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Selected Papers of Richard Feynman ( w i t h 
c o m m e n t a r y ) , e d i t e d by L a u r i e M B r o w n , 
W o r l d S c i e n t i f i c S e r i e s in 2 0 t h C e n t u r y 
P h y s i c s , V o l . 2 7 , I S B N 9 8 1 0 2 4 1 3 0 5 h b k 
I S B N 9 8 1 0 2 4 1 3 1 3 p b k . 

A f t e r A Quantum Legacy, t h e s e l e c t e d 
p a p e r s o f J u l i a n S c h w i n g e r ( e d i t e d by M i l t o n , 
D e c e m b e r 2 0 0 0 p 4 4 ) , i t is f i t t i n g t h a t t h e n e x t 
v o l u m e in t h i s c a r e f u l l y s e l e c t e d s e r i e s c o v e r s 
t h e w o r k o f R i c h a r d F e y n m a n . 

N o w a c u l t f i g u r e , F e y n m a n is f a s t b e c o m i n g 
o n e o f t h e m o s t p r o l i f i c a l l y d o c u m e n t e d 
p h y s i c i s t s o f t h e p a s t c e n t u r y . A s w e l l a s h i s 
o w n p o p u l a r w o r k (You Must Be Joking, What 
Do You Care What Other People Think?) a n d 
h i s v a r i o u s l e c t u r e s , t h e r e a r e b i o g r a p h i e s o r 
b i o g r a p h i c a l m a t e r i a l by G l e i c k , B r o w n a n d 
R i g d e n , M e h r a , S c h w e b e r , S y k e s , a n d G r i b b i n 
a n d G r i b b i n . 

A n e c d o t e s a b o u t s u c h a f l a m b o y a n t 
c h a r a c t e r a r e e a s y t o f i n d , b u t t h e m a n ' s 
r e p u t a t i o n u l t i m a t e l y r e s t s o n h i s m a j o r 
c o n t r i b u t i o n s t o s c i e n c e , w h i c h t h i s b o o k 
a m p l y d o c u m e n t s . C h a p t e r s , o f v a r i o u s 
l e n g t h s , d e a l w i t h h i s w o r k in q u a n t u m 
c h e m i s t r y , c l a s s i c a l a n d q u a n t u m 
e l e c t r o d y n a m i c s , p a t h i n t e g r a l s a n d o p e r a t o r 
c a l c u l u s , l i q u i d h e l i u m , t h e p h y s i c s o f 
e l e m e n t a r y p a r t i c l e s , q u a n t u m g r a v i t y a n d 
c o m p u t e r t h e o r y . E a c h h a s i t s o w n 
c o m m e n t a r y . 

A s a f o r e t a s t e o f t h i n g s t o c o m e , t h e f i r s t 
c h a p t e r s e r v e s u p j u s t a s i n g l e p a p e r -
" F o r c e s in m o l e c u l e s " - w r i t t e n by F e y n m a n a t 
t h e a g e o f 2 1 , in h i s f i n a l y e a r a s a n u n d e r ­
g r a d u a t e a t M IT .Th i s r e s u l t - t h e 
H e l l m a n n - F e y n m a n t h e o r e m - h a s p l a y e d a n 
i m p o r t a n t r o l e in t h e o r e t i c a l c h e m i s t r y a n d 
c o n d e n s e d m a t t e r p h y s i c s . 

C h a p t e r 2 b e g i n s w i t h F e y n m a n ' s 1 9 6 5 
N o b e l L e c t u r e , g o e s o n t o i n c l u d e w o r k w i t h 
J o h n W h e e l e r a t P r i n c e t o n , w h i c h e x p l o r e d t h e 
u n d e r l y i n g a s s u m p t i o n s a b o u t t h e i n t e r a c t i o n 
o f r a d i a t i o n a n d m a t t e r , a n d c o n c l u d e s w i t h 
t h e c l a s s i c 1 9 4 9 p a p e r s t h a t p r e s e n t e d h i s 
r e v o l u t i o n a r y a p p r o a c h t o q u a n t u m 
e l e c t r o d y n a m i c s . 

T h e N o b e l L e c t u r e a l o n e is w o r t h r e a d i n g -
c l e a r l y a m a j o r e a r l y s o u r c e o f F e y n m a n 
a n e c d o t e , s u c h a s t h e S l o t n i c k e p i s o d e . O n e 
is s t r u c k by F e y n m a n ' s a m b i v a l e n t a t t i t u d e s -
h i s e n o r m o u s r e g a r d f o r f a t h e r f i g u r e s s u c h a s 
W h e e l e r a n d B e t h e o n t h e o n e h a n d , a n d h i s 
c l e a r d i s d a i n f o r m a n y c o n t e m p o r a r i e s o n t h e 

Richard Feynman at CERN in 1965. 

o t h e r . A n o t h e r g o o d r e a d in t h i s c h a p t e r is 
F e y n m a n ' s p a p e r p r e s e n t e d a t t h e 1 9 6 1 
S o l v a y m e e t i n g , a n d t h e e n s u i n g d i s c u s s i o n . 

C h a p t e r 3 d e a l s w i t h t h e d e t a i l e d 
p r e s e n t a t i o n o f t h e p a t h i n t e g r a l a p p r o a c h , 
w h i c h e n a b l e d F e y n m a n t o d i s s e c t 
e l e c t r o d y n a m i c s a n d l o o k a t i t f r o m a f r e s h , 
u n c l u t t e r e d v i e w p o i n t . 

F r o m 1 9 5 3 t o 1 9 5 8 , F e y n m a n l o o k e d f o r 
f r e s h p a s t u r e a n d p r o d u c e d a s e r i e s o f s e m i ­
n a l p a p e r s o n t h e a t o m i c t h e o r y o f s u p e r f l u i d 
h e l i u m , w h i c h is p r e s e n t e d in C h a p t e r 4 . 

C h a p t e r 5 is s p l i t i n t o t w o p a r t s . T h e f i r s t , o n 
w e a k i n t e r a c t i o n s , i n c l u d e s t h e c l a s s i c 1 9 5 7 
p a p e r w i t h G e l l - M a n n a n d s o m e l e c t u r e n o t e s 
f r o m t h e 1 9 6 0 s e x p l o r i n g t h e c o n s e q u e n c e s 
o f S U 3 s y m m e t r y f o r w e a k i n t e r a c t i o n s . T h e 
s e c o n d p a r t - by f a r t h e l a r g e s t s e c t i o n o f t h e 
b o o k - d e a l s w i t h h i s a p p r o a c h t o p a r t o n s , 
q u a r k s a n d g l u o n s . F e y m a n b e g a n t h i n k i n g 
a b o u t d e s c r i b i n g h a d r o n s s i m p l y a s a n 
a s s e m b l y o f s m a l l e r p a r t s - h i s p a r t o n s - j u s t 
w h e n e x p e r i m e n t s w e r e b e g i n n i n g t o p r o b e 
t h i s i n n e r s t r u c t u r e . T h i s is a g o o d e x a m p l e o f 
h o w F e y n m a n , a r r i v i n g a t a f r e s h i n t e r e s t , 
w o u l d i n v a r i a b l y s t r i p p r o b l e m s d o w n t o t h e i r 
e s s e n t i a l p a r t s b e f o r e r e a s s e m b l i n g t h e m in a 
w a y t h a t h e , a n d m a n y o t h e r p e o p l e t o o , 
u n d e r s t o o d b e t t e r . 

F e y n m a n ' s i n t e r e s t in n u m e r i c a l 
c o m p u t a t i o n w e n t b a c k t o h i s t i m e a t Los 
A l a m o s , w h e n h e h a d t o m o d e l t h e b e h a v i o u r 
o f e x p l o s i o n s u s i n g o n l y t h e m e c h a n i c a l 
c a l c u l a t o r s o f t h e t i m e . C o m i n g b a c k t o t h e 
s u b j e c t in t h e 1 9 8 0 s , h e w e n t o n t o p i o n e e r 
t h e i d e a o f q u a n t u m c o m p u t e r s . A p a r t f r o m 
t h e p r o p h e t i c p a p e r s p u b l i s h e d h e r e , t h i s 
a s p e c t o f h i s w o r k h a s b e e n w e l l d o c u m e n t e d 

in The Feynman Lectures on Computing ( e d . 
A J G Hey a n d R W A l l e n , P e r s e u s ) . 

Selected Papers of Richard Feynman 
c o n c l u d e s w i t h a f u l l b i b l i o g r a p h y . Even 
w i t h o u t t h e b u r g e o n i n g F e y n m a n c u l t , s u c h a 
s e l e c t i o n o f key p a p e r s is a u s e f u l r e f e r e n c e . 
H o w e v e r , w i t h a l m o s t 1 0 0 0 p a g e s , t h e b o o k 
c o u l d p e r h a p s h a v e b e e n b e t t e r s i g n p o s t e d . 
T h e s e l e c t e d p a p e r s a r e n o t l i s t e d in t h e i n i t i a l 
c o n t e n t s a n d t h e p a g e s h a v e n o r u n n i n g 
h e a d s t o i n d i c a t e h o w t h e c h a p t e r s f a l l . 
Gordon Fraser, CERN. 

Calorimetry: Energy Measurement in 
Particle Physic^by R i c h a r d W i g m a n s , O x f o r d 
U n i v e r s i t y P r e s s , I S B N 0 1 9 8 5 0 2 9 6 6 , 7 2 6 p p , 
£ 8 5 . 

T h e ro l e o f c a l o r i m e t r y in h i g h - e n e r g y 
p h y s i c s h a s b e c o m e i n c r e a s i n g l y i m p o r t a n t 
d u r i n g t h e l a s t 2 0 y e a r s . T h i s is d u e t o t h e 
i n c r e a s e in e n e r g y o f t h e p a r t i c l e b e a m s 
a v a i l a b l e a t t h e m a j o r a c c e l e r a t o r s a n d t o t h e 
n e e d f o r h e r m e t i c d e t e c t o r s . T h e 1 9 8 0 s , in 
p a r t i c u l a r t h e s e c o n d h a l f o f t h e d e c a d e , s a w 
a n i m p o r t a n t b r e a k t h r o u g h in t h e 
u n d e r s t a n d i n g o f t h e m e c h a n i s m s u n d e r l y i n g 
t h e d e v e l o p m e n t o f h a d r o n i c c a s c a d e s a n d 
t h e i r e n e r g y l o s s . 

T h e t h e m e a r o u n d w h i c h t h i s b r e a k t h r o u g h 
t o o k p l a c e is " c o m p e n s a t i o n " : f o r a 
c o m p e n s a t i n g c a l o r i m e t e r e/h = 1 , w h e r e e 
r e p r e s e n t s t h e r e s p o n s e t o a n 
e l e c t r o m a g n e t i c a n d h t h e r e s p o n s e t o a n o n -
e l e c t r o m a g n e t i c , t h a t is p u r e l y h a d r o n i c , 
s h o w e r o f t h e s a m e e n e r g y . For c o m p e n s a t i n g 
c a l o r i m e t e r s t h e e n e r g y m e a s u r e m e n t o f 
e l e c t r o n s a n d h a d r o n s o f t h e s a m e e n e r g y 
y i e l d s t h e s a m e a v e r a g e r e s p o n s e f o r a l l 
e n e r g i e s , a t t h e s a m e t i m e l e a d i n g t o o p t i m a l 
h a d r o n i c e n e r g y r e s o l u t i o n . It is a l s o a 
p r e r e q u i s i t e f o r l i n e a r i t y o f t h e h a d r o n i c 
e n e r g y m e a s u r e m e n t . 

In p r a c t i c e , v e r y f e w c o m p e n s a t i n g 
c a l o r i m e t e r s h a v e b e e n b u i l t f o r m a j o r 
e x p e r i m e n t s . ( o n e e x a m p l e is t h e c a l o r i m e t e r 
o f t h e Z E U S e x p e r i m e n t a t HERA, d i s c u s s e d in 
t h e b o o k ) , p r o b a b l y b e c a u s e , in p r a c t i c e , 
a c h i e v i n g c o m p e n s a t i o n m e a n s m a k i n g a 
c o n c e s s i o n t o t h e e l e c t r o m a g n e t i c e n e r g y 
r e s o l u t i o n . N o n e o f t h e e x p e r i m e n t s p l a n n e d 
a t t h e La rge H a d r o n C o l l i d e r , f o r e x a m p l e , w i l l 
e m p l o y a c o m p e n s a t i n g c a l o r i m e t e r . T h e 
i m p o r t a n c e o f t h e r e s e a r c h i n t o 
c o m p e n s a t i o n is n e v e r t h e l e s s v e r y l a rge in 
t h a t i t l e d t o a m u c h b e t t e r u n d e r s t a n d i n g o f 
c a l o r i m e t r y in g e n e r a l . T h e a u t h o r o f t h e b o o k 
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h a s m a d e o r i g i n a l a n d e s s e n t i a l c o n t r i b u t i o n s 
t o t h i s f i e l d t h r o u g h h i s o w n r e s e a r c h . 

T h e b o o k r e f l e c t s t h e d e e p a n d 
e n c y c l o p e d i c k n o w l e d g e t h a t t h e a u t h o r h a s 
o f t h e s u b j e c t . Th i s m a k e s t h e b o o k a r i ch 
s o u r c e o f i n f o r m a t i o n t h a t w i l l b e u s e f u l f o r 
t h o s e d e s i g n i n g c a l o r i m e t e r s a n d f o r t h o s e 
a n a l y s i n g c a l o r i m e t e r d a t a , f o r a l o n g t i m e t o 
c o m e . A t t h e s a m e t i m e t h e b o o k is n o t a l w a y s 
s u c c e s s f u l in f i n d i n g a w a y o f o r g a n i z i n g a n d 
c o n v e y i n g a l l o f t h i s k n o w l e d g e in a c l e a r l y 
s t r u c t u r e d a n d e f f i c i e n t way. Pa r t s o f t h e b o o k 
a r e r a t h e r n a r r a t i v e a n d l o n g - w i n d e d . 

T h e m o s t i m p o r t a n t c h a p t e r s a r e t h o s e o n 
S h o w e r D e v e l o p m e n t , E n e r g y R e s p o n s e , 
F l u c t u a t i o n s a n d C a l i b r a t i o n . A l s o , t h a t o n 
I n s t r u m e n t a l A s p e c t s c o n t a i n s e s s e n t i a l i n f o r ­
m a t i o n . T h e c h a p t e r s o n g e n e r i c s t u d i e s a n d 
o n e x i s t i n g ( o r m e a n w h i l e d i s m a n t l e d ) a n d 
p l a n n e d c a l o r i m e t e r s y s t e m s , a r e i n t e r e s t i n g 
b u t l e s s n e c e s s a r y p a r t s o f a t e x t b o o k . 
M o r e o v e r , t h e a u t h o r d o e s n o t a l w a y s k e e p t o 
t h e s u b j e c t - c a l o r i m e t r y - l e a d i n g t o 
u n n e c e s s a r y e x c u r s i o n s a n d , w h a t is w o r s e , 
o u t d a t e d m a t e r i a l . It w o u l d , o n t h e o t h e r 
h a n d , b e i n t e r e s t i n g if t h e a u t h o r , in h i s 
d e s c r i p t i o n o f t h e c a l o r i m e t e r s u n d e r 
c o n s t r u c t i o n f o r t h e A t l a s e x p e r i m e n t , h a d 
b e e n a b i t m o r e e x p l i c i t o n w h a t , in t h e l i g h t o f 
t h e i d e a s d e v e l o p e d e a r l i e r in t h e b o o k , t h e 
o p t i m a l a p p r o a c h w o u l d b e t o 
( i n t e r ) c a l i b r a t i n g t h i s v e r y c o m p l e x 
c a l o r i m e t e r s y s t e m . T h e c h a p t e r o n C a l i b r a t i o n 
is p r o b a b l y t h e m o s t e s s e n t i a l p a r t o f t h e 
b o o k , b r i n g i n g t o g e t h e r m a n y o f t h e 
f u n d a m e n t a l i s s u e s o n s h o w e r d e v e l o p m e n t , 
s i g n a l g e n e r a t i o n a n d d e t e c t i o n . R e a d i n g t h i s 
c h a p t e r , o n e g e t s t h e i m p r e s s i o n t h a t in f a c t i t 
is i m p o s s i b l e t o c a l i b r a t e c a l o r i m e t e r s , b u t t h e 
s t y l e c h o s e n by t h e a u t h o r is o n l y t o 

In practice, achieving 
compensation means 
making a concession to the 
electromagnetic energy 
resolution. 
e m p h a s i z e t h a t t h e i s s u e is s u b t l e a n d g r e a t 
c a r e m u s t b e t a k e n . T h e c h a p t e r c o n t a i n s 
i n f o r m a t i o n t h a t is e x t r e m e l y w o r t h y o f 
c o n s i d e r a t i o n , c u l m i n a t i n g in t h e 
r e c o m m e n d a t i o n t h a t , in t h e c a s e o f n o n -
c o m p e n s a t i n g c a l o r i m e t e r s , i n d i v i d u a l 
( l o n g i t u d i n a l ) c a l o r i m e t e r s e c t i o n s s h o u l d b e 

c a l i b r a t e d by t h e s a m e p a r t i c l e s g e n e r a t i n g 
f u l l y c o n t a i n e d s h o w e r s in e a c h s e c t i o n , a 
r e c o m m e n d a t i o n t h a t , in p r a c t i c e , c a n n o t 
a l w a y s b e s a t i s f i e d . In h i s a r d o u r t o 
e m p h a s i z e t h e i m p o r t a n c e o f t h e 
( i n t e r ) c a l i b r a t i o n o f l o n g i t u d i n a l c a l o r i m e t e r 
s e g m e n t s , t h e a u t h o r e v e n i n v o k e s d e c a y s , 
s u c h a s t h a t o f t h e n e u t r a l rho i n t o t w o n e u t r a l 
p i o n s , t h a t d o n o t ex i s t in n a t u r e - w e g e t t h e 
p o i n t a n d f o r g i v e h i m . It i s , however , t r u e t h a t 
t h e r e a r e m o r e p l a c e s w h e r e t h e b o o k w o u l d 
h a v e p r o f i t e d f r o m a c r i t i c a l , f i n a l e d i t . 

Calorimetry is a b o o k t h a t d e s c r i b e s t h e 
e s s e n t i a l p h y s i c s o f c a l o r i m e t r y . It a l s o 
c o n t a i n s a w e a l t h o f i n f o r m a t i o n a n d p r a c t i c a l 
a d v i c e . It is w r i t t e n by a l e a d i n g e x p e r t in t h e 
f i e l d . T h e f a c t t h a t t h e d i s c u s s i o n s s o m e t i m e s 
d o n o t f o l l o w t h e s h o r t e s t p a t h t o t h e 
c o n c l u s i o n a n d t h a t p e r h a p s t h e " t e x t b o o k 
p a r t " o f t h i s w o r k s h o u l d have b e e n 
a c c o m m o d a t e d in a s e p a r a t e v o l u m e d o e s 
n o t m a k e t h e b o o k l ess i m p o r t a n t : i t w i l l b e 
a m p l y u s e d by t h o s e t r y i n g t o f a m i l i a r i z e 
t h e m s e l v e s w i t h c a l o r i m e t r y a n d in p a r t i c u l a r 
by t h o s e a n a l y s i n g t h e d a t a o f t h e v e r y 
c o m p l e x c a l o r i m e t e r s y s t e m s o f f u t u r e 
e x p e r i m e n t s , s u c h a s a t LHC. 
Jos Engelen, NIKHEF, University of Amsterdam. 

Quarks and Gluons: a Century of Particle 
Charges by M Y H a n ( D u k e ) , W o r l d S c i e n t i f i c 
P u b l i s h i n g , 1 6 8 p p , I S B N 9 8 1 0 2 3 7 0 4 9 h b k 
$ 3 4 / £ 2 1 , ISBN 9 8 1 0 2 3 7 4 5 6 p b k ) $ 1 6 / f 1 0 . 

Th i s is a r e a d a b l e l i t t l e b o o k o n p a r t i c l e 
p h y s i c s a n d is a i m e d a t t h o s e w i t h n o 
p r e v i o u s e x p o s u r e t o t h e s u b j e c t . It s t a r t s w i t h 
t h e d i s c o v e r y o f t h e e l e c t r o n in 1 8 9 7 a n d 
w o r k s i ts w a y m o r e o r l ess h i s t o r i c a l l y u p t o 
t h e p r e s e n t . T h a t m e a n s , o f c o u r s e , t h a t i t 
c o n t a i n s a l o t a b o u t l e p t o n s a n d p h o t o n s a s 
we l l a s t h e q u a r k s a n d g l u o n s o f t h e t i t l e . 

T h e g u i d i n g t h e m e is t h e d i s c o v e r y o f d i f f e r ­
e n t k i n d s o f c o n s e r v e d c h a r g e s - f i r s t e l e c t r i c 
c h a r g e , t h e n b a r y o n n u m b e r a n d t h e l e p t o n 
n u m b e r s , a n d f i n a l l y t h e m o r e s u b t l e k i n d o f 
c h a r g e s t h a t a r e t h e s o u r c e o f t h e c o l o u r f o r c e 
b e t w e e n t h e q u a r k s . 

L ike S t e p h e n H a w k i n g , t h e a u t h o r m a n a g e s 
t o a v o i d a l l e q u a t i o n s , e x c e p t E=mc2.The 
s t y l e is c h a t t y a n d c o l l o q u i a l ( A m e r i c a n ) , 
w h i c h w i l l h a v e s o m e n o n - n a t i v e E n g l i s h 
r e a d e r s r u n n i n g f o r t h e i r p h r a s e b o o k s . For 
e x a m p l e , c o r r e c t p r e d i c t i o n s a r e " r i g h t o n t h e 
m o n e y " , a n d w h e n t h e t e r m i n o l o g y s e e m s 
c o m i c a l t h e r e a d e r is e x h o r t e d t o " g e t a g r i p 
o n y o u r s e l f " . N e v e r t h e l e s s , a s o n e w o u l d 

e x p e c t f r o m a l e a d i n g c o n t r i b u t o r t o t h e f i e l d , 
H a n t a k e s c a r e t o g e t t h i n g s r i gh t e v e n w h e n 
u s i n g s i m p l e l a n g u a g e , a s f o r e x a m p l e in h i s 
d i s c u s s i o n o f s p i n . 

T h e j a c k e t s a y s t h a t t h e b o o k w i l l b e " b o t h 
a c c e s s i b l e t o t h e l a y p e r s o n a n d o f v a l u e t o 
t h e e x p e r t " . I i m a g i n e t h a t t h e l a t t e r re fe rs t o 
i ts v a l u e in h e l p i n g u s t o c o m m u n i c a t e w i t h 
n o n - e x p e r t s . 

Like Stephen Hawking, the 
author manages to avoid all 
equations, except £ = / n c 2 . 

I h a v e s o m e m i s g i v i n g s a b o u t t h i s b o o k , 
m a i n l y b e c a u s e i ts i n s i s t e n c e o n d i s c u s s i n g 
o n l y t h o s e c h a r g e s t h a t a r e ( w i t h i n c u r r e n t 
l i m i t s ) a b s o l u t e l y c o n s e r v e d l e a v e s t h e r e a d e r 
w i t h t h e i m p r e s s i o n t h a t n o t h i n g m u c h is 
u n d e r s t o o d a b o u t t h e w e a k i n t e r a c t i o n . T h e 
a u t h o r e v e n s a y s t h a t t h e w e a k c h a r g e s h a v e 
ye t t o b e i d e n t i f i e d . A l l o f t h e b e a u t i f u l d e v e l ­
o p m e n t s o f e l e c t r o w e a k u n i f i c a t i o n a r e 
o m i t t e d . A l s o , t h e r e is n o m e n t i o n o f t h e exc i t ­
i n g p o s s i b i l i t i e s t h a t l ie in t h e n e a r f u t u r e . T h i s 
m a k e s t h e s u b j e c t s e e m a b i t m o r i b u n d a n d 
m u s t y . For e x a m p l e , w e a r e t o l d t h a t t h e 
d i s c o v e r y o f t h e p i o n in 1 9 4 7 w a s " o n e o f t h e 
l a s t h u r r a h s " o f c o s m i c - r a y p h y s i c s , w h e r e a s 
in f a c t t h a t f i e l d c o n t i n u e s t o s h o w 
a s t o n i s h i n g v i ta l i t y , w i t h n e u t r i n o s t u d i e s , 
u l t r a h i g h - e n e r g y p r i m a r i e s a n d o t h e r f a s c i n a t ­
i n g p h e n o m e n a p r o m i s i n g a r ich f u t u r e . 
Bryan Webber, Cambridge. 

Anomalies in Quantum Field Theory by R 
A B e r t l m a n n , O x f o r d U n i v e r s i t y P ress , I S B N 0 1 
8 5 0 7 6 2 3 , p b k £ 2 9 . 9 5 . 

F i e l d t h e o r y " a n o m a l i e s " c o n s t i t u t e a l o n g ­
s t a n d i n g s o u r c e o f p h y s i c s a n d m a t h e m a t i c s . 
T h e y h a v e r e m a i n e d f a s c i n a t i n g f o r p h y s i c i s t s 
a n d m a t h e m a t i c i a n s , a s o n g o i n g d e v e l o p m e n t s 
in s t r i n g a n d b r a n e t h e o r y s h o w . 

Th is b o o k g i ves a c o m p r e h e n s i v e d e s c r i p t i o n 
o f t h e m a ny f a c e t s o f t h i s s u b j e c t t h a t w e re 
k n o w n b e f o r e t h e m i d - 1 9 8 0 s . It is e s s e n t i a l l y 
s e l f - c o n t a i n e d a n d t h u s d e s e r v e s t o b e c a l l e d 
a t e x t b o o k . B o t h m a t h e m a t i c i a n s a n d p h y s i ­
c i s t s c a n l e a r n f r o m t h i s v o l u m e . 

W i t h a m o d e s t k n o w l e d g e o f q u a n t u m 
m e c h a n i c s , a m a t h e m a t i c i a n c a n r e a d a b o u t 
t h e h i s t o r y o f t h e s u b j e c t : t h e puzz le o f t h e 
d e c a y o f t h e n e u t r a l p i o n i n t o t w o g a m m a - r a y 
p h o t o n s ; t h e i n c o n s i s t e n c i e s o f t h e 
p e r t u r b a t i v e t r e a t m e n t o f g a u g e t h e o r i e s D> 
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related to the occurrence of anomalies; the 
original Feynman graph calculations; and the 
theoretical constructions that introduced 
relationships with topology, up to the 
elementary versions of the index theorem for 
families. 

The physicist will find all of the necessary 
equipment in elementary topology and 
differential geometry combined in 
constructions that are familiar to professional 
mathematicians. S/he will find thorough 
descriptions of the algebraic aspects that 
emerged from perturbation theory, both in the 
case of gauge theories and in the case of 
gravity, and an introduction to the way in 
which they tie up with index theory for elliptic 
operators and families thereof. 

The book reads fluently and is written so 
clearly that one not only gets an overview of 
the subject, but also can learn it at an 
elementary level. 

The bibliography is a rather faithful 
reflection of the physics literature and 
includes a few basic mathematical 
references, which give the reader the 
opportunity to learn more in whichever 

With a modest knowledge 
of quantum mechanics, a 
mathematician can read 
about the history of the 
subject. 
direction s/he chooses. 

As mentioned, the subject is still developing 
in the direction of new mathematics and, 
possibly, new physics in the context of strings 
and branes. One may therefore regret that the 
book stops around the developments that 
took place in the mid-1980s. 

The book is already more than 500 pages. 
Since it is essentially self-contained and every 
topic that is dealt with is described in 
sufficient detail to allow a non-specialist to 
get acquainted with it, at least at an 
elementary level, the mathematical 
techniques do not go beyond elements of 
differential geometry, as well as of homology, 
cohomology and homotopy theory. 
Generalized cohomology theories, including 
K-theory, only appear in a phenomenological 

disguise, in connection with the description of 
the index theorem for families, in the 
particular case relevant to gauge theories, but 
not as mathematical prerequisites. 

As a consequence of the principle of 
maximal perversity, one may expect that 
physics will exhibit subtle effects describable 
in terms of the above-mentioned 
constructions. In such an event, there remains 
the hope for a corresponding textbook as 
understandable as this one, possibly written 
by the same author. 
Raymond Stora LAPP, Annecy. 

A Modern Introduction to Particle Physics 
by Fayyazuddin and Riazuddin, 2nd edn, World 
Scientific ISBN 9810238762 hbk, ISBN 
9810238770 pbk. 

The first edition of this book by the talented 
twins from Pakistan, which appeared in 1992. 
has been updated, with the chapters on 
neutrino physics, particle mixing and CP 
violation, and weak decays of heavy flavours 
having been rewritten. Heavy quark effective 
field theory and introductory material on 
supersymmetry and strings are also included. 
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