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P r o g r a m m e 

Sunday, S e p t e m b e r 1 

2:00 p . m . R e g i s t r a t i o n 

6:30 p . m . Mee t ing of the Execu t ive C o m m i t t e e 

9:00 p . m . Recept ion 

Monday, S e p t e m b e r 2 

9:00 a . m . B u s i n e s s Meet ing of the Canad ian 

M a t h e m a t i c a l C o n g r e s s 

11:00 a . m . L e c t u r e , E. M. Wright 

2:00 p. m . Meet ing of the Counci l 

8:00 p . m . L e c t u r e , R. H. B r u c k 

T u e s d a y , S e p t e m b e r 3 

9:30 a . m . L e c t u r e , K. K u r a t o w s k i 

2:00 p . m . S y m p o s i u m on Gradua te Work 

8:00 p . m . L e c t u r e , G. P i c k e r t 

Wednesday , S e p t e m b e r 4 

9:00 a. m- Con t r ibu ted P a p e r s 

2:00 p . m . B u s i n e s s Meet ing of the Canadian 
M a t h e m a t i c a l C o n g r e s s 

6:30 p . m . Dinner offered by the P r o v i n c e of 
Sa ska t chewan 
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Invited l e c t u r e s 

E. M. Wright , U n i v e r s i t y of A b e r d e e n , Scot land 
Equal s u m s of like p o w e r s 

R. H. B r u c k , Un ive r s i t y of Wiscons in , Madison 
The a l g e b r a of d i m e n s i o n - l i n k i n g o p e r a t o r s 

K. K u r a t o w s k i , U n i v e r s i t y of W a r s a w , Poland 
M a t h e m a t i c s in Poland today 

G. P i c k e r t , U n i v e r s i t y of G i e s s e n , G e r m a n y 
The t r a i n i n g of s e c o n d a r y school t e a c h e r s in the 
F e d e r a l Republ ic of G e r m a n y 

Con t r ibu ted p a p e r s 

H . S . M . C o x e t e r , U n i v e r s i t y of T o r o n t o 
A non- induc t ive definit ion for a r e g u l a r polytope 

N . S . Mende l sohn , U n i v e r s i t y of Manitoba 
An a l g o r i t h m i c solut ion to a word p r o b l e m in g roup t h e o r y 

D. Sato , U n i v e r s i t y of S a s k a t c h e w a n , Regina 
Newton in t e rpo la t ion of e n t i r e funct ions 

B . M. P u t t a s w a m a i a h and 
G. de B. Robinson, U n i v e r s i t y of Toron to 

Regu la r polygons ove r Galois f ie lds 

R. A. M e l t e r , U n i v e r s i t y of Rhode Is land 
Boolean g e o m e t r y of p - r i n g s 

S y m p o s i u m on g radua te w o r k 

R. D. J a m e s ( p r e s i d i n g ) , U n i v e r s i t y of B r i t i s h Columbia 

M. Wyman, U n i v e r s i t y of A l b e r t a 
H. S. M. C o x e t e r , U n i v e r s i t y of To ron to 
R. L. J e f f e ry , Acadia Un ive r s i t y 
F. A. She rk , U n i v e r s i t y of T o r o n t o 
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E n t e r t a i n m e n t 

M e m b e r s of the C o n g r e s s and t h e i r w ives w e r e e n t e r t a i n e d 
at a r e c e p t i o n by the U n i v e r s i t y of Sa ska t chewan at which the 
gues t s w e r e g r e e t e d by P r e s i d e n t Spinks and M r s . Spinks in 
the M e m o r i a l Union Bui ld ing , on Sunday even ing , S e p t e m b e r 1. 

On the final day , S e p t e m b e r 4, a l l p a r t i c i p a n t s and t h e i r 
w ives w e r e gues t s of the P r o v i n c e of Sa ska t chewan at a banque t 
held in the B e s s b o r o u g h Hote l . The Honourab le Olaf A. T u r n b u l l , 
M i n i s t e r of Educa t ion , w a s c h a i r m a n and w e l c o m e d the d e l e g a t e s 
on behalf of the p rov ince of S a s k a t c h e w a n . P r o f e s s o r G. P i c k e r t 
e x p r e s s e d the p l e a s u r e of the v i s i t i n g l e c t u r e r s . P r o f e s s o r 
R. D. J a m e s d e l i v e r e d an a d d r e s s a s r e t i r i n g p r e s i d e n t of the 
C o n g r e s s . 

\i,2 
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B u s i n e s s Meet ing 

A m e e t i n g of the C o n g r e s s w a s held in which r e p o r t s and 
o the r b u s i n e s s w a s t r a n s a c t e d . 

The l i s t of e l ec t ed and p e r m a n e n t o f f ice rs is a s fol lows: 

P a s t P r e s i d e n t 

P r e s i d e n t 

V i c e - P r e s iden t s 

Execu t ive D i r e c t o r 

T r e a s u r e r 

Eng l i sh S e c r e t a r y 

F r e n c h S e c r e t a r y 

Counci l M e m b e r s : 
F r o m the West 

F r o m Onta r io and 
Quebec 

R. D. J a m e s , U n i v e r s i t y of B r i t i s h Co lumbia 

Max Wyman, U n i v e r s i t y of A l b e r t a 

H. S. M. C o x e t e r , U n i v e r s i t y of T o r o n t o 
M. L ' A b b e , U n i v e r s i t y of M o n t r e a l 

N. S. Mende l sohn , U n i v e r s i t y of Mani toba 

L. F . S. R i tcey , McGil l U n i v e r s i t y 

W. L. G. Wi l l i ams ( r e t i r e d ) , McGil l U n i v e r s i t y 

R. E. O ' C o n n o r , S. J . , Loyola Col lege 

J . M. A. M a r a n d a , U n i v e r s i t y of M o n t r e a l 

A. L. Du lmage , U n i v e r s i t y of Mani toba 
A. P . Guinand, U n i v e r s i t y of S a s k a t c h e w a n 
T. E. Hull , U n i v e r s i t y of B r i t i s h Co lumbia 
S. A. J e n n i n g s , U n i v e r s i t y of B r i t i s h Co lumbia 
A. E. L iv ings ton , U n i v e r s i t y of A l b e r t a 
L. L o r c h , U n i v e r s i t y of A l b e r t a 
D. Murdoch , U n i v e r s i t y of B r i t i s h Co lumbia 
J . E. L. Peck , U n i v e r s i t y of A l b e r t a at C a l g a r y 

B . B a n a s c h e w s k i , M c M a s t e r U n i v e r s i t y 
R. H. Cole , U n i v e r s i t y of W e s t e r n On ta r io 
A. J. C o l e m a n , Queen ' s U n i v e r s i t y 
A. Daigneaul t , U n i v e r s i t y of M o n t r e a l 
G. F . D. Duff, U n i v e r s i t y of T o r o n t o 
J . L a m b e k , McGil l U n i v e r s i t y 
F . L e m a y , Lava l U n i v e r s i t y 
P. G. Rooney, U n i v e r s i t y of T o r o n t o 
E . M. Rosen tha l l , McGil l U n i v e r s i t y 
H. S c h w e r d t f e g e r , McGil l U n i v e r s i t y 
D. B . S u m n e r , M c M a s t e r U n i v e r s i t y 
W . T . T u t t e , U n i v e r s i t y of W a t e r l o o 
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F r o m the At lan t i c 
P r o v i n c e s W . J . Blundon, M e m o r i a l U n i v e r s i t y of 

Newfoundland 
K. D. C. Ha ley , Acadia U n i v e r s i t y 
R. L,. R o s e n b e r g , U n i v e r s i t y of 

New B r u n s w i c k 
A . J . T ing ley , Dalhous ie U n i v e r s i t y 

E d i t o r - in- Chief Canadian J o u r n a l of M a t h e m a t i c s 
P . S c h e r k , U n i v e r s i t y of T o r o n t o 

Managing Ed i to r . . Canad ian J o u r n a l of M a t h e m a t i c s 
G. de B. Robinson , U n i v e r s i t y of To ron to 

E d i t o r - i n - Chief Canadian M a t h e m a t i c a l Bul le t in 
W. M o s e r , U n i v e r s i t y of Manitoba 

Managing E d i t o r Canadian M a t h e m a t i c a l Bul le t in 
F . A . She rk , U n i v e r s i t y of To ron to 

D i r e c t o r S u m m e r R e s e a r c h Ins t i tu te 
R. L. J e f f e ry , Acadia U n i v e r s i t y 
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L i s t of t hose a t t end ing the c o n g r e s s 

A r t i a g a , L. U n i v e r s i t y of Windsor , Windsor , On ta r io 

B i r kin s ha w, E. A. 
B l u m , E. 
B l u m , R. 
Bode , Mis s Anne 
B r o w n , W. G. 
B u s h , G. C. 

C h a k r a v a r t t y , I. C. 
Co le , R. H. 
C o l e m a n , A. J . 
C o x e t e r , H. S. M. 
C r o s b y , D. R.. 
Cu t t l e , P . 
Cu t t l e , Yvonne 

E l l i s , H. W. 

Faugh t , D. 
F u j i w a r a , T. 

G a r n e r , C. W. L. 
Guinand, A. P . 

Haley , K. D. C. 
H a y e s , J . C. 
Hol land, A . S . B . 
H r y c a y , R. 
H e r z b e r g , A . M . 

J a m e s , R. D. 
J e f f e ry , R. L. 
J o n s s o n , W. J . 

Ka lbf le i sch , J . 
Keeping , A. J . 
Kinosh i ta , S. 
K u r a t o w s k i , K. 

Brandon C o l l e g e , B randon , Manitoba 
Acadia U n i v e r s i t y , Wolfvil le, N . S . 
U n i v e r s i t y of Saska t chewan , Saskatoon 
U n i v e r s i t y of W e s t e r n O n t a r i o , London 
U n i v e r s i t y of B r i t i s h C o l u m b i a , Vancouve r 
Queen ' s U n i v e r s i t y , Kings ton , On ta r io 

U n i v e r s i t y of S a s k a t c h e w a n , Saska toon 
Un ive r s i t y of W e s t e r n O n t a r i o , London 
Queen ' s U n i v e r s i t y , Kings ton , On ta r io 
Un ive r s i t y of T o r o n t o , T o r o n t o , On ta r io 
Un ive r s i t y of A l b e r t a , E m o n t o n , A l b e r t a 
U n i v e r s i t y of S a s k a t c h e w a n , Saska toon 
U n i v e r s i t y of S a s k a t c h e w a n , Saska toon 

Queen ' s U n i v e r s i t y , Kings ton , On ta r io 

Un ive r s i t y of Windsor , Windsor , On ta r io 
U n i v e r s i t y of A l b e r t a , Edmonton , A l b e r t a 

Un ive r s i ty of T o r o n t o , T o r o n t o , Onta r io 
U n i v e r s i t y of S a s k a t c h e w a n , Saska toon 

Acad ia U n i v e r s i t y , Wolfvi l le , N . S . 
Col lege M i l i t a i r e Royal de St. J e a n , P . Q. 
U n i v e r s i t y of A l b e r t a , C a l g a r y , A l b e r t a 
U n i v e r s i t y of S a s k a t c h e w a n , Saska toon 
U n i v e r s i t y of S a s k a t c h e w a n , Saska toon 

Un ive r s i t y of B r i t i s h Co lumbia , V a n c o u v e r 
Acadia U n i v e r s i t y , Wolfvi l le , N . S . 
Un ive r s i t y of Mani toba , Winnipeg, Manitoba 

Apt . 16A, 190 L e s t e r St. , W a t e r l o o , On ta r io 
U n i v e r s i t y of A l b e r t a , C a l g a r y , A l b e r t a 
U n i v e r s i t y of Sa ska t chewan , Saska toon 
U n i v e r s i t y of W a r s a w , W a r s a w , Poland 
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L'Abbe, M. 
Lancaster , P. 
Lane, N. D. 
Lorch, Lee 

Malik, M.A. 
Melter , R. A. 
Mendelsohn, N .S . 
Miller , C .E . 
Moser, L. 
Moser, W. 

Nasim, C. 
Noonan, B. 

O' Connor, R. E. 

Pearson, T. L. 
Peck, J. E. L. 

Ritcey, L. F. S. 
Robinson, G. de B. 
Rosenberg, R. L. 
Rosenthall, E. 

Sato, D. 
Saucier, J. 
Scherk, P. 
Seiden, Esther 
Sherk, F. A. 
Shklov, N. 
Snow, D. O. 
Stanton, R. G. 

Thomas, G. 
Tingley, A. J. 
Toews, K. G. 
Tutte, W. T. 

Upadhyay, M. 

Willett, D. W. 
Williams, W. L. G. 

University of Montreal, Montreal, P. Q. 
University of Alberta, Calgary, Alberta 
McMaster University, Hamilton, Ontario 
University of Alberta, Edmonton, Alberta 

University of Montreal, Montreal, P. Q. 
University of Rhode Island, Kingston, R. I. 
University of Manitoba, Winnipeg, Manitoba 
University of Saskatchewan, Saskatoon 
University of Alberta, Calgary, Alberta 
University of Manitoba, Winnipeg, Manitoba 

University of Saskatchewan, Saskatoon 
University of Manitoba, Winnipeg, Manitoba 

Loyola College, Montreal, P. Q. 

University of Saskatchewan, Saskatoon 
University of Alberta, Calgary, Alberta 

Canadian Mathematical Congress 
University of Toronto, Toronto, Ontario 
University of New Brunswick, Fredericton 
McGill University, Montreal, P. Q. 

University of Saskatchewan, Regina 
University of Toronto, Toronto, Ontario 
University of Toronto, Toronto, Ontario 
Michigan State University, East Lansing 
University of Toronto, Toronto, Ontario 
University of Saskatchewan, Saskatoon 
Acadia University, Wolfville, N .S . 
University of Waterloo, Waterloo, Ontario 

University of Saskatchewan, Saskatoon 
Dalhousie University, Halifax, N.S . 
University of Saskatchewan, Regina 
University of Waterloo, Waterloo, Ontario 

University of Saskatchewan, Saskatoon 

University of Alberta, Calgary 
Canadian Mathematical Congress 

Zei le r , F . University of Manitoba, Winnipeg, Manitoba 

166 

https://doi.org/10.1017/S0008439500024620 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500024620


Acknowledgemen t 

As Execu t ive D i r e c t o r of the Canadian M a t h e m a t i c a l 
C o n g r e s s , I take p l e a s u r e in h e r e r e c o r d i n g , on behalf of the 
C o n g r e s s , the n a m e s of the public bod ies and c o m p a n i e s which 
con t r ibu t ed to our g e n e r a l fund dur ing the y e a r 1963, and thus 
gave t h e i r suppor t to our v a r i o u s a c t i v i t i e s . 

The p r e s e n t l i s t inc ludes not only the Na t iona l R e s e a r c h 
Counci l and five p r o v i n c e s but a l s o a l m o s t al l of the Canadian 
life i n s u r a n c e c o m p a n i e s and c h a r t e r e d b a n k s , and a l a rge 
n u m b e r of i n d u s t r i a l and e n g i n e e r i n g c o m p a n i e s . 

Sus ta in ing M e m b e r s 

P r o v i n c e of Nova Scotia 
P r o v i n c e of On ta r io 
P r o v i n c e of Quebec 
Bank of M o n t r e a l 
Canada Life A s s u r a n c e Company 
Conso l ida ted Mining and Smel t ing Company of Canada L imi t ed 
G r e a t - W e st Life A s s u r a n c e Company 
H y d r o - E l e c t r i c P o w e r C o m m i s s i o n of On ta r io 
I m p e r i a l Oil L imi t ed 
In t e rna t iona l B u s i n e s s Mach ines Company L i m i t e d 
In t e rna t i ona l Nicke l Company of C a n a d a , L imi t ed 
London Life I n s u r a n c e Company 
M a n u f a c t u r e r s Life I n s u r a n c e Company 
Mutual Life I n s u r a n c e Company of Canada 
N o r t h e r n E l e c t r i c Company L imi t ed 
Royal Bank of Canada 
Steel Company of Canada 
Sun Life A s s u r a n c e Company of Canada 
Winnipeg A c t u a r i e s Club (funds p rov ided by the 

life i n s u r a n c e c o m p a n i e s with Head Offices 
in Winnipeg) 

167 

https://doi.org/10.1017/S0008439500024620 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500024620


Other Contributors 

National Research Council 
Province of New Brunswick 
Province of Saskatchewan 
Abitibi Power and Paper Company, Limited 
Algoma Steel Corporation, Limited 
Alliance Compagnie Mutuelle d 'Assurance-Vie 
Allied Chemical Canada, Limited 
Aluminum Company of Canada, Limited 
Ames, A. E. and Company, Limited 
Anaconda American B r a s s , Limited 
Anglo-Canadian Pulp and Paper Mills, Limited 
Anthes-Imperial Company, Limited, St. Catharines 
Asbestos Corporation Limited 
L 'Assurance-Vie Desjardins 
Automatic Electr ic (Canada) Limited 
Babcock-Wilcox and Goldie-McCulloch, Limited, Gait 
Bank of Nova Scotia 
Banque Canadienne Nationale 
S. Belzberg En te rp r i ses , Edmonton 
Beneficial Finance Company of Canada 
Henry Birks and Sons (Montreal) Limited 
Blackwood Hodge Quebec, Limited 
Bri t ish American Oil Company, Limited 
Bri t i sh Columbia Fores t Products , Limited, Vancouver 
Bri t ish Columbia Telephone Company 
Brock Engineering Manufacturing Co. Ltd. 
Bruck Mills Limited, Montreal 
Buckwold' s Limited, Saskatoon 
Burans and Company, Limited 
Burns Bros , and Denton, Limited 
Calgary Power, Limited 
California Standard Company, Calgary 
Canada Cement Company, Limited 
Canada Iron Foundries, Limited 
Canada Packers Foundation 
Canada Safeway, Limited 
Canada Starch Company, Limited 
Canada Steamship Lines, Limited 
Canada Wire and Cable Company, Limited 
Canadian Bank Note Company, Limited 
Canadian Bedding Company, Limited, Edmonton 

168 

https://doi.org/10.1017/S0008439500024620 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500024620


Canadian B lower and Fo rge C o m p a n y , L i m i t e d , K i t c h e n e r 
Canadian C o m s t o c k Company L i m i t e d 
Canadian F i sh ing Company L t d . , Vancouver 
Canadian F o r e s t P r o d u c t s , L imi t ed , Vancouver 
Canadian G e n e r a l E l e c t r i c Company , L imi t ed 
Canadian G e n e r a l T o w e r , L i m i t e d 
Canadian I m p e r i a l Bank of C o m m e r c e 
Canadian I n d u s t r i e s L imi t ed 
Canadian Inger so i l - Rand Company, L imi t ed 
Canadian M a r c o n i Company 
Canadian Paci f ic Rai lway Company 
Canadian P r e m i e r Life I n s u r a n c e Company 
Canadian R e f r a c t o r i e s L i m i t e d 
Canadian Salt Company L imi ted 
Canadian Society of E x p l o r a t i o n G e o p h y s i c i s t s 
Canadian S p o r t s w e a r L i m i t e d , Winnipeg 
Canadian S u p e r i o r Oil L imi t ed 
Canadian Ut i l i t i e s L imi t ed , Edmonton 
Canadian Wal lpaper M a n u f a c t u r e r s , L imi t ed 
Canadian W e s t e r n N a t u r a l Gas Company L i m i t e d , Edmonton 
Canadian Wes t inghouse Company , L i m i t e d 
E . G. M. Cape and Company , L i m i t e d 
C a r t i e r , Cote and P i e t t e , M o n t r e a l 
Cen tu ry Geophys ica l C o r p o r a t i o n of Canada , C a l g a r y 
C h a r t e r h o u s e Canada , L imi t ed 
C h r i s t e n s e n , MacDonald Cons t ruc t i on Ltd. , Edmonton 
Confedera t ion Life A s s o c i a t i o n 
Cont inen ta l Can Company of Canada , L i m i t e d 
Cont inen ta l Life I n s u r a n c e Company 
C o o p e r a t i v e Life I n s u r a n c e Company , Regina 
C r a n e Canada L imi t ed 
H . E . C r o w e l l , E s q . , Hal ifax 
Crown Life I n s u r a n c e Company 
Dominion Br idge Company , L imi t ed 
Dominion Chain Company , L imi ted 
Dominion E l e c t r o h o m e I n d u s t r i e s , L i m i t e d 
Dominion F o r g e , L imi t ed 
Dominion F o u n d r i e s and S tee l , L i m i t e d 
Dominion Life A s s u r a n c e Company 
Dominion S t o r e s L imi t ed 
Dominion T a r and C h e m i c a l Company , L imi t ed 
Dow B r e w e r y , L imi t ed 
Dow C h e m i c a l of Canada , L imi ted 
Dower B r o t h e r s , L imi ted , Edmonton 

11," 

https://doi.org/10.1017/S0008439500024620 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500024620


Dufresne Engineering Company, Limited, Montreal 
Dupont Company of Canada, Limited 
Eaton Automotive Products Limited 
The T. Eaton Co. Limited 
Eckler and Company, Limited 
Edmonton Furniture Company 
Edmonton Motors, Limited 
Edmonton Photo Supply Limited 
Emco Limited 
Empire Life Insurance Company 
Equitable Life Insurance Company of Canada 
H. M. E. Evans, E s q . , Edmonton 
Excelsior Life Insurance Company 
Falconbridge Nickel Mines, Limited 
Federal Grain Limited, Winnipeg 
Federal-Mogul-Bower (Canada) Limited 
Federated Co-Operative Limited, Saskatoon 
Fiberglas Canada Limited 
Fidelity Life Assurance Company 
Firestone Tire and Rubber Company of Canada, Limited 
Fischer Bearings Manufacturing Limited 
General Motors of Canada Limited 
B. F. Goodrich Canada Limited 
Goodyear Tire and Rubber Company of Canada Limited 
Great Atlantic and Pacific Tea Company Limited 
Helliwell, MacLachlan and Company, Vancouver 
Home Oil Company Limited 
Honeywell Controls, Limited 
Grant Horsey, Esq. , Toronto 
Household Finance Corporation of Canada 
Hudson1 s Bay Company 
Hudson Bay Mining and Smelting Co. , Limited 
Hudson' s Bay Oil and Gas Company Limited 
Imperial Life Assurance Company of Canada 
Imperial Tobacco Company of Canada, Limited 
Industrial Acceptance Corporation, Limited 
Industrial Life Insurance Company 
International Harvester Company of Canada, Limited 
Interprovincial Pipe Line Company 
Investors Syndicate of Canada Limited 
Jenkins ' Brothers Limited, Montreal 
Johnstone Walker Limited, Edmonton 
K. C. S. Limited, Toronto 
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Irving Kline L imi t ed , Edmonton 
Kraft Foods L imi t ed 
La B r a s s e r i e Laba t t , Limit ee 
R. W. L. La id law, E s q . , T o r o n t o 
La lone , V a l o i s , L a m a r r e , Valois A s s o c i a t e s , M o n t r e a l 
H. R. Lawson , E s q . , To ron to 
Lawson and J o n e s L i m i t e d , London 
Lincoln E l e c t r i c Company of Canada L imi t ed 
Lob law G r o c e t e r i a s Company , L imi t ed 
MacDonald E l e c t r i c L imi t ed , K i t chene r 
MacMi l l an and Bloede l L imi t ed , Vancouve r 
A . D . Marg i son and A s s o c i a t e s L imi t ed 
M a r s l a n d E n g i n e e r i n g L imi t ed 
M a s s e y - F e r g u s o n L imi ted 
Mathews Conveyer Company Ltd. , Po r t Hope 
McCabe Grain Company , L imi t ed , Winnipeg 
Wil l iam M. M e r c e r L imi t ed , Toronto 
Metropo l i t an Life I n s u r a n c e Company 
Met ropo l i t an S t o r e s of Canada L imi t ed 
Mining C o r p o r a t i o n of Canada , L imi t ed 
Minnesota Mining and Manufac tu r ing of Canada L imi t ed 
W. and A. Mo i r , Halifax 
Molson 1 s B r e w e r y L imi ted 
H. L. Mols t ad , Esq . , Edmonton 
Monarch Life A s s u r a n c e Company 
Monsanto Canada L imi t ed 
Mon t r ea l City and D i s t r i c t Savings Bank 
M o n t r e a l E n g i n e e r i n g Company , L i m i t e d 
M o n t r e a l Life I n s u r a n c e Company 
Moore C o r p o r a t i o n , L imi ted 
Nat iona l Bor ing and Sounding Inc. , M o n t r e a l 
Nat ional Cash R e g i s t e r Company of Canada L i m i t e d 
Nat iona l Gra in Company L imi t ed , Winnipeg 
Nat iona l Life A s s u r a n c e Company of Canada 
A . D . Nesb i t t , E s q . , M o n t r e a l 
Newhouse Wholesa le L imi t ed , Edmonton 
N i a g a r a F inance Company Limi ted 
The Nickle Foundat ion 
Nor th A m e r i c a n Life A s s u r a n c e Company 
N o r t h e r n Life A s s u r a n c e Company of Canada 
N o r t h - W e s t Wholesa le F u r n i t u r e L t d . , Edmonton 
N o r t h w e s t e r n U t i l i t i e s , L imi ted , Edmonton 
Norton Company of Canada L i m i t e d , Hami l ton 
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Oldfield, Kirby and G a r d n e r L i m i t e d , Winnipeg 
On ta r io P a p e r Company Foundat ion 
O s i e r , Hammond and Nanton L imi t ed , Winnipeg 
Otis E l e v a t o r Company L i m i t e d , Hami l ton 
P a g e - H e r s e y T u b e s , L i m i t e d 
P a r k e r S p o r t s w e a r Company L i m i t e d , Edmon ton 
P r a i r i e Pac i f ic D i s t r i b u t o r s L i m i t e d , Edmonton 
N. M- P a t e r s o n and Sons L i m i t e d , Winnipeg 
P i o n e e r Gra in Company L i m i t e d , Winnipeg 
P o l y m e r C o r p o r a t i o n L i m i t e d » 
K. A. Powel l (Canada) L i m i t e d , Winnipeg 
L e s P r e v o y a n t s du Canada 
P r o m i s l o w B r o t h e r s L i m i t e d , Regina 
P r o v i n c i a l Bank of Canada 
P r u d e n t i a l A s s u r a n c e Company L i m i t e d of England 
P u l p and P a p e r Mi l l A c c e s s o r i e s L i m i t e d , M o n t r e a l 
Quebec Nor th Shore P a p e r Company 
R. C-A. V ic to r Company , Ltd. 
R e a d e r s ' Diges t A s soc i a t i on (Canada) Ltd. 
Reming ton Rand L i m i t e d 
R i c h a r d - W i l c o x Canadian Company L imi t ed 
J a m e s R i c h a r d s o n and Sons , L imi t ed 
M r s . D o r i s E . Rooney, C a l g a r y 
Royal I n s u r a n c e Company L imi t ed 
Royal T r u s t Company 
Sandwel l and Company L i m i t e d 
Sangamo Company L i m i t e d , Toron to 
S e a r l e Gra in C o m p a n y , L imi t ed , Winnipeg 
La Sauvega rde compagn ie d ' a s s u r a n c e s u r la vie 
L. E . Shaw L i m i t e d , Hal i fax 
Sheldon E n g i n e e r i n g L imi t ed 
Shell Canada L imi t ed 
S i lve rwood D a i r i e s , L i m i t e d 
S i m o n s , H . A . ( In te rna t iona l ) Ltd . 
S impson S e a r s L i m i t e d and The R o b e r t S impson 

Company L i m i t e d 
N. Smi th Be l t ing Works L i m i t e d , To ron to 
Socony Mobil Oil of Canada Ltd. 
La So l ida r i ty Compagn ie d1 A s s u r a n c e 
Southam Company L i m i t e d 
Sovere ign Life A s s u r a n c e Company of Canada 
Spar ton of Canada L i m i t e d , London 
S p e r r y Gyroscope Company of Canada Ltd. 
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S p r u c e F a l l s P o w e r a n d P a p e r C o m p a n y , L i m i t e d 

S t a n d a r d L i f e A s s u r a n c e C o m p a n y 

S t a n d a r d Oi l C o m p a n y of B r i t i s h C o l u m b i a L i m i t e d 

S t e r l i n g P r i n t e r s , E d m o n t o n 

S u p e r t e s t P e t r o l e u m C o r p o r a t i o n , L i m i t e d , L o n d o n 

S u r v e y e r , N e n n i n g e r a n d C h e n e v e r t , M o n t r e a l 

T e c k C o r p o r a t i o n L i m i t e d 

T e x a c o C a n a d a L i m i t e d 

B . B . T o r c h i n s k y a n d A s s o c i a t e s L i m i t e d , S a s k a t o o n 

T o r o n t o - D o m i n i o n B a n k 

T r a d e r s F i n a n c e C o r p o r a t i o n L i m i t e d 

T r u d e a u ' s L i m i t e d , E d m o n t o n 

U n i t e d - C a r r F a s t e n e r C o m p a n y of C a n a d a L i m i t e d , 

H a m i l t o n 

U n d e r w o o d M c L e l l a n a n d A s s o c i a t e s L i m i t e d 

U n i t e d A i r c r a f t of C a n a d a L i m i t e d 

V a n c o u v e r Sun 

W e i s l e r ' s W h o l e s a l e L i m i t e d , E d m o n t o n 

W. C . W e l l s C o n s t r u c t i o n C o . , L t d . S a s k a t o o n 

W e s t c l o x C a n a d a L i m i t e d , P e t e r b o r o u g h 

W e s t e r n L i f e A s s u r a n c e C o m p a n y 

W e s t e r n P l y w o o d C o m p a n y L i m i t e d , V a n c o u v e r 

W i n n i p e g F r e e P r e s s C o m p a n y L i m i t e d 

W i n s p e a r , H a m i l t o n , A n d e r s o n a n d C o m p a n y , E d m o n t o n 

T h e H o n o u r a b l e R o b e r t H. W i n t e r s , T o r o n t o 

W o o d , G u n d y a n d C o m p a n y , L i m i t e d 

W o o d w a r d S t o r e s , L i m i t e d , V a n c o u v e r 

M a x W y m a n , E s q . , U n i v e r s i t y of A l b e r t a , E d m o n t o n 

We a r e i n d e b t e d a l s o t o the C a n a d i a n U n i v e r s i t i e s , 

n e a r l y a l l of w h o m c o n t r i b u t e t o t h e s u p p o r t of t h e C a n a d i a n 

J o u r n a l of M a t h e m a t i c s a n d a l s o c o o p e r a t e d w i t h t h e C o n g r e s s 

in p r o v i d i n g t r a v e l g r a n t s t o m e m b e r s of t h e i r s t a f f t o a t t e n d 

t h e v a r i o u s m e e t i n g s . 

We a c k n o w l e d g e a l s o g r a n t s f r o m t h e C a n a d a C o u n c i l 

a n d t h e N a t i o n a l S c i e n c e F o u n d a t i o n to e n a b l e i n v i t e d l e c t u r e r s 

f r o m S c o t l a n d , G e r m a n y a n d t h e U n i t e d S t a t e s t o a t t e n d t h e 

s e m i n a r and c o n g r e s s . 

A s in p a s t y e a r s , o u r c h i e f s u p p o r t h a s c o m e f r o m t h e 
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Nat iona l R e s e a r c h Counci l and it is to th i s body tha t Canadian 
m a t h e m a t i c i a n s owe so m u c h in the p romot ion of r e s e a r c h . 

We mus t a l s o not ove r look the v o l u n t a r y suppor t and 
a s s i s t a n c e of so many individual m e m b e r s , for wi thout it the 
C o n g r e s s would indeed be unable to function. With the growth 
of the u n i v e r s i t i e s and the bui ld ing of new c a m p u s e s we can 
look fo rward to an e v e r expanding ro le in the deve lopmen t of 
m a t h e m a t i c s in Canada . 

Execu t ive D i r e c t o r 
L. F . S. Ri tcey 
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S y m p o s i u m on Gradua t e Work 

R. D. J a m e s ( p r e s i d i n g ) , U n i v e r s i t y of B r i t i s h Columbia 

M. Wyman, U n i v e r s i t y of A l b e r t a 
H. S. M. C o x e t e r , Un ive r s i t y of T o r o n t o 
R. L. Je f fe ry , Acadia U n i v e r s i t y 
F . A. She rk , Un ive r s i t y of T o r o n t o 

CHAIRMAN 

The plan i s a s fol lows: Two of the s p e a k e r s wil l give 
sho r t r e m a r k s on v a r i o u s a s p e c t s of g r adua t e w o r k ; then we 
wil l ca l l for q u e s t i o n s f rom the f loor . Then the two r e m a i n i n g 
s p e a k e r s wi l l do the s a m e and t h e r e wi l l be m o r e q u e s t i o n s and 
d i s c u s s i o n . 

Roughly speak ing , P r o f e s s o r Wyman wil l d i s c u s s the 
p r o b l e m of a t t r a c t i n g g radua te s t u d e n t s ; P r o f e s s o r C o x e t e r 
wi l l then give a d i s c u s s i o n on the d i f ference in g r a d u a t e t r a i n 
ing in the United Kingdom v e r s u s the United S t a t e s , t o g e t h e r 
with r e m a r k s on the g radua te d e g r e e . P r o f e s s o r s Je f fe ry and 
S h e r k wil l t a lk about the p r o g r a m of r e s e a r c h in g radua t e w o r k . 

You wil l not want to h e a r too many C h a i r m a n ' s r e m a r k s , 
but I would like to point out the fact that th i s i s a l ive i s s u e in 
o the r c o u n t r i e s b e s i d e s Canada . A c l ipping given to m e by 
P r o f e s s o r Divinsky, I th ink f rom the New York T i m e s , o b s e r v e s , 
with r e g a r d to t e a c h e r s in g e n e r a l , tha t in 1953-54 31 p e r c e n t 
had the Doc to r ' s d e g r e e , while in 1962-63 th i s had d ropped to 
25 p e r c e n t . At the s a m e t i m e , the n u m b e r of t e a c h e r s holding 
the M a s t e r ' s d e g r e e had gone up a c o r r e s p o n d i n g amoun t . The 
d i r e c t o r of the r e s e a r c h divis ion of the Na t iona l Educa t ion 
A s s o c i a t i o n s t a t e s : "In many ins t i t u t ions the only c o u r s e open 
to the employ ing off ic ials wil l be to lower the s t a n d a r d s . " 

M. WYMAN, A lbe r t a 

As you a r e a w a r e , I a m a l as t minu te r e p l a c e m e n t a s a 
m e m b e r of the p r e s e n t pane l , a panel that i s supposed to d i s c u s s 
v a r i o u s a s p e c t s of p r o b l e m s c o n c e r n e d with the g radua te e d u c a 
t ion of m a t h e m a t i c s s t u d e n t s . In t h i s , I am an unwil l ing 
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r e p l a c e m e n t b e c a u s e t h e s e p r o b l e m s h a v e a s s u m e d an i m p o r t a n c e 

t h a t d e m a n d s s e r i o u s s t u d y b e f o r e o p i n i o n s s h o u l d b e s t a t e d a n d 

p o s s i b l e s o l u t i o n s a d v o c a t e d . 

A t a p r e - s e s s i o n b r i e f i n g , I w a s a s k e d t o s a y a few w o r d s 

a b o u t t h e f i n a n c i a l s u p p o r t of g r a d u a t e e d u c a t i o n in m a t h e m a t i c s 

i n C a n a d a . S i n c e the a r e a s I s h a l l t o u c h d o n o t d i s t i n g u i s h 

m a t h e m a t i c s f r o m t h e o t h e r d i s c i p l i n e s , i t i s p o s s i b l e for m e 

t o s p e a k a b o u t g r a d u a t e w o r k in g e n e r a l a n d no t m a t h e m a t i c s 

i n p a r t i c u l a r . 

T h o s e of u s w h o l i s t e n e d t o P r o f e s s o r K u r a t o w s k i ' s 

l e c t u r e t h i s m o r n i n g c o u l d no t h e l p bu t f e e l t h a t s c i e n c e h a s 

a t t a i n e d , in P o l a n d , a p o s i t i o n of e m i n e n c e i t h a s n o t a t t a i n e d 

i n C a n a d a . P e o p l e l i k e P r o f e s s o r K u r a t o w s k i s e e m t o h a v e 

c o n v i n c e d t h e G o v e r n m e n t of P o l a n d of t h e s c i e n t i f i c n e e d s of 

a m o d e r n s o c i e t y , a n d s c i e n c e s e e m s t o h a v e d e v e l o p e d t h e r e 

a t a n a m a z i n g r a t e d u r i n g t h e p a s t t w e n t y y e a r s . 

A l t h o u g h , d u r i n g t h e s a m e p e r i o d of t i m e , t h e d e v e l o p 

m e n t of s c i e n c e h a s c o m e a l o n g w a y in C a n a d a , w e h a v e n o t 

y e t c o m e c l o s e t o b e i n g s e l f - s u f f i c i e n t in m e e t i n g t h e s c i e n t i f i c 

r e q u i r e m e n t s of o u r c o u n t r y . We a r e s t i l l l e a d i n g a p a r a s i t i c 

e x i s t e n c e in t h e s c i e n t i f i c c o m m u n i t y of t h e w o r l d . 

E v e n t h o u g h m o s t u n i v e r s i t i e s in C a n a d a a r e a w a r e of 

t h e n e e d fo r a r a p i d e x p a n s i o n in g r a d u a t e w o r k , it i s f a r f r o m 

c l e a r t h a t t h e p e o p l e of C a n a d a a r e a w a r e of t h i s n e e d , a n d , 

m o r e i m p o r t a n t , i t i s f a r f r o m c l e a r t h a t t h e v a r i o u s C a n a d i a n 

g o v e r n m e n t s a r e s y m p a t h e t i c t o t h e n e e d fo r s u c h a n e x p a n s i o n . 

In a p r e - e l e c t i o n p r o m i s e , t h e p r e s e n t F e d e r a l G o v e r n 

m e n t i n d i c a t e d a w i l l i n g n e s s t o p r o v i d e a t e n m i l l i o n d o l l a r a 

y e a r s c h o l a r s h i p p r o g r a m t o e n a b l e h i g h s c h o o l s t u d e n t s to e n t e r 

u n i v e r s i t i e s . Not o n e w o r d w a s s a i d a b o u t a s i m i l a r p r o g r a m 

d e s i g n e d to a t t r a c t p e o p l e i n t o g r a d u a t e w o r k . A t a t i m e w h e n 

u n i v e r s i t i e s a r e b e i n g s w a m p e d w i t h u n d e r g r a d u a t e r e g i s t r a t i o n s , 

t h e e m p h a s i s of t h e a b o v e m e n t i o n e d s c h o l a r s h i p p r o g r a m s e e m s 

t o b e m i s p l a c e d . 

It i s d i f f i c u l t fo r m a n y p e o p l e , o u t s i d e u n i v e r s i t i e s , to 

u n d e r s t a n d t h e r e l a t i v e l y s l o w g r o w t h in n u m b e r s of g r a d u a t e 

s t u d e n t s a t a t i m e w h e n o u r u n d e r g r a d u a t e p o p u l a t i o n s e e m s 
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to be doubling e v e r y four y e a r s . Unfo r tuna te ly , g r a d u a t e w o r k 
i s the l e a s t a t t r a c t i v e of the o p p o r t u n i t i e s tha t a r e now be ing 
offered to B . S c . g r a d u a t e s . I n d u s t r y , h e r e and in the United 
S t a t e s , often of fers pos i t i ons c a r r y i n g s a l a r i e s of $7 ,000 pe r 
y e a r to p e r s o n s who have j u s t r e c e i v e d t h e i r f i r s t u n i v e r s i t y 
d e g r e e . This m e a n s that a r e c e n t g r a d u a t e m u s t be p r e p a r e d 
to lose an oppor tuni ty to e a r n about $30 ,000 in o r d e r to obtain 
a Ph. D. d e g r e e . U n i v e r s i t i e s m u s t , t h r o u g h some s c h o l a r s h i p 
or a s s i s t a n t s h i p p r o g r a m , a t t e m p t to m i n i m i z e a l o s s of th i s 
m a g n i t u d e . C l e a r l y , the p r e s e n t va lue of s c h o l a r s h i p s and 
a s s i s t a n t s h i p s m u s t doub le , and we m u s t begin to think of 
paying fully qual if ied s tuden t s someth ing like $ 5 , 0 0 0 pe r y e a r 
s imply to a t tend a g r adua t e school . A c r o s s C a n a d a , such a 
p r o g r a m would run into m i l l i o n s of d o l l a r s j u s t for t h i s one 
a s p e c t of g r adua t e w o r k . It i s indeed our duty to i m p r e s s on 
the Canadian g o v e r n m e n t s the need for such a p r o g r a m and 
that the need is for today , b e c a u s e t o m o r r o w might be too l a t e . 

Although a t en- fo ld i n c r e a s e in the m o n i e s now being 
spen t on g r a d u a t e w o r k i s , in my opinion, a p r i m e r e q u i s i t e , 
money alone wi l l not solve a l l of the p r o b l e m s we face in the 
fu tu re . Other s p e a k e r s wi l l d i s c u s s p r o b l e m s like m a t h e m a t i c a l 
c u r r i c u l a for g r adua t e w o r k and o ther r e l a t e d a s p e c t s of a 
m o d e r n g r a d u a t e educa t ion in m a t h e m a t i c s . A s p e c t s of t h i s 
type a r e indeed m o r e i m p o r t a n t than the f inancia l suppor t 
needed at the p r e s e n t t i m e 

The p r o b l e m of i n c r e a s i n g the flow of s tuden t s into 
g r adua t e w o r k is one for which no r e a d y solut ion e x i s t s . It 
wi l l take the b e s t effort of m o s t of the m a t h e m a t i c i a n s in 
Canada to i m p r o v e a l l l eve l s of m a t h e m a t i c a l t r a i n i n g to the 
point w h e r e we can say we a r e t ru ly se l f - suf f ic ien t in m e e t i n g 
c u r r e n t m a t h e m a t i c a l n e e d s . Indeed, some of our m a t h e m a t i 
c i a n s may have to put a s ide t he i r r e s e a r c h and take the t i m e 
to fight b a t t l e s in the po l i t i ca l a r e n a s of g o v e r n m e n t in o r d e r 
to e n s u r e that g r adua t e w o r k r e c e i v e s the p r e s t i g e and suppor t 
it now m u s t h a v e . 

H . S . M . C O X E T E R , T o r o n t o 

As you w e r e told in the i n t roduc t ion , I would like to say 
a word about the c o m p a r i s o n be tween the t each ing of m a t h e m a t i c s 
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in the United S ta tes and in B r i t a i n . T h e r e is an a r t i c l e in the 
beginning of the l a t e s t i s s u e of the M a t h e m a t i c a l Gaze t te by 
E . B . C . T h o r n t o n , undoubtedly an E n g l i s h m a n , point ing out 
some r a t h e r i n t e r e s t i n g d i f f e r e n c e s . I th ink it is good for us 
to look at the c o m p a r i s o n , b e c a u s e Canada is in the happy 
pos i t i on of be ing able to m a k e use of the be s t of both s y s t e m s 
and , indeed , I th ink in many c a s e s has done so . Mr . Thorn ton 
s ays that the backg round of A m e r i c a n educa t ion i s d i f ferent in 
d e t a i l , me thod and phi losophy f rom the Eng l i sh s y s t e m . Two 
such i n s t a n c e s a r e seen at once . F i r s t , in the United S ta t e s 
the c o u r s e is enjoyed as an ent i ty in i t se l f r a t h e r than a s a s tage 
in g rowth . It need not be connec ted o r g a n i c a l l y wi th any o the r 
c o u r s e . F o r e x a m p l e , even in high schoo l , in many p r o g r a m s , 
a y e a r of a l g e b r a i s followed by a y e a r of g e o m e t r y wi th l i t t le 
connec t ion be tween the two. Consequen t ly , the a i m of the pupil 
i s to c o m p l e t e the c o u r s e , p r e f e r a b l y with a good g r a d e , that i s , 
to r e a c h at a l l t i m e s th roughout the y e a r the s t a n d a r d demanded 
by the t e a c h e r and the school . The pupi l ' s a t t en t ion i s focussed 
fully in e a c h ins t ance on the a t t a in ing of a good g r a d e , without 
any thought that he could take an i n t e r e s t in the sub jec t i tself . 
The e m p h a s i s i s on s h o r t - t e r m a c h i e v e m e n t r a t h e r than on a 
m a t u r i n g of ins ight and u n d e r s t a n d i n g . On the o the r hand, it 
c e r t a i n l y does e n s u r e in t ense app l i ca t ion by the s tudent . 
Whether th i s app l i ca t ion c o m e s f rom the s y s t e m or i s s imply 
an A m e r i c a n a t t r i b u t e i s i m m a t e r i a l . Doubt less t h e r e is 
i n t e r a c t i o n . In addi t ion to the g e n e r a l e m p h a s i s , the t each ing 
of m a t h e m a t i c s d i f fe rs f rom the Eng l i sh p r a c t i c e in s e v e r a l 
r e s p e c t s . The m o s t fundamenta l of t h e s e is the to ta l d ivo rce 
of m a t h e m a t i c s f rom n a t u r a l ph i losophy . Since anyone con
n e c t e d with the t each ing of m a t h e m a t i c s i s e s s e n t i a l l y p u r e , 
t h e r e i s a g r e a t e m p h a s i s on r i g o r . P e r h a p s it should be 
pointed out that the o r g a n i z a t i o n by c o u r s e s and the A m e r i c a n 
gen ius for su s t a ined h a r d w o r k both lend t h e m s e l v e s to the 
publ ica t ion of l a r g e n u m b e r s of packaged c o u r s e tex t books . 
B e c a u s e of t h e s e and b e c a u s e of A m e r i c a n hab i t s of s tudy, it 
i s the r u l e r a t h e r than the excep t ion , even among the v e r y 
many e x t r e m e l y compe ten t i n s t r u c t o r s , to t each f rom the book. 

I c e r t a i n l y a g r e e with the p r e v i o u s s p e a k e r that t h e r e i s 
t e r r i f i c need for c o m p e t e n t m a t h e m a t i c i a n s . I n d u s t r y , of 
c o u r s e , can use a l a rge n u m b e r of t h e m and it i s even m o r e 
i m p o r t a n t to t r a i n compe ten t t e a c h e r s to look af te r the fu tu re . 
T h e r e f o r e I would s t rong ly u rge a l l u n i v e r s i t i e s to make s u r e 

178 
https://doi.org/10.1017/S0008439500024620 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500024620


tha t nobody ge ts an M. A. d e g r e e who is m a t h e m a t i c a l l y i l l i t e r a t e . 
T h e r e is the e x t r e m e c a s e of the A m e r i c a n g r adua t e s tudent who 
w r o t e a t h e s i s on Banach s p a c e s and it w a s found that he had 
n e v e r done any e l e m e n t a r y ana ly t i c a l g e o m e t r y . 

F o r those who wish to w o r k even tua l ly for a Ph. D. , I 
would r e c o m m e n d al lowing an expos i t o ry t h e s i s to r e p l a c e an 
a p p r o p r i a t e n u m b e r of c o u r s e s in p r e p a r a t i o n for the M . A . 
One big advan tage of a t h e s i s at th i s level i s tha t it would 
prov ide the u n i v e r s i t y t e a c h e r s with an oppor tuni ty to dec ide 
w h e t h e r the cand ida te is r e a l l y su i table to go on to a Ph. D. 
On the o the r hand, for an excep t iona l s tudent who h a s shown 
o r ig ina l i ty a l r e a d y a s an u n d e r g r a d u a t e , I would think that one 
migh t a l low a p a r t e x p o s i t o r y and p a r t o r i g i n a l M.A . t h e s i s to 
r e p l a c e p e r h a p s an even g r e a t e r n u m b e r of c o u r s e s . An i n t e r 
e s t i ng e x t r e m e c a s e of the p r o b l e m of the gifted s tudent a r o s e 
some fifty y e a r s ago when P r o f e s s o r s Hardy and Nevi l le h e a r d 
about Ramanu jan , who had l e a r n t and r e d i s c o v e r e d so much by 
h imse l f in India. I think it w a s P r o f e s s o r Nevi l le who went a l l 
the way to India to fetch h im to England ; then af te r he got t h e r e 
the ques t i on w a s how m u c h to leave h im to h i s own d e v i c e s and 
how much to b o t h e r h im with f o r m a l i n s t r u c t i o n on the m a t h e 
m a t i c s that w a s a l r e a d y known. It s e e m s that an exce l l en t job 
w a s done in th i s c a s e . A good c o m p r o m i s e w a s found. He w a s 
a l lowed to have a c c e s s to j u s t the r i gh t kind of m a t h e m a t i c s to 
he lp h im and , a t the s a m e t i m e , not to o v e r b u r d e n h im. Of 
c o u r s e , it w a s only l a t e r seen how i m p o r t a n t it w a s to m a k e a 
w i se c h o i c e , b e c a u s e h is life was so v e r y soon to be cut sho r t . 

Now a word about M. A. s tuden ts who go on to the Ph. D. 
I would sugges t tha t , if the candida te has an M.A . of the kind 
men t ioned above , including a thorough m a t h e m a t i c a l educa t i on , 
he should then be a l lowed to take a s many or a s few c o u r s e s a s 
he p l e a s e s , p rov ided his t h e s i s i s sufficiently good. 

Since the launching of the f i r s t Sputnik, t h e r e has been 
in the United S t a t e s a m o s t laudable i m p r o v e m e n t in educa t ion 
( an i n s t ance of doing the r igh t thing for the w r o n g r e a s o n ) and 
a l s o a f an tas t i c i n c r e a s e in the ava i l ab i l i t y of g r a n t s to e n c o u r a g e 
r e s e a r c h . One cannot e s c a p e the feel ing that many A m e r i c a n s 
a r e doing r e s e a r c h b e c a u s e they a r e we l l paid for i t , w h e r e a s 
the only p r o p e r mo t iva t ion i s an i r r e s i s t a b l e i nne r u r g e . One 
r e g r e t a b l e r e s u l t of the e x a g g e r a t e d e n c o u r a g e m e n t of r e s e a r c h 
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i s the ex t r a b u r d e n on the e d i t o r s and r e f e r e e s of m a t h e m a t i c a l 
j o u r n a l s , who have to r e a d vas t n u m b e r s of new p a p e r s which 
s e e m , at f i r s t s ight , a c c e p t a b l e but which a r e r e a l l y only making 
unp romis ing g e n e r a l i z a t i o n s or proving u n i n t e r e s t i n g t h e o r e m s : 
the so r t of stuff that the late P r o f e s s o r Hardy once r e f e r r e d to 
a s "ugly m a t h e m a t i c s " . 

DISCUSSION 

At t h i s point , t i m e w a s given for q u e s t i o n s and opinions 
f rom the f loor . The following points w e r e e m p h a s i z e d : 

1. Wyman ' s e m p h a s i s on a d i f ferent magn i tude of thinking 
on the amount of money needed for g radua t e r e s e a r c h was a t t a c k e d . 
T h i s led to a d i s c u s s i o n of add i t iona l way s to a t t r a c t g r a d u a t e 
s t u d e n t s , such a s : 

(a) The a t t i tude of the t e a c h e r dur ing the u n d e r g r a d u a t e 
y e a r s . He should , for e x a m p l e , e n c o u r a g e the s tudent to check 
ex i s t i ng l i t e r a t u r e to find out the way in which a given d i s c o v e r y 
w a s m a d e . The study of h i s t o ry of m a t h e m a t i c s should be 
e n c o u r a g e d but not n e c e s s a r i l y given f o r m a l l y . 

(b) An ac t ive i n t e r e s t by m a t h e m a t i c i a n s in p r e - u n i v e r s i t y 
m a t h e m a t i c a l educa t ion . 

(c) An i n c r e a s e in the p r e s t i g e of a c a r e e r in m a t h e m a t i c a l 
r e s e a r c h . 

2. The c lo se r e l a t i o n s h i p be tween pu re and appl ied 
m a t h e m a t i c s in England is a good th ing , in that it h a s a 
b r o a d e n i n g effect , a c c o r d i n g to C o x e t e r . He pointed out, how
e v e r , tha t the d i f fe rence be tween the two, a s they a r e taught in 
Eng land , i s s m a l l . 

3. It w a s a sked if t h e r e is any coun t ry in which the 
p r o b l e m of supply has been so lved . C o x e t e r r e p l i e d that to the 
b e s t of our knowledge , Russ i a is an e x a m p l e . G. P i c k e r t 
r e m a r k e d on the s i tua t ion in G e r m a n y . He s ta ted tha t the 
supply of un ive r s i t y t e a c h e r s i s wel l up to the d e m a n d , but 
tha t t h e r e is a s h o r t a g e of high school t e a c h e r s , which would 
c o r r e s p o n d in th i s count ry to a sho r t age of t e a c h e r s in the f i r s t 
two y e a r s of u n i v e r s i t y . 
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4. T h e r e was s o m e feeling e x p r e s s e d that the four mon th 
s u m m e r in Canada is not p r o p e r l y used by the s tudent . The 
s tudent should be suppor t ed dur ing the s u m m e r , and p r e v e n t e d 
f rom e a r n i n g money excep t a s a u n i v e r s i t y s tudent . 

R. L. J E F F E R Y , Acadia 

T h e r e s e e m e d to be no p r o g r e s s in p r e p a r i n g for t h i s 
pane l unti l it dawned on me that the difficulty a r o s e b e c a u s e 
of my t ry ing to s e p a r a t e u n d e r g r a d u a t e and g r adua t e w o r k . 
While it i s c u s t o m a r y to s e p a r a t e t h e s e for p u r p o s e s of book
keep ing , c r e d i t s , p l a c e s of r e s i d e n c e , e t c . , the p r o c e s s of 
l e a r n i n g i s independent of t h e m . We t a k e , t h e r e f o r e , a s the 
p e r i o d of p r e p a r a t i o n for the Doc to ra t e the l a s t two y e a r s of 
the h o n o u r s d e g r e e and t h r e e fu r the r y e a r s of study and r e s e a r c h . 

With t h i s se t t l ed we put the ques t ion a s fol lows: What 
should be an o v e r a l l plan of t r a in ing for m e n , and w o m e n , who 
a r e going out, tagged a s m a t h e m a t i c i a n s , to r e p r e s e n t Canada 
in the wor ld of S c i e n c e , R e s e a r c h , S c h o l a r s h i p , and I n d u s t r y ? 

In the e a r l y p a r t of t h e i r u n d e r g r a d u a t e study s tuden t s 
should, for the m o s t p a r t , follow the usua l p a t t e r n of c a l c u l u s , 
d i f f e ren t i a l e q u a t i o n s , and the usua l i n t r o d u c t o r y w o r k in 
Modern A l g e b r a and G e o m e t r y . At t h i s s tage s tuden t s should 
go slowly enough to be s u r e they a r e on the r i g h t t r a c k . 
N e v e r t h e l e s s , even at th i s s tage t h e r e should be a we l l o r g a n i z e d 
a r r a n g e m e n t for a c c e l e r a t i o n , and a c c e l e r a t i o n should be 
e m p h a s i z e d and adequa te ly p rov ided for , both in the u n d e r 
g r adua t e and g radua te y e a r s . It wi l l by no m e a n s be the c a s e 
tha t a l l good s tuden t s wi l l want to a c c e l e r a t e . But some wil l 
be s u r e of what they want a t an e a r l y s tage and wi l l be anx ious 
to show that they a r e capable of a f a s t e r than a v e r a g e p a c e . 
B e s i d e s , to have a g roup of s tuden t s in th i s c a t e g o r y lifts the 
tone of the c o u r s e s in which they a r e . 

When the i n t r o d u c t o r y w o r k is o v e r , th ings should begin 
to t ighten up, both for the i n s t r u c t o r and the s tudent . P r o g r e s s 
in U n i v e r s i t y w o r k is m e a s u r e d in t e r m s of c o u r s e s ; we sha l l 
a g r e e that a c o u r s e m e a n s l e c t u r e s , t h r e e h o u r s pe r week 
th roughou t the y e a r , with the a s s o c i a t e d study and p r o b l e m work . 
E v e r y l e c t u r e should be a w e l l - p r e p a r e d p e r f o r m a n c e . It should 
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be such that a s tudent would usual ly need f rom two to t h r e e 
h o u r s for the n e c e s s a r y r ead ing to c lar i fy any points which 
w e r e not quite c l e a r dur ing the l e c t u r e . In t h i s study t i m e , 
he should fill in c o m m e n t s in h i s own w a y s , so that when he 
c o m e s b a c k to it m o n t h s , or y e a r s , l a t e r he wil l know what 
it i s a l l about . He should a l s o have a s s i g n e d p r o b l e m s and 
e s s a y w o r k to do Some p r o b l e m s should be at a r e a s o n a b l e 
r e s e a r c h level and on t h e s e much m o r e than the two to t h r e e 
h o u r s wi l l be spent . 

In what d i r e c t i o n should t h e s e c o u r s e s go, and how many 
of t h e m should t h e r e b e ? The c o u r s e s should go in the ma in 
d i r e c t i o n of the m a t h e m a t i c s of the t i m e . At p r e s e n t t h e r e 
should be at l e a s t two c o u r s e s and in some c a s e s t h r e e , in 
each of Modern A l g e b r a , A n a l y s i s , Appl ied M a t h e m a t i c s , 
G e o m e t r y , and Topology and Func t iona l A n a l y s i s . T h e r e 
could be s o m e r e p l a c e m e n t s . S t a t i s t i c s and P r o b a b i l i t y could 
r e p l a c e Appl ied M a t h e m a t i c s ; M a t h e m a t i c a l Logic and Boolean 
A l g e b r a could r e p l a c e G e o m e t r y . S t a t i s t i c s and Probab i l i ty 
could be at l e a s t one of t h r e e c o u r s e s in the Appl ied g roup . 

In one of the a r e a s f rom which the c o u r s e s a r e taken the 
s tudent should m a k e an e a r l y s t a r t on fundamenta l r e s e a r c h 
leading t o w a r d s a t h e s i s . T h e r e a r e those of my co l l eagues 
whose f i r s t r e a c t i o n to the p r o p o s e d p r o g r a m wil l be that it 
does not a l low t i m e for c o n c e n t r a t e d study and r e s e a r c h . It 
should not be ove r looked , h o w e v e r , that the p r o g r a m m e is 
b a s e d on the a s s u m p t i o n that t h e r e is a workab l e a r r a n g e m e n t 
for a c c e l e r a t i o n . If such i s the c a s e some wi l l be wel l a long 
with t h e i r p r o g r a m by the t i m e they have f in ished for an l ionours 
d e g r e e . It wil l not be unusua l to find s tuden t s on such a p r o g r a m 
who wil l have the l as t y e a r of t h e i r t h r e e y e a r s of g r adua t e w o r k 
e n t i r e l y f ree for independent study and r e s e a r c h . 

C o u r s e is an unfor tunate w o r d , and taking c o u r s e s for 
c o u r s e s ' sake ge t s one n o w h e r e . But it is not at a l l n e c e s s a r y 
that c o u r s e s be t aken , o r g iven , in th i s s p i r i t . The a t m o s p h e r e 
of a c o u r s e should be that of ge t t ing c o n t r o l of the t e c h n i q u e s 
of o p e r a t i o n in a field for the p u r p o s e of going fu r the r and 
d e e p e r than the p r e s e n t s t a tu s of the field. T h e r e is no b e t t e r 
way to o v e r c o m e i l l i t e r a c y and a c q u i r e an i n t e r e s t in c r e a t i v e 
w o r k than by c o u r s e s t a k e n , and given, in th i s s p i r i t . If enough 
effort is put into o rgan iz ing and conduct ing a c o u r s e of two or 
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t h r e e l e c t u r e s a week , with e s s a y s and p r o b l e m s , some of them 
r e s e a r c h p r o b l e m s at a r e a s o n a b l e l eve l , such a c o u r s e can be 
as effective a s ind iv idua l t u t o r i a l s , in some w ays m o r e ef fec t ive . 
The p r o g r a m a s out l ined c a l l s for a high leve l of o r g a n i z a t i o n 
and p r e p a r a t i o n on the p a r t of those giving the c o u r s e s . As i s 
a l w a y s the c a s e , s tuden t s wi l l d r o p out along the way , some 
with an honour s d e g r e e , o t h e r s with a M a s t e r ' s d e g r e e ; but 
they wi l l have sound t r a i n i n g a s far a s they go, and wi l l be 
w e l l - p r e p a r e d for pos i t ions in high school , in G o v e r n m e n t and 
i n d u s t r y , and in j u n i o r c o l l e g e s . 

F . A . SHERK, T o r o n t o 

As n e a r l y a s I can m a k e out, the m a i n r e a s o n for my 
e x i s t e n c e on th i s pane l i s that I a m a fa i r ly r e c e n t p roduc t of 
a Canadian g r a d u a t e school . T h e r e f o r e , if you wil l p a r d o n m e , 
I' 11 b a s e my r e m a r k s on my own e x p e r i e n c e . 

I went t h r o u g h the r e g u l a r Honours M a t h e m a t i c s c o u r s e 
at M c M a s t e r , s t ayed on ano the r y e a r for the M a s t e r ' s d e g r e e , 
and then went to To ron to for the Ph. D. The r e q u i r e m e n t for 
the M a s t e r ' s d e g r e e w a s t h r e e c o u r s e s and a t h e s i s , and the 
r e q u i r e m e n t for the Ph. D. w a s an addi t iona l t h r e e c o u r s e s 
and a t h e s i s . Thus the n u m b e r of f o r m a l c o u r s e s t aken , 
count ing the u n d e r g r a d u a t e m a t h e m a t i c s c o u r s e s of t h i rd and 
four th y e a r , w a s a p p r o x i m a t e l y t h i r t e e n . Checking t h e m a g a i n s t 
P r o f e s s o r J e f f e ry ' s l i s t , I find m y s e l f up to the m a r k in 
A l g e b r a , G e o m e t r y , and A n a l y s i s , but c o n s i d e r a b l y def ic ient 
in the o t h e r s . 

Bu t , in my opinion, the def ic iency in c o u r s e m a t e r i a l w a s 
m a d e up in the w o r k which went into the two t h e s e s . I a m v e r y 
for tuna te in having had two v e r y able and u n d e r s t a n d i n g t h e s i s 
d i r e c t o r s . P r o f e s s o r L a n e , who d i r e c t e d my m a s t e r ' s t h e s i s , 
did what few d i r e c t o r s can or wi l l do for t h e i r c h a r g e s ; he let 
m e in on his own c u r r e n t r e s e a r c h p r o g r a m , spending a g r e a t 
dea l of t i m e with me a l m o s t eve ry day. The r e s u l t was tha t , 
having had a f i r s t hand look at m a t h e m a t i c s be ing c r e a t e d , 
I e m e r g e d f rom my M . A . y e a r with a r e a s o n a b l y good idea of 
what m a t h e m a t i c a l r e s e a r c h en ta i l ed . 

Pa r t l y b e c a u s e of th i s e x p e r i e n c e , it w a s only about s ix 
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m o n t h s af ter I e n r o l l e d in the Ph. D. p r o g r a m that I had sub
s t an t i a l r e s u l t s in the t h e s i s , even though the topic was en t i r e ly 
d i f ferent . H e r e again I had exce l l en t d i r e c t i o n , th i s t i m e f rom 
P r o f e s s o r C o x e t e r . Not content to s imply leave his door open 
for m e any t i m e , he took the in i t ia t ive at l e a s t twice a week and 
d ropped in at mv office to see how th ings w e r e going a long . 
I c o n s i d e r the c lo se p e r s o n a l con tac t , and the e n t h u s i a s m for 
g e o m e t r y that he in s t i l l ed in m e , to be of much g r e a t e r va lue 
than the c o u r s e w o r k which I took. And since get t ing the d e g r e e , 
I have been able to fill in some of the gaps in my knowledge. 

So, to sum up what I have to say on th i s m a t t e r , I feel 
tha t the p r o g r a m of c o u r s e w o r k that P r o f e s s o r Jef fery has 
out l ined is r a t h e r stiff. Un les s the t i m e of g r adua t e study is 
c o n s i d e r a b l y l eng thened , it wil l leave insuff icient t i m e for the 
s tuden t , under the guidance of his t h e s i s d i r e c t o r , to delve 
deeply enough into h i s m a j o r sub jec t , so deeply that it rea l ly 
s inks in, mak ing him a devotee of m a t h e m a t i c a l r e s e a r c h for 
his whole life. A f i r s t hand knowledge of r e s e a r c h which p r e 
c e d e s a comple t e p r o g r a m of c o u r s e work is not out of p lace . 
On the c o n t r a r y , it c r e a t e s a d e s i r e for fu r ther background 
knowledge . 

F ina l l y , we a r e not s imply t ry ing to p roduce s c h o l a r s . 
R a t h e r , we need people with enough e n t h u s i a s m for t he i r 
subjec t that they will go th rough a l l the d i f f i cu l t i es , d i sappo in t 
m e n t s , and ha rd w o r k that it t a k e s to b r ing about s ignif icant 
new r e s u l t s . 

DISCUSSION 

The ensu ing d i s c u s s i o n c e n t e r e d a round Je f f e ry ' s 
r e m a r k s on a c c e l e r a t i o n . Some c a s e s of a c c e l e r a t i o n of good 
s tudents in Canada w e r e m e n t i o n e d , but t h e r e w a s a g e n e r a l 
feel ing tha t m o r e m u s t be done in th i s a r e a . 

An a l t e r n a t i v e p r o p o s a l of the d iv is ion of u n d e r g r a d u a t e 
honour s c o u r s e s into " f a s t " and " s l o w " h o n o u r s w a s felt to be 
inadequa te for the needs of the e x t r e m e l y gifted individual . 
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A b s t r a c t s of Con t r ibu ted P a p e r s 

A non- induc t ive definit ion for a r e g u l a r polytope 

H. S. M. C o x e t e r 
U n i v e r s i t y of To ron to 

In r e a l Euc l idean n - s p a c e , a conf igura t ion of po in ts [0] , 
l i ne s [1] , p l anes [2] , e t c . , is ca l l ed a r e g u l a r polytope if: 

(i) It is (in an a p p r o p r i a t e s ense ) connec t ed ; 

(ii) Whenever a [k-2] and a [k] a r e inc iden t (the l a t t e r 
conta in ing the f o r m e r ) , t h e r e a r e j u s t two [ k - 1 ] ' s 
inc ident with both (for k = 1, 2 , . . . , n) ; 

(iii) T h e r e is a c e n t r e f rom which a l l the [k] ' s a r e 
equ id i s t an t ; 

Condit ion (iii) is c l e a r l y equiva len t to : 

( i i i ) ' The s y m m e t r y g roup con ta ins a r e f l ec t ion R that 
k 

i n t e r c h a n g e s the [ k - 1 ] ' s m e n t i o n e d in (ii) . 

If the space is not r e a l but c o m p l e x , the n u m b e r two in ( 
can be r e p l a c e d by an in teger p > 2, and the d e s c r i p t i o n of 

R in ( i i i ) ' i s that it cyc l i ca l ly p e r m u t e s the p [ k - 1 ] ' s. 
k k 

E v e r y r e g u l a r polytope has a Schlafl i symbol 

p . { q , } p 7 { q J • • • p , ( q , } p ; 
1 1 2 £ n - l n - l n 

for i n s t a n c e , the o r d i n a r y cube is 2 ( 4 } 2 { 3} 2. How shou 
q be defined in g e n e r a l ? 
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An a l g o r i t h m i c solut ion to a word p r o b l e m 
in g r o u p t h e o r y 

N. S. Mendelsohn 
U n i v e r s i t y of Manitoba 

Let G be a f ini tely g e n e r a t e d g roup which is a l s o finitely 
r e l a t e d . Let H be a subg roup of finite index in G g e n e r a t e d 
by f ini te ly many w o r d s in G. Using the C o x e t e r - T o d d and 
S c h r e i e r p r o c e d u r e s , the au thor so lves the following: 

(1) Find a canon ica l set of g e n e r a t o r s h , h , . • . , h 
v b 1 2 u 

for H ; 

(2) Find a set of r e p r e s e n t a t i v e s for the r igh t c o s e t s of H. 
Let t h e s e be C , C , C , . . . , C ; 

1 2 3 t 

(3) Given a word W in G, find a way of e x p r e s s i n g W 
in the fo rm W = T (h , h , . . . , h ) C w h e r e 

1 2 u 1 
T (h , h , . . . , h ) is a word in h , h , . . . , h , 

1 2 u 1 6 u 

h " 1 , h ; 1 

1 2 
- 1 
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A g e n e r a l i z a t i o n of T a y l o r s e r i e s 
and Newton in te rpo la t ion of e n t i r e funct ions 

D. Sato 
Un ive r s i ty of Saska tchewan , Regina 

Let f(Z) be an e n t i r e function and { Z.} be an indefinite-

sequence of c o m p l e x n u m b e r s (not n e c e s s a r i l y d i s t inc t ) with 

(1) l im inf | Z . | < oo . 
i -* oo 

Then , t h e r e e x i s t s a r e a r r a n g e m e n t { Z 1 } of the s equence 
J 

{ Z . } by wliich f(Z) can be expanded as a g e n e r a l i z e d T a y l o r 

s e r i e s fo rm 

00 

(2) f (Z) = 2 a (Z - Z\) . . . (Z - Z ' ) . 
n l n n =0 

If { Z } is bounded then we can let { Z1 } = { Z } . The 
1 J i 

condit ion (1) is n e c e s s a r y for an unbounded s e q u e n c e . Taking 
for { Z.} an e n u m e r a t i o n of al l a l g e b r a i c n u m b e r s in which 

I 

each a p p e a r s infini tely often, we have a t r a n s c e n d e n t a l entire-
function which, t oge the r wi th a l l i ts h igher d e r i v a t i v e s , 
a s s u m e s a l g e b r a i c v a l u e s at a l l a l g e b r a i c po in t s . 
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Regula r polygons ove r Galois f ie lds 

B. M. P u t t a s w a m a i a h and G. de B. Robinson 
U n i v e r s i t y of To ron to 

Crowe has r e c e n t l y c o n s i d e r e d th i s p r o b l e m ( A m e r . Math. 
Monthly 68 (1961), 762-765 and P r o c . A m e r . Math. Soc. 13 
(1962), 500-502) , but h a s r e s t r i c t e d his a t t en t ion to un i ta ry 
g r o u p s of t r a n s f o r m a t i o n s in the finite p l ane . The r e s u l t of 
t h i s r e s t r i c t i o n is to so s implify the s i tua t ion that nothing of 
g r e a t i n t e r e s t s e e m s to e m e r g e . We show he re why th i s 
r e s t r i c t i o n should not be m a d e and explain how the p r o b l e m 
is c lo se ly r e l a t e d to m o d u l a r r e p r e s e n t a t i o n t h e o r y of g r o u p s . 
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Boolean g e o m e t r y of p - r i n g s 

R. A. M e l t e r 
Un ive r s i t y of Rhode Is land 

A p - r i n g is a r ing R (with ident i ty) in which pX = 0 and 
p 

X = X for a l l X« R and some p r i m e p. If t h e r e is a s s o c i a t e d 

with eve ry o r d e r e d pa i r (X, g) of e l e m e n t s of R the i d e m p o t e n t 

P- 1 d (X, g) = (X - g) , R b e c o m e s a Boolean M e t r i c space wi th 
d i s t ance a l g e b r a , the Boolean a l g e b r a of i d e m p o t e n t s of R. 
V a r i o u s g e o m e t r i c a l p r o p e r t i e s of such s p a c e s ( p - s p a c e s ) a r e 
d i s c u s s e d in th i s p a p e r . In p a r t i c u l a r : 

(1) A n e c e s s a r y and sufficient condi t ion is obta ined in 
o r d e r tha t a subse t of a p - s p a c e f o r m a m e t r i c b a s i s ; 

(2) Congruence ind ices p + 1 for a p - s p a c e with r e s p e c t 
to the c l a s s of a l l Boolean m e t r i c s p a c e s a r e d e t e r 
mined ; 

(3) A m e t r i c c h a r a c t e r i z a t i o n of p - s p a c e s is d e s c r i b e d ; 

(4) The g roup of mo t ions of a p - s p a c e is ana lyzed and it 
is shown that e v e r y mot ion can be e x p r e s s e d a s a 
p roduc t of a finite n u m b e r of invo lu t ions ; 

(5) A t h e o r y of ana ly t i c g e o m e t r y in p - s p a c e s is i n t r o d u c e d . 
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