
Fulkerson. The second algorithm is also applicable to quadratic 
problems. 

The l a s t c h a p t e r d e s c r i b e s a me thod of s t e e p e s t d e s c e n t 
for g e n e r a l p r o g r a m m i n g p r o b l e m s . Th i s me thod i s an e x t e n ­
s ion of g r a d i e n t m e t h o d s used for finding the u n c o n s t r a i n e d 
m i n i m u m of a funct ion of s e v e r a l v a r i a b l e s . 

T h e r e a r e e ight va luab le a p p e n d i c e s devo ted to a v a r i e t y 
of t op ic s f rom p r o g r a m m i n g t h e o r y . 

H . Kaufman , McGi l l U n i v e r s i t y 

A Shor t C o u r s e in Di f fe ren t ia l E q u a t i o n s , by E a r l D . 
R a i n v i l l e . M a c m i l l a n , New York ; B r e t t - M a c m i l l a n , Ga i t , Ont . , 
second ed i t ion , 1958. 255 p a g e s . $4*50 . 

Th i s i s the s e c o n d , e n l a r g e d ed i t ion of a book which d e a l s 
with o r d i n a r y d i f f e ren t i a l equa t ions in r e a l v a r i a b l e s for 
b e g i n n e r s . It con ta ins the e l e m e n t a r y fac ts and p r o c e d u r e s in 
r e a d a b l e f o r m . App l i ca t i ons to p h y s i c s and m e c h a n i c s a r e 
given in b r i e f s p e c i a l c h a p t e r s following the expos i t i on of t h e o r y . 
V a r i o u s m e t h o d s , inc luding the o p e r a t i o n a l m e t h o d , a r e d i s ­
c u s s e d for the i n t e g r a t i o n of l i n e a r d i f fe ren t i a l equa t ions wi th 
cons tan t coef f i c ien t s . The g e n e r a l e x i s t e n c e t h e o r e m for 
equa t ions of the f i r s t o r d e r i s s t a t ed and the r e a d e r i s invi ted 
to app ly the i t e r a t i v e p r o c e s s , a s g iven without c o n v e r g e n c e 
proof, to an e l e m e n t a r y e x a m p l e . T h e book con ta ins about 
1250 e x e r c i s e e x a m p l e s wi th a n s w e r s . I t should appea l to 
Sc ience and E n g i n e e r i n g s tuden t s wi th a m o d e s t knowledge of 
the c a l c u l u s . 

Hanna S c h w e r d t f e g e r , McGi l l U n i v e r s i t y 

App l i ca t ions of F i n i t e G r o u p s , by J . S. L o m o n t . A c a d e m i c 
P r e s s , New Y o r k and London . 346 p a g e s . $ 1 1 . 

The c l a s s i c a l w o r k s of Weyl , Van d e r W a e r d e n and Wigne r 
dea l ing wi th the a p p l i c a t i o n s of g roup t h e o r y to p h y s i c s w e r e 
w r i t t e n wi th a z e a l to conve r t t h e i r r e l u c t a n t fellow p h y s i c i s t s 
to the powerful g lobal too l s of th i s b r a n c h of m a t h e m a t i c s . 
They s u c c e e d e d so we l l in t h e i r t a s k tha t now, a f t e r n e a r l y 
t h r e e d e c a d e s , t h e r e i s a g rowing need for a new and c o m p r e ­
hens ive book devoted to the i m p r e s s i v e a c c u m u l a t i o n of g r o u p 
t h e o r e t i c a l m e t h o d s i n quan tum m e c h a n i c s , f ield t h e o r y and 
e l e m e n t a r y p a r t i c l e p h y s i c s which has t a k e n p l ace m e a n w h i l e . 
While the new d e v e l o p m e n t s connec ted with the r o t a t i o n g r o u p 
a r e we l l c o v e r e d by r e c e n t books on a n g u l a r m o m e n t u m , it i s 
s t i l l e x t r e m e l y difficult to find a good tex t book accoun t of the 
r e p r e s e n t a t i o n s of the p r o p e r and i m p r o p e r L o r e n t z g r o u p s o r 
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the v a r i o u s gauge g roups and s y m m e t r y p r o p e r t i e s p e c u l i a r to 
r e l a t i v i s t i c quant ized field t h e o r i e s . 

One cannot say tha t the book under r ev i ew fulfils t h i s 
n e e d . F i r s t l y , it i s r e s t r i c t e d in scope to finite g r o u p s . 
Secondly , field t h e o r y (with the excep t ion of f e r m i a n c r e a t i o n 
o p e r a t o r s ) and e l e m e n t a r y p a r t i c l e s a r e not included among the 
sub j ec t s d i s c u s s e d , the app l i ca t ions dea l ing main ly with a t o m i c , 
m o l e c u l a r and solid s t a t e p h y s i c s . H o w e v e r , being p a r t l y 
a w a r e of the ex is t ing gap in the l i t e r a t u r e , the au thor has 
i n s e r t e d a s ec t ion on the ro t a t i on group in the text and added a 
long append ix on the L o r e n t z g r o u p . Unfor tuna te ly n e i t h e r of 
t h e s e add i t ions does j u s t i c e to i t s subject and t h e i r ske tchy 
and und idac t i ca l t r e a t m e n t m a k e s t h e m u n s a t i s f a c t o r y for the 
s tudent who i s approach ing t h e s e top ics for the f i r s t t i m e . 

T u r n i n g now to the m a i n body of the t ex t one i s i m p r e s s e d 
by the tab le of contents which c o v e r s a fa i r amount of i m p o r t a n t 
r e s u l t s p e r t a i n i n g to a b s t r a c t g roups wi th s p e c i a l e m p h a s i s on 
the t h e o r y of g roup c h a r a c t e r s and l i s t s a wide r ange of a p p l i ­
c a t i o n s . T h e s e inc lude c l a s s i c a l app l i ca t ions l ike the d e r i v a t i o n 
and c l a s s i f i c a t i o n of c r y s t a l l o g r a p h i c g r o u p s , the d i s c u s s i o n of 
m o l e c u l a r v i b r a t i o n s and m o l e c u l a r s t r u c t u r e o r the r i c h subjec t 
of w a v e funct ions in c r y s t a l s with a d i s c u s s i o n of B r i l l o u i n z o n e s . 
L e s s f a m i l i a r t op i c s l ike wave guide junc t ions and the s t r u c t u r e 
of t h e r m o d y n a m i c a l funct ions a r e a l so t r e a t e d . 

Unfor tuna te ly the r ead ing of the book i t se l f i s l e s s r e w a r d ­
i n g . The a u t h o r ' s idea of a book useful to p h y s i c i s t s a p p e a r s to 
be that it should be w r i t t e n in a Handbook s t y l e , stuffed with a 
mono tonous co l l ec t ion of ( s o m e t i m e s numbered ) f o r m u l a e and 
r e s u l t s , s o m e p r o v e n , o t h e r s m e r e l y s t a t e d , the m a t e r i a l 
being m a d e d iges t ib l e not by o r d e r and c l a r i t y , but i n s t e a d by 
an u n n e c e s s a r y f a m i l i a r i t y of e x p r e s s i o n , the whole thing be ing 
s e a s o n e d with r a t h e r r a n d o m e x a m p l e s and i l l u s t r a t i o n s . Why 
a ca re fu l explana t ion of m a t h e m a t i c a l m e t h o d s and concep t s 
involved should be abandoned in favour of the b o m b a r d m e n t of 
the r e a d e r by r e c i p e s , j u s t b e c a u s e the r e a d e r happens to be a 
p h y s i c i s t , i s not e a s y to u n d e r s t a n d . 

To p ick up a few e x a m p l e s , a concept l ike " e n d o m o r p h i s m " 
i s defined by m e a n s of the notion of s u b g r o u p , p r i o r to the 
def ini t ion of the l a t t e r concep t . The i m p o r t a n t L a g r a n g e t h e o r e m 
i s t h e n m e n t i o n e d a s if i t w e r e self ev ident whi le half a page is 
devo ted to t r i v i a l e x a m p l e s i l l u s t r a t i n g what i s m e a n t by a func- " 
t ion on a g r o u p . A l a c k of p e r s p e c t i v e d o m i n a t e s the m a t h e m a t i ­
ca l c h a p t e r s and the unwarned r e a d e r m a y unjust ly b l a m e h i m ­
self for fai l ing to u n d e r s t a n d such a s s e r t i o n s a s the one (on 
page 26) about e v e r y g roup of o r d e r < 60 being so lvab le , a f t e r 
he has va in ly t r i e d to a b s o r b a half page t r e a t m e n t of the Ga lo i s 
t h e o r y of c o m p o s i t i o n quot ient g r o u p s . 

195 

https://doi.org/10.1017/S0008439500025510 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500025510


If t he r e a d e r can s u r m o u n t t h e s e b a r r i e r s and wade h i s 
way t h r o u g h the a p p l i c a t i o n s , he wi l l enjoy s o m e we l l w r i t t e n 
c h a p t e r s l ike the ones dea l ing wi th m o l e c u l a r v i b r a t i o n s and 
m o l e c u l a r o r b i t a l s . It i s to be r e g r e t t e d tha t the c h a p t e r s on 
s y m m e t r i c g roups and t h e i r app l i c a t i ons cannot be inc luded in 
th i s c l a s s s ince the i m p o r t a n t t echn ique of Young s y m m e t r i z e r s 
i s not given an adequa te t r e a t m e n t in ex i s t ing books on the 
app l i ca t ions of g r o u p theory* 

Long and f a i r l y c o m p l e t e l i s t s of r e f e r e n c e s a r e g iven at 
the end of each c h a p t e r , but the p a p e r s and books l i s t e d (with 
t i t l e s t r a n s l a t e d into English1 . ) a r e n e v e r r e f e r r e d to in the text* 

It s e e m s r a t h e r i r o n i c a l tha t a book dea l ing wi th s y m m e t r y 
and s t r u c t u r e should have so l i t t l e use for e i t h e r in i t s c o n c e p ­
t ion and e x e c u t i o n . 

F e z a G l i r s e y , P r i n c e t o n , N . J . 

S tudies in l i n e a r and n o n - l i n e a r p r o g r a m m i n g , by K . J . 
A r r o w , L.. H u r w i c z and H. U z a w a . Stanford U n i v e r s i t y P r e s s , 
1958. 229 p a g e s . $ 7 . 5 0 . 

The t h r e e m a i n t h e m e s in t h i s co l l ec t ion of p a p e r s a r e 
e x i s t e n c e t h e o r e m s (pa r t I ) , the g r a d i e n t m e t h o d (pa r t II) and 
the c o n s t r u c t i o n of s p e c i a l a l g o r i t h m s for spec i f ic p r o g r a m m i n g 
p r o b l e m s (par t III) . The f i r s t c h a p t e r p r o v i d e s de t a i l ed 
s u m m a r i e s of the p a p e r s and connec t ing l inks b e t w e e n t h e m . 

In c h a p t e r 2 an exp l ic i t f o r m u l a i s ob ta ined for a se t of 
v e c t o r s spanning a convex p o l y h e d r a l cone g iven a s the i n t e r ­
s e c t i o n of h a l f - s p a c e s . Th i s r e s u l t is t h e n used to p r o v e the 
fundamenta l t h e o r e m s on convex p o l y h e d r a l c o n e s . In a l a t e r 
c h a p t e r a n e l e m e n t a r y m e t h o d for so lv ing l i n e a r p r o g r a m m i n g 
p r o b l e m s is b a s e d on th i s f o r m u l a . As the m e t h o d c a l c u l a t e s 
a l l the e x t r e m e po in t s of the f ea s ib l e s e t , it i s not a s efficient 
a s the s i m p l e x m e t h o d . 

C o n s i d e r the p r o b l e m : F ind a n n - v e c t o r x that m a x i m i z e s 
f(x) sub jec t to the r e s t r i c t i o n tha t x ^ 0 and g(x) ^ 0, w h e r e 
f(x) and g(x) = <(gl(x), . . . , g m ( x ) > a r e funct ions defined on the 
n - v e c t o r x s* 0. The L a g r a n g i a n a s s o c i a t e d wi th t h i s p r o b l e m i s 

^>(x,u) = f(x) + u . g ( x ) , 

w h e r e x = < x i , . . . , x n > and u = <u^, . . . , u m > . The c a s e 
when f(x) and g(x) a r e concave funct ions in x > 0 ( concave 
p r o g r a m m i n g ) i s c o n s i d e r e d in c h a p t e r 3 , and a new condi t ion 
i s g iven unde r which x i s a so lu t ion of the m a x i m i z i n g p r o b l e m 
if and only if t h e r e i s a v e c t o r û such tha t (x,U) i s a n o n - n e g a t i v e 
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