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UNDERGRADUATE RESEARCH I N  MATHEMATICS AT THE NAVAL ACADEMY 453 

J. C. Abbott ,  U. S. Naval Academy 

I n  r e c e n t  y e a r s  t h e r e  has  been a growing i n t e r e s t  i n  undergraduate  

r e s e a r c h  and independent s t u d y  i n  mathematics.  Much of t h i s  new i n t e r e s t  

i s  due t o  t h e  upgrading of b o t h  p re- co l l ege  and c o l l e g e  c u r r i c u l a  s o  t h a t  

s t u d e n t s  a r e  proceeding a t  an  a c c e l e r a t e d  r a t e  and, a t  t h e  same t ime,  a r e  

encouraged t o  t a k e  a r e a l  i n t e r e s t  i n  "modern mathematics." F u r t h e r  

impetus h a s  been supp l i ed  by  t h e  Na t iona l  Science  Foundation through its 

Undergraduate Sc ience  Education Program. Th i s  program s u p p l i e s  f i n a n c i a l  

a i d  t o  s t u d e n t s  and schoo l s  t o  encourage g i f t e d  s t u d e n t s  t o  under take  

i n d i v i d u a l  p r o j e c t s  a p a r t  from t h e  r e g u l a r  curr iculum.  The p r i n c i p a l  

d i f f i c u l t y  i n  t h e  f i e l d  of  mathematics is  t h a t  genuine  r e s e a r c h  problems 

a r e  g e n e r a l l y  i n a c c e s s i b l e  t o  a l l  b u t  advanced g radua te  s t u d e n t s  and 

p r o f e s s i o n a l  mathematicians.  Consequently many of t h e  p roposa l s  f o r  

undergraduate  independent s t u d y  a r e  a p t  t o  degene ra t e  i n t o  r ead ing  cour ses  

no t  o f f e r e d  i n  t h e  r e g u l a r  curr iculum,  o r  a r e ,  a t  b e s t ,  l i b r a r y  r e s e a r c h  

papers .  The purpose  of  t h i s  pape r  is  t o  d e s c r i b e  a r a t h e r  unique program 

which h a s  been under development a t  t h e  Naval Academy on an exper imenta l  

b a s i s  du r ing  t h e  p a s t  t h r e e  o r  f o u r  yea r s .  

The mis s ion  of t h i s  program, l i k e  many o t h e r s  throughout  t h e  country ,  i s  

t o  g i v e  s e l e c t e d  s t u d e n t s  an  e a r l y  oppor tun i ty  t o  s e e  mathematics a s  a 

mathematician s e e s  it, a s  a l i v i n g ,  growing s c i e n c e  wi th  unexplored f r o n t i e r s ,  

r a t h e r  than  s imply a s  a hand-maiden f o r  t h e  p h y s i c a l  s c i ences .  Too many 

undergraduates  s t i l l  s e e  mathematics on ly  a s  a c o l l e c t i o n  of a lgo r i thms  f o r  

s o l v i n g  d i f f e r e n t  typed problems. They seldom have an o p p o r t u n i t y  t o  formu- 

l a t e  t h e i r  own concepts  and f e e l  t h e  exci tement  of  d i scove r ing  t h e i r  own 

p r o o f s  of  t h e i r  own theorems, which i s  t h e  t r u e  fun  of mathematics.  The 

program a t  t h e  Naval Academy is  designed t o  p r e s e n t  j u s t  such an  o p p o r t u n i t y  

t o  a t  l e a s t ,  a few s t u d e n t s  w i l l i n g  t o  work f o r  t h e  reward of s c i e n t i f i c  

achievement.  



The principal innovation of this particular program is its organization 

as a group activity around a single central theme developed by the students 

themselves over a period of years. Thus, it is a seminar in the true meaning 

of the word, a small group of students working together to create new theories 

in which each is able to make a specific contribution. The program originated 

three years ago with a single student who spent a year and a half working on 

an assigned problem in boolean algebra. This project led to a paper which 

was read to a sectional meeting of the Mathematical Association of America 

and to the Eastern Colleges Science Conference. Since then two other students 

took up this same problem and developed it further. They also presented their 

results to professional audiences. At present two juniors and two seniors are 

carrying on the work by writing additional papers in allied topics. 

The specific topic around which the program has grown has been the develop- 

ment of boolean algebra from a new point of view. The central idea was not 

unheard of before, and, in fact, was suggested as early as 1880 by C. S. 

Pierce, but has never been carried out to its logical conclusion. We begin 

by considering the single set operation known as implication. If A and B 

are two arbitrary subsets of some universal set, U, then their implication 

product is the set of elements of U either not in A or in B. In classical 

notation this is written A' B where ' stands for set complement and is set 

union. Here we abbreviate it simply as AB and call it implication. (The 

terminology stems from the fact that, in logic, p implies q means either not 

p or q.) We now define an implication algebra of sets as any collection of 

subsets of some universal set, U, which is closed under set implication. It 

is now easy to verify that this operation satisfies the three following fairly 

simple laws: PI: (AB)A = A, P2: (AB)B = (BA)A, P3: A(BC) = B (AC) which 

we call contraction, quasi-commutativity, and exchange. Using set theory 

as a model, we now define an abstract implication algebra to be a set, I, 

of elements, a,b,c,..., closed under a single binary operation which satisfies 

these three laws as postulates. What is not quite so obvious is that, con- 

versely, these three laws themselves are sufficient to characterize a very 

large portion of the algebra of sets. In fact a boolean algebra can be 
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characterized as an implication algebra which satisfies the one additional 

postulate P4: there exists an element o satisfying oa = aa for all a in I. 

For those who would like to try their hand in the early phases of the 

subject, we suggest the following: show that the square of any element is 

a constant in the algebra; we denote it by u. Show that u is a left identity, 

and, at the same time, a right zero (au = u for all a). Then solve the word 

problem with two letters, i.e., determine all possible elements that can be 

generated from two free elements a and b using only PI-P3. Determine their 

implication table. As a further exercise, define a b if and only if ab = u. 

Show that is a partial order, and that, with respect to this partial order, 

I is a join-semi-lattice, but is, in general, not closed under greatest lower 

bounds. This is only the beginning, but will give some idea of the kind of 

computations that must be performed. 

Mathematics abounds in examples of implication algebras. First of all, 

any boolean algebra is an implication algebra, so that all examples of 

boolean algebra are candidates. On the other hand, the set of all non-empty 

subsets of arbitrary set forms an implication algebra which is not a boolean 

algebra. Furthermore, the operation of set subtraction, A-B, also satisfies 

P1-P3, so that any collection of sets closed under subtraction is also an 

implication algebra. For example, the set of finite subsets of any infinite 

set is such a case. In fact, abstract set theory itself is a second such 

example, which is again not a boolean algebra. There is no greatest set. 

On the other hand implication algebra bears the same relation to the positive 

calculus of proportions (without negation) as does boolean algebra to the 

full calculus. Hence, logic is a rich field for applications. Finally, for 

the topologists, if the word neighborhood is taken to mean any set with a 

non-empty interior, then the set of neighborhoods of a topological space 

is a further example. In fact, we can use implication algebra to formulate 

the very term "topological space." Many other specific examples of finite 

and denumerably infinite algebras have alsobeen concocted to illustrate 



various aspects of the subject. 

Implication algebra is not only rich in applications, but also has a 

very classical algebraic structure and can therefore be used to illustrate 

many notions from abstract algebra. In particular, since only a single basic 
A 

operation is involved, it is natural to turn to group theory as a source of 

concepts. This is contrary to the popular impression that boolean algebra 

requires two distinct operations and therefore must be developed either as a 

special kind of lattice or by analogy with the theory of rings, not groups. 

Thus, the student can write his own definition of a homomorphism using the 

same definition as in group theory. He then can define an ideal by analogy 

with a normal subgroup and a congruence relation in terms of ideals. The 

basic theorems of elementary group theory can then be restated for implication 

algebras, but the proofs must be entirely different, since the basic arithmetic 

is so different. Hence the student is given an incentive to study group 

theory, not just as a collection of theorems and proofs in a text book, but as 

a source of concepts needed in order to develop his own theory. The very fact 

that implication is neither commutative nor associative in itself creates a 

fascination, while, at the same, the simplicity of the postulates makes it 

possible for even an undergraduate to achieve new results. On the other hand 

there is enough challenge in the development of the more sophisticated aspect 

of the subject to keep the student's interest. 

The earliest papers showed the relationship between implication algebra 

and classical boolean algebra. Specifically, it was shown that every implica- 

tion algebra can be imbedded in a boolean algebra. This paper required the 

development of ideal theory which has become one of the major tools for further 

developments. The latest papers included a representation theory for implica- 

tion algebra in terms of set theory, essentially an extension of Stone's 

results for boolean algebra, and a development of the Jordan-Holder Theory 

for ideals in implication algebras. This final paper also included some new 

isomorphism theorems which have no counterparts in group theory. Papers 

underway at the present include a study of free algebras with either a finite 

or denumerably infinite number of generators, the programming of a computer 

for the solution of certain word problems, a study of the relation of 

implication algebra to brouwerian lattices, a completion process using 

dedekind cuts, applications to logic and topology, etc. Many other topics 

simply await interested students to investigate them. Perhaps some of the 

readers of Pi Mu Epsilon may find sufficient interest to enter the field. 

We conclude with a few comments about the organization of the program for 

those who might be interested in forming their own projects. The program is 

based on a weekly seminar. Students may enroll at the middle of their 

sophmore year after completing the calculus and one semester of modern algebra. 

The first phase of the program is devoted to building up a background of a now 

classical nature. Topics include set theory, relations and functions, 

i~ariially ordered sets, lattices, the axiom of choice and classical boolean 

algebra. This part of the program is conducted mostly on a lecture system, 

but carries no official recognition, has no formal requirements, gives no 

tests or grades, etc. Reading assignments are suggested and students are 

encouraged to give lectures themselves on special topics from time to time. 

The only true incentive is the knowledge gained, and the seminar is open to 

anyone. Frequently, students complete this phase of the program for the 

material it contains even though they do not wish to work on a project. 

The second phase usually begins by the fall of the junior year and is 

devoted to a review of the known results in implication algebra as previously 

obtained by past graduates. During this phase frequent side issues arise 

which give the students their first opportunity to work out some new theorem, 

or reformulate past results. This gives the student his first opportunity to 

present results to the rest of the seminar for discussion and suggestions. 

Results obtained are often the joint efforts of more than one student. These 

results are then written up into the notes for the use of future members. 

Again, this phase lasts for approximately one semester. 

The final phase consists of work on individual projects which may take 

anywhere from a year to a year and a half to complete. Successful projects 



terminate in the writing of a paper which, if acceptable, is awarded a 

three semester hour credit, the only official recognition of the program. 

During this phase, the seminar continues to meet regularly for discussion 

of the various projects, giving all the studdts an opportunity to keep 

abreast of the others and permitting mutual criticism and suggestions from 

the group. Student activity now becomes the heart of the program rather 

than formal lectures. 

Hence, the goal of the program is met when undergraduates are given a 

c hance to read mathematics, to talk mathematics and to write mathematics, 

i-e., to act like mathematicians. They learn that mathematics has unsolved 

and unsolvable problems and they gain a sense of mathematical maturity not 

generally available to undergraduates. The success of the program is the 

enthusiasm of the students themselves who all acclaim, universally, that 

this program is the salient feature of their undergraduate education. It 

is hoped that this success may encourage others elsewhere to undertake 

similar projects. 

THE ABSOLUTE VALUE OF A MATRIX* 

John R. Michel, University of Missouri 

Introduction. Function a Matrix. The idea of a function with a 

matrix argument is not new. For the matrix A, matrix expressions for 

A e , the Taylor series in A, polynomials in A, and transcendental func- 

tions of A are well known. See [Z]. 

The absolute value of a matrix A = [a ] whose elements are complex 
Pq 

numbers of functions was defined by J. H. M. Wedderburn [4] to be the 

scalar G q a m - g m  . The definition to be given in this paper is moti- 

vated by a different view. We shall give a matrix expression for abs 

A by using the absolute value function to define a mapping of matrices 

onto matrices. Then, the properties of the function matrix will be 

discussed and the paper will conclude with an interesting result which 

can be seen analogous to the polar factorization of a complex number. 

Before discussing the absolute value function, a discussion of the 

general definition of functions of matrices to be applied is in order. 

The definition of a function of a matrix most useful to the purpose of 

this paper is given by Gantmacher [l] and is summarized below. 

Let A be a square matrix of order n and f(x) a function of a scalar 

argument x. We wish to define what is meant by Â£(A) that is, we wish 

to extend the function f(x) to a matrix value of the argument. 

If f (x) is a polynomial, 

t f (x) = atx + a 1  x t l  + . . . + a ,  

we define f(A) to be the matrix 

(1) f (A) = + a t l ~ t - l  + ... + a 1 .  

*This paper was written under the supervision of J. L. Zemmer and sub- 
mitted to the Honors Council of the College of Arts and Science, Univer- 
sity of Missouri, as part of the requirement for the B. A. degree with 
Honors in Mathematics. 



Using this special function of a matrix as a basis, we can obtain a defi- 

nition of f(A) when f(x) is not necessarily a polynomial but an arbitrary 

function. To do this certain terms defined in the following paragraphs 

will be used. 
a 

Definition 1. A scalar polynomial @(x) is called an annihilating 

polynomial of the square matrix A if @(A) = 0. An annihilating poly- 

nomial u(x) of least degree and highest coefficient one is called a *- 
plmomial A. If p(x) is any annihilating polynomial, then ~ ( X I  

is divisible by u(x). 

By the well-known Cayley-Hamilton Theorem, the characteristic poly- 

nomial of A, A(x) = det(A - XI) is an annihilating polynomial of A but 
it is not, in general, a minimal polynomial. Let 

(2 
m 

u(x) = (x - k1)"'l (x - k21m2 . . . (x - kg) S 
be the minimal polynomial of Awhere kl, k2, ..., k are the character- 

istic roots of A and the degree of the polynomial is the sum of the multi- 

plicities of the roots, 

Definition 2. Given the arbitrary function f(x), consider 

( 3 )  f(ki), ft(ki), fl'(ki), ..., f(mi-l)(ki), i = 1, 2, ..., s, 
and mi is the multiplicity of ki in the minimal polynomial of A, (2). 

The m numbers in ( 3 )  will be called the values of the function f(x) on 

the spectrum of the matrix A, denoted by f (XA). - 
We may now proceed to prove a valuable theorem: 

THEOREM 1. If p(x) and q(x) are polynomials which assume the same 

values on the spectrum of A, p(XA) = q(XA), then 

m. We will use the following well known result from a theorem in 

461 

the theory of equations: If h(x) is a polynomial, then k is a root of 

h(x) of multiplicity m if and only if h(k) = hl(k) = ... = h(m-l) (k) = 0. 

To use this result: Consider the difference d(x) ^ p(x) - q(x) of the 
two polynomials above. Since p and q have the same values on the spec- 

trum of A, d(ki) = dl (ki) = ... = dl"i-l) (ki) = 0 for i = 1, 2, ..., s. 
Then, by the theorem cited above, kl, k2, . . ., k are roots of d(x) and 

d(x) may be written d(x) = (x - kl)ml(x - k2)m2 ... (x - kS)"'s-t(x) or 

from (2), the definition of the minimal polynomial, d(x) = u(x) t(x). 

Since u(A) = 0, it is seen that d(A) p(A) - q(A) = 0 t(A) = 0, and 

p(A) = q(A) as was to be shown. 

The definition of f(A) in the general case can be made subject to the 

principle of the above theorem. That is, the values of the function f(x) 

must determine f (A) completely, or, in other words, all functions fi(x) 

having the same value on the spectrum of A must have the same matrix 

value, f (A). 

Definition 3. If the function f(x) is defined on the spectrum of the 

matrix A, and 

f ( X )  = P ( X )  

where p(x) is an arbitrary polynomial that assumes on the spectrum of A 

the same values as does f (x) : 

f (A) 4 p(A). 

It can be shown [l] that for any function, defined on the spectrum of 

a matrix, there exists a polynomial having the same values on the spec- 

trum of the matrix. Thus, given an arbitrary function, it is sufficient 

to look for the polynomial p(x) that assumes the same spectral values as 

A 
the function and define the function of the matrix as above. e , cos A, 

sin A and other analytic functions are defined by using their Taylor 

series expansions for the p(x) above. 
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The following example is stated to show the application of Definition 

3 to the absolute value function. 

Example. Consider the two by two matrix 

L 2 

The characteristic roots of A (and hence the roots of the minimal poly- 

nomial) are 

The polynomial 3//= x + 2//TS has the same value as f(x) on the spec- 

Before studying the properties of the absolute value matrix further, 

several basic theorems which will make our work easier will be stated. 

The proofs can be found in Murdock [ 3 1. 

SUMMARY OF SIMILARITY THEOREMS. 

(4) A matrix R is said to be similar to a matrix S if there exists 

a nonsingular matrix P such that R = P-SP. The passage from S to P S P  

is called a similarity transformation. 

(5) Similar matrices have equal determinants, the same character- 

istic equations, and the same characteristic roots. 

( 6 )  If the characteristic roots of a matrix are distinct, it can be 

shown that the matrix is similar to a diagonal matrix, the diagonal ele- 

ments being the characteristic roots of the matrix. If the character- 

istic roots are not distinct, the matrix may not be similar to a diagonal 

matrix but every matrix is similar to a triangular matrix, that is, a 

matrix with only zeros below (or above) the principal diagonal. The 

elements on the principal diagonal are obviously the characteristic roots 

of the triangular matrix and hence (by 5) of the transformed matrix. 
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(7 )  If kl, k2, . . . , k are the characteristic roots of the matrix 

A and p(x) is any polynomial, the characteristic roots of p(A) are 

p(k), p(k2), ..., p(kr). 
( 8 )  Every matrix A is similar to 

diagonal has the form, 

a triangular matrix of the form 

where each Fi on the 

are the characteristic roots of A but are not necessarily distinct. J 

is called the classical or Jordan canonical a of A and two matrices 
are similar if and only if they have the same Jordan form except possibly 

for the order in which the matrices Fi occur in the diagonal of J. The 

Jordan canonical form is a diagonal matrix if each of the submatrices 

has order one. This is the case for F, if the characteristic root k 
j 

has multiplicity one in the minimal polynomial. Fj then is simply the 

element kj. 

An important theorem can now be given: 

THEOREM2. If G =  FH2= 1 is any matrix with v square 

L ."vJ 
submatrices HI, H,, ..., H along the diagonal then f(G) = 

where f(x) is an arbitrary scalar function. 

Proof. Consider the characteristic equation A (x) of G - 



It is apparent that any characteristic root (which is also a root of the 

minimal polynomial) of one of the submatrices Hi is also a character- 

istic root of the matrix G. 
Ã‘ * 

Let f(x) be an arbitrary function defined on the spectrum of G. There 

exists a polynomial p(x) such that Â£(+. = p(Xp). By Definition 3, 

for any exponent u, p(G) = 

See equation (1) . 
Now, consider p(Hi). In order to define f(Hi), let pi(x) be a poly- 

nomial such that f(X,, ) = pi(% 1 .  Since the spectrum of Hi was seen 
i i 

above to be a subset of the spectrum of G, p(+ = p ( 
i 

1 x" = f(x"); 
i 

so from THEOREM 1 and Definition 3, 

(9) f ( ~ ~ )  p ( ~ ~ )  = P ~ ( H ~ )  f o r i = l ,  2, ..,, v. 
Since f ( ~ )  and Â£(Hi are defined as p(G) and p(Hi), a glance at the p ( ~ )  

matrix in the paragraph above shows THEOREM 2 is now proved. 

Now, by the theorem just proved and (81, the Jordan form theorem, we 

see that for any matrix A, there exists a nonsingular matrix T suchthat - 

L __1 

If A, and hence (by 5) also J, has distinct characteristic roots, J is 

A = T J T ,  where J is the Jordan form of A and thus 

(10) ~ ( A I  p ( ~ )  = T-'~(J)T = T^~(J)T = T - ~  

a simple diagonal matrix with the characteristic roots as the diagonal 

elements. The ith element of f (J) as seen above would be in this case 

f (Fl) 

f (Fz) 

f (F-) 

simply f (ki) and f (J) is diagonal in this form. 

T. 

The Absolute Function, A. In the introduction, the general - 
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concept of a function matrix was defined. If f (x) = 1x1 , f (A) = abs A 

is defined if lx 1 is defined on the spectrum of the matrix A. We will 

restrict our attention to square matrices with real elements. Since the 

derivatives of f(x) = 1x1 are not defined for zero or for a complex value 

of x, we must further restrict A to be a nonsingular matrix (a nonsingu- 

lar matrix has nonzero characteristic roots) having no repeated complex 

roots in its minimal polynomial. 

The function matrix for a real 

(11) abs A = T-'~(J)T = T-' 

nonsingular n by n matrix A is by (10) 

abs Fl 1 
abs F2 I T- 1 abs ~4 

To define abs Fi we must find the polynomial pi(x) such that pi(x) assumes 

the same values as f (x) = 1 X I  on the spectrum of Fi, that is 

Such a polynomial is simply pi(x) = - Iki' X. From (9). since 

lkil 
p(Xp ) = pi(XF ) = f (XF 1 ,  abs Fi p(Fi) = p(xF ) = - Fi for 

i i i i ki 

i = 1 , 2 ,  .... r. Fil 

(12) abs A = T-I 

ng in (11) then, re have 

T. 

Several theorems which state important properties of the absolute value 

matrix will now be given. 
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THEORH1 3. If Itl, fcg, ,.., kr are characteristic roots of A then 
kll , \k2\ , .. ., lkrl are the characteristic roots of abs A. 

B. Consider an arbitrary submatrix Fi of abs J in (12): 

ki - 4 .  

1̂  Â̂ i 'i = &1 k i [ "*'/';I Carrying out the multiplication of the 

matrix by the scalar, we see that the elements on the principal diagonal 

of the above matrix are k i  Is. Thus, the characteristic roots of abs 

J by (6) and thus by (5) the characteristic roots of abs A are 

k l  , k21 , . . . , Ikl which was to be shown. 

COROLLARY 3a. If abs A is defined ldet(~)[ = detfabs A). 

m. Since they are similar matrices, det(J) = det(A) and also 

det(abs J) = detfabs A). Now, det(J) is simply the product of its 

diagonal elements by (6) as is dettabs J) : 

r r 
ldet(~)[ = Idet(J)l = lknj 1 = n lkjl 'j = det(abs J) = dettabs A). 

j = l j  j=l 

COROLLARY 3b. If A is nonsingular then abs A is nonsingular. 

m. This follows immediately from COROLLARY 3a since det(A) is 

not zero because A is nonsingular. Det(abs A) # 0 implies abs A's non- 

singularity. 

THEORiM 4. If abs A is defined and d is an arbitrary real number, 

then abs dA = Id 1 - abs A. 
m. From (81, T(dA)T-I =  TAT-I = &f and hence, 

By (11) 

abs dA = p(dA) = T- 1 

- 
abs dF, 

abs dF2 

abs dFr 
- 

The polynomial pi(x) which has the same values as x on the spectrum of 

abs dA = T- 1 

1% X. Thus by (91, 
dki 

sref ore - - 

D 
abs dFi = p(dFi) = pi(dFi) = 

d l -  abs A. 

THEOREM 5. If A is nonsingular and abs A is defined, then 

abs A - ~  = (abs ~1-l. 

H. We know from (12) that abs A = T-l(abs J)T and thus (abs A)-'= 

~"(abs J)-~T, and we know from (8) that A = T'̂JT or A " ~  = T'^JT. 

Also, if ki is a characteristic root of a nonsingular matrix A, then 

Now for abs A ~ ,  from (11): 

abs A - ~  = ~"(abs J")T = T-l 



F has  a s i n g l e  c h a r a c t e r i s t i c  r o o t  repeated ni times on i ts 

pr inc ipa l  diagonal.  Hence, i n  defining abs F,", we must f i n d  a poly- 

nomial pi(x) such t h a t  

where mi i s  t h e  m u l t i p l i c i t y  of ki i n  t h e  minimal polynomial of F,. 

such a polynomial is x s o  by (101, abs F:' = p ( ~ "  = 
k 

pi (F? = 2 Fi-' s o  

ki 

1 

This  i s  t h e  same a s  (131, so  THEOREM 5 is proved. 

The following is t h e  major theorem of t h i s  paper. 

THEOREM 6. Any r e a l  nonsingular square matr ix A whose abso lu te  va lue  

is  defined can be  w r i t t e n  a s  t h e  product of i t s  abso lu te  va lue  and a 

matr ix whose abso lu te  value is  t h e  u n i t y  matrix, t h a t  is 

A = a b s A -  B 

where abs B = I. 

m. The proof w i l l  c o n s i s t  of showing abs B = abs [ tabs A ) - A ]  = 

I. From (13) and (81, 

Every element of t h e  diagonal matr ix D i n  (14) i s  e i t h e r  +1 o r  -1 and 

these  elements a r e  t h e  c h a r a c t e r i s t i c  r o o t s  of D. By THEOREM 2 and 

THEOREM 3, t h e  c h a r a c t e r i s t i c  r o o t s  and elements of t h e  diagonal matr ix 

abs D a r e  equal t o  1. Hence abs D i s  t h e  i d e n t i t y  matr ix and thus  

abs  B = T-^'IT = I. Q.E.D. 

I t  i s  noted i n  l i n e a r  algebra and mat r ix  theory t h a t  every r e a l  non- 

s ingula r  mat r ix  A can be  w r i t t e n  a s  a product A = S-0  where S i s  a 

p o s i t i v e  d e f i n i t e  symmetric matr ix and 0 i s  an orthogonal matrix. Gen- 

e r a l i z i n g  t o  complex matrices: A complex nonsingular matr ix can be  

wr i t t en  a s  a product of a H e m i t i a n  matr ix and a u n i t a r y  matrix. See 

[3]. These f a c t s  a r e  o f t e n  c i t e d  i n  analogy t o  t h e  po la r  f a c t o r i z a t i o n  - 
of a complex number z = x + i y  (i = \/-I 1, 

z = lzl  ( a  + i b )  , a = cos 0 
b = s i n  0 

where la + i b  = 1 where 9 = t a n 1  $ 
and z = , / x 2 7  

and a r e  c a l l e d  "polar  f a c t o r i z a t i o n  of a matrix." 

THEOREM 6 might be  c a l l e d  a "polar  f a c t o r i z a t i o n"  theorem a l s o  by 

analogy t o  po la r  f a c t o r i z a t i o n  of t h e  complex numbers and it is  an even 

more d i r e c t  analogy. Thus, t h e  concept of t h e  abso lu te  va lue  mat r ix  

has proved t o  have i n t e r e s t i n g  and usefu l  p roper t i es .  
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L i t t l e  Jack Horner s a t  i n  a corner  

Repeating t h a t  2 t imes n 

I n t o  a circumference avoids t h e  encumbrance 

Of measuring r a d i i .  

Marlow Sholander 

PROBLEM DEPARTMENT 

Edited by 

M. S. Klamkin 

S t a t e  Universi ty  of New York 

a t  Buffalo 

This department welcomes problems bel ieved t o  be  new and, a s  a r u l e ,  

demanding no g r e a t e r  a b i l i t y  i n  problem solving than t h a t  of t h e  average 

member of t h e  F r a t e r n i t y ,  b u t  occasional ly we s h a l l  publ ish problems 

t h a t  should chal lenge t h e  a b i l i t y  of t h e  advanced undergraduate and/or 

candidate  f o r  t h e  Mas te r ' s  Degree. Solut ions of t h e s e  problems should 

be submitted on separate ,  s igned s h e e t s  within four  months a f t e r  publ i-  

cat ion.  Address a l l  communications concerning problems t o  Professor  

M. S. Klamkin, Division of I n t e r d i s c i p l i n a r y  Studies ,  Universi ty  of 

Buffalo, Buffalo 14, New York. 

PROBLEMS FOR SOLUTION 

154. Proposed by Kenneth Kloss, Carnegie I n s t i t u t e  of Technology. 

For a number i n  (0 ,1 ) ,  does t h e r e  e x i s t  a base so  t h a t  i n  t h i s  

new system of enumeration t h e  f i r s t  two d i g i t s  a r e  t h e  same? 

155. Proposed by William J. LeVeque, Universi ty  of Colorado. 

Two mountain climbers s t a r t  toge ther  a t  t h e  base of a mountain 

and climb along two d i f f e r e n t  paths  t o  t h e  s u m m i t .  Show t h a t  it 

i s  always poss ib le  f o r  t h e  two climbers t o  be  a t  t h e  same a l t i -  

tudes during t h e  e n t i r e  t r i p  (assuming each path has on it a 

f i n i t e  number of l o c a l  maxima and minima). 

E d i t o r i a l  Note: The proposer notes  t h a t  t h e  problem i s  not  

o r i g i n a l  with him and h e  does not  know t h e  o r i g i n a l  proposer. 



141. Proposed by D. J. Newman, Yeshiva University. 

Determine condit ions on t h e  s i d e s  a and b of a rec tangle  i n  o rder  

t h a t  it can be imbedded i n  a square. 

Solut ion by David L. Silvennan, B e ~ e r l y ~ H i l l S ,  Ca l i fo rn ia .  

Imbedding is simple i f  t h e  longer  s i d e  does not exceed uni ty.  

Otherwise it is necessary and s u f f i c i e n t  t h a t  t h e  sum of t h e  

s i d e s  does not  exceed t h e  diagonal of t h e  square. 

These condit ions a r e  summed up i n  t h e  inequa l i ty  

Also solved by George E. Andrews, Michael Goldberg, H. Kaye, 

L. Smith, M. Wagner, J. E. Yeager, and t h e  proposer. 

142. Proposed by Pedro A. Piza (posthumously), San Juan, Puerto Rico. 

Show t h a t  un i ty  can be expressed a s  t h e  sum of four  squares l e s s  

t h e  sum of four  squares ( a l l  squares d i s t i n c t )  i n  an i n f i n i t u d e  

of  ways. 

Solut ion by George E. Andrews, Phi ladelphia,  Pennsylvania. 

1 = (a2+b2)2 + (m2+n2)2 + 12 + o2 - (2ab)2 - (a2-b2I2 

2 2 2  - ( 2 m n )  - (m -n ) . 
Also solved by John E. Fergurson, Theodore Jungre i s ,  David L. 

Silverman, L. smith, M. Wagner, and t h e  proposer. 

E d i t o r i a l  Note: Another four  parameter so lu t ion  is  given by 

2 2 2 2 2  1 = (x^y2-u2-v2)2 + 4X2y2 + 4X2U2 + 4X2V2 - 1 - (X -y -u +V 1 

156. Proposed by K. S. Murray, New York City. 

I f  A and B a r e  f i x e d  points  on a given 

c i r c l e  and XY is  a v a r i a b l e  diameter, 

f i n d  t h e  locus of point  P. 
x 

157. Proposed by John Se l f r idge ,  Ohio S t a t e  University. 

2 2 
2 

Prove n
2 - n 2  is  d i v i s i b l e  by 222 - 2 . 

158. Proposed by M. S. Klamkin, S t a t e  University of New York a t  

Buffalo. 

I f  P(x)  is  an n t h  order  polynomial such t h a t  P(x)  = 2 f o r  

x = 1,  2 ,  3, ..., n + 1 ,  f i n d  P(n + 2 ) .  

SOLUTIONS 

137. Proposed by Leo Moser, University of Alberta. 

Show t h a t  squares of s i d e s  1/2, 1/3, ..., 1/n, ... can a l l  be  

placed without over lap  i n s i d e  a u n i t  square. 

Solut ion by Michael Goldberg, Washington, D. C. 

The number of terms i n  t h e  sequence beginning with 1/2" and 

ending with 1 / ( 2 "  - 1) is  2". Hence, t h e  geometric squares 

with these  terms a s  edges can be  included i n  a s t r i p  of width 

1/2" and u n i t  length. Hence, a l l  t h e  squares can be  included 

i n  t h e  s t r i p s  of width 1/2, 1/4, 1/8, ..., 1/2", ... and a u n i t  

l eng th  t o  make up t h e  u n i t  square. 

Since $ n-2 = w2/6, t h e  coverage of t h e  u n i t  square is 

W^/6 - 1 o r  64.5%. 

Also solved by H. Kaye, P. Myers, L. Smith and M. Wagner. 



138. Proposed by David L. Silverman, Beverly H i l l s ,  Cal i fornia .  

The po in t s  of t h e  plane a r e  divided i n t o  two s e t s .  Prove a t  

l e a s t  one s e t  contains  t h e  v e r t i c e s  of a rectangle.  

Solut ion by John E. Ferguson, Oregon S t a t e  University. 

I n  any s t r a i g h t  l i n e  t h e r e  a r e  a t  l e a s t  f o u r  po in t s  PI, P2, 

P3, P4 i n  one of t h e  s e t s  say Sl. Now consider  t h e  following 

conÂ igurat ion:  

P2. A2. B2. (Note: The d i s tances  
between po in t s  a r e  
ou t  of scale . )  

P3. A3. B3. 

I n  o rder  not  t o  form an Sl rectangle,  a t  l e a s t  3 po in t s  of t h e  

A group and a t  l e a s t  3 po in t s  of t h e  B group must belong t o  t h e  

o t h e r  set S2. I t  then follows immediately t h a t  t h e r e  is an S2 

rectangle.  

Also solved by George E. Andrews, P. Myers, Charles S. Rose, L. 

Smith, M. Wagner, and t h e  proposer. 

E d i t o r i a l  Note: The same r e s u l t  w i l l  ho ld  i f  we r e s t r i c t  t h e  

po in t s  of t h e  plane t o  being l a t t i c e  points .  This  problem is  

r e l a t e d  t o  Van Der Waerden's Theorem on a r i thmet ic  progressions,  

i.e., i f  we d iv ide  t h e  n a t u r a l  numbers i n t o  k c l a s s e s , t h e n  an 

a r i thmet ic  progression of a r b i t r a r y  length can b e  found i n  a t  

l e a s t  one of t h e  c lasses .  Another assoc ia ted  problem h e r e  would 

b e  t o  f i n d  t h e  smal les t  square of l a t t i c e  po in t s  which must 

contain a rec tangle  ( o r  some o t h e r  poss ib le  f i g u r e ) .  The f o u r  

v e r t i c e s  of t h e  rec tangle  must belong t o  one of t h e  c l a s s e s  i n t o  

which t h e  l a t t i c e  po in t s  have been divided. 
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139. Proposed by Leo Moser, Universi ty  of Alberta. 

Show t h a t  t h e r e  e x i s t s  a unique sequence of non-negative in tegers ,  

{ai} , such t h a t  every non-negative number n can be  expressed 

uniquely i n  t h e  form n = a, + 2a 
j '  

Solut ion by L. C a r l i t z ,  Duke University. 

I f  we l e t  f (x )  = & xai, then t h e  statement t h a t  every 

n 0 can be  expressed uniquely i n  t h e  form n = a, + 2aj i s  

equivalent  t o  

Whence, f ( x )  = ( 1 4 ~ )  (1+x4) (l+x16) ... . 
Therefore, t h e  ei) a r e  t h e  numbers of t h e  form 

c + c14 + c242 + .. . + ^ 
where k 2 0 and each cr = 0 o r  1. 

Solut ion by Charles S. Rose, Brooklyn College. 

The required sequence is formed by t h e  non-negative in tegers  

t h a t  can be  expressed i n  t h e  base f o u r  using only zeros  and ones. 

I t  i s  obvious how t o  produce 0, 1, 2, and 3. From these,  t h e  

unique expression of n follows. For example: 

3102, = (11004) + 2-(10014). The production of no car rys  

shows t h a t  t h e  expression of n is unique and t h a t  none of  t h e  

a, can be  produced from t h e  o thers .  I f  another  sequence were 

formed, it must contain t h e  a,; s i n c e  any o t h e r  member a*  could 

then be  represented a s  i t s  expression i n  t h e  ai and d i s t i n c t l y  

a s  a*  = a* + 2-04, t h e  sequence a, i s  unique. 

Also solved by George E. Andrews, P. Myers, David L. Silverman, 

L. Smith and t h e  proposer. 
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140. Proposed by Michael Goldberg, Washington, D. C. 

What is the smallest area within which an equilateral triangle 

can be turned continuously through all orientations in the plane? 

This problem is unsolved and similar unylved ones exist for 

the square and other regular polygons. 

Partial solution by the proposer. 

The problem is still unsolved. It is obvious that the triangle 

can be rotated within its circumscribing circle. However, the 

smaller area described in the proposer's paper "N-gons making 

n + 1 contacts with fixed simple 

curves, " American Mathematical 

Monthly, July, 1962, 

has an area equal to 

approximately 79% of the 

area of the circle. 

The exact minimum 

of the infinite 

family of curves 

described is not known. 

Furthermore, there may be 

other curves of even 

lesser area. 

The figure shows 

the trianale with its 

circumscribing circle and the smaller four-lobed curve within 

which the triangle may also be rotated. 

NATIONAL SECURITY AGENCY 

UNIQUE RESEARCH ROLE 

FOR MATHEMATICIANS 

DR. LOUIS W. TORDELLA 

Deputy Director 

National Security Agency 

Fort George G. Meade, Maryland 

Mathematicians will find an 
increasing number and diversity of 
professional opportunities in 
Government. These include many 
fine opportunities to contribute 
significantly to major technical 
programs or to attain high-level 
managerial positions. 

Although little known outside 
the circles of a select portion of 
the American scientific community, 
the National Security Agency has 
existed for many years as a leading research and development activity 
of the U. S. Department of Defense. The work of the Agency is founded 
on science and technology, which, in their constantly advancing state, 
make increasing demands on the capabilities of scientists in many 
fields. Mathematicians are key members of this scientific fraternity. 
They are assigned both individually and in groups throughout the Agency's 
extensive laboratories and research facilities. 

NSA mathematicians are concerned mainly with problems which must be 
solved in support of the communications requirements of the United States 
Government. These requirements are for general and special-purpose 
communications equipments. The total systems encompass transmitters, 
receivers, antennas, terminal units to handle all types of information 
transmission, and recording and information storage devices. In addition 
to the hardware which is employed in U. S. communications, NSA must also 
provide highly esoteric principles to insure the invulnerability of 
classified governmental information. Together, the foregoing requirements 
present a variety of interesting challenges, and their successful prosecu- 
tion is gratifying in a sense beyond the ordinary. 

The solution of U. S. communications problems involves, among other 
things, the statistical analysis of data forcausal significance, 
probability theory, the statistical design of experitnents, and Fourier 
analysis. Some of the problems stemming from systems design require 
extensive research and the application of statistics, modern algebra, 



linear algebra, and information theory. Here, too, we find useful 
such tools as groups, Galois fields, matrices, number theory, and 
stochastic processes. Many of the mathematical problems are by 
nature urgent, but there is also much long-range research in general 
communications. 

In support of the work in communications, NSA maintains a fine 
computing facility employing the most advanced systems and computing 
techniques. As machines have become the "slidwru1e.s" of the 
scientist and engineer, a whole array of intriguing problems have. 
resulted which challenge to the utmost a growing breed of computer 
mathematicians. These individuals work closely with the physicists 
and engineers who develop new concepts and circuit devices to be 
incorporated in the logic and memory elements of faster and more versatile 
computers. Indeed, the Agency's research and development program in this 
field has had a significant influence on computer development in the 
United States. 

It is not enough, however, to have better machines. The computer 
mathematician is asked to find newer and more efficient ways of using 
them, the "software" side of the picture. This leads to interesting 
if sometimes bewildering problems in automatic coding and in program- 
ming languages, speech recognition, pattern recognition, and the 
mathematical analysis associated with learning machines. The latter 
are machines that are programmed not just to do a job, but to learn 
how to do it. Much of this work emphasizes the solution of logical 
problems rather than numerical analysis. 

There are, of course, other exciting areas of concentration for 
mathematicians at NSA. These problems are of a high order of difficulty 
and require an uncommon amount of ingenuity. In fact, they have led 
to the development of an entirely new mathematical science. It is a 
stimulating experience to become acquainted with the language and 
techniques of this science and to see practical applications of some 
hitherto purely academic branches of mathematics. Moreover, many 
branches of mathematics which could be fruitfully used await the 
necessary capability and interest of new mathematicians. For example, 
many of the combinatorial problems would be challenging to a mathema- 
tician interested in graph theory, operations research, information 
theory, or organization theory. In short, a mathematician at NSA will 
use as much mathematics as he is both inclined and capable of using. 

The present state of knowledge in certain fields of mathematics is 
not sufficiently advanced to satisfy NSA requirements, and it is 
therefore necessary to undertake theoretical research in these fields. 
Those individuals who are interested in doing this type of work, and 
who have the competence, are encouraged to engage in independent 
research. In addition, there is considerable opportunity to make 
substantial scientific contributions in bridging the gap between 
theoretical investigations and practical applications. 

There is an additional point to be made about the work at NSA. It 
involves the lesson which must be learned by all mathematicians, namely: 
that problems are seldom, if ever, formulated and handed to the mathema- 
tician for solution. Instead, he must help to define the problem by 
observing its origin and characteristics, and the trends of any data 
associated with it. Then he must determine whether the problem and 
the data are susceptible of mathematical treatment, and if so, how. 
As he grows in his appreciation of this approach to mathematical problems, 
and the relationship of his academic field to non-mathematical subject 
matter, both his personal satisfaction and his value to the profession 
will increase. 
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As a result of contacts with many distinguished consultants at 

the colleges and universities, and a close and continuing relationship 
with numerous industrial laboratories, it is quite apparent that there 
is no dearth of opportunities for mathematicians. Nevertheless, the 
common denominator of the nation's total need for these professionals 
is quality. There are indeed many opportunities for mathematicians of 
every calibre and field of specialization; but, in an organization which 
relies heavily on mathematics, it is the versatile and imaginative 
mathematician who contributes most effectively. 

MATHEMATICS TEACHERS NEEDED OVERSEAS 

Washington, D.C. - The Peace Corps estimates that during 1964 
more than 5,000 teachers will be required to meet the requests 

coming to it from 48 countries throughout Latin America, Africa 

and Asia. These teachers will instruct on the elementary, secondary 

and college levels. More than 1,000 of these teachers have been 

requested to teach on the secondary and college levels in the fields 

of science and mathematics--650 in general science, physics, biology, 

chemistry, botany and zoology, and 350 in mathematics. The major 

requests have come from Bolivia, Ethiopia, Ghana, India, Liberia, 

Malaysia, Nigeria, Philippines, Sierra Leone and Turkey. 

Teachers who can qualify and desire to secure one of these 

interesting overseas posts at the end of the current school year 

should file an application at an early date. Full details and an 

application form may be secured by writing the Division of Recruiting, 

Peace Corps, Washington, D.C. 20525. 



BOOK REVIEWS -- 
Edited by 

Franz E. Hohn, University of I l l i n o i s  

Elements of A1 ebra,  Fourth Edit ion By H. Levi. New York, ~ h e l s e a ,  
1961. 189 pp., $3.25- -. 

This  book was wr i t t en  a s  a textbook f o r  an introductory course lead-  
ing t o  more advanced and a b s t r a c t  mathematical courses, and t o  expose 
nonmathematical s tudents  t o  genuine mathematical problems and proce- 
dures. I t  presupposes no mathematical t r a i n i n g  beyond a r i thmet ic ,  but  
does requ i re  t h e  a b i l i t y  t o  master moderately s u b t l e  concepts and argu- 
ments. The book c a r r i e s  ou t  t h e  construct ion of t h e  n a t u r a l  numbers, 
t h e  in tegers ,  t h e  r a t i o n a l s ,  and t h e  rea l s .  I t  develops t h e  algebra 
appropriate  t o  each of t h e  number systems. The terms used a r e  c l e a r l y  
defined and usua l ly  a r e  followed by an example demonstrating t h e  term 
but  a r e  explained i n  more everyday language t o  g ive  them meaning. 

The book f u l f i l l s  i t s  o r i g i n a l  aims. It  a l s o  i s  an exce l len t  book 
f o r  introducing sc ience  s tudents  with a background i n  app l ied  mathe- 
matics t o  t h e  sub jec t  of a b s t r a c t  mathematics. 

Urbana, I l l i n o i s  George Kvitek 

Elements of F i n i t e  Mathematics. By Francis  J. Scheid. Reading, Mass.; 
Addison-Wesley: 1962. v i i  + 279 pp., $6.75. 

Professor  Scheid has  wr i t t en  t h i s  book t o  i l l u s t r a t e  t h e  use of 
mathematical abs t rac t ion  f o r  readers  acquainted with high school alge-  
bra. He presents  four  major i l l u s t r a t i v e  topics .  These t o p i c s  a r e  
Boolean algebra,  t h e  concept of number, combinational ana lys i s ,  and 
probabi l i ty .  One q u a r t e r  of t h e  book is devoted t o  each of these  top ics .  

The author  begins t h e  book by point ing out  t h a t  mathematical formu- 
l a t i o n s  a r e  required t o  so lve  r e a l - l i f e  problems. He then develops 
t h e  formulations necessary f o r  t h e  so lu t ion  of simple problems i n  t h e  
above-mentioned four  top ics .  This he  does by a c l e a r  but  a b s t r a c t  
developnent of t h e  needed mathematical s t ruc tures .  Many unusual and 
i n t e r e s t i n g  problems a r e  solved a s  examples, o t h e r s  a r e  l e f t  f o r  t h e  
reader. I n  add i t ion ,  an appendix d e t a i l s  t h e  elementary programming 
of a d i g i t a l  computer. 

This book is a f i n e  t e x t  f o r  an introductory c u l t u r a l  mathematics 
course f o r  l i b e r a l  a r t s  s tudents  and would be enjoyed by t h e  amateur 
mathematician. I t  would, however, be too simple f o r  t h e  s e r i o u s  mathe- 
matics Student o r  f o r  t h e  mathematical education of t h e  s c i e n t i s t  and 
engineer. 

Monsanto Research Corporation--Mound Laboratory L. A. Weller 

Mathematics. By Harry Langman. New York, Hafner 1962. 216 pp., 
$4.95. 

This book contains  a v a s t  c o l l e c t i o n  of mathematical puzzles, almost 
a l l  of which a r e  o r i g i n a l  with t h e  author. Very few of t h e  s tandard 
problems of rec rea t iona l  mathematics a r e  included although many v a r i-  
a t i o n s  of s tandard types do appear. There a r e  number t r i c k s ,  many kinds 
of geometrical problems, cryptar i thms,  magic arrangements, combinatorial 
problems, e t c .  There i s  no bibl iography and t h e r e  a r e  no answers o r  
so lu t ions .  

The t e x t u a l  mate r ia l  forms only a minor p a r t  of t h e  book and does 
not  pretend t o  o f f e r  a complete introduct ion t o  t h e  various problem 
types t h a t  appear. This  is  c l e a r l y  a problem book and not an exposi- 
t o r y  t e x t .  Occasional sentences a r e  obscurely phrased and some of t h e  
arguments a r e  needlessly hard t o  follow. Chapter X, which presents  
tedious numerical methods of solving problems t h a t  could be  solved more 
d i r e c t l y  with t h e  a i d  of systems of l i n e a r  equations, w i l l  probably not 
appeal t o  most readers. The exerc i ses  of Chapter X can, of course, be  
solved by more f a m i l i a r  methods. Despite t h e  f a c t  t h a t  good exposi t ion 
is  not  an outs tanding f e a t u r e  of t h e  book, t h e r e  a r e  so many hundreds 
of tempting problems and puzzles h e r e  t h a t  t h e  book is  well worth i ts 
p r i c e  t o  any puzzle en thus ias t .  

University of I l l i n o i s  Franz E. Hohn 

Ordinary D i f f e r e n t i a l  
Rota. Boston, Ginn, 

Equations. By G a r r e t t  Birkhoff 
1962. v i  + 318 pp., $8.50. 

and Gian-Carlo 

As s t a t e d  i n  t h e  preface,  one of t h e  chief  ob jec t ives  of t h i s  book 
is  t o  br idge t h e  gap between t h e  usual  mate r ia l  t r e a t e d i n  a f i r s t  course, 
and t h e  study of advanced methods and techniques. The book amply meets 
t h i s  object ive.  The background expected of t h e  reader  i s ,  i n  add i t ion  
t o  t h e  usual f i r s t  course i n  d i f f e r e n t i a l  equations, a thorough grasp  
of t h e  major ideas and methods given i n  a sound course i n  advanced 
ca lcu lus ,  and some knowledge of vec tors ,  matr ices ,  and elementary com- 
plex v a r i a b l e  theory. 

The f i r s t  four  chapters  review t h e  methods usua l ly  covered i n  a 
f i r s t  course, and a l s o  include c a r e f u l  discussions of many t h e o r e t i c a l  
quest ions,  and some new techniques. Chapters V through V I I I  deal  with 
nonl inear  systems, while  Chapters I X  through XI  t r e a t  second order  
l i n e a r  d i f f e r e n t i a l  equations. An add i t iona l  ind ica t ion  of t h e  sub jec t  
mat te r  t r e a t e d  is given by t h e  chapter  headings of these  l a t t e r  chapters. 
V--Existence and Uniqueness Theorems. VI--Plane Autonomous Systems. 
VII--Approximate Solut ions.  VIII--Efficient Numerical In tegra t ion .  
IX--Regular Singular  Points.  X--Stun-Liouville Systems. XI--Expansions 
i n  ~ i ~ e n f u n c t i o n s .  

Important spec ia l  func t ions  a r e  defined and s tud ied  by means of t h e i r  
def ining d i f f e r e n t i a l  equations and boundary condit ions.  The book is  
s u i t a b l e  f o r  a y e a r ' s  work; o r  p a r t s  of i t ,  a s  suggested i n  t h e  preface, 
can be used f o r  a semester course. 

The choice of sub jec t  matter  is exce l len t  and t h e  exposi t ion is  clear .  
There is  a thoroughly adequate s e t  of problems. The authors  a r e  t o  be 
congratulated on having made a s u b s t a n t i a l  educat ional  con t r ibu t ion  t o  
t h e  f i e l d  involved. 

St.  Louis Universi ty  J. D. Elder  



482 
The authors  s t a t e  t h a t  t h e  book was not w r i t t e n  t o  be used a s  a t e x t-  

book. No exerc i ses  a r e  included. The book may be  used, however, a s  a 
supplement f o r  a course i n  m u l t i v a r i a t e  ana lys i s .  

Perhaps t h e  book w i l l  be most usefu l  t o  research workers i n  t h e  
behavioral  sciences a t  i n s t a l l a t i o n s  which have not y e t  acquired a 
l i b r a r y  of behavioral  science programs. These persons can merely copy 
t h e  programs and thus  ob ta in  immediately a small b a s i c  l i b r a r y .  The 
authors  s t a t e  t h a t  each program has  been t e s t &  on-an IBM 709 and proven 
t o  be  cor rec t .  

Universi ty  of I l l i n o i s  Kern W .  Dickman 

P a r t i a l  D i f f e r e n t i a l  Equations, an Introduct ion.  By Bernard Epstein. 
New York: McGraw-Hill, 1962. x + 273 pp., $9.50. 

The sub jec t  of p a r t i a l  d i f f e r e n t i a l  equat ions i s  one which frequent ly 
g e t s  s l i g h t e d  i n  t h e  t r a i n i n g  of s tudents  of mathematics. The reason 
f o r  t h i s  is very simple: it is  a v a s t  and d i f f i c u l t  f i e l d  which has 
i t s  r o o t s  deep underground and has  i t s  head i n  t h e  s t a r s .  It c u t s  
ac ross  almost a l l  mathematical f i e l d s- - s t a r t i n g ,  perhaps, i n  mathe- 
matical  physics, through complex and r e a l  ana lys i s  i n t o  func t iona l  
ana lys i s ,  through d i f f e r e n t i a l  geometry i n t o  group theory,  whence it 
re- enters  i n t o  physics. Because of  its breadth,  no mathematics s tudent  
should be  innocent of some of t h e  main r e s u l t s  i n  t h i s  sub jec t .  However, 
because of i ts depth (and d i f f i c u l t y ) ,  an unfortunately l a r g e  percentaqe 
of such s tudents  a r e  not introduced t o  these  r e s u l t s .  

The reviewer hopes and f e e l s  t h a t  t h i s  book may h e l p  t o  improve t h e  
s i t u a t i o n ,  for  it is  w r i t t e n  a s  an introduct ion t o  t h i s  r i c h  sub jec t .  
Unlike some books, it t r e a t s  p a r t i a l  d i f f e r e n t i a l  equat ions a s  a branch 
of mathematics ( r a t h e r  than engineering) .  Anyone can quibble over  t h e  
content ,  bu t  it is  unquestionable t h a t  what is t r e a t e d ,  is done well .  

Af te r  an introductory chapter  which discusses  t h e  Ascoli Theorem, 
Weierstrass  Approximation Theorem, Four ie r  i n t e g r a l ,  etc.,  t h e  author  
g ives  a very c lean  presen ta t ion  of f i r s t  o rder  equations. Next he  d i s-  
cusses t h e  Cauchy problem and t h e  wave equation. Two long chapters  on 
t h e  theory of opera tors  i n  Banach and Hi lber t  Spaces a r e  then included, 
followed by a good t reatment  of p o t e n t i a l  theory  and various approaches 
t o  t h e  Di r ich le t  problem. The book ends with one b r i e f  chap te r  on t h e  
hea t  equation and one on Green funct ions.  

Although t h i s  reviewer f e e l s  t h a t  t h e r e  is more of t h e  Banach and 
Hi lber t  space theory than is  j u s t i f i e d  by t h e  app l ica t ions  given i n  t h i s  
t e x t ,  h e  unhes i ta t ing ly  recommends it t o  any mathematics s tudent  a s  a 
usefu l  and i n t e r e s t i n g  book. 

Universi ty  of I l l i n o i s  Robert G. Bar t l e  

Linear  Alqebra and Geometry. By Nicolaas H. Kuiper. Amsterdam: North- 
Holland Publishing Company, 1962. v i i i  + 285 pp., $8.25. 

This  well-wri t ten book, e s s e n t i a l l y  a t r a n s l a t i o n  from t h e  Dutch by 
A. van der  S l u i s ,  g ives  an exce l len t  t reatment  of l i n e a r  algebra and 
geometry from a somewhat h igher  s tandpoint .  I t  w i l l  be h igh ly  usefu l  
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a s  background mater ia l  f o r  co l lege  i n s t r u c t o r s  teaching l i n e a r  algebra 
o r  advanced a n a l y t i c  geometry, because of i t s  depth, breadth,  and mod- 
ern f lavor ,  and it might be  very s u i t a b l e  f o r  an honor 's  course on t h e  
jun ior  o r  sen ior  l e v e l  a s  well  a s  f o r  a high school t eachers '  i n s t i -  
t u t e .  For graduate s tudents  it may be  reco~mended a s  an i n t e r e s t i n g  
and eminently readable in t roduc t ion  t o  advanced mater ials .  

Af te r  s h o r t  chap te rs  on geometric vec tors  i n  t h e  c l a s s i c a l  sense 
and on t h e  elementary s e t- t h e o r e t i c  not ions,  t h e  author  introduces t h e  
n-dimensional t u p l e  space Vn and makes use of it i n  a preliminary d e f i-  
n i t i o n  of t h e  n-dimensional a f f i n e  space An. Af te r  a discussion of 
some a lgebra ic  and geometric not ions and t h e i r  p roper t i es ,  including 
t h e  dual space and t h e  cobasis ,  t h e  a f f i n e  space An is now defined a s  
a s e t  of elements c a l l e d  po in t s  with an a t l a s  of one-to-one correspond- 
ences k: P - k ( P )  of An onto Vn such t h a t  k ( P ) P  = 0 and k ( ~ ) k - l ( ~ )  i s  
a t r a n s l a t i o n .  This l eads  t o  t h e  d e f i n i t i o n  of a l i n e a r  m-variety. 
The c l a s s i c a l  geometric theorems a r e  presented, homomorphisms and t h e i r  
duals  a r e  s t u d i e s  i n  d e t a i l ,  matr ices  a r e  introduced a s  t h e i r  represen-  
t a t i o n s ,  systems of l i n e a r  equat ions a r e  solved, determinants a r e  
t r e a t e d  and appl ied  t o  geometry, endomorphisms a r e  c l a s s i f i e d ,  quadra t ic  
and b i l i n e a r  funct ions a s  well  a s  quadra t ic  v a r i e t i e s  i n  Euclidean 
spaces a r e  invest igated.  Special  mention should be  given t o  a chap te r  
on appl ica t ions  t o  s t a t i s t i c s ,  including t h e  method of l e a s t  squares ,  
l i n e a r  adjustment, regression,  and t h e  c o r r e l a t i o n  c o e f f i c i e n t .  The 
book ends with chapters  on Motions and A f f i n i t i e s ,  Pro jec t ive  Geometry, 
Non-Euclidean Planes, and some topolog ica l  remarks. The author  i s  very 
successful  i n  keeping a hea l thy  balance between geometry and algebra. 

Universi ty  of Cincinnat i  Arno Jaeger  

Diophantine Approximations. By Ivan Niven. I n t e r s c i e n c e  Trac t s  i n  
Pure and Applied Mathematics, Number 12. New York, John Wiley, 1963. 
v i i i  + 68 pp., $5.00. 

The inc lus ion  of t h i s  book i n  t h e  s e r i e s  of In te rsc ience  Trac t s  i n  
Pure and Applied Mathematics is somewhat surpr i s ing .  The adver t i s ing  
f o r  t h e  In te rsc ience  Trac t s  says,  "The presen ta t ion  is on an advanced 
level ."  Actually t h e  presentat ion of t h i s  book is  on a very elementary 
l e v e l  indeed, f o r  it requi res  only a smatter ing of elementary number 
theory and a knowledge of t h e  b a s i c  f a c t s  about i n e q u a l i t i e s .  While it 
c e r t a i n l y  i s  no t ragedy t h a t  t h i s  author  has  produced a very access ib le  
book, it must be admitted t h a t  t h e  d i f fe rence  i n  l e v e l  between Niven's 
book and i t s  predecessor i n  t h e  s e r i e s  i s  p r a c t i c a l l y  i n f i n i t e !  

Diophantine approximation dea l s  with t h e  approximation of r e a l  num- 
b e r s  by r a t i o n a l s  and, more genera l ly ,  with t h e  so lu t ion  of condi t iona l  
i n e q u a l i t i e s  i n  in tegers .  As a l ready  ind ica ted ,  t h e  author  discusses  
only c e r t a i n  f a c e t s  of t h e  sub jec t  which a r e  s u s c e p t i b l e  of an elemen- 
t a r y  treatment. The exposi t ion is  very c l e a r  and well- arranged, and 
t h e  book should be  within t h e  reach of  any s e r i o u s  undergraduate mathe- 
matics  s tudent .  As a r e s u l t ,  t h e  book i s  s u r e  t o  be  welcomed by those  
running independent s tudy programs f o r  undergraduates, f o r  it is i d e a l  
f o r  such a purpose. 

The only reasonable c r i t i c i s m  of t h e  book i s  t h a t  it does not go f a r  
enough. Personally, t h e  reviewer was somewhat disappointed by i ts 
r e l a t i v e l y  narrow compass. The reader  would c e r t a i n l y  g e t  a more 
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balanced view of t h e  sub jec t  by reading t h e  re levan t  chapters  i n  Hardy 
and Wright 's Theory of Numbers. The no-?ice reading Niven's book could 
e a s i l y  come t o  t h e  f a l s e  conclusion t h a t  Diophantine Approximation con- 
sists s o l e l y  of elementary manipulations with inequa l i t i es .  Actually, 
Diophantine Approximation can serve a s  a scen ic  path on which t o  l ead  
t h e  reader  i n t o  deeper mathematics, such a s  Fourier  ana lys i s ,  measure 
theory, p robabi l i ty ,  convex s e t s ,  geometry of numbers, a lgebra ic  num- 
b e r  theory,  valuat ion theory,  and so  on. The reviewer r e g r e t s  t h a t  t h e  
author  d id  not use h i s  exposi tory t a l e n t s  f o r  such a program. However, 
within t h e  narrow l i m i t a t i o n s  which h e  has s e t  f o r  himself ,  t h e  author  
has produced a f i r s t - r a t e  book. 

Universi ty  of I l l i n o i s  Paul T. Bateman 

A New Journal ,  THE FIBONACCI QUARTERLY 

The Fibonacci Q u a r t e r l y  is a journal  "devoted t o  t h e  study of i n t e-  
g e r s  with spec ia l  propert ies ."  I t  is under t h e  general  e d i t o r s h i p  of 
Verner E. Hoggatt, Jr. I t  serves a s  an o u t l e t  f o r  se r ious  elementary 
a s  well  a s  advanced papers, a l s o  includes both elementary and advanced 
problems. The l e v e l  of exposi tory q u a l i t y  of t h e  papers i s  kep t  high 
so  a s  t o  make t h e  r e s u l t s  widely ava i lab le  t o  s tudents  a t  a l l  l e v e l s ,  
whether mathematically sophis t i ca ted  o r  not.  The journal  should pro- 
v i d e  a g r e a t  deal of i n s p i r a t i o n  and enjoyment t o  a l l  of those  i n t e r-  
es ted  i n  t h a t  p a r t  of number theory which dea l s  with " in tegers  with 
s p e c i a l  propert ies .  " 

The page s i z e  is  7 x 104. Vol. 1, No. 1 contains  75 pages. The 
subscr ip t ion  r a t e  is $4.00 p e r  year. Subscript ions a r e  t o  be  addressed 
t o  Brother U. Alfred, S t .  Mary's College Post Off ice,  Ca l i fo rn ia .  

Universi ty  of I l l i n o i s  Franz E. Hohn 

NOTE: All correspondence concerning reviews and a l l  books f o r  review 
should be sen t  t o  PROFESSOR FRANZ E. HOHN, 375 ALTGELD HALL, UNIVER- 
SITY OF ILLINOIS, URBANA, ILLINOIS. 
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Addison-Wesley; 1963. v i i i  + 392 pp., $9.75. 

%i. Nagata: Local Rings. New York, Wiley ( ~ n t e r s c i e n c e ) ,  1962. 
x i i i  + 234 pp., $11.00. 

*I. Niven: Diophantine Approximations. New York, Wiley ( ~ n t e r s c i e n c e ) ,  
1963. i x  + 68 pp., $5.00. 

L. L. Pennisi:  Elements of Complex Variables. New York: Holt,  
Rinehart and Winston; 1963. x + 459 pp., $7.50. 

M. Rosenblatt  (Edi to r ) :  Proceedings of t h e  Svmwsium on Time 
S e r i e s  Analysis. New York, Wiley, 1963. x i v  + 497 pp., 
$16.50. 

H. J. Ryser: Conbinatorial Mathematics, Monograph E- fi- 
New York, Wiley, 1963. x i v  + 154 pp., $4.00. 

T. L. Saaty (Edi to r ) :  Lectures on Modern Mathematics, m. I. 
New York, Wiley, 1963. i x  + 175 pp., $5.75. 

F. M. Stewart: Introduct ion t o  Linear Alaebra. Princeton. 
Van Nostrand, 1963. xv + 281 pp., $7.50. 

R. R. S t o l l :  Introduct ion t o  Se t  Theory and Loaic. San 
Francisco, Freeman, 1963. x i v  + 474 pp., $9.00. 



H. A. Thurston: Calculus a Students Enqineerinq and t h e  
Exact Sciences. Englewood C l i f f s ,  N. J.; Prentice-Hall;  
1963. Vol. I ,  i x  + 193 pp., $4.95. Vol. 11, 208 pp., $5.95. 

*I. N. Vekua: ~ e n e r a l i z e d  Analytic Functions. Reading, Mass., 
Additon-Wesley, 1962. xxix + 668 pp., $14.75. 

W. H. Ware: Dig i ta l  Computer Technolo and ~ e s i q n .  New York, 
Wiley, 1963. Vol. I ,  xv i i i  + 2 4 5 7 p ~ $ 7 . 9 5 .  Vol. 11, - 
xx + 536 pp., $11.75. 

H. C. White: An Anatomy Kinshi . Englewood C l i f f s ,  N. J.; 
p r e n t i c e - E l l ;  1963. 180 pp.: $6.95. 

G. M. Wing: An Introduct ion to Transport Theory. New York, 
Wiley, 1963. x i x  + 169 pp., $7.95. 

*L. Witten (Edi to r ) :  Gravi tat ion:  An Introduct ion t o  Current 
Research, New York, Wiley, 1962. x + 481 pp., $15.00. 

*The - Fibonacci Quar te r1  Vol. I, No. I ,  February 1963. $4.00 
p e r  y e a r . c / o ~ r o t h e r  U. Alfred 

St .  Mary's College Post Off ice  
Ca l i fo rn ia  

Topics in Mathematics, t r a n s l a t e d  from t h e  Russian: 

A. I. Fetisov: Proof i n  Geometry, 55 pp., $1.40. 

N. N. Vorobyov: Fibonacci Numbers, 47 pp., $1.35. 

E. S. Vent t se l '  : An Introduct ion t o  t h e  Theom of Games, 
66 pp., $1.75. - 
Boston, D. C. Heath, 1963. 

*See review, t h i s  issue.  
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John M. R a w l s  

P e t e r  H. R h e i n s t e i n  
R i c h a r d  S a u t e r  
W a l t e r  N. S c h r e i n e r  
D i a n e  K. S o v e y  
M. C. T r i v e d i  
W i l l i a m  A. Webb 
B a r b a r a  A. W e e k s  
R o n a l d  H. W e n g e r  
J a m e s  R. W h i t n e y  
D e b o r a h  A. W i l l i a m s  

MISSOURI ALPHA, U n i v e r s i t y  of M i s s o u r i  (May 8, 1963) 

R a m z i a  M. A b d u l n o u r  
J o h n  W. A l s p a u g h  
F e n s o n  N. A n a d u  
R o b e r t  L e e  B e n e d i t t i  
W i l l i a m  M. B o l s t a d  
W i l l i a m  P a i s l e y  B r o w n  
Joseph K e n t  B r y a n  
C a r o l  C a l h o u n  
C h i  C h e n g  C h e n  
L a r r y  C l a y p o o l  
R o n a l d  W. F r i e s z  
L a r r y  E. H a l l i b u r t o n  
M o n t y  J. K e y i n g  

W i l l i a m  D. H i b l e r ,  
R a y m o n d  A. H i c k l i n  
D a v i d  Howe 
J a m e s  M a r k  H u n t  
John I r v i n  Israel 
June Jenny 
R o b e r t  Jordan 
D o n a l d  G. K a i s e r  
U d o  K a r s t  
R a n d o l p h  H. K n a p p  
E s t e r  L o r a h  
R o b e r t  B. L u d w i g  
W a y n e  D. M e y e r  
J o h n  W. N e u b a u e r  

I11 R i c h a r d  L. N o r m a n  
N e a l  F. P e t e r m a n  
S a m u e l  T .  P i c r a u x  
N o r m a n  R e c k n o r  
H a r r y  D. R i e a d  
S l a d e  W. Skipper 
E l v i n  B. S t a n d r i c h  
Joseph S. S t a r r  
F r e d  S t r o u p  
A l b e r t  L. T r y e e  
N i n g  S a n g  Wong 
S c o t t  Y e a r g a i n  
P a u l  J. Z i e g e l k i n  

MISSOURI GAMMA, S t .  L o u i s  U n i v e r s i t y  ( A p r i l  25, 1963) 

L a w r e n c e  W. A l b u s  
J a m e s  F .  A l d r i c h  
B a r b a r a  L e e  B a c o n  
L a r r y  G. B a u e r  
W i l l i a m  F.  B a y e r ,  Jr. 
N a t h a n i e l  A. B o c l a i r ,  Jr. 
E n r i q u e  B o l a n o s  
F r a n c i s  R. Boman 
E d w a r d  M. B o u l e  
M a r i l y n  L. B o x d o r f e r  
S i s t e r  D u n s  S c o t u s  B r e i t b a r t  
A n n e  B r i g h t w e l l  
R i c h a r d  B. B r o w n  
C a t h l e e n  A d e l a i d e  C a l l a h a n  
R o b e r t  L. C a r b e r r y  
B a r b a r a  A. C a r p e n t e r  
M a r y  K e z i a  C a r r o t h e r s  
F e n g- K e n g  C h a n g  
Q u i z a  C h a n g  
Lurelle K. C o d d i n g t o n  
S i s t e r  Joseph N o r b e r t  C r e t e  
T i m o t h y  J. C r o n i n ,  S.J. 
L a m e s  L e o  D a l y ,  S.J. 
S u s a n  M. D a v i d s o n  
M a r i a  D a v i s  
P a u l  R. D i x o n  
R e v .  E v a n  T. E c k h o f f ,  O.F.M. 
N i c o l a a s  W. E i s s e n  
R o n a l d  F. E l d r i n g h o f f  
M a r y  R o s e  E n d e r l i n  
F r e d  K. E n s e k i  
K e n n e t h  J. F e u e r b o r n  
John F .  F i s c h e r  

P a t r i c i a  R. F l a n n e r y  
Joseph M. F o u q u e t  
M a r t i n  D. F r a s e r  
Sheila M. G a l l a g h e r  
D o n a l d  H. G a l l i  
N a n c y  J. G a r r i t y  
G e r a l d  A. G e p p e r t  
E d w a r d  0. G o t w a y ,  Jr. 
J a m e s  M. G u i d a  
Joyce C. G u n n e l s  
M a r y  K a t h r y n  H a a s  
T h o m a s  J. H o g g i n s  
B a r b a r a  M. H o l t k a m p  
P a u l  B. H u g g e  
Jud i th  L. H u n t i n g t o n  
D a l e  N. Jones 
K a t h r y n  M. K e l l e r  
K a t h a r i n e  J. K h a r a s  
Jane M. K l e i n  
F r e d  J. K o v a r  
R o b e r t  G. K r i b s  
E l m e r  A. K r u s s e l  
C a r o l y n  L. K u c i e j c z y k  
C a r l  R. L a F o r g e  
L i n d a  L e e  L e e c h  
S t e v e n s o n  Dun-Pok M a c k  
J a m e s  E. M a l e t i c h  
E l m e r  E. M a r x  
Jacqueline McCoy 
J a m e s  T .  M e l k a  
C a r l  F .  M e y e r  
S u s a n  D. M i l l e r  
J a m e s  G. M o n i k a ,  S.J. 
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T h o m a s  E. M o o r e  
R o b e r t  J. M u c c i e  
L a v e r n e  S. O a k e s  
Joan M. O l i v e r  
Thad P .  P a w l i k o w s k i  
M i c h a e l  W. P i e p e r  
G e r a l d i n e  C. P i s a r e k  
R a n d o l p h  C. R e i t z  
W i l l i a m  K e n n y  R o a c h  
J. M a r k  R o b i n s o n  
K a t h l e e n  A. R o h a n  
J u l i a n a  R o h l i n g  
Joseph L a w r e n c e  R u d a w s k i  A. R u n n e l s  

G e o r g e  E. S a m o s k a  
D a v i d  A. S c h m i t t  
E l l e n  M. S c h r o e d e r  
C a r o l  P a t r i c i a  S i p e  
M a r y  A n n  S m o l a  
S a l l y  A. S n y d e r  
S u e  E l a i n e  S n y d e r  
L o u i s e  S p e h  
Judi th A n n e  S t U t e  
John F. Suehr, S .  J. 
F r a n k  H. T u b b e s i n g  
W i l l i a m  B. W a l k e r  
E d w a r d  J. Wegman 
M a r y  A n i t a  W e i s  
D a v i d  M a r y  A l m a  J. W e r n e r  W h i t e  

R o s e m a r y  H. W i n t e r e r  
R o n a l d  E. Y a n k o  
D e n n i s  L. Y o u n g  

MONTANA ALPHA, M o n t a n a  S t a t e  U n i v e r s i t y  ( O c t o b e r  31, 1962) 

C a r l  C a i n  
W i l l i a m  G r e g g  

M a r g a r e t  Kem 
A n t o n  K r a f t  

K e n n e t h  O s h e r  
R o b e r t  V o s b u r g h  

MONTANA BETA, M o n t a n a  S t a t e  C o l l e g e  (May 20, 1963) 

P a t r i c k  A r t h u r  C o w l e y  L e o n  E u g e n e  M a t t i c s  G e o r g e  H e n r y  S p a n q r u d e  
M i n e r v a  R a e  H o d i s  D e a n  P a u l  M c C u l l o u g h  W i l l i a m  A. S t a n n a r d  
D o n a l d  J a m e s  H u r d  J u d i t h  R e m i n g t o n  S c h a g u n n  R a y m o n d  C l a y t o n  S u i t e r  
G l e n n  R. I n g r a i n  R o b e r t  F r a n k  S i k o n i a  G l o r i a  E i l e e n  W h e e l e r  

W i l l i a m  G e o r g e  S i k o n i a  

NEBRASKA ALPHA, U n i v e r s i t y  of N e b r a s k a  (May 19, 1963) 

R o b e r t  W e s l e y  B r i g h t f e l t  
T h e r o n  D a v i d  C a r l S o n  
R i c h a r d  C o r r i l l  C o n o v e r  
R o d n e y  D e a n  C r a m p t o n  
S t e p h e n  P a u l  D a v i s  
R i c h a r d  V i c t o r  D e n t o n  
L y a l  V a l  G u s t a f s o n  
D a n i e l  B. H o w e l l  
K e n n e t h  F r a n c i s  H u r s t  

H e l e n  J. J a m e s  
J a m e s  L e e  Jorgensen 
J a m e s  H e n r y  K a h r l  
G a r y  S a m u e l . K e a r n e y  
R o b e r t  D e a n  L o t t  
R o d n e y  L e e  M a r s h a l l  
J a m e s  P o u g a l  M c C a l l ,  Jr. 
R o b e r t  Joseph McKee,  Jr. 
W i l l i a m  H o w a r d  O d e 1 1  

A l l e n  A r t h u r  O t t e  
C a r o l  A n n  P h e l p s  
D o n a l d  H o w a r d  S c h r o e d e r  
A n n  H a r l a n  M a r i e  E u g e n e  S e m i n  S e n s e n e y  

R i c h a r d  P a u l  S m i t h  
H a r o l d  D. S p i d l e  
D a r y l  A n d r e w  T r a v n i c e k  
K a r e n  M a r y  W o o d w a r d  



NEW HAMPSHIRE ALPHA, Universi ty  of New Hampshire (May 30, 1963) 

Richard B. Aldrich Vincent B. Roberts Frank D. Szachta 
Sidney Einbinder Paul W. Stanton George N. Yamamoto 
Robert L. Rascoe John A. Wilhelm 

NEW JERSEY ALPHA, Rutgers, The S t a t e  U n i v e r s i t y 2  (December 16, 1962) 

William J. Culverhouse P e t e r  R. Mumber 

NEW JERSEY BETA, Douglass College (March 18, 1963) 

Mary Jane t  Casciano J u d i t h  Diane Flaxman J a n e t  Lynne Johnston 
Anne T. Crumpacker Eleanore Ann Geary Carol Shapiro Lessinger 
Joyce Danziger Prances H. G r i f f i t h  Roberta Neslanik 
Barbara Lee Elcome Glor ia  Herships Carolyn Clark Palmer 
J u d i t h  E. Fischer  Arlene R. Silverman 

NEW MEXICO ALPHA, New Mexico S t a t e  Universi ty  (May 29, 1963) 

David R. Arterburn Frances Hammer Gary N. Smith 
Michael C a r r o l l  Edgar Howard Gregory Trachta 
Richard Ed Davies Adolf Mader Charles Ward 
Robert W. Deming Thomas Meaders Robert Whitley 
Ernest  E. Denby Laurel Ruch Nathan Williamson 

Ronald Stol tenberg 

NEW YORK ALPHA, Syracuse Universi ty  (April 24, 1963) 

Richard R. Bates 
Jean H. Becker 
W i l l i a m  Paul Blake 
John E. Bothwell 
Richard Brandshaft 
Raymond Caputo 
Nicholas Celenza 
William Haldance Courage 
Howard L. Empie 
Robert B. F le tcher  
W i l l i a m  G a r r e t t  
P a t r i c i a  Ann Gawarecki 

Robert James Heins 
El izabeth Hufnagel 
Beverly Anne Kaupa 
Stephen B. Kazin 
Carol Kwietniak 
Tanya Francine Landau 
Richard C. Lessmann 
Francine Sue Librach 
Paul Lovecchio 
She i la  Magaziner 
Barbara Micski 

Donald Charles M i l l e r  
Barbara Adele Morgenroth 
Thomas J. Riding 
Diane Schl iecker t  
Sheridan Gilmore Smith 
Charles J. Stemples 
Richard B. Stock 
Ann R. Tierney 
J u d i t h  Helen Yavner 
Paula Zak 
Marsha El len  Zanvi l l e  
Ronald Charles 

Zimmennan 

NEVADA ALPHA, Universi ty  of Nevada (April 26, 1963) 

Ernest  Samuel Berney.111 James A. Hammond Wendell A. Johnson 
Betty J o  Cosby James R. Herz, Jr. Ronald A. Jeuning 
Joseph N. F io re  Gordon L. Nelson 

NEW HAMPSHIRE ALPHA, Universi ty  of New Hampshire ( ~ a y  16, 1963) 

Jack L. Baker Donald Wayne Hodge James L. P r i e s t  
Raoul S. Barker Charles E. Horne Robbin Roberts 
Robert E. Bennett C u r t i s  S. Morse Walter J. Savitch 
Robert G. Drever Robert J. Oelke W i l l i a m  H. Weaver 
Vi rg in ia  Ann Gross Beverly S. Payne Roberta S. Wright 
Paul L. Hardy Edwards H. Veech 

NEW YORK BETA, Hunter College (March 31, 1963) 

Elaine Akst Rhoda Goldwein 
John Altson L i l l i a n  Heim 
Eleanor Barnabic George Levine 
Elaine Baron Daniel Lieman 

Stephen Lieman 

NEW YORK GAMMA, Brooklyn College (April 25, 1963) 

Jack M. Arnow Marian C. Gunsher 
Milton K .  Benjamin Kenneth Kalmanson 
Paula Dousk Kenneth D. Klein 
Stephen Druger J e f f r e y  M. Lehr 
Robert M. El isofon Arl ine Levine 
Allan S. Got the l t  

NEW YORK DELTA, New York Universi ty  (February 25, 
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Barbara Nissel  
Camille Volence 
Carol Vollmer 
Myra Zeleznik 

Deborah Lewittes 
Harry L. Nagel 
Margery Puretz 
Marvin Ratner 
Bayle Schorr 
Sheldon Teichman 

Susan Feinberg 

NEW YORK EPSILON, St .  Lawrence Universi ty  (February 6, 1963) 

Sher r ie  Lee Buell Mary J u s t i n e  Coss Wayne Lloyd Huntress 

NEW YORK ETA, Universi ty  of Buffalo (April 3, 1963) 

W i l l i a m  T. Bailey 
Robert S. Barcikowski 
Daniel J. Benice 
Ronald H. Bernard 
J u d i t h  Ann Brandes 
Kathleen M. Brunig 
Donald Joseph Buchwald 
Sharon B. Cohen 

David C. Dynarski 
Edward Paul George 
Karen Gochenour 
Larry Goldstein 
Ethel  C. Goller  
Lois A. Grabenstat ter  
Shei lah J. Granat t  
Vi rg in ia  Johnson 
Ronald Levy 

NEW YORK IOTA, Polytechnic I n s t i t u t e  of Brooklyn 

Sheldon Gordon Otto Moller 
David Michael Hurwitz Rabert Robins 
Donald Neil Levine Fred Rosenblum 

NEW YORK KAPPA, Rensselaer Polytechnic I n s t i t u t e  

(May 7 ,  1963) 

John Chukwnemeka Amazigo Duncan Brooks Har r i s  
G i l b e r t  Roy Berglass Donald G i l b e r t  Hart ig  
P a t r i c k  J. Donohoe Stanley Kogelman 
Fred Gustavson S t u a r t  P i t t e l  
Charles W. Haines 

(June 1 ,  1963) 

Robert Frank Anastasi Howard Burt Kushner 
Michael John Arcidiacono 

Larry Long 
Cary A. Presant  
Robert Lewis Richards 
James M. Ri ley 
Robert Singer 
John Joseph Sl ivka 
Richard W. Snow 
John Winkleman, Jr. 

(May 15, 1963) 

Bruce H. Stephan 
Denis Alan Taneri 
Howard Taub 

RobertLeo Schneider 
Arthur Loring Schoenstadt 
Robert David Sidman 
George Randall Taylor 
R. A. Wolkind 

Lawrence E l l i o t t  Levine 
George Svet l ichny 



NEW YORK LAMBDA, Manhattan College (Spring 1963) 

A 

charlei J. Badowski Thomas S. Farley 
Gerard T. Boyle John J. Ferlazzo 
Stephen W. Chan Richard J. Grimaldi 
Peter A. Deninno Richard J. Hutter +, 
Robert DeStefano Nicholas T. Losito 

Anthony J. Marra 

Anthonv F. Badelamenti William Patrick Duaaan Dennis S. Martin 
James H. McMahon 
Thomas J. Pierce 
Richard E. Seif 
Thomas H. Stern 
David S. Woodruff 

NORTH CAROLINA ALPHA, Duke University (May 1963) 

Anita Joyce C m i n g s  Jerry Robert Hobbs 
Hugh Littel Henry Wayne Terry1 Peterson 

John Franklin Walden 

NORTH CAROLINA BETA, University of North Carolina 

Miriam M. Almaguer 
Marie Stuart Austin 
David Michael Bazar 
Sam D. Bryan 
Walter L. Carson, Jr. 
Ann Rita Chaney 
Albert A. chihego, I11 
Ronald W. Clarke 
Howard W. Cole 
Randolph Constantine, Jr. 
Frederick H. Croom 

Perino M. nearing, Jr. 
Forrest B. Green 
Jerry G. Hamrick 
William R. Harmon 
Mary M. Hopkins 
Robert L. Ingle 
Samuel R. Keisler 
Barry F. Lee 
Betty Ann Lupberger 
Carolyn F. Lyday 
Alice Maris 

Elizabeth Anne Walris 
Donald F. Young 

(May 27, 1963) 

Margaret M. Millender 
Berrien Moore,III 
Peter Miiller-Romer 
Nancy W. Nicholes 
Nelson F. Page 
Robert L. Peek 
Thomas F. Reid 
Frank A. Roescher 
Ann R. Sarratt 
David W. Showalter 
Melba Donne11 Smith 

NORTH CAROLINA GAMMA, North Carolina State University (May 1, 1963) 

Sam G. Beard, Jr. J. Allen Huggins 
Leslie Ray Brady, Jr. John Clay Kirk 
Irene Chai-man Chan Robert L. Lambert 
Lawrence Rufty Chandler, Jr. .Douglas Seaton Lilly 
John Steele Culbertson Nguyen Vo Long 
Marion Lee Edlards Anthony Guy Lucci 
Abdelfattah A. Elsharkawi William Francis Maher 
Thomas A. Foster Philip Gale McMillan 
Richard Vernon Fuller Francis F. Middleswart 
Herbert Hames Goldston, Jr. Stephen Watts Millsops 
Leland Moore Hairr 

OHIO ALPHA, University of Ohio (Spring 1963) 

Richard Steele Payne 
Charles V. Peele 
Ronald Owen Pennsyle 
Thomas Jackson Shaffner 
Robert Demarest Soden 
Stavros John Stephanakis 
John Cornelius Theys, Jr. 
William Doyle Turner 
Robert Henry Wakef ield , Ji; 
Charles Newton Winton 
James Adams Woodward 

Daniel Donald Bonar Thomas S. Graham Randolph H. Ott 
Frederick C. Byham Albert F. Hanken Daryl J. Rinehart 
Richard J. Freedman Del William Heuser Melvin R. Rooch 
John 9. Fried Joseph J. Y. Liang Robert Willard Scott 
Joseph Michael Genco Joseph Meeks David M. Thompson 
Walter C. Giffin Randal P. Miller Bert K. Waits 

Roger Jeffrey McNichols 

OHIO BETA, Ohio Wesleyan University (April 25, 1963) 

Betty Jane Albrecht Nancy Alice Lange Dennis Lee Orphal 
Katherine Alice Berlin John Alexander Neff James Eldon Wiant 
Gerald William Boston William Aaron Woods, Jr. 

OHIO EPSILON, Kent State University (Spring 1963) 

Thomas J. Ahlborn 
Marion H. Amick 
Ann Ayres 
George R. Brulin 
Lowell N. Cannon 
Charles Cole 
Michael Habenschuss 
Thomas Hinks 
Paul N. Iwanchuck 

OHIO ZETA, University 

Gerald Brazier, S.M. 
John H. Broehll 
Joseph Diestel 
Roger F. Ferry 

Olga Kitrinou 
Kenneth W. Klouda 
Geraldin Kucinski 
Constance Lindquist 
peter A. Lindstrom 
Yih Tang Ling 
Larry Nimon 
Paul J. Paperone 
Suzanne M. Pauline 
Bonnie Pent2 

of Dayton (May 1, 1963) 

Richard J. Fox 
John T. Herman 
Alex I. Koler 
Martin R. Kraimer 
William T. Marquitz 

Richard A. Borst David S. Chandler 
William E. Blum Frank E. Hess 
Timothy R. Buhl David D. McFarland 

Kamran Mokhtarhan 

OHIO IOTA, Denison University (May 21, 1963) 

Linda Voorhis 

OKLAHOMA BETA, Oklahoma State University (January 

Carolyn C. Carlberg Thomas E. Ikard 

Lynn A. Carpenter James P. Johnson 

Lewis H. Coon Jeffrey L. Lacy 
Beverly Mitchell 

(April 25, 1963) 

Terry Archer David W. Gibson 
David Bagwell Carl Edward Hittle 
Arleen M. Carr Alan M. Klein 
Peter W. Cowling Bobby Joe Lane 
Michael Lee Gentry carleton Yu-Wei Ma 

Robert Owen Morris 

OREGON ALPHA, University of Oregon (May 9, 1963) 

Jean T. Alexander 
Gerald L. Ashley 
Richard A. Bach 
George F. Bachelis 
Charles Burke 
Pamela S. Charles 
Paul Chern 
John P. Colvin 
William L. Cranor 
Pamela R. Delany 
Mary L. Eagleson 
Barbara Edwards 
Leland S. Endres 
Michael G. Engel 
Joseph K. Fang 

Terry J. Forsyth 
Kent R. Fuller 
LeRoy G. Haggmark 
Raymond W. Honerlah 
Donald Richard IltiS 
Juanita Rae Johnston 
Edward J. Kushner 
James W. Leonard 
Norman S. Losk 
Paul B. Martz 
Tom H. May 
Robert A. Osborne 
James A. Paulson 
Rhomas M. Poitras 
Paul A. Robisch 
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Duane L. Shie 
Dorothy L. Shipman 
Karen K. Stein 
Eric J. Thompson 
Nola J. Troxell 
Anka M. Vaneff 
Sigrid E. Wagner 
Marion B. Walker 
Anne Way 

Henry J. Prince 
Gerald J. Shaughnessy 
Ronald J. Versic 
Gerard 0. Wunderly 

Edward W. Rumel 
William J. Scarff 
Rex S. Wolf 

Wayne Otsuki 
Donald L. Stout 
Donald Lee Williams 

Hoang Duc Nha 
Nabi M. Raf iq 
James Stephen Randles 
William A. Thedford 
Bruce E. Wiancko 

Craig T. Romney 
John Ahmad Ruvalds Saeed 

William Alan T. U. Spreen Savage 

Laverne W. Stanton 
George H. Starr 
Madeline Ra j arama J. Vatti Tennent 

Billy E. Vertrees 
Bruce A. Vik 
Thomas J. Warner 
Michael B. Woodroofe 
Robert V. Youdi 
Lee H. Ziegler 



OREGON BETA, O r e g o n  S t a t e  U n i v e r s i t y  (May 9 ,  1 9 6 3 )  

G e r a l d  L e e  C a t o n  T e r r y  B. H i n r i c h  A r t h u r  E u g e n e  O l s o n ,  Jr. 
C h i - M i n g  Chow R o b e r t  C a r l  Johnson Jack T . R o v e r  
A l l e n  R. F r e e d m a n  J o h n  W i l l i a m  K j o s  H e n r y  L y n n  S c h e u r m a n  
J a m e s  W. G r e e n  R i c h a r d  B r u c e  M c F a r l i n g  K e n n e t h  V a n c e  S m i t h  

J a m e s  T e r r y  M c G i l l  
- A ' .  

PENNSYLVANIA BETA, B u c k n e l l  U n i v e r s i t y  ( M a r c h  2 7 ,  1 9 6 3 )  

E l l e n  J. A l b r i g h t  Jarvis E. K e r r  
L i n d a  J. C l i n e  K a t h r y n  A. K n e e n  
M i c h a e l  D. F i t z p a t r i c k  L i n d a  A. L a r s o n  
S t e p h e n  L. G i n s b u r g  N a n c y  L. R o d e n b e r g e r  

( A p r i l  2 ,  1 9 6 3 )  

D a n i e l  M o t i l l  

PENNSYLVANIA DELTA, P e n n s y l v a n i a  State U n i v e r s i t y  

J a m e s  A. Ake 
P a u l  R i c h a r d  A l t h o u s e  
H a r o l d  J u s t i n  B a i l e y  
D a r y l  S c o t t  B o u d r e a u x  
D o n a l d  B. B o y d  
G l e n  F .  C h a t f i e l d  
C l a u d e  R. C o n g e r  
Joseph N u n z i o  D a v i  
A l e t t a  S. D e n i s o n  
W i l l i a m  D e f e n d e r f e r  
R i c h a r d  B. D i v a n y  
John B i l l  F r e e m a n  
E l i z a b e t h  G o l d b e r g  
M a r y  E. H e w e t s o n  
F r e d e r i c k  H u g h  H e y s e  
G e o r g e  J. H o e t z l  
G e o r g e  W. H o u s e w e a r t  

W i l l i a m  H. Jaco 
B a r b a r a  Jacobson 
J u d i t h  K a t z  
E u g e n e  K l a b e r  
E l l i s  D. K l i n g e r  
E d w a r d  W. L a n d i s  
F r e d e r i c k  C. L a n e  
M a r i l e e  M c C l i n t o c k  
T h o m a s  B. M c C o r d  
John M c G r a t h . 1 1 1  
M i c h a e l  A. M o o r e  
M a r s h a  A n n  M o r r i s  
E u g e n e  A. Novy 
John A. P a n i t z  
R i c h a r d  S .  P a u l  
D a l e  A. P e t e r s  
A l a n  L e w i s  P o l i s h  

PENNSYLVANIA ZETA, T e m p l e  U n i v e r s i t y  

(May 10, 1 9 6 3 )  

M i c h e l l e  A n d e r s o n  S t e p h e n  N e m o r u f s k y  
G a r y  B e n n e t  J u d i t h  R a v i t z  
R i c h a r d  C a s t i n  R o n a l d  Sheinson 
M a r i l y n  L e o n a r d  E i l e e n  S i l o  

( J u n e  6 ,  1 9 6 3 )  

A l l a n  B e c k e r  
A l a n  C u t l e r  
G a i l  F o r m a n  
Joel  G r e e n e  
R o n n i e  J u d i t h  K a t z  

D o n n a  L. S i r i n e k  
J o h n  E. T o z i e r  
H a r r i s o n  D. Weed,  Jr. 
G u y  E. W i t m a n  

(May 2 4 ,  1 9 6 3 )  

R o b e r t  S .  P o l l a c k  
W i l l i a m  G e r a l d  Q u i r k  
D a v i d  M. R a n k  
G e r a l d  E. R u b i n  
F r a n c i s  S a n d o m i e r s k i  
R o b e r t  S c h e e r b a u m  
R i c h a r d  G. S e a s h o l t z  
T e r r y  L. S h o c k e y  
D e a n  W. Skinner 
S u s a n  E. S t a r b i r d  
Joseph E. T u r c h e c k  
Jay N i c h o l a s  U m b r e i t  
R o b e r t  M. V a n c k o  
R o c c o  D a v i d  W a l k e r  
W i l l i a m  Z .  W a r r e n  
T h o m a s  C. W e l l i n g t o n  
G r e t c h e n  J. Z u k a s  

D a v i d  T i p p e r  
M i l e s  N. W r i g l e y  
S h e p p a r d  Y a r r o w  
D a v i d  Z i t a r e l l i  

S t e v e n  G e r a l d  Mann F r a n c i s  Joseph S m a k a  
L o w e l l  N e r e n b e r g  L o u  Wm. S t e r n  
R o b e r t a  P a s s m a n  B o n n i e  R a e  S t r o u s s  
A r t h u r  R o s e n t h a l  D a v i d  E. T e p p e r  
S t e p h e n  A r t h u r  S c h n e l l e r  S a n d r a  V o l o w i t z  

SOUTH CAROLINA ALPHA, U n i v e r s i t y  of S o u t h  C a r o l i n a  (May 6, 1 9 6 3 )  4 9 9  

G a r y  P a u l  B e n n e t t  D a v i d  L e e  G r a y  T h o m a s  G o l d  Owen 
D a v i d  R o y  B o n n e r  J u d i t h  A. H o l s h o u s e r  D a v i d  R o g e r  R o t h  
Ann B e n g t s o n  B o o t h  Wanda M. J o h n s o n  K e l l y  F.  Shippey 
Joseph L. B o y e t t e  B u r m a n  H. J o n e s  H e r b e r t  N. S t a c y  
M i c h a e l  D. C a l d w e l l  L a r r y  H a r o l d  K l i n e  E d w i n  C. Strother 
H e l e n  C o n w a y  P a r i s  C h e r i  A n n e  M o o r e  w i l l i a m  F. W h e e l e r  
P e n e l o p e  L e e  F l e t c h e r  R i c h a r d  A l l e n  M y e r s  M o r t o n  N. W i n t e r  

SOUTH DAKOTA ALPHA, U n i v e r s i t y  of S o u t h  D a k o t a  ( A p r i l  23 ,  1 9 6 3 )  

K e n n e t h  W a y n e  A n d e r s o n  
F r e d e r i c k  D e e  B a k e r  
W a y n e  H a r l e y  C r a m e r  
T h e o d o r e  S t a n l e y  E r i c k s o n  
C h a r l e s  H a r o l d  P r i c k  
D o n a l d  R o b e r t  G r e e n w a l d t  
Jo  A n n  H a f n e r  
G e o r g e  S o l o m o n  K e i l  
R o n a l d  J a m e s  L e i d h o l m  
Marvelene H o c h h a l t e r  L o o b y  

N e l o n t i n e  M a r i a  M a x w e l l  
C h a r l e s  Joseph Miller 
John H e n r y  M o e l l e r  
P a u l  F r a n c i s  N y e  
D o n a l d  A l l e n  O w e n s  
D e n n i s  E d w a r d  P r e s l i c k a  
E l a i n e  Norma R e i n k i n g  
B i l l y  Joe Scherich 
H a r v e y  E u g e n e  S c h m i d t  

D a v i d  C h a r l e s  S m i t h  
R i c h a r d  L a r s e n  S t o r m  
B l a i n e  E u g e n e  T h 0 r S 0 n  
K e n n e t h  Arthur ThorSon 
W a y n e  M a r l i n  W i l r o y  D u a n e  W a l l a c e  W e S t r a  

L i n d a  F a y e  W i l k i e  
J a m e s  H a r o l d  W i l l i a m s  
H o w a r d  W i l l i a m  W i t t  
R o b e r t  C h a r l e s  W i t t  

TEXAS ALPHA, T e x a s  C h r i s t i a n  U n i v e r s i t y  ( M a r c h  2 0 ,  1 9 6 3 )  

Jean B e a l  R i c h m o n d  L a d d i e  W. R o l l i n s  

(May 22, 1 9 6 3 )  

B i l l y  D. Adams 
S. S i r a j  Ahmad 
G o r d o n  W. Bowen 
J a m e s  C. C o u c h m a n  
John N. D a v i e s  
J. M i c h a e l  G r a y  
R o b e r t  M. H a n s a r d  
E. W. H o l l i e r  

S t e i n a r  H u a n g  D o n a l d  G e o r g e  P r a y  
J o y c e  C r u m p l e r  H u t c h e n s  W a l t e r  J. R a i n w a t e r ,  Jr 
J o h n  C. K n o w l e s ,  Jr. J o h n  D u n c a n  R a i t h e l  
C r a i g  M a s o n  R a n d a  Suzanne R a n d o l p h  
Ema j ean U. M c C r a  y G r a d y  R o b e r t s  
D o r o t h y  D e l l  M a n n a h a n  W o o d l e a  S c o n y e r s  
J a m e s  C. N i c h o l s o n  W i l l i a m  B. S e l f  

W i l l i a m  A. S i s k  

UTAH ALPHA, U n i v e r s i t y  of U t a h  ( J u n e  4 ,  1 9 6 3 )  

F r a n c i s  B e l i n n e  
C h a r l e s  B e n t l e y  
A u s t i n  F .  B i s h o p  
E d d i e  G e o r g e  C h a f f e e  
K. M i c h a e l  D a y  
L y n n  E. G a m e r  
R o b e r t  K e n t  G o o d r i c h  
H u g h  B r a d l e y  H a l e s  
V. R o n a l d  H a l l i d a y  
E l b e r t  T r o y  H a t l e y  
Joseph T a y l o r  H o l l i s t  
A l l e n  Q u e n t i n  H o w a r d ,  Jr. 
R o n a l d  L. I r w i n  
S t a n l e y  M. J e n c k s  
C h a r l e s  W. J o r d a n  

E u e l  W a y n e  K e n n e d y  
F r a n k  J. K u h n ,  Jr. 
J. C l e o  K u r t z  
Jack W a y n e  L a m o r e a u x  
W a l l a c e  E a r l  L a r i m o r e  
A l v i n  H. L a r s e n  
L. D u a n e  L o v e l a n d  
R i c h a r d  R o y  M i l l e r  
John H. P a r k e r ,  Jr. 
Jean J. P e d e r s e n  
F r e d r i c  G r a n t  P e t e r s o n  
D a v i d  C h a r l e s  P o w e l l  
D a v i d  L. R a n d a l l  
B r u c e  S.  Romney 

E l b r i d a e  W e s l e y  S a n d e r s  
~ e o r ~ e ~ t r a t o ~ & u l o s  
G e r a l d  B. S t r i n g f e l l o w  
P e t e r  W. T e m p l e  
D a v i d  J. Uherka 
A l l e n  H o w a r d  W e b e r  
L a r r y  L. W e n d e l l  
W i l l e s  L. W e r n e r  
D o n a l d  M. W h i t e  
Q u i n n  E r n e s t  W h i t i n g  
Jerry W. W i l e y  
R u s s e l l  W i l h e l m s e n  
T h o m a s  L. W i l l i a m s  
J a m e s  A r t h u r  Wixom 
J a m e s  H. W o l f e  

VIRGINIA ALPHA, U n i v e r s i t y  of R i c h m o n d  (May 6 ,  1 9 6 3 )  

R u t h  A n n  C a r t e r  B o n n i e  May H i g g i n s  R i c h a r d  H e n r y  L e e  Mark .  
G r a c e  M o n c u r e  C o l l i n s  Joseph R i c h a r d  M a n s o n , I V  S a r a  J a n e t  R e n s h a w  
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VIRGINIA BETA, Vi rg in ia  Polytechnic I n s t i t u t e  (May 15, 1963) 

Frederick Charles Barnet t  Shih Shiang Hsing Martha Kotko Roane 
George Chris topher  Canavos Whitney Larsen Johnson John G. Saw 
Cec i le  Korsmeyer Cotton All ison Ray Mansan Leonard Roy Shenton 
Harvey Arlen Dane Charles  Samuel Matheny Robert Heath Tolson 
P a t r i c k  H. Doyle Kenneth Mullen Michael G. Torina 
John Richard Hebel John Wesley Phi lpot  ' ' Donald Womeldorph 

WASHINGTON BETA, Universi ty  of Washington (January 30, 1963) 

Ronald J. Bohlman James E. Hoard 
Kay Harding Joyce E. Imus 
Chung-Wu Ho L e s l i e  A. Fox 

John Rolland 

(Spring 1963) 

Brian K. Bryans 
Kr i s ten  Cederwall 
Paul P. Chen 

Barton H. Clennan 
Raymond L. Os t l ing  
Gary C. P i rko la  

WASHINGTON GAMMA, S e a t t l e  Universi ty  (May 22, 1963) 

Gary Leonard Harkins Howard Frank Matthews 
Mary Ann Kertes  Douglas Arthur Ross 

Rodney B. Thorn 
Carol ine Wiles 
Richard Tse-Hung Woo 

Ann L. Schultz  
Noel W. Vencil 
S a l l y  Ann Z i t z e r  

Nevada Lee Sample 
John Michael Stachurski 

WASHINGTON DELTA, Western Washington S t a t e  College (July 5, 1963) 

David Arthur Ault  Orin Francis  Dutton Jane t  Louise Knapman 
Robert Myran Chandler Bryan Vadiver Hearsey Ronald Joe  S a l t i s  

WISCONSIN ALPHA, Marquette Universi ty  (May 11, 1963) 

Oscar L. Benzinger, S.J. James L. Gauer Jane Anne Paulus 
Thomas G. Bezdek Robert A. Ke l le r  Maria Elena Stanis lawski  
Catherine Ann Brust Timothy M. Lawler , III  Gerald J. Talsky 
Lore t ta  Mary But t i ce  Kathleen Maug Robert L. Tatalovich 

Regis J. Colasant i  Suzanne Mi l le r  Joseph A. Zocher 

Thomas Danninger Randolph J. O s t l i e  Joseph C. Zuercher 

WISCONSIN BETA, Universi ty  of Wisconsin (May 20, 1963) 

Donald L. Chambers 
Neil  A. Davidson 
Robert W. Easton 
James Gehnnan 
Donald J. Gerend 

Jonathon S. Golan 
Fred D. Mackie 
Alan G. Merten 
Albert  G. Mosley 
Russel l  Reddoch 
Allen R e i t e r  

Michael Shashkevich 
Dean E. Stowers 
Thomas A. Tredon 
Raymond M. Uhler 
Lynn R. Veeser 

The following f r i e n d s  of P i  Mu Epsilon F r a t e r n i t y  and t h e  chap te rs  
ind ica ted  a r e  patron subscribers  t o  t h e  P i  Mu Epsilon Journal ,  
paying t e n  d o l l a r s  f o r  a one year subscr ip t ion ,  i n  t h e  hope t h a t  
these  subscr ip t ions  w i l l  r e l i e v e  t h e  general  membership of t h e  
increas ina  c o s t  of publ icat ion and d i s t r i b u t i o n  of t h e  Journal .  

Arkansas Alpha Chapter 

I l l i n o i s  Beta Chapter 

Elmer E. Marx 

College Library 

Nebraska Alpha Chapter 

New Hampshire Alpha New 

In  Memory of 
D r .  Harry W. Reddick 

Ohio Epsilon Chapter 

Oklahoma Beta Chapter 

Penn. Beta Chapter 

Penn. Delta Chapter 

Arkansas Alpha 

I l l i n o i s  Beta 

Missouri Gamma 

Montana Beta 

Nebraska Alpha 

Hampshire Alpha 

Universi ty  of Arkansas 

Northwestern Universi ty  

Sa in t  Louis Universi ty  

Montana S t a t e  College 

Universi ty  of Nebraska 

Universi ty  of New Hampshire 

New York Alpha 

Ohio Epsilon 

Oklahoma Beta 

Penn. Beta 

Penn. Delta 

Syracuse Universi ty  

Kent S t a t e  University 

Oklahoma S t a t e  Universi ty  

Bucknell University 

Penn. S t a t e  University 

Virginia  Beta Chapter Virginia  Beta Virginia  Polytechnic I n s t i t u t e  
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