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Diane M» Johnson, Representat ions of the symmetr ic 
group, presented at the University of Toronto, December 1958 
(Supervisor, G. de B . Robinson) . 

A representat ion of a finite group over a field of charac
t e r i s t i c zero is completely reducible but this is no longer neces 
sar i ly the case if the representat ion is considered over a field 
of charac ter i s t ic p , where p divides the order of the group. In 
this la t ter case the indecomposable representat ions must be 
distinguished from the modular i r reducible representa t ions . 
The decomposition matr ix introduced by R, Brauer and C. J« 
Nesbitt gives the relationship between the ordinary i r reducible 
representat ions and these indecomposable and modular i r r edu
cible representa t ions . The rows of the mat r ix yield the modular 
i r reducible components of the ordinary representat ions and the 
columns the indécomposables of the regular representa t ion . 
O . E . Taulbee developed a method for constructing the decompo
sition mat r ix for the symmetr ic group on n elements by making 
use of D . E . Liittlewood's concept of the admitted permutations 
of an indecomposable. 

In this thes is a method was found for constructing the 
t ransformation ma t r ix for any two-rowed diagram of the sym
met r i c group on n elements which would demonstrate the 
modular splitting, predicted by the decomposition mat r ix , of 
the t ransposi t ion mat r i ces of that d iagram. This construction 
was based on the t ransformation mat r i ces associated with the 
d iagrams of the symmetr ic group on n-1 elements and led to 
the resul t that if foi] and ££] a re any pair of two-rowed dia
grams some of whose tableaux belong to the same column of 
the decomposition mat r ix modulo p for the symmetr ic group 
on n e lements , then the modular components of their r ep re sen 
tation m a t r i c e s , associated with the tableaux in the same 
column, a re identical . 

M. Eisen, Piecewise continuous solutions of mixed 
boundary value prob lems , presented at the University of 
Toronto, October 1959 (Supervisor, G . F . D . Duff). 

In this thes is we find solutions of systems of analytic 
par t ia l differential equations which assume prescr ibed values 
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on two adjoining s u r f a c e s . In p h y s i c a l p r o b l e m s t h e s e a r e t aken 
a s i n i t i a l and bounda ry s u r f a c e s . 

The l i n e a r s y s t e m of equa t ions we f i r s t c o n s i d e r i s 

(!) 
*àuq * 
- r r— = « i q ( u p 3 ^ s ) p = 3 , . . • ,N; r , s = 1, . . . , R ; p , q = l , . . . , L . 

Al l the coeff ic ients in (1) a r e ana ly t i c funct ions o f t , x , and x^ . 
The £ a r e l i n e a r d i f fe ren t ia l o p e r a t o r s involving d i f f e ren t i a 
t ions wi th r e s p e c t to x ? on ly . The boundary condi t ions a r e 

(2) u>T = H c r i ^ i + g r r = 1, • . . , k 0 ; i = k 0 * l , . . . , R 

whi le t he i n i t i a l condi t ions a r e 

(3) U s = 0, cor = 0 s = l , . . . , L , ; r = l f . . . , R 

A s u r f a c e i s ca l led c h a r a c t e r i s t i c with r e s p e c t to a s y s t e m 
of f i r s t o r d e r d i f fe ren t ia l equa t ions if we cannot find the d e r i v a 
t ive of the so lu t ions a c r o s s t h i s su r f ace when the solut ions a r e 
g iven on the s u r f a c e . In g e n e r a l , the above s y s t e m (1) has m a n y 
c h a r a c t e r i s t i c s u r f a c e s p a s s i n g th rough the i n t e r s e c t i o n of the 
in i t i a l and bounda ry s u r f a c e s . We s e l e c t any k 0 of t h e s e in the 
f i r s t q u a d r a n t . T h e s e s u r f a c e s d ivide th i s r e g i o n into k 0 + 1 
s e c t o r i a l d o m a i n s . By expanding the d i scon t inu i t i e s which a r e 
g e n e r a t e d by c o r r e s p o n d i n g c h a r a c t e r i s t i c s u r f a c e s i n a s e r i e s , 
we obta in the v a r i o u s ana ly t i c t e r m s of the so lu t ion . The sum 
of t h e s e t e r m s m a k e s up the c o m p l e t e so lu t ion . T h e s e fac ts 
l e ad to the following t h e o r e m . 

L e t a n o n - c h a r a c t e r i s t i c su r f ace S:t=0 and a c h a r a c t e r i s t i c 
s u r f a c e T :x = 0 r e l a t i v e to t he ana ly t i c s y s t e m (1) i n t e r s e c t in 
an edge f rom which i s s u e into a quad ran t a t l e a s t kQ d i s t inc t 
c h a r a c t e r i s t i c s u r f a c e s . Then t h e r e e x i s t s a so lu t ion cont inuous 
in the f i r s t q u a d r a n t and ana ly t i c except a c r o s s the c h a r a c t e r i s t i c 
s u r f a c e s which t a k e s g iven in i t i a l va lue s on S and for which the 
s e l e c t e d v a r i a b l e s <*>T t a k e v a l u e s on T d e t e r m i n e d by the 
bounda ry condi t ions (2) . 

We show t h a t under c e r t a i n condi t ions t h i s so lu t ion i s 
unique and u s e t h e s e r e s u l t s to solve r e l a t e d p r o b l e m s c o n c e r n i n g 
s i n g u l a r i t i e s o n a n in i t i a l s u r f a c e . 
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Next we consider a mixed problem for l inear systems of 
higher par t ia l differential equations. Here cer tain l inear com
binations of the solution and i ts derivat ives a r e given on the 
initial and boundary surfaces . By reducing the given system to 
a first order sys tem, s imilar to that studied previously, we 
show that a solution ex is t s . 

Then we consider systems of non-linear equations. In 
par t icular , we study quasi- l inear sys t ems . For such equations 
the charac ter i s t ic surfaces a r e not known in advance since they 
depend upon the solution. Thus in addition to the expansion of 
the solution about the charac ter i s t ic surfaces we must ca r ry 
along an expansion in power se r ies for the charac ter i s t ic 
surfaces . It is shown that we can calculate the coefficients in 
these se r i es recurs ive ly and that the se r i es converge. 

Next we prove that a f i rs t o rder non-l inear system can 
be reduced to a f irst order quasi- l inear sys tem. Finally, we 
show that a high order non-linear system can be reduced to a 
first o rder system of non-linear equations. Thus by successively 
applying the theorems derived for less complex systems we 
deduct analogous theorems for high order non-linear systems 
of par t ia l differential equations. 

W- £• Knight, Exponential and subexponential distributions 
in stat is t ical life tes t ing, presented at the University of Toronto, 
October 1959 (Supervisor, D. A. S. F r a s e r ) « 

Statistical life testing is concerned with the s ta t is t ics of 
controlled tes t s upon length of l ife. Two common testing 
schemes a re called replacement tes ts and non-replacement 
t e s t s . In a replacement tes t n objects a r e continually under 
test and an object is replaced upon-failure. In non-replacement 
tes t s n objects a r e tested and an object is not replaced upon 
fai lure. A non-replacement test can be shortened by using the 
first k observations only, and the s ta t i s t ic , 

S" T = — 21 x i + (n~k)xk , where x^ is the i - th order s ta t i s t ic , 

is used as a substitute for the mean . 

The exponential distribution seems par t icular ly fitted to 
life testing and considerable work has been done on i t . It is 
known that in a replacement tes t the number of failures up to a 
given t ime , t ,has mean nt/fx, where p i s the expected life on 
an object, and has var iance equal to the mean. In a non-rep lace-
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ment test T has mean k/± and variance kp>2. j±n approach more 
general than any known to the author, including replacement and 
non-replacement tests as special cases , is developed for the 
exponential distribution. 

A distribution is subexponential if the failure r a t e , 

g(t) = f( t ) / ( l -F(t)) , 

is non-decreasing. Proper t ies of s ubexponential distributions 
are investigated. Several conditions assuring subexponentiality 
a re described, and it is shown that subexponential distributions 
can be decomposed in terms of censored exponential distr ibutions. 
The expected number of failures up to a given t ime, t, in a r e 
placement test is equal to or less than nt /^ , and the variance is 
equal to or less than the mean. In a non-replacement test the 
expectation of T is equal to or greater than kp., and the 
coefficient of variation is equal to or less than ^/1/k. Est imators 
of [L based on the exponential distribution will tend to overest i 
mate JUL in both cases , but if it is possible to compensate for 
the bias the spread will be less (or to be exact, not more) . 
When testing two populations for equality of mean the biases 
will cancel, and thus such tes ts will be conservative, at least 
for large samples . 
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