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A s  t h e  newly e l e c t e d  e d i t o r  of  t h e  Pi Mu Epailon Journal, I would 

l i k e  t o  s t a t e  our publ ica t ion  pol icy.  The chief  ob jec t ives  of t h e  

Jowpnaz from its very beginning i n  1949 have been t o  s t imula te  young 

mathematical minds, t o  encourage c r e a t i v i t y  and scholarship among i ts 

readers ,  and t o  provide an o u t l e t  f o r  undergraduate wr i t ing  i n  mathe- 

matics .  Hence, we w i l l  n o t  genera l ly  publ i sh  o r i g i n a l  research  of  a 

t e c h n i c a l  na ture  by experienced o r  more mature mathematicians. We do 

welcome exposi tory papers from such ind iv idua ls ,  o r  t r a n s c r i b e s  of 

t a l k s  presented t o  l o c a f  chapters .  

A l l  papers w i l l  be  evaluated on t h e  b a s i s  o f  ( 1 )  c l a r i t y  of  s t y l e ,  

( 2 )  probable i n t e r e s t  t o  r e a d e r s ,  ( 3 )  s u i t a b i l i t y  of l e v e l ,  and (4)  c re-  

a t i v i t y  and o r i g i n a l i t y .  Our demands i n  each of these  a r e a s  w i l l  be 

genera l ly  l e s s  severe f o r  undergraduate au thors  than f o r  graduate s tu-  

dents  o r  more experienced f a c u l t y  members a t  a u n i v e r s i t y ,  say,  i n  l i n e  

with our d e s i r e  t o  encourage wr i t ing  by beginning mathematicians. Our 

evaluat ion of papers  w i l l  t h e r e f o r e  depend very much on t h e  experience 

and matur i ty  of t h e  au thors ,  so we ask t h a t  a l l  f u t u r e  authors  inform 

us  of  t h e i r  c l a s s  i f  they a r e  undergraduates o r  t h e i r  year  i f  they a r e  

graduates ,  and t h e  school they a r e  a t t end ing ,  and t h e i r  p o s i t i o n  i f  they 

a r e  e i t h e r  f a c u l t y  members o r  i n  indus t ry .  

The format of  t h e  JournaZ i s  undergoing some changes with t h i s  

i s s u e ,  a s  w i l l  be obvious t o  our readers .  We have been f o r t u n a t e  i n  ob- 

t a i n i n g  a new typewr i te r ,  s e v e r a l  symbol b a l l s ,  and t r a n s f e r  symbol 

s h e e t s  which w i l l  enable us  t o  pu t  out  a more a t t r a c t i v e  product.  I 

pledge my e f f o r t s  t o  make t h i s  journa l  not  only a t t r a c t i v e  i n  appearance 

bu t  a l s o  of  l i t e r a r y  worth i n  t h e  f i e l d  of  mathematics, and I look for-  

ward t o  se rv ing  i n  t h i s  venture.  

David C. Kay 
Editor 



WHAT I S  THE MOST AMAZING APPROXIMATE INTEGER I N  THE UNIVERSE? 

It is wel l  known t o  modular func t ionar ies  [l, 2, 3 ,  4, 51 t h a t  

t h e r e  a r e  some very s t r i k i n g  approximations t o  in tegers  involving t h e  
n dm 

number e , e s p e c i a l l y  when -m is  a negat ive discr iminant  of a binary 

quadra t ic  form having c l a s s  number 1; t h a t  is ,  when m = 3, 4, 7 ,  11, 19 ,  

43, 67 o r  163. The proof t h a t  t h i s  is  t h e  whole s e t  of  negat ive d i s-  

cr iminants  f o r  c l a s s  number 1 was completed by Stark [51. Although 

some o ther  values of  m give s t r i k i n g  r e s u l t s  f o r  example [21 

e nd58 = 24591257751.99999982, 

t h e r e  is some reason t o  suppose t h a t  m = 163 provides t h e  most s t r i k i n g  

approximations. The following example is mentioned i n  [3], and i n  [Q]  

with a very s l i g h t  inaccuracy: 

= 262537412640768743.999999999999250.. . (11 

(The r igorous  proof depends on [61.1 Although amazement is i n  t h e  eyes 

of  t h e  beholderÂ and of course does not  depend only on t h e  degree of 

t h e  approximation, bu t  a l s o  on t h e  s i m p l i c i t y  and mathematical depth 

of t h e  formula, I p r e f e r  

This formula is an extremely easy and elementary deduction from 

t h e  remarkable f a c t  t h a t  

-& -ap i n t e g e r  when x = endmy where m i s  defined above, a s  proved by 

weGer [I], p. 461, who a l s o  l ists t h e  values of t h e s e  i n t e g e r s  f o r  

m = 11, 19,  43, 67, and 163. 

From equation (21,  we can der ive  t h e  following r e s u l t  which is 

even b e t t e r :  
1 

{ 7 loge ( 6 4 0 3 2 0 ~  + 7 4 4 1 1 ~  

The quest ion I wish t o  r a i s e  is whether t h e r e  is any o ther  approximate 

i n t e g e r  t h a t  is more amazing t o  t h e  eye of an i n t e l l i g e n t  e n t i t y ,  

I wish t o  make it p e r f e c t l y  c l e a r  t h a t  I am lay ing  claim t o  very 

l i t t l e  o r i g i n a l i t y  i n  t h i s  no te ,  b u t  I f e e l  t h a t  t h e  peopZe a r e  

e n t i t l e d  t o  some c f  t h e  awe t h a t  tends t o  be  reserved f o r  t h e  high 

func t ionar ies ,  and t o  r e l i s h  t h e  p o s s i b i l i t y  t h a t  (41 provides t h e  

most s u r p r i s i n g  poss ib le  approximate in teger .  
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DO YOU HAVE ANY UNSOLVED PROBLEMS? 

Our Problems Edi to r  informs us t h a t  a c o l l e c t i o n  of  unsolved pro- 

blems comprehensible t o  t h e  amateur is being compiled by Professor  

Dagmar Henney of George Washington Universi ty .  If you have a problem 

which you th ink  would be  appropr ia te  f o r  t h i s  c o l l e c t i o n  p lease  send 

it, along with a s h o r t  h i s t o r i c a l  re fe rence  if poss ib le ,  t o :  

Professor  Dagmr Henney 
Department of Mathematics 
George Washington Universi ty  
Washington, D.C. 20006 



REPEATING AND NON-REPEATING SEQUENCES 
OF DIGITS IN DECIMAL FRACTIONS 

By Kay P. LLtch6ie ld  
W g h m  Young U ~ v ~ . i A q  

Consider a/b where 0 < a < b ( a y  b E N). Expressing a/b a s  

decimal f r a c t i o n ,  we have 0. dld2d 3 . . .  which has zero o r  more non- 

repea t ing  d i g i t s y  followed by zero ( f o r  terminat ing expansions) o r  

more d i g i t s  which a r e  repeated without end. 

N o Z d o n  and T d n o L o g y  

The l e t t e r  n represen ts  a p o s i t i v e  in teger  g r e a t e r  than 1. The 

decimal expansion of  l / n  has f n  non- repeating d i g i t s  followed by r n 

d i g i t s  which a r e  repeated.  A s t r i n g  of symbols sym sym sym...sym 

containing k occurrences of t h e  symbol sym s h a l l  be wr i t t en :  

P W L ~ O A  e  

The purpose of t h i s  paper is t o  f i n d  f n  and rn f o r  any n i n  

any number base ( e .  g. decimal binary t e r n a r y ,  duodecimal). The 
concept s h a l l  first be presented f o r  decimal and then general ized t o  

o ther  bases. 

Mot iva t ion  
Consider l / n  and t h e  elementary long d i v i s i o n  process f o r  f jnd ing  

i ts decimal f r a c t i o n  (d iv id ing  i n t o  l,OOO... u n t i l  t h e  f r a c t i o n  termi-  

na tes  o r  s t a r t s  repea t ing) .  A s  each d i g i t  of t h e  quot ien t  is  found a 

new remainder (<n) is found. A s  soon a s - a  remainder of zero i s  found, 

t h e  f r a c t i o n  terminates .  A s  soon a s  a remainder i s  found which equals 

a pr:viously found remainder, t h e  f r a c t i o n  s t a r t s  repea t ing  (from t h e  

po in t  a t  which t h a t  remainder was previously found). 

Re&&, wh% pkooi  

For l / n  we have, 

and, 

r 
n f n  

Since t h e  l e f t  hand s i d e  is  an i n t e g e r y  we have n 1 ( , 9 . .  . . g I  ) ( l o  1. 
I f  we had used k/n ins tead  of l / n ,  we would have a r r i v e d  a t  t h e  condi- 

r f r 
n t i o n  n 1 k(19 . . ? .91) (10  n ) .  I f  ( k , n )  = 1 we have n 1 ( 1 9  .... g l ) .  

n (10 1, a s  before.  

Since t h e  above process may be reversed y we have: 

and rn and fn are the Zeaet in tegers  f o r  z~hich  t h i s  i s  t r u e .  

To d&d 6,, and JL,, g i v e n  n 

a 
Express n i n  t h e  form 2 ?c, where ( 1 0 , ~ )  = 1. Then it follows 

t h a t  fn = max (a ,b ) ,  and r is  found by dividing c i n t o  99. . .  u n t i l  a 
n 

zero remainder is  found ( o r  i n t o  lOOO,.. u n t i l  a remainder of 1 is 

found . 
BaAe o&vL &an I0 

The s e c t i o n  "Result,  with proof1' holds i n  any base m (where 

2 < m < -) i f  t h e  d i g i t  9 (wherever it occurs i n  t h e  sec t ion)  is 



considered t o  represen t  10 -1- (e.g. i n  binary-ly i n  duodecimal-El. m 

-. Expressing n a s  a S b  where (bym) = 1 and a d iv ides  some power of 

fn 'n m, we see  t h a t  aim a n d b l ( m  - 1 ) .  ( f n a n d p  r e f e r  t o  t h e  f r a c t i o n a l  n 

expansion i n  t h e  base m.) 

Tab& doh b a e  10 

Here is a t a b l e  l i s t i n g  t h e  prime f a c t o r i z a t i o n  of  ( lok  - 1 )  f o r  

1 k 25. The r e c i p r o c a l  of any f a c t o r  of ( l o k  - 1 )  has k repea t ing  d i g i t s  

i n  base 10. The repea t ing  d i g i t s  of  l / n  may b e  found bv taking t h e  

product of  t h e  o ther  f a c t o r s  of  ( l o k  - 1 1. 

Similar  t a b l e s  f o r  o ther  bases may e a s i l y  be  produced. It may be  

r e l a t i v e l y  easy t o  produce more extensive t a b l e s .  

k prime f a c t o r i z a t i o n  of  ( lok  - 1 )  = ,9. .  . .9, 

3*3. 
3*3,11. 
3,3*3*3.7. 
3,3y11y101. 
3*3,41*271. 
3,39397,11,13y37, 
3,3*239*4649, 
3~3 ,11~73 ,101 ,137 ,  
3,3*3,3,37,333667. 
3,3,11,41,271~9091, 
3,3,21649,513239, 
3,3,3~7,11,13~37,101~9901. 
3,3y53y79,265371653. 
3,3,11,239,4649,909091. 
3~3,3~31~37,4ly27l92906l61. 
3,3,11,17,73, 101  137, 5882353 
3,3,2071723y5363222357. 
3,3,3,3y7,11,13,19,37,52579,333667. 
3~3~1111111111111111111. 
3~3~11,41,101,271,3541,9091,27961. 
3,3y3,37y43,239,1933,4649y10838689. 
3,3,11911,23,4093,8779,21649,513239. 
3 *3,1111111111111~11111111. 
3~3,3,7,11,13,37,73,1019137~9901,99990001. 
3~3~41,271,21401~25601~182521213001. 

BASIS FOR AN ALGEBRAIC SYSTEM 

Bg J. E. C&n, Jh. 
unLvmi.â‚ 06 O ~ o m  

A well  known concept from l i n e a r  algebra is every vector  space 

has a bas i s .  In  t h i s  b r i e f  paper we w i l l  consider a genera l iza t ion  

of t h i s  theorem t o  a r b i t r a r y  a lgebra ic  systems. We w i l l  f i r s t  def ine 

t h e  concepts of independence* minimal generat ing s e t s *  and b a s i s ,  

and then s t a t e  and prove an ex is tence  theorem. 

Let a = (A;F) b e  an a lgebra ic  system and BCA. Then a E A 

is  a combination of eZement8 of B (combo o f  B) i f  a E W ,  where W 

is  defined recurs ive ly  a s  fol lows:  

( i )  B C W 

( i i )  I f  f E F arpd t h e  degree of f is zero*  then f E W. c c c 
( i i i )  If f C c F, t h e  degree of f e  is  n 9  and xly x 2 Â  . . . , xn c W, 

then fc(xly x2* . . . , xn) E W. 

For an algebra a = (A;F), BCA is  a dependent s e t  if t h e r e  e x i s t s  

a b E B such t h a t  b is a combo of  ~ \ { b } .  B is an independent s e t  i f  

B i s  not  a dependent s e t .  

A generat ing s e t  V f o r  an algebra a = (A;F) is  c a l l e d  dnimaz 

i f  A i s  not  generated by any proper subse t  of V. 

LvmnU: Let V b e  a generat ing s e t  f o r  an a lgebra  a = (A;F). - 
Then V is independent i f f  V is minimal. 

w: Assume V is an independent generat ing s e t .  Let B be  a 

proper subse t  of V and b E V \ B. Then b is not  a combo of B. 

Hence* B does no t  generate  A and V is minimal. 

Suppose V is  a minimal generat ing set. If V is dependentsthen 

t h e r e  e x i s t s  b E V such t h a t  b is a combo of  V \ {bl .  But then 

V \ { b l  generates  A, Hence V must be  independent. Q.E.D. 

A b a ~ i 8  f o r  an a lgebra  is an independent (minimal) genmat ing  

s e t .  



P W C J ~ :  Let z = (P . ; r )  be an algebra.  Let P be the  c l a s s  of - 
*3ll independent subse t s  of A .  The emDtv s e t  i s  i n  ?, hence ? is 

nonenpty. Then o = (? ; c )  is a nonempty ~ a r r i a l b ~  ordered s e i  under 

ordinary s e t  inc lus ion .  

Let 6 be any chain i n  0. Then U g  i s  a maximal element f o r  $ 

By Zarn 's  Lemma, t h e r e  e x i s t s  a maximal element V i n  ?. Since '1 

i s  a maximal i n d e ~ e n d e n t  subset  f o r  a ,  I! is a minimal independent 

generat ing s e t ,  and hence a b a s i s  f o r  a .  Q.E.D. 

COMMENT ON "COMblENTS ON THE PROPERTIES 

OF ODD PERFECT NUMBERS" 

One of our readers  informs us t h a t  a comment by Lee Ratzan i n  h i s  

a r t i c l e  Conunezts on the Properties of Odd Perfect l?mbers ( t h i s  J O K W U ~ ,  

Vol. 5, 1\10. 6 -  pp. 265-271) needs updating. According t o  Robert 

P r i e l i p p ,  Wisconsin S t a t e  Univers i ty , i t  is  now known t h a t  t h e r e  a r e  

no odd p e r f e c t  numbers l e s s  than o r  equal  t o  ( t h e  nunber given by 

Lee Ratzan on p. 269 was l o z 0 ) .  This r e s u l t  may be found i n  a paper by 

Bryant Tuckerman (IBM Research Paper RC-1925, Thomas J. Watson Research 

Center) .  Professor  P r i e l i p p  and another re.ader, Henry J. Ricardo, 

Idanhattan College,point out t h a t  t h e  e d i t o r i a l  comment a t  t h e  bottom of 

page 265 is a l s o  out of d a t e .  Instead c f  t h e  l a r g s s t  known even per- 

f e c t  number being 211921z(2113z13- 11, having 6751 d i g i t s ,  it is  

219*936(219-937 -1) = 93llW+SSgO.. .0271942656, having 12,003 d i g i t s ,  d i s-  

covered only l a s t  year (1971) by Professor  Bryant. In add i t ion  t o  t h e  

above re fe rence ,  see  a l s o  George E.  Andrews, Number 2'heory W .  B.  Saunders 

C6mpany- 1971, page 1 1 2 ) .  
-- - -  - 

l n a h o d u d o n  
Let us  assume t h a t  we have a p r i z e  valued a t  k d o l l a r s  t o  be given 

away t o  one of  n people. Usually one person i s  chosen a t  random and 

awarded t h e  p r i z e  and t h e  remaining n-1 people a r e  s e n t  on t h e i r  way 

with nothing t o  show. I f  one i s  unwil l ing t o  accept  t h e  whims of Tyche 

( t h e  goddess of  chancel-  schemes may be devised t o  outwit  her  and l e t  

everyone walk away with something f o r  nothing. One scheme which we 

w i l l  descr ibe  here  is of i n t e r e s t  because of an unusual combination 

of an i n t u i t i v e l y  simple idea with elementary concepts i n  s t a t i s t i c s  

and techniques of advanced calculus.  The ca lcu lus  s tudent  may avoid 

another rou t ine  exerc i se  and t h e  s t a t i s t i c s  s tudent  has an opportuni ty 

t o  apply a r e l a t i v e l y  sophis t i ca ted  technique t o  a simple problem. 

The Schme 

Our scheme w i l l  involve a t radeoff :  t h e  p a r t i c i p a n t s  must be 

w i l l i n g  t o  buy some secur i ty .  Our r a f f l e  w i l l  proceed through n-1 

rounds. For t h e  f i r s t  round everyone pays t h e  admission p r i c e  of 

plk d o l l a r s  and t h e  p r i z e  is awarded t o  one person a t  random. The 

winner drops ou t  and t h e  remaining p a r t i c i p a n t s  pay a second admission 

p r i c e  of p2k d o l l a r s .  Again- t h e  second round winner is awarded t h e  

k d o l l a r  p r ize .  The procedure is  simply c a r r i e d  out  i n  t h i s  manner 

u p t i 1  t h e  (n-list round. In  t h i s  round each of t h e  two remaining 

p a r t i c i p a n t s  pay t h e  premium of  pn-lk d o l l a r s  and each is  awarded 

t h e  p r i z e  with no r a f f l e ,  t h a t  i s -  both a r e  declared winners. 

Table I summarizes. 

 he motivation f o r  t h i s  research  was twofold. F i r s t  was t h a t  
t h e  author  has a long h i s t o r y  o f  los ing  r a f f l e s -  t h e  most recen t  
being one where he had a p r o b a b i l i t y  of .5 of winning. Second was 
t h e  dilemma of awarding a journa l  subscr ip t ion  t o  s e v e r a l  equal ly 
deserving graduate  s tudents .  Implementing t h i s  scheme a l l e v i a t e d  
t h e  second- b u t  h a s n ' t  helped t h e  f i r s t  a t  a l l .  



Tab 

round 1 

round 2  

round (11-21 

round (n-1) 

imount paid t h i s  
+ound by each r e -  
iaining p a r t i c i p a n t  

t o t a l  amount t h e  
winner must pay 

t o t a l  paid by 
a l l  p a r t i c i -  
pants  t h i s  
round 

Several  c o n s t r a i n t s  on t h e  s e l e c t i o n  of  t h e  pi's  a r e  obvious, 

Clearly 0 2 pi < 1, i = 1, 2, .,. n-1. In  add i t ion ,  we want no 

n-1 n-1 
one t o  pay more than k  d o l l a r s ,  Hence, k  pi 5 k  o r  Pi & 1. 

i=l i=l 

Equali ty  means t h a t  t h e  winners of t h e  (n-1)St round have had t o  buy 

n-1 st 
t h e i r  own pr ize .  However, if p  = pi < 1, then even those  (n-1) 

i=l 
round winners s t i l l  Itget something f o r  nothing1'. 

The scheme works, of course, because t h e  premiums paid purchase 

t h e  a d d i t i o n a l  (n-1) p r i z e s ,  Hence, we must have ( t o t a l l i n g  t h e  t h i r d  

column of  Table I )  , 

Rewriting n-1 
(1)  i p i = ( n t l ) p - n + l = n ( p - l ) + p + l .  

i=l 
-- - - 

In t h e  s p e c i a l  case t h a t  p  = 1, t h i s  equation becomes: 

That is, t h e  p i t s  form a  probabi l i ty  d i s t r i b u t i o n  with mean 2. 

Several  quest ions of i n t e r e s t  a r l s e .  The f i r s t  is t h e  probabi l i ty  

of winning on t h e  j t h  round and t h e  s e c o ~ d  is  t h e  expected amount of 

payment a  p a r t i c i p a n t  must make. To answer t h e  f i r s t ,  l e t  

1 < j c n-1. I f  t h e  p a r t i c i p a n t  is  t o  win on t h e  5 th  round he must have 

l o s t  on a l l  previous rounds and then won on t h e  Gth. Hence t h a t  

p robabi l i ty  is  : 

n-1 n-2 n- j  1 - - , - ,.... 1 
n n-1 iiqx '3- K 

1 
Obviously t h e  probabi l i ty  of winning on t h e  f i r s t  round i s  ; and thus 

1 
t h e  probabi l i ty  of winning on t h e  j t h  round f o r  1 5 j c n-1 i s  -. To 

win on t h e  (n-list round means t o  have l o s t  on a l l  previous rounds. 

Hence t h a t  p robabi l i ty  is : 

Next, l e t  X be  t h e  amount of money a  p a r t i c i p a n t  must pay. The 

expected value of  X is 

1 1 1 
E(X) = kpl a - + k(pl + p2) ; +...+ k(pl + p2 +...+ pn-2) ; + 

Rewriting 

Thus, 

n-1 
Using equation (1)  f o r  i=l z i p i ,  we f i n d ,  

n-1 
E(x) = . k  

Hence, independent of t h e  choice of t h e  p i l s ,  t h e  v a r t i c i p a n t  expects 

n-1 
t o  pay (->k d o l l a r s .  This ,  of course,  means t h e  expected winnings 



k 
a r e  - d o l l a r s ,  which is t h e  same a s  with t h e  ordinary r a f f l e .  The n 
purpose of introducing t h e  presen t  scheme i n  p lace  of  t h e  ordinary 

r a f f l e  was t o  e l imina te  some of  t h e  v a r i a b i l i t y  o r  uncer ta in ty .  Hence, 

l e t  us  compute var(X). Clear ly ,  

Rewriting 

To minimize t h e  var iance ,  one must minimize 

sub jec t  t o  t h e  c o n s t r a i n t s  

and 

Using Lagrangian m u l t i p l i e r s ,  one f i n d s  t h e  fol lowing s e t  of  

simultaneous equations 

Solving these  n equat ions simultaneously l e a d s  t o  t h e  minimum variance 
-. - 

( i n  T a c t ,  t h e  zero variance)  s o l u t i o n  

This degenerate s i t u a t i o n  corresponds t o  g iv ing  each p a r t i c i p a n t  a 

s o l u t i o n  need no t  be  degenerate; however. 

In t h e  previous case ,  we were l e t t i n g  p be v a r i a b l e  and f ind ing  

t h e  minimum var iance  s o l u t i o n  sub jec t  t o  a v a r i a b l e  p .  We may f i x  p 

however and f i n d  t h e  minimum variance so lu t ion .  For example, suppose 

p = 1. Then t o  minimize t h e  variance,  we must minimize 

sub jec t  t o  

n- 1 n-1 
pi = 1 and i p  = 2. 

i=l 1=1 

Again using Lagrangian m u l t i p l i e r s ,  we have 

= 1, 2 ,  . . . , n-1. 

Solving these  (n+1) equat ions simultaneous l y  y i e l d s  

Of course,  using a minimum s e t  of  p i ' s  makes t h e  r a f f l e  l e a s t  

spor t ing ,  bu t  insures  t h e  most s a t i s f a c t i o n  among t h e  customers. 

Larger var iance  then corresponds t o  a more spor t ing  r a f f l e .  In par- 

t i c u l a r ,  if t h e  i n i t i a l  p 's a r e  small  and t h e  te rmina l  ones l a r g e ,  i 
one approximates t h e  usua l  r a f f l e .  

F i n a l l y ,  we observe t h a t  making t h e  payments, pik, need no t  be 

regarded a s  a c t u a l l y  having t o  t ake  place.  Since t h e  p r i z e  is  k 

d o l l a r s  and t h e  amount paid is  something l e s s  than or  equal t o  k 

d o l l a r s ,  t h e  n e t  p r i z e  is j u s t  k minus t h e  t o t a l  payment. Thus, 

a l l  and a l l ,  everyone g e t s  a t  l e a s t  a l i t t l e  f o r  nothing. 

k p r i z e  of - d o l l a r s ,  t h a t  is, s p l i t t i n g  t h e  p r i z e  up equal ly.  The 



THE CURVES OF PERSEUS 
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The production of Greek mathematics t h a t  followed Apollonius 

of  Perga was described a s  a  r e f l e c t i o n  o r  re-examination of p r i o r  

works. Among l a t e r  developments i n  geometry we f i n d  t h e  c l a s s i f i -  

ca t ion  of curves [6,8] : Manaechmus (who f lour i shed  around 350 .B.C. ) 

was c red i ted  with t h e  discovery of  t h e  conic s e c t i o n s  - e l l i p s e ,  

hyperbola, and parabola; and Perseus (who presumably f lour i shed  

a f t e r  Euclid, around 150 B.C.) i s  genera l ly  c red i ted  with t h e  discovery 

and charac te r iza t ion  of  s p i r i c  sec t ions .  

The. C u h v ~  of. Pmu 

I t  was Proclus t h e  philosopher who s t a t e d ,  around t h e  year  

460, t h a t  t h e  following mathematicians discovered and/or described 

proper t i es  of var ious curves [ E l :  
Apollonius of  t h e  conic s e c t i o n s ,  

Hippias of t h e  quadra t r ix ,  

Nicomedes of t h e  conchoids, and 

Perseus of  t h e  s p i r a l s .  

Perseus, a  geometer, t r e a t e d  t h e  sec t ions  of t h e  s p i r e ,  o r  

t o r u s  ( a l s o  c a l l e d  t h e  anchor- ring). The work of Perseus unfor- 

tuna te ly  is wholly l o s t ,  and no e x t r a c t s  from h i s  works appear i n  

t h e  wr i t ing  of  l a t e r  mathematicians [4,5,71! S c i e n t i s t s  have 

expressed doubt t h a t  he  (Perseus)  l a i d  t h e  foundation t o  mathemati- 

c a l  astronomy. Histor ians say t h a t  it appears q u i t e  uncer ta in  - 
t h a t  Perseus discovered such curves a s  t h e  ovals  (nee,  Ovals of 

- C a s s i n i ) ,  t h e  lemniscate ,  and s p i r a l  s e c t i o n s  ( a s  t h e  h e l i x ) .  It 

is- fannery (1843-1904) who i d e n t i f i e s  f i v e  types of planar  c r o s s  

s e c t i o n ,  of t h e  open s p i r e ,  a s  t h e  f ive  cwvee  of pereeue. The 

a n a l y t i c  descr ip t ion  of t h e s e  curves follows. 

a u n i t s ,  and has i t s  cen te r  a t  the  point  ( x , y )  = ( 0 , ~ ) ;  c  > a .  

Because of symmetry, i n  t h e  generated sur face  of revo lu t ion ,  

we consider only t h e  respec t ive  semi- circle  and t h e  r e s u l t a n t  

sur face  tn  t h e  i n i t i a l  o r  re fe rence  oc tan t  of t h r e e  dimensional 

space. The t o r u s ,  o r  sur face  of revo lu t ion ,  is  then cu t  by planes 

z = d ( t h a t  i s ,  by planes p a r a l l e l  t o  t h e  x-y p lane) ;  where 

d = constant .  The f i v e  curves of Perseus a r e  then i d e n t i f i e d  

a s  those  planar curves of i n t e r s e c t i o n  between t h e  to rus  and 

t h e  planes z = d = constant ,  f o r  t h e  following cases:  

1. c < d < ( c + a ) ,  

2. d  = c ,  

3. ( c - a ) < d < c ,  

4. d  = ( c  - a )  , 
5. 0  < d < ( c  - a ) .  

Curves defined by sec t ions  1, 2 ,  and 3 ,  each descr ibe  an oval ;  t h e  

curve defined by sec t ion  4 is  a  tiippopede, o r  ' h o r s e- f e t t e r '  ( i . e . ,  

a  f i g u r e  e i g h t )  [31; and t h e  t r a c e  defined by s e c t i o n  5 c o n s i s t s  

of two symmetrical ovals  ( d i s t o r t e d  c i r c l e s ) .  Figure 1 r e v e a l s  

FIGURE 1 - We consider  t h e  r o t a t i o n  of a  c i r c l e  about t h e  x a x i s ;  wherein, 

i n  t h e  x-y rec tangula r  Cartesian plane,  t h e  c i r c l e  has  r a d i u s  of  



t h e  segments of t h e  to rus  and t h e  f i v e  planar  c ross  s e c t i o n s ,  

appearing i n  the  f i r s t  oc tan t .  

The equation of t h e  d i r e c t r i x ,  o r  generat ing planar  curve, i s  

x 2 + ( y - c ) 2 = a 2 , z = ~ , c > a > ~ ;  ( 2 )  

and,with an a x i s  of revo lu t ion  given by t h e  x a x i s ,  t h e  r e s u l t a n t  

t o r u s ,  o r  sur face  of revo lu t ion ,  is: 

2 2 + z2 + c2 - a 2 ) 2  = 4c2 (y2  + z ). ( x  + y (3)  

A d d i t i o n a l  N o t u  o n  fie. S p X c  S e c t i o n 4  

The pecu l ia r  s p i r a l  s e c t i o n s ,  c a l l e d  t h e  curves of Perseus, 

appear t o  be t h e  same a s  t h e  hippopede curves of Eudoxus (Eudoxus 

of Cnidos, 408-355 B.C.). These same curves were a l s o  described 

by Heron of Alexandria, who l ived  a f t e r  Apollonius and before  Pappus. 

The lemniscate was described by Jakob Bernoull i  (1654-1705); t h e  

general  lemniscate ,  o r  Cassinian ova ls ,  were invented and described 

by Jean-Dominique Cassini  (1625-1712) [61. The Darboux curves,  

represented by complex numbers, general ized the  s p i r i c  curves, and 

were a t t r i b u t e d  t o  Jean Gaston Darboux (1842-1917) [91. 

Many of t h e  s e c t i o n  proper t i es  of t h e  curves of Perseus, 

and a l s o  of volumes of  t h e  t runcated segments of  t h e  t o r u s ,  remain 

most e l l u s i v e  t o  mathematical computation. The exact  evaluat ion 

of d e f i n i t e  i n t e g r a l s ,  r e p r e s e n t a t i v e  of a r c  l eng th ,  sur face  a r e a ,  

and volume, f o r  example, a r e  general ly  impossible t o  ob ta in .  To 

i l l u s t r a t e ,  l e t  us re-wri te  t h e  equation of  t h e  t o r u s ,  a s  given 

by Equation (31,  i n  vector  o r  parametric form, a s  follows: 

= { ( a - S i n  p ) i  + [(c+a-cos p)  Sin v I j  + [ ( c + a . ~ o s  p)-cos vIk} ( I + )  

Note t h a t  7 is  our p o s i t i o n  vec tor ,  l o c a t i n g  any po in t  on t h e  s p i r i c  

curve. I f  we l e t  0 < d < ( c  - a ) ,  i n  our i l l u s t r a t i o n ,  then t h e  

leng th  of t h e  curve of Perseus, a s  shown i n  Figure 2 i s :  

FIGURE 2 

The d e f i n i t e  i n t e g r a l ,  represented i n  Equation (51, is r e -  

fe r red  t o  a s  a h y p e r- e l l i p t i c  i n t e g r a l  of  Jacobi  o r  Legendre type 

(Car l  G .  J. Jacobi ,  1804-1851; Adrien-Marie Lengendre, 1752-1833) 

[21. Such i n t e g r a l s  reduce, i n  s p e c i a l  cases ,  t o  elementary 

functions and/or s p e c i a l  higher mathematical funct ions of appl ied 

mathematics, a s  Jacobian e l l i p t i c  i n t e g r a l s  of  t h e  f i r s t ,  second, 

and t h i r d  kinds. However, f o r  an immediate evaluat ion of  such 

hyper- e l l ip t ic  i n t e g r a l s ,  one usual ly r e s o r t s  t o  d i r e c t  numeri- 

c a l  in tegra t ion  and/or use of extensive s e r i e s  represen ta t ions .  

1 U ~ ~ i t n a t i u e  1nte.gkaLt, 

We consider herein numerical treatment f o r  t h e  length of  

various curves of Perseus. 



1. Let d = 0. The curve of Perseus gives a semi- circular  t r a c e  

i n  t h e  i n i t i a l  oc tan t .  From Equation (51, 

& { dp = =a FZ 3.1416 a u n i t s .  

2. Let c = 2a, and d = Ã‘̂  E 5 . The curve of Perseus gives 2 2 

an oval.  From Equation ( 51, 

1 
(4tw) . (4t3w) * dw; W E  Cos v, ^ = a 

[(l-.w2) (3.2~) (5t2w) 

The e l lus iveness  is now apparent.  Employing numerical i n t e-  

g r a t i o n ,  t h e  approximation of t h i s  h igher r -e l l ip t ic  i n t e g r a l  

g ives ,  

Â¥ FZ 3.1723 a a u n i t s  

3. Let c = 2a, and d = c - a a .  The curve of Perseus describes 

a lemniscate. From Equation (51 ,  

where F and K r e f e r ,  r espec t ive ly ,  t o  t h e  incomplete and 

complete Jacobian e l l i p t i c  i n t e g r a l s  of t h e  first kind. 

Herein, Ã§ FZ 3.7082 a u n i t s .  

Some i n t e r e s t i n g  c h a r a c t e r i s t i c s  of  t h e  locus i n  example 3 

should be noted. I f  /? 'denotes t h e  po la r  co-ordinate f o r  r a d i a l  

l eng th ,  and S denotes t h e  length of a r c  of  t h e  lemniscate ,  - - - 
from i t s  cen te r  ( t h e  nodal p o i n t )  t o  any a d d i t i o n a l  point  i n  t h e  

re fe rence  quadrant,  then one can w r i t e  t h e  r e l a t i o n s h i p  C l ]  

where C (u) denotes a s p e c i a l  Jacobian e l l i p t i c  funct ion.  In 
n 

t h e  neighborhood of t h e  nodal po in t ,  t h e  lemniscate shares  t h e  

unique property of  t h e  klothoid;  namely, t h a t  t h e  product of t h e  

rad ius  of  curvature and a r c  length holds constant .  This inher i t ed  

property is  most important t o  highway bu i lders  when they t r a c e  

bends i n  a roadway. [91. 

Today, we marvel a t  t h e  app l ica t ion  of t h e s e  curves of  

Perseus t o  many t e c h n i c a l  d i s c i p l i n e s ;  i l l u s t r a t i v e l y ,  i n  

f i lamentary pressure  v e s s e l  design,  groundwater seepage, highway 

engineering, o p t i c a l  d i f f r a c t i o n ,  and veh icu la r  t i r e  mechanics. 
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COMPOSITION OF CONVERGENT SEQUENCES 

If two sequences of funct ions {f;} and { g }  converge t o  f 

and g respec t ive ly ,  it i s  n a t u r a l  t o  wonder whether { f  g 1 converges n n 
t o  f g ,  where, of  course,  t h e  compositions a r e  assumed t o  be  meaning- 

f u l .  In t h i s  no te ,  we g ive  two condit ions,  each of which is s u f f i -  

c i e n t  f o r  { f g }  t o  converge t o  f g .  Two consequences of t h i s  

r e s u l t  a r e  deduced, and an example is given t o  show t h a t  { f  g 1 n n 

need not  converge t o  f g  i n  general .  

Throughout t h i s  paper, t h e  no ta t ion  f :  A + B w i l l  mean t h a t  

f is a continuous func t ion  from A i n t o  B. Also, f -Ãˆ f w i l l  mean 

t h a t  t h e  sequence { f }  converges pointwise t o  f .  

Theorem: Let X ,  1, and Z be metric spaces. Let fa: Y -*Â Z ,  

gn: X + Y, fn + f ,  gn -*Â g, Then fngn -*Â fg i f  ei ther of the following 

i s  sat is f ied:  

(a )  [ f }  i s  equicontinww i n  some neighborhood of each 

point i n  the range o f  g; 

(b )  { f n }  converges uniformly t o  f i n  some neighborhood o f  

each point i n  the range o f  g. 

P O :  Under Hypothesis ( a ) ,  t h e  r e s u l t  fol lows from t h e  

inequa l i ty  d ( f  n g n ( X I ,  f g ( x ) )  d(fngn(x), fng(x))  + d(fng(x) f g ( x ) )  

where d is  t h e  met r ic  on Y. 

Under Hypothesis ( b ) ,  t h e  r e s u l t  fol lows from t h e  con t inu i ty  

of  f and t h e  inequa l i ty  

d ( f g ( x ) ,  f g ( x ) )  ,̂ d(fngn(x) , f g ( x ) )  + d ( f g ( x )  f g ( x ) ) .  
-- - * .. 

Corollary: I f  i n  the hypotheses of the theorem, ue take 

f = gn, f = g, and X = Y = Z ,  then either of condition8 (a) or 

( b )  i s  suf f ic ient  for /t + /t for k = 1, 2, . . . . 

x: If t h e  sequence { fn}  s a t i s f i e s  condit ion ( a ) ,  then 

k 
s ince  d ( f r ( x ) ,  f F y ) )  = d ( f ( f ^ x ) ) ,  f ( f ( y ) ) ) ,  it follows by 

k 
induction t h a t  { f  a l s o  s a t i s f i e s  condit ion ( a )  f o r  k = 1, 2, - - - .  n 
The r e s u l t  fol lows from t h e  theorem. 

I f  { f  } s a t i s f i e s  condit ion ( b ) ,  then s ince  

it follows by induct ion t h a t  {?(XI} a l s o  s a t i s f i e s  condit ion ( b )  f o r  

k = 1, 2 ,  - a - .  Again, t h e  r e s u l t  fol lows from t h e  theorem. 

The following example shows t h a t  t h e  c o r o l l a r y  (and hence t h e  

theorem) is  not  t r u e  i f  one assumes n e i t h e r  conditic.. ( a )  nor (b ) .  

Examp.Le.: Let 
1 X = {O} u {;: n = 1, 2, * * - I ,  

and l e t  d be the usual metric on the reals. Define { f l  as follows: 

Let f1 interchange 1 and 1/2, keeping everything e lse  fixed; l e t  f 2  

interchange 1 and 1/3, 1/2 and 1/4, keeping everything else fixed; 

l e t  f interchange 1 and 1/4, 1/2 and 1/5, 1/3 and 1/6, keeping every- 

thing else fixed. Continue t h i s  process t o  define each f .  Clearly, 

each f maps X in to  X ,  and f + f 0. ."-Lo, aach f2 i s  the ident i ty ,  

0 converges t o  the ident i ty .  Hence f Â¥ f ,  but f2 g. 
A s  a minor app l ica t ion  of t h e  c o r o l l a r y ,  if xo is per iod ic  of 

k 
period k under each f ( i . e . ,  f  (x  ) = x ), then x is  per iod ic  of 

n n o  0 
pnriod k under f .  Of course, if each f is  per iod ic  of per iod k 

k i . e . ,  f ( x )  E x ) ,  then s o  is  f .  
n 

MOVING?? 

BE SURE TO LET THE JOURNAL KNOW! 

Send your name, o l d  address  with alp code 
and new address  with s ip  code t o :  

P i  Mu Epsilon Journa l  
601 Elm Avenue, Room 423 
The Universi ty  of Oklahoma 
Norman, Oklahoma 73069 



A 2 x 2 ~ 1  SOLUTION TO "INSTANT INSANITYl1 

The usua l  goa l  with '!Instant Insani ty"  is t o  form a 4 x 1 ~ 1  prism 

(-0 such t h a t :  t h e  four  upper f a c e s  a r e  d i f f e r e n t ,  t h e  f o u r  lower 

faces  a r e  d i f f e r e n t ,  t h e  four  near faces  a r e  d i f f e r e n t ,  and t h e  f o u r  f a r  

faces  a r e  d i f f e r e n t .  

The s tandard " Ins tan t  Insanity' '  puzzle  may a l s o  be used t o  form 

one of two 2 x 2 ~ 1  prisms a s  fol lows,  s a t i s f y i n g  a  l a r g e r  number of  

condit ions,  t h e  ind iv idua l  cubes being displayed i n  t h e  form of a  c ross :  

R W W  R B R  jxq&qzzl R W W  B R W  

W G 

W G G  B R W  

B G 

R B 

W R 

W G G  R B R  

B G 

R W 

(A) The four  upper f a c e s  a r e  d i f f e r e n t ,  

( B )  The four  lower f a c e s  a r e  d i f f e r e n t .  

(C) The four  s i d e  f a c e s  t h a t  can be-seen from each of  t h e  corners  

a r e  d i f f e r e n t .  

(Dl The f o u r  f a c e s  of each cube which a r e  not  touching o ther  cubes 

a r e  d i f f e r e n t .  

(E) Separating t h e  two l e f t  most cube: from t h e  r i g h t  most cubes 

. revea l s  four  d i f f e r e n t  faces .  

C@?tion8 ( A )  though (D) are the mope a i g n i f i c m t  ones. 

B.L. Schwartz p resen ts  a  very e f f i c i e n t  method f o r  f i n d i n g  a l l  

4 x 1 ~ 1  so lu t ions  t o  " Ins tan t  Insanity1'  puzzles  i n  An lmpoved S O . ~ ~ L O I I  

t o  - " 1 n h M  1 n 6 ~ y 1 ' ,  Mathematics Magazine, 43, (19701, 20-23. H i s  

method may r e a d i l y  be appl ied t o  ! ' Instant  Insani ty"  puzzles  o ther  

than t h e  s tandard kind cons i s t ing  of four  cubes with four  d i s t i n c t  

kinds of faces .  

The purpose of  t h i s  paper L s  t o  p resen t  t h e  2 x 2 ~ 1  s o l u t i o n  t c  t h e  

four  cube puzzle ,  and a  method f o r  deternining a l l  so lu t ions  of t n i s  

type. A s  t h i s  is ,  e s s e n t i a l l y ,  j u s t  a  cont inuat ion of t h e  method 

given by Schwartz, h i s  method f o r  t h e  r e g u l a r  S O ~ U ~ ~ O ~ S  is  b r i e f l y  

presented first ,  f o r  t h e  sake of completeness. 

TO d i ~ d  & 4 ~ 1 x 1  ~ O W O ~  t o  llrnh.m.t ~ n h a d y ~ ~  P U Z Z L U :  

A s  an example, t o  c l a r i f y  t h e  d e s c r i p t i o n ,  here is a nonstandard 

" Ins tan t  Insani ty"  puzzle. 

W R B W 

R B B G B R G R W  G W G  

G B B R 

G W W B 

1. L i s t  t h e  p a i r s  of opposi te  faces  of each cube. 

2. Choose a  p a i r  of opposi te  faces  from each cube s o  t h a t  t h e  s e t  

of four  p a i r s  chosen contains  each co lor  twice. Find and list a l l  

such s e t s  of four  p a i r s .  (There a r e  a t  most 81 p o s s i b i l i t i e s  t o  

check, bu t  seldom t h a t  many.) 

( 1 )  WG GR BB WR 

(2 1 BG RB GW WR 

( 3 )  BG GR RW WB 

( 4 )  RB BW RW GG 

( 5 )  RB GR GW WB 

3. P a i r  t h e s e  s e t s  toge ther  if they have no p a i r  of f a c e s  i n  common 

on t h e  same cube. 

GR BB WR 
BH RH GG 

o f  theee pair8 of set8 give8 a t  least  one sozution. 

4. Put t ing  t h e  cubes on a  sur face ,  use one s e t  of a  p a i r  of s e t s  t o  

determine t h e  upper and lower f a c e s  of t h e  cubes , inver t ing  where necessary 

s o  t h a t  each c o l o r  appears once a s  an upper f a c e  (and there fore  once 



a s  a lower face) .  Then, without l i f t i n g  t h e  cubes from t h e  sur face ,  

use t h e  o ther  s e t  of t h e  p a i r  of s e t s  t o  determine t h e  near  and 

' f a r  faces ,  t h i s  time r o t a t i n g  where necessary s o  t h a t  each co lor  

appears once on t h e  near s i d e  (and t h e r e f o r e  once on t h e  f a r  s i d e ) .  

Put t h e  cubes i n  a row EmJ 
Note that ,  i n  the example, the BB pair and the GG 

pair may be placed i n  two directions each. There are, 
therefore, s i x  solutions t o  the example. 

' h e  faces  of t h e  most commonly so ld  " Ins tan t  cubes may 

of ten  be separated without breaking (al though glued)  and reassembled 

t o  c r e a t e  new " Ins tan t  Insani tyt1 puzzles. 

To 6 i n d  2 x 2 ~ 1  b o U o m  Xo a ~ O U A  cube lllnhXant ln.banLtql' puzzLe: 
1 . ,2 .  Do s t e p s  1 and 2 of  t h e  previous method. Each s e t  of four  

p a i r s ,  found i n  2 may y i e l d  2 x 2 ~ 1  so lu t ions .  A s e t  of  four  p a i r s  

w i l l  provide t h e  upper and lower faces  of t h e  s o l u t i o n  a s  i n  s t e p  4 

o f  t h e  previous method. 

3. Examine each cube t o  decide if condit ion (D) can be s a t i s f i e d .  

Examp l e  (1 )  and ( 4 )  give no solution as the 
(from upper and lower faces o f  one cube are 
above) the same, Sometimes the two other 

colors are not adjacent. 
(2), (3), and (5) remain possibi l i tZes.  

4. For each remaining p o s s i b i l i t y  place t h e  cubes on a sur face ,  

s a t i s f y i n g  ( A )  and ( B )  ( a s  i n  s t e p  4 above). In continuing, do no t  

r a i s e  $he cubes from t h e  sur face ,  To s a t i s f y  (C) t h e  two near 

f a c e s  must be t h e  same a s  t h e  two f a r  f a c e s ,  and t h e  two l e f t  f a c e s  

must be t h e  same a s  t h e  two r i g h t  faces .  Noting which faces  may be 

away f ~ o m  t h e  ad jacen t  cubes, t o  s a t i s f y  ( D ) ,  a t tempt t o  o r i e n t  t h e  

cubes t o  achieve condit ion (Dl and the- var ia t ion  of  condit ion (C) 

simultaneously. It  should r e q u i r e  only a few moments t o  determine 

i f - t h i s  is poss ib le ,  o r  i f  t h e r e  is  more than one way t o  do it. 
& 

( 2 )  W  B  
R B B  W G R  

G  B  
G  W  

W  B  
G W G  R R G  

B  W  
R B  

(3 )  R  B  
W G G  W W G  

B  B  
B  R 

W  R 
G B G  B R W  

R  B  
W  G 

(5 )  W  R 
G R B  G B G  

G  W  
B  W  

Requiring condit ion (El a l s o ,  leaves only t h e  f i r s t  of t h e s e  

so lu t ions .  

Five minutes should genera l ly  be s u f f i c i e n t  t o  completely 

so lve  any I1Instant Insanity1' puzzle. 

- 

1 9 7 0- 7 1  MANUSCRIPT CONTEST WINNERS 

The judging f o r  t h e  t h r e e  bes t  papers submitted f o r  t h e  

con tes t  during t h e  1970-71 school year has now been completed. 

We congra tu la te  t h e  following winners: 

FIRST PRIZE ($200): Sidney Graham, University of Oklahoma 

f o r  h i s  paper "On 'Almost Unitary P e r f e c t 1  Numbers1' ( t h i s  

Journal, Vol. 5 ,  No. 6 ,  pp. 272-275). 

SECOND PRIZE ($100): Martin SiJiatkmski, John C a r r o l l  

Universi ty  (Cleveland, Ohio), f o r  h i s  paper l'Wronskian 

Iden t i t i es ' !  ( t h i s  J o m l ,  Vol. 5 ,  No. 4, 1971, pp. 191- 

19b. 

THIRD PRIZE ($50): Thomas R. Binghm, S t a t e  Universi ty  

of New York College a t  Fredonia f o r  h i s  paper "Newton and 

t h e  Development of t h e  C a l c ~ l u s ~ ~  ( t h i s  J o m l ,  Vol. 5, 

No. 4 ,  1971, pp. 171-1011. 

1 9 7 2- 7 3  CONTEST 

We take  t h i s  opportuni ty t o  remind you t h a t  t h e  con tes t  

f o r  t h i s  year  has begun and t o  send us your paper i f  you want 

t o  p a r t i c i p a t e .  Papers submitted t o  t h e  J o w l  f o r  publica-  

t i o n  w i l l  automatical ly  be  entered i f  t h e  au thor  is an under- 

graduate ,  but  we must rece ive  a t o t a l  o f  a t  l e a s t  t e n  papers  

during t h e  year  i n  o rder  t o  conduct t h e  c o n t e s t .  In order t o  

be e l i g ib l e ,  authors must not have received a Ma8ter's degree 

a t  the time they submit the i r  paper. 



UNDERGRADUATE RESEARCH PROJECTS 

1. An Amazing P a r i t y  Theorem 

Proposed by Morton C. S c h m t z ,  Brookline, New York 

Take any number of  ze ros ,  and any number of  ones and place them 

i n  a  c i r c l e ,  i n  any order .  Reproduce t h e  c i r c l e  a  second t ime,  

concent r ica l ly  with t h e  first. Rotate e i t h e r  c i r c l e ,  and any num- 

ber  of p laces .  The number of zeros opposi te  ones w i l l  always be even. 

Find o ther  numerical p roper t i es  r e l a t e d  t o  t h e  number of zeros and 

ones used. 

2. An Algorithm f o r  Reducing the Size o f  an Integer  

Phopohed bq fie E u o h  

Let n be any p o s i t i v e  i n t e g e r ,  and consider  t h e  number k (n)  defined 

i n  t h e  fol lowing manner: 
n  

k ( n )  = - i f  n  i s  even, 2  
= 3n + 1 if  n is odd. 

1 
I t  has been conjectured t h a t  i f  we def ine  k (n )  = k ( n )  and f ? r  i 2 1 

ki+'(n) = k(k i (n) ) ,  t h e  sequence { k ( n ) ,  k 2 ( n ) ,  k3(n) ,  ..., kl(n) , . . .}  

u l t imate ly  ends i n  1. The proof o r  v e r i f i c a t i o n  of  t h i s  con jec tme 

appears t o  be r a t h e r  d i f f i c u l t  ( v e r i f i c a t i o n  has been c a r r i e d  out  by 

a  computer f o r  n  S 10,000). 

Suppose we genera l ize  t h i s  by def in ing  f o r  p o s i t i v e  in tegers  p,  q ,  

and r ,  

k(n) = i f  p  d iv ides  n 
P 

= qn + r if p does not  d i v i d e  n. 

Is t h e r e  any choice f o r  p ,  q ,  and r f o r  which t h e  above conjecture could 

be  se&&d (conveniently ) ?  

GLEANINGS FROM CHAPTER REPORTS 

OHIO EPSIWN CHAPTER a t  Kent S t a t e  Universi ty  announces t h e  winner 

of t h e i r  P i  Mu Epsilon Award. He was Michael J. Kotmski  and won $25.00 

f o r  t h e  purchase of mathematics books and a  plaque with t h e  appropriate  

i n s c r i p t i o n .  

FLORIDA ZETA CHAPTER a t  F lor ida  At lan t ic  Universi ty  sponsored a  

s e r i e s  of  l e c t u r e s  during t h e  year ,  one of  which had a  most puzzling 

t i t l e :  "On t h e  Equation 1 + 2 + 4 + .. . = -1". The speaker was Pro- 

fessor Irving Reiner, University of  I l l i n o i s  a t  Urbana, who is a former 

Councillor of  P i  Mu Epsilon. 

GEORGIA BETA CHAPTER a t  Georgia I n s t i t u t e  of Technology r e p o r t s  t h a t  

s tudents  i n  mathematics who graduate  with a  grade po in t  average g r e a t e r  

than 3.6 (4.0 p e r f e c t )  i n  a l l  mathematics courses rece ive  book awards. 

Those s tudents  during t h e  pas t  year were: Alton L. Godbold, John A. 

LessZ, Clark L. March, Kyle T. S i egr i s t ,  and Thomas J. Tosch. 

NEW YORK EPSILON CHAPTER a t  S t .  Lawrence University conducted a  two 

county wide high school  mathematics con tes t  i n  Apri l ,  1972 ( S t .  Lawrence 

and Frankl in Counties) i n  which 16 schools p a r t i c i p a t e d .  

MISSOURI G W  CHAPTER a t  S t .  Louis Universi ty  conducted a  Junior- 

Senior Problem SoZving Contest i n  1972 and awarded t h e  con tes t  winners 

$50.00 each. The winners were: Stephen Davis ( s e n i o r )  and K. L. Chu 

Keith ( jun ior ) .  

WEST VIRGINIA ALPHA CHAPTER a t  West Virginia  Universi ty  awarded a  

membership i n  t h e  Mathematical Association of America t o  Marshal 

OneZlion f o r  t h e  p resen ta t ion  of  h i s  paper t'Topological Groups'' and t o  

Michael Mays f o r  h i s  paper "Color Groups". 

TENNESSEE BETA CHAPTER a t  t h e  Universi ty  of  Tennessee a t  Chattanooga 

sponsored a  Math @portunity Day i n  which represen ta t ives  from s i x  com- 

panies  (DuPont, Provident L i fe ,  Hamilton National Bank, Combustion, IBl4,  

and TVA) came and discussed t h e  needs of mathematics i n  business  and 

industry.  



BOOK REVIEbIS 

Tomorrow's Math - Unsolved Problems f o r  the  Amateur - 2nd E d i t i o n .  

By C. Stanley OgiZvy. Oxford University Press7 N. Y., N. Y. 1972. 

198 pages. $ 7.50. 

For those from all fields who enjoy the hobby of working on unsolved 

?roblems, it is nice to know that Ogilvy has a new edition of his 

intriguing book written ten years ago. Since then some of the prob- 

lems have been solved and many new ones have arisen and are presented 

here. 

l4athematics: A Humanistic Approach. By G .  Joseph Wimbish, J r .  Wads- 

worth Publishing Company, 1nca7 Belmont, California. 1972. 169 pages. 

Reading f o r  Mathematics: A Humanistic Approach. By G. Joseph Wimbish, J r .  

Wadsworth Publishing Company, Inc., Belmont7 California. 1972. 194 pages. 

The first of these two books is a collection of topics written in an 

interesting manner for presentation to liberal arts students, but the 

second is what makes the pair particularly unique. It is a collection 

of essays or articles by well-known people on a variety of subjects 

in mathematics with a well thought-out collection of questions follow- 

ing each article. 

Fundamentals o f  Elementary Mathematics: Geometry, By MerZyn J .  B e h  

and Daze G. Jungst.  Academic Press, Inc, -N. Y., N. Y. 1972 xix t 

326 pages. $ 9.50. 

Writteri to provide a pros~ective teacher of modern elementary geometry 

with backpound material designed to be directly useful to this end. 

s 

An In t roduc t ion  t o  Plane Geometry. &j H.F. Baker. Chelsea Publishing 

Company, Bronx7 N. Y. 1971. viii + 382 pages. $ 9.50. 

This a reprint, with corrections of a work originally published in 

1943 and written mostly before 1939. It is of interest to those who 

would like an extensive collection of examples and exercises on 

elementary projective geometry. 

P r o j e c t i v e  Planes. By Frederick W. Stevenson. W.H. Freeman and Company, 

San Francisco, California. 1972. x + 416 pages. $ 13.50. 

Written for the advanced undergraduate student to study some subject 

in depth7 this is an excellent textbook on "Everything You Always 

Wanted to Know About Projective Planes ..." 

Algebraic  Numbers. By Paul0 Ribenboim. Wiley-Interscience, N .  Y., N. Y. 

1972. xi + 300 pages. $ 17.95. 

Written throughout as an introduction for the advanced undergraduate or 

first year graduate student who has had the customary modern algebra 

background with some Galois theory7 and who would like to go on in 

algebra with a subject which not only has historical interest, but 

which leads naturally to many other fields in algebra. 

Algebraic  Methods i n  S t a t i s t i c a l  Mechanics and Quantum F i e l d  Theory. 

By Gerard G .  Emch. John Wiley and Sons, Inc. N. Y., N. Y. 1972. 

xiv + 333 pages. $ 19.95 

A modern intensive book on what has become a new discipline in the 

history of the short7 but fruitful marriage of mathematics and quantum 

mechanics. "The level of the presentation has been determined by 

the criterion that it should be explicit enough to be within reach of 

the graduate students in mathematics or physics7 and advanced enough 

to sustain their respective interests." Certainly facility and perhaps 

motivation would be enhanced for the reader who has a prior knowledge 

of Dirac's quantum mechanics, even Focks spaces, group theory, and 

functional analysis. The book carefully describes the inadequacies 

which led to the algebraic formulation presented here and the physical 

reasons behind this approach. 



F u n c t i o n a l  Anal y s i  S. By ! , ! ichel  Reed and Barry Simon. Academic P r e s s ,  

< n c . ,  N.  Y., Pi. Y .  1972. x v i t  + 325 pages.  $ 12.50. 

Th i s  is  t h e  f i r s t  o f  a t h r e e  volume s e r i e s  w r i t t e n  a t  t h e  f i r s t  yea r  

p a d u a t e  l e v e l  and devoted t o  an  e x p o s i t i o n  o f  f u n c t i o n a l  a n a l y s i s  

methods i n  modern mathemat ica l  phys ic s .  Although Volume Two is on t h e  

a n a l y s i s  o f  o p e r a t o r s  and Volume Three on o p e r a t o r  a l g e b r a s  t h i s  volume 

c o n t a i n s  t h e  fundamentals o f  both  bounded and unbounded o p e r a t o r s  and 

t h e  s p e c t r a l  theorem. 

Approx imat ion  o f  E l l i p t i c  Boundary - Va lue Problems. By Jean-Pierre 

Aubin. F l i l e y - I n t e r s t a t e ,  N. Y . ,  N .  Y.  1972. x v i i  + 360 pages .  $ 17.95 

An e x c e l l e n t  book f o r  advanced gradluate s t u d e n t s  o r  r e s e a r c h e r s  i n  

numerical  a n a l y s i s ,  f u n c t i o n a l  a n a l y s i s ,  o r  mathemat ica l  phys ic s  who 

a r e  i n t e r e s t e d  i n  h i g h l y  e f f i c i e n t  numerical  f e a t u r e s  f o r  s o l v i n g  

non-homogenous boundary-value problems. The book is  in tended t o  imbed 

t h e  f i n i t e  element and v a r i a t i o n a l  methods i n t o  t h e  frame~.!ork o f  func-  

t i o n a l  a n a l y s i s  and t o  e x p l a i n  i t s  a p p l i c a t i o n s  t o  approximat ion o f  

non-homogenous boundary-value problems f o r  e l l i p t i c  o p e r a t o r s .  

Algebra,  An I n t r o d u c t i o n  f o r  Col l eqe  Students .  By Buns ,  Brymt ,  

fdatejcic, !4elton. Cummings Pub l i sh ing  Company, blenlo Pa rk ,  C a l i f o r n i a  

1972. x i  t 302 pages.  $ 8.25. 

A Tab le  o f  t h e  I nve rse  S ine - Ampl i tude Func t i on  i n  t h e  Complex Domain. 

By Henqy E. Fe t t i s  and James C .  Caszin. Aerospace Research L a b o r a t o r i e s ,  

Air Force Systems Command, United S t a t e s  A i r  Force ,  \h- ight-Pat terson 

A i r  Force Base, Ohio% 1972. i v  t 174 pages .  

Ten P lace Tab les  o f  t h e  Jacob ian E11ipj.c Funct ions .  By Henry E. F e t t i s  

and James C. Caslin. Aerospace ~ e s e a G c h  L a b o r a t o r i e s ,  A i r  Force Systems 

C~mrngnd, United S t a t e s  A i r  Force ,  Wright- Pat terson A i r  Force Base, Ohio. 

197;. i v  + 398 pages .  

PROBLEM DEPARTMENT 

This  deparment uelcomes problems believed t o  be neu and, as  a 

ru l e ,  demanding no greater a b i l i t y  i n  problem solving than t ha t  of 

the  average member of the Fraternity .  Occasionally ue s h l l  publish 

problems t ha t  should challenge the a b i l i t y  of the advanced under- 

graduate or caiididate for the !.laster's Degree. Old problems c h r a c t -  

erized by novel and elegant methods of solut ion are a lso  acceptable. 

Proposals should be accompanied by solut ions,  i f  available,  and by 

any information t ha t  u i l l  a s s i s t  the ed i tor .  Contribz!tors o f  p ~ o -  

posals and solzitions are requested tL! enclose a self-addressed post- 

card t o  expedite acknouledgement. 

Solutions should be submitted :bz separate sheets  containing the  

name and address o f  the solver and should be mailed before /,lay 3Z, l973- 

Address aZZ co~ruminications concerning problems t o  Dr. Leon 

Zankoff, 6360 L / i  l s h i r e  Boulevard, Los Ange l e s ,  Califomzia 90048. 

Problems f o r  S o l u t i o n  

281 . Pkvpobed bq SoLo~no~l [U. GoLo~nb, L l ~ ~ i u m L t q  0 6  S o ~ t h n  

ca.LL~okllicl. 

\.!e d e f i n e  an  "average" number t o  be a r e a l  number f o r  which t h e  

average of  t h e  d i g i t s  i n  i t s  decimal  expansion is  ( 0 t l t 2 t 3 t 4 t 5 t 6 + 7 t  

8 t 9  ) / l o  = 4.5.  Prove t h a t  t h e  number l / p ,  f o r  p pr ime,  i s  an "aver-  

age" number i f  and on ly  i f  t h e  p e r i o d  o f  i t s  decimal  expansion has  

an even number o f  d i g i t s .  

Four d i f f e r e n t l y  co lo red  i s o s c e l e s  r i g h t  t r i a n g l e s  can be 

assembled t o  form a squa re  i n  s i x  e s s e n t i a l l y  d i f f e r e n t  ways (no t  

count ing r o t a t i o n s ) .  By j o i n i n g  t h e s e  te t rachrome squa res  domino- 

l i k e  wi th  l i k e- c o l o r e d  s i d e s  meet ing,  a v a r i e t y  of  c o n f i g u r a t i o n s  

can be formed. Show t h a t  ( a )  t hey  can be s o  assembled i n t o  a 2x3 

r e c t a n g l e  w i t h  s o l i d  c o l o r s  a long  each s i d e  and t h a t  b) t h e y  can 



not  be s o  assembled i n t o  a 2x3 rec tangle  with i ts  f o u r  s i d e s  

d i f f e r e n t l y  colored. 

283. P i o p o a d  by David L. S L t v m a n ,  Loh A n g i t u ,  Cai i f ,o/ ivua. 

Let a = s i n  1 and, f o r  every p o s i t i v e  i n t e g e r  n ,  l e t  a = 
n t 1  

s i n  a . Does l a n  ( n = 1, 2, 3, .. . , -) converge? n 

284. P t o p o a d  by G iegou j  Wut.czyn, Buckn&U. U n i v i U L f q ,  Lewd-  

bwig , P c m  y l v a n i a .  

A polygonal number can be defined:  
m 

n 
P(n)  = Ã‘[( - 2)n - (m - 411. 

An r - d i g i t  automorph i n t e g e r  base b can be defined:  

(nl, n2 ,  ..., n l2 = (..., nrtl, n,, n2 ,  ..., np)b.m r b  

I f  b = 2m = 2(2r  t 11, show t h a t  t h e  l a s t  two d i g i t s  of  P(b t I),, 

is a two-digit automorph. 

5 
Example i n  base 10: P( l l ) lo  = 176. I n  base 10, 76 is a two-digit 

automorph s ince  762 = 5776. 

285. Ptopohed by M u ~ i a q  S. Ktonh in ,  Fotd M o m  Company 

SCA.ewbifi-ic Labo'ui touj ,  D m b o i n ,  h4ichLgan. 

Solve t h e  equat ions:  

a(x2 - y 2 )  - 2bxy t cx - dy + e = 0 

b(x2 - y 2 )  t 2axy t dx t cy t f = 0. 

286. P i o p o a d  by Ade l i ne  hl. G u ~ t a f i h o n ,  U n i v ~ i - i t y  of, Utah. 

Given decimals x = . x  1 2  x x 3 - - - Y  Y = -YlY2Y3 - - -  i n  [0,11, 

def ine xfty = . x y x 2 y 2 x 3 y 3  ..., and l e t  P =  { x ~ y :  yE [O,lI}. (The 

only decimal ending i n  9 ' s  is  1 . )  

( i )  Use t h e  s e t s  P 0 < x < 1, t o  w r i t e  [0,1] a s  t h e  union of 
x ' 

c -pairwise d i s j o i n t  p e r f e c t  s e t s .  
* 

( i i )  There a r e  many ways t o  w r i t e  [0,1] a s  t h e  union of  c pa i r -  

wise d i s j o i n t  p e r f e c t  s e t s  P 0 5 x Â 1. Let T be any family of x ' 
such decompositions {P - 0 5 x 5 1 1  such t h a t  no two decompositions 

X' 
i n  T have a s e t  i n  common. Prove t h a t  t h e  c a r d i n a l  number of T 

cannot exceed c .  

( i i i )  Modify ( i )  t o  ob ta in  a family T of  t h e  kind considered i n  

( i i )  with c a r d i n a l  number c .  

References : E .  Hewitt , Real and Abstract Analgsis, Springer ,  ?! . Y .  ; 

I .  P. Natanson, Theory of  Functions of a Real Variable, Frederick 

'Jngar Publishing Co., N . Y . ,  ( i n  p a r t i c u l a r ,  see Exercise 5 ,  p .  54). 

For each r e a l  number x, prove t h a t  

288. Piopohed by Leon 8anko6f, and AÂ£f,ie E .  Newnaii, Mu ALpha 

D e l t a  F i cu tu~nL ty .  

I f  a t 6 t y = TT show t h a t  

(1) s i n  2a t s i n  26 t s i n  2y < s i n  a t s i n  6 t s i n  y 

( 2 ) " s i n  2a t s i n  26 t s i n  2y < 
s i n  a t s i n  6 t s i n  y t s i n  3a t s i n  36 + s i n  3y 

equa l i ty  holding i f  and only i f  a = 6 = y .  

289. P ~ ~ o p o ~ e d  by R. S. LiLthai ,  Uniuvi^ 'U.y of ,  W'Uiconhin, W a u k ~ i h a .  

I f  ply p2 ,  . .. , p n a r e  t h e  f i r s t  n primes, prove t h a t  f o r  n > 2,  

Pn < Pl t P2 t - -. t Pn-l 

and hence show t h a t  between p and pl t p2 t ... t p n , t h e r e  always 

l i e s  a prime number. 

290. Ptopohed by Solomon W .  Gotomb, Uniuvi^-Lty of ,  S o u t h a n  

caLLf,oiVUJO.. 

Let M be an axb matrix of ab d i s t i n c t  r e a l  numbers, with ab > 1. 

Show t h a t  t h e r e  e x i s t s  a r e a l  number u such t h a t  e i t h e r  every row of 

1.1 o r  every column of  M ( o r  possibly both)  has an e n t r y  l e s s  than u 

1 and an element g r e a t e r  than u. 

1 291 . Pkopobed by C. W .  T a g ,  San V iego ,  CaJUfiotn-LCL. 

How may a square card be folded i n t o  a te trahedron? What i s  t h e  

volume of t h e  te trahedron i n  terms of  t h e  s i d e  of  t h e  square? 

S o l u t i o n s  

258. [ F a l l  19711 Pmpobcd by ChanJLu~ W .  T G g ,  Sun Diego, 

C&f,otn-LCL. 

Tetrahedral  numbers c o n s t i t u t e  t h e  four th  row (or  column) of t h e  
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a r i t h m e t i c  t r i a n g l e  a s  Pasca l  wrote it ( a  h o r i z o n t a l  row of  1's on 

t o p  and a v e r t i c a l  column of  1 's  on t h e  l e f t ) .  Only one o f  t h e s e  

numbers i s  a permutation of  n ine  consecut ive d i g i t s .  Find it and 

show it t o  be unique. 

1. So lu t ion  by Jeanatie. Sickie.y, St. L o d ,  M-tA~oim.  

On t h e  nex t  page i s  a BASIC program and output  from an XDS 940 

computer (accessed by a t ime- sharing t e rmina l ) .  The sequence of 

t e t r a h e d r a l  numbers is  1, 4 ,  10 ,  20, 35, 56, ..., with t h e  n t h  term 

equa l  t o  " 

The smal les t  number which i s  a permutation of  n ine  consecut ive d i g i t s  

i s  102345678, and t h e  l a r g e s t  number which is a permutation of n ine  

consecut ive d i g i t s  is  987654321. Hence a l l  i n t e g r a l  values  o f  n 

between 843 and 1820 must be t e s t e d .  

The ou tpu t  f o r  t h e  program g i v e s  each value of  n and t h e  cor res-  

ponding t e t r a h e d r a l  number f o r  those  cases  where t h e  n i n e  d i g i t s  a r e  

each d i f f e r e n t .  We a r e  looking f o r  t h e  t e t r a h e d r a l  number which con- 

t a i n s  e i t h e r  t h e  d i g i t s  0 through 8 o r  t h e  d i g i t s  1 through 9 .  Of t h e  

four  t e t r a h e d r a l  numbers which a r e  l i s t e d  a s  output  only t h e  second 

one meets t h e  cond i t ions  of t h e  problem. Therefore ,  t h e  requ i red  

unique t e t r a h e d r a l  number (corresponding t o  n = 1026) is  180,534,276. 

I f  t h e  t e t r a h e d r a l  number Tn = n(n  + l ) ( n  t 2)/3! con ta ins  n ine  

consecut ive d i g i t s ,  then  Tn= 0 (mod 9 ) .  This  occurs  only when n has  

one o# t h e  forms 27k, 27k - 1 o r  27k - 2. Furthermore, s i n c e  T has  

n ine  d i g i t s ,  Tnb3 5 T 
S TlB16. 

Of t h e  108 t e t r a h e d r a l  numbers wi th in  
n 

t h i s  range f o r  which n is o f  t h e  proper  form, only t h e  one f o r  

k = 27(38) is  composed o f  n i n e  consecut ive d i g i t s ,  namely T = 
1026 

180534276. 

- . - A&o &oiued by Marc Kaufman , Houwtain V i e w ,  Ca.&johni.a., who 

o b i m u  that h e .  a ~ e .  no titiw.he.dAut numbvui wlu.c.h me .  pe~mutoLki.onli 

06 ati t i n  d-cg-ltA. 

- 259. [Fal l  19711 Phopo~ed by John BandVt, R a t g e ^ ~  U L u e ~ ~ d y .  

Prove t h a t  t h e  product  o f  t h e  e c c e n t r i c i t i e s  o f  two conjugate  

hyperbolas i s  equa l  t o  o r  g r e a t e r  than 2. 

1 FOR N-843 TO 1820 
2 LET X=CNt3+3*Nt2+2*N)/6 
3 LET X9aX-IMT<X/10)*10 
4 LET X8=INT<X/10)-INT(X/100)*10 
5 LET X7=INT<X/100>-INT(X/lOOO>*lO 
6 LET X6aIMT(X/1000)-INT(X/lOOOO>*lO 
7 LET X5~INT<X/10000~-INT<X/100000)*10 
8 LET X4-~T(X/100000)-1NT(X~1000000~*10 
9 LET X3~INT<X/1000000~-INT(X~10000000>*10 
1 0 LET X2=INT(X/10000000 1-INT~X/100000000 )*lo 
1 1  LET Xl~INT~X/100000000)-INT~X/1000000000)*10 
21 IF XlaX2 GOT0 58 
22 IF Xl=X3 GOT0 58 
23 IF XlaX4 GOT0 58 
24 IF XI-X5 GOT0 58 
25 IF X1-X6 GOT0 58 
26 IF XlaX7 GOT0 58 
27 IF XlmX8 GOT0 58 
28 IF XlaX9 GOT0 58 
29 IF X2=X3 GOT0 58 
30 IF X2=X4 GOT0 58 
31 IF X2=X5 GOT0 58 
32 IF X2aX6 GOT0 58 
33 IF X2aX7 GOT0 58 
34 IF X2sX8 GOT0 58 
35 IF X2=X9 GOT0 58 
36 IF X3=X4 GOT0 58 
37 IF X3-X5 GOT0 58 
38 IF X3-X6 GOT0 58 
39 IF X3=X7 GOT0 58 
40 IF X3=X8 GOT0 58 
41 IF X3aX9 GOT0 58 
42 IF X4=X5 GOT0 58 
43 IF X4=X6 GOT0 58 
44 IF X4=X7 GOT0 58 
45 IF X4aX8 GOT0 58 
46 IF X4-X9 GOT0 58 
47 IF X5aX6 GOT0 58 
48 IF X5=X7 GOT0 58 
49 IF X5aX8 GOT0 58 
50 IF X5-X9 GOT0 58 
51 IF X6=X7 GOT0 58 
52 IF X6=X8 GOT0 58 
53 IF X6=X9 GOT0 58 
54 IF X7aX8 GOT0 58 
55 IF X7=X9 GOT0 58 
56 IF X8=X9 GOT0 58 
57 PRINT NSXlSX2tX3SX4;XSJX6;X7;X81X9 
58 NEXT N 
59 PRINT "THE END" 
60 END 

RUN 
9 0 5 1 2 3 9 4 6 0 8 5  
1 0 2 6 1 8 0 5 3 4 2 7 6  
1 1 8 5 2 7 8 0 3 6 9 4 5  
1 4 6 2 5 2 1 8 9 3 0 6 4  

THE END 



S o i d o n  by  S^d. Sp-Uai,  HcLifl~id, C a t i f l o k a .  

The e c c e n t r i c i t i e s  of  conjugate hyperbolas a r e  given by -/a 

and / a 2 / b  (a ,b > 0 ) .  Their product,  ( a /b )  + (b /a ) ,  can there fore  

be no l e s s  than 2 by t h e  inequa l i ty  between a r i thmet ic  and geometric 

means. 

A b o  b o h d  by R .  C .  Gebhardt, Hopo-tcong, N.J.; Ruth Johnson, 

S o u t h m t e A n  Community CoUege,  WhAJteuUJLe, Nonth Ca~oiJwa.; Char1 es 
H. Lincoln, Fay(LtteuUJLe., Nowth CcuioLina; Charles W.  Trigg,  Saw V i e g o ,  

CaJU-f,o&; and the. phopohuz. 

260. [Fal l  19711 Ptopobed by  P a d  Ehdoh, B u d a p m .  

Given n p o i n t s  i n  t h e  p lane ,  what is t h e  maximum number of  tri- 

angles  you can form so  t h a t  no two t r i a n g l e s  have an overlap i n  a rea?  

S o l u t i o n  by ChcLUtu U. T J L L ~ ~ ,  Sun VJLego, CaLLf,otfua.. 

The number of  non-overlapping t r i a n g l e s  determined by n given 

po in t s  depends upon t h e  d i s t r i b u t i o n  of these  po in t s .  I f  t h e  n p o i n t s  

a r e  c o l l i n e a r ,  no t r i a n g l e  w i l l  be determined. 

Three p o i n t s  determine a t r i a n g l e .  Any po in t  i n t e r i o r  t o  t h e  

t r i a n g l e  removes t h a t  t r i a n g l e  from t h e  t a l l y  and adds t h r e e  more. 

Any e x t e r i o r  p o i n t ,  whose jo ins  t o  two of t h e  v e r t i c e s  and t h e  jo in  

of those v e r t i c e s  form a t r i a n g l e  t h a t  includes t h e  t h i r d  ver tex ,  adds 

two t o  t h e  t a l l y .  Hence t h e  maximum number of  non-overlapping tri- 

angles  determined by n p o i n t s  i n  t h e  plane is  2(n - 3)  + 1, o r  2n - 5. 

AÂ£A hoivnd by Douglas L. Costa, U n i v m L t y  0 6  Kanbab, and the. 
Ptopoh a. 

261. [Fal l  19711 Ptopohed b y  Solomon U. Goiomb, Catiflotn.La 

I ~ ~ t i Â ¥ t u t e  o f ,  Te.cluioiogy and U n i v m - c t y  o &  S o l i t l ~ e ~ n  CaLi(o&, 

can be w r i t t e n  a s  t h e  sum of two d i s t i n c t  primes. Use t h i s  t o  prove 

d i r e c t l y :  

1 )  Bertrand 's  Postulate:  For every i n t e g e r  n > 1, t h e r e  i s  a 

prime between n and 2n. 

2 )  There e x i s t  i n f i n i t e l y  many s e t s  of t h r e e  primes i n  a r i thmet ic  

progression,  i . e . ,  t r i p l e s  p ,  p + a = q ,  p + 2a = r, f o r  some 

a > 0, and p ,  q ,  r a l l  primes. (Di f fe ren t  t r i p l e s  may use 

d i f f e r e n t  values of  a .  ) 

&oht ide.nticoJL h o t d o n &  by  Dogtali  Corn, U n ^ u m L t g  of, 

Kanbai, Bob Pm.e.Li.pp, U n ^ v m L t y  of, W-LkcovuJLn, hhkoih . ,  and the  

Ph0 POh M. 

1 )  The a s s e r t i o n  is c l e a r l y  t r u e  f o r  n = 2 and n = 3. For n > 3, 

we have 2n > 6 and hence it follows from Goldbach's Conjecture t h a t  

2n = p + q where p,  q a r e  d i s t i n c t  primes. We cannot have p < n and 

q < n s ince  p + q = 2n, so  e i t h e r  p 2 n o r  q S n. Equal i ty  i n  e i t h e r  

case implies  p = q ,  which is f a l s e .  Hence p > n o r  q > n. Clearly 

p < 2n and q < 2n always hold. Hence e i t h e r  n < p < 2n o r  n < q < 2n. 

2 )  Let q be any prime, q > 3. Then 2q = p + r ,  where p ,  r a r e  

d i s t i n c t  primes, by Goldbach's Conjecture. A s  i n  proof above, we 

must have e i t h e r  p > q o r  r > q. Without l o s s  of  g e n e r a l i t y  assume 

r > q. Then p < q and q = p + (q - p ) ,  r = p + 2tq  - p )  s o  t h a t  p ,  q ,  

r i s  a t r i p l e  of  t h e  requ i red  form. Since t h e r e  a r e  i n f i n i t e l y  many 

primes a v a i l a b l e  f o r  q ,  t h e r e  a r e  i n f i n i t e l y  many such t r i p l e s .  

The PhopobeA noteA that We. have a(rfua@ phoued homwhat  mohe. 

than the. phoblem a i k e d ,  v i z ,  doh every p h e .  q > 3 ,  t d e ~ e  ^A a he< 06 

3 p f u w u  i n  WuJthmÂ£ t̂. phoghUhi0n with q i n  t h e  middle. 

262. [Fal l  19711 Phopohed by Solomon U. Gotomb, UruMm- i t y  06 

S o w t h m  CaJLL<o>WJa. and CaU6ohvuJO. I~ i tukuu te .  06  Te.c.dnoiogy. 

Ted: I have two numbers x and y ,  where x t y = z .  The sum of  

t h e  d i g i t s  of x is 43 and t h e  sum of  t h e  d i g i t s  o f  y is 

68. Can you t e l l  me t h e  sum of  t h e  d i g i t s  of  z? 

Fred: I need more information. When you added x and y how many 

times d id  you have t o  ca r ry?  

Ted: Le t ' s  see  .... I t  was f i v e  times. 

Fred: Then t h e  sum of  t h e  d i g i t s  of  z is 66. 

Ted: That 's  r i g h t !  How did you know? 

Question: How did he know? 

Assume Goldbach's Conjecture i n  t h e  form t h a t  every even i n t e g e r  > 6 



I .  S o t a t i o n  bq Rob& C .  G e b h m d t ,  Hopa.tcong, N.J.  

When adding d i g i t s ,  each car ry  counts a s  1 ins tead  of 10 (as  it 
* 

would i n  t h e  ordinary addi t ion  of t h e  numbers). Thus each car ry  w i l l  

cause t h e  sum of t h e  d i g i t s  t o  be nine l e s s  than t h e  t r u e  sum of t h e  

numbers; f i v e  c a r r i e s  w i l l  cause t h e  sum of t h e  d i g i t s  t o  be 45 l e s s  

than t h e  t r u e  sum. Thus, 43 + 68 - 45 = 66, t h e  des i red  answer. 

H .  S o l u t i o n  by Chcumu W .  T M g g ,  Sun V i e g o ,  Cati&ohn-La. 

Each car ry  from t h e  n t h  pos i t ion  t o  t h e  (n + 11th  pos i t ion  r e-  

duces t h e  d i g i t  sum i n  t h e  n t h  pos i t ion  by b, t h e  base of t h e  system 

of numeration, and increases  t h e  sum i n  t h e  (n + 11th pos i t ion  by 1. 

Thus each c a r r y  reduces t h e  sum of a l l  t h e  d i g i t s  by (b - 1 ) .  (Fred 

needed another  b i t  of information, namely: the  base of t h e  system of 

numeration i n  which t h e  computation was made. For example: 

In  base t e n :  43 + 68 - 5-9 = 66; 

In  base n ine :  43 + 68 - 5 - 8  = 67; 

In  base twelve: 43 + 68 - 5(E) = 64. 

The appearance of 8 i n  t h e  d i g i t  sum of y e s t a b l i s h e s  t h a t  b >, 9. I t  

could be argued t h a t  t h e  spoken communication between Ted and Fred 

implied t h e  decimal system. ) 

AÂ£i i i o t v i d  by Jeanette Bickley,  S t .  Lo&, hI-CA&oU^.; Marc 

Kaufman , M0unim.n VLw, C ~ o h n L a ;  Jim Metz, Sp&Lng&Ldd, ltU.no-Us; 

and the. P h o p o ~ a .  

263. [ F a l l  19711 Phopohed by Gu6to.ue. Sotomon, TRW Systemb, Lo& 

A n g e ^ e ~ ,  CaLi6oinia. .  

Let x2 + bx + c = 0 be a quadra t ic  over a f i n i t e  f i e l d  of charact-  
k 

e r i s t i c  2 ,  GF(2 ). Give necessary and s u f f i c i e n t  condit ions f o r  solu- 
k 

t i o n s  xo and xo + b t o  l i e  i n  GF(2 ), i n  terms of b and c f o r  t h e  case 

k odd. (Note: It  i s  necessary t o  define a (new) discr iminant ,  a s  t h e  

o l d  one c l e a r l y  does no t  work). 

S o t u t i o n  by ie.on.a~d C W z ,  Puke U d u e ~ 4 . t - t y .  
-- - 

k 2k-1 
The equation x2 = .c i n  GF(2 ) has t h e  unique s o l u t i o n  x = c . 

We may accordingly assume t h a t  b # 0. Replacing x by bx, t h e  equat ion 

x2 t bx t c = 0 reduces t o  

(a*: ) x2 + x = a ( a  = c/b2) .  
k 

The equat ion is solvable i n  GF(2 ) if and only i f  
2 

(MC)  a = a2 + a2 + ... + = 0. 

Proof. The necess i ty  fol lows on r a i s i n g  both 

t h e  23-th power, j = 0 ,  1, . . . , k-1 and adding t h e  

s i d e s  of  (*I t o  

r e s u l t i n g  equat ions.  

The suf f ic iency  fol lows from t h e  observat ion t h a t  t h e  equat ion (**I 
k has 2k-1 s o l u t i o n s  i n  GF(2 1. This is  a consequence of t h e  i d e n t i t y  

x^ - X = (xzk-l t ... + x2 + X I ( X ~ ~ - ~  + .. . t x2 t x + 1 ) .  

Note t h a t  nothing need be assumed about t h e  p a r i t y  of k. However, t h e  
k equation x2 + x t 1 = 0 is  solvable i n  GF(2 ) i f  and only i f  k is 

even. 
k Remark: The equat ion sfl - x = a is  so lvab le  i n  GF(q 1, where 

k-1 
q i s a p r i m e p o w e r ,  if a n d o n l y i f a + a

q
+  ... + a

q  
= 0 .  

AÂ£a &otve.d by the.  P ~ o p o - i a .  

264. [ F a l l  19711 P t o p o i i d  by Btu.ce. B. Dta.6, Bvthtehem, Pe.nn&yt- 

UCUt-LO.. 

There a r e  t h r e e  pr i soners :  A ,  B ,  C.  The pr i soner  with t h e  high- 

e s t  degree of g u i l t  w i l l  be executed. Prisoner  A sees  t h e  warden and 

asks  f o r  any information he has. The warden says 3 w i l l  no t  be exec- 

uted and t h a t  A ' s  case has not  y e t  been considered. Assuming no t i e s  

i n  t h e  degree of  g u i l t ,  what a r e  A ' s  chances t h a t  he w i l l  be executed? 

Solut ion ,  by JeanvUe. B i c k t e y ,  St. Lo&, M^i~ou^c.  

Given t h a t  A ' s  case has no t  y e t  been considered and t h a t  B w i l l  

n o t  be executed merely implies  t h a t  C is  g u i l t i e r  than B, an event  

t h a t  has  no bearing on A ' s  r e l a t i v e  g u i l t .  (A a l ready  knew t h a t  one 

o r  t h e  o ther  of  B and C would not  be executed, s o  t h e  information 

supplied by t h e  warden does n o t  a l t e r  A ' s  chances of  being executed). 

Therefore t h e  poss ib le  descending orders  of  g u i l t  a r e  ACB, CAB, o r  

CBA. O f  t h e s e  t h r e e  p o s s i b i l i t i e s ,  t h e r e  is  only one i n  which A is 

t h e  g u i l t i e s t .  Hence t h e  chance t h a t  A w i l l  be executed is 1 i n  3. 

AÂ£a i o i v e d  by K .  Burke, S v t o n  Hatt Um.uvu-Uy,  Sou-th O w e . ,  

N .J . ;  James C .  Hickman, U n i v w L t y  of, Iowa.; Rick Johnson, So&- 

~ i t m  CommuvU.ty CoUege. ,  Umie.uWi.e., N.C.; Marc Kaufman, Moun- 

Â¥tor V i w ,  CoAtf,o-tn^i; James Metz and Fr .  Thomas Pisors, C.  S. V.  
( j o . w U . y ] ,  S&ungf,ie^d, 1 t U n o . b ;  mid Charles W .  Trigg,  Sun P i e g o ,  
c q o - t n ^ i .  

E A c t o h ' ~  Note. 
Marc Kaufman remarks t h a t  t h i s  kind of  a n a l y s i s  extends t o  an 

n-person group. A s  long a s  A ' s  case has n o t  been evaluated,  h i s  



chances s tand  a t  1/n. 

Two of t h e  s o l v e r s  a r r i v e d  a t  t h e  r e s u l t  of  1/2 a s  t h e  p r o b a b i l i t y  

+hat A would be executed. This outcome could be considered c o r r e c t  

i f  t h e  i n i t i a l  sample space consis ted only of A ,  whose case is t h e  

l a s t  t o  be evaluated,  and, l e t  us  say,  X ,  who has already been found 

t o  be g u i l t i e r  than t h e  o ther  (n - 2)  of t h e  o r i g i n a l  n number of p r i s-  

oners. I n  our problem, however, t h e  poss ib le  rankings of degrees of 

g u i l t  c o n s i s t  of  t h e  s i x  s e t s :  ABC, ACB, BAG, BCA, CAB and CBA, with 

t h e  first-named of  each s e t  considered t h e  g u i l t i e s t .  In  t h i s  sample 

space, regard less  of  t h e  r e l a t i v e  ranking of  B and C ,  only t h r e e  possi-  

b l i t i e s  remain i n  t h e  reduced outcome space, e i t h e r  ABC, BAC, BCA ( i f  

B happens t o  be g u i l t i e r  than C) o r  ACB, CAB, CBA ( i f  C i s  q u i l t i e r  

than B). In e i t h e r  event  A ' s  chances of  being executed a r e  1 i n  3. 

A f u r t h e r  c r i t i c i s m  of  t h e  model r e s u l t i n g  i n  t h e  p r o b a b i l i t y  of 

1/2 is t h e  following: Suppose it were C who asked t h e  warden f o r  

information and were t o l d  t h a t  e i t h e r  A o r  B would n o t  be executed, 

a f a c t  C a l ready  knew. And suppose, f u r t h e r ,  t h a t  we a r r i v e d  a t  the  

r e s u l t  1/2 a s  C f s  p r o b a b i l i t y  of  being executed. Now l e t  us  do t h e  

same with B and f i n d  t h a t  B fs  chances of  being executed a r e  1 i n  2. 

Then t h e  combined p r o b a b i l i t i e s  of  A ,  B and C being executed would 

add up t o  3/2, an obvious absurdi ty.  

A s i m i l a r  problem and its s o l u t i o n  may be found i n  F. Mosteller 

Fif ty  Challenging Problems i n  Probability, Addison-Wesley, 1965, p. 28. 

265. [Fall 19711 Piopaied by Lew K o w k A . ,  Mo-igan State CoUage ,  

BoAtunore. 

Prove t h a t  if a # Â 1, a4 + 4 is  not  a prime number. 

I .  S O U L  . by U. Gewi tv i ,  C t o U o n  Sta te .  CoUege ,  C-toi^on, PenntyLuaVW1. 

By f a c t o r i r ~  a 4  + 4 over t h e  complex f i e l d  i n t o  l i n e a r  f a c t o r s  

we f i n d  

a 4  t (e  - 1 t i ) ( a  - 1 - i ) ( a  + 1 + i ) ( a  - 1 - i ) .  

Coipb-iping t h e s e  we ob ta in  a f a c t o r i z a t i o n  over R: - 
a4  t 4 = [ ( a  - I ) ~  + l ] [ (a  + 112 t 11 = pq 

Hence 4 t a4  is composite except when one of  t h e  f a c t o r s  is equa l  t o  1. 

This occurs only when 

a - 1 = 0  o r  a + l = O  

(s ince  a l l  o ther  7 d u e s  exceed 1 ) .  

Hence, a4 + 4 is composite except f o r :  

a = 1 ,  a 4 + 4 = 5  

a = - 1 ,  a 4 + 4 = 5 .  

If a i s  even, a4  t 4 is  even and thus  a mul t ip le  of 2. I f  a ends 

i n  1, 3, 7, o r  9, then a 4  ends i n  1 and a 4  + 4 ends i n  5 ,  and i s  a 

mul t ip le  of  5. (The except ions a r e  i f  a = 1 o r  a = -1, i n  each of 

which cases  a4  + 4 is 5 . )  I f  a ends i n  5,  then a is  of  t h e  form 

lOn t 5 (n = ..., -2, -1, 0, 1, ... 1, and 

a 4  + 4 = 10,000n4 + 20,000n3 + 15,000n2 t 5,000n t 629 

which can be fac tored  a s  

a4  + 4 = (loon2 + 1201-1 + 37)(100n2 + 80n + 171, 

and thus  is no t  prime. There a r e  no o ther  cases .  

AZio boiued by Jeanette Bickley, S t .  Lo&, h4^ibou^t; K .  Burke, 
S t t o n  ff& U n ^ W i ^ t y ,  South O w i g e ,  N.J . ;  Thomas J .  Cato, J r . ,  
Adelphi  U n . i u m L t y ;  I .  Kevin Coll igan,  UltLvm-Lty  of, WiUicont-ivi, 

MadUion; Ray Haertel , CwtwJi. Oregon Community CoU-ege, Bend, 
Oregon; Mark Hunacek, Sfiookiyn, N.Y.; Francis  Landolf, CtaA-hon 

CoUege 0 6  Technotogy, Potlidam, N.Y.; Charles H .  Lincoln,  J w y  
Sanf,o-ld S e n i o i  High, FayeAteu-ctÂ£e N.C.; Bob Prielipp, U n i u e u L t y  of, 
W-UScont-ui, Oihkobh; Kenneth Rosen, U n i u m L t y  of, M i c h g a n ,  Ann hbon.;  

Michael Shapiro, U n i u m L t y  06 I tLuio^i ,  Champaign, l U n o ^ i ;  Sid 

S p i t a l ,  Hayioa/i.d, CaLif,o>uUJl; Charles W .  Trigg, San Viego,  CaLif,oinLa; 

and t h e  P r o p o b e ~ .  

267 [Fa l l  19711 Pmpobed by C h d u s  ft). T^igg, San V iego ,  CaLi-  
60iVW1. 

Consecutive odd in tegers  a r e  equal ly spaced around a c i r c l e  i n  

order  of magnitude. Under what condit ions can a s t r a i g h t  l i n e  be drawn 

through t h e  c i r c l e  dividing t h e  i n t e g e r s  i n t o  two groups with equal  sums? 

So-bition by -thi Ptopob IVL 

Being i n  a r i t h m e t i c  progression,  t h e  t e r n s  can be combined i n t o  

p a i r s  with equa l  sums-- t h e  l a r g e s t  and t h e  smal les t ,  t h e  next  l a r g e s t  

and t h e  next  smal les t ,  and s o  on. Then i f  t h e  p a i r s  a r e  equa l ly  divided 

i n t o  two groups, t h e  groups w i l l  have t h e  same sum. Consequently, t h e r e  

must be 4k odd i n t e g e r s  i n  t h e  sequence, and a diameter drawn from 



between t h e  k t h  and t h e  (k + 11th i n t e g e r s  i n  t h e  sequence w i l l  

s epara te  t h e  i n t e g e r s  a s  desired.  

. A Â £ i o 6 0 1 v e d . b y R . C . G e b h a r d t , H o ~ c o n g 1 N . J . ; W i 1 1 i a m A  

DePalo, Polyte.chnic I n ~ - t U i i t e  of, &ookt.yn, N. Y.; and Char l ie  Carter, 
U h w - i t y  06 Richmond, V h g - u w i .  

268. [Fal l  19711 P i o p o i i d  by G ~ g o i y  Wuiczyn,  Bucfennit U n i u w - u t y .  

L i s t  a l l  t h e  p r imi t ive  r o o t s  of  3 ,  where n is a p o s i t i v e  i n t e g e r .  

S o l u t i o n  by Solomon W .  Gotomb, U n b m ~ L t y  of, S o w t h a n  CaLLf,o/UUJO.. 

For n = 1, t h e  pr imi t ive  r o o t  of 3l  is 2.  For n = 2, t h e  prim- 

i t i v e  r o o t s  of  32 and 2 and 5. For n > 2,  l e t  al, a,, ... , a2. 311-3 

be t h e  pr imi t ive  r o o t s  mod f-l. Then { a ,  a  t 3Â¡"l a
i  + 2*3n"11,i 

n  
1, 2, . .. , 2-3n-3 a r e  t h e  p r imi t ive  r o o t s  mod 3 . 

For example, t h e  p r imi t ive  r o o t s  of  33 a r e  2,  5 ,  11, 14, 20, 23. 
n  n-1 

I f  g  is pr imi t ive  mod p , then s u r e l y  g is pr imi t ive  mod p . The 

number of p r imi t ive  r o o t s  mod pn is (p - l)pn-2 f o r  n  > 1 and p > 2. 

Therefore t h e  p r imi t ive  r o o t s  mod p2 generate  a l l  t h e  p r imi t ive  r o o t s  

mod pn f o r  odd primes p and f o r  n  > 2. Hence, f o r  p  = 3, we observe 

t h a t  t h e  p r imi t ive  r o o t s  mod 9 are 2 and 5. Therefore, t h e  p r imi t ive  

r o o t s  mod 3 a r e  a l l  numbers of  t h e  form 2 + 9k, and 5 + 9k. 

A&O iotue-d by t h e  P n o p o i a .  

269. [Fall 19711 Piopoied  by -the P i o b h  E u o i .  
I f  A t B t C = 180Â° show t h a t  cos(A/2) + cos(fl/2) + cos(C/2) 2 

s i n  A t s i n  B t s i n  C.  

1 .  S o l u t i o n  by leoncuid C U z ,  Vuke U n i v Â £ ~ 4 L t y  V ~ ~ h a m ,  N.C. 

Replace A ,  B, C by 180Â - 2a, 180Â - 28, 180Â - 2y. It follows 

t h a t  a ,  0, y  a r e  t h e  angles  of  an acu te  t r i a n g l e .  The given inequal-  

i t y  becomes 

s i n  a  + s i n  0 t s i n  y 2 s i n  2a + s i n  20 + s i n  2~ . 
This is a known inequa l i ty  ( see  Bottema, Djordjevifi, Janifi, Mitrinovifi - - 
and'Vasi6, Geometric Inequalities, Wolters-Noordhoff, Groningen, 1969, 

p. 18  no. 2.4).  

11.  S o W o n  by the. Pioblem E d i t o i .  

Consider t h e  t r i a n g l e  ABC and its circumcircle ,  r a d i u s  R. Let 

A t  denote t h e  midpoint o f  t h e  a r c  BC containing A. It is known t h a t  

A'B + A ' C  2 AB t AC, with equality* i f  and only i f  A and A '  coincide.  

Now, A ' B  = A'C = 2R cos(A/2), and AB + AC = 2R(sin C t s i n  B). So 

2 cos(A/2) 2 s i n  C + s i n  B. S imi la r ly ,  2  cos(B/2) 2 s i n A  + s i n  C 

and 2 cos(C/2) 2 s i n  A t s i n  B. Hence 5 cos(A/2) 2 E s i n  A ,  with 

equa l i ty  if and only i f  ABC is  an e q u i l a t e r a l  t r i a n g l e .  

NEW KEY-PINS AVAILABLE 

The esca la t ing  and v a r i a b l e  p r i c e s  on gold have 

increased t h e  p r i c e s  of  a l l  f r a t e r n a l  jewelry 

u n t i l  t h e  p r i c e  of  t h e  P i  Mu Epsilon t h r e e  

piece key-pin i s  now above $12.00 f o r  each 10 

c t .  gold model. Your counci l  has arranged 

with Balfour Company t o  produce an i d e n t i c a l  

appearing key-pin using t h e  Balfour Golden 

f i n i s h  (which contains  l i t t l e  o r  no gold,  b u t  

has an almost i d e n t i c a l  appearance). By order- 

ing 1,000 p ins  and paying i n  advance, t h e  

National Office of P i  Mu Epsilon w i l l  be a b l e  

t o  fu rn i sh  key-pins t o  our members a t  $5.00 

per  p in ,  post  paid t o  anywhere i n  t h e  United 

S t a t e s .  Replace your l o s t  p ins  now a t  t h i s  

s p e c i a l  p r i c e .  Be e w e  t o  indicate the 

Chapter in to  which you Uere in i t ia ted and the 

approximate date of your init iaticyi .  Gold 

pins a r e  s t i l l  a v a i l a b l e  from our authorized 

jewelry, L. G .  Balfour Company, b u t  t h e  new 

golden f i n i s h  p ins  a r e  a v a i l a b l e  only from t h e  

n a t i o n a l  o f f i c e :  

P i  Mu Epsilon , Inc . 
601 E l m  Avenue, Room 423 
Universi ty  of Oklahoma 
Norman, Oklahoma 73069 



Counci 11 ors 

NEW OFFICERS ELECTED 

The P i  Mu Eps i lon  F r a t e r n i t y  e l e c t e d  a  new s l a t e  o f  o f f i c e r s  

du r ing  t h e  p a s t  y e a r ,  s o  we c o n g r a t u l a t e  them and wish them w e l l  i n  

t h e i r  new o f f i c e .  For t h e  b e n e f i t  o f  t h e  membership a t  l a r g e  we 

i n t r o d u c e  them below and i n c l u d e  a  b r i e f  background s k e t c h  f o r  each 

o f f i c e r .  

President 

Houston T .  Kames, P r o f e s s o r  o f  Mathematics a t  Louis iana  S t a t e  

U n i v e r s i t y ,  ho lds  a  b a c h e l o r ' s  deg ree  from Vanderb i l t  U n i v e r s i t y  and 

r e c e i v e d  t h e  Ph. D. from Peabody Col lege  i n  1940. He has  t a u g h t  a t  

Northwestern J u n i o r  Co l l ege  ( Iowa) ,  a t  Harding Co l l ege ,  and i n  t h e  

Nashv i l l e  s choo l  system. Coming t o  Lou i s i ana  S t a t e  i n  1938, he  was 

Dean o f  Men 1945-46, and t h e  D i r e c t o r  o f  a  Mathematics I n s t i t u t e  -in 

1959. He went t o  Allahadbad, I n d i a  a s  a  v i s i t i n g  p r o f e s s o r  i n  1965. 

He was a  w r i t e r  f o r  t h e  School Mathematics Study Group from 1958 t o  

1961, h e l d  t h e  o f f i c e  o f  S e c r e t a r y  o f  t h e  Na t iona l  Counci l  o f  Teach- 

e r s  o f  Mathematics from 1954 t o  1965, and was t h e  Vice- pres iden t  o f  

P i  Mu Eps i lon  ( n a t i o n a l )  from 1963 t o  1972. 

Gloria C. Heuitt, Assoc ia t e  P r o f e s s o r  of  Mathematics a t  t h e  

Un ive r s i ty  of  Montana, r ece ived  he r  b a c h e l o r ' s  deg ree  from Fisk  

Un ive r s i ty  and i n  1962 t h e  Ph. D .  from t h e  Un ive r s i ty  of  Washington. 

She has  se rved  on v a r i o u s  pane l s  f o r  t h e  Na t iona l  Academy o f  Sc i-  

ence and committees o f  MAA ( t h e  Mathematical Assoc ia t ion  of  America) 

She has  been a  v i s i t i n g  l e c t u r e r  f o r  t h e  MAA s i n c e  1964, and was one 

o f  t h e  i n v i t e d  pane l  speake r s  a t  t h e  1971 summer meeting of  t h e  HAA.  

Dale W. Lick, Vice- pres iden t  f o r  Academic A f f a i r s  and Dean of  

t h e  Facu l ty  a t  R u s s e l l  Sage Col lege  (Troy,  New York),  won- h i s  bach- 

e l o r ' s  and m a s t e r ' s  deg ree  from Michigan S t a t e  U n i v e r s i t y ,  and i n  

1963 t h e  Ph. D. from t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  R ive r s ide .  

Before assuming h i s  new d u t i e s  a t  R u s s e l l  Sage Col lege  t h i s  y e a r ,  he 

was Head of  t h e  Department o f  Mathematics a t  Drexel  U n i v e r s i t y ,  

t augh t  a t  t h e  Un ive r s i ty  of  Redlands and t h e  Un ive r s i ty  o f  Tennes- 

s e e ,  and was a  c o n s u l t a n t  a t  Oak Ridge Na t iona l  Labora to r i e s .  He 

helped t o  o rgan ize  t h e  C a l i f o r n i a  Zeta  Chapter  i n  1963 and r e a c t i -  

va ted  Pennsylvania  Theta  whi le  he  was a t  Drexel .  

Efieen L. Poiani, A s s i s t a n t  P r o f e s s o r  a t  S a i n t  P e t e r ' s  Col lege  

( J e r s e y  C i t y ) ,  r e c e i v e d  h e r  b a c h e l o r ' s  deg ree  from Douglass Col lege  

i n  1965 and t h e  Ph. D .  from Rutgers  Un ive r s i ty  i n  1971. She has  

t a u g h t  a t  S a i n t  P e t e r ' s  Col lege  s i n c e  1967. Her a c t i v i t i e s  i n  P i  

Mu Eps i lon  i n c l u d e  e s t a b l i s h i n g  t h e  New J e r s e y  Eps i lon  Chapter i n  

1968, accompanying two d e l e g a t e s  t o  t h e  1971 summer meeting a t  

U n i v e r s i t y  P a r k ,  Pennsylvania ,  and i n s t a l l i n g  t h e  New York P s i  Chap- 

t e r  a t  Iona Col lege .  

President-El ect 
Journal Editor 

E. A l l a n  Dadis, Profes so r  of Mathematics a t  t h e  U n i v e r s i t y  o f  

Utah, r e c e i v e d  h i s  b a c h e l o r ' s  and m a s t e r ' s  deg ree  from t h e  U n i v e r s i t y  

of  C a l i f o r n i a  a t  Berkeley and earned h i s  Ph. D .  i n  1 9 5 1 t h e r e  a l s o .  

He came t o  t h e  U n i v e r s i t y  o f  Utah i n  1955, and h a s  t a u g h t  a t  t h e  

~ k ~ ~ r - s i t i e s  o f  C a l i f o r n i a  and Oregon. He was t h e  Assoc ia t e  Pro- 

g r a m ~ i r e c t o r  o f  t h e  Na t iona l  Sc ience  Foundation S p e c i a l  P r o j e c t s  

i n  Science  Educat ion i n  1961-62 and was Program D i r e c t o r  f o r  t h e  

S tuden t  and Cooperat ive  Program i n  Pre- Col lege  Educat ion i n  Sci-  

ence from 1967 t o  1970. He has  a l s o  se rved  a s  t h e  f a c u l t y  a d v i s o r  

of  t h e  Utah Alpha Chapter .  

David C.  Kay, Assoc ia t e  P r o f e s s o r  o f  Mathematics a t  t h e  Univer- 

s i t y  of  Oklahoma, r e c e i v e d  h i s  b a c h e l o r ' s  deg ree  from O t t e r b e i n  

Co l l ege  (Ohio) ,  h i s  m a s t e r ' s  deg ree  form t h e  Un ive r s i ty  o f  P i t t s b u r g h ,  

and i n  1963 t h e  Ph. D.  from Michigan S t a t e  Un ive r s i ty .  He t a u g h t  a t  

t h e  Un ive r s i ty  o f  Wyoming from 1963 t o  1966 and came t o  Oklahoma i n  

1966. He is t h e  a u t h o r  of  a  geometry textbook and s e v e r a l  r e s e a r c h  

a r t i c l e s  on geometry and topology.  He has  se rved  a s  f a c u l t y  adv i so r  

o f  t h e  Oklahoma Alpha Chapter .  



We a l s o  welcome 

a t  the  ' Jn ivers i ty  of 

back Richard V. Andree, Professor of Mathematics 

Oklahoma, f o r  another term a s  Secretary-Treasurer. 

He has served f a i t h f u l l y  i n  t h a t  capac i ty  f o r  many years  and has been 

a s t a l w a r t  supporter  of t h e  f r a t e r n i t y .  3. C. Eaves, Professor and 

Chairman of t h e  Department of Mathematics a t  t h e  Universi ty  of West 

Vi rg in ia ,  s t e p s  down from t h e  presidency t o  assume an a c t i v e  r o l e  a s  

Past-President. He has been an eloquent spokesman f o r  t h e  f r a t e r n i t y  

and w i l l  continue t o  o f f e r  h i s  sound advice.  F i n a l l y ,  E. Mawice 

Beedey, Professor  and Chairman of t h e  Department of Mathematics a t  

t h e  Universi ty  of  Nevada, w i l l  be serving another term a s  a Councillor. 

He has been on t h e  counc i l  s i n c e  1969, s o  h i s  experience w i l l  be an 

a s s e t  t o  t h e  organizat ion during t h e  coming years .  

ANNOUNCEMENT 

With t h i s  i s s u e  t h e  l i s t i n g  of new 

i n i t i a t e s  w i l l  be discontinued i n  com- 

pl iance  with a c t i o n  voted by t h e  Council 

a t  i t s  l a s t  meeting. I t  was f e l t  t h a t  

t h e  l is t  is of  dubious value i n  view of 

t h e  o v e r a l l  r e t u r n s  t o  t h e  f r a t e r n i t y ,  

recogni t ion  of l o c a l  chap te rs ,  and i ts 

high c o s t .  I n  t h e  f u t u r e  more emphasis 

w i l l  be given t o  innovat ive programs by 

l o c a l  chapters  and t o  winners of annual 

awards and contes t s .  

We t h e r e f o r e  urge l o c a l  chapters  t o  

inform us of  t h e i r  awards programs and t o  

promptly send us  names of  t h e  winners of 

those  awards o r  con tes t s  they conduct dur- 

ing t h e  year  

INITIATES 

ALABAMA ALPHA, Un ive rs i t y  o f  Alabama 

Gabr ie l  C. Anni jo  Louis Dale 
Helen H. Atk ins E l i zabe th  T. Davis 
Barbara Ba i ley  Faye C. Deal 
Boyd L. Bai ley,  J r .  John G. F a l l s  
Marvin W. Basset t  Thomas M. For tner  
Cynthia L. Bathurst  Ann S. F r a l i s h  
Richard E. Broughton Peggy A. G i l b e r t  
Sarah E. Brown Bedford K. Goodwin,II I 
P h y l l i s  J .  Burne t t  Te r ry  A. Green 
Carl R. Canada Malcolm S. H a r r i s  
Debs D. Cokely Deborah E. Head 
Rebecca A. Conway Thomas A. Henry 
Eugene P. Cooper Bernice K. Hodge 
Alyce Y. Cox Sandra L. Hodges 
Nancy S. Crawford Jess H. Howton.111 
Cur t i s  R. C r o f t  Barry S. Johnston 

ALABAMA BETA, Auburn U n i v e r s i t y  

Connie E. Bates Marta F. McMaster 
Duane L. Brubaker Michele Marsden 
Chr i s t i ne  Drmey Susan A. Owens 

ALABAMA GAMMA, Samford U n i v e r s i t y  

Thomas Cheatham James Gosler 
David Fowler Kathy P. H ink le  

ALABAMA DELTA, U n i v e r s i t y  o f  South Alabama 

David A. B e l l  Kathleen M. Godfrey 
Nancy E. Brown Susan D. G r i f f i n  
M i l t o n  A. Brownlee.Jr. Bruce E. Imsand 
Donald P. Daig le 

ALABAMA EPSILON, Tuskegee I n s t i t u t e  

Mar i l yn  R. A l l e n  L a r r y  0. Harry 
Cheryl B e l l e  Wyl ls tyne D. H i l l  
Janice A. Brown James R. H o l l i n s  
Mrs. W.H. Chr i s t i an  Sandra L. Hosley 
N a t a l i e  M. Creed Roland Jackson ,I 11 
Barbara A. Giddens Jewel1 A. Johnson 

ARIZONA ALPHA, U n i v e r s i t y  o f  Arizona 

Alane L. Baker Richard T. Harper 
Richard Baumeister Robert E. Love1 1 

ARIZONA BETA, Arizona S ta te  U n i v e r s i t y  

Tom Foley John R. Lassen, J r .  
Tim Korb Jan McNei1 
Michael A. Koury 

ARKANSAS ALPHA, Un ive rs i t y  o f  Arkansas 

Sher i l yn  K. Alexander Janet L. H i ldbo ld  
Dennis G. Beard Michael E. Hi11 
Paula L. Culpepper Kathryn L. Hubble 
David P. F i l i p e c k  E l i o t  F. Johnston 
Janet S. French Marl Kimura 
She i la  E. Green 

CALIFORNIA GAMMA, Sacramento S ta te  College 

Janet L. Crowder Be t t y  J. Hoyt 
Joyce H. Hashimoto Kenneth Nahigian 

Catherine D. Jordan 
John C. Kagan 
Nanette J. Lathan 
Alan R. Lee 
James R. L i g h t  
Thomas D. L o f t i n  
Wi l l i am C. Massey 
Ronald E. May 
John D. McCamy 
Elena M. Medina 
Lawrence D. M i l l e r  
Joseph E. Morr is  
Wi l l i am S. Morrow 
Dwight W. Moss 
Wi l l i am R. Nicholson 

Jud i th  C. Pace 
Donnie B. S e l f  

John W. S imons 

James B. Jackson 
Richard A. Johnson 
Gary W. McConnack 

Hulon L. Lester  
A l r i c  N. Lewis 
Sonde Nwankpa 
Ronnie C. P o r t i s  
Cheryl Ross 
Brenda J. Sanford 

E l l e n  H. Stanton 
Wi l l i am Y .  Velez 

Harry E. Mann 
Joseph A. Orzel 

Yumi Kimura 
Paul J. McLeod 
Chr is  C. Moulder 
Leah K. P h i l l i p s  
Michael R. Po t thas t  

Eugene O l d f i e l d  

Steve E. Phurrough 
Hobert E. P lunke t t  
Randall P. Pope 
David H. Roberts 
Ricky M. Roberts 
Thomas H. Sadler 
D l i v i a  L. Sal iba 
Car l  R. Seaquist 
Robert A. Ser io 
Joseph W. S ledge, I I I  
Deborah A. Smith 
Jasper B, Stewart 
George Q. Strong 
Judy A. Taylor 
Pamela J. Young 

Joyce A. Ware 
E la ine  C. Wetzel 

Rebecca D. Whorton 

Toni A. Savlo 
Paul C. Spikes, J r .  
Gertrude M. Stark 

Annie L. Sipp 
Dianne J. Smith 
J.C. Smith 
Va le r ie  Y.  Terry 
Yih-Shuan Tseng 
James C. Ward 

M a r t i n  J. Ossefor t  

Jacqueline Peterson 
Richard M. Schaeffer 

Deborah A. Presley 
Sandra C . Schol t z  
Cheryl L. S k i l l e r n  
Debbie A. Usery 
Wayne R. Wilson 

Lora L. Stewart 



CALIFORNIA ETA, Un ive rs i t y  o f  Santa Clara ILLINOIS DELTA, Southern Ill i n o i s  Un ive rs i  t y  

Vicky Satake 
Mary B. Seyfer th 
Paul J. Sidenblad 

Br ian T. Swime 
Christopher H. Wicher 
Ronald S. Zipse 

Mary P. C a r l i s l e  James F. Healy 
Freder ick F. Chew Karen A. Moneta 
Ruth E. Davis Thomas J. Pennello 

*. Barbara S. Ferber 

Reza Bahmanyar Randy L. Henne 
Dor is  J. Bleem Thomas E. Holloway 
John R. Burke Grea R. Inwood 

Boni ta M. Kramper 
Wayne F. McKlnstry 
Ke i th  Prather  
Mary A. P y t l i k  

Catherine J. Sche l l i ng  
Dianne Schmltz 
Pa t t y  J. S la te r  

Gary L. Ebers 
Robert R. Gates.Jr. 

~ a t i i c i a  J. Korando Steven R. Smith 

COLORADO DELTA, Un ive rs i t y  of Northern Colorado 
INDIANA BETA, Indiana Un ive rs i t y  Kathryn I. M i l l e r  

Nancy L. Nonamaker 
Janice E. Perkins 
Carole A. Ridpath 

Claudia R. Auch Gary D. Bradberry 
Sheryl Ayers Pamela R. Daughenbaugh 
John R. Barber Forest N. F isch 
John S. B a r t l i n g  Luther C. Fransen, J r .  
Carol A. Bentz Gerald E. Gannon 

CONNECTICUT ALPHA, The Un ive rs i t y  o f  Connecticut 

Mary C. Baker Bruce C. Dawson 
Michael 14. Braunstein Timothy Oelaney 
Janice E. Brown Joan C. Oziezyc 
John P. Brozna P h y l l i s  L. Farber 
Donna M. Ce les t in i  Mary A. Fonnichel la  
George M. Cohan Diane G. Gellenbeck 
Paul L. Czasonis S tua r t  T. Ham's 

DISTRICT OF COLUMBIA ALPHA. Howard Un ive rs i t y  

Peter P h i l i p  Cynthia J. Storrs 

DISTRICT OF COLUMBIA GAMMA, The George Washington 

George H. Berl in,111 Godfrey G. Gray 
Carol B. Boies Myron J. Katzoff 
C.V. Dang Bao Ting Lerner 
Carlos Gamez 

FLORIDA EPSILOM. Un ive rs i t y  o f  South F lo r ida  

Martha E. Abela i ra P a t r i c i a  H. Comadoll 
A l1enH.Ba ldw in  A1anB.Creve l ing  
James R. B a l l  inger  Stacy Dexter 
Joseph P. Benitez,Jr. Bruce W. Freder ick 
Anne B. Bomford Duane Harper 
Kar l  W. Brimmer,III I naS.Howe l1  
Dianne Cardinale 

FLORIDA ZETA, F l o r i d a  A t l a n t i c  Un ive rs i t y  

Thomas E. B i l l i n g s  Zachary Cabauy 
Val C. B o i t e t  

GEORGIA ALPHA, Un ive rs i t y  o f  Georgia 

Corinne B. Alexander Frank L. Churchman 
Walter A. Barrow Sandra P. Clarkson 
Wi l l iam B. Bates.111 Faye G. Cook 
Harry W. Black George R. Crowley 
Sandra M. Bould in Marr lee Davis 
James D. Bracket t  David T. Emerson 
Harold R. B r i g h t  Pamela V. F a l e t t i  
Dwight L. Brown Donald C. F u l l e r  
Roberta A. Byram Janice A. Gaydon 
Son-Nan Chen Robert E. Goad 

GEORGIA BETA, Georgia I n s t i t u t e  of Technology 

Michele J.  Helms 
Jonna D. Hughey 
Koleen M. Kolenc 
Ar thur  C. Kufeldt 

Deborah A1 1 inger  
John Barker 
Stanley Chastain 
Mar t i n  Cohen 
Joseph Demkovlch 
Ann Elsner  
Shahrokh Fardoust 
L inda Gelber 
Jan Gojko 

Ann T. Goodman 
John G r i f f i t h  
James T. H e r r m n  
Charles H' Hearn 
Ar thu r  Hi1 1 
Jewel1 Jackson 
Ronald Kennedy 
Jacquelyn Kohl 
Joyce Krauskopf 

Paul Kretz 
Lucy T. Lanz 
Robert L inn  
Robert Michael 
Alan D. Mi les 
Michael Morone 
Janice Oman 
E r i c  T. Qu in to  
Dorothy Rasche 

T e r r i l o u  R a t l i f f  
Joseph Riegsecker 
Karen Ross 
John Shively  
Alan Simon 
P a t r i c i a  Treadwell 
Kwan Luen lung  
Thomas Wade 
Stephen White 

Mariann V. Hunter 
Wi l l i am D. Koldys 

Thaddeus Maliszewski 
Marsha R. Mandel 
Charles R. P i k l e r  
Mark T. Rand 
Francine Rubinovi tz  
Barbara J. Schick 
Helen A. Zablocki 

Robert J. ~aMottagne 
Paul 0. Laporte 
Barbara A. Lentz 

INDIANA GAMMA, Rose-Hulman I n s t i t u t e  of Technology 

Wi l l i am L. McNiece 
Wi l l i am E. R i t t e r  
David L. Scheidt 

J. Stanley Baker Paul W.T. H e l l e r  
Kenneth D. Bueg C y r i l  J. Hodonsky 
A l f r e d  R. Ehrenwald Stephen L. Koss 

Lawrence J. Lunden 
Robert W. Makuch 

Gary J. Sherman 
Robin A. S k i t t  
Daniel L. " o l f  

INDIANA DELTA, Indiana S ta te  U n i v e r s i t y  

Rebekah Ba i ley  Debra Fellwock 
Carolyn A. Baker Susan Gentleman 
P a t r i c k  Bradley Karen A. Giroud 
Robert Broman Susan J. Grow 
An1 ta Clevenger Sandra James 
Mar i l yn  M. Dudley Arlene Lutes 

Andrew Mech 
Suzann Messmer 
Linda P h i l l i p s  
P a t r i c i a  Piechocki 
John D. Roush 

Kenneth C. Schroeder 
Jud i th  R. S te l  tenpohl 
Dor is  L. S t e t t e r  
Brenda Wells 
Diane Werne 

Un ive rs i t y  

L isa F. Ross 
P h i l i p  M. Rust 
Ronald L. Wil l iams 

Carol ine Leroy 
Katherine H c K i t t e r i c k  
E l l e n  H. Rabe 

IOWA ALPHA, Iowa State U n i v e r s i t y  

Mark W. Ackley E r i c  N. Hockert 
Wi l l i am H. Bausch Karen L. Hunter 
Richard W. Bazyn Roger W. Huston 
Steven F. Bender V i c t o r i a  L. Kent 
Wi l1 iamG.Bloethe K ingY.Kong  
Steven R. C o l l i n s  Timothy J. Kunz 
J u l i e  L. Earhar t  P a t r i c i a  J. Kurash 
Conrad C. G r e l l  W i l l i am F. Long 
Richard P. Hansen A i m  E. McDowell 
Doug C. Heinichen Paul H. Mugge 

Donald M u l l i n  
Richard Pat Olson F. Nelson 

Barry J. Owens 
Harold H. Paustian 
Susan E. P h l l l i p s  
Greg L. P i c k r e l l  
Dal las K. Plerson 
Michael A. Procopio 
J u l i a n  L Pugh.Jr. 

Leanne M. Redshaw 
Thad D. Rohde 
John T. Seeman 
Charles D. Sorenson 
Leonard W. T i m  
F lo ra  L. Tsang 
Kenneth D. Vorthmann 
David E. Wi lk ins 
Robert R. Z y l s t r a  

Steven 8. Leeland 
A l i c e  V. Meyer 
Elvera P. Ralph 
Donald A. Riegels 
James J.  Rizzo 
Donald C. Rose.11 

Robert C. Shamblin 
Donna B. Skibo 
David A. S l i e r  
T rue t t  L. Smith 
Gai l  W. Tigue 
Lawrence W. Twigg 

Sco t t  H. Demsky Wi l l i am 11. Lyons KANSAS ALPHA, U n i v e r s i t y  o f  Kansas 

G. O t i s  Kenny 
David R. Larson 
David W. McSweeney 
Deborah A. Phelps 
Richard L. Rajewski 
Henry Rasch 
Richard S. Royer 
J. David Rush 

Kathleen F. Shaton 
Hampton N. Shirer  
J u d i t h  David S t ipp  A. Short 

Yusuf Unlu 
Mark C. Warren 
John J. Watklns 
Joseph N. Zerger 

Gary Bera r t  
Roger L. Berger 
Charles L. Betros 
Susan F. Bragdon 
Evelyn C. Bryant 
Stephan C. Carlson 
Frank L. Chance 
Br ian  A. Comito 
J e r i  J. Crowley 

John E. Delay 
Robert M. Fowler 
Raymond L. Funk 
Catherine L. Rates 
Hope K. Goldman 
J u d i t h  K. Gosa 
James A. Hawthorne 
Barry Homer 
Joy E. Ke i th  

Carolyn J.  H a l l  
Leland T. Hamblin.Jr. 
Stephanie L. Holcombe 
Michael F. Johnston 
Edwin W. Jus t i ce  
Carolyn King 
Mary L. Kuske 
Richard G. Morrison 
Gordhabhai J .  Pate1 

Wi l l i am L. Peters 
Ruben J. Prada 
Mary G. Reph 
Mark S. R ivk in  
Alan Siege1 
W i l l i e  C. Spikes 
Frances M. Thompson 
Susan M. Thompson 
Mar jo r ie  A. Walters LOUISIANA ALPHA, Louisiana S ta te  U n i v e r s i t y  

Terrence W. Bu r t  Steven M. Har r i s  
Jesse M. Carr.111 Daniel L. Koppersmith 
Bernard E. Eble,Jr. Deborah J. M i ley  
Michael C. Grumich Rebecca M. Nelson 
Oulda P. Hafner Lynda J. Odom 
Mary A. Hageman James Pendergrass 

Perry L. Poston 
Wayne J. Rachal 
Rosalva Paul Szpul Rosas 

Deborah R. Taylor  

Lawrence R. Thomas 
Barry G. Wahlig 
Donald B. White 
Hark L. Wi l l iams 
Gachet B. Zuber Clark L.  March 

David E. M i t c h e l l  
Samuel W .  Morr is ,  11 1 

Leo G. Parr ish.Jr  
Thomas J. Tosch 

James F. Breeden Ernest L. Johnson.111 
"sni luan Bruminhent V i r g i n i a  V. Jory 

E la ine  M. Hubbard Shing T. L i  
LOUISIANA BETA, Southern U n i v e r s i t y  

ILLIllOIS ALPHA, Un ive rs i t y  o f  I l l i n o i s  
Catherine Hanchett Leola R. Sco t t  A l i c e  Whitlock 

Herber t  E. Kasube 
Br ian Kowalski 
Thomas E. Lepperd.111 
E la ine  T. Mason 

Susan J. Meister 
A l l e n  M. Septon 
Wanda F. Thomas 
Jang-Mei G. Wu 

Linda G. Bronste in Shashi K. Gadia 
R. Leonard Brown Larry A. Haaksma 

- Edward A. Cygan Sy lv ia  J .  Herrstrom 
Carol J. Delheimer Richard A. Jackson 
Gene E. Ewing 

LOUSIANA DELTA, Southeastern Louisiana College 

Madelynn A. Gonzales John K. Kentzel 
Marsha D. Jenkins C l a i r e  R. McDonnell 

Pamela M. M i t c h e l l  
Margaret E. Pittman 

Debra D. Sanders 



LOUISIAKA ETA, N icho l l s  State Un ive rs i t y  MINNESOTA GAMMA, Macalester College 

Beryl 1.;. Bourgeois Nancy T. Landry 
Sidney N. Diaz David H. Lubbers 
Linda A. Guidroz Lynne M. Nix 

Ela ine M, Richard 
La r ry  H. Rock 

Paulet te R. Rodrigue 
Kenneth R. Zeringue 

P a t r i c i a  A. Brown Lar ry  W. Dahl 
Robin H. Cantor Gerald L. Fredson 
Jaye E. Clements Timothy C. Hadro 

Nancy C. Jackson Lee A. Watson 
Mark J. Nordstrom Richard A. Wilson 
Douglas Strandness 

LOUISIANA THETA, Loyola Un ive rs i t y  

Chr i s t i ne  Ha11 Joseph D. Sinchak 

MAINE ALPHA, Un ive rs i t y  o f  Maine 

Leland B. Carter Craig L. Holden Ronald R. Paradis 
Carol A. Cech El izabeth I<. Howe Gary P. Provencher 
Nicholas G. Davis Barbara A. Kennedy Steven G. Rand 
Richard 1.1. Fournier Michael W. McAleer Cynthia M. Richardson 
Paul J. Gingras Thomas J. Morgan 

HARYLAHD ALPHA, Un ive rs i t y  o f  Maryland 

Thomas C. Butash Regina Hopis Thomas D. Hor ley 
Stephen L. Craig Robert L. Ktrby Kathryn L. Ostberg 
David J. Crocket t  Thomas Langham Thomas R. Park 
A l i c e  Deppe Bruce L ipschu l t z  Amando P.  Saavedra 
Steven E ise r i ke  Redge A. Mahaffey G. Pa t r i ck  Sand 
Robert Fefferman Jonathan L, Kerzel 

MASSACHUSETTS ALPHA, Worcester Polytechnic I n s t i t u t e  

Robert S. Allies John A. Goulet Barry M. Moran 
Freder ic  T. Bailey.11 George E. Hajisavva Jon M. Ohman 
David S. Bowen Wi l l i am H. Mawdsley Alden J. Palmer 
Stephen E. Greenberg James M. Mercik Carl 0. Pennington 

MASSACHUSETTS BETA, Holy Cross College 

John F. Brennan Michael P. L i l l y  Henry P. Miranda 
David A. F i e l d  John J.  Mathews, J r .  James W .  Noonan 

MASSACHUSETTS GAMMA, Bridgewater State Col l  ege 

Murray Abramson Shei la  E. Daiqnaul t  Francis J .  Lambiase 
I rene An tone l l i  Hugo T. D'Alarcao Glenn A. L inco ln  
Paul R. Bachand Lynne C. Ouseau Denise C .  Michaud 
Carol L. Bowker Nancy M. Ek A l b e r t  P. Normandin 
Jane Cohoon E l i zabe th  Higginbotham 

KICHIGAN ALPHA, Michigan State Un ive rs i t y  

Frank L. Andrew Kenneth Dimoff Robert W. Joyner 
Anne L. Black Bet te Jo Dubin Hf Ida M. Kresnak 
Roger L. Brunner E l v i n  M. F isher  Carol A. McMenemy 
Karen A. Cabaj Susan B. Flakne Jud i th  A, M i l l e r  
David F. Callaghan Wi l l i am M. Holmes,Jr. Jams G. Morr is  
Robert A. Cassels David R. Hubbard Robert P. Morr is  
David J. Closs E r i c  A. Jones Kathleen A O'Rourke 
Joseph T. Cohn Peggy L. Jones Benjamin G Peters 

MICHIGAN BETA, Un ive rs i t y  o f  D e t r o i t  

Dipankar Basu S i s t e r  M. Esther H a f l e t t  Constancio F. Miranda 
Jef f rey Be11 Thomas Jasinski  Nancy J. Provencal 
Richard Church Judy Kirka -Maria B. Ratycz 
Kathleen D e t t l o f f  Raymond J. Kusza -' Dennis Seventy 
Harold Fischer Mary Lord Thurston W. Shook 
Pamela Geppert - -- 

MICHIGAN GAMMA, Andrews Un ive rs i t y  

Robert F. Boucnard Michael A. Crosby Gary G. Kidd 
David A. Cas te t te r  Kenneth R. F i n n e l l  Selvakumar J. Newton 
R. Lewis Caviness Douglas F. Hol ford Bet tye L. Nichols 

MINNESOTA BETA, The College o f  St. Catherine 

Joyce A. Dufresne Mary A. Gagnon Teresa J. Schober 

MISSISSIPPI ALPHA, The Un ive rs i t y  o f  M iss i ss ipp i  

Ke i th  E. Aldr idge Bever ly  K. Dixon 
Rodney Be11 Howard L. Dockery 
Anel ia  F. B i l l i n g s l e y  Dennis C. Dry 
Marshal l  R. Bradley Marshall D. Duckworth 
Carolyn S. Cappaert Wi l l i am H. Floyd 
James R. Clark Char lo t te  L. Ford 
David E. Cook Margie A. Gong 
Wi l l i am 0. Cooper,Jr. Samuel 0. Hester 
Edwin R. Cox James R. Hudgins 

Andrew F. Kasper 
Samuel R. Knox 
Anderson M. L inton,  I11  
Ruth D. McGreger 
Robert C. McLaurin 
Hugh C. McLeod 
Carolyn 0. M i t c h e l l  
Ann T. Person 

Mark P. Rackley 
Eugene C. Rich 
Wi l l iam A. Schmid.Jr. 
A l l i s t o n  Slade 
Jenny L. Townley 
Robert L. Truax 
Dar i l ynn  Wade 
Joe C. Woolsey 

Mark K. S t ra t ton  
F a i t h  J. Stubbs 
Bruce E. Unterman 
Reginald D. Wil l iams 

MISSOURI ALPHA, U n i v e r s i t y  o f  Missour i  
E r i c  Schecter 
Marsha Segal 
G l o r i a  B. Segall 
Charles E. Shaw 
P a t r i c i a  Shields 

Kar la Baker Robert Hundman 
D. Evelyn Bysf ie ld James M. Karr 
Nancy Caston Thomas Kutz 
Wi l l i am D. Hargrove Barry L i g h t  
Gerald Hoog 

Thomas Loyd Sandra Tapperson 
Richard Scissors Lynn Trimpe 
George Smith Jean A. Wharton 
Gary Tapperson Deborah Zuef le 

MISSOURI GAMMA, St. Louis Un ive rs i t y  

Ruperto R. Alba 
Gary 0. A less i  
Vas i l i os  L. Alexiades 
Michael L. A l l i s o n  
Bruce A. Babb.Jr. 
Diane L. Baker 
Mark W. Barc lay 
Chr is  L. Beckman 
Dennis D. Beckman 
Bireswar Bhattacharya 
Jerome A. Burke 
Henry A. Chary 
Thomas R. Clark 
Kathryn A. Davis 
Stephen L. Davis 
Sr. Margaret Dickmann 
Chr i s t i ne  A. Droege 
Jack W. Eckhard 
Robert 0. E l l i o t t  
Gary H. Ernst  
Edmond J .  Escudero 

Cynthia L. Essenoreis James L. Leet 
Dan H. Lischwe 
James F. McCarthy ,Jr. 
Mary E. McDonagh 
Alphonse McMahon 
Anne M. Meersman 
Joseph J. Muel 1er.111 
J i rmy S. O'Brien 
Adrian L. D l i v o  
Sr. Rose-Marie Pel l e t i  
Kay T. Perry 
Mary 0. Ponzar 
Mar i l yn  R. Retzer 
C a r l o t t a  M. Rinke 
Michael S. Risch 
John E. Roberts 
Mary R. Roper 
John V. St. 0nge.Jr. 
Joann L. Schabow 
Christopher J. Schmid 

Jana R. Shimkus 
Charles R. Sikora 
Jana Rae Shimkus 
Joseph Stefan 
Damon G. Stephens 
Wi l fo rd  Stevenson 
John A. Stodt  
Jane P. Stoud 
Warren T. Vandeven 

e r  Br ian L. Van Oman 
A l i c e  A. Vigna 
Wi l l i am D. Wacker 
Wi l l i am N. West 
Dennis L. Wibbenmeyer 
Peter  G. Wienke 
Mary-Kay Wissehr 
Wi l l i am J.  Wunderlin 
John W.A. Zak 
Jams J.  Zirmer 
Mark S. Z l a t i c  

David A. Peterson 
Richard M. Peterson 
Richard C. Whipple 
Robert J. Zawada 

Gregory A.  actor 
V i c t o r  G. Feser 
Carol A. F r i c k  
Wi l l i am B. Furman 
J u d i t h  E. Gebhart 
James M. Gibson 
Barbara C. Gladieux 

Roger J. Seminara 
I t i U i a m  M. Waters 

L i l l i e  J. Green 
Robert T. G r i f f i n  
Joseph P. Harm 
Wi l l i am J. Har tne t t  
Ronald L. He i t z  
Steven F. Ho f f  
J e f f r e y  H. Horton 
Randall E. Keys 
Michael A. Kortas 
A lbe r t  J .  Koscielny 
Mualchin L a l l i a n a  
Robert H. LaPlaca 

Richard W. Quindley 
Burton Rheu 
Thomas E. Sanford 
Sharon C. S i l v i a  

Michael B Sanders 
Kur t  J. Sctnucker 
John H. Smith,Jr. 
Sue E. Sperger 
Richard F. Spooner 
Anna Tsao 
Br ian E.  Yazejian 

MONTANA ALPHA, Un ive rs i t y  o f  Montana 

Nancy K. Anderson Mickale C. Cornel l  
Paul W. Bennett Susan H. Crnich 
Margery Blazevich Chr i s t i ne  E l l i o t t  
Dorothy A. Burger Sandra L. Ford 
Mary A. Clarke Roger F. Habin 

E r i c  H. Hartse M i ld red  L, Priebe 
David A. Lee Susan J. Ramsey 
Robert E. LeFever Stephen C. Spr ink le  
Jan B. McLaren Sue A. Taylor  
Keary A. Nut turg Geraldine Von Rokowski 

NEBRASKA ALPHA. U n i v e r s i t y  o f  Nebraska 

Raymond Travis  
Alan l a n  Thournout 
Nancy Verdura 
Anna M. Wiringer 
Sharon Ziemniak 

Catherine J. Adams 
Ronald J.  Aerni 
Richard J. Bale 
Douglas D. Bantam 
Miche l le  L. Blecha 
Thomas W. Brakke 
Richard C. Brunken 
Craig Christiansen, 
Richard L. Clements 
Robert K .  Clements 
Pamela A. Coleran 
Janes F. Dal ton 
Douglas A. Davidson 

Linda M. DeBoer 
Steven R. Dunbar 
Doug P. Elder  
Edward H. Everts  
Kathy R. F isher  
Woodrow A. F iveland 
Daniel F. Freeman 
Ken W. Fung 
Jud i th  A. Geiger 
Randall D. Greer 
John A. Hanneman 
Lawrence L. Harms 
Norman R. Hedgecock 

Michael J .  Hoy 
P a t r i c k  J. Hui 
Wi l l i am J. Jaksich 
Jolene V. Johnson 
Mar i l yn  F. Johnson 
Robert P. Kottas 
Andrew Y. Lee 
Kung L. Leung 
Paul M. Lou 
La r ry  E. Maple 
L y l e  R. Middendorf 
Carol J. Mul len 

Siu-Kay A. Ng 
Paul D. Dchsner 
Stephen C. Dney 
Stephen L. Pe l la  
Karen A. Petersen 
David L. Reichl inger  
Glen E. Rider  
Richard A. Robbins 
Paul S. Sherrerd 
Yuk M. Tam 
Steven J.  Wagner 
Dean Q. Winchel 1 

John J.  Sanocki 
Daniel J .  Stepp 
Saleem Watson 

Martha H, Uschold 



NEW YORK EPSILON. St .  Lawrence Un ive rs i t y  NEVADA ALPHA, Un ive rs i t y  of Hevada 

Robert Armbruster Dennis George 
J u n e  Ashton Dennis G h i g l i e r i  
Donna Bedera Barbara Gibbs 
Josephine Chan Linda McMurry 
Thomas Chiatov ich Chalda H a l o f f  
David E l l i s  B r ian  Mar t i ne t  

NEM HAMPSHIRE ALPHA, Un ive rs i t y  o f  Hew Hampshire 

Michael E. Baum Sandra R. Lor ing 
Susan M. Corning Michael J. Kccarthy 
Frank A. F i e l d  Susan H. MacKenzie 
Sharon R. Hague Susan E. Michaud 
Subhash K. I .  Khimdas Robert S. Moore 

NEW JERSEY ALPHA, Rutgers Un ive rs i t y  

Donald DeRisi John Hovak 
John Koykka Henry Sadowski 

David 0. Thurber,Jr. 
John R. Westendorf 

Robert V. Reinhold 
Susan A. Sokol Louise T. Barb ie r i  George A. Disney 

Bradley M. B e l l  ~ i m  E. ~ummer 
Wesley D. Clark 

Mark ' !assiigi I 1  
!<a1 tev Maxwe l l 
Sue Iiyers 
Jenn i fe r  J. iiaphan 
Bud 1'iielson 

^hn QaI^.tor 
Jn'nn Tupoen 
"rank hest  
A lbe r t  k igcher t  
Vincent Zunino 

NEW YORK ETA, S.U.N.Y. a t  Buffalo 
Joanne K l ing  David Karchensky David Braun H w i e  Bush 

NEW YORK THETA. Cornel l  Un ive rs i t y  
Kathryn H. Oleska 
Robert C. P l a t t  
Craig S c h i l l e r  

Lee M.  Ko r in  
Arete M. Passas 
Richard D. Reed 
Kathryn H. Riptey 

Joan L. Sauter 
David C .  Schoenf 
Pa t r i ck  P.K. Kong 
Ha l te r  V .  young 

Howard L. H i l l e r  
Jeffrey E. Hof fs te in 
Corr ine D. Meredi th 

Gerald Auerbach Edward I. George 
Dan L.  Boley Steven A. G o t t l i e b  
Wolfgang M. Buechler Susan L. Groshen 
Oavid M. Capka 

NEW YORK LAMBDA. Manhattan College 
Donald Su l l i van  
James Surrago 
Anthony E. V i z i o l a  
Frank V las tn i  k 
Howard Weber 
Grace White 

James Panza 
John Portera 
Kathleen Reddy 
Edward Shea 
Richard Simon 
Charles J. Somner 

Joseph Au le t ta  Donald Gunyon 
Joseph F. Benischek Kevin Kahn 
Robert C. Berger Robert L. MYer  
Maryanne Briedenbach P a t t i  McPike 
S tua r t  Dubreuil W i l l i am Mischler  
Walter Far ley Gary Montesano 
Mark Farrago James 0 '  Keeffe 

Hi  do r i  Shimoda 
Harold Siegelman 
Charles S i lbe r  

Br ian Sobelman 
Hark Van Doren 
Steven Yellenberg Oougla& Kurtz  Lawrence Sher 

I r a  Marks 

NEW JERSEY BETA, Douglass College 

Linda A. Keranen 
Joann Kovatch 
Martha E. O l i v e r  
Wei-May Pang 
Karen A. Quinn 
Celeste H. Schaffer 
Catharine Shipoen 

Sharon Abrams Gayle A. Cohn 
G lo r ia  Alon Lynne Colacino 
Merr ie A. Bergmann Jayne F. Daly 
P a t r i c i a  A. Brannick Jacqueline Faulhaber 
Mary Chen Joan M. Gerhard 
Regina C. Chen Jud i th  L. Glynn 
Eugenie D. Chung V ick i  S. Hollander 

Va le r ie  L.  Smith 
V i r g i n i a  Sz ige t i  
Karen Unterwa l d  
Margot L. Vandernoot 
Deborah R. Viana 
Karen M. Kendt 
Sherry1 Hidowsky 

NEW YORK XI, Addph i  Un ive rs i t y  
Edward Skob l i ck i  
Harry Stuckey 
George Tessaro 
Robert Trabucco 
Brenda V i  t rano 

V i t a  Perrone 
Thomas Pol i i k a  
Richard Schlessel 
Thomas Schwartz 
Har lan Sexton 

Joyce Anderson Vincent Kreutz 
Joel  Cohen Theresa L a t e l l a  
Rosalind Guaraldo Catharine Neman 
George Hawkins Regina Newman 
Janice Heepe Louise Nie lsen 

NEW JERSEY GAMMA, Rutgers College of South Jersey NEW YORK PI ,  State U n i v e r s i t y  College a t  Fredonia 
Chr i s t i ne  Tyler  
James Wasmund 

Wi l l i am J. McNally 
Harsha 0. Pasanie l lo  

Maria T. Acosta R1ta A. deArredondo 
Barbara Bartholomay Catherine Kody 
Diane C i m i n e l l i  Raymond L indqu is t  

YORK RHO, St .  John's Un ive rs i t y  

Frank H. Amlung Marlyn Bobo 
Donald A. Beater W i l l  Y. Lee 

NEW JERSEY EPSILON, St .  Pe te r ' s  College 

Aurel i o  Baldor Barbara Engman 
Robert Claremon Eugene Gaydos 
Wi l l i am DeFabiis Ralph Hampp 
Richard Der r ig  Andrew E. Lapsanski 

NEW JERSEY ZETA, F a i r l e i g h  Dickinson U n i v e r s i t y  

Wi l l i am Axelrod Christopher J. Ourso 
Robert G. Braverman Debra J. Garry 
Laura M. Catoggio Evelyn E. Gere 
P h i l l i p  Coopennan Rosa A. Gomez 

NEW YORK BETA, Hunter College of C.U.N.Y. 

I ya  Abubakar John Hachigian 
V i t o  Calamia Miriam Hecht 
Francois Dumontet Rose Lee 
E la ine  Eng John A. Loustau 
Domenica Fiumegreddo Nina Moy 

NEW YORK GAMMA, Brooklyn College 

- Joseph Adornato Sharon Goodman 
Naomi Bittman Mark Hager 
Howard- Eagel fe ld P h i l i p  Hirschhorn 
Deborah Freedman I r a  Hoch 
Morton Goldste in Bonnie Kool i k 

NEW YORK DELTA, New York Un ive rs i t y  

Stanley Benson Stanley Jung 
St1 Ham Campbell Ka lv in  Kamien 
Oavid A. D r e i l i n g  Lou K l ing  
Benn Gold Margaret Lee 

Linda S. Rusciani 
Karen S. Rykie l  

Ada l i ra  Saenz 
Joseph S t r a i g h t  
Carol Swartz 

NEW 
Joanne M. L i l l i s  
Raymond Marszalowicz 
Linda Mas ie l l o  
Jerome Menkhaus 

Charles Padalick 
Anthony Taylor 
La r ry  E. Thomas 
Carol Wysokinski 

Janet C. Scheele 
Robert M. Shea 
Linda Szabat 
Mathi lde Tei tgen 
Mary E. Welk 
George R. Wolf 

Wendy G. Backas Louis I l a r d i  
Anne Blaber - Susan Kadas 
Geraldine D ' h i c o  Mary E. Labienige 
Joanna Deni son Janet Lewandowski 
Gregory Foy Mary A. Livesay 
Pat G i l l e s p i e  Elsa Maresca 
John Hebrank Lo re t ta  Mascaro 

Kathleen Mul len 
Rina Pi tonzo 
Marguerite P lau t  
Ann Redling 
Thomas C. Reinhart  
Maureen Russell 

Kenneth F. Hofer 
John C. M i l l e r  
Pamela A. Munroe 
Peter J. Munzo.Jr. 

Theodore J. 01encki ,Jr. 
Margarete M. Si lvan 
R i ta  R. Zibas NEW YORK UPSILDN, I thaca College 

Regina Dockweiler Donna F. Mar t i n  
Jonathan T. Hughes 

Lauret te Poulos Mar t i n  Sternste in 

Rena Tishman 
Mayvian Wei 
Joseph Yonda 
Robert Zumbrunn 

Joseph Richardson 
E l i zabe th  Rusin 
Danny Sanoff 
P. Br ian Shay 

NEW YORK PHI, S ta te  Un ive rs i t y  College a t  Potsdam 

Karen Brooks Colleen Guhin 
S a l l y  Carpenter Richard Gustufson 
Kathyrn Donnelly Ela ine Riehlman 
Anthony D i u g l i o  

Kathleen Smith 
Annond Spencer 
Joseph S t r u t t  

E l i zabe th  1 0 t h  
Thomas T u r i e l  
M iche l le  Wall 

NEW YORK CHI, State Un ive rs i t y  of New York a t  Albany 
Deborah Levine 
Rhonda Maghen 
Anthony Ma l lozz i  
O s i t t e  Popack 
I r v i n g  Reisman 

Murray Rosenbaum 
Abraham Schwartzbard 
Harvey S la te r  
Alan Weiss 

Paul h e r  Lynn Hochhauser 
Nancy E I I i s h  Jared I n s e l  
Sandy Frank Richard Kass 
Charles Gibbs M a r t i n  Klatzko 
Joan Grossklaus John Koch 
Gary Gubitz Sandra Kosiba 
Karen Hartman 

Anne M. Kowalczyk Susan Ti lchen 
Judy Lipson Boni ta T r ip1  
Diane Loeven N ico le  Turula 
I r v i n g  Mizus Pamela Wolf 
Gayle Radka J u l i e t t e  Z i v i c  
Hol1 ace S te i  be1 Susan Zola 

Michael V.P. Marks 
Alexander Martschenko 
Steven Meyerson 
Mark Nierman 

Savvas J. Saragas 
Alan Shaw 
Susan Wertman 

NEW YORK PSI, Iona College 

Ronald V. Braia John Dougherty 
Sharon B r i t t  John Duffy 
P a t r i c i a  B u r c h i l l  Mar t i n  D. Hartog 
Andrea Conlogue 

Richard La Guarina Joseph M i r r a  
Pamela Magnotta Laura S a i l e r  
John Manhaupt Michael S a l v a t i  
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NORTH CAROLKIA GAMMA. North Carol ina State U n i v e r s w  
Stephen W .  Shuford 
Steve D. Sink 
Ga i l  S. Tobias 
Maryo vander Vaart 
Anne L. Welch 
Randall L. West 
Kathryn E. Wyble 

Angelia L. Arnold 
F rank l i n  Blackwelder 
Peter  F. C a r r o l l  
John R. Chandler 
Timothy 0. Conrad 
La r ry  C. Daniels 
Joe L .  Eury 

Linda S. F e r i o l i  
Laura J.  Hackney 
Sonja W. Hankins 
James A. Harr ington 
Paula C. Heaton 
Wi l l i am C. Hess 
Larry T. Hi 11 

James H. I r b y  
Wi l l i am C. Johnson 
Sandra S. Maples 
Robert F. M i les  
Robert R. M i l l s  
Jud i th  L. Powell 
Chechl S. Sahib 

OHIO LAMBDA. John C a r r o l l  U n i v e r s i t y  

Anthony J. An tone l l i  Barbara A. Benander 
Alan C. Benander Richard E. Har r i s  

OHIO NU, Un ive rs i t y  o f  Akron 

George W. Pope1 Joseph L. Rudolph 

Jerome A. Adepoju John E. F a l l s  
Oavid C. Buchthal Deborah A. F isher  
Orysia S. Bybyk Rose M. Harsh 
Henry 0. Caiazza Robert G. Keim 
John C. Conlon Daniel R. Lawrence 

Michael J. Margreta 
Nancy M. Me11 
Ke l l y  A. M i l l e r  
P a t r i c i a  J. Ramsey 
David D. Richwine 

Mary L. Russo 
NORTH CAROLINA DELTA, East Carol ina Un ive rs i t y  M a 6  A. Schuerger 

Wi l l i am L. Sebok 
Robert Y. Yui 
Jack W. Zolyniak 

K e i f f o r d  D. Spence 
Catherine A. W i l l i f o r d  
Chung-Jeh Yeh 

Robert M. Alexander Gerald M. Fox,Jr. Rozanne 0. McCotter 
Richard W. Anderson M i l t o n  A. Glass.Jr. Susan L. Mineo 
Robin G. Courv i l l e  Daniel M. G r i f f i n  Catherine R. Nanney 
Lokenath Debnath Cynthia A. Lee Ka t ie  D. Rom OKLAHOMA ALPHA, U n i v e r s i t y  o f  Oklahoma 

Mar i l yn  Breen V i c k i  E. Lawrence 
W i l l  tam G. Cochran Chung J. Liew 
Roseanne M. F i t z  Arden Mackenthun 
David S. Ha11 Margaret Mannix 
E l i zabe th  L. Hidy Jo Ann Matthews 
Jay P. Jacobi Rex A. McCaskil l  

Andrew 01 droyd 
James R. Poe 
Ann Pope 
Gary W. P u l l i n  
Mary 0. Ray 
Ron Sandstrom 

Thomas F. Smi t h  
Kendyll R. Stansbury 
Ann E. S te f fen  
Gregory M. Swisher 
Neman A. Vosbury 
Bob Zeighami , 

NORTH CAROLINA EPSILON, Un ive rs i t y  o f  North Carol ina a t  Greensboro 

M i l l i c e n t  G. Mast in 
E l l e n  0. Mathews 
Donna F. Ore 
Grayson S. Sa l lez  

Je r ry  0. Snyder 
Grace K. Tennis 
Bet ty  J. Yorke 

Judy C. Andrews Ronnie C. Goolsby 
Barbara A. Brown Carolyn T. Jones 
Lynne S. Davis El izabeth L. Jones 
Jeanette H. Gann Kathryn 0. McNeil 

OREGON GAMW, Port land S ta te  U n i v e r s i t y  

Ar thur  Barstad Joyce A. Cavales 

PENNSYLVANIA BETA, Bucknell Un ive rs i t y  

NORTH DAKOTA ALPHA. North Dakota State Un ive rs i t y  

Martha G. Hotchkiss James J. M a r t i n  
Diane K. Peighta l  
Pamela M. Peterson 

Carol A. Ployhar 
Roger E. Whitney 

Danny L. Bet tger  Marvin D. Kubischta 
Pamela F. Bohrer Enno J. Limvere 
J u l i e  G. Car ico James R. Lukach 

Warren G. Baas Howard J. C a r l i n  
Robert 0. Bar t i zek  Richard M. Hein ick 
Kathy J. Bechtol Ke i th  A. Kimba11 

Win i f red  A. Kine 
Mary K. Kubic 
John H. Mathias 

Gary A. Parker 
Michael J. Sweeney 

OHIO ALPHA, Ohio State Un ive rs i t y  

David J. Vickers 
Thomas E. Wemlinger 
Anthony Zerges 

Robert J. Bogdan Joan A. Gentry 
Anthony J. C a r r o l l  George T. Horton 
Robert L. Farnsworth Roger T. Noh1 
Mar t in  H. Frantz 

Mark Runkle 
Annamarie Saggio 
Michael F. Singer PENNSYLVANIA DELTA, Pennsylvania State Un ive rs i t y  

Kenneth Ainsworth 
Carol A l l e n  
Barry B a r r a l l  
Bronwyn Bence 
Carol B e m n  
Marlene Bohenick 
Lynn G. Brenneman, 
James Clouser 

Paul Cowan 
E l l e n  Emas 
Gregory Forbes 
Dennis L. Frey 
Michael Go11 
Wi l l i am Hoke 
P a t r i c i a  Janes 
Cynthia McConnick - 

Susan M i l l i n  
Richard Moroney 
J e f f r e y  P fe i f fe r  
Wi l l i am Rumanci k 
Richard Sider  
Robert Skarof f  
Donald W. Smith 
Raymond A. Smith 

Jef f rey Spring 
P a t r i c k  Talbot  
Susan Tascher 
James Trask.Jr. 
Necpet Ucoluk 
Galen Wei tkamp 
Francine W i l l i c k  

OHIO GAMMA, Un ive rs i t y  o f  Toledo 

John L. E i c k h o l t , I I I  L inda D. Jones 
Oavid J. Frederickson Susan L. Jones 
Richard E. Hartman 

Chr is  E. Ste iner  
John C. Wagner 

P a t r i c i a  K. Lange 
P a t r i c i a  A. Rogers 

DELTA, Miami U n i v e r s i t y  OHIO 

Debra Kleinschmidt 
P a t r i c i a  A. McDade 
E la ine  M. McFeeters 
Michele D. Schon 
Susan J.  Spindler  
Steven F. Stuckey 

Douglas A. Troy 
Debra S. Wigginton 
Evan M. Wise 
Deborah A. Wolfe 
Hope I. Worthington 
Deborah J .  Young 

PENNSYLVANIA EPSILON, Carnegie-Mellon U n i v e r s i t y  David 0. Ba i ley  Susan 0. Donovan 
Kassy Beers Sue E. Downey 
John T. Benham Lynne M. Fisher  
Charles J. Beyer Carol L. G o l i g h t l y  
Roger A. B i e l e f e l d  Debra L.  Hamer 
Richard J. Blakeslee Cynthia L. Harr ison 
Marcia L. Cox David M. Keme 

Lawrence J. A l b e r t  Susan Goscewski 
Joseph M. Felder  Jane E. Meyer 

PENNSYLVANIA ZETA, Temp1 e Uni v e r s i t y  

David Rat tner  
Francis X. Rogel 

Barbara H. Smolowitz 
A r thu r  G. Werschulz 

Joseph Ben-Horin Oscar L. Laskin 
E l l i o t  T. Berger 

Ronald Umble 
OHIO EPSILON, Kent State Un ive rs i t y  

John R. Benedict Lamar A. D e i t r i c h  
James J. Bodnar Robert E. Gray 
John A. Brannon N icko le t te  Haase 
Leonard T. Charek Gayle A. Holmes 
Rosemary J. Chase David Horan 
Anna Chen Oksana L. Klos 
Thomas R. Coldren Linda Koestel 

P a t r i c i a  L. Ruddle 
Charles J. S e i f e r t  
Barbara A. Sweet 
Judy A. Thompson 
Karen L. Ward 
Michael Zembala 
Marguerite M. Zust 

PENNSYLVANIA ETA, F r a n k l i n  and Marshall College 

An i ta  J. OuBrw Sco t t  L. McClintock 
Ronald Hopson E l l i s  Mez 

PENNSYLVANIA THETA, Orexel U n i v e r s i t y  

Douglas R. McCarihan 
Thomas 0. Manley 
Susan E. Maresh 
Joseph G. Mat t i co la  
Dennis T. Pas to re l l e  
Barry G. Rinehart  

.Cathryn E. Romberger 

Joanthan C. Stevens Robert E. Weiss 

Daniel M. Doran Gregory W. Hoover 
James W. Fullmer Cynthia Kendall 
Dennis J. G iang iu l i o  Stephen 0. Kopp 
Louis J. Gross Joseph F. L i p a r i  

Jan O r l o f f  
Louis M. Rua 
Robert P. Sc ia r ro  

Peter  U l r i c h  
Jim'tHnso 
Alan N. Wlasuk 

OHIO ZETA, Un ive rs i t y  o f  Dayton 

C r i t c h e t t  N. Ross 
Charles J.  Stander 
Don P. Ste iner  

Daniel J .  Swantek 
Kathleen A. Zaciek Luen C. Chan Sara L. Hinders 

-Jane A. Freder ick Richard J. N ico la  
Michael A. Gegl ia  Connie L. Nor r i s  PENNSYLVANIA KAPPA, West Chester S ta te  College 

N e i l  Deaver Mary Melnychuk 

PENNSYLVANIA LAMBDA, C l a r i o n  S ta te  College 

Cynthia A. Staub OHIO THETA. Xavier U n i v e r s i t y  

Dennis H. Oberhelman 
Stephen C. Pujo l  
Herman J.  Schmid 

James 0. Maly 
Robert E. Maly 
Michael Melhorn 
Thomas C. Meyer 

Russel l  R. Aab Thomas J. Gush 
Thomas W. Burke Kenneth K. H a l l  

- Mark G. Doherty Joseph K. Kington 
Daniel R. E l l e r h o r s t  Joyce A. Macke 

Lar ry  P. Stewart 
Linda Vogan 
Richard F. Wi l l iams 

Rich 0. Basich Carol L. Luchin i  
W i l l i am J. Brubaker Be t t y  J. McCutcheon 
Kathy J. H o f f e r t  Edward O'Leary 
Cynthia S. Howell J u d i t h  A. Olkowski 

David W. Rose 
Gregory M. Ross 
Bever ly  A. Smith 

OHIO IOTA, Dentson Un ive rs i t y  

C i f f o r d  T. Thomas 
Sarah M. Wil l iams 
Susan K. Woelfel 
Mary E. Wood 

Tara L. Murphy 
Ho l l y  A. Richards 
Susan E. Rudolph 
Robin S. Symes 

Aleta D. Bluhm John J. Lopes 
Douglas C. Corey Joseph F. Mayo.Jr. 
John S .  Dolbee Michael E. Mickelson 
J. Archer Har r i s  Car l  0. Mollenberg 
P.M. Kleinhans John M. Moraan 



TEXAS ETA, Texas A t M Un ive rs i t y  
RHODE ISLAND BETA, Rhode I s land  College 

Nancy J.  Armentrout 
Robert M. Basset t  
C a r r o l l  W. B e l l  
Gayle L. Berry 
Paul P. Biemer 
Don W. Boyd 
Donald E. Brown 
Jimny D. Cain 
Pa t r i ck  P. Caruana 
James K. Clanahan 

Robert T. Cooper 
Ke i th  B. Cowden 
Terrence L. D i l l o n  
Steven J. Eberhard 
Wi l l i am E. H a r t s f i e l d  
Ar thur  M. Hobbs 
Susan K. Hord 
Mary K. King 
Dolores Kniec ik  
Sh i r l ey  A. Kotara 

Dennis R. Kuehler 
Michael A. Langston 
Jon A. LeGrand 
Michael K. Lindsey 
Cor l i ss  C. Lynch 
Nancy L. McKinney 
Ne11 C. Morr is  
Ponnamnal Natarajan 
Norman W. Naugle 
B i l l y  Pate 

Donna "< P i l c i k  
James S. Reisner 
Dale L.  Roberts 
Everet te G. Travis  
John T. Vawter 
Ralph 0. Weber 
Hark N. Wood 
Richard 0. Wood 
Jean Zolnowski 

David Baker Henry Marques Dorothy A. Murphy 

SOUTWCAROLINA ALPHA, Un ive rs i t y  of South Carol ina 

Ear l  Collum Vincent L. Fernandez 
Richard L. Estees Bruce Hellman 

Margaret Holder Carolyn Tucker 
El izabeth Taylor  

SOUTH DAKOTA ALPHA, Un ive rs i t y  o f  South Dakota 

Suzanne Ba i ley  Jackie L. G i les  
Janice L. Bowers Cheryl R. Goehring 
Gene Bur r i sh  Kenneth L. Gregg 
Catherine L. Connors Marcus Gul l i ckson  
Gerald F. DeJong Steven H. Hansen 
Barbara J. Edwards Steven R. Henriksen 
M. Kathleen Fuoss 

H. Michael Huggenberger James D, Nelson 
Vernon G. Johnson Charles E. Peterson,Jr. 
Mary E. Kar l i ns  Randolph R. Reicher t  

UTAH ALPHA, Un ive rs i t y  of  Utah 

~ e n e  Katzenberger 
Darlene F. Lovig 
Kendal 1 J. Monson 

~ a r c i a  A. Rusch 
Ruth A. Schock 
June M. Thormodsgard 

Donald D. Clark 
Gregory W. Davis 
Janet A. El l zey  
G lo r ia  Honda 
Robert J. Junk.Jr. 
Dang D. Lanh 
James K. Lyon.Jr. 
Timothy L. McAuliffe 

David W. McLawhorn 
Thomas C. McMil lan 
Craig J. Madson 
Lee 0. M i l l e r  
Jesse E. Neynan.Jr. 
W i l l i am E. Normington 
Dwayne W. Nuzman 
R. Bryce Parry 

David J. Paul 
Paul E. Payne 
Donald M. Peck.Jr. 
Dana Romero 
Paul Y .  Sha 
Alan S. Shiitiada 
Kenneth I. Smidy 
Joel G. Sperry 

Jacquelyn M. Stonebraker 
Douglas G, Stout  
Marc R. Stromberg 
Melv in L. Tungate 
Gerard A. Venema 
Avanindra K. Vyas 
Phone-Nan Wang 
James S. W i l l i e  

SOUTH DAKOTA BETA, South Dakota School o f  Mines and Technology 

Donn J.  Mohnnan 
Douglas Q u i e t t  
Rameshmohan Rangamoorthy 
Steven R. Schmidt 
James C. Stiegelmeyer 
Gary 0. Svarstad 
Jane M. Vande Bossche 
Prashant V i r  

O t t a r  Aase Jane11 R. Case Ken K le in  
Richard L. Adams Ed DeBoer.Jr. Lowell Kolb 
Terry A l t e r  Glenn K. Evans Ralph 0. Kopp 
L ibby S. Ballmes Mike Fiddes James A. Lamont 
Russell T. Barnet t  Robert Grantz A1 i c e  D. Lauten 
Barbara J. Baskerv i l l e  Robert Harr ington Paul D. L i c h t  
John 0. Bradford Fredr ich H i l p e r t  C u r t i s  A. L i p k i e  
Dennis P. Brady Mike Horn Robert A. M e r r i l l  
Judy M. Cannon Jud i th  L. H u l l  Ver lyn D. Moen 

UTAH GAMMA, Brigham Young Un ive rs i t y  

Lowell M. Bennion Andrew F. Ehat 
Richard P. DeLong Alan MacKay 

Roger W .  Purdy 
Douglas 0. Roberts 

Jud i th  Smith 

VIRGINIA ALPHA, Un ive rs i t y  o f  Richmond 

Janet Y .  F e r r e l l  Beverly A. Harper 
Sharon G. Foster Tina J. Marston 
Deborah A. Guyton Thomas Norman 

Rosalyn C. Reed 
Carolyn F. Ridgway 
Gayle P. Shick 

Margaret A. Shugart 
S a l l y  A. Vor is  TENNESSEE ALPHA, Memphis State Un ive rs i t y  

James H. Brant ley Deborah A. Lazure Jane F. Schi r ra 
Deborah J. Fast  Jo L. M i t c h e l l  Peggy 0. Wad1 ington 
Deborah F. Johnson 

Becky C. Wicker 
Wi l l i am T. Wood VIRGINIA BETA, V i r g i n i a  Polytechnic I n s t i t u t e  

F e l i x  Agwlar 
Rebecca J.  Ba i ley  
Robert H. B i r d  
David W. Boyd 
Barbara J. Bradley 
Charles C. C o l w i l l  
Hugh L. Cook 
James M. Crowley 
Catherine M. Derhagg 
V i c t o r i a  Dimi t ras 
Kathy E. Dye 

Charles D. Feustel 
La r ry  A. Gaby 
Roger C. Rledhi11 
Robert A. Gouldin 
Douglas L. Harvey 
E la ine  Haught 
H o l l i s  J .  Herickes 
Tamara F. H i l l  
Andrew M.W. Hu 
Mary S. Hughes 

Frank L .  Perazzol i  ,Jr. 
P h i l i p  J .  P icho t ta  
Dennis H. r;nes 
Deborah L. Sherman 
Mark E. Swick 
Bobby W. Thompson 
El izabeth A. Turner 
Linda A. W i l t  
Linda C. Wood 
Alan R. Yockey 

Catherine B. Keefer 
Ginny L. Kiser  
Edgar V. Lindamood 
John A. L i t t o n  
Stephen R. Lowry 
Pamela A. Mar t i n  
John C. Meacham 
James W. Myers 
Ho l l y  D. Parker 
Richard D. Patton 

TENNESSEE BETA, Un ive rs i t y  o f  Tennessee a t  Chattanooga 

Je r ry  Vanerwegen 
Edwin H. Voorhees 
Robert D. Ware 
Paul E. Werndli 

Charles G. Camp Norma G. McDade Wi l l i am Mol l  
Michael A. Houser Louise Mclntosh Rebecca A. Seaton 
J e r r y  L. Howell Dorothy Mar t i n  Herschel 1 Se l le rs  
David E. Hubbert Stephen E. Meyer Edward A. Turner 
V i c t o r i a  Kennedy 

TENNESSEE GAMMA, Middle Tennessee State U n i v e r s i t y  

Mary L .  Ful ton Sarah F. Marcrom 
VIRGINIA GAMMA, Madison College 

TEXAS ALPHA, Texas C h r i s t i a n  Un ive rs i t y  
Audrey W .  Stout  
Joan E. Thompson 
Jane A. Wintermyre 
Warren E. Wise 
Martha S. Woodside 
Henry S. Wszalek 

James W. Adkins P a t r i c i a  K. E l y  
Elmer G. Alger  Myrna M. Huden 
Linda F. Argabr ight  Anne M. Jankowski 
Cec i l  G. Barlow.Jr. Katherine S. Koepsell 
Peggie L. Brown Katherine Rebeka L i t t l e  
Edward G. But terworth Teresa L. M i l l e r  
E l l e n  C. But terworth Mary E. Moore 

Carol Paula A. E. Mosby Pa in te r  

Mary T. Patterson 
Wi l l i am C. Roberson 
Delo is  E. Rodda 
Harry L. Stone 

David A. McDonald Pamela A. Siptak Lucinda M. Wagner Mary C. Webb 

TEXAS BETA, Lamar Un ive rs i t y  

Candace F. Eaton Chester Hol1ingshead.Jr. Marsha A. Krabbe 
Dorothy S. Har r i s  L a r r y  L. Jackson Brenda J. Parks 

Cathey S. Smith 
Rebecca Vickers 

VIRGINIA DELTA, Roanoke College 
TEXAS GAMMA, P r a i r i e  View A I M College 

Linda W. Bowden Wi l l i am D. Ergle 
David L. B ra t ton  Jean M. Gamer 
Karen L. Carter  Kenneth R. Barren 
Ronald L. Dabbs Kathy A. Hoback 

Sandra G .  McCulley 
Susan J.  Marshall 
Diane M. M i lan  
Deborah 0. Myers 

Kathleen A. Reardon 
L. Faye Sink 
Rondld E k'alpole 
R. Lynn Watso-i 

Sarah M. Blow Be1 inda C. Foreman Bernadine Lewis 
Dorothy J. Buchanan Sh i r l ey  M. Foreman Gwendolyn Lewis 
A l f reda  M. Charles Floyd Freeman P a t r i c i a  J. McAfee 

. Isadore T. Davis Mary E. Granger Wanda J.  McAfee 
Rosalind A. Davis Junipher D. Henderson S h i r l e y  J. Minor 
- . - 

P a t r i c i a  A. Morr is  
A l i c e  F. Newson 
Michael 0. Sapenter 
David Scurry 
Rosetta F. Wi l l iams WASHINGTON ALPHA, Washington State U n i v e r s i t y  

* 
TEXAS DELTA, Stephen F.  Aust in State Un ive rs i t y  Benedict G. Archer James D. G u p t i l l  

Corine A. B ick ley  Boni ta A. Johns 
Michael J. Bohlen Patsy A. Johnson 
Thomas T. Carney Paul 0. Kennedy 
P a t r i c i a  Charbonneau James A. Larson 
Robert S. Cooper Hsi-Muh Leu 
Shei la  J. Davidson J u l i a  L. McClintock 

Francis W .  Marron 
Robert E. Nasburg 
W. D. Novak 
David 0. Parks 
Donna L. Reed 
Darius S. Rogers 
Janice L. Stewart 

Richard Paul A. U. Weir Trudgeon 

Robert J. Wendt 
Alan W. Whisnan 
Donna R .  Worden 
Siana B .  Wright 

Melva G r i f f i n  P a t r i c i a  Mings Odis St. C l a i r  

TEXAS EPSILON, Sam Houston State U n i v e r s i t y  

Richard Simpson 
Cynthia A. Spanihel 

Ronald D. Brashear Harold S. Hunt S h i r l e y  Rehms 
Hershal l  W .  Cotton Janet L. Morrison Mohamnad N. Shar i f  
Mary A. Er iksen David F. Norwood WASHINGTON EPSILON, Gonzaga U n i v e r s i t y  

Peter L. Mar i c f ch  Frederfco Reinel  
Charles H. Por te r  Karen I. Stanf ie ld 

Susan H. Stuckart  
Wilma J.  Westhoff 

Beverly C. Wol ters TEXAS ZETA, Angelo State Un ive rs i t y  

Robert W .  Zawi lsk i  Pa t r i ck  Gladden Lar ry  W. S c h i l l e r  Esther J. Sofge 



WEST VIRGINIA BETA, Marshall Universi ty 

Joseph H. F e r r e l l  Nancy E. Harbour 
James J. Fu l le r  Carolyn L. Hoag 
Catherine E. Greenwell Michael T. McVay 

. Carolyn S. Handloser Anne M. Mallow 

WISCONSIN ALPHA, Harquette Universi ty 

Suzanne M. Bach Elizabeth M. Duero 
Michael W. Balk Stephen J. Gina1 ,Jr. 
Margaret E. Bonney James Grotelueschen 
Maura Bourntque Joan A. Gucciardi 
Christopher Bovee Joseph P. Henika 
Carey A. C ies l i k  George S. Hinton 
Michael L. Corradini Colleen E. Horrigan 
Kathleen E. Crosman Joseph A. Hughes 
Mary K. Dressman Linda M. Jenzake 
Nicholas F. Duerlinger Lee H. Kumner 

Michael 0. Moore 
Carol A. Nelson 
Deborah S. Ray 
Bur re l l  D. Shields 

Bin L i n  
Mart in L. Lynch,Jr. 
Kathleen J. McGrath 
Marie E. Magedanz 
Roland C. Handler,&. 
Thomas E. Mori t z  
John M. Notch 
Eileen M. dander 
Robert A. Pendzick 
Kathleen A. Pi t te lkow 

Jo M. Skidmore 
Jeffrey L. Smith 
Will iam J. Wilcox 

Monica C .  Ploetz 
Sridhar Ranadas 
Robert J. Rent; 
Gary C. Schaefer 
Lawrence G. Searing 
Diane K .  Vol k m r  
Chin S.  Wei 
Barbara M.  Wichman 
Will iam W .  Wif ler  
Konrad Wyrzykowski 



1 YOUR BADGE - atriumph of shilled and highly trained Balfour 
craftsmen is a steadfast and dynamic symbol in a changing world. 

Official Badge 
Official one piece key 
Official one piece key-pin 
Official three-piece key 
Official three-piece key-pin 

W R I T E  FOR I N S I G N I A  PRICE LIST. 

I An Authorized Jeweler to Pi M u  Epsilon 
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