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80 p a g e s . 

This v e r y thorough r e p o r t does not only give a c l e a r and lucid exposi t ion of 
the theory of r e p r e s e n t a t i o n s of finite g roups with an exhaus t ive l i s t of r e f e r e n c e s 
(between the y e a r s 1935 and 1965), but it a l so offers some ins igh t into m o d e r n 
group theory - as i t is influenced f r o m the c h a r a c t e r theory - and some topics 
r e l a t ed to r e p r e s e n t a t i o n theory , e . g . p ro j ec t i ve r e p r e s e n t a t i o n s and the 
r e p r e s e n t a t i o n s of s e m i - g r o u p s , 

In the f i r s t sect ion, "Al lgemeine Théo r i e de r gewBhnlichen D a r s t e l l u n g e n " , 
the c l a s s i c a l theory of s e m i - s i m p l e r ings - as far as n e c e s s a r y for the theo ry 
of r e p r e s e n t a t i o n s - i s p r e s e n t e d , using s imul t aneous ly the not ion of m a t r i c e s 
and m o d u l e s . The c a s e of an a l g e b r a i c a l l y c losed ground field is t r e a t ed , and 
the or thogonal i ty r e l a t i o n s and other i m p o r t a n t t h e o r e m s on c h a r a c t e r s a r e 
l i s t ed . After a sec t ion on K r o n e c k e r p r o d u c t s ( i . e . , t e n s o r - p r o d u c t s ) , the author 
r e p o r t s the r e s u l t s on faithful r e p r e s e n t a t i o n s ( i . e . , r e p r e s e n t a t i o n s , the k e r n e l s 
of which a r e z e r o ) . The next two sec t ions a r e dedica ted to induct ion and 
r e s t r i c t i o n r e l a t i v e to subgroups and n o r m a l subg roups . This p a r t conc ludes 
with a t r e a t m e n t of abe l ian g r o u p s . (At some p l a c e s in this f i r s t sec t ion , the 
unexper ienced r e a d e r migh t have some diff icult ies in deciding w h e r e it is n e c e s s a r y 
that the b a s e field is a spl i t t ing field for the g roup) . 

The second p a r t , "Gewohnliche D a r s t e l l u n g e n s p e z i e l l e r Grupp en" , g ives 
in a v e r y d i s t inc t fash ion a l l the i m p o r t a n t f o r m u l a e for the r e p r e s e n t a t i o n s of 
s y m m e t r i c and a l t e rna t ing g r o u p s , and thence a l so touches on the finite c l a s s i c a l 
g r o u p s . 

In the next sec t ion , "Modu la re und ganzzah l ige P a r s t e l l u n g e n " , the m o d u l a r 
theory is p r e s e n t e d à la R. B r a u e r (b locks , defects and defect groups) and 
J . A. G r e e n ( v e r t i c e s and s o u r c e s ) , and it ends with the s t a t e m e n t of D . G . H igman ! s 
c h a r a c t e r i z a t i o n of the g roups with a f ini te number of n o n - i s o m o r p h i c i ndecompos 
able m o d u l a r r e p r e s e n t a t i o n s . The m o d u l a r theory is then applied to the s y m m e t r i c 
and a l t e rna t ing g r o u p s . Next the author t u rns to the i n t e g r a l r e p r e s e n t a t i o n s ; 
after s o m e defining r e m a r k s on the t e rmino logy he l i s t s the r e s u l t s on the number 
of n o n - i s o m o r p h i c i ndecomposab le i n t e g r a l r e p r e s e n t a t i o n s of a f inite g r o u p . (It 
migh t be wor thwhi le to m e n t i o n that r e c e n t l y the p r o b l e m under which condi t ions 
a f inite group has a f ini te number of n o n - i s o m o r p h i c indecomposab le i n t eg ra l 
r e p r e s e n t a t i o n s over the r ing of a l g e b r a i c i n t e g e r s in an a lgeb ra i c number field, 
has been solved independent ly by Drozd , Ju . A. - A . V . Roi te r [ i zv . Akad. Nauk, 
SSSR 31 (1967), 783-798] and Jacob insk i , H. [Acta . Math . 118 (1967), 1-31].) 
Next the author p r e s e n t s Mar and a1 s r e s u l t s on the genus (for the s t a t e m e n t of 
those r e s u l t s , page 57, the definit ion of a r e p r e s e n t a t i o n given on page 54, should 
be a l t e r ed t o : "If G is a f ini te group and R a Dedekind domain , a r e p r e s e n t a t i o n 
of G in R is a left RG-modu le of finite type, which is p r o j e c t i v e over R. " 
The s a m e is t r u e for Z a s s e n h a u s 1 l e m m a , p a g e s 54-55) and the p r o b l e m of 
ex tens ions of r e p r e s e n t a t i o n s ; the author ends this sec t ion with a l i s t of s o m e 
r e s u l t s on the r e p r e s e n t a t i o n a l g e b r a . 

In the fourth sec t ion, the author p r e s e n t s a l i s t of the v e r y i n t e r e s t i n g 
r e s u l t s f r o m group theory , which have been obtained with the help of r e p r e s e n t a t i o n 
theory (in this connect ion I would l ike to men t ion a l so W. F e i t ' s book " C h a r a c t e r s 
of F i n i t e G r o u p s " [New York, A m s t e r d a m , 1967]) . 

The l a s t sec t ion i s occupied with the r e s u l t s on m o n o m i a l r e p r e s e n t a t i o n s , 
r e p r e s e n t a t i o n s by col l inea t ions , r e p r e s e n t a t i o n s by s e m i - l i n e a r t r a n s f o r m a t i o n s , 
and finally, r e p r e s e n t a t i o n s of s e m i - g r o u p s . 
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This booklet wil l give a v e r y good and even deep insight into the field of 
r e p r e s e n t a t i o n s of finite groups to the n o n - s p e c i a l i s t ; it will be a helpful supple
m e n t for the spec ia l i s t ; and the l i s t of r e f e r e n c e s is a v e r y valuable sou rce of 
in format ion to everybody re la ted with this subject . 

K. W. Roggenkamp, Univers i ty of Mont rea l 

P e r m u t a t i o n g roups by D . S . P a s s m a n . W.A. Benjamin, Inc . , New York, 
1968. 3 1 0 p a g e s . U. S. $ 9 . 50 (clothbound); U. S. $ 4 . 9 5 (paperback) . 

Everyone who has taken an e l e m e n t a r y cou r se in the theory of r e p r e s e n t a t i o n s 
and c h a r a c t e r s of finite groups has heard of F r o b e n i u s g r o u p s . These can be 
desc r ibed as finite t r a n s i t i v e p e r m u t a t i o n groups in which some non - t r i v i a l e l emen t s 
leave one l e t t e r fixed but only the identi ty leaves m o r e than one le t ter fixed. One of 
the c l a s s i c a l appl ica t ions of c h a r a c t e r theory due to F r o b e n i u s is that in a F r o b e n i u s 
group the e l emen t s which move al l l e t t e r s , together with the identity, fo rm a n o r m a l 
subgroup (called the F r o b e n i u s ke rne l ) which complemen t s each of the subgroups 
fixing one le t te r (called the F roben iu s c o m p l e m e n t s ) . Such groups occur often enough 
in the theory of finite g roups to m a k e the study of thei r s t r u c t u r e wor thwhi le . 

It is known that a finite group is a F r o b e n i u s k e r n e l if and only if it has a 
fixed point free a u t o m o r p h i s m of p r i m e o r d e r , and these groups w e r e shown to 
be ni lpotent by John Thompson in 1959. The facts about the F r o b e n i u s complemen t s 
a r e less wel l known. B u r n s i d e knew that these groups m u s t have al l their Sylow 
p - g r o u p s e i ther cycl ic or (if p = 2) poss ib ly genera l ized quaternion; but a t h e o r e m 
of his which p u r p o r t s to give thei r comple te s t r u c t u r e is f a l se . In 1935 in his 
pape r "Uber endliche F a s t k 5 r p e r " , Zas senhaus showed that a finite group is a 
F r o b e n i u s complemen t if and only if it has a faithful r e p r e s e n t a t i o n over the 
complex field which is fixed po in t - f ree in the sense that each n o n - t r i v i a l e l emen t 
c o r r e s p o n d s to a m a t r i x without 1 as an e igenvalue . He then de sc r ibed in de ta i l 
the poss ib le s t r u c t u r e which such a group may have . Unfortunately, his pape r 
contained some s e r i o u s gaps, although it a p p e a r s that he has s ince , in an 
unpublished m a n u s c r i p t , filled in these gaps . Recent ly two full accounts of the 
c lass i f i ca t ion of F roben iu s complemen t s have been publ i shed . One is in the book 
"Spaces of Constant C u r v a t u r e " (McGraw-Hi l l , 1967) by J . A. Wolf, and the o the r 
is in P a s s m a n ' s book. The two app roaches differ s l ightly and to some extent 
complemen t each o ther ; Wolf is i n t e r e s t ed for his appl icat ions in the fixed point-
f ree r e p r e s e n t a t i o n s whi ls t P a s s m a n looks at the p e r m u t a t i o n g r o u p s . The c a s e 
of solvable F roben ius complemen t s is s t ra igh t fo rward (although not t r iv ia l ) , but 
I found the c a s e of the non-solvcible F r o b e n i u s complemen t s a beautiful s u r p r i s e . 
If K is a m e t a c y c l i c group of o rde r p r i m e to 30, and SL(2 ,5) is the spec ia l 
l inear group of o r d e r 120 (a c e n t r a l extension of the s imple group of o r d e r 60), 
then K X SL(2 , 5) is a non-so lvab le F r o b e n i u s complement ; converse ly , every 
non-so lvab le F r o b e n i u s complemen t is of this fo rm or e l se has a subgroup of 
index 2 which is of this f o r m . In c o n t r a s t to the s imple s t a t emen t of this r e s u l t , 
the proof is long and t ed ious . [Since I wro te this r ev iew I have been told by 
D r . B . Hupper t that he has found s e v e r a l gaps r ema in ing in Wolf's a c c o u n t . ] 

This s t r u c t u r e t h e o r e m on F r o b e n i u s complemen t s is one of the p r i n c i p a l 
a i m s of P a s s m a n ' s book. The second is Huppe r t ' s t h e o r e m (1957) on the s t r u c t u r e 
of solvable doubly t r ans i t i ve p e r m u t a t i o n g r o u p s . One way to cons t ruc t such a 

pe rmu ta t i on group is as fol lows. Take a finite field GF(q ) and cons ider al l 

p e r m u t a t i o n s of this field of the fo rm x *-> ax^ + b (a , b e GF(q ) , a ï 0 , and 
a field a u t o m o r p h i s m ) . Huppert 1 s t h e o r e m shows that, except for s ix except iona l 
d e g r e e s , every solvable doubly t r ans i t i ve p e r m u t a t i o n group is e s sen t i a l l y a 
subgroup of one of these p a r t i c u l a r pe rmu ta t i on g r o u p s . 
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