t h e w e a k t h e o r y c a n b e 

p r o d u c e d . T h e y p r e s e r v e t h e s u c c e s s 

f u l f e a t u r e s o f t h e o l d t h e o r y a n d 

e x t e n d i t s o a s t o b e a b l e t o t a c k l e 

h i g h e r o r d e r e f f e c t s . T h e y l i n k t h e 

w e a k a n d e l e c t r o m a g n e t i c i n t e r a c t i o n s 

a n d t h e y p r e d i c t t h e e x i s t e n c e o f 

n e u t r a l c u r r e n t s . 

I n 1 9 7 4 , t h e r e f o r e , t h e p i c t u r e o f 

t h e b e h a v i o u r o f m a t t e r u n d e r t h e 

i n f l u e n c e o f t h e w e a k f o r c e i s p a i n t e d 

o n a m u c h b i g g e r c a n v a s t h a n t h a t 

o f 1 9 5 4 . I t a b s o r b s t h e e x i s t e n c e o f 

p a r i t y v i o l a t i o n a n d o f n e u t r a l c u r 

r e n t s a n d m a k e s i t p o s s i b l e t o c a l c u l a t e 

h i g h e r o r d e r e f f e c t s . I t r e m a i n s t o b e 

s e e n w h i c h o f t h e m a n y n e w f o r m s o f 

t h e t h e o r y w i l l b e t h e m o s t s u c c e s s f u l 

i n i n t e r p r e t i n g t h e e x p e r i m e n t a l r e s u l t s . 

W e h a v e s t i l l , a l m o s t c e r t a i n l y , m u c h 

t o l e a r n a b o u t t h e n e u t r i n o a n d w e 

h a v e s t i l l t h e d o u b t t h a t w e h a v e n o t 

h e a r d t h e las t o f t h e v i o l a t i o n o f 

c h a r g e - p a r i t y s y m m e t r y . 

Start-up of the Booster 
A f t e r t h e l o n g s h u t - d o w n o f t h e 

m a c h i n e s a t t h e b e g i n n i n g o f t h e yea r , 

t h e B o o s t e r h a s b e e n b r o u g h t b a c k 

i n t o a c t i o n . A d v a n t a g e w a s t a k e n o f 

t h e s h u t - d o w n t o c a r r y o u t a n u m b e r 

o f m o d i f i c a t i o n s , t h e m o s t i m p o r t a n t 

o f w h i c h w a s # t h e r e a l i g n m e n t o f a l l 

t h e m a g n e t s a n d t h e m a i n l enses . T h i s 

h a d b e e n m a d e n e c e s s a r y b y d i s t o r 

t i o n s o f 5 t o 6 m m i n t h e c l o s e d o r b i t 

c a u s e d b y e a r t h m o v e m e n t s d u r 

i n g 1 9 7 3 . 

A n o t h e r o p e r a t i o n w a s t o m o d i f y 

t h e o b s e r v a t i o n s y s t e m t o f a c i l i t a t e 

b e a m m e a s u r e m e n t s o n t h e f i r s t t u r n 

i n t h e B o o s t e r . O r i g i n a l l y t h i s o b s e r 

v a t i o n d e p e n d e d o n c h o p p i n g t h e 

L i n a c b e a m a t 3 M H z , b u t t h e m e t h o d 

h a d t o b e d r o p p e d i n f a v o u r o f a 

h a l f - t u r n i n j e c t i o n i n t o t h e B o o s t e r , 

w h i c h m o d u l a t e s t h e i n t e n s i t y a s 

r e q u i r e d f o r p o s i t i o n m e a s u r e m e n t b y 

e l e c t r o s t a t i c ' p i c k - u p ' . I n a d d i t i o n , 

t h e i n j e c t i o n s e p t u m m a g n e t , h i t h 

e r t o a p r o t o t y p e o n l y , w a s r e p l a c e d 

b y t h e f i n a l v e r s i o n . 

T e s t s h a v e s h o w n t h a t t h e B o o s t e r 

p e r f o r m s s p l e n d i d l y a t i n t e n s i t i e s 

a r o u n d 5 x 1 0 1 2 p r o t o n s pe r p u l s e . 

T r a n s v e r s e a n d l o n g i t u d i n a l i n s t a b i l i 

t i e s a re n o w w e l l u n d e r c o n t r o l a t t h i s 

l e v e l . 

B e a m q u a l i t y i s s t i l l l i m i t e d b y t h e 

i m p e r f e c t i o n s o f t h e L i n a c b e a m . T h e 

5 0 m A p u l s e s p r o v i d e d b y t h e L i n a c 

a re n o t r e g u l a r , a n d v a r i a t i o n s a p p e a r 

a l o n g t h e p u l s e w h i c h c a u s e d i f f e r 

e n c e s i n t h e B o o s t e r f r o m r i n g t o r i n g 

a n d f r o m c y c l e t o c y c l e . 

S i n c e t h e s h u t - d o w n t h e r e h a v e 

b e e n t e n m a c h i n e e x p e r i m e n t r u n s 

d u r i n g w h i c h s u b j e c t s s u c h a s e m i t -

t a n c e d e v e l o p m e n t d u r i n g t h e c y c l e , 

m e a s u r e m e n t o f c l o s e d o r b i t d i s t o r 

t i o n , s t o p b a n d s , a n d c o h e r e n t t r a n s 

v e r s e a n d l o n g i t u d i n a l i n s t a b i l i t i e s 

w e r e s t u d i e d . A l t h o u g h t h e s e las t c a n 

b e c o r r e c t e d a t t h e i n t e n s i t i e s a t 

w h i c h t h e B o o s t e r i s n o w w o r k i n g , 
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A second candidate tor the leptonic neutral 
current obtained with the Booster in action, 
seen in the Gar gamelle heavy liquid bubble 
chamber. The ant/neutrino beam is entering at 
right. An isolated trace can be seen on the 
photograph, perfectly identified as an electron 
and practically following the direction of the 
beam. The simplest interpretation of this event 
is an antineutrino-electron scattering: 
vu + e~~ —> vn+ e~. This is the second event 
of this type recorded in Gargamelle. A very 
weak background is expected for this type 
of reaction. 

t h e y r e m a i n a p r e o c c u p a t i o n f o r t h e 

h i g h e r i n t e n s i t y l e v e l s t h e m a c h i n e 

h a s t o r e a c h i n f u t u r e , a n d m e t h o d s 

f o r t h e i r e l i m i n a t i o n m u s t b e f o u n d 

n o w . 

I n a d d i t i o n , t h e 8 0 0 M e V m e a s u r e 

m e n t l i n e o f t h e e j e c t e d b e a m i s b e i n g 

t a k e n i n t o o p e r a t i o n . T h i s w i l l b e a 

v a l u a b l e t o o l f o r m e a s u r i n g t h e q u a l i t y 

o f t h e b e a m e j e c t e d b y t h e B o o s t e r . 

D u r i n g t h e s e r u n s a s t a r t w a s a l s o 

m a d e o n h o w b e s t t o p r o d u c e i n 

t e n s i t y m o d u l a t i o n f r o m o n e p u l s e t o 

a n o t h e r . W h e n B o o s t e r a n d P S f u n c 

t i o n a t t h e i r d e s i g n i n t e n s i t y ( 1 0 1 3 p p p ) , 

t h e r e w i l l b e a r e q u i r e m e n t , t h e use rs 

s a y , f o r s u c c e s s i v e p u l s e s o f v a r y i n g 

i n t e n s i t y . 

A n e x p e r i m e n t w a s s c h e d u l e d w i t h 

t h e B o o s t e r f o r 1 0 A p r i l d u r i n g w h i c h 

t h e I S R r i n g s w o u l d b e f i l l e d . U n 

f o r t u n a t e l y , o n 3 0 M a r c h a n a c c i 

d e n t t o t h e v a c u u m c h a m b e r i n t h e 

I -2 a rea o f t h e I S R i n t e r v e n e d . W h i l e 

a 1 0 0 - t o n s p e c t r o m e t e r w a s b e i n g 

r o t a t e d , a s m a l l p i e c e o f s c a f f o l d i n g , 

l e f t b y o v e r s i g h t nea r t h e m a c h i n e , 

w a s t h r u s t a g a i n s t t h e f r a g i l e v a c u u m 

c h a m b e r . T h i s w a s r u p t u r e d , a n d ai r 

p e n e t r a t e d i n t o s i x s e c t o r s o f t h e ISR 

b e f o r e t h e s e c t o r v a l v e s c o u l d b e 

c l o s e d . 

T w o w e e k s w e r e l o s t t o p h y s i c s 

e x p e r i m e n t s b y t h e a c c i d e n t , t h e 

s e c t o r s h a v i n g t o b e b a k e d o u t t o 

r e - e s t a b l i s h t h e u l t r a h i g h v a c u u m . I t i s 

h o p e d h o w e v e r t o r e o r g a n i z e t h e ISR 

t i m e - t a b l e s o a s t o m a k e u p d u r i n g t h e 

s u m m e r f o r t h e t i m e l os t . 

T h e t e s t s f o r f i l l i n g t h e I S R w i t h t h e 

B o o s t e r h a v e b e e n d e f e r r e d . T h e y are 

o f g r e a t i m p o r t a n c e , f o r t h e b e a m has 

t o b e a d a p t e d t o t h e v e r y p a r t i c u l a r 

r e q u i r e m e n t s o f t h e I S R . 

A f t e r t h e f i r s t t w o e x p e r i m e n t a l 

p e r i o d s i n la te 1 9 7 3 , a n o p e r a t i o n a l 

t e a m w a s f o r m e d , w h i c h i s p r e s e n t l y 

u n d e r g o i n g a t r a i n i n g p r o g r a m m e t o 

f a m i l i a r i z e i t se l f w i t h t h e h i g h l y a u t o 

m a t e d c o n t r o l o f t h e m a c h i n e . T h e 

t e a m s v a l u e w a s d e m o n s t r a t e d d u r i n g 

t h e B o o s t e r ' s f i r s t o p e r a t i o n a l r u n 

w h i c h b e g a n o n 2 2 A p r i l , w i t h t h e 

m a i n o b j e c t o f s u p p l y i n g n e u t r i n o s t o 

t h e G a r g a m e l l e b u b b l e c h a m b e r . T h e 

a v e r a g e i n t e n s i t y w a s 5 x 1 0 1 2 p p p 

at a b r e a k d o w n ra te o f less t h a n 2 %. 

T h e u s e o f t h e B o o s t e r f o r t h e n e u 

t r i n o e x p e r i m e n t i s o f p r i m e i m p o r 

t a n c e , g i v e n t h e ra r i t y o f t h e e v e n t s 

s o u g h t f o r . T h e i n t e n s i t y o f 5 x 1 0 1 2 p p p 

i s d i s t r i b u t e d b e t w e e n t h e O m e g a 

s p e c t r o m e t e r , t h e 2 m b u b b l e c h a m 

be r a n d t h e G a r g a m e l l e b u b b l e c h a m 

ber , t h e las t n a m e d r e c e i v i n g a n 

i n t e n s i t y o f 3 x 1 0 1 2 p p p a s a g a i n s t 1 0 1 2 

w i t h o u t t h e B o o s t e r . T h a t is , G a r g a 

m e l l e i s g e t t i n g t h r e e t i m e s a s m a n y 

n e u t r i n o s a s b e f o r e . 

T h e r e s u l t i s e s p e c i a l l y i m p o r t a n t 

f o r c u r r e n t r e s e a r c h o n n e u t r a l c u r r e n t 

r e a c t i o n s of t h e t y p e vy. + e - -> v^. + e~, 

as o n l y a b o u t 3 to 8 e v e n t s o f t h i s 

t y p e are e x p e c t e d d u r i n g t h e w h o l e 

e x p e r i m e n t a l p e r i o d l a s t i n g a year . 

O n e s u c h e v e n t h a d b e e n d e t e c t e d 

b e f o r e t h e s t a r t - u p o f t h e B o o s t e r ( see 

v o l . 1 3 , p a g e 2 1 2 ) , a n d t h e p h o t o g r a p h 

s h o w s a n o t h e r w h i c h w a s r e v e a l e d 

d u r i n g t h e f i r s t e x p e r i m e n t a l r u n s 

w i t h t h e B o o s t e r . 

In a f o r t h c o m i n g e x p e r i m e n t , i n 

w h i c h G a r g a m e l l e w i l l b e f i l l e d w i t h 

p r o p a n e , a n a t t e m p t w i l l b e m a d e t o 

s e p a r a t e t h e f r e e p r o t o n a n d n e u t r o n 

c r o s s - s e c t i o n s , w h i c h i s i m p o s s i b l e 

w i t h t h e f r e o n c u r r e n t l y i n use . T h e 

B o o s t e r w i l l b e e s s e n t i a l f o r t h i s 

e x p e r i m e n t a l p e r i o d , s i n c e t h e f r e e 

p r o t o n r e a c t i o n ra tes are l o w e r t h a n 

t h o s e f o r b o u n d n u c l é o n s . 

T h e i n c r e a s e i n e f f i c i e n c y p r o v i d e d 

b y t h e B o o s t e r i n t h e s e e x p e r i m e n t s , 

c a r r i e d o u t b y t h e A a c h e n - B r u s s e l s -

C E R N - E c o l e P o l y t e c h n i q u e d e P a r i s -

M i l a n - O r s a y - U n i v e r s i t y C o l l e g e L o n 

d o n c o l l a b o r a t i o n , i s p r o v i n g o f g r e a t 

v a l u e , a n d w i l l w i t h o u t d o u b t c o n t r i 

b u t e t o a b e t t e r u n d e r s t a n d i n g o f t h e 

w e a k i n t e r a c t i o n a n d i ts r o l e i n t h e 

b e h a v i o u r o f m a t t e r . 
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Polarized targets 

A n a c c o u n t w a s g i v e n o n p a g e s 1 8 3 -

1 8 4 i n t h e J u n e , 1 9 7 3 , i s s u e o f t h e 

i n t e r e s t i n g r e s u l t s o b t a i n e d w i t h p o l a 

r i z e d p r o t o n a n d d e u t e r o n t a r g e t s b y 

t h e u s e o f a d i f f e r e n t m e t h o d o f d y n a 

m i c p o l a r i z a t i o n b a s e d o n c o o l i n g 

w h a t i s r e f e r r e d t o a s ' t h e e l e c t r o n 

s p i n - s p i n i n t e r a c t i o n r e s e r v o i r ' . 

S i n c e t h e n , t h e m e c h a n i s m o f t h i s 

p o l a r i z a t i o n h a s b e e n m o r e t h o r o u g h l y 

i n v e s t i g a t e d , a n d w e n o w k n o w a l o t 

m o r e a b o u t t h e p r o c e s s . 

I f n u c l e i h a v i n g a m a g n e t i c m o m e n t 

a re p l a c e d i n a u n i f o r m m a g n e t i c f i e l d , 

t h e y b e c o m e d i s t r i b u t e d o v e r e n e r g y 

l e v e l s c o r r e s p o n d i n g t o t h e v a r i o u s 

o r i e n t a t i o n s o f t h e i r a n g u l a r m o m e n t s 

o r s p i n s . 

I n t h e s i m p l e c a s e o f t h e e l e c t r o n o r 

p r o t o n , w h i c h b e h a v e s i n a s i m i l a r 

w a y t o a s m a l l m a g n e t i z e d r o d , t h e r e 

a re t w o p o s s i b l e e n e r g y l e v e l s d e p e n d 

i n g o n t h e u p w a r d o r d o w n w a r d 

d i r e c t i o n o f t h e s p i n . 

T h e s p i n s t e n d t o a s s u m e t h e d i r e c 

t i o n c o r r e s p o n d i n g t o t h e l o w e s t e n e r 

g y s t a t e b u t , b e c a u s e o f t h e r m a l a g i 

t a t i o n w h i c h , a t h i g h t e m p e r a t u r e s , i s 

e n o u g h t o c a u s e t h e m t o b r e a k r a n k s , 

t h e v a r i o u s e n e r g y l e v e l s w i l l a l l m o r e 

o r less b e o c c u p i e d t o t h e s a m e 

e x t e n t . 

If , n o w , a s a m p l e i s c o o l e d a n d t h e 

t h e r m a l a g i t a t i o n i s r e d u c e d , o n e c a n 

e x p e c t t h a t t h e d e g r e e o f p o l a r i z a t i o n 

r e a c h e d w i l l b e t h e h i g h e r , t h e m o r e 

i n t e n s e i s t h e m a g n e t i c f i e l d a n d t h e 

l o w e r t h e t e m p e r a t u r e . 

W i t h m a g n e t i c f i e l d s o f 2 . 5 T a n d 

t e m p e r a t u r e s l o w e r t h a n 1 K , t h e f r e e 

e l e c t r o n s o f a s a m p l e a re n e a r l y a l l 

p o l a r i z e d . T h e s a m e c a n n o t b e s a i d 

o f t h e p r o t o n s , t h e m a g n e t i c m o m e n t 

o f w h i c h i s a b o u t t h r e e o r d e r s o f 

m a g n i t u d e l o w e r t h a n t h a t o f t h e 

e l e c t r o n ; i t a p p l i e s s t i l l less t o t h e 

d e u t e r o n , t h e m a g n e t i c m o m e n t o f 

Measurement of the polarization of the protons 
in relation to the microwave frequency. The two 
high peaks on the outside may be attributed to 
the solid effect, while the two inside ones are 
due to dynamic polarization by the cooling of 
the electron spin-spin interaction reservoir. 
The theoretical curve was calculated taking both 
mechanisms into account. The points 
correspond to the experimental values. 

w h i c h i s s i x t i m e s l o w e r t h a n t h a t o f 

t h e p r o t o n . 

T h e s o l i d e f f e c t m e t h o d o f d y n a m i c 

p o l a r i z a t i o n u s e d s i n c e 1 9 5 8 c o n s i s t s 

i n r e v e r s i n g t h e d i r e c t i o n o f t h e p o w e r 

f u l m a g n e t f o r m e d b y t h e e l e c t r o n , 

h o p i n g t h a t t h i s m a g n e t , w h i c h i s a 

t h o u s a n d t i m e s s t r o n g e r t h a n t h a t o f 

t h e p r o t o n , m a y t a k e w i t h i t t h e l i t t l e 

m a g n e t r e p r e s e n t e d b y o n e o f t h e 

p r o t o n s i n i ts v i c i n i t y . 

I n o r d e r t o i n d u c e t h e s e ' f l i p - f l o p ' 

t r a n s i t i o n s , t h e m a t e r i a l c o n t a i n i n g 

t h e p r o t o n s t o b e p o l a r i z e d i s s u b j e c t 

e d t o m i c r o w a v e i r r a d i a t i o n , t h e f r e 

q u e n c y o f w h i c h i s s e l e c t e d a c c o r d i n g 

t o t h e e n e r g y s t a t e t o w h i c h t h e p r o 

t o n s are t o b e t a k e n ; i.e. t o h a v e e i t h e r 

a p o s i t i v e or a n e g a t i v e p o l a r i z a t i o n . 

A f t e r a f l i p - f l o p t r a n s i t i o n , t h e p r o t o n 

r e m a i n s o r i e n t e d i n t h e s a m e d i r e c t i o n 

f o r s e v e r a l s e c o n d s , w h e r e a s t h e e l e c 

t r o n , w h i c h has b e e n t a k e n t o i ts h i g h 

es t e n e r g y s t a t e , r e t u r n s t o i ts s t a t e o f 

e q u i l i b r i u m w i t h i n a p e r i o d o f t h e 

o r d e r o f a m i l l i s e c o n d , a n d i s o n c e 

m o r e r e a d y t o i n d u c e f r e s h t r a n s i t i o n s . 

T h e f r e e p r o t o n s o f a s a m p l e c a n , b y 

t h i s m e c h a n i s m , b e t a k e n t o h i g h 

d e g r e e o f p o l a r i z a t i o n . 

T h i s s i m p l e e x p l a n a t i o n , t a k i n g i n t o 

a c c o u n t o n l y t h e c o u p l i n g b e t w e e n a n 

e l e c t r o n a n d a p r o t o n , has b e e n f o u n d 

i n a d e q u a t e t o a c c o u n t f o r t h e b e h a 

v i o u r o f a l l t h e v e r y m a n y e l e c t r o n s 

a n d f r e e p r o t o n s i n a s a m p l e . 

I t h a s t h e r e f o r e b e e n n e c e s s a r y t o 

p r o v i d e a q u a n t u m s t a t i s t i c a l i n t e r p r e 

t a t i o n o f t h e p o l a r i z a t i o n m e c h a n i s m . 

T h i s i n t e r p r e t a t i o n , w h i c h w a s s t u d i e d 

e s p e c i a l l y b y g r o u p s o f t h e M o s c o w 

R a d i o - e l e c t r o n i c s I n s t i t u t e , t h e U n i 

v e r s i t y o f L e y d e n , N e t h e r l a n d s , a n d 

t h e C E R N p o l a r i z e d t a r g e t g r o u p , has 

b e e n c o n f i r m e d b y a l a r g e n u m b e r o f 

e x p e r i m e n t a l r e s u l t s . 

N o t a l l t h e m a g n e t s c o n s t i t u t e d b y 

t h e e l e c t r o n s o f a s a m p l e c a n b e 

r e g a r d e d a s m u t u a l l y i n d e p e n d e n t , a n d 

a l l a re c a p a b l e o f i n t e r a c t i n g a m o n g 

t h e m s e l v e s . T h e y h a v e t h e r e f o r e c o m e 
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As is covered in our main article, the CERN site 
is 20 years old this month. When the first 
people moved in, they were housed in 
'temporary' barracks. How temporary can you 
get? The picture shows one of these barracks 
being dismantled a few weeks ago after twenty 
years of continuous use. 

t o b e r e g a r d e d a s f o r m i n g a g r o u p 

d u b b e d t h e e l e c t r o n s p i n - s p i n i n t e r 

a c t i o n rese rvo i r , w i t h a s i n g l e p a r a 

m e t e r t y p i f y i n g i t : t h e s p i n t e m p e r a t u r e . 

T h e v a r i o u s o t h e r k i n d s o f m a g n e t s 

p r e s e n t i n t h e s a m p l e t h e n f o r m a s 

m a n y o t h e r e n e r g y r e s e r v o i r s a s t h e r e 

a re d i f f e r e n t k i n d s ( p r o t o n , d e u t e r o n , 

e t c . , r e s e r v o i r s ) . 

A s t h e e l e c t r o n r e s e r v o i r i s m a d e u p 

o f v e r y p o w e r f u l m a g n e t s i n c o m p a 

r i s o n w i t h t h e o t h e r g r o u p s , a s t r o n g 

t h e r m a l c o u p l i n g m a y b e e x p e c t e d 

b e t w e e n t h e e l e c t r o n r e s e r v o i r a n d 

e a c h o f t h e o t h e r s . T h e t e n d e n c y w i l l 

t h e r e f o r e b e f o r t h i s t h e r m a l c o u p l i n g 

t o b r i n g t h e v a r i o u s n u c l e i t o t h e s a m e 

s p i n t e m p e r a t u r e a s t h e e l e c t r o n 

rese rvo i r . 

T h i s t h e r m a l c o u p l i n g p r o v i d e s a 

n e w d y n a m i c p o l a r i z a t i o n m e c h a n i s m . 

I f t h e e l e c t r o n s p i n - s p i n i n t e r a c t i o n 

r e s e r v o i r c a n b e c o o l e d , i.e. i f i ts s p i n 

t e m p e r a t u r e c a n b e l o w e r e d , t h e s p i n 

t e m p e r a t u r e o f t h e o t h e r r e s e r v o i r s 

w i l l b e l o w e r e d a t t h e s a m e t i m e . T h e 

d i r e c t e f f e c t o f t h i s w i l l b e t o ra ise t h e 

p o l a r i z a t i o n .o f t h e f r e e n u c l e i i n t h e 

s a m p l e . 

T h e c o o l i n g i s p r o d u c e d b y i r r a d i 

a t i n g t h e s a m p l e w i t h m i c r o w a v e s a t a 

f r e q u e n c y c l o s e t o t h e m a g n e t i c r e s o 

n a n t f r e q u e n c y o f t h e e l e c t r o n . 

I t has b e e n p o s s i b l e v e r y a c c u r a t e l y 

t o c h e c k t h i s l a t t e r m e t h o d e x p e r i m e n 

t a l l y , e s p e c i a l l y w i t h p a r t i a l l y d e u t e -

r i z e d 1.2 e t h a n e d i o l ( s e e v o l . 1 3 , 

p a g e 1 8 4 ) , i n w h i c h t h e p r o t o n s a n d 

d e u t e r o n s a s s u m e t h e s a m e s p i n t e m 

p e r a t u r e a s t h e e l e c t r o n s , g i v i n g h i g h 

p o l a r i z a t i o n . 

H o w e v e r , t h e t w o p o l a r i z a t i o n m e 

c h a n i s m s d e s c r i b e d a b o v e are c l o s e l y 

r e l a t e d a n d d i f f i c u l t t o d i s t i n g u i s h . 

N e v e r t h e l e s s , t h e r e s u l t s o b t a i n e d w i t h 

a s a m p l e o f p a r t i a l l y d e u t e r i z e d m - x y -

l e n e ( 2 . 2 - D 6 ) d o p e d w i t h B D P A 

( 6 x 1 0 1 8 s p i n s / c m 3 ) p r o v e d t h e e x i s t 

e n c e o f t h e s e t w o m e c h a n i s m s . 

T h e r e s u l t s o f m e a s u r i n g t h e p r o t o n 

p o l a r i z a t i o n i n r e l a t i o n t o t h e m i c r o 

w a v e w a v e l e n g t h e x h i b i t f o u r p e a k s 

( s e e i l l u s t r a t i o n ) , t h e t w o h i g h e s t o f 

w h i c h a re c a u s e d b y t h e s o l i d - e f f e c t 

d y n a m i c p o l a r i z a t i o n m e c h a n i s m , 

w h i l e t h e t w o l o w e s t a re d u e t o t h e 

c o o l i n g o f t h e e l e c t r o n s p i n - s p i n i n t e r 

a c t i o n rese rvo i r . 

T h e l a t t e r m e c h a n i s m b e c o m e s d o 

m i n a n t i n c e r t a i n s u b s t a n c e s l i k e b u t a -

n o l a n d p r o p a n e d i o l , f o r e x a m p l e . 

J u s t a s i t i s p o s s i b l e t o p r o d u c e d y n a 

m i c p o l a r i z a t i o n b y c o o l i n g t h e e l e c 

t r o n s p i n - s p i n i n t e r a c t i o n r ese rvo i r , 

t h e p r o t o n i n t e r a c t i o n r e s e r v o i r c a n b e 

c o o l e d b y i r r a d i a t i o n w i t h a n r.f. f i e l d . 

T h e r e s e e m s t o b e a t h e r m a l c o u p l i n g 

b e t w e e n t h i s r e s e r v o i r a n d t h e q u a -

d r u p o l e e n e r g y r e s e r v o i r o f t h e d e u t e 

r o n s d u e t o t h e i n t e r a c t i o n w i t h t h e 

e l e c t r i c f i e l d g r a d i e n t i n t h e t a r g e t . 

T h e d e u t e r o n s c a n b e p u r e l y a l i 

g n e d b y c o o l i n g t h i s r ese rvo i r . T h e 

a l i g n m e n t , l i ke t h e p o l a r i z a t i o n , d e f i n e s 

a c e r t a i n d e g r e e o f o r i e n t a t i o n o f t h e 

s p i n s o f t h e d e u t e r o n s , w h i c h c a n 

a s s u m e t h r e e d i f f e r e n t o r i e n t a t i o n s i n 

a m a g n e t i c f i e l d . T h e d e g r e e o f a l i g n 

m e n t m a y b e c o m e a s h i g h a s 6 0 % f o r 

t h e d e u t e r o n s h a v i n g a f a v o u r a b l e 

o r i e n t a t i o n i n t h e e x t e r n a l m a g n e t i c 

f i e l d , a n d t h i s c o r r e s p o n d s t o a s p i n 

t e m p e r a t u r e o f 7 [iK. T h e a v e r a g e 

a l i g n m e n t o f a l l t h e d e u t e r o n s i s 

u n f o r t u n a t e l y o n l y a b o u t 1 0 % . 

B e t t e r r e s u l t s c o u l d p r o b a b l y b e 

o b t a i n e d i n m o n o c r y s t a l s , i n w h i c h i t i s 

p o s s i b l e t o s e l e c t t h e o r i e n t a t i o n o f 

t h e m o l e c u l e s . 

BEBC dismembered 
S i n c e t h e b e g i n n i n g o f M a r c h , s o m e 

w h a t d r a s t i c s u r g e r y has b e e n p e r 

f o r m e d o n B E B C , t h e 3 .7 m E u r o p e a n 

b u b b l e c h a m b e r . 

I t w i l l b e r e m e m b e r e d t h a t B E B C 

h a d b e e n f r o m t i m e t o t i m e b e h a v i n g 

r a t h e r o d d l y d u r i n g t h e c h a r g i n g a n d 

d i s c h a r g i n g o f t h e m a g n e t . W h i l e t h e 

CERN 169.4.74 
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Photo taken at the beginning of May, showing a 
view of the dismantling of the magnet of 
BEBC, the 3.7 m European bubble chamber: 
iron magnetic shielding (1); lower (2) and 
upper (3) parts of the vacuum enclosure of the 
magnet; turbo-molecular vacuum pumps for 
the 'fish-eye' windows (4); the two super
conducting coils (5); a handling platform (6); 
the two cryostats (7); the cover of the upper 
cryostat (8) suspended from the bar of the 
travelling crane which has a 170 ton carrying 
capacity. The chamber proper, not dismantled, is 
inside the shielding (1 ). 

m a g n e t w a s b e i n g r e h e a t e d las t J a n 

u a r y , t h e s a m e t r a n s i t o r y p h e n o m e n a 

r e - o c c u r r e d a n d m e a s u r e m e n t s s o o n 

c o n f i r m e d t h a t t h e r e w a s a s h o r t -

c i r c u i t n o t i n t h e c o i l i t se l f , b u t 

b e t w e e n t h e n o n - s u p e r c o n d u c t i n g 

a u x i l i a r y w i r e s . I t w a s t h e r e f o r e 

d e c i d e d t o m a k e r e p a i r s r a t h e r t h a n 

r u n t h e r i sk o f o p e r a t i n g u n d e r t h e s e 

c o n d i t i o n s b e a r i n g i n m i n d t h e r e i s 

a h u g e a m o u n t o f e n e r g y s t o r e d i n 

t h e m a g n e t ( 7 3 0 M J a t 3 . 5 T ) . I n 

o r d e r t o m a k e t h e repa i r , t h e m a g n e t 

h a s h a d t o b e s y s t e m a t i c a l l y d i s 

m a n t l e d s t a r t i n g w i t h t h e u p p e r p l u g 

o f t h e m a g n e t i c s h i e l d i n g d o w n t o 

t h e c o i l a n d i ts d e f e c t i v e w i r e s i n s i d e 

t h e v a c u u m t a n k a n d t h e c r y o s t a t s . 

B y t h e b e g i n n i n g o f M a y , t h e 

d i a g n o s i s t h a t h a d b e e n m a d e i n F e b 

r u a r y w a s s h o w n t o b e r i g h t . W h i l e t h e 

w h o l e o f t h e s u p e r c o n d u c t i n g s e c t i o n 

o f t h e c o i l i s i n g o o d o r d e r , t h e e f f e c t s 

o f a s h o r t - c i r c u i t h a v e b e e n d e t e c t e d 

( b u r n t i n s u l a t i o n , f u s e d c o p p e r w i r e s , 

CERN 27.5.74 

e t c . ) b e t w e e n t h e o r d i n a r y w i r e s p a s s 

i n g v e r t i c a l l y a l o n g o n e o f t h e s t a y s . 

T h e d o u b l e p a n c a k e s t a c k s a re a t 

p r e s e n t b e i n g t a k e n a p a r t s o t h a t t h e 

p a n c a k e s c a n b e c l e a n e d a n d t h e 

w h o l e o f t h e c o i l c a r e f u l l y i n s p e c t e d . 

I t i s h o p e d t h a t a n e x p l a n a t i o n f o r 

t h i s i n c i d e n t w i l l b e f o u n d , a n d v a r i o u s 

t h e o r i e s a re n o w b e i n g e x a m i n e d . W e 

s h a l l b e r e t u r n i n g t o t h i s q u e s t i o n i n 

a s u b s e q u e n t i s s u e . 

Technology Meeting 
F r o m 2 4 - 2 6 A p r i l , C E R N w a s t h e 

s c e n e o f t h e ' M e e t i n g o n T e c h n o l o g y 

a r i s i n g f r o m H i g h E n e r g y P h y s i c s ' 

w h i c h w a s t h e m a i n s u b j e c t o f o u r 

A p r i l i s s u e . O v e r 2 2 0 p a r t i c i p a n t s a r 

r i v e d f r o m t h r o u g h o u t E u r o p e a n d 

h e a r d r e v i e w t a l k s o n t h e m a j o r f i e l d s 

o f t e c h n o l o g y i n v o l v e d i n d o i n g o u r 

r e s e a r c h . H a l f t h e t i m e o f t h e M e e t i n g 

w a s a v a i l a b l e f o r t o u r i n g t h e C E R N 

s i t e w h e r e a l m o s t 3 0 0 e x h i b i t s w e r e 

o n d i s p l a y . 

O n S a t u r d a y , 2 7 A p r i l , t h e g a t e s 

w e r e o p e n e d f o r v i s i t o r s f r o m t h e t e c h 

n o l o g i c a l a n d i n d u s t r i a l c o m m u n i t y 

c l o s e t o C E R N . Fo r e x a m p l e , t e c h n i c a l 

c o l l e g e s a n d c h a m b e r s o f c o m m e r c e 

f r o m L y o n , B o u r g , A n n e c y , G r e n o b l e , 

e tc . . . i n F r a n c e a n d f r o m G e n e v a , 

L a u s a n n e , e t c . * i n S w i t z e r l a n d w e r e 

i n v i t e d t o v i s i t t h e e x h i b i t i o n . 

R e a c t i o n s t o t h e M e e t i n g w e r e 

g e n e r a l l y v e r y f a v o u r a b l e a n d m o s t 

p e o p l e a p p e a r t o h a v e d r a w n s o m e 

t h i n g u s e f u l f r o m t h e i r v i s i t . M a n y 

p e o p l e s e e m e d i n t e r e s t e d i n s u s t a i n i n g 

t h e f l o w o f i n f o r m a t i o n o n t h e t e c h n o 

l o g i c a l f r o n t . A n a t t e m p t i s b e i n g m a d e 

t o l e a r n w i t h s o m e p r e c i s i o n j u s t w h a t 

i n t e r e s t e d t h e i n d u s t r i a l c o m m u n i t y 

b e f o r e d i s c u s s i n g w h e t h e r C E R N 

c o u l d d o a n y t h i n g u s e f u l t o r e s p o n d 

t o t h e s e i n t e r e s t s . 

I n a d d i t i o n t o t h e v i s i t o r s f r o m o u t 

s i d e t h e l a b o r a t o r y , C E R N s ta f f a l s o 

h a d t h e o p p o r t u n i t y t o l ea rn i n m o r e 

d e t a i l o f t h e w o r k o f t h e i r c o l l e a g u e s 

a n d e v e n as a p u r e l y i n t e r n a l e x e r c i s e 

i n t e c h n o l o g i c a l c o m m u n i c a t i o n t h e 

M e e t i n g a n d e x h i b i t i o n s e r v e d a v e r y 

u s e f u l p u r p o s e . 

CERN COURIER 
Readership survey 
I n t h i s i s s u e o f C E R N C O U R I E R i s 

a r e a d e r s h i p s u r v e y f o r o u r ' e x t e r n a l 

r e a d e r s . ' W e s h o u l d b e g r a t e f u l i f y o u 

w o u l d g i v e a f e w m i n u t e s t o f i l l i n g 

t h i s i n a n d r e t u r n i n g i t t o C E R N a s 

s o o n a s p o s s i b l e . 

T h e a i m o f t h e s u r v e y i s t w o - f o l d . 

F i rs t o f a l l w e s h o u l d l i ke t o s p r i n g -

c l e a n o u r d i s t r i b u t i o n l is t . I n e v i t a b l y 

o v e r m a n y y e a r s , p e o p l e ' s i n t e r e s t s 

c h a n g e a n d t h e r e m a y b e a c o n s i d 

e r a b l e n u m b e r o f n a m e s o n o u r l is t , o f 

p e o p l e w h o a t o n e t i m e h a d r e a s o n t o 

r e c e i v e t h e j o u r n a l b u t w h o are n o w 
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On the opening day of the Meeting on Technology 
arising from High Energy Physics, held at 
CERN from 24 to 26 April, Professor 
W. Jentschke, Director General of Laboratory I, 
made a speech of welcome to an audience 
which included a large number of specialists 
from the various Member States. 

Part of one section of the exhibition organized 
at CERN from 24 to 26 April for the Meeting 
on Technology arising from High Energy 
Physics. The exhibition, which was highly 
successful, was distributed over a number of 
the CERN buildings in eight areas and 
comprised almost 300 items. It presented 
equipment, very often still at the 
prototype stage, devised and brought into use to 
meet the advanced technical requirements 
of the European sub-nuclear research 
programme. 

CERN 174.4.74 

no l o n g e r i n t e r e s t e d . In order to con
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T h e s e c o n d a i m i s t o see w h e t h e r 

t h e r e a d e r s h i p c o n t i n u e s t o h a v e a b o u t 

t h e s a m e c o m p o s i t i o n a n d a b o u t t h e 

s a m e i n t e r e s t i n C E R N C O U R I E R a s 

i n 1 9 6 8 w h e n a s i m i l a r s u r v e y w a s 

c a r r i e d o u t . T h i s i s u s e f u l t o u s i n 

j u d g i n g w h e t h e r w e are p r o v i d i n g t h e 

k i n d o f i n f o r m a t i o n t h a t t h e m a j o r i t y 

o f r e a d e r s w i s h t o r e c e i v e a n d w h e t h e r 

w e a re p r o v i d i n g i t a t a b o u t t h e r i g h t 

l e ve l t o b e a c c e s s i b l e t o t h e m a x i m u m 

n u m b e r o f r eade rs . T h i s i n f o r m a t i o n i s 

a l s o u s e f u l t o t h e a d v e r t i s e r s w h o u s e 

o u r p a g e s . 

R e p l i e s t o t h e s u r v e y w i l l u p - d a t e 

s o m e o f t h e b a s i c i n f o r m a t i o n o n 

C E R N C O U R I E R r e a d e r s h i p . H o w 

eve r , i f a n y r e a d e r s are f e e l i n g v e r y 

e n t h u s i a s t i c ( o r a n t a g o n i s t i c ) w e s h a l l 

b e h a p p y t o r e c e i v e f u l l e r c o m m e n t s 

b y a c c o m p a n y i n g le t te r . W e t r y t o 

c a t e r f o r a b r o a d r a n g e o f i n t e r e s t s a n d 

t o p r e s e n t t h e i n f o r m a t i o n i n s u c h a 

w a y t h a t i t i s a c c e s s i b l e t o p e o p l e o f 

w i d e l y d i f f e r i n g p r o f e s s i o n a l e x p e r 

t i s e . I n d i v i d u a l r e a c t i o n s , s u g g e s t i o n s , 

a n d c o n s t r u c t i v e c r i t i c i s m s c o n c e r n 

i n g t h e j o u r n a l a re w e l c o m e . 
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Around the Laboratories 

BATAVIA 
Dedication ceremony 

O n 1 1 M a y , t h e N a t i o n a l A c c e l e r a t o r 

L a b o r a t o r y w a s o f f i c i a l l y d e d i c a t e d 

a n d n a m e d t h e F e r m i N a t i o n a l A c c e l 

e r a t o r L a b o r a t o r y i n h o n o u r o f t h e 

I t a l i a n p h y s i c i s t w h o d i d s o m e o f h i s 

m o s t f a m o u s w o r k a t t h e n e a r b y 

U n i v e r s i t y o f C h i c a g o . M r s . L a u r a 

F e r m i , t h e w i d o w o f E n r i c o F e r m i , 

s p o k e a t t h e d e d i c a t i o n t o g e t h e r w i t h 

r e p r e s e n t a t i v e s o f s c i e n t i f i c a n d p o l i 

t i c a l a u t h o r i t i e s o f t h e U S A i n c l u d i n g 

t h e C h a i r m a n o f t h e U S A t o m i c 

E n e r g y C o m m i s s i o n , Dr . D i x y Lee R a y . 

T h e c e r e m o n y t o o k p l a c e i n a s t i 

m u l a t i n g g a l e o u t s i d e t h e C e n t r a l 

L a b o r a t o r y b u i l d i n g w h i c h i s a s y m 

b o l i c w o r k o f o u t s t a n d i n g a r c h i t e c 

t u r e . N A L h a s r a p i d l y d e v e l o p e d i n t o 

a v e r y i m p r e s s i v e r e s e a r c h c e n t r e a n d 

L . L e d e r m a n , o n b e h a l f o f t h e e x p e r i 

m e n t a l p h y s i c i s t s , s p o k e o f t h e e x c e l 

l e n c e o f t h e L a b o r a t o r y ' s 4 0 0 G e V 

a c c e l e r a t o r . 

W e s h a l l b e r e t u r n i n g t o t h e p e r 

f o r m a n c e o f t h e m a c h i n e i n t h e J u n e 

i s s u e w h e n r e p o r t i n g t h e r e c e n t I n t e r 

n a t i o n a l A c c e l e r a t o r C o n f e r e n c e . I n 

t h e J u l y - A u g u s t i s sue w e w i l l h a v e 

n e w s o f t h e e x p e r i m e n t s a n d i n t h e 

S e p t e m b e r i s s u e a f u l l r e p o r t o n p r o 

g r e s s a t t h e F e r m i N a t i o n a l A c c e l e r a t o r 

L a b o r a t o r y . 

STANFORD 
Getting the most out 
of bubble chambers 
T h e S t a n f o r d L i n e a r A c c e l e r a t o r C e n t r e 

h a s l e d t h e d e v e l o p m e n t o f t h e t e c h 

n i q u e s t o o p e r a t e b u b b l e c h a m b e r s a t 

a r h y t h m m u c h f a s t e r t h a n w a s s t a n d 

a r d a f e w y e a r s a g o . T h e i r 2 2 G e V 

e l e c t r o n m a c h i n e e m i t s i ts p a r t i c l e s a t 

t h e ra te o f 3 6 0 p u l s e s pe r s e c o n d a n d . 

s i n c e b u b b l e c h a m b e r s l i ke t h e i r i n 

c o m i n g p a r t i c l e s i n s h o r t b u r s t s , t h e 

S t a n f o r d m a c h i n e i s i d e a l l y s u i t e d t o 

t h e u s e o f r a p i d c y c l i n g b u b b l e 

c h a m b e r s . T h e p r o t o n s y n c h r o t r o n s 

w i t h t h e i r l o n g e r p u l s e l e n g t h s a t 

i n t e r v a l s o f s e v e r a l s e c o n d s are n o t s o 

n a t u r a l l y g e a r e d t o s e n d i n g a r a p i d 

se r ies o f s h o r t b u r s t s . 

E v e n a l a r g e 8 2 i n c h b u b b l e c h a m 

ber ( p r e v i o u s l y 7 2 i n c h a t B e r k e l e y ) 

w a s m o d i f i e d a t S t a n f o r d t o p u l s e a t 

a ra te o f 2 to 3 pe r s e c o n d . I t has n o w 

b e e n r e t i r e d f r o m a c t i v e s e r v i c e a f t e r 

a c c u m u l a t i n g 2 4 m i l l i o n p i c t u r e s i n i ts 

s i x y e a r s a t S L A C . T w o o t h e r c h a m 

be rs r e m a i n i n a c t i o n — t h e 4 0 i n c h 

a n d t h e 1 5 i n c h w h i c h are b o t h r a p i d 

c y c l i n g c h a m b e r s . 

T h e 4 0 i n c h has b e e n m o d i f i e d t o 

t a k e 1 2 p u l s e s pe r s e c o n d a n d i s b e i n g 

u s e d i n a s s o c i a t i o n w i t h e l e c t r o n i c 

d e t e c t o r s i n ' h y b r i d ' e x p e r i m e n t a l se t 

u p s . T h e e l e c t r o n i c d e t e c t o r s r e c o r d 

w h e t h e r a n e v e n t o f i n t e r e s t has t a k e n 

p l a c e a n d o n l y t h e n i s a p i c t u r e t a k e n 

i n t h e b u b b l e c h a m b e r . U s e d i n t h i s 

w a y , c o m p a r a t i v e l y rare e v e n t s c a n b e 

s t u d i e d w i t h o u t t h e p a i n o f e x a m i n i n g 

m i l l i o n s o f p h o t o g r a p h s ( f o r e x a m p l e , 

a r e c e n t e x p e r i m e n t t o o k j u s t 5 4 0 0 0 0 

p i c t u r e s f r o m 1 4 m i l l i o n c h a m b e r 

e x p a n s i o n s ) . 

T h e c h a m b e r has a l r e a d y b e e n 

m o d i f i e d t o f i t b e t t e r i n s u c h h y b r i d 

se t u p s a n d f u r t h e r i m p r o v e m e n t s a re 

n o w b e i n g i m p l e m e n t e d . I ts m a g n e t 

y o k e w a s c u t a w a y a t t h e e x i t w i n d o w 

t o e n a b l e p a r t i c l e s t o e s c a p e eas ie r t o 

t h e e l e c t r o n i c d e t e c t o r s . A s u b s e q u e n t 

f i e l d m a p s h o w e d l i t t l e c h a n g e f r o m 

t h e o r i g i n a l c o n f i g u r a t i o n w i t h n e a r 

u n i f o r m f i e l d o f 2 . 6 T . M u l t i w i r e p r o 

p o r t i o n a l c h a m b e r s ( o f s i m i l a r d e s i g n 

t o t h o s e u s e d i n t h e S p l i t F i e l d 

M a g n e t a t t h e C E R N I S R ) a re b e i n g 

b u i l t f o r i n s t a l l a t i o n a t t h e c h a m b e r 

e x i t w i n d o w w h e r e t h e f r i n g e f i e l d w i l l 

g i v e s o m e m o m e n t u m m e a s u r e m e n t . 

A C h e r e n k o v w i l l f o l l o w i m m e d i a t e l y 

d o w n s t r e a m t o d i s t i n g u i s h b e t w e e n 

p i o n s , k a o n s a n d p r o t o n s o v e r a b r o a d 

m o m e n t u m r a n g e . 

T h e e l e c t r o n i c s w i l l pass s i g n a l s o f 

e v e n t s t o a N O V A 8 4 0 c o m p u t e r . T w o 

e v e n t s c a n b e c o l l e c t e d w i t h i n t h e 

1.5 s b e a m p u l s e f r o m t h e a c c e l e r a t o r 

a n d t h e c o m p u t e r c a n t h e n d e c i d e 

w h e t h e r t o t a k e a p h o t o g r a p h i n t h e 

c h a m b e r . T o h a n d l e l a r g e n u m b e r s o f 

e m e r g i n g p a r t i e l s t h e u s e o f h a r d 

w a r e p r o c e s s o r s ( see A p r i l i s sue 

p a g e 1 1 7 ) t o h e l p t h e c o m p u t e r i s 

b e i n g c o n s i d e r e d . 

A n e w se r ies o f h y b r i d e x p e r i m e n t s 

w a s d i s c u s s e d a t t h e A p r i l m e e t i n g o f 

t h e S L A C P r o g r a m A d v i s o r y C o m 

m i t t e e a n d i t i s h o p e d t h a t t h e 4 0 i n c h 

c h a m b e r w i l l b e b a c k i n a c t i o n w i t h 

i ts r e v a m p e d a s s o c i a t e d d e t e c t i o n 

s y s t e m s b y O c t o b e r o f t h i s year . 

A t 1 2 p u l s e s pe r s e c o n d , t h e 4 0 i n c h 

i s c l o s e t o i ts p e a k p u l s e r e p e t i t i o n 

ra te . T h e 1 5 i n c h c h a m b e r h o w e v e r i s 

c a p a b l e o f f a s t e r s p e e d s . I t has c o m 

p l e t e d i ts f i r s t p h y s i c s e x p e r i m e n t ( see 

v o l . 1 3 , p a g e 1 1 4 ) . O p e r a t i n g a t 

2 0 c y c l e s pe r s e c o n d i t g a v e 4 3 . 3 m i l 

l i o n e x p a n s i o n s w h i l e o n l y 1 2 0 0 0 0 

p i c t u r e s w e r e t a k e n . T h i s y e a r i t i s 

h o p e d t o i n c r e a s e t h e ra te t o 3 0 o r 

e v e n 4 0 c y c l e s p e r s e c o n d . 

Rencontre de Moriond 
T h e 9 t h R e n c o n t r e d e M o r i o n d w a s 

h e l d a t M e r i b e l les A l l u e s f r o m 

3 - 1 5 M a r c h o r g a n i z e d b y O r s a y 

( L a b o r a t o i r e d e P h y s i q u e T h é o r i q u e 

e t P a r t i c u l e s E l é m e n t a i r e s ) a n d e s p e 

c i a l l y J . T r a n T h a n V a n . I t i n v o l v e d 

a b o u t f i f t y t h e o r e t i c a l a n d e x p e r i 

m e n t a l p h y s i c i s t s f r o m E u r o p e a n d t h e 

U S A f o r e a c h o f t h e t w o w e e k s . 

H a v i n g t h i s r e a s o n a b l y s m a l l n u m b e r 

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

a t m o s p h e r e f o r d i s c u s s i o n . 

T h e t h e m e o f t h e m e e t i n g w a s 

i n t e r a c t i o n s a t h i g h e n e r g i e s . T h e f i r s t 

w e e k t a c k l e d t h e h a d r o n i c i n t e r 

a c t i o n s w i t h s u c h t o p i c s a s t h e l a r g e 
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Mrs. Laura Fermi speaking at the dedication 
of the National Accelerator Laboratory named 
the Fermi National Accelerator Laboratory 
in honour of her late husband. 

(Photo NAL) 

t r a n s v e r s e m o m e n t u m p r o c e s s e s , d i f 

f r a c t i o n d i s s o c i a t i o n , m u l t i p a r t i c l e 

f e a t u r e s a n d t w o - b o d y s c a t t e r i n g a n d 

r e s o n a n c e p r o d u c t i o n . R e c e n t r e s u l t s 

f r o m t h e 4 0 0 G e V m a c h i n e a t N A L a n d 

f r o m t h e I S R a t C E R N w e r e a t t h e h u b 

o f m a n y d i s c u s s i o n s . 

T h e r e w e r e p a r t i c u l a r t h e m e s s u c h 

a s t h e o r i g i n o f t h e r ise i n t o t a l c r o s s -

s e c t i o n i n p r o t o n - p r o t o n i n t e r a c t i o n s 

a s o b s e r v e d a t t h e I S R a n d t h e p h e n o 

m e n a o f p a r t i c l e c l u s t e r f o r m a t i o n 

a n d p a r t i c l e c o r r e l a t i o n s . F o l l o w i n g o n 

n a t u r a l l y f r o m t h i s w a s a f o r w a r d l o o k 

a t t h e n e w e x p e r i m e n t a l p o s s i b i l i t i e s 

w h i c h w i l l o p e n u p w h e n t h e S P S 

c o m e s i n t o a c t i o n . 

T h e s e c o n d w e e k s w u n g o v e r t o 

e l e c t r o m a g n e t i c a n d w e a k i n t e r a c 

t i o n s . T h e s t a r t l i n g r e s u l t s f r o m t h e 

e l e c t r o n - p o s i t r o n s t o r a g e r i n g S P E A R 

( r e p o r t e d i n t h e F e b r u a r y i s s u e ) w e r e 

o b v i o u s l y t h e b u r n i n g t o p i c . T h e 

b r e a k d o w n o f s c a l i n g a n d t h e s i m u l 

t a n e o u s u n d e r m i n i n g o f s o m a n y 

t h e o r e t i c a l m o d e l s o f p a r t i c l e b e 

h a v i o u r c o u l d h a v e a b s o r b e d t h e 

w h o l e t i m e o f t h e C o n f e r e n c e . T h e 

n e u t r a l c u r r e n t d a t a f r o m t h e h e a v y 

l i q u i d b u b b l e c h a m b e r , G a r g a m e l l e , 

a n d f r o m N A L w a s a n o t h e r m a i n 

t h e m e a n d a g a i n t h e p o s s i b i l i t i e s t o 

p u s h s u c h i n v e s t i g a t i o n s f u r t h e r w i t h 

h i g h e n e r g y m u o n a n d n e u t r i n o b e a m s 

a t t h e S P S w e r e d i s c u s s e d . 

T h e p r o c e e d i n g s o f t h e R e n c o n t r e 

a re e x c e p t e d t o be a v a i l a b l e i n a 

m o n t h ' s t i m e f r o m R . M . I . E . M . , L a b . d e 

P h y s i q u e T h é o r i q u e e t P a r t i c u l e s E l é 

m e n t a i r e s , B â t i m e n t 2 1 1 , U n i v e r s i t é 

P a r i s - S u d , F -91 4 0 5 O r s a y . 

RUTHERFORD 
BASQUE solenoid 
for TRIUMF 
A l a r g e s u p e r c o n d u c t i n g s o l e n o i d h a s 

b e e n o p e r a t e d a t t h e R u t h e r f o r d 

L a b o r a t o r y . I t is a 6 T e s l a m e t r e 

m a g n e t b u i l t f o r u s e b y t h e B A S Q U E 

c o l l a b o r a t i o n ( a n e x p e r i m e n t a l t e a m 

w i t h p h y s i c i s t s f r o m B e d f o r d C o l l e g e , 

A E R E H a r w e l l , S u r r e y , Q u e e n M a r y 

C o l l e g e a n d U n i v e r s i t y C o l l e g e L o n 

d o n ) w h o w i l l j o i n C a n a d i a n c o l 

l e a g u e s i n a n e x p e r i m e n t s c h e d u l e d 

f o r t h e T R I U M F c y c l o t r o n a t V a n 

c o u v e r . T f i e m a g n e t w i l l b e u s e d t o 

p r e c e s s t h e s p i n a x i s o f p o l a r i z e d 

p r o t o n s i n t h e e n e r g y r a n g e 2 0 0 -

5 0 0 M e V i n a s c a t t e r i n g e x p e r i m e n t . 

T h e s o l e n o i d i s d i v i d e d i n t o f i v e 

s e c t i o n s e a c h w i t h a p r o t e c t i o n r e s i s t o r 

t o t a k e a l a r g e f r a c t i o n o f t h e s t o r e d 

e n e r g y ( 2 9 0 k J ) i n t h e e v e n t o f t h e 

m a g n e t g o i n g n o r m a l . T h i s c o u l d 

o c c u r i f t h e l i q u i d h e l i u m s u p p l y f a i l e d 

o r t h e c r i t i c a l c u r r e n t o f 2 3 0 A w e r e 

e x c e e d e d a n d p r e c a u t i o n s a re t a k e n 

t o p r e v e n t o r w a r n o f t h e s e h a p p e n 

i n g s . T h e c r y o s t a t has a 1 0 c m w a r m 

b o r e w h e r e t h e p o l a r i z e d p r o t o n s 

t r a v e l a n d w i t h i n w h i c h a f i e l d o f 6 T 

i s m a i n t a i n e d . T h e c o l d b o r e w i t h i n 

t h e c r y o s t a t i s 1 4 c m i n d i a m e t e r a n d 

1 m l o n g . 

S p e c i a l a t t e n t i o n w a s p a i d t o t h e 

o p e r a t i o n a l r e q u i r e m e n t s w h e n c o n 

s t r u c t i n g t h e m a g n e t . I t w i l l o p e r a t e 

f o r 3 0 h o u r s w i t h o u t n e e d i n g a 

h e l i u m re f i l l ( l i q u i d n i t r o g e n f o r t h e 

r a d i a t i o n s h i e l d i s t r a n s f e r r e d a u t o 

m a t i c a l l y ) . I t i s e a s y t o a l i g n u s i n g 

c o n v e n t i o n a l t r i a n g u l a t i o n t e c h n i q u e s . 

A l l i ts a s s o c i a t e d c o m p o n e n t s ( p r o 

t e c t i o n r e s i s t o r s , c u r r e n t l e n d s , p r e s 

s u r e p r o t e c t i o n d e v i c e s , e t c . ) h a v e 

b e e n d e s i g n e d t o g i v e s i m p l e , r e l i a b l e 

o p e r a t i o n s o t h a t t h e m a g n e t s h o u l d 

b e n o m o r e d i f f i c u l t t o u s e t h e n a c o n 

v e n t i o n a l m a g n e t . I n a d d i t i o n , i ts 

c a p i t a l c o s t w a s less t h a n f o r a c o n 

v e n t i o n a l s o l e n o i d u s i n g c o p p e r c o n 

d u c t o r a n d t h e o p e r a t i n g c o s t s a re a 

f e w p e r c e n t o f a c o n v e n t i o n a l m a g n e t 

t o g i v e t h e s a m e p e r f o r m a n c e . 

T h e m a g n e t a n d a s s o c i a t e d p o w e r 

s u p p l i e s a n d i n s t r u m e n t a t i o n h a v e 

o p e r a t e d s u c c e s s f u l l y f o r 5 0 0 h o u r s o f 
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robinets à soufflet métallique 
• Corps matrice en 

laiton ou inox 
• étanchéitévis-à-vis 

de l'extérieur mé
tallique. 

É t u d e s 

d e t o u s p r o b l è m e s 

s p é c i a u x e t d e s é r i e . 

5ELFA 
6 2 , r u e d e l a V i l l e t t e 

7 5 0 1 9 P A R I S F R A N C E 

T é l . 6 0 7 . 3 5 . 2 9 - 2 0 5 . 3 8 . 2 6 

• 0 5 à 200 mm 
• Corps droit ou équerre 
• Température : — 270°C à 

+ 650°C 
• Pression : ultra-vide à 500 

bars 
• Réglage d'ouverture à le-

véetotale,à passagedirect 
• Signalisation électrique 
• Commande pneumatique 

et à distance 
• Indicateur de position. 

w h i c h f o r 3 0 0 h o u r s i t w a s u . , o ^ _ . 

v i s e d . I t i s n o w r e a d y t o b e t r a n s p o r t e d 

t o t h e T R I U M F L a b o r a t o r y a n d c o u l d 

b e r e a d y f o r t h e e x p e r i m e n t b e f o r e 

t h e e n d o f t h e yea r . 

T h e c o n d u c t o r i n t h e s o l e n o i d i s 

I M I t y p e 3 6 1 / 1 0 0 n i o b i u m - t i t a n i u m 

m u l t i f i l a m e n t a r y c o n d u c t o r w i t h f i l a 

m e n t d i a m e t e r o f 3 1 ^ m . W o r k o n t h e 

u s e o f m u l t i f i l a m e n t a r y c o n d u c t o r i s 

c o n t i n u i n g a t R u t h e r f o r d . N e w c o m 

p o s i t e s u s i n g n i o b i u m - t i t a n i u m a re 

b e i n g e x a m i n e d a n d , m o r e r e c e n t l y , 

t h e p o s s i b i l i t i e s o f f i l a m e n t a r y n i o 

b i u m - t i n h a v e b e e n t a k e n u p a g a i n . 

A l t h o u g h i t has h i g h e r p o t e n t i a l t h a n 

n i o b i u m - t i t a n i u m , n i o b i u m - t i n i s a 

m o r e d i f f i c u l t m a t e r i a l m e t a l l u r g i c a l ^ 

s p e a k i n g . M o r e a t t e n t i o n i s a l s o g o i n g 

i n t o u s i n g t h e e x p e r t i s e o n s u p e r 

c o n d u c t i v i t y w h i c h h a s b u i l t u p . 

L a r g e m a g n e t s o f t h e B A S Q U E s o l e 

n o i d t y p e are l i k e l y t o b e s e e n a r o u n d 

p a r t i c l e p h y s i c s L a b o r a t o r i e s m u c h 

m o r e f r o m n o w o n w h e n e v e r t h e y c a n 

p r o v i d e b e t t e r p e r f o r m a n c e , g r e a t e r 

e a s e i n o p e r a t i o n o r l o w e r c o s t s t h a n 

t h e i r c o n v e n t i o n a l c o u n t e r p a r t s . 

Cut away diagram of the 6 Testa metre BASQUE 
solenoid on which can be picked out (1) the 
cryostat vacuum vessel, (19) the protection 
resistors (22) the superconducting windings. 
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ASEA 
NO-BREAK 
doesn't give 
failures a chanc 

Our No-Break equipment ensures continuous power supply since 
batteries are always in circuit. Efficiency is outstanding and there are 
no electro-mechanical clutches or flywheels in our equipment. 

Failures have no chance. This is important if computers or other systems 
depend on failure-free power supplies, especially for 24-hour duty. 
ASEA No-Break systems are reliable because of quality components. 
ASEA's well proven thyristor equipment is used and the electronics 
include our own specially manufactured integrated printed circuits for 
industrial environments. 

ASEA No-Break eliminates power failures and transient variations and 
guarantees stable voltage and frequency with close tolerances. 
We make both rotary and static No-break systems and have over 35 years 
experience of this equipment, including standby diesel generating sets. 

That gives us a lot of know-how to fall back on. 
So contact ASEA and give your system a break. 
It'll be the last it experiences. 

If you want to know more — Ask us! 
Standby Power Department, ASEA 
S-721 83 VÀSTERÂS, Sweden 

ASEA A.G., Flurstrasse 74, Postfach, 
CH-8048 ZURICH. Tel. 01-52 06 10 

74-19E 
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Many manufacturers offer low-priced CPUs. Digital included. 
But only Digital can now give you the first Mini-System packages for 
30 per cent less than the component prices. Why? Because Digital 
manufactures all the elements itself and in larger quantities than any 
other mini-computer manufacturer. Pick the low-cost Mini-System 
that best meets your needs. And get 12-month maintenance, soft
ware consulting service and access to training. 

PDP-11E10 (the Standard-11). The most versatile standard 
computer system ever built with disk and tape storage and a choice 
of software systems. Here's what you get: 

The new, 16-bit PDP-11E10 CPU with 16K of 980 nanosecond core 
memory and bootloader. 

An RK-05 2.4-million byte cartridge disk. 

A dual DECcassette transport with 150,000 bytes of on-line storage. 

A 30 cps DECwriter for keyboard input and hardcopy output. 

The RT-11 Real-Time operating system supporting BASIC and 
FORTRAN, or our DOS/Batch system supporting FORTRAN. Take 
your pick. 

DECLAB-11/40 System. The most complete new laboratory 
system available. It includes: 

A 16-bit PDP-11/40 CPU with 16K of 980 nanosecond core memory 
and bootloader. 

Two RK-05 2.4-million byte cartridge disks. 

A 12-inch diagonal Graphic Display, display processor and light pen. 

A 30 cps DECwriter for keyboard input and hardcopy output. 



introduces 
Systems. 
The LPS-11 Laboratory Peripheral System including: 

a 12-bit A/D converter, sample and hold, with 8-channel multi
plexer and 6-digit LED display; 

a pre-amplifier for four A/D converter channels; 

a programmable real-time clock and dual Schmitt triggers, 

and a 16-bit buffered digital I/O. 

The lab version of the RT-11 Real-Time operating system supporting 
BASJC and FORTRAN. 

Plus four training credits. 

CT"44 Graphics System. The price/performance leader in 
graphics computing, including; 

A 16-bit PDP-11/40 CPU with 16K of 980 nanosecond core memory. 

Two RK-05 2.4-million byte cartridge disks. 

A 17-inch diagonal Graphic Display, display processor and light pen. 

A 30 cps DECwriter for keyboard input and hardcopy output. 

The RT-11-GT graphics version of the Real-Time operating system 
supporting BASIC. 

Plus four training credits. 

Digital Mini-Systems. You get a lot more for your money, 

r ———— — — — — — — — — — ——— — — — — — — i 

I want to know more about the following Mini-System: 

• PDP-11 E10 • DECLAB-11/40 • GT-44 Graphics 

• Please send literature • Please contact me 

Name Position 

Company 

Address 

Telephone 

Digital4 Equipment Corporation International - Europe, 
81, route de l'Aire, CH-1211 Geneva 26, Tel. (022) 42 79 50. 

Offices in Reading, London, Manchester, Birmingham, Bristol, Edinburgh, 
Munich, Cologne, Frankfurt, Hannover, Stuttgart, Vienna, Stockholm, 
Oslo, Copenhagen, Helsinki, Paris, Grenoble, The Hague, Brussels, 
Zurich, Milan, Turin. 
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variarî s 
new 
leak 

detector 
porta test 

Readily portable: Just two compact 
units. Hand-carry them in-plant, or in 
your car or plane. 

No crygogenics : New patented design 
total ly el iminates the crygogenic trap 
and use of l iquid ni t rogen. 

Simple to operate: Gone, too, is 
complex valving. Operator becomes 
ski l led in short order. 
Excel lent sensitivity. Up to 1CH 0 std. 
cc/sec. Also works well at roughing 
pump pressures and has fantastic gross 
leak capabil i ty. 

Compact pr ice. And off-the-shelf 
delivery. 

A revolutionary 
advance in helium 
leak detection. 

Varian AG 
Steinhauserstrasse 
C H - 6 3 0 0 Z u g 
Switzer land 
Varian S. p. A. 
Via F.lli Varian 
10040 Leini (To) 
Italy 

For detai led information on the new 
Porta-TestTM and our wide range of 
leak detectors, or for a demo in your 
place, please contact : 
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Security depends on CCTV 

Surveillance equipment must be 
reliable. EEV camera tubes give you 
long life and performance you 
can depend on. 

KEPCO INFORMATION 
When is a Power Supply Not a 
Power Supply? 

{1 

R i 

=L REFERENCE 
"T__ ( i n p u t ) 

PROPORTIONING 
— RESISTORS — 

^ V O L T A G E 
^ A f FEEDBACK 
l A A A -

3 > L O A D * 

Power Operational Amplifier/Power Supply 

• B r i n g f e e d b a c k f r o m cu r ren t sensor a n d I t w i l l 
r egu la te cu r ren t 

• B r i n g v o l t a g e f e e d b a c k a n d i t w i l l r egu la te v o l t a g e 

• B r i n g f e e d b a c k f r o m y o u r l oad a n d t h e p o w e r 
s u p p l y is a servo a m p . 

Bipolar Operational Power Supply 

+ 1 5 V t o - 1 5 V @ 2 0 a m p s 

+ 3 6 V t o - 3 6 V @ 1 . 5 a m p s 

+ 3 6 V t o - 3 6 V @ 5 . 0 a m p s 

+ 7 2 V t o - 7 2 V ® 1.5 a m p s 

+ 7 2 V t o - 7 2 V @ 5 . 0 a m p s 

Please ask for deta i led d o c u m e n t a t i o n 

Kontron Electronic AG 
Bernerstrasse 169,8048 Zurich, Telefon 01 62 82 82, Telex 57439 

If you're planning progress 

SEED MESS- UND ® 
REGELTECHNIK 

Electronic JUMO „TROWI-PRINT" and 
„TROFE-PRINT" temperature controllers 
for thermocouples or resistance sensors; 
in circuit-board holder or 19" drawer 
uni t . . . the ideal space-saving controllers 
on EUROPA printed circuit boards 

U n i v e r s a l m o u n t i n g t h r o u g h s e p a r a t i o n o f 
s e t t i n g un i t a n d c i r c u i t - b o a r d c o n t r o l l e r 

M. K. JUCHHEIM GMBH & CO - 0-64 FULDA 
Telefon 0661/831 Telex 04-9701 
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............. 

.......... ..a 
X-Yi ,~Y 6 , T R E C O R D E R 

MODEL 
D-76 

The X-axis is common, but up to six events can be recorded on the 
Y-axis (Yi ~ Y6 ) . A self-contained time base provides for eleven selecta
ble paper feed speeds obtained from pulsed drive. 
Paper feed pulse input can be synchronized to an externally supplied 
signal, as a means of changing the recording paper speed. Start and 
stop operations can be controlled remotely. 
SPECIFICATIONS: 
CHART SIZE 250 mm 
SENSITIVITY 11 step 5,10, 50,100, 500 mV, 1, 5,10, 50,100, 500V. 
INPUT IMPEDANCE 4Mf t 
RESPONSE 1.8 Sec. (X-axis), 1 Sec. (Y-axis) 
ACCURACY ± 0 . 4 % (X-axis), ± 0 . 3 % (Y-axis) 
RESOLUTION ±0.15% (X-axis), ± 0 . 1 % (Y-axis) 
CHART FEEDING SPEED 

(IN CASE T-Y RECORD) 600, 300, 100, 50, 20mm/min. hr 10 ranges 
ACCURACY (OF CHART FEED)... ± 1 % 
PHYSICAL DIMENSIONS 550 (L) x 515 (W) x 183 (H) 23 kg 
POWER SUPPLY AC 115V 50 or other voltage available 80W 

5-5-2, YUTENJI, MEGURO-KU, TOKYO, JAPAN. 

RIKENTA AG. MOTORENSTRASSE 21- CH 8005 ZURICH TELEPHON 01/44.29.90 
TELEX 57932 

WAIMOLITE 
8 - 11 - 18 ns bis 10 kHz 

nano-Kurzzeitbl i tzlampen fur Tropfchenforschung, 
Stosswellenrohr, Uberschallkanal, Ballistik, 
Schat ten- und Schlierenaufnahmen. 

IMAIMO T W I N 
Nanol i te-Doppelbl j tzgerat 1 (i.s -1 s Blitzabstand. 
TWIN-Kamera 9 x 1 2 nach Scheimpflug. 

0k 

Platzende Seifenblase -
Zwei 18 ns Nanolites 90° versetzt. 

IMPULSPHYSIK GmbH 
2 Hamburg 56 (Rissen) Sulldorfer Landstr. 400 
Tel . (040) 81 21 51 / FS 02189 514 f f id 
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Nuclear transmutation 

We are there, wherever there Is research 
into the peaceful uses of nuclear energy 

K R U P P s t e e l i n t h e s e r v i c e o f m a n . K R U P P s t e e l 

i n t h e s e r v i c e o f r e s e a r c h . K R U P P s t e e l i n p h y s i c s , 

c h e m i s t r y , m e d i c i n e a n d b i o l o g y . W e d o a l o t i n t h e s e 

f i e l d s . 

W e s u p p l y m a g n e t s f o r a c c e l e r a t o r s , s p e c t r o 

m e t e r s a n d b e a m t r a n s p o r t , w i t h f o r g e d o r l a m i n a t e d 

p o l e s a n d y o k e s , r o u g h o r f i n i s h e d , a s i n d i v i d u a l c o m 

p o n e n t s o r f u l l y a s s e m b l e d . T h e m a t e r i a l u s e d i s o u r 

" M i n i m u m R A " s p e c i a l l o w - c a r b o n m i l d s t e e l , r e s i s t a n t 

t o a g e i n g a n d f r e e f r o m i m p u r i t i e s . W i t h a m i n i m u m 

s p r e a d o f i n d u c t i o n , " M i n i m u m R A " c o m b i n e s h i g h 

p e r m e a b i l i t y a n d l o w c o e r c i v e f o r c e . A n y q u e s t i o n s ? 

O u r s p e c i a l i s t s a r e r e a d y a n d w i l l i n g t o a n s w e r t h e m . 

FRIED. KRUPP HOTTENWERKE AG, D-463 BOCHUM 
WEST GERMANY 

( W ) KRUPP STEEL for the world of tomorrow 
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1 6 bi t I N P U T / O U T P U T 

I O R 2 0 5 3 

THE ONE SLOT 

COMMUNICATOR 
W i t h t ime and space p l a y i n g an i n c r e a s i n g 
p a r t i n the c o s t o f m u l t i - s y s t e m o p e r a t i o n s , 
o u r new i /o r e g i s t e r p r o v i d e s the most 
economica l method o f c o m m u n i c a t i o n b e t 
ween m in i - c o m p u t e r managed s y s t e m s , 
w h e r e speeds o f up to one m e g a w o r d a r e 
r e q u i r e d . 

T h e 2053 is a s i n g l e - w i d t h module c o n t a i n 
ing two 16 b i t r e g i s t e r s , one input and one 
ou tpu t , f e d by a s i n g l e f r o n t panel c o n n 
e c t o r . I t hand les p a r a l l e l t r a n s m i s s i o n 

E L E C T R O N I Q U E 

1211 GENÈVE 13 - SUISSE 

be tween two s y s t e m s , o r s i n g l e l i ne b i 
d i r e c t i o n a l t r a n s m i s s i o n be tween more 
than two s y s t e m s , and i s des igned f o r 
Handshake mode data t r a n s f e r s w i t h two 
f r o n t panel i n d i c a t o r L E D s . 

To p r o v i d e i n t e r f a c e f l e x i b i l i t y , the 16 
s tages o f the ou tpu t r e g i s t e r a r e mounted 
on a p l u g g a b l e P C . A n y output l e v e l s may 
be u s e d , and a f u l l r ange of p r o d u c t i o n 
s tages i s a v a i l a b l e , i n c l u d i n g o p t o -
c o u p l e d u n i t s . 

Case postale 39 - 31 , av. Ernest-Pictet - Tél . (022) 44 29 40 - Télex 23359 - Câbles SENELECTRON 

Zurich 

SEN ELEKTRONIK AG 

Te l . 0 1 . 8 6 5 1 0 3 / 0 4 . T e l e x . 5 8 2 5 7 C H . 

Hamburg 

SEN E L E K T R O N I K G m b H 

T e l . 0 4 1 0 3 / 6 2 8 2 . T e l e x . 2 1 8 9 5 4 8 D . 
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AKTIENGESELLSCHAFT 

D-731 Plochingen (Germany) 
Telefon 07153-611 
Telex 07266825 

Entreprise de peinture 

Suisse 
Moyen-Orient 
Espagne-Italie 
Afrique du Nord 
Ile de la Réunion 
Belgique 

C .E .R .N . - GENÈVE 

Prézioso International S.A. 

Siège social : 

15, avenue Victor Hugo 
7 5 - P A R I S 16 e 

Direction administrative : 

B.P. N° 2 
SAINT-CLAIR DU RHÔNE 
38 370 Les Roches de Condrieu 

Tél. (74) 85 53 07 
85 52 28 

Té lex : 9 0 4 0 4 F 

Molded 
parts made of I 

sintered aluminium oxide I 
96-99,9% A l 2 0 3 

| Aluminium Oxide 
Ceramics 
l\floMn-Ni- and 

I W N i -
metalized. 

Ceramic/Metal 
Combinations 
particularly 
Vacuum- Chambers 
UHV-Feedthroughs 

The new version of the RARE GAS PURIFIER reduces the impurities in 

commercial grade gases (e.g. Hel ium, Argon) d o w n to 0.1 ppm w i th 

f l ow rates up to 35 litres per minute. 

This instrument has many new features including 

# THYRISTOR CIRCUIT GIVING SMOOTH DEMAND 

FOR ELECTRICAL SUPPLY. 

# REDUCED NUMBER OF JOINTS IN THE STAINLESS 

STEEL PIPEWORK CUTTING THE RISK OF LEAKAGE. 

# THERMAL FUSE FOR ADDITIONAL INSTRUMENT 

PROTECTION. 

# S IMPLIF IED CONTROL PANEL. 

An important feature of this instrument is its capabil i ty of at least t w o 

years cont inuous operation w i thou t change of reagents. 

Typical applications include the purif icat ion of rare gases for use in 

g . l .c ; in U.V. emission and microwave spectroscopy; in the semi

conductor industry and where very pure gases are essential. 

Please contact 

Dr J. M. Padbury, B.O.C. Special Gases, Deer Park Road, 
London SW 19 3 UF, England 
for further information. 
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All metal indium 
seals for small 
flange connections 

They are interchangeable with the centring 
rings comprising an elastomer used so far. 
They ensure perfect leak-tightness 
between small stainless steel 
flanges, as well as between those in light alloy. 
As they are centred on the outside of 
the flanges, they can therefore fit flanges 
to the old NW 10 - 20 - 32 standards 
and to the Pneurop 16 - 25 - 40 range. 

They are leak-tight as many times as 
required, even when using a 
standard clamp. 

The sealing material being an 
indium/silver alloy, there are no leaks 
nor measurable degassing. 

Unlimited resistance to radiations. 

VATAKTIENGESELLSCHAFT 
fur Vakuum-Apparate-Technik 
CH-9499 Haag/SG, Switzerland 

Phone: 085 /715 85 

187 



THE NEW BOURNS LOW COST SERIES 3 5 4 0 
WIREWOUND PRECISION-POTENTIOMETERS 
22,2 m m 0 , 3-TURN, 5-TURN AND 10-TURN 

DUAL-SECTION MODELS ON A COMMON 
SHAFT OR ADJUSTABLE INDEPENDENTLY 
THROUGH DUAL CONCENTRIC SHAFTS. 

3 TURN 5 TURN 10 TURN 
2 0 Q - 5 0 K Q 5 0 Q - 5 0 K Q 100Q -100K Q 
1,0 Watt at 70 °C 1,5 Watt at 60 °C 2,0 Watt at 70 °C 

FOR COMPLETE DETAILS CONTACT: 

Bourns (Schweiz) A.G., Baarerstrasse 8 6301 Zug 
Tel. 042 23 22 42 Telex78722 
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W E 
W R A P 

W I R E 
The Electronics Division of Vero Precision Engineering 

Limited have expanded their services to industry w i th 
the addit ion of an N.C. Wire Wrapping facil i ty, 

comprising wire stripping and wire wrapping machines. 

Wi th this facil i ty work can be completed in a fraction 
of the time taken by conventional methods, w i th the 

added advantage that once the tape has been prepared, 
each assembly produced from the tape, wi l l be identical. 

Coupled w i th this provision for wire wrapping we offer 
a fast wire stripping service supplying wire cut and 

stripped to customers' requirements. 

We wou ld also draw your attention to other services 
offered by the Electronics Division of Vero Precision 

Engineering Limited: Prototype Electronic Wir ing, 
Production Wir ing, Control Panel Wir ing, Loom Design 
and Assembly Wir ing, Wir ing and Assembly of P.C.B.s, 
Chassis Manufacture and Wir ing, Cubicle Manufacture 

and Wir ing, Test and Inspection to Customers' 
Specifications, Development of Electrical Control and 

Swi tch Panels for Special Purpose Machinery. 

Ver o Precision Engineering Ltd, 
(ELECTRONICS Division), 

(Electronics Division), 
South Mil l Road, Regents Park, Southampton. 

Telephone: 771061 Telex: 477603 

Débitmètres 
G EC-Elliott, Rotameter Works, Croydon 

Appareils calibrés et 
non calibrés 
pour liquides et gaz type 1100 

livrables ex stock Zurich 

Vannes à pointeau Fliesberg 
en acier inox au chrome 4421 et chrome-
nickel-molybdène 4436 

Armatures Phônix 
vannes d'arrêt et de réglage 

Demandez la documentation auprès de 

Oerlikonerstrasse 88 
tél. 01/46 4040 

vorm. WISMER AG 8057 Zurich 

La mesure numér ique , 
ses pièges, 

ses critères de choix. 

Avant de parler d'un appareil de mesure plutôt 
que d'un autre, il vaut peut-être mieux parler de la 
mesure numérique. 

Chaque constructeur peut choisir ses critères 
de manière à présenter son appareil sous le 

jour le plus favorable. 
Chaque notice vous parlera donc le langage 

qui lui convient. Celui qui dissimule au mieux ce 
dont on n'est pas très fier. 

Parce qu'il n'existe pas de règles strictes 
pour l'énoncé des caractéristiques d'un appareil 
de mesure numérique. 

Alors, avant de parler d'un appareil de 
mesure plutôt que d'un autre, il vaut peut-être 
mieux parler de la mesure numérique. 

C'est ce que vous propose Chauvin Arnoux 
avec son Guide pratique de sélection: "La mesure 
numérique, ses pièges, ses critères de choix". 

- Cette brochure est 
destinée à faciliter votre choix 

car elle traduit en termes clairs 
f les caractéristiques de chaque 
type d'appareil et vous propose 

des comparaisons établies sur des 
bases homogènes. 

Elle vous permettra de lire entre les lignes 
les documentations que vous aurez à consulter. 

Enfin, elle vous apportera une assistance 
non négligeable dans l'établissement des calculs 
parfois compliqués auxquels vous devrez obli
gatoirement faire face avant de fixer votre choix. 

C h a u v i n A r n o u x . 

Si vous désirez éviter quelques pièges, 
retournez-nous le bon ci-joint. 

Bon à retourner complété pour recevoir la 
brochure "La mesure numérique; ses pièges, ses 
critères de choix". 

Nom 

Société 

Adresse 

Chauvin Arnoux-Département Electronique 
190, rue Championnet 75890 Paris Cedex 18 
Téléphone: 627.73.89 
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Reliability 
... built into every 

instrument we make. 
Beta Gas Monitors 
TRITON systems monitor tritium, argon-41, carbon-14, 
chlorine-36, fluorine-18, krypton-85, radon-222, 
sulfur-35, xenon-133, xenon-135, and gamma 
radiation. Features: 0.5 micron absolute 
filters, electrostatic precipitators, positive 
displacement pumps, gamma compensation 
to 5mR/hour. 

TRITON 955B — Highest sensitivity sys
tem: 10/uCi /M 3 full scale for tritium. 
Highest sensitivity as a gamma area moni
tor: 0.05 m R / H R full scale. Particu
larly useful for industrial and reactor 
monitoring, as an analytical tool, and 
for H 3 and C 1 4 tracer work generally. 
TRITON 1055B for portability — A 
lightweight (less than 20 lbs.) battery-
operated monitor whose size belies 
its sensitivity (50AtCi /M 3 , full scale). Fea
tures rechargeable nickel-cadmium bat
teries. The 1055 can be operated (and its 
batteries recharged) on standard 
line current. Has recorder output. 
TRITON 1125 — Mil-spec quality. 
Portable, rugged, rainproof. 
lOO/^Ci/M 3 full scale for H 3 . 

TRITON Calibrator (CL-1) 
and Remote Alarm (RA-1) — 
A calibrator (with enough tritium gas for 1000 or more cali
brations) and a remote alarm (with both visual and audible 
systems) are also available. 
RADON SYSTEM for low-level analysis of radon samples 
from human respiration, mine, or water supply effluents, air. 
Includes Radon Concentrator (RCTS-2) which purifies, 
concentrates, and transfers samples to Radon Counter (LAC-2). 
Its scintillations produced by Radon gas are counted by 
photomultiplier in Radon Analyzer (LLRC-2) 
NEW! 1 3 3 Xe MONITOR (MODEL 133). Protects lab person
nel from accidental exposure to 1 3 3 Xe radiation. Reads 0.1 to 
10 MPC of 1 3 3 Xe. Features large panel meter, audible and 
visual alarms, and a recorder output. This low-cost monitor 
provides reliable, unattended operation. 

Particle & Photon Detection 
Focused Mesh Multiplier Model MM-1 For use in mass spectrometers, 

electron and ion velocity analyzers, X-ray and vacuum U.V. 
spectrometers, and neutral particle experi

ments. Detects electrons, ions, protons, 
UV, X-ray photons, energetic neutral 

atoms and molecules. Guaranteed deliv
ered gain. Typical electron gain: 10 6 at 

2.5 kv., 10 7 at 3 kv . /10 8 at 3.5 kv. Gain is 
stable with count rates in excess of 10 6 

per second. No ion feedback or spurious 
pulses. Non-magnetic. Low noise: less 

than 1 count/minute at 10 7 gain. Ultra 
high vacuum operation: bake-
able to 350°C. Rugged. Flight 

proven in many rocket launches. 
Size: 1.25" high, 2" diameter. 

Model MM-2 Similar characteris
tics as MM-1 but only half the 

diameter ( 1 " ) . 
Preamplifier-Amplifier-Discrimina

tor (Model PAD) Rugged. Minia
ture. Charge sensitive input. 

Risetime: 3 nsec. Adjustable 
discriminator: 20:1 range. 

PAD-1 : lowest power con
sumption. Pulse count rates to 10 5 / 

second. PAD-2: for pulse count rates to lOVsecond. 
Regulated High Voltage Power Supply (Model HV-4R). All 

solid state. Output: 500v to 6.1 kv. Low noise: less than 300 
microvolts RMS. Low drift: less than 0 .01% /hour, 0.02%/day. 

Lightweight. Rack mounted. 

BACTEC*® 
Bacterial Detection Systems 
BACTEC Model 225, fully automatic; BACTEC Model 301, 
semi-automatic. For bacterial detection in clinical samples of 

blood, urine, spinal, synovial, and pleural fluids. And for 
sterility testing of pharmaceuticals, foods, drugs, radioisotopes 

and other products. 
BACTEC Model R301. For research use as a radiometric 

Warburg apparatus for chemical, biochemical, or biological 
reactions and procedures in which a radioactive gas is released. 

•Patented: U.S. No. 3,676,679 
Other U.S. and foreign patents pending. Johnston 

Laboratories, Inc. 
3 Industry Lane, Cockeysville, Maryland 21030, USA 
Phone: (301) 666-9500 Cable: "JOHNLAB" 
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Where all your attention has to be given to the process 
itself - there you will find the 

PFEIFFERTURBO 

As, for instance, in combination wi th this high 
vacuum coating plant BA511 and many other 
units for which easy handling and simple opera
t ion are absolute requirements. 
Of course, the PFEIFFERTURBO 
offers even more; its vibration-
free running, high compression 
ratio for hydrogen and other 
volatile gases, its easy servicing, 
low operating cost, high reliabi
lity, wide working range at cons
tant pumping speed,.. . there is 
still much more in it that is deci
sive! It is not for nothing that 

PFEIFFER is the leading manufacturer of turbo-
molecular pumps. 
Do you know already the PFEIFFER TURBO? The 

TPU 200 or the TPU 400? We 
shall be pleased to provide you 
wi th technically important infor
mation on these pumps.Your post 
card wi th the catch word ,,PFEIF
FER TURBO" wil l do. By return 
mail you wi l l receive detailed 
literature. 

PM 800 005 PE 7308 

B A L Z E R S - o w n e d Sales C o m p a n i e s i n : 

Z u r i c h ( C H ) , F r a n k f u r t / M ( D ) , W i e n ( A ) , 

K u n g s b a c k a (S) , B e r k h a m s t e d ( G B ) , 

L San ta A n a ( U S A ) , M e u d o n (F) , M i l a n o (I) 

A R T H U R PFEIFFER V A K U U M T E C H N I K G M B H 

Post fach 

D - 6 3 3 0 W e t z l a r 

A c o m p a n y o f t h e B A L Z E R S - G r o u p 



250 mm Schreibbreite 
0,3 sek. Einstellzeit 
0,25% Genauigkeit 
Bitte verlangen Sie Liste B-8-13 

Das Servogor S-Programm 
bietet 40 verschiedene 

Typen mit umfangreichen 
Zusàtzen und Zubehôr. 

GOERZ 

GOERZ ELECTRO Ges.m.b.H. • A-1101 Wien • Postfach204 - Telex01-3161 
Telefon (022 2) 64 36 66 
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