
ABSTRACTS O F THESES 

E r i c Mendelsohn , P h . D . , Fu l l embedd ings and the c a t e g o r y of 
g raphs wi th app l i ca t ions to topology and a l g e b r a , McGil l U n i v e r s i t y . 
S e p t e m b e r 1968. (Supe rv i so r : Z. Hedr in ) 

The p r o b l e m of g r a p h s wi th given s e m i g r o u p is g e n e r a l i z e d in 
s e v e r a l d i r e c t i o n s . It is shown that t h e r e a r e g r a p h s with given 
s e m i g r o u p without c y c l e s , without sho r t under ly ing und i r ec t ed c y c l e s , 
of c h r o m a t i c n u m b e r a for a l l a > 2 , and conta in ing a given g r aph 
a s a full subgraph . Thus the independence of the monoid of endo-
m o r p h i s m s of a g raph and the monoid of e n d o m o r p h i s m s of a subgraph 
is e s t a b l i s h e d . Ca tegory theo ry is used to t r a n s l a t e th i s r e s u l t to give 
the independence of the monoid of e n d o m o r p h i s m s of a s e m i g r o u p 
and that of a s u b s e m i g r o u p ; the independence of the monoid of 
e n d o m o r p h i s m s of an a l g e b r a of type A and that of a s u b a l g e b r a ; 
and the independence of the g roup of a u t o h o m e o m o r p h i s m s of a 
comple te m e t r i c space and that of a s u b s p a c e . The c o m p l e t e n e s s of 
the c a t e g o r y of g r a p h s and i ts full s u b c a t e g o r y , u n d i r e c t e d g r a p h s , 
is shown. 

Shao-Chien Chang, P h . D . , Summ abi l i ty : P r o j e c t i o n s , c l o s u r e 
p r o p e r t i e s and cons i s t ency p r o b l e m s , Ca r l e ton Un ive r s i t y , Ottawa, 
Onta r io , May, 1968. ( S u p e r v i s o r : M . S . Macphai l ) 

This t h e s i s p u r s u e s i nves t iga t ions s i m i l a r to s o m e r e c e n t work 
of A r t e r b u r n and Whitley; Whitley, and J u r i m a e . 

1. By using a v a r i a n t of an o p e r a t o r r e p r e s e n t a t i o n t h e o r e m due 
to Thorp and Whitley, we p r o v e that t h e r e is no bounded p r o j e c t i o n of 

r , the Banach space of c o n s e r v a t i v e m a t r i c e s , onto K the s u b - s p a c e 
of r , cons i s t ing of c o m p a c t m a t r i c e s . By s i m p l e o b s e r v a t i o n , a 
s i m i l a r r e s u l t has been obtained of I -£ m a t r i c e s . 

2 . Let m be the space of bounded s e q u e n c e s and A a 
c o n s e r v a t i v e m a t r i x . It was r e c e n t l y p roved by Whitley that 
c = m H c if and only if Ac is c losed in c and the nul l manifold 

A 
of A is f inite d i m e n s i o n a l . With the r e s u l t s of Wilansky and 
M a z u r - Or l i ez , we obta in the c o r r e s p o n d i n g r e s u l t that c = m l Ic 

.A. 
if and only if Am is c losed in m and A"1" is f inite d i m e n s i o n a l . 

3. We say that a c o n s e r v a t i v e m a t r i x A sa t i s f i e s condit ion 
J if c D m H c w h e r e c i s the space { x l A x e c) and c is the 

A A ' J 

c l o s u r e of c with the FK topology for c . The m a t r i x A is said 

to sat isfy the condit ion O if, for each c o n s e r v a t i v e m a t r i x B wi th 
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c D m f l c , and l im A = Iirn on c, we have l im = l im A on m / l c . 
B A A B B A A 

These condi t ions w e r e in t roduced r e c e n t l y by J i i r i m a e . Although, J 
and O both hold for c o r e g u l a r m a t r i c e s , th i s is not the c a s e for . 
conul l m a t r i c e s in gene ra l , a s l im m a y not be continuous on c . & B y A 
We have in fact provided a coun te rexample of a conull m a t r i x which 
sa t i s f i e s J but not O, al though O i m p l i e s J . We show, h o w e v e r , 
that J and O a r e equivalent if A i s m u l t i p l i c a t i v e - o , r e p l a c e a b l e , 
or ha s m a x i m a l inse t and that A sa t i s f i es O if and only if 
S a x = l im x for x e m D c . So our example shows that not 

k k k A A ^ 
e v e r y conul l m a t r i x i s r e p l a c e a b l e , a n s w e r i n g a ques t ion r a i s e d in 
1964. We o b s e r v e tha t , if A does not sat isfy condition J , then A 
is r e p l a c e a b l e ; we leave open the ques t ion whe the r eve ry conull 
m a t r i x which sa t i s f i e s O is r e p l a c e a b l e . 

Om P a r k a s h Chandna, F u r t h e r con t r ibu t ions to the t h e o r y of 
s teady ro t a t iona l flow of g a s e s , Univers i ty of Windsor . A p r i l 1968. 
(Supe rv i so r : A . C . Smith) 

Steady ro t a t i ona l flow of g a s e s is s tudied in the plane and in t h r e e 
d i m e n s i o n s . S ta r t ing f rom the flow equat ions in or thogonal 
c u r v i l i n e a r coord ina te s y s t e m , se t s of r e s t r i c t i o n s on the g e o m e t r i e s 
of flow c o r r e s p o n d i n g to different flow condit ions a r e deduced. 

F o r the p l ana r flow, dens i ty , ent ropy and ve loc i ty a r e e l imina ted 
f rom the flow equat ions to obtain a p r e s s u r e equation in n a t u r a l 
c o o r d i n a t e s . The r e su l t i ng equation is a l i nea r hyperbo l i c p a r t i a l 
d i f fe ren t ia l equat ion of the second o r d e r . An excep t iona l ca se is 
encoun te red when the p r e s s u r e equation is not obtainable f rom the 
equat ions of flow. In th is case the s t r e a m l ines a r e d e m o n s t r a t e d to 
be s t r a i g h t . 

The p r e s s u r e equation for p lanar flow is solved expl ic i t ly 
for v o r t e x flow, flow th rough a pa rabo l i c channel and the flow th rough 
a hyperbo l i c channe l . Substi tut ion of the solution into the flow 
equa t ions y ie lds p r o p e r t i e s of flow, n a m e l y ve loc i ty , ent ropy and 
dens i ty . 

F o r t h r e e d imens iona l flow the g e n e r a l flow equat ions a r e seen 
to reduce to two independent p r e s s u r e equa t ions . T h r e e c a t e g o r i e s of 
t h r e e d i m e n s i o n a l flow a r e identif ied. Typ ica l e x a m p l e s of flow for 
each c a t e g o r y a r e inves t iga ted in de ta i l . In the f i r s t ca t egory flow 
of g a s e s emana t ing f rom a s p h e r i c a l ba l l and f rom a cy l ind r i ca l b a r 
is s tudied. Flow of g a s e s swir l ing about the ax i s of cy l inder and 
th rough a hyperbo lo ida l tunnel a r e inves t iga ted under the second 
c a t e g o r y . Flow of g a s e s th rough a tunnel with e l l ip t i ca l c r o s s sec t ions 
is s tudied to i l l u s t r a t e the n a t u r e of solution encoun te red in the th i rd 
c a t e g o r y of flow. 
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Fina l ly , it i s p roved that the only flow p o s s i b l e , wi th the s t r e a m 

l ines a s taken in the example of the th i rd c a t e g o r y of flow, is 

i n c o m p r e s s i b l e and i r r o t a t i o n a l . 

Mike P . G l o s s , P h . D . , On c e r t a i n G- s t r u c t u r e s , Un ive r s i t y of 
Windso r . A p r i l 1968. (Supe rv i so r : H . A . El iopoulos) 

Di f fe ren t ia l g e o m e t r y i s the study of a d i f fe ren t iab le manifold 
on which we a r e given some " g e o m e t r i c s t r u c t u r e " . We sha l l define 

a G - s t r u c t u r e on a d i f fe rent iab le manifold and a l s o a field of 
g e o m e t r i c ob jec t s of o r d e r r . The pu rpose of C h a p t e r 1 i s to show 
the r e l a t ion be tween t h e s e two concep t s a s we l l a s to s u m m a r i z e s o m e 
of the r e s u l t s b e a r i n g on t h e s e t o p i c s . 

In c h a p t e r II we define a G - s t r u c t u r e on a d i f fe ren t iab le 

manifold by a field of l i n e a r o p e r a t o r s J and c o n s i d e r a r i e m a n n i a n 
m e t r i c G defined on the s a m e mani fo ld . In t roduc ing the compat ib i l i ty 
condit ion JG = 0 we obtain a d e g e n e r a t e r i e m a n n i a n s t r u c t u r e which 
is inves t iga ted wi th the he lp of spec i a l b a s e s adap ted to the s t r u c t u r e . 
We a l s o define s p e c i a l l i n e a r connec t ions on the s t r u c t u r e and obtain 
a c h a r a c t e r i z a t i o n of t h e s e connec t ions in t e r m s of J and G. F ina l ly 
we obtain a c h a r a c t e r i z a t i o n of t h e s e d e g e n e r a t e r i e m a n n i a n s t r u c t u r e s 
in t e r m s of the holonomy g roups of the l i n e a r c o n n e c t i o n s . 

Chapte r III beg ins by defining s p e c i a l c a s e s of the G - s t r u c t u r e s 

which we ca l l r - t a n g e n t s t r u c t u r e s . We in t roduce the o p e r a t o r s C and 
M of A. L i c h n e r o w i c z . Next we c o n s t r u c t a t e n s o r d e t e r m i n e d by the 
r - tangent s t r u c t u r e which we ca l l the t o r s i o n t e n s o r and d e r i v e the 
r e l a t i o n 

C r d C r f = f °T 

w h e r e f is any 1- form and T is the 2 - f o r m c o r r e s p o n d i n g to the 
t o r s i o n t e n s o r . Using this r e l a t i o n we a r e able to obtain an 
e x p r e s s i o n of the t o r s i o n t e n s o r in loca l c o o r d i n a t e s . A m a j o r r e s u l t 
of this chap te r is the e s t a b l i s h m e n t of the fundamenta l r e l a t i o n 

C rdf - M r d C r f = foS 

w h e r e f i s any 1-form and S is a 2 - f o r m depending only on the 
cons t an t s of s t r u c t u r e . 

In the r e m a i n i n g c h a p t e r s we c o n s i d e r the a l m o s t tangent 
s t r u c t u r e s of H . A . E l iopou los , which a r e a s p e c i a l c a s e of the 
r - t a n g e n t s t r u c t u r e s . We r e s t r i c t o u r s e l v e s in c h a p t e r s IV and V 
to " r e a l " a l m o s t t angent s t r u c t u r e s . Given a r i e m a n n i a n m e t r i c 
G we say that G is h e r m i t i a n with r e s p e c t to J if 
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t(JG) + JG = 0, 

and ca l l the r e su l t i ng s t r u c t u r e an a l m o s t he r rn i t i an s t r u c t u r e subord ina te 
to the a l m o s t tangent s t r u c t u r e , We define spec i a l b a s e s adapted to the 
a l m o s t he r rn i t i an s t r u c t u r e and spec i a l connect ions which we a r e able to 
c h a r a c t e r i z e by condi t ions on J and G. We p rove a m o n g o t h e r r e s u l t s , 
two t h e o r e m s c h a r a c t e r i z i n g the a l m o s t he r rn i t i an s t r u c t u r e s with 
r e l a t i o n to connec t ions and the i r holonomy g r o u p s . 

The chap te r V c o n s i s t s of a br ief s tudy of p a r t i c u l a r a l m o s t 
he r rn i t i an s t r u c t u r e s . H e r e we define p s e u d o h e r m i t i a n and a l m o s t 
k a h l e r i a n s t r u c t u r e s , giving a number of ways in which such s t r u c t u r e s 
can be c h a r a c t e r i z e d . 

In the chap te r VI we extend the not ion of a l m o s t tangent s t r u c t u r e s 
to homogeneous a l m o s t tangent s t r u c t u r e s defined on homogeneous Lie 
s p a c e s and d e r i v e n e c e s s a r y and sufficient condi t ions that such 
s t r u c t u r e s e x i s t . We then inves t iga te s t r u c t u r e s in t eg rab le in the s e n s e 
of M m e L e h m a n n - L e jeune and obtain s i m i l a r r e s u l t s for such i n t eg rab l e 
s t r u c t u r e s . 

F l o r e n c e S. Gordon, P h . D . , C h a r a c t e r i z a t i o n s of u n i v a r i a t e and 
m u l t i v a r i a t e d i s t r i bu t i ons th rough r e g r e s s i o n p r o p e r t i e s , McGil l 
U n i v e r s i t y . M a r c h 1968. (Supe rv i so r : A . M . Mathai) 

The condi t ion that an a r b i t r a r y cubic s t a t i s t i c S has cubic 
r e g r e s s i o n on a l inear one L is i m p o s e d . This a s s u m p t i o n is used 
to d e r i v e a th i rd o r d e r d i f fe ren t ia l equat ion in the c h a r a c t e r i s t i c function 
of an a r b i t r a r y popula t ion . F o r a p p r o p r i a t e cho ices of the coeff icients 
in this equat ion (that i s , for c e r t a i n r e l a t i ons be tween the coeff icients 
of S and the r e g r e s s i o n coefficients), the co r r e spond ing solut ions lead 
to a s e r i e s of c h a r a c t e r i z a t i o n s for each of seven popu la t ions . 
F u r t h e r , a technique is outlined which can be used to study the g e n e r a l 

po lynomia l r e g r e s s i o n of any m d e g r e e s t a t i s t i c on a l inea r one . 

A gene ra l i zed de r iva t i ve with r e s p e c t to a vec to r v a r i a b l e 
i s in t roduced and a s e r i e s of p r o p e r t i e s which it p o s s e s s e s is deve loped . 
Using the a s s u m p t i o n of cubic r e g r e s s i o n for vec to r s t a t i s t i c s S on L, 
a v e c t o r d i f fe ren t ia l equat ion i s obta ined. Solutions of th is equation, 
within the c l a s s of popula t ions whose c h a r a c t e r i s t i c functions of a 
vec to r v a r i a b l e can be e x p r e s s e d in a gene ra l i zed Tay lor s e r i e s 
expansion, lead to a s e r i e s of c h a r a c t e r i z a t i o n s for the Mul t i va r i a t e 
N o r m a l d i s t r i b u t i o n . 

A gene ra l i zed de r iva t i ve with r e s p e c t to a m a t r i x v a r i a b l e is 
a l so in t roduced toge ther with a n u m b e r of p r o p e r t i e s which it p o s s e s s e s . 
The cubic r e g r e s s i o n a s s u m p t i o n for m a t r i x s t a t i s t i c s S on L leads 
to a m a t r i x d i f fe ren t ia l equat ion . F u r t h e r , a gene ra l i zed Tay lor s e r i e s 
for m a t r i x funct ions is p r e s e n t e d and, among those popula t ions whose 
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character is t ic functions are members of this class , the matr ix 
differential equation is solved to yield a ser ies of characterizations for 
the Wishart distribution. 
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