
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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These t h e o r e m s of Z a s s e n h a u s and Hupper t , together with a r e s u l t of 
Szuzuki on s t r i c t l y doubly t r a n s i t i v e groups and a d e s c r i p t i o n of the Mathieu g roups , 
f o r m the las t th i rd of the book. The f i r s t two- th i rds dea l with i n t roduc to ry 
m a t e r i a l giving the n e c e s s a r y tools in p e r m u t a t i o n g roups , t r a n s f e r theory and 
l inear r e p r e s e n t a t i o n s , as wel l as giving the t h e o r e m s of F r o b e n i u s and Thompson 
on F r o b e n i u s g r o u p s . Since so m a n y r e s u l t s a r e needed in the las t p a r t these 
e a r l i e r c h a p t e r s m a k e a nice in t roduct ion into m e t h o d s in the theory of finite 
g r o u p s . 

This book is to be r e c o m m e n d e d as a va luable s o u r c e on F r o b e n i u s g roups 
and mul t ip ly t r a n s i t i v e g roups , and a useful in t roduct ion to some b a s i c tools in 
finite group t h e o r y . 

John D. Dixon, Car le ton Un ive r s i t y 

A f i r s t c o u r s e in a b s t r a c t a l geb ra , by H i r a m P a l e y and P a u l M. Weichse l . 
Holt, R ineha r t , and Winston, New York, 1966. x i i i + 326 p a g e s . 

This is a textbook on M o d e r n A l g e b r a . The f i r s t chap te r is se t t heo ry . 
The second chapte r is on number theory , and includes ax ioms for the i n t e g e r s , 
the euc l idean a lgo r i t hm, c o n g r u e n c e s , and the fundamenta l t h e o r e m of a r i t h m e t i c . 

The next c h a p t e r s include the ba s i c p r o p e r t i e s of g roups and r i ngs one 
expects in a book at this l eve l . The final chap te r is on advanced r ing theory , 
including the Ar t i n -Wedde rbu rn T h e o r e m s for s e m i - s i m p l e r i ngs and the 
c h a r a c t e r i z a t i o n of s e m i - s i m p l e r i ngs in t e r m s of inject ive and p ro j ec t ive m o d u l e s . 

This textbook could be used in an u n d e r g r a d u a t e honours c o u r s e at Mani toba 
in i ts en t i r e ty We n o r m a l l y use a book whose final topic is Galois theory r a t h e r than 
advanced r ing theory ; p e r h a p s the r ing theory would be m o r e useful . This book has 
been used h e r e twice in our g e n e r a l c o u r s e p r o g r a m m e with o m i s s i o n s . The 
number theory chap te r is a good in t roduc t ion to a b s t r a c t m a t h e m a t i c s for this 
group of s t uden t s . 

N. Losey, Un ive r s i t y of Manitoba 

A f i r s t c o u r s e in l inear a lgeb ra , by D. Ze l in sky . Academic P r e s s , New 
York, 1968. v i i i + 266 p a g e s . U . S . $ 6 . 5 0 . 

This book is an exce l len t in t roduc t ion to the a l g e b r a and g e o m e t r y of 
v e c t o r s , m a t r i c e s , and l inear t r a n s f o r m a t i o n s . It follows c lose ly the 
r e c o m m e n d a t i o n s of CUPM. A s tudent is slowly in t roduced to the concept of 
vec to r spaces , l inear t r a n s f o r m a t i o n s , d e t e r m i n a n t s and quad ra t i c f o r m s ; the 
job is wel l done . Each sec t ion in the book is followed by a weal th of e x a m p l e s . 
The book is p r a c t i c a l l y f r ee of t ypograph ica l e r r o r s . I s t rong ly r e c o m m e n d the 
book for a f i r s t c o u r s e in l inear a l g e b r a . 

B . M . P u t t a s w a m a i a h , Car l e ton Un ive r s i t y 

In t roduct ion to the theory of a l g e b r a i c functions and n u m b e r s , by 
M. E i c h l e r . A c a d e m i c P r e s s , New York and London, 1966. xiv + 324 p a g e s . 
U . S . $ 1 4 . 5 0 . 

The book is t r ans l a t ed f rom the G e r m a n . Although it is cal led an 
in t roduct ion, the book is too difficult to s e r v e this p u r p o s e su i tably for, 
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