
g r a d u a t e s t u d e n t s . Af te r two i n t r o d u c t o r y c h a p t e r s on s e t s and f u n c t i o n s , 
and i n t e g e r s and the r a t i o n a l n u m b e r s , the a u t h o r d e v e l o p s e l e m e n t a r y 
g r o u p t h e o r y ; e l e m e n t a r y r i n g t h e o r y ; t h e o r y of m o d u l e s , t e n s o r p r o d u c t s 
and a l g e b r a s ( inc lud ing the d e c o m p o s i t i o n of f in i t e ly g e n e r a t e d m o d u l e s 
o v e r p r i n c i p a l i d e a l d o m a i n s ) ; t h e o r y of v e c t o r s p a c e s and c a n o n i c a l f o r m s 
of m a t r i c e s ; t h e o r y of a l g e b r a i c and t r a n s c e n d e n t a l e x t e n s i o n s of f i e l d s ; 
and G a l o i s t h e o r y wi th c l a s s i c a l a p p l i c a t i o n s . T h u s the m a t e r i a l i s m o r e 
o r l e s s c l a s s i c a l ( e x c e p t for the c h a p t e r on m o d u l e s i t i s r o u g h l y the s a m e 
a s the f i r s t v o l u m e of the E n g l i s h e d i t i o n of v a n d e r W a e r d e n ) , bu t the 
l a n g u a g e i s m o d e r n . 

T h e book h a s a n u m b e r of good f e a t u r e s . In p a r t i c u l a r , I found 
the author 1 s d i g r e s s i o n s on c r u c i a l p o i n t s he lp fu l . T h e r e a r e n u m e r o u s 
good e x a m p l e s and e x e r c i s e s (wi th p l en t i f u l h i n t s ) , and of ten the p r o o f s 
of m i n o r p o i n t s a r e r e l e g a t e d to e x e r c i s e s . T h e r e a r e " E x c u r s i o n s " 
w h i c h d e a l w i th t o p i c s off the m a i n p a t h , and e a c h c h a p t e r e n d s w i th a 
l i s t of f u r t h e r r e f e r e n c e s . 

In sp i t e of t h e s e f e a t u r e s , I would not c h o o s e t h i s book for a t e x t . 
I b e l i e v e t h a t in g e n e r a l a s t u d e n t would find i t u n n e c e s s a r i l y h a r d w o r k 
to r e a d . W h e r e n o t a t i o n and d e f i n i t i o n s should be u s e d to c l a r i f y and 
s imp l i fy the sub j ec t , too of ten the n o t a t i o n o b s c u r e s the e s s e n t i a l l y 
s i m p l e , and d e f i n i t i o n s a r e too n u m e r o u s . A t e x t b o o k should b e w r i t t e n 
for the s t u d e n t ' s bene f i t , and t h e r e s e e m s l i t t l e e x c u s e fo r a m a s s of 
s y m b o l s w h e r e a few e x t r a w o r d s would c l a r i f y a s t a t e m e n t and m a d e the 
r e a d i n g s m o o t h e r . C a t e g o r i c a l l a n g u a g e h a s j u s t i f i ed i t s e l f and the 
no t ion of a u n i v e r s a l e l e m e n t s e e m s to be e s p e c i a l l y v a l u a b l e , bu t a 
s t u d e n t should b e w a r n e d t ha t (at t h i s l e v e l at any r a t e ) i t j_s only a t o o l . 
P e r h a p s the i r r e v e r e n c e of S e r g e Lang in r e f e r r i n g to " g e n e r a l i z e d 
n o n s e n s e t h e o r y " i s a p p r o p r i a t e . T h i s book c o n t a i n s s o m e of the 
exc i t i ng and d e e p t h e o r e m s in a l g e b r a ; i t i s a p i ty if t he s t u d e n t i s left 
n e g o t i a t i n g the s h a l l o w s . 

J o h n D. Dixon , U n i v e r s i t y of N . S . W. , A u s t r a l i a 

T h e v a r i a t i o n a l t h e o r y of g e o d e s i e s by M . M . P o s t n i k o v . 
T r a n s l a t e d f r o m the R u s s i a n by S c r i p t a T e c h n i c a I n c . ed i ted by B e r n a r d 
R. G e l b a u m . W . B . S a u n d e r s C o m p a n y , P h i l a d e l p h i a and London , 1 9 6 7 . 
v i i i + ZOO p a g e s . 

T h e g e n e r a l t r e n d of t h i s book, w h o s e f i r s t R u s s i a n e d i t i o n 
a p p e a r e d in 1965, i s m o d e r n t h r o u g h o u t . I ts p r i m a r y c o n c e r n i s an 
i m p o r t a n t a r e a of c o n t a c t b e t w e e n the c a l c u l u s of v a r i a t i o n s and d i f f e r e n t i a l 
g e o m e t r y , n a m e l y the t h e o r y in the l a r g e of g e o d e s i e s on R i e m a n n i a n 
s p a c e s . 

T h e book a s a w h o l e i s s e l f - c o n t a i n e d . It b e g i n s w i t h a s o m e w h a t 
u n u s u a l i n t r o d u c t i o n to the t h e o r y of d i f f e r e n t i a b l e m a n i f o l d s , m u l t i l i n e a r 
a l g e b r a and e x t e r i o r d i f f e r e n t i a l f o r m s . T h e nex t two c h a p t e r s a r e 
r e s p e c t i v e l y c o n c e r n e d w i th affine c o n n e c t i o n s and R i e m a n n i a n g e o m e t r y 
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Apart from a few basic resu l t s the development differs significantly from 
that of standard texts dealing with these topics. For a connected 
Riemannian manifold M the concept of the inter ior me t r i c p(p, q) is 
introduced almost immediately as follows: for any two points p, q e M 
one defines p(p, q) as the grea tes t lower bound of the lengths of all 
piecewise smooth curves joining p, q; thus p(p, q) t ransforms M into 
a me t r i c space . This gives r i s e to the theory of normal convex 
neighbourhoods. Results such as the Hopf-Rinow theorem, or the 
following s ta tements , a re typical of these chapters : For any connected 
Riemannian space M the following proper t ies a re equivalent: (1) the 
space M is complete in the sense that each maximal geodesic on it is 
defined on the entire r ea l axis [here a geodesic is an autoparal lel curve 
with respec t to the usual connection; it is maximal if it is not the 
res t r i c t ion of any geodesic defined on a larger interval on the r ea l axis]; 
(2) the space M is complete with respec t to the inter ior me t r i c p 
( i . e . , every fundamental sequence converges to a point of M); 
(3) every closed subset of M which is bounded in respect of the me t r i c 
p is compact . 

The variat ional proper t ies of geodesies [with fixed end-points 
(p , q)] a re then d iscussed. This includes a t reatment of conjugate 
points, indices of points and intervals and their evaluation by means of 
the quadratic forms of Morse and Bott, so that some of the basic tools 
of Morse theory a r e automatically included. These resu l t s a re generalized 
to the case in which q is replaced by some submanifold N CM, the 
geodesies concerned being orthogonal to N, which gives r i s e to a 
corresponding theory of focal points and their indices . The book 
concludes with the reduction theorem of Bott. 

Because of some unorthodox features of the book one should 
hesi tate before recommending it to a beginner; however, to the 
special is t interested in differential geometry or in the calculus of 
var ia t ions this work may well prove indispensable. 

H. Rund, University of t he Witwatersrand, Johannesburg 

Multiple integrals in the calculus of variat ions by C.B. Morrey . 
Spr inger-Verlag, New York, 1966. ix + 506 pages . 

The theme of this book is , in the author' s own words, "the 
existence and differentiability of the solutions of variat ional problems 
involving multiple in tegra l s" . Ever since Riemann formulated Dir ichle t ' s 
principle over a hundred years ago, the connection between the calculus 
of var ia t ions and the analytical theory of differential equations has been 
an important strand in the fabric of analysis . Several topics of recent 
emergence in the theory of elliptic differential equations and systems, 
both linear and non-l inear, a re assembled and discussed in detail in this 
volume. 
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