
rattachant; la quatrième: La lettre ci A. Chevalier, le t roisième 
mémoire (très fragmentaire) "Théorie des intégrales dont les 
différentielles sont des fonctions algébriques", et les "derniers 
vest iges" cT esta, dire "tout un lot de calculs res tés jusqu 'à ce jour 
inédits" sans commentaires , mais ou lf on a "découpé et isolé chaque 
calcul, numéroté dans To rd re d' édition, l \ CXXIX"; "il se trouvera, 
j ' e s p è r e , des gens qui trouveront profit "a déchiffrer tout ce gâchis" 
(mots de Galois, cités par lr éditeur). La cinquième partie comprend 
tout ce qui concerne les travaux part iculiers et les premiers essais 
écri ts par Galois comme élevé au college Louis-le-Grand et a l 'Ecole 
Normale. Ensuite vient la correspondance, c ' e s t a dire les neuf 
le t t res actuellement connus de Galois. Dans deux appendices on 
trouve une bibliographie des "Oeuvres", l ' inventaire des manuscr i ts , 
leur description avec quelques commentaires et des remarques sur 
le drame précédant la mort de Galois, en particulier les let tres de 
Stéphanie D. . . . Le volume contient aussi une reproduction fac-similée 
de douze pages de manuscri ts et de let tres de Galois et les deux 
port ra i ts bien connus. 

H. Schwerdtfeger, McGill University 

Representation Theory of Finite Groups and Associative Algebras, 
by C. W. Curtis and Irving Reiner. Interscience, New York, 1962. 

Contents: I Background from Group Theory, II Representations 
and Modules, III Algebraic Number Theory, IV Semi-simple Rings 
and Group Algebras, V Group Characters , VI Induced Characters , 
VII Induced Representations, VIII Non-semi-simple Rings, 
IX Frobenius Algebras, X Splitting Fields and Separable Algebras, 
XI Integral Representations, XII Modular Representations. 

An examination of the above Table of Contents makes it clear 
that to write an adequate review of this comprehensive volume is a 
formidable task. Though the authors do not claim to be encyclopaedic, 
they have succeeded in correlating two large and important fields of 
modern mathematics , showing how many ideas which ar ise in the study 
of the representation theory of finite groups have a more general 
interpretation for associative algebras. One thing which strikes one 
immediately and with increasing force as the development proceeds 
is the correctness of the initial approach of Frobenius, Burnside, 
Schur and Dickson, since few of the ideas which have been introduced 
in the last fifty years are fundamentally new. Though the notion of a 
finite group is almost tr ivial it has proved to be so important in many 
different contexts that an enormous amount of time and energy has 
been devoted to exploring its representation theory and other propert ies . 
Foremost in these explorations of recent years has been Richard 
Brauer , a pupil of Schur, to whom many of the deep resul ts recorded 
here a re due. 
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How should a r e v i e w of a book l ike th i s be w r i t t e n ? In o r d e r to 
b r e a k down the p r o b l e m let us divide the c h a p t e r s a s fol lows I- I I , III, 
IV-V, VI-VII , VIII-IX, X-XII. C l e a r l y c h a p t e r III is in a s e p a r a t e 
c a t e g o r y , - it could a l m o s t have been an Appendix - but w h e r e to p lace 
it i s u n i m p o r t a n t ; what is i m p o r t a n t is tha t the a u t h o r s have devoted 
m u c h pa ins to m a k e it adequa te for t h e i r n e e d s and m o d e r n in t r e a t ­
m e n t . It i s not e a s y r e a d i n g without some backg round in the c l a s s i c a l 
t h e o r y of a l g e b r a i c n u m b e r s , but i t s study is r e w a r d i n g and many of 
the r e s u l t s obta ined a r e fundamenta l in subsequen t a p p l i c a t i o n s . 

C h a p t e r s I, II, IV and V cove r the r e p r e s e n t a t i o n t h e o r y of 
F r o b e n i u s , B u r n s i d e and Schur se t in the a l g e b r a i c mou ld of E m m y 
N o e t h e r . The following sen tence f r o m the in t roduc t ion to c h a p t e r IV 
d e s c r i b e s what the a u t h o r s a r e t r y ing to do. "Some of the m a i n 
r e s u l t s in th i s t heo ry depend not so m u c h on s p e c i a l p r o p e r t i e s of 
g roup a l g e b r a s a s on p r o p e r t i e s which g roup a l g e b r a s have b e c a u s e 
they belong to the l a r g e c l a s s of r i n g s with m i n i m u m condi t ion . " 
Put in th i s way , the deve lopmen t cannot b e c o m e a r a c e to r e a c h the 
f amous f o r m u l a e of c h a r a c t e r t h e o r y be fo re the r e a d e r l o s e s i n t e r e s t , -
it m u s t r a t h e r be an e l a b o r a t i o n , and deepening of Schur ' s 'Neue 
BegrundungT of 1905. F o r th i s the r e a d e r should be gra te fu l s ince 
h e r e a r e the ro l l ing h i l l s and wide flowing s t r e a m s which lead us to 
the c r a g s and p r e c i p i c e s to be e n c o u n t e r e d l a t e r . 

In § 28 the a u t h o r s give a b r ie f account of Young' s a p p r o a c h to 
the g roup a l g e b r a and the r e p r e s e n t a t i o n t h e o r y of the s y m m e t r i c g roup 
S n . It r e m a i n s a t an ta l i z ing fact that in th is c a s e the g roup a l g e b r a 
y i e l d s the a c t u a l m a t r i c e s of the i r r e d u c i b l e r e p r e s e n t a t i o n s wi th al l 
t h e i r i n t e r e s t and s ign i f i cance , whi le c h a r a c t e r t h e o r y p lays a 
s e c o n d a r y r o l e . C l e a r l y , t h e r e i s s t i l l m u c h to be l e a r n e d and the 
fact tha t t h e s e i dea s have such wide app l i ca t ion in p h y s i c s and 
c h e m i s t r y a c t s a s a spur to the m a t h e m a t i c i a n s to cont inue t h e i r s tudy, 
s ince the ra inbow m a y lead to the pot of gold ' the o the r s ide of the 
moun ta in ' . 

C h a p t e r s VI and VII d e s c r i b e the upward t r a i l , f i r s t m a r k e d by 
F r o b e n i u s ' R e c i p r o c i t y T h e o r e m , and r e c e n t l y followed by B r a u e r , 
Mackey , Clifford and Shoda. The not ion of an induced r e p r e s e n t a t i o n 
t i e s t oge the r two fundamenta l a s p e c t s of g r o u p t h e o r y , n a m e l y that of 
a l i n e a r r e p r e s e n t a t i o n of a subgroup H of G and the a b s t r a c t 
r e l a t i o n s h i p be tween H and G d e s c r i b e d by the p e r m u t a t i o n 
r e p r e s e n t a t i o n of G induced by H. That e v e r y finite g r o u p is 
i s o m o r p h i c to a subgroup of S n h a s been known for a long t i m e , 
but it ha s not con t r ibu ted g r e a t l y to our knowledge of g roup theo ry up 
to the p r e s e n t . Is it a r a s h con j ec tu re that th i s r e l a t i o n s h i p , p r o p e r l y 
e x p r e s s e d , i s the ra inbow which could lead to the pot of gold? 

C h a p t e r s VIII - IX deve lop the p r o p e r t i e s of s e m i - s i m p l e r i n g s 
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and a l g e b r a s . Much of th i s w o r k is due to Nakayama and the l eve l s 
into which it n a t u r a l l y fal ls can b e s t be indicated by the cha in of 
inc lus ion r e l a t i o n s (p. 440). 

{ g roup a l g e b r a s } C { s y m m e t r i c a l g e b r a s } C { F r o b e n i u s a l g e b r a s } 
C { q u a s i F r o b e n i u s a l g e b r a s } 

over a field K. If the c h a r a c t e r i s t i c p of K d iv ides the o r d e r of 
the g roup G then the g roup a lgeb ra KG is no longer s e m i - s i m p l e 
and we a r e involved in the m o d u l a r r e p r e s e n t a t i o n theory of G t r e a t e d 
in c h a p t e r XII. 

In the l a s t t h r e e c h a p t e r s of the book we a r e in the m i d s t of the 
m o u n t a i n s , t ry ing to follow the s t r e a m s to t he i r s o u r c e s whose d i r e c ­
t ions w e r e so c l e a r on the p l a in s . In c h a p t e r X the a u t h o r s give a 
lucid account of the effect on r educ ib i l i t y and decomposab i l i t y of 
extending the field K. Th i s a s p e c t of r e p r e s e n t a t i o n theory goes 
back to Schur but the s ignif icance of the ' Schur index ' (§ 70) has only 
been a p p r e c i a t e d la te ly , l a rge ly a s a r e s u l t of B r a u e r ' s work . Though 
the i deas a r e difficult they hold p r o m i s e for the future . 

Chap te r XI on i n t e g r a l (Z- ) r e p r e s e n t a t i o n s is the longest in the 
book (75 pages ) . P e r h a p s th is is not s u r p r i s i n g s ince eve ry effort has 
been m a d e to expla in the diff icult ies i nhe ren t in a study of the g roup 
r i n g . To c lar i fy i deas the a u t h o r s give some s imple e x a m p l e s which 
show how Z- equ iva lence dif fers f rom Q- equiva lence and in § 74 
d i s c u s s the Z - r e p r e s e n t a t i o n theory of a cycl ic g roup of o r d e r p. 
The ex tens ion of t h e s e r e s u l t s to m o r e g e n e r a l g roups is one of the 
ou ts tanding p r o b l e m s of the t heo ry . This w o r k goes b a c k to Z a s s e n h a u s 
and M a r a n d a , while m a n y r e c e n t r e s u l t s a r e due to Re ine r and Swan. 

The l a s t c h a p t e r on m o d u l a r r e p r e s e n t a t i o n s t e l l s the s t o ry of 
the w o r k of B r a u e r and h i s s tudents c a r r i e d out in Toron to , Michigan 
and H a r v a r d ove r the pas t 30 y e a r s . It is an exci t ing s to ry for those 
who have been connected wi th it. The road has b e c o m e i n c r e a s i n g l y 
difficult , but analogy has played a s t rong rô l e and c h a r a c t e r t h e o r y , 
a p p r o p r i a t e l y modif ied and extended to include the C a r t a n i n v a r i a n t s , 
l e ads to a v e r y beautiful s y s t e m of f o r m u l a e . A s in the c a s e of the 
o r d i n a r y t h e o r y , it i s poss ib le to use the m o d u l a r t h e o r y to deduce 
deep p r o p e r t i e s of a b s t r a c t g roups a s Fe i t and Thompson have r e c e n t l y 
shown. 

- And what of the f pot of gold' ? Will we e v e r r e a l l y unde r s t and 
the i m p l i c a t i o n s of the s imple a x i o m s which define a g roup? A r e the 
diff icul t ies i nhe ren t ly s i m i l a r to those which have m a d e the t heo ry of 
n u m b e r s so fasc ina t ing and so o b s c u r e ? Whatever the future holds in 
s t o r e , we a r e deeply indebted to P r o f e s s o r C u r t i s and P r o f e s s o r R e i n e r 
for comple t ing a t r e m e n d o u s t a s k and produc ing a book which f i l ls a 
long felt need . It i s a t r i v i a l c o m m e n t to say that few books a r e f ree 
of t yp og ra ph i c a l e r r o r s , and few m a t h e m a t i c a l books a r e f ree of 
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mathematical errors. Though some of both kinds have been detected, 
one may be sure that they will be corrected in future editions of this 
important work. 

G. de B. Robinson, University of Toronto 

# * # 

Correction to Book Reviews, Vol. 6, No. 3 

On page 438, in the review of the book "Introduction to Differenti-
able Manifolds11 the name of the author, S. LANG, has been omitted. 
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