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MATHEMATICS AND FRAUD

Jesse Paul Clay
Rutgers - The State University

Introduction

There are a number of fraudulent schemes currently operating in
the nation today which have fleeced many unsuspecting victims of their
life savings, homes, and other possessions.

While, in general, fraud is a difficult charge to prove, it is
interesting to note that there are certain sales rackets where mathema-
tics can be utilized to establish fraud.

In one such case, NORMAN vs. WORLD WLE DISTRIBUTORS INC., [1],
a referral plan, mathematical evidence was submitted by the author in
behalf of the plaintiff which played a significant part in obtaining
a conviction of the fraudulent party.

In the citation of the appeal of the case before the Superior
Court of Pennsylvania, it was noted that:

"The referral plan was a fraudulent scheme based on an operation
similar to the recurrent chain letter racket. It is one of may sales
rackets being carried on throughout the nation which is giving public
officials serious concern (see article of Wall Street Journal, page 1,
October 10, 1963). The plaintiffs introduced evidence to show that at
the end of 20 months of operation, it would require 17 trillion salesmen
to carry on a referral program like World Wide described to the plaintiffs.”

Although the mathematical problem is a fundamentally simple one, it
is another demonstration of the kinds of interesting but simple problems
that often occur in mathematics.

Background of the Problem

A company advertised a special "advertising plan” as follows: for
every name submitted by an individual - who is a member of its family
plan - it will pay $5.00 to both parties (the referrer and the one
referred) if the referred person listens to a presentation by one of its
salesmen. In addition, the company will pay $40.00 if, after the presen-
tation, the person whose name was submitted bought an item from the
company.

In order to participate in this "plan™, the individual first had
to purchase an item from the company (presumably to establish "good
faith.") This item was usually eight hundred to a thousand dollars
above the usual market price. However, the company assured individuals
that there need not be any concern about the meeting of the monthly
finance charges. Indeed! they theorized that not only would the initial
surcharge be recouped but also a profit of three or four thousand dollars
would be realized by participants in the plan.

As indicated in the citation, it can be demonstrated mathematically
that the company could not hire enough salesmen to even begin to carry
out such a program.




Problem (B) makes allowance for the fact that there is a lag
between hiring and training of salesmen. Hence only a certain propor-
W will let t denote the time. tion of those who should be seen will be seen during a given time
period.

Mathematical Formulation of the Problem

For each positive integer n, let t, denote n units of time, and

I, the interval of time between t,_; and ty. Solution of the problems

For n > 1, define the following: Ve readily observe that

ap = the number of people seen during I .
cn = the number of people to be seen during | , i. e. these (1) a, =y,p for nz1;and

people have agreed to listen to a salesman's presentation. Up-p t rys,_; for n-1:zK > 1;

ry = number of names submitted during I;_; n > 2. (2) ¢p =
< K-
Sp = the number of sales during Ipn; S, = number of charter members. T¥Sp-1 for ns K
up = number of r, unable to be seen during | due to inadequate - - B
sales staff (3) s, =ay2=yppZ for n21;
xp = number of people in the plan at tp. 4) % = Xp_1 * Sps

¥ = number of salesmen needed at t__,.

p = number of people that can be seen by each salesman per unit (s) Uy = Sn " &y

of time.

r = average number of people referred by each new member of the Solving the recursion formula (4), we obtain

plan for the first unit of time only.

n n
. . . . %
The following simplifying assumptions are made: ") x = ): 5; = PZ'Zlyi t s,
i=p i=
Tn . s .
_ is constant, and — IS constant For n < K, we have e = a; (u, = 0) whence sy = cpZ = ryZs,_; by
[ an (3) and (2).
c s . . . . . . .
We let M = y and -z, Letting a = ryZ and solving this recursion relation, we obtain
Tn én
s, = os, for n s K. Hence
Under the assumption that names were sent in by members of the n-1
plan for the first month only, the following problems were posed: cp = rya s, from (2) (n < K);
(A) Find explicitly sq, %5, and yp when uy, = 0 for all n > 1 (A%) rya?~ls
. . . y, = ———2 from (1), (n 2 K); and
This means we are asking for the number of people in the n P
plan and the number of salesmen needed at t, and t,_; ntl
respectively if there are enough salesmen to cover each lead. x_ = s, l-a * for 0 <n < K.
n £ns
l-a
(B) Find s, x,, and y explicitly if there exists K, an integer,
and there exists u ER such that O < u <1, K> 1 and For n > K,
u
u n _
“n _ . ) — = p, whence
e = u for n-1I > K; -
u, = 0 for n<K (6) (1l-u)ep = a,; = ypp from ().
. _ R 3) i 5 .
Problem (B) makes allowance for the fact that there is a lag Substitution of (2) and (3) in (5), yields
between hiring and training of salesmen. Hence only a certain propor- u = u + rys -y
tion of those who should be seen will be seen during a given time period. K+n K+n-1 K+n-1 K+nP

“Sken-1 ~ SKn

Uginog * Z for nz 1.



The solution of this recu

rsion formula is

as n-1 s
_ ™k a-1 K+n
(7) Yen =7t = Z Skei " = for n 2 1.
i=1
Combining (2) and (7) produces
asK a-1 n-1
(8) Cen = T + - i=1SK+i for n =2 1.
From (6),
-1
. Ll-w . (-wa (1-u)(a-1) ®
Ytn = p ke T T pz K + oz izl Syyq forn 2

Nw utilizing the first formula in (A*) and letting 8 = (1—u)msK =

K+ls

= (1-p)a o3 and il = (a

() Yien = 'p_Z. +
Using (9) we can calculat
Yke1 =
Yz =
Yk+3 =
Yienu =

This seems to imply that:

(203 Ykn

W prove (10) by inductio

YK+n

The following preliminary result can be proved using standard tech-
niques, e.g., induction or Pascal's triangle.

-1)(1-u). Ve have
n-1

) 2 1.
i LY for ?
i=1

€ Yien for the few values of n. W& obtain:

B .
pz ’

8 :
‘P—z‘ (l+¢)s
8 2y,
Ez— (1+2¢ +94);
B

oz (1+3¢ +3¢2+¢3).

= piz A+ (2 1),

n. It is sufficient to prove that

_ B8 n-1 , _ 8 m-1
=57 (1+¢) 1ny+m'pZ (1+¢) for all 1l <m < n.

aem . n!
binomial coefficient T -

n-1

(GED IS Cp * 1o1Chpy fOr @11 N 2 k42

FERE

Let nCk denote the

Using (9), we have:

8 n-1
Yk4n = PZ # ¢izl Ykeps Whemce

Bl

Yiken =

k+l

n-1i-1 K
(l+ [} Z Z 1-1G¢* [by our induction hypothesisl
i=1 k=0

n-2{n-1 1-1%)¢ [upon interchanging

g e 111

o
[

n-2
_ B k+1
=z G.+ kZO n-1Cke1® [by (11)]

8 n-1

¥, = number of salesmen = EBZ_ (1 +¢)n_K_l for n > K.

k=olizk+1 summationsl

- B k : . .
= oz kzo n_le¢ [by changing the index and since n—lco
-8 ( n-1, ’
=z 1+¢) 3 which completes the proof
To find s, we use (3) and (10) to obtain:
(12) Sk ° B(1+$)" L for n 2 1.
To find xp, we use (4¥) and (12) to obtain:
lz( n-K niK—l i
X_ = s. + s, . =X, + B (1+¢)
= T =
K+l n-K
= sq g 1 + B f1#p) Sl from (A*)
a-1 ¢
A
s K+l
=9 | K+l n-K . g _¢ Sgo
a1 e (L+¢) -1 fornszmce”‘- T
The solution to (B) is summarized by:
Theorem: - = (1-m)aftE i =
Iheorem: |et a = ryZ, B = (l-ula s, and if. = (a=1)(1-p).
Then the solution to problen ryah-lgg v
———— for
P
n g K;

:l]



als, for n < K;
sp = number of sales = n-K-1

B(1l+¢) for n > K
Oln+l_l

s
o a-1

for n £ K;

X, = number of people in the plan =

Application and Historical Notes

Problem (A) is the mathematical prototype of the problem posed
by the Plaintiff's lawyer. However, the author felt that it would
be difficult to prove fraud with this because there was not enough
time allowed for training of salesmen, allowing backlog, transmittal
of information, duplicate referrals, and other administrative problems.
Problem (B) was posed by the author to allow for this.

A strong mathematical case is made by setting
p = 27 (this assumes a salesman works everyday except Sunday but
is only able to see one prospective client)

K =0, p = 1/2 (this assumes an immediate backlog, after the first
day, of 1/2 of all prospective clients unable to be seen each month).

y = 1/2, Z = 1/3 (this assumes that only 1/6 of the people who saw
the presentation joined the program).

r = 15 (this assumes that an average of only 15 names was submitted
by each new member of the plan).

sg = 1 (only 1 member in the plan when the company began).

Under these very weak assumptions, the company would need 5,397,000
salesmen after only 24 months. For completeness, other values of the

parameters are illustrated below.

Inall cases p = 27, K = 0, S = 67.5, and n = 24,

For u = 1/2, r = 30, y 1/2, 2 = 1/3; yzu = 1,764,983,987,500;
W=1/3,r =60,y =1/3,2=1/4; ¥y, ° 2,353,437,500,000.
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LENS SPACES AS COSET SPACES

Robert L. Devaney
College of the Holy Cross

1, Introduction. A topological group is simultaneously a topological
space and an abstract group whose group operations (the identity map,
inverse map, etec.) are continuous on the space. Some well-known examples

of topological groups are R® under addition and St under complex multi-

plication. It is easy to verify that 53, the unit sphere in R4, is
also a topological group when the group operation is defined to be

quaternion multiplication. The group structure on 3 can alternatively
be described by complex coordinates:
3
§° = ((zl,z2) i z; € C, Izl|2 + |z2|2 = 1)

Then the multiplication in 83 becomes

(21‘22)(23’zu) = (zlz3 T 2%, 2.3, + 2223)

where (zl,zz) and (za,zu) are arbitrary points of s® and where ;i
denotes the complex conjugate of z.. W will refer to this particular

group later.

Let X be a topological group and let A be any subgroup of X.
Let X/A denote the set of all left (or right) cosets. X/A becomes
a topological space when the quotient topology is induced on it, and

XIA IS then called a coset space. Note that X/A is a topological group
iff A is a normal subgroup of X.

A broad brancn of topological group theory deals with the action
of a group on a topological space. A group G "acts" on a space X if
each element of the group is a homomorphism of X. [|f x ¢ X, we say
the homomorphism g ¢ G has a fixed point at x if g{x) = X. G acts
freely on X if each g ¢ G (g # identity map) has no fixed points.

For any x ¢ X, one defines the orbit of x as the set:
G, = {g(x) | all g € G}

These orbits decompose X into equivalence classes, the equivalence
relation being x~y iff there exists a g ¢ G such that g(x) =y. The
topological quotient space obtained under this relation is denoted

XG and is called an orbit space of X.
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If X is a topological group and a € X, the mep L: X = X given be given by ¢(g) = g(1) for each g € G. Clearly, ¢ maps
by L_(x) = ax for each x ¢ X is easily shown to be a homomorphism G onto G,. Let g,, g, € G, andsupposegl(x) =ax, g,(x) =bx
of X for each a. Such a mep is called a |left translation of X. Let for somea, be X and all x ¢ X. W have
X/A be a right coset space. Associate with each a € A the left trans-
megp L X + X. It isclear that the set G of all such maps forms a #(g,8,) = (gy8,) (1) = g, (b) = ab = ¢(g,) ¢(g,)
groupathat is isomorphic to A. And since each element of G is a homo-
morphism of X, it follows that G acts on X. For any x € X, the orbit 6 : .
contains the same elements as the coset Ax. In this manner, it is x hence.cb 'S a homomorphism. I &) # &5, then .a # band
clear that every right (or left) coset space of X is also an orbit s0 ¢ is1-1. Hence we have G = G,. Thus, G; is a subgroup of
space of X. X
2. Lens Spaces. A Lens Space is an orbit space obtained by a certain Now, for any g, ¢ G, we have
action of a finite group on 83. Let Z_ be the group of integers under *
. . P . . ) g.(x) = a.x = (g.(1))x
addition modulo p. For any choice of relatively prime integers p and 1 1 1
. . 3 .
a (p > @), consider the action of 2 on S” given by for any x € X and some a; € 6,. Hence 6, = G x for all
. e 1 X
gl(z1,z2) = (wiz1? w1q22) X, where Glx is a coset. W induce the same quotient
. topolo on X, and X/G, and thus, X, = X/G_.
where (zl,zz) € ss, ice Zp, and w = pth primitive root of unity. pology G / 1 G 1
For each choice of p and g, we call the orbit space resulting from Our ultimate goal is to prove Theorem 1 in the opposite direction.
this action L(p,q), a Lens Space of type (p,q). To do this, we need the following lemma
Note that the set Lemma Let Y be any Hausdorff Topological space. If f, g: Y + Y
1 { are continuous, then the set of coincidences of f and
P: {(w,0) | (w,0) ¢ 33, w o= pth root of 11 is closed. &
- 3 ) 3
is a subgroup of S°. Consider the |eft coset space S°/P. Clearly, Proof: LetC={y eV | £(y) = g(y)}, and let C' be the complement
any left coset (z,,2z,) P contains exactly the elements of the orbit — of CinVY. Let x € C. Let A be an open neighborhood of
of (z,,z,) in L(p,p-1) since £(x) and B an open neighborhoid of g(x). Choose A and B
T i i I i - such that An B = ¢. Then £71(a) and g X(B) are open
(z,.2))08,0) = (wlz), wlz,) = (whz), WPlz)) _ AB=e N Rl P
172 neighborhoods of x. Hence £ "(A)N g 1(B) is open and
. _— . non-empty. However,
Where;{ is the complex conjugate of w'. In a similar fashion, we Pty
-1 -1
can show that the right coset space Spis L(p,1). cn (£ (Ang (B) =49
. . . . . Hence C' is an open set. Thus C is closed.
These considerations lead to some interesting questions. Can
each L(p,q) be obtained as a coset space of s as well as an orbit Nw we are in a position to prove:
space? More generally, when is an orbit space of a topological group
also a coset space? The following theorems provide an answer to these Thearem 2 Let G be a finite group acting freely on a connected
questions. Hausdorff topological group X. If X = X/M (theright coset
. . space) for some subgroup M of X, the G acts by left translation.
Theorem 1: Let X be a topological group and et G be any group acting Furthermore, M = G, .
-- freely on X to form the orbit space Xg. If eachg e G 1
- acts by left ight) t lati then X, = . . .
y left (or right) translation, then G X/Gl’ where Proof: Choose any x ¢ X. The orbit G contains exactly the elements

G, isthe orbit of the identity (=1) of X. of the coset Mx Fix g ¢ G. Clearly, g(x) = m x for some

m e M Ve must show that g(y) = my for all y € X.

Proof: Ve first show that Glis a subgroup of X. Let ¢: G =+ X
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Remark:

Consider the set
sg,mx ={yex | gly)= m.y)
Let Mo X + X denote the translation mg given by Mx(y) :my

for all y € X. By the above lemma, the set of coincidences
of g and M isclosed. Clearly, this set is exactly §

g.m
X
If Sg n 7 X, then there isa z ¢ X such that g(z) # m z.
*
X
But since G = Mz there must exist anm ¢ M, mz # mx,

such that g(z) = m z, Let S = {yecX | gly)=my}
ﬁsmz z
Clearly, this set is also closed.

In such a fashion, we can decompose X into a finite
number of closed sets of the form Sg o One for eachm ¢ M.

A ]
W have

rntéMsg,m= X

since g is a homomorphism. Furthermore,

Sg m n Sg m = ¢
* y : yl
for all m and my, inM, mY # my,, since, if this were not
true, we would have

g(x) = mYX = my,x
an obvious impossibility.

Thus, we have X covered by a finite number of disjoint
closed sets. But since X is connected, this is impossible.

Hence, Sz - = X for somem € M. Therefore, g is a translation

map. In thé same manner, we can show that all of G acts
by left translation. Then, invoking Theorem 1, we have
XM = XG = X/lehich forces M = Gl'

This same theorem holds true if we assume that X/IM is a
left coset space. Then, however, G acts by right translation
and we must modify the proof accordingly.

3, Application to Lens Spaces. W can now use these theorems
to answer the question of whether or not L(p,q) isS a coset space of

Lamma:

:SB when g # 1, p-1. Ve first prove:

Let Z_act on S° to form L(p,q) in the usual manner.
When q # 1, p-1, ZP does not act by translation.

Proof:

(1
(2)

(3)

(4)

(s)

(6)

Assume g £ ZP acts by left translation. Then there is
an (x,y) ¢ 33 such that
= = Gt iq
g(zg.2)) = (x,y) (zg52,) = (Wzg, W 2))

for any (zo,zl) € 53. Solving the coordinate equations

simultaneously for x and y, we have:

i 2 iq
x = wzg|® o+ w ]zll

y = zozl(wlq - wh)

Let (z2,z3) € Sa. V¢ must have:
(x,y)(zz,za) = (wlzz, wlqza)
Substituting (1) and (2) for x and y, we find:

wiz2 = (wi|z0|2 t wﬁllzl| )z, - "z—azozl(v,:iq - wi)

iq_ . i 2 2q o= iq _ i
wizg = (w |zo| tw |zl| dzg = 2,77 (W W)
Reducing (3) and (%), we have

iq . 1 . 1q _ 1
(w w )2223 = (w W )zozl
Sinceq # 1, 9 - is non-zero, and (5) yields

2223 = zozl

Now, (zo’zl) and (z2,za) are arbitrary points of Sa, and

. . 3 L
therefore, (6) must be an identity on 8. This is clearly
impossible, and we have a contradiction. Thus we see that

. 3
Z does not act by left translation on S.

The proof that ZP does not act on 83 by right translation

depends on the fact that q # p-1, and is entirely similar
to the argument above.

Invoking Theorems 1 and 2, it follows that L(p,q) iS not a coset

space of 83 when q # 1, p-1.

11
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A GENERALIZATION CF SUBNET WITH SOIME RESULTING IMAROVEVIENTS
I N MOORESVIIMTH CONVERGENCE THECRY

George Benkart and Douglas W. Townsend
Ohio State University

Section 1. Introduction.

This paper is intended to improve the theory of Moore-Smith
Convergence by generalizing the definition of subnet. V¢ begin by
examining some short-comings of the present Moore-Smith theory of con-
vergence. Given a net S, it is possible to construct in a natural way

a filter dependent on S. Fom this filter a second net T mey be constructed.

While S may be shown to be a subnet of T, T in general is not a subnet
of §, even though S and T generate the same filter (See example 3).
Also, given nets S and T defined on the same directed set, T may equal
S on all but one element of the directed set and still not be a subnet
of S (See example 1). These limitations in the theory illustrate the
need for a new definition of subnet.

The new definition will generalize the classical definition of
subnet. It will have the advantage of preserving the classical theorems,
while eliminating the above disadvantages. It will also yield the

following powerful result:

Given nets Sand T, and filters ¢. and ¢.1. constructed from them,

S
¢, ¢ implies T is a subnet of S under the new definition. In addition,
thisresult will provide an easy method for finding a common supernet for
nets Sand T.

Section 2. Definition and generalization of subnet,

Throughout the remainder of the paper, unless otherwise specified,
let us assume that S is a net from the directed set [p, 4 into the
topological space X, and T is a net from directed set [, <d into
X. First, before presenting a generalization of subnet, we review the
classical definition of subnet.

DEFINITION 1: T is a subnet of Sif and only if there is a function
N mapping E into D such that
. i) for each n e D there existsp ¢ E

such that p << q implies n < N(q) and
ii) T =Se° N.

FAVWRK I: Notice condition (ii) requires that TIE ¢ s .
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Consider now the following generalization of subnet which we will
call an a-subnet.

DEFINITION 22 T is an a-subnet of Sif and only if given Ny € D

there exists N mapping E into D and there exists p ¢ E such that p << q
implies n < N(g) and S* N(q) = T(q).

It follows from this definition that a subnet is an a-subnet. The
converse, however, is not necessarily true.

EXAMRE 1: Let R be the set of real numbers with the usual topology,
and let Z be the set of natural numbers directed by the relation g, .
Define s(n) = n forall ne Z and T(1) = 1, T(n) = n for all ne 2
such that n > 1, T iS not a subnet of S, but T is an a-subnet of S.

PROOE Asume T iS a subnet of S. Then T[Z < szl (by remark 1)

and thus {w, 1} € {=} which is a contradiction. Therefore T is not

a subnet of S. To show T is an a-subnet of S, let n, ¢ Z, and define

N mapping z into Z by N(n) = n. Nw let p = L 2. If p 2 g then

N(Q) : 92p>n., Also, S(N(q)) = S(q) = n. However since q 2 ng +2>1,

T(q) = 7. Then (Se N)(q) = T(g). Hence T is an a-subnet of S.

Section 3. Classical Theorem Preserved.

The subsequent classical theorems remain valid when "subnet" is
replaced by "a-subnet".

THEOREM |: If T is an a-subnet of Sand S is eventually in
A e X, then T is eventually in A.

PROOF S is eventually in A implies there exists n, ¢ D such

that for all m ¢ D satisfying ny <m, S(m) ¢ A. Since T is an a-subnet
of s, for n, there exists an N mapping E into D and a p ¢ E such that
p << q implies ng < N(q) and (S © N)(q) = T(q). But n, < N(q) implies
S(N(q)) € A and thus T(q) ¢ A, Therefore, for all g ¢ E such that

p << q, T(q) € A. Hence T is eventually in A,

THEREM 20 If T is an a-subnet of S and S converges to x, then
T converges to X.

PROOFE This follows directly from Theorem 1 and the definition
of convergence.

THERAM 3: X is a cluster point of Sif and only if there exists
an a-subnet T of S such that T converges to x.

PROOF: The sufficient condition will be a corollary to Theorem 1,
while the necessary condition will be obtained by observing that there
exists a subnet of S converging to x, hence an a-subnet.
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Section 4: Nav Results.

In addition to these theorems, using the definition of a-subnet,
one can prove several results which are not valid for subnets. To
prove these results we introduce the concepts of filters constructed
from nets and of nets formed from filters:

Given a net S, ¢S : {Fe X | S is eventually in F} can be shown

to be afilter.

Given a filter 9, a net So mey be constructed in this way:
Define Do = {(F,x) | Fe ¢, x ¢ F} and a relation <, by (F,x) < (G,y)
if and only if F2 G. D9 is a directed set. Define S¢ mapping D9
into X, by SO(F’X) = X. Clearly, 59 is a net.

In the same manner a net SB can be constructed from a base B

of a filter. With these preliminary results we nov have the tools
to prove:

THECREM 4: 9SE 9T

FROOF Let ne D, and e ¢ E To define N mapping E into D,
let us distinguish two cases:

Case 1) |If there existsanm ¢ D, n <m, such that

$(m) = T(e) then N(e) = m. (any choice will do.)
Case 2) |If not, define N(e) = n.
Nw let us defineD = {meD | n<m}land F = Sﬁ)n].

implies T is an a-subnet of S.

It follows that F ¢ OS’ and since ¢Sé‘= 9, F ¢ °T' Hence T is
eventually in F_ Therefore there exists p € E such that p << g implies

T(q) ¢ Fn. But since F = S[D_], T(q) = S(mo) for some my € D, n<m

o
Thus, case 1 applies and N(q) = m where n < m, and S(N(q)} = S(m) = T(q).

Hence T is an a-subnet of S.

Using Theorem 1, one can verify that the converse of Theorem 4
is also true.

EXAMRE 2: Let us assume the same hypothesis as in example 1.
Then 9 = (F€ X | SiseventuallyinF} = {F2 X | m e F}. Clearly
if Fe °S then F ¢ o since for all n> 1, T(n) = 7 ¢ F. Therefore

— °T' But, as shown in Example 1, T is not a subnet of S. However

T'is an a-subnet of S. Before proving a number of corollaries to
Theorem 4, let us generalize the notion of equivalence of nets.

- DEFINITION 31 S and T are a-equivalent if and only if S and
“ T are a-subnets of each other.

QCROLLARY 1: If ¢, =

s °T’ then S and T are a-equivalent.

15

FROOE This is immediate from Theorem 4.

QOROULARY 2: If the net Syields the filter Os which in turn

R = T, then Sand T are a-equivalent.
S

yields the net §
FROCE  One can verify that @S = @T, the filter constructed from
the net T. Thus from Corollary 1, S and T are a-equivalent.
EXAMAE 3: This example will show that the above corollary is
not true for subnets. Let S be the net mapping [Z, 5;_[ into R defined

by s(n) = 172" and assume S\y = T is a subnet of S. Thus T[D\yS] [ S[Z__l .
But S is eventually in E), 2] = F. Hence Fe ‘Ps and the pair (F, 2) € D?3S,.

T(F, 2) = 2 which implies 2 ¢ szl or 2¢ {1/2" | n=o0, 2,2, ...}
which Is a contradiction. Therefore T is not a subnet of S.

QOROULARY 3: If B and C are bases for the filter 9, then SB =S

and SC = T are a-equivalent.

PROOFE It can be proved that s yields the filter °S which equals
9. Also the filter o constructed from the net T equals 9. Therefore
°s . °T’ and by Corollary 1, S and T are a-equivalent.

QOROLARY 4: |If Sand T are nets mapping the same directed set,

D, 4 into X, and if there exists p ¢ D such that for all q ¢ D where
p < q, 8(q) = T(q), then Sand T are a-equivalent.

QOROLARY 5: Given nets Sand T into the same topological space
X, there exists a net R into X such that S and T are a-subnets of R.

PROOE  Let 9 = osnoT. 9isafilter; thus a net R can be
constructed from it. One can demonstrate that the filter @R, formed
from the net R, equals 9. Therefore 2, & ®g and 9, 9, implying
that S and T are a-subnets of R.

Reference

J, L. Kelley, General Topology, Van Nostrand, Princeton, 1955
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A NECESSARY AND SUFFICIENT CONDITION
FOR CONVERCENCE CF INFINITE SERIES

T. L. Leavitt

A classical necessary condition for the convergence of an infinite
series
a

lk

It e~ 8

n

(namely, a, + 0 as n »~ ») fails to show the divergence of the harmonic
series

k=1

When examining generalized convergence for infinite series, we usually
encounter Cesdro summability (See [1], [2], and [3]) as prime alternative
If one looks closely at the difference between ordinary and Cesdro con-
vergence, a necessary and sufficient condition for ordinary convergence

is found, yielding in particular, a stronger necessary condition for
convergence (one showing that the harmonic series diverges).

W make the following conventions.

n

Sp= 1w
=
1 w = AESS, ~A;
k=1
. on St Sy ¥ e S
An = 2 z Sk = 3
k=1 n
I u = A(C-1)& A+ A.
k=1 k n

The symbol  § u, = A(C-1) is read: ) u) IS Cesdro summable to A
= k=1 -

V¢ note also that A, is the average of the first n partial sums.
The main theorem follows.

SR o n kuk
“THEOREM 1. )] u = A& A +A and | — >0 as n + .
- Tk n “, n
k=1 k=1
n kuk
PROOF. The proof that S+ A =» A_ - A and z —= + 0 is given
- n n n
in three parts: k=1

1. S_+>0=>A_ =~ 0;
n n

2 Sn*A=)An+A;

ku

jt K
3. s, »A»] — o,
k=1

A proof of (1) and (2) may be seen in [3] page 311 but we provide one

here for completeness. (1) Let € > 0 and choose N(e) = N so that
nx N implies [s | < €. For such n,

-1
|An| = = |sl+52+ +sn|
1
= [(|sl| + oo 4 |SN|) + (|SN+1|+---+|Sn|)]

< PN,
n

where M is chosen to satisfy |Sj| < M for all §. Taking limits as

n-«wefind A > 0 as predicted. (2) Suppose S, > A and define
- A - 1

-A,anduk—ukfork>1. Then if Sx;-k ukand

n -
):_ s'! S =5, - Aand Ar'l = A, - A whereby

Sp > 0 => Al > 03

(By (1) above).

Alternatively, Ay, > A.
5n i > 5 - A 0
(3) If sy + A, F—»O. Since, by (2),An A. Sn+-n— n~ 0.
quick check shows that
2 n ku
Sp * ?n - Ay I Tk
k=1
n  ku
Thus z £ o g,
n
k=1
n ku

For the converse, suppose A + A and —x

k=1

+ 0., Clearly,

A =
A_p > A whereby (A, - A ,) > 0asn=~«=. However, An - "n-1
S A _ A S
o el gice 22 -0, 2 0aswell. The identity
n n n
n ku S
S = A + z _k _Tn
n n = n n

A
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shows that
Sy~ A.
n ku
The condition Z —n—k + 0 becomes necessary for convergence
k=1 . )
EXAMPLE 1. If we let uy = 1/k, Z -EK = 0. Therefore, Z 1/k

k=1

ku
diverges. Actually, the condition Z_ —5 + 0 implies a; ~ 0 so that

our necessary condition is stronger than the classic one.

=1 kuk
THEOREM 2. § —% =0 =ju_~ 0.
n n
k=1
n  ku n-1 ku n-1 ku
PROOF: If § —X >0 then | —Xs0 and ; | -0
k=1 i k=1 0= k=1
Therefore, u, + 0 since
) n k K n-1 kuk 1 nil kuk
el = - la il e
k=1 k=1 k=1
EXAMRE 2. Z (—l)k"'l diverges even though it is Cesdro summable
k=1
(sn =1if nis odd, 8y =0 if nis even while A + 1/21. Ore can draw,
i i , k(- 1)k+l
if he wishes, the conclusion that Z —— -5 0. In fact,
k=

n k(_l)ki»l

——>—~— does not converge at all. This example, coupled with
k=1 n

Theorem 1, shows that Cesdro summability is strictly more general than
ordinary convergence.

+

|MB

N =

EXAMRE 3. Conventional means tell us that Z u =
k=1

=2 Q<

converges. The sum is not easily found, however. |f one examines Ay, in

an inductive fashion, he finds that A, = 1/20 and therefore A, + 0. There-

fore we may conclude that Z k—'—]:* = - Ji‘ .
An interesting question reflecting the promise of much "crank-type"
work is: |Is there a condition simpler than A, + A that, when coupled
0 ku

“ with the necessary condition Z - 7 0, affords a necessary and suf-

n ku
ficient condition for convergence? (It is easy to show that Z Tk +0

is not sufficient.) k=1
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UNDERCRADUATE RESFARCH FROPOSAL

Proposed by Jack Hardy
University of Oklahoma

Calculus

In elementary calculus there are many equalities involving
integrals and derivatives which are true under quite general conditions.
In some of these cases it is possibleto replace an integral ( )

with a sum ( Z ) and a derivative (d/dx) with a difference (A), and
the new equality will also be true.
For example let m and n be integers, m < n, and £(i) be a real

number for i =my, m+ 1, ..., n. Define a function Af as follows:
Af(m) = 0, and AF(1) = £(1) - £(i = 1) for i = m+ 1, suua n. Then

n
I 8£(3) = £(n) - £(m),
i=m

which is analogous to the well-known equality

f df(x) dx = f(n) - £(m).

Project
Investigate the equalities which result from interchanging the
symbols f, d/dx, and the symbols z, A in some formulas of calculus

and infinite series. Isthere an analogue to Taylor's Formula?
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APPROXI NATI ON OF AREAS UNDER ARVES,

Kenneth A Leone
M chigan State University

A sinpl e approach to the approxi mati on of areas under curves in
the Cartesian plane is the trapeziodal rule, which approximates the

curve by a straight line. If Ax = x' - X, J: f(x)dx =
1/2ax(£x) +f(x + A).

Anot her appr oxi mati on, whi ch can be found in nany el enentary
calculus tests is Snpson's Rul e, which seeks to approxi nate the curve
by a section of a parabola, or section of a 2nd degree pol ynoni al curve.

Taking A = 1/2(x' - x), Jx'f(x)dx = 1/30x(E(x) F4F (x + A) + 1 (x +28x)).
X

Wat is interesting about these formulas is that they are derived
by integrating the uni que pol ynom al of degree n which passes through
n+l given points without actually finding the polynomal. Gven nt+l
points, arule can be found by setting up n+l equations and sol vi ng.

Approxi nation by third degree polynonmial. VW are not concerned with
the actual polynonial, but onlyabout values of the function at regularly
spaced intervals, so we shall shift our fitted pol ynonmial to a convenient
pl ace near the origin and carry out cal cul ations there.

Fg 1

—Ax 0 Ax 24%

Let p, = ax® + bx% + ox + d. Then(See Fig. 1 above)

3
28x 4 .3 2 2%
J B w8 o BE o B, e
ax X 4 3 2 —Ax
4 2
o B’ + delx) 34
- 3 Ax(lOa(Ax)3 + 8b(ax) + 4etx + 8d). (B 1)
T NowP{-A) = f(-A) = —aan)® tben)? - cox + d;

P,(0) = £(0) =d;
P,(8x) = £(x) = a(ax)° + b(ax)2 + cax + d;
P3(2Ax) = f (28x) = Sa(Ax)3 + 4 A) 2+ 2cax t d.
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V¢ want to find the coefficients A, B, C, and D such that
AC-a(ax)®) + cla(ax)®) + p(8a(ax)3) = 10a(ax)’;
A((8x)2) + C(b(ax)?) + D(ub(8x)?) = 8b(Ax)?;
A(-cbx) + C(cax) + D(2cix) = lbebdx;

Ad + Db + Cd + Dd = 8&d.

In matrix form we want to sol ve the systemof equations:

1 0 1 8\ /A 10
1 01 us|{B}_|s8
-1 0 01 2flef Tt
111 1/\p 8

Thi s system has the uni que solution A=1, B=3, ¢=3, D=1. This
means that Py(-ax) * 3P3(0) + 3P3(ax) + P3(28x) =

10a(ax)® + 8b(ax)? + ucax + 8d. (Eq. II)

Substituting this expression into equation (1), we get

28x
J-Ax Pa(x)dx : gAx(Ps(-Ax) + 3P,(0) + 8P (8x) + P (28x)). Thi s expres-

sion i s exact for P a polynom al of degree 3 or less. |f we now nake
the approximation that Py(x) £ f(x) inthe interval (x, x'), and

s (x!' - -?-/3 and substitute the exact expressions P3(-sx) = £(x),
P3(0) = f(x Py(ax) = £(x + 24x), Pz(2ax) = £(x 1 38x) = £(x'),

ve have Jx F(x)dx  SAX(E(x) + 3E(x + A) + 3FGx t 28x) + £(x").

Approxi mati on by nth degree _olynomial. V¢ now present the general
solution, as far as stating the general system of equations and show ng
that the sol utionis unique.

Let P (x) = a5 + ajx + a2x2 +ooee 4 ap

1
Ax
nAx 5 2 3 n+l n
Jo Pn(x)dx TaxX +ax /2t a,x /3t tax /n+l o
n? 2 n3 n_ n+1
: bx(ant ale2 t az(Ax) 3 t ctoay (ax)" )T (III)
Now, P, (0) =

P(A) =a t aA&+a,(a0’t oot a (0™

P (28x) = a t alQAx + a222(Ax)2 + o0t an2n(Ax)n;

P (nax) = a_ + a nax + a2n2(Ax)2 LREREE annn(Ax)n

V¢ now want to find n+l coefficients such that
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1gi<j<n

b P(0) + b,P(Ax) + b P(24x) + *** + b _P(nAx) =
o 1 2 n
n? 2 nd n nnﬂ'
an +abx; + a(ax)” 5+ o+ oa (AX)T == (See Eq. III.)
Substituting for P_(0), P (8x), ** P (n&x), and rearranging the

equation into n+l equations in powers of Ax(or coefficients ai), we
have:

boa0 t blao t b2a0 ERRREE bnao =an

et Ax : a bxn2/2
bl‘alAX t b2al2Ax t b3a13Ax t bnaln X al /

3
2 2 2 3 2 4 ...+ bna2n2(ax)? = a 2(ax)%
bya,(8x)” + bya,2°(8x) + ba, 37(4x)° + (ax) 2 5

n n n n n n_n+l
blan(Ax) + b2an2 (Ax) t + bnann (ax) " = an(Ax) n  ~/n+l.

V¢ now have a systemof n+l equations in n+l unknowns, bo, b
whi ch can be sinplified to:

b+bl+ b2+ by + coc + b = n;

. 2 o.
b1+ 2b2+ 3b3+---+ nbn~n/2,

1 ..

bl+22b2+32b t +er +n2b = nd3:

n n+l
= n

5 N 3 n /n+l.
O inmitrix form
11 1 1 b, n2
0 1 3 n bl n</2
o 1 2% 32 n? \| b, | _| 0%
o 1 23 3% ... nd |inp, n* /4
o 1 2% 3" ... "/ \p, attl/nel

For the solution to be unique, we want the determnant of the |arge
coefficient matrix to be non-zero. Cbservationshows that it is a
Vander monde det er mi nant, with val ue

Ik! > 0.

na >

m (x.-xi) = (1-00(2-1)(2-0)(3-2)(3-1)(3-0) --- (n-0) = K

Therefore, this systemof equations has a unique sol ution.

Editors Note: Since a Vandernmonde matrix is ill conditioned for solv-
ing systens of equations this techniqueis not an efficient method for
conput er eval uation of integrals. It turns out that breaking up into
smal | er subsets of points and using a | ow degree pol ynom al approxi ma-
tion often gives nmore accurate results because of the errors introduced
ininverting the large matrix.

-, b

n

Summi ng up the general fornula, we have
bP(0)t bP (Ax)t b P (28x) t ---t bnPn(nax) :
on ln 2'n

n_n+l

an+ al(Ax)n2/2 + 32(Ax)2n3/3 + -+ +a (8x)'n “/ntl. Substituting into

equation III, naking the approximation £(x) = Pp(x), and letting
A = (x' - x)/n, We arrive at the general formila,
t

Jx f(x)dx = x(bof(x) + blf(x t ax) + b2f(x t 2ax)t -+ bnf(x')).

For n = 4, we have the result,

J: £(x)dx = ZE(TE(x) 326t AX) T 1260k + 28%) T 326Cx+ 38x) T 76(x")).

MATCH NG PRI ZE FUND

The Governi ng Council of Pi M Epsilon has approved an increase in
t he maxi num amount per chapter al | owed as a mat chi ng prize from $25.00
to $50.00. If your chapter presents awards for outstandi ng mat hemati cal
papers and students, you may apply to the National Oficeto match the
anount spent by your chapter--l.e., $30.00 of awards, the National Office
wi || reinburse the chapter for $15.00, etc.,--up to a maxi num of $50.00.
Chapters are urged to submt their best student papers to the Editor of
the Pi M Epsilon Journal for possible publication. These funds may al so
be used for therental of mathematical filns. Please indicatetitle,
source and cost. as well as a very brief comment as to whether you woul d
recommend this particular filmfor other Pi Mi Epsilon groups.

Hov ing?

BE SURE TO LET THE JOURNAL KNOW

Send your nare, old address with zip code and new address
with zip code to:

Pi M1 Epsil on Jour nal

1000 Asp Ave., Room 215
The Uni versity of Ckl ahoma
Nor man, Ckl ahoma 73069
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FROBLEM DERARTMENT
Edited by
Leon Bankoff, Los Angeles, California

This department welcomes problems believed to be new and, as a rule,
demanding to greater ability in problem solving than that of the average
member of the Fraternity, but occasionally we shall publish problems that
should challenge the ability of the advanced undergraduate or candidate
for the Master's Degree. Solutions should be submitted on separate, signed

sheets and mailed before March 21, 1970.

Address al | communications concerning problems to Leon Bankoff,

6360 Wilshire Boulevard, Los Angeles, California 90048.

FRCBLEVIS KR SOLUTION
-

222. Proposed by Jack Garfunkel, Forest Hills High School, Flushing, N. Y.
In an acute triangle ABC, angel bisector BT; intersects altitude AHy in
D. Angle bisector CTy intersects altitude BHy in E, and angle bisector
AT3 intersects altitude G483 in F. Prove

BH) BH, CHy *

223. Proposed by Solomon W. Golomb, University of So. Calif., Los Angeles.
In the first octant of 3-dimensional space, where x 2 0, y 20,220,
identify the region where the following "associative law" holds:

z
x(y ) . (=V)2.

224. Proposed by Charles W. Trigg, San Diego, California.

In the following cryptarithm, each letter represents a distinct digit
in the decimal scale:

8(MADAPE )=5(APEMAD).
Identify the digits.

225. Proposed by Wray G. Brady, University of Bridgeport.

Show that any proper fraction, a/b, can be written as the product of
fractions of the type n/(n+m) for fixed m.

226. Proposed by B. J. Cerimele, North—-Carolina State Univ. at Raleigh.

Derive a formula for the n-th order antiderivative of £f(x) = In x.
. 44227, Proposed by R. Sivaramkrishnan, Govt. Engineering College, Trichur,
- South India.

If t(n) denotes the number of divisors of n, and u(n) the Moebius
function, Drove that

w(n) + w20 ¢ t(n?)

with equality if and only if nis a prime.

228.

229.

230.

231.

205.

Proposed by Charles W. Trigg, San Diego, California.
In the decimal system, 1122 is a multiple of 15 + 25 and contains no
digits other than 1 and 2. Also, 3312 is a multiple of 15 4+ 25 4 35
and contains no digits other than 1, 2 and 3, and contains each of
these digits at least once. Db comparable multiples exist for
15 + 25 + 35 + 45 and 1% + 25 + 35 4 45 4+ 552
Proposed by Carl L. Main, Shoreline Community College, Seattle, Wash.
Let A; and Ay be tangent unit
circles with a common external A A,
tangent T. Define a sequence
of circles recursively as fol-
lows: 1) C; is tangent to T,
A] and Ap; 2) Cj is tangent
toCij_1, A} and Ap, for i= 2, X
&

Find the area of the regionlf C.. IS

1 T

Proposed by Murray S. Klamkin, Ford Scientific Laboratory.

Determine a single formula to represent the sequence {Ag}, n = 1, 2,
3,*++, where

Apm-l = Bn1s
Apn+2 = Bpos
. n=dy 2, 3,
Apn+p = Bnp
and where the {B.}, r =1, 2, -*-, p are p given sequences.

Proposed by David L. Silverman, Beverly Hills, California.

a) Wha is the smallest circular ring through which a regular tetra-
hedron of unit edge can be made to pass?

b) What is the radius of the smallest right circular cylinder through
which the unit-edged regular tetrahedron can pass?

Solvers are invited to generalize to the other Platonic solids.

SOLUTIONS

(Fall 1968) Proposed by C. S. Venkataraman, Trichur, So. India.

ABC and RR are two equilateral triangles with a common circumcenter
but different circumcircles. RXR and ABC are in opposite senses.
Prove that AP, BQ, CR are concurrent.

Solution | by C. W. Dodge, University of Maine.

Introduce complex coordinates so that one triangle has vertices
1, A and A2, and the other has vertices 6, 83, and 6A<, where A
= (-1+ iv/3)/2. Observe that A3 = 1, % = A2, and A"2 = 4,

where Z denotes the complex conjugate of z.

25
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206.

Obtain the formulas

z z 1 e, fl g,
a 1= 0 and |e2 f2 -9 = 0
b 1 eg f3 -

from Eves' A Survey of Geometry, vol. 2, pp. 180 and 186, the first
being an equation for the Tine through the complex points a and b,
and the second being a necessary and sufficient condition for the
three lines having equations ez t £,z + g =0, (k=1, 2 3)to
be concurrent.

Since the first equation above becomes
(a-b)z+(b-a)z+t (ab-ab)=o,
the three lines through the appropriate vertices a and b are:
(1 - 8\2)z + (8x - 1)z + (822 - 8)) = O through 1 and 6a;
(A2 -8)z + (B-2)F + (8 - 6A2) = O through A and 8;
(A -8zt (A2 -22)2+ (8 -8) = 0 through A2 and 822,

For these lines to be concurrent we must have

1-6e2 6r-1 8A2 - BA
A2 -8 8 - A 8r - 82| = o.
A -6 8A2 - A2 8 -8

By adding each of the last two rows to the first row, we obtain a
factor of A2 * A + 4, which = 0, in that row. The theorem follows.

Solution II by the Problem Editor.

Let BQ, (R intersect at T. Since

angles BA and QOR are equal, we have
angle BOQ = angle AOR. Hence triangles
BOQ and AR are congruent, and B) = AR
Similarly, BQ = AR = (P and B°? = (R = AQ.
Hence triangles ABQ, BCP, R are con-
gruent. Fom the equalities

< MBI _ BT-sinABT _ BT-sinBCP _ BT.BP _ < BIP
< AIC CT+sinTCA CT.sinPBC CT-PC < TRC

it follows that A, T, P are collinear (since
AT and TP cut BC in the same point).

Also solved by Jack Garfunkel, Forest Hills High School, Flushing,
N. Y., Murray 8. Klamkin, Ford Scientific Laboratory; V. V. Rao
(South India); Phillip Singer, Michigan State University; Gregory
Woulczyn, Bucknell University; and the proposer.

(Fall 1968) Proposed by Charles W. Trigg, San Diego, California.

Identify the pair of consecutive three-digit numbers each of which
is equal to the sum of the cubes of its digits.

207.

208.
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Solution by C. L. Sabharwal, St. Louis University.

Let a, b, c and a, b, (¢ t 1) denote the digits of the consecutive
numbers. Then
a3+ b3+ (c+1)%=100a+10b+cta
a3+ b3+ c3 =100at 10b + c.

Subtracting, we obtain 3c(c * 1) = 0, the only valid solgtion of 2
which isc = 0. Then a3 + b3 = 100a + 10b, or (a t+ b)(a? - ab + b

= 10(10a t b). The unique solution of this equation isb = 7, a =

and the required numbers are 370 and 371.

)
3,

Also solved by J. Neil Aronowitz, Brooklyn, N. Y.; Jeanette Bickley,

St. Louis, Missouri; Dermott A. Breault, Cambridge, Mass.; R. C.
Gebhardt, Parsippany, N. J.; Walter J. Johnston, Redondo Beach,

Calif.; Bruce W. King, Adirondack Community College, Murray S. Klamkin,
Ford Scientific Laboratory; Howard Koenig, Brooklyn, N. Y.; Robert W.
Prielipp, Wisconsin State University; Phillip Singer, Michigan State
University; Daniel C. White, University of Santa Clara; Gregory Wulczyn,
Bucknell University; and the proposer.

Editorial Note. Breault submitted the program and output from a

FDP - 8/S computer, showing that there are four 3-digit integers equal
to the sum of the cubes of their digits. They are 153, 370, 371 and
407, a result also given by the proposer. Prielipp supplied the fol-
lowing references: 1) Solution of Problem E 1810, The American Mathe-
matical Monthly, March, 1968, p. 294. 2) P. K. Subramanian, "On
Bases and Cycles", Mathematics Magazine, May-June 1968, pp. 117-123.

(Fall 1968) Proposed by Charles W. Trigg, San Diego, California.

Find a triangular number of the form abcdef in which def = 2 abc.

Solution by the proposer.

If a triangular number n(n * 1)/2 = abcdef = abc(1002) = abc(2)(3)(167),
then either n or n + 1is a multiple of 167, and whichever is even is a
multiple of 4. Furthermore, since def = 2 abc, 100200 < abcdef < 499988,
SO 447 < n < 1000. There are only three multiples of 167 within this
range: 501, 668, and 835. Hence there are only two triangular numbers
meeting the criteria:

ASOO = 125250 and AGSB = 223446.

(We note that 4 does not divide 834 nor does 6 divide 836).

Also solved by Dermott A. Breault, Cambridge, Mass.; R. C. Gebhardt,
Parsippany, N. J.; Stephen Mueller, Oshkosh, Wis.; Dan White, Santa
Clara University; and Gregory Wulczyn, Bucknell University.

(Fall 1968) Proposed by Thomas Dodson, Hexham, England.

Where must a men stand so as to hear simultaneously the report of arifle
and the impact of the bullet on the target?

Solution by C. W. Dodge, University of Maine, Orono.

Since a hyperbola is the locus of points the difference of whose dis-
tances from two fixed points (the foci) is a constant, and since in this
case this constant is the distance sound travels in the time it takes
the bullet to reach the target, it follows that he must stand on that
branch of the hyperbola nearer to the target (but hopefully not at the
vertex).
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v Also solved by Richard Ball, Dufur, Oregon; R. C. Gebhardt, Parsippany, Solving for r, we obtain pr = 1 or r = 1/p, giving us the not too surprising
N. J.; Murray s. Klamkin, Ford Scientific Laboratory; Carl L. Main, result that we will neither win nor lose in the long run if the game is fair.
Shoreline Community College, Seattle, Washington; Stephen Mueller, By "fair odds" is meant a return of "r for 1", where pr = 1 defines r, and
Oshkosh, Wisconsin; Phillip Singer, Michigan State University; and the p is the probability of winning each play. Thus, in a coin toss, p = 1/2
proposer. and r = 2for A; in "fair" roulette, p = 1/36 and r = 36 for 1.
Editorial Note. The statement of the problem does not restrict the locus Solution II by John M. Howell, Los Angeles City College.
to the plane parallel to the ground. Consequently the locus could be any
one of the infinite number of axial sections of the more general hyper- If a gambler's wealth at the start is a, and he wagers 1/x of his wealth
boloid of revolution. at each play, then the amount of money he has after n plays, in which he

has won w times, is:
Aln,w) = all + 1/x)%(1 - 1/ Y.

If the probability of winning a point isp (and losing isq = 1 - p), the
probability of w winners in n trials is:

209. (Fall 1968) Proposed by R. C. Gebhardt, Parsippany, Newv Jersey.

At each play of a game, a gambler risks 1/x of his assets at the moment
What must be the odds so that, in the long run, he just breaks even?

Solution | by Marc Kaufman, Mountain View, Calif.

W _N-W
The problem is incomplete as stated. It is also necessary to specify Byl = (W)
the probabilities involved in the game. |f we consider a simple two- . L.
state game, with the probability of winning at each play a constant, Then the expected value of his wealth after n plays is:
p(0 g p 5 1), then the proper payoff for a wager of s is s/p, or 1/p n
for 1, the so-called "fair odds". |If the fraction of the stake bet at E )
each play is a constant x(0 ¢ x ¢ 1), and if the payoff for winning is w=0
r for A, we will solve for r as follows:

n
A(n,w)P(n,w) = ) a(ﬁ) PP+ /YN - /xR
w=0

2p - 1\"
V¢ note that i f the stake before any play is S, then the new stake a(l + —%—) s
after losing is S(1 - x), and after winning is S(1 - x) + S(xrx) =

S(1 - x t rx). So the stake remaining after a series of m bets is S which is equal toaif and only if p = 1/2. So if the expected value of

times m factors, where the factor is (1 - x) for aloss and (1 - x *+ rx) his wealth is to be equal to his initial wealth, p must be 1/2.

for a win. Since multiplication is commutative and associative, it is

clear that only the number of wins and losses is significant, not the Also solved by Murray S. Klamkin, Ford Scientific Laboratory, and the

order. proposer, who pointed out that if the gambler risks 1/2 his assets on each
play, he would need 631 wins against 369 losses at even odds in order to

For an initial stake of one unit, we can formulate the expected stake just break even.

after n bets, E as follows:

s

"' n! i n-i i n-i Editorial Comment. A related problem is considered in Martin Gardner's

E, = ) MeonT P e DA - x+r)7Q - %) article on Random Wak in the Mathematical Games Section of the Scientific
i=0 American, May 1969. It is shown that if a gambler plays continuously,

always staking 1/x of his capital in an even wager, he is certain to lose

where we are summing over all possible sequences of exactly_ n wins and if his losses and wins are equal. Whitworth (Choice and Chance, Prop.
losses. Th_e number of sequences conyaining exactly'i wins is n!/if(n-i)! LXVIII) considers the same question, with the odds not necessarily even but
and pq"~! is the probability of having exactly i wins and (n - i) losses. "fair". Other pertinent remarks on this question may be found on pages 225

and 235 of Whitworth's Choice and Chance.
This can be recognized to be a simple binomial expansion, so

Solomon W. Golomb supplied a reference to "The Theory of Gambling and

En = [p(1 - x + rx) + q(1 - x)1". Statistical Logic", by Richard A. Epstein, Academic Press, 1967, pp. 58-59.
) There it is stated that if a gambler risks a finite capital over a large
Re-arranging terms, number of plays in a game with constant single-trial probability of win-
E = + _ + n ning, losing, and tying, then any and all betting systems lead ultimately
n [p + @)1 = x) + prx] to the same value of mathematical expectation of gain per unit amount
But p+ q = 1. So wagered.
En =[1-x+ pr'x]n. Other references may be found in the above-mentioned article by Martin
Gardner.
If we are to break even in the long run, 1_i:n E, must equal A, but the only 210. (Fall 1968). Proposed by Leon Bankoff,
n-+ = =
way this can happen is for 1 - x + prx = 1. Los Angeles, California.

Three equal circles are inscribed in a
semicircle as shown in the adjoining dia-
gram. Hw is this figure related to one
of the better-known properties of the
sequence of Fibonacci numbers:
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Solution by C. W. Dodge, University of Maine.

Drav the radius CP (of length r) of the large circle to the point
P of tangency of the left-hand small circle. It passes through the
center C of that small circle. Let T be the point of contact of
circle Cwith the given diameter of large circle ). Letting the
radius of circleCbe 1, Cr = 1and O = 2. Also0OC =r - 1, so

22 412 = (p - 1)2, whence r = 1.+ V5. Thus the radius of the large

circle is to the diameter of the small circle as (1 * /3)/2, the
"golden ratio" and the Ilimiting value of the ratio fn+l/fn of two
successive Fibonacci numbers.
Also solved by the proposer.

211. (Fall 1968) Proposed by Leonard Barr, Beverly Hills, California.

It is known that the sum of the distances from the incenter | to
the vertices of a triangle ABC cannot exceed the combined distances
from the orthocenter H to the vertices. [Amer. Math. Monthly, 1960,
695; problem E 1397). Show that the reverse inequality holds for
their products, namely that AH-BH+CH s Al-BI-CI.

Solution by proposer.

From the_identity r = R sin(A/2)sin(B/2)sin(C/2) and the relation
IH2 = 2r2 - 4R? cosAcosBeosC, We get
8 Tsin?(A/2) = r?/2R? > (202 - IH2)/4R? = T cosA,

with equality when IH vanishes, i. e., when the triangle is equi-
lateral.

Since AIBI-CI = 64R° sin2(A/2)sin2(B/2)sin2(C/2) and AH-BHCH =
8R3 cosAcosBeosC, it follows that Al-BI-Cl > AH-BH-CH.

UNSOLVED FROBLEMIS SECTION

The Fall 1968 and the Spring 1969 issues of this Journal listed
unsolved problems from issues dating back to 1952. \W are pleased to
report that satisfactory solutions have been submitted for problems
37, 50, 65, 73, 83, 91, 102, 111, 128 and 166. Problems 48, 120, 136
and 144 are the only unsolved problems remaining to challenge the
ingenuity of our solvers. Indeed, the comments on problem 48, published
in the Spring 1958 issue, could very well be considered a very adequate
treatment of the problem thus reducing the unsolved list to three.

VW wish to thank all participants who cooperated in our program of
bringing all solutions up to date. Some of the solutions are given
below and the remainder will appear in the Spring 1970 issue.

SOLUTIONS

50. (Fall 1952) Proposed by Pedro Piza, San Juan, Puerto Rico.

Prove that the integer 2n + 1 is a prime if and only if, for every
(n+r
-r

value of r = 1,2,3,---[¥n/2], the binomial coefficient is
divisible by 2r + 1.

Solution by Leonard Carlitz, Duke University.
Put . (n+1f) _ n*r)

n-r 2r

65.

73.

1. Assume 2n + 1 prime. W have

(n-r)I = (204 1)(2;] * lr).

Also
(m-r,2rt1)=(-r,2rt1, 2n - 2r)

=(n-r,2r+t1,2n-2r,2nt1) =1,
so that 2r + 11 forr < n.
2. Let 2r+ 41|l fordLsr s /n/2. Asume 2n + 1 composite. Then
() 2n+ 1= pm,
where p is prime, p g /2n + 1, Put p = 2r +1. Thenr < /n/2, so
that by hypothesis p| 1. But, by (%),

_1
n-r=3m-1p

and therefore
p++r)ntr-1)-
This contradicts p | I.

< (n-rt1).

Also solved by Gregory Wulczyn, Bucknell University.

(April 1954) Proposed by Martin Schecter, Brooklyn, N. VY.

Prove that every simple polygon which is not a triangle has at least
one of its diagonals lying entirely inside it.

Solution_by Charles W. Trigg, San Diego, California.

A simple polygon has straight sides with no points in common except
their endpoints and no two vertices at a point, that is, it is neither
crossed nor compound.

If no diagonals are to be interior, each exterior angle must be < 180°.
Consider the broken line AjAp *** Ap_j for which every angle on one side
of the line is < 180°, Nw if a polygon is completed on this line by add-
ing another vertex Ap(n 2 %), then if the aforesaid angles are not to
become interior angles, the join AjAp_1 and A, must lie on opposite sides
of the broken line. But then the exterior angles at Ay, A,_), and A, are
> 180° and the joins of Ay, Az, +-+, Ap_p tO A, are interior diagonals.

(April 1954) Proposed by Victor Thébault, Tennie, Sarthe, France.

Construct three circles with given centers such that the sam of the powers
of the center of each circle with respect to the other two is the same.

Solution by C. W. Dodge, University of Maine, Orono.

Let the circles have centers A, B, Cand radii a, b, c. Let BC, CA, AB
denote the distances between these centers. Since the power of B with
respect to circle A, for example, is BA2 - a2, we have

BA2 - a2 + BC2 - 2 - AB2 - b2 + AC2? - 2 = cA? - a2 + B2 = b2,
so AB2 - ¢2 = Bc2 - a2 = cA? - b2,
Choose a convenient value for one of the radii, say c. By right tri-
angles, then a and b are readily constructed. Thus the first circleis

completely arbitrary so long as its radius is large enough to make AB2 - c?
less than BC2 and |ess than CA2,
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Book Revi ews
Edited by
Roy B Deal, klahoma University Medical Center

A Survey of Finite Mathenatics By Marvin Marcus, Houghton, Mifflin

Conpany, Boston, Mass., 1969, ix + 485 pp., $9.50.

An excel l ent el ementary introduction to a variety of currently popu-
lar topics in the social and biol ogical sciences, such as; stocastic
processes, conbinatorics, |inear programm ng, gane theory and Markov
chains with the necessary background naterial and el enentary mat he-
matics, probability theory, and |inear al gebra.

Theory and Exanpl es of Point-Set Topol ogy By John G eever, Brooks/Cole
Publishing ., Belnont, California, 1968, x + 130 pp.

Provides at an elenentary | evel nost of the topol ogy necessary for a
t hor ough under st andi ng of anal ysi s fromel enentary cal cul us through
real variable theory.

Topol ogi cal Spaces By O aude Berge, The Macnillan Conpany, New York,
N Y., 1963, xiii * 270 pp.

This is seemingly not well known that this fine book has been trans-
lated and that it contains, in addition to the introductory material
on topol ogi cal spaces, an excel l ent introduction to convexity and
topol ogi cal vector spaces.

How to Use G oups By J. W Leech and D. J. Newman, Barnes and Nobl e,
Inc., NewYork, N Y., 1969, 133 pp., $5.25. A so available in paper
at $3.50.

This facinating little book provides, by many exanpl es, a wide variety
of applications of group theory and physics. A reader with sone

know edge of nodern physics and very little or no know edge of group
theory will enhance both considerably by working through it.

Theory of Finite Goups By Rchard Brauer and Chi h-Han Sah, W A.

Benjamn, Inc., NewYork, N Y, 1969, xiii + 263 pp., $12.50.

An edited vol ume of research papers froma synposi umon finite groups,
of primary interest to research mathenaticians and advanced graduate
students working in group theory.

R ngs and Modul es By Paul 0 Ribenbein; John Wley and Sons, Inc., New

York, N Y, 1969, vii *+ 162 pp., $12.95.

A nodern wel | - organi zed presentation of some of the inportant founda-
tional topics fromthe theory of rings and nodul es.

Introduction to the Theory of Categories and Functors By |. Bucur and

A Deleanu, John Wley and Sons, Inc., NewYork, N Y., 1969, x + 224
pp., $13.50.

Now that category theory is a full-fledged subject inits own right,
it isfitting to have an introductory book on just this subject. It
seens that the authors have al so acconplished their dual purpose of

providing that infornationon the subject which "every nmathenmati ci an

shoul d know. "

10.

11

12.

13.

14.

15.

Al gebra By Saunders MaclLane and Garrett Birkhoff, The Macm |l an (.,
New York, N Y., 1968, xix + 598 pp.

Apparently the transposition of authors fromthe order in their classic
text is designed to "tell us sonething ; as the conprehensive revisions
and additions reflect the outstanding contributions of Saunders MacLane
in the pioneering work, and growth to nmaturity, of category theory, as
wel | as his concontant interests in modul es and tensor products as
these subj ects have evol ved to becom ng foundational in the structures
of Al gebra.

Al gebrai c K-Theory By Hyman Bass, W A Benjamn, Inc., NewYork, NY.,
1968, xix + 762 pp. $12.50. Also availablein paper at $5.95.

A conpr ehensi ve tone, basically "noduloa first year al gebra course,”
of this subject which |ike category theory grewup in al gebraic topo-
logy and is now a subject in pure algebraw th its devel opnent bei ng
of nmuch interest to honot opists.

Tensor_Analysis on Manifolds By Rchard L. Bishop and Sanuel I.
CGol dberg, The MacmilTan Co., New York, N Y., 1968, viii + 280 pp.

A conpl etely nodern clearly exposited introduction to tensor anal ysis
wi th some applications and the necessary background material to allow
advanced cal cul us as a sufficient prerequisite.

Foundations of Differential Geonetry, Volune 2 By S Kobayashi and
K Nomizu, John Wley and Sons. Inc., New York, N Y, 1969 xv * 470
pp., $17.50.

Thi's book, along with volune 1, provides a rigorous conprehensive
survey of the fundanental definitions and theorens of differential
geonetry.

Introductory Conputer Methods and Nunerical Analysis By Ral ph H.
Penni ngton, The Macm [Tan Conpany, New York, N Y., 1968, xi + 482 pp.

The enphasis i s on the use of high speed conputers, providing instruc-
tion in machi ne | anguage programi ng, FORTRAN, and flowcharting, in
the straight forward probl ens of nurerical analysis.

An Introductionto the Approxi mation of Functions By Theodore J.
Rivlin, Bl aisdell Publishing Conpany, WAl tham Massachusetts, 1969,
viii +150 pp., $7.50.

Advanced cal culus is a prerequisite but the book has been kept at the
sane |l evel and rigor with the enphasis on theorens which are useful in
practical conputational methods.

Conput ati onal Sol ution of Nonlinear Qperator Equations By Louis B

Ball, John Wley and Sons, Inc., New York, N Y, 1969, viii * 224 pp.
$14.95.

At a level just beyond real and conpl ex variabl es this book presents
a wel |l -witten di scussionon the concepts and techniques for sol ving
sone of the large variety of non-linear equations on finite and in-
finite dimentional vector spaces whi ch occur in nodern applied nathe-
matics.

Henry B Mann, Editor, John Wley and Sons,

Error Correcting Codes By
Inc., NewYork, N Y, 1968, ix + 231 pp., $7.95.
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16.

17.

18.

19.

20.

1

The proceedings of a symposium on error correcting codes consisting
of eleven papers concerned with research in algebraic coding theory
and related areas of algebra and combinatorial theory.

Induced Representations of Group and Quantum Mechanics By George W.
Mackey, W. A. Benjamin, Inc., New York, N. Y., 1968, viili + 163 pp-,
$8.50. Also available in paper at $4.95.

" This volume contains a set of lectures that were given at the Scuola
Normale, Pisa, in April 1967. Addressed to mathematicians and physi-
cists, these lectures deal with the nature of the theory of induced
representations and its application to quantum mechanics."

Linear Operators for Quantum Mechanics By Thomas F. Jordan, John Wiley
and Sons, Inc., Newv York, N. Y., 1969, x * 144 pp., $7.50. Also
available in paper at $4.95.

An interesting account at the first year graduate level of the mathe-
matics of linear operators specifically pertinent to quantum theory,
written in the spirit of von Neumann's book.

Calculus of Variations By John C. Clegg, John Wiley and Sons, Inc.,
1969, ix T 190 pp., $4.00.

This little volume covers an amazing range of topics at the post ad-
vanced calculus level on the classical of variations.

Amost Periodic Functions By C. Corduneanu,

Interscience Publishers,
Nev York, N. Y. 1968, x T 237 pp., $13.50.

A lucid survey of the subject with interesting historical notes and

a bibliography of 704 entries. Real and complex function theory

with a little knowledge of Banach spaces and topological groups should
be a prerequisite.

Generalized Integral Transformations by A. H Zemanian, Interscience
Publishers, Nev York, N. Y. 1968, xvi T 300 pp., $16.00.

Some real and complex function theory suffice for this study of the
generalizations of the classical transforms (Laplace, Mellin, etc.)
to Schwartz distributions and generalized functions.

BOCKS RECHVED FOR REVIEW

Modern Algebra By Kaj L. Nielsen, Barnes and Noble,

Inc.,
N. Y. 1969, x T 274 pp.

Newn York,

Modern Trigonometry By Timothy D. Cavanagh, Wadsworth Publishing
Company, Inc., Belmont, California, 1969, viii + 216 pp.

Manual for the Slide Rule Second Edition By Irving Drooyan and William
Wooton, Wadsworth Publishing Company, Inc., Belmont, California, 1969,
134 pp.

Biometry By Robert R. Sokal and F. James Rohlf, W. H Freeman and
Company, San Francisco, 1969, xxi *+ 776 pp.

Statistical Tables By F. James Rohlf and Robert R. Sokal, W. H.
Freeman and Company, San Francisco, 1969, ix + 253 pp., $2.75.

6.

10.

11.

12.

13.

14.

15.

16.

17.

Note:

Fundamental Research Statistics By John T. Roscoe, Holt, Rinehart
and Winston, Inc., New York, N Y., 1969, xv 1 336 pp.

Introduction to Statistics By Robert A. Hultquist, Holt,
and Winston, Inc., Nev York, N. Y., 1969, ix * 194 pp.

Rinehart

Modem Mathematics for Business Students By Wheeler and Peeples,
Brooks/Cole Publishing Co., Belmont, California, 1969, xii + 589 pp.

An Intuitive Approach to Elementary Geometry By Beauregard Stubblefield,
Brooks/Cole Publishing Co., Belmont, California, 1969, xi *+ 254 pp.

Mathematics The Man-Made Universe Second Edition By Sherman K. Stein,
W. H Freeman and Company, San Francisco, California, 94104, 1969,
xvi * 415 pp., $8.25.

Elementary Functions and Coordinate Gesmeetry By Marvin Marcus and
Henryk Minc, Houghton Miffin Company, Boston, Mass., 1969, xii + 404
pp., $8.95.

Calculus II By Albert A Blank, Houghton Miffin Company, Boston, Mass.,
1969, viii T 286 pp., $6.25.

Calculus, With Analytic Geometry By Angus E. Taylor and Charles J. A.
Halberg, Jr., Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1969,
xvi + 934 pp., $12.95.

Ordinary Differential Equations By Fred Brauer and John A. Nohel,
W. A Benjamin, Inc., Newv York, N. Y. 1967, xvi + 457 pp.

A Course in Vector Analysis By L. 1.
Inc., Nev York, N Y.,

G Chambers, Barnes and Noble,
1969, viii *+ 231 pp., $7.25.

Advanced Calculus By H M. Edwards, Houghton Mifflin Co.,

Boston, Mass.,
1969, vx T 508 pp., $10.50.

Introduction to Analysis By Edward Gaughan, Brooks/Cole Publishing
Co., Belmont, California, 1968, vi + 310 pp.

All correspondence concerning reviews and all books for review

should be sent to PROFESSOR RY B. DEAL, UNIVERSTY OF QKLAHOMA MEDICAL
CENTER, 800 NE 13th STREET, KLAHOMA CITY, CKLAHOMA  73104.
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Texas Gama
145-1969

Marian Pugh, Dept. of Mathematics,
Prairie View A ¢ M College, Prairie View 77445

Nav York Upsilon
146-1969

Mrs Shirley Hockett, Dept. of Mathematics,
Ithaca College, Ithaca 14850

North Carolina Epsilon
147-1969

C. A. Church, Jr,, Dept. of Mathematics,
University of North Carolina, Greensboro 27412

California Theta
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Dr. Benedict Freedman, Dept. of Mathematics,
Occidental College, Los Angeles 90041

Nav Jersey Zeta Dr. Mabel Dukeshire, Dept. of Mathematics,

149-1969 Fairleigh Dickinson University, Teaneck 07666
Nev York Chi John Therrien, Dept. of Mathematics,
1969 State University College, Albany 12210

PRIZE WINNERS

The Governing Council of Pi M1 Epsilon is repeating its contest
for the best expository paper by a student (who has not yet received a
masters degree) suitable for publication in the Pi Mi Epsilon Journal.

The following prizeswill be given:
$200. first prize
$100. second prize
$50. third prize
providing at least ten papers are received for the contest.

In addition there will be a $20. prize for the best paper from any
one chapter, providing that chapter submits at least five papers.

The winners for papers submitted between August 1967 and July 1968
were:

$200. Daniel Putnam--"An Easier Condition than Total Boundedness",
$100. Jerome N. Katz--"An Interesting Mapping of Two Fields",
$50. Dennis Speliman--"0n Hula Hoops".

- The winners for papers submitted between August 1968 and July 1969 were:
$200.

Robert L. Devaney--"Lens Spaces as Coset Spaces",

$100. Michael Kopkas--""Partial Sums of Certain Infinite Series of
Polygonal Numbers'™,

$50, Georgia Benkart and Douglas W. Townsend--"A Generalization
of Subnet".

NE¥ INITIATES

AABAVA ALRHA. University of Alabama

Lucia Reed Adams

Juan Carlos Aramburu
Yilton Vance Balch
Patela Marcia Barber
Andrew Lacey Boggess
John Bowlin, Jr.
Janes Patrick Bowman
¥artin Louis Brannon
Jenny Am Breeden
James E. Brown, IV
Guesna Gary Bush
John Paul Cabri

David Cantrell
Suzanne Carter
Leonard Hupgh Caveny
Linda Marie Chambers
Kenneth Wendell Chancey
Beverly Diane Clark
John Brian Clifford
Willian Joseph Cook
Frederick S, Crown, Jr.
Patricia Am Crumpton
Patricia E. Culbert
Walter Perry Culwell
David Paul Currie
Willian Cumbie, Jr.
James S. Daniel

Carl George Davis
Nancy Belle Dearnan
Joe Lynch Ellis, III
Mildred Marie Ennis
Darry Allen Ferguson
May Jane Ferguson
Bruce Wayne Fowler
Deborah Howe Francis
william C. Friday
Thomas M. Galloway
Willian F. Garner
Georgia S. Gasparovich
Judith Diana Griffin
Richard Wayne Hall
Helapie Gail Hamrond
Billy Wayne Harvell
Clifford Jackson Hataway
Rebecca Gail Haynie
Janes Hichael Heard
Carolvn F. Hereford
Charles Heal Hines
Kenneth Clayton Hinton
Beverly A. Hollinpsworth
Sandra Kay Horne

David Yurry Huff
Pamela May Humble
Stephen Paul Hummel

ALABAVA GAMMA, Sanford University

Linda G. Alverson
Lavinia Daniel

ARZONA ALFHA. Universit

Larry V. Allen
Elizabeth C, Berni
Roy G. Davis
Donna Doi

Shirley A. Edwards

v of Arizona

Roberta Ferry
Arjun K. Gupta
Anthony R. Livingston

ARZONA BETA. Arizona State University

Franklin P, Abshire
Donald J. Berg
Robert D. Clifton
Gary L. Dillon

Mary Sue Gordon
Guwy C. Hayden III
Gerald ¥, Hirata

CALIFORNIA ALFHA. University of California

Robert Janes Baddorf
Peter B, Bandurian
Lawrence Bassist
Sheila Marie Beardo
John A. Boerger
Dale H Boggs
David W. Bradley
George Brown

Robert Buck
Richard £, Buller
Dennis B, Cohen
Charles P. Crowley
Hah Suey Dea
Loraine Dell'osso
Gary Alan Engel
Alan L. Forkosh
Richard Lee frey

Fichael Glowalla
Stuart Goodgold
Alan Green
Hichael Guillen
Rona 11 Gurkewitz
Yacov Y. Haimes
Jeffrey F. Hartmann
John Q. Hearne
Ben Hecht

Walter Hillemann
Ivan S. Ickovitz
Wedy S. Ishida
Allen Edward Izu
Gary J. Jason
Marie L. Kaufmann
Richard A. Keith
Paul F. Klembeck

Darrell Anthony Hymel
John E. Jackson, Jr.
Lana Dawn Johnson
Mary Elaine Johnson
Randall D. Jones
Richard T. Kennedy
Tommy D. Kilgore
Charles L. Larrimnore
Charles M. Lawv

Judy Claire Layton
Joyce Loo Lee

John K. Hadison
James Marler, Jr.
Margaret Ruth Marty
Priscilla Mason
John Watts Mayner
Joe Perrv MeCrary
Claudie McDonald
Donald MeGlamery
Anthony HeWhorter
Ronald Musselman
Janes Otis Nichols
Loren Cook Owensby
Diane Ostner Petty
Gilbert Plott, III
Larry Edward Powell
Hugh B. Prickett

Sandra Jarrett

Hark L. Olsen
Baqueidli nBoPedngenn

Becky L. Johnson
Jeff R. Mackev
Kathleen Mitchell

Kenneth J. Kopecky
Lynn Kuo

Hasse L. Kvist
Ronald Lau
Lawrence E. Lewis
Dennis S. Long
Baob Lynn

Yue-Pok Mak
Richard YcBride
Donald McLaughlin, Jr.
Robert L. Miller
Kerry 0'Heal

Ellen B. Payan
Cheryl Perry

San Pierce

Melvyn Rappaport
Brigitte Rolfe

Judy Am Prince
Russell C. Reeves
Adrian Ringland, III
Patricia A Roberts
George R. Ross
Heal P. Rowell, Jr.
Stephen Russell
Silvia Sandlin
Linda Rae Schnell
Rebecca Snalley
Beverly Am Snith
Howard Snith

John L. Stensby
Willian Sullivan
Willian Tipler
Patricia Townes
Thomas Thrasher
Willian Trussell
Daniel Vanderpool
Am Walkley

James Washburn, Jr.
Donna Lyn Weber
Mary Pate Whitson
Peggy Jane Whitt
Gail Whittenstein
Silas T, Wright

Glenda Thorpe

Leslie D. Schultz
Kas Tomamichel
Y. B. Otto Wong
Rebecca L. Zier

Kathryn C. Taris
Ross Thomson
Mary Whetton
Eva Ruth Wolicki

Jim Edward Schafer
Mak J. Schiller
Carol L. Schottland
Larry L. Scott
Joseph A. Sgro
Adrian Tang Shun-on
John L. Sprung
Carolyn Strickland
David Strong
Michael Tamburre
Roberta Thomas
Jose Antonio Vargas
Irv Kal Wendel
Janis Weyhrauch
Stanley Winterman
Sally Yamashita
Janelle Yancey
Robert Ziff
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CALIFORMNIA ETA University of Santa Clara

Wllian A Barker II
Barbara A Dineen
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Carl H Hawvn, SJ.
Wllian L Honzik
Kenneth E Hesson
Robert E Hupf

CALI FORNI A GAMMA, Sacrariento State College

Ron Berndt
Theresa Bl ack
Toni L Cox
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Robert C. MacLoed
Kenneth M McKinstry

CALI FORNI A THETA, Cccidental Col | ege

Behrooz B. Aehevli
Marjorie A Asnussen
Patricia A Badyrka
Dr. Mabel S. Barnes
Steven D. Braitbwait
Robert A Connors
Cinton B, Cotter
John J. Crawford

Dr. Benhamin H. Culley

Kathy A Daviess
Kenneth B. Denson

G lbert W Fellingham

Robert J. Franz
Benedi ct Freedman
Nathan C Gates
Randal| A Hawkins
Dale J. Hockstra
lan D. Hutcheon
Gdenn A Knickrehf
Dovle D. Knipht

Ronal d K Kreuzenstein

CALI FORNI' A ZETA, University of California

Davi d Kenneth Andes

Roger Lvnnwood Barker

Ron Janes Bieniek

Sanford Anthony Bolasna Donal d Edward Grodecki
Chri stopher Lee Bowman

Theresa Marie Caulfield
Jeffrey Alan Cummings

Robert Stephen Dehn

COLORADO ALPHA  Uni versity of Col orado

Jill Bachrach
Robert C Bean
Frank W, Burton
Janice L Byrkit
Ann L. Byrne

Gail A Carpenter
Rebecca C Chapman
R. Richard Dailey
Neiko Hirakawa

COLORADO BETA, University of Denver

Margaret A Alire
Charran L. Bl aisdell
Barbara A Blutm
Winifred Bunch
Patsy §. Dixon

¥, John Farrow

Robert W. Fish
Herbert J. Greenberg
Kathlea A Kilpore
Ella E. King

Jeanne M. LaBandt
James M. Leathers

COLORADO GAMWA, US Air Force Acadeny

Michael Allan BlackledpeFred Federici, Jr.

Monty Dale Coffin
Robert Crawford
Robert Culbertson
John DeZenia

Si dney DuBois

Quy Spence Gardner
Steven Greenwell
Rodney Themas Gwyn
John H Haselton
James Lloyd Hein

CORNECTICUT ALPHA. University of Connecticut

Jack P. Brin
Bettv J. Cifford
Karen R, Dawson
William 0. Dixon
Helvyna D. Drucker

Chri stopher Duckenfield

Yusif 5. Farsakh
Gerald A Fisher
Gary H. Ford
Donna 't. Frederick

DELAWARE ALPHA, Uni versity of Delaware

Cheryl L. Boyle
Robert F. Chandl er
Bonnie Calvin
Terri Corawell
Jani ce Dufresne

-Linda Garraway

Caire T. Geiszler

Carol yn Goff
Stephen Grotzinger
Dorothy Helm

Di ana Herschel

Al bert J. Karan
Stephen Koffler

Robert J. Kleinhenz
David E Logothetti
Dennis N Monahan

Robert W. Oaens
T, Jean Pederson
Donal d M. Redmond

Richard L Huccitelli

Stanl ey Miyao
WlliamT. Morrow
Ben Mulkv

Or. Lawence Larrore
Andrew R Larson

My L. Layman

John H LeFever

David G McMenamin
Frank J. Margetan

O. Charles R Miers
Douglas |. Morgan

Dr. Joan R. Moschovakis
Jeffrey J. dson

Bettv Jo Harris
Galen Ral ph Hunsicker
Mark E Mathews
Larrv Eugene M| |er

Nancy J. Martin
Max A Hiller

Dal e H. Mugler
Leslie C Power

Karen Li ndstroi

J. Paul Mers, Jr.
Larry R HNichoalds
Ceorge S. Postma, Jr.
Emilie K Rainey

Al bert E. Ritter

Wllian T. Hodson III
Kar| Thoras Hutchinson
Donnelly Janes Johnson

M chael Joseph Konval i nka
Robert Brian Lopert

Pawi K, Tong Kwok

Al exander “arkons
Loui s Nercuri

Richard S. Montgomerv
Jeffrey Mozzochi

Jeffrey R Kroll
Diana V. Lambdin
Donna Laux

Beverly Lutz
Victoria Michalik
Annette Ratzenberrer

Janes R. Scherzinger
Kenneth G Stevens

Patricia L. Quinn
Garth Rustin, Jr.
Edward Shoemaker
Hugh Halters

Marilyn L. Pierce
Lucio Pietrantonio
Russell A Reece

M. Thomas Robertson
Randal | B. Saylor

D. Timothy D, Sanders
Wllian A Scott

Dr. Charles #. Seekins
David Sohm

Dr. Kenneth E. Swick
Chri stopher M. Synodis

Hark Root Mbrris
Russel | Everett Nelson,
Hark Andrew Hewbold

Kat hl een June Stein
Louis Mchael Yaper

Rhonda W. Primack
Donna R. Prull
Sandra S. Reed
Di ane Wagener
Herbert K Weldon

Robert E. Sloan
Jeanette F_ Stroud
Terryl L Turner
Ruth Ann Unzicker
Caryn L Woodson

Joel Mercer McKean
Wllian Albert Oth
Stephen Scott Page
Robert W Schaef er
Leon A Wittwer

Allan Russel| wylie

Anthony J. Neves
Arsine Rustipian
Loretta K Siith
Janet Teeruarden
Richard H. Wyman

Vicky Refkaros
Panel a B. Sinpson
Maureen Thackrey
Mary H. Wanamaker
Richard Wissing
Lricka Witnauer
Stephen ¥. Zemyan

Jr

DI STRICT OF COLUMBI A ALPHA, Howard University
Ethel Sultana Andrews

Stanford Col eman

Linda Bernadette Dodson

Margarita Dolore

Sarah Elizabeth Conward Thomas H Lawson

Sandra J. DeLoatch

Raj K Malhotra
Val eri e Oldwine
Lesa Pennington

DI STRICT OF COLUMBI A GAMVA, George Washington University

M chael Cook

John Cowan

Janes R Duncan
Miriel Easterling
Mary Anne Frey

Fred Frishman

S W Geenhouse
Si dney J. Harmon
Richard Litkowski

FLORI DA ALPHA, University of Mani

George Adams
Npuyen BaHien
Wllian M. Coertnik
Frank Espi nel

John M. Harding
Lee Hunting
Shel don Kerper

FLORI DA BETA. Florida State University

Richard D, Bogpy
John C Bohani ne
Margaret G Braswell
Cene Margaret Cooney
Janes F Croft, Jr.

Di ane E, Crooke
Caroline A Dean
Luis J. Escajeda
Wllard F Hunt, Jr.

FLORI DA EPSILON, University of South Florida

Adel bert B Bottcher
Sherry Brimaco~be
Richard A Brost
Patricia X Carroll
James F, Charles

Roberta E. Dilocker

Marie Loui se Donnerbers

Richard D Dunlap

Edward p. Eliasberg, Jr.

Jerrv H Giffin

FLORI DA GAMHA. Florida Presbvterian Col | ege

Ronnie L. Goss

GEORG A ALPHA.  University of Georgia

Haomi R. Bennett
Susan Boren

Gail A Brown
Martha J. Daniel
Donald T. Ethington
Lewis T. Farmer III

Mary S Fort
Patricia A Hllhouse
Annis E. Humphries
Catherine A Key

Loi s J. Knybel
Ellice P Martin

CGEORG A BETA Georgia Institute of Technology

Wavne S Cail

John M. Finn

ILLINO'S ALPHA, University of Illinois

Joséph A Blanco
Weldon E Bliss
Donald E Brewer
John P. Deluca
Robert A Ferguson
David 4. Furuto

Michael R Gershon
Beverley B Getzen
Thomas C., Guebert
Linda K Jones
Marparet E. Kiburz
Jacqueline R Lews

ILLINO S BETA Horthwestern Universitv

Bruce “. Bingnan

Lew H. Hathan

ILLINOIS DELTA Southern Illinois University
Mary Barker Roger William Hood
“ary El |l en Dehnert Lily Koe

Ronald L Farmer Rose Koe

Allen F, Gossmann
Shirley Hickan

Kenneth Law
Yoshitaka Nakapawa

Philip Liverman
Robert McClenon
John W. Melone
Hugh Pettigrew

Ivan Haj or
Warren J. Mller
Jabri Nachaat

Robert M. Inple, Jr.
Brenda E. Jones
Charles A Kummer
Ted Lane

Patricia Guidrv
John Frank Johnson
Kurt B. King
Marparet McCormick

Robert Lanier Patrick

Charles C. Mao
Patricia A Rhoades
Miry G. Rogers
Janes E Ricks. Jr.
Betty B Smith

Eva B. Tavlor

Robert L. Horton

Keith D Maclaury
Robert E O son
Rodney W Reiper
David L Reiner
Peter B. Reynol ds
Alan S Robertson

Thomas R Taralle

“ai Fern Seid

Mai Lon Seid

Charles Philip Shedd
Carol S. Slocunm
Laura Loui se Stott

John F Pressley
Dani el Morris Snith, Jr.
Cochurattil Dani el Thomas

Carrie Waltherer

Karen Pettigrew
Susan Provisor

Mron A Schloss
Hedayat Yassaimaibodi

Alicia #., (tazo
Cscar Vila
Ganald €. Welcom

Kenneth R. Ridlehocover

Cheryl L. Scott
Robert D. Turner
Douglas E. Whitten

Loi s Atkinson Reinhart

Hugh Jerome Sconyers
Gerhard H Stoopnan
Mchael 0. Varner

Sandra A Romig

Tina L Thames
Sinesio Villanueva
Hel en P. Watkins
Linda J. Wite
Maxine woo

Helen E Wen

Bruce Kent Richard

Jeffrey Schultz
Deanna L. Stern
David A Suber
Raj K Vohra
Chang-Yean Wang,
Pvne Wang,

Caral J. Wagner

Mau Trail

Donal d Wy

Ral ph W, Wilkerson
Anita M, Wotiz



I NDI ANA BETA I ndiana University

Renata Anne Baird
Alan P. Blackwel
Cora Ann Brunton
Beverly Jean Cairnes
Karen |. Carpenter
Lee Alan Cochard

Denni s Deeter
Karen L Edwards
Richard p. Hart
Jean Lynn Hostetler
Deni se Lee Melton

I NDI ANA DELTA, Indiana State University

Loretta A Abbott
WIlliam B, Allard
Rebecca A Gehrke
John G Gilley

Phyllis K. Gilley
Carol T. Hogg
Bill b. Howard
Nancy A Huber

| NDI ANA GAMVA.  Rose Pol ytechnic Institute

Thonas Al bert Dehne
Steven Craig Goble

Stephen B. Gain
John L Heller

| OM ALPHA, lowa State University

David F, Anderson
Marcus J. Bendickson
John H Bentz
Robert 0. Berkland
Jeane 4. Black
Myron W Coppock
Kenneth R. Crouse
Kenneth L. Davis
David E Daywitt

John H Dickens
Marilyn K Dimmitt
Janes A Dodds
Hark W Fleming
Hugh G Frank
Hark E Galev
Robert L. Gutmann
Donald Z Harbert
M chael J. Hawley

KANSAS ALPHA  University of Kansas

Shel don Adelberg
Hanan S Bell

Joseph Arthur Elv, Jr.

Beverlv Sue Oark
O arence Classen

Francis P. Ford
Gerd H Frisks
Robert Keith Garrett
Martha Lou Harmenson
Dougl as A Hensley

KANSAS BETA, Kansas State University

Kent c. Bates
Jack L. Decker
Laura M Disanto
Virgil V. Feerer

Grepory ¥W. Hardin
Chen-Jung Hsu
Elizabeth M Hutcheson
Fuanglada R Jung

LOUI SI ANA ALPHA. Louisiana State University

Myrtis J, Abshire
David G Adams
Audrey C, Bal entine
Rita P. Baragona
Kenneth P. Beyers
Gaylene \ Danford
Richard S Dunn
Sandra L. Eason

John A Gonzal es

Sister Marie A €. Grenier

Charlotte Griggs
Patrick M Quidry
George D. Qunn
Henry L Hebert
Carol E Keller
Dana S. Kemp

LOUI SI ANA BETA, Sout hern University

Dr. Benjamin L, Martin Sharon M. Sherman

LOUI SI ANA DELTA. Sout heastern Loui siana College

Carolyn M Farris
William G. Haner
Sandra Sue Holden

Any Esther Hoover
John E Seeger, Jr.

™ ZLOU SI ANA EPSI LON, Hclieese State Col | ege

Goria A Abshire
Cathy A Anastasio
A bert W Borel
Bess R. Brooks

Brenda F Broussard
David L Edwards
Shelia D. Ellzey

. LOUI SIANA ETA, Nicholls State Col | ege

Denni s 4. Duet
Gillis Quidry. Jr.

Robert E Jukes

Ann Elizabeth Paul ey
Margaret Ruth Pipott
Elizabeth Rose Siela
Jean Sikora

Ernest A Snyder

John Lannan

Sister Apnes Joan Li
Roberta R Marshal |
John A Roberts

Richard Wy Moulten
K. David Seabrook

Wayne E Jones
Brent D. Johnston
Norman W Kelley
James M Leeme
Joel L Melohn
Thomas W M tchel |
Robert B Mebergall
Ted F Newton

Kenneth K. Hickin
Margaret Ruth Laidig
George W Livingston
parrel E Reed, Jr.
Martha J. Scott

Donald ¥. Lang
Lauren Langner
Sung-May Hsu Lee
Véndel | Lee Lillich

Donal d D. Kraii
Lettie C. Lang
Garrett R Lynch
Antoine G Malek
Ronal d €. McCain
Raymond J. Puigh
Mrry S Rix
Gerardo Salazar

Maxi ne Wite

Thomas Spangler, Jr.
Peggy B. Wlls

Corinna M. Goehring
George H Cott
Arnold J. Ganger

Francis G Patin

Dani el Edward Tayl or
Madel eine L Tewes
Charles M Tomes

Mary Christine Trauner

Cassie Lue Young

Linda M Rossiter
Frank Tsui
Linda E. Wite

Charles E Towne

M chael J. Ransom
Carlsan K Smith
Nam Chi Tran

Tony T. Tschopp
Stephen B Vardeman
David E Wagoner
Roger L Wainwright
Charles G \ells
Dougl as E Wod

WlliamM Secruges
Donald R Simpson
Mchael L Swafford
Gary L. Turner
Julia T. Wharton

Stephen R sayre

G R Slishnan

Robi n Anne Thomas
WlliamJ. M Thomas
Kane S Yee

Sandra L. Shivers
WiliamE Snith
Sylvia I. Sparks
John F. Wade
Janes T. Mafer
Beverly K Wles
Carl T. Young
Rodrigo J. Zapata

Paul ¥. Ripgs
Marion L. Rummel

Carolyn M Hebert
Rudol ph Keycrease
Thomas b. Morgan

Mchael T. Roberts

Caude Songy, III

LOUI SI ANA gakMA, Louisiana State University

Arnol d Finkleman
Genn B Foreman

Gey R Barr
Janes M Bordyn

Li nda Carpenter Andre George
Kenneth A Cogen Jerone Guidry
Benton Dupont Harvey L. Mll

Paul Fajgenbaum

Mirk S. Klempner
Donald J. Faler

Julian I. Landau
MAINE ALPHA  University of Maine

Ann L Blanchette Elwood K Ede
Shirley G Bloom Carol A Flewelling
Jacqueline L Boisvert Aan P. Hallee
Linda S. Chapman Donna L Hathaway
Afred C Darrow, Jr. John R Heath

John J. Dranchak Constance C Kal | ock
Ronald E Dyer Nancy A McKeone

MARYLAND ALPHA, University of Maryland

Russell D. Brown Brenda Joyce Latka

Linda G abat oni Ross Lenet
M chael R Eddy Marilyn Lewis
Nancy Hurtt Janes E Mathis

Marilyn L. Jager Steven Hugh Mudrick

Gail Eldridge Kiesel

Susan P. Levin
William K McCord
Carla A Monroe
John M Onofrie
Linda A Qis

J. Maurice Pille
L Ridgway Scott

Dawn M McLean

Linda A Mllet

Diana M Pelletier
Linda R Pellican
Carol i ne Plummer
Darrel R Quimby
Frederick W Robie III

Jeffrey S. Rosen
Christine J. Rossi
Anita Sager

Luke E Schal l'ineer
Janes Paul Seawell

MASSACHUSETTS ALPHA  Worcester Pol ytechnic Institute

Richard W Deland
Roger E Dennison
George M. Islai

John E Malley
W1 liamD. Parent

MASSACHUSETTS BETA, Col | ege of the Holy Cross

James A Boesen
Robert J. Cimprich
John M DeCicecio
Thomas J, Dougherty

Jacques E. DuBois
Donald T. Ferris

M chael D. Jeans

Kevin J. Leary

M CH GAN ALPHA, M chigan State University
Donna Lee W cklund

M CH GAN BETA, University of Detroit
Kathryn R Anderson
Susan J. Biemkowski

A bert F, Collier
Stephen M, Grimley

Jasbir Quliani
Edward Hawrot
John R Kender
Thomas W Klamo

MINNESOTA ALPHA Carleton Col | ege

WIliam B. Allendoerfer Robert W Davidson
Wil lace A Arneson Priscilla C Hensel
Beverly J. Bailey M Caire Matthews
Priscilla R Burbank Margaret V. Palm

M NNESOTA BETA, Col | ege of . Catherine

S. Nora Mary Allard  Jo Linda Kutcher

Mrry E Gerger
M NNESOTA GAMVA, Macalester Col | ege

Carol Ann Armstrong
Carey Carlson

Hans Genberg
Allan Kirch

M SSI SSI PPl ALPHA, University of M ssissippi

Terrel L Algood

Betty H Dees
Debor ah Aznann i

Patricia Hagan
Stephen Armann Wlbur Hamiin, Jr.
Janes R Arnett Susan E Ladner
Tillio J. Avaltroni, Jr. Lester W Jones
Pamela Butts Fred McBonnell
Noel A Childress Shel by W HcKay

Janes L Schwing
Donald L Sharp

Thomas G Marulloe
Peter J. 0'Neill
Robert Podol ak
Tinothy B Shea

Rosanne E Kurasi
Maureen A Lahiff
Walter K Michaluk
Janet L Patteeuw

Laurence R Peterson
Robert A Raines
Stephen M. Shuller
Daniel P Stubbs

Jacqueline C Mannering

Ri chard Krahul ec
Richard Hussloch

Jiemy Nanney
Lura Netherton
Judi th Cakes
Dean Pri est
Steven Saway
Siegfried Shalles
Russel | Stokes

Panela V| Smiley
Kenneth J. Stucke
David C Tatum
Janes Thompson
Carl Weatherton
Janes E Wray

Ronald B Scott
Lawence G Sirois
Jennifer E Snith
Dean G Souke
Alan p. Tayl or
Janet A Vhite

Marl ene Siavitz
Bruce b. Springer
Arthur W Stetson II
Jean S Willis
David L Winslow
Charles M. Zimmerman

John 0. Tarpinian
Alan P, Zabarsky

Rebei h @. Baokes
Mark L Thivierge

Se. Teresa Reid
John W Salidd
Audr ey Spi sak

Tom 0. Videen
Charles H West
Genevi eve H. Yue

Joan M, Maritz

Rayriond Streeter

Mark Tew

Donal d Thonpson
Hovel | Todd
Tormy Vinson
Dor ot hy \érd
Robert Wite
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M SSOURI ALPHA, University of M ssouri

Don Allen

Larry Bade

Jerry D, Barnes
Thomas \W Bodine
Duane L. Bierwirth
Shannon D. Cave
Geg devel and

WiliamH Qoud. Jr.

Steve Coates
Melvin R, Cotton
Sally Curd

Janet Davis

M SSOURI GAMMA, S.

Korita Azopardi
Joanna Barton
Cheryl Jean Bates
Bar bar a Bei er
Atlaw Belilgne

Charl ey LeRoy Beltz

Paul Chester Bien
Burnell Bisbee

Deloris Coy Boecklen
Robert P. Brandeweide

WlliamE Breher
Janes B Bristol
David Bredtrick
M chael Bredtrick
Cheryl Buse
Tseng Chang

Law ence W Conl on, SJ
. Mnica K Crowell

Harol d T. Cruthis
Dani el T. Cusumano
Thomas L Dauer
Mary Anne Deutsch
Janes R. Dowd
Joan DuBuque

Bar bara pulick
John R. Ernst
John Faulhaber
Joseph D. t'errario
Andrew C Fiore

Ronald G G eenwal d
Robert C Hoops
Edward J. Kaufmann
Tom Kneobloch

Teresa Loehr

John M Logan
Dennis A Maasen
John L Marshal
David R. Maupin
Kenneth Ray Mitchum
Kenneth C Mffett

Loui s University

Roger S Fi sher

Judy Fitzgerald
Kevin Edward Fl anagan
Barbara Fl ei scher
James J. Folkl

Gerard T. Forget, Jr.
Paul E Frey

Lynn Barry Fricke
Miry M Furderer
Tate N Haase

Sr. Marian Hart

Larry J. Hayman

Ruth Ann Hel |

Jades L Hickerson
Robert Hol | erbach
Nancy Mary Hug

S. Rita Huhman
Andrew Jackson

El ai ne Jacquin
Jeffrey W Johnson
Larry Johnson

Judith Ann Johnston
Jerry Leonard Jung

S. Rosenarie Kleinhaus
Patricia Kochmann
WlliamK Kottmeyer
Judith A Kral
Lawrence S Lamson, Jr.

MONTANA ALPHA University of Mbntana

Paul A Bengston
Doris L Blair
W1 liam Caswel |

Rodney p. Churchwel |

Thonas W Dufresne
Gry J, Dunford
Janes Gow

Maxi ne Ann Green

NEVEBA ALPHA, University of Nevada

Oan W Alen, Jr.
Merrill P. Allen
James A Blink
Jackson B Y. Chin

Lawr ence C Dickmann
Cynthia Z Gail
Ceor ge Kazoni ch
David N Keller

NEW HAMPSHI RE ALPHA, Uni versity of New Hanpshire

Dennis L Couture
Christine craigin
Richard Dobens
April C Doyle
Donal d Finkey

Allen R. Hudson

Judy Johnson

Theodore Merrill
s More

~NEWJERSEY ALPHA, Rutgers University

“"John W Adamus
David R, Brandman
Martin P Cohen
Joseph J. Confort

Jeffrey M German
Samuel L Greitzer
Gerald L Jones

El ai ne Mogelnicki
Steven L McAllister
Donal d W McCann
Stephen L McGinness
Dale E MeNabb
William B Orcutt
Marilyn Parey

Larry J. Prather
Paul Rahmoeller
James R Rudy

Steve Sanders

Sr. Linda Laury, CSJ
John David Leech
Robert John Leibrecht
Judith P. Leonard

Rev. James J. Lesyna
Ernest Lester Lockwood
Rchard J. Lucas, SJ
Narﬁaret Lynch

M chael J.” Ml oney
Mary R. Manley

Jane Martin

Joseph Cyril MeBryan
Vi rgini a MDonal d
Edward Lee Metcalf
Mary Kay Moriarity
Virginia Carol Mueller
Y. Marcia Murdock, CSJ
Mar cel | a Nahm

Paul M chael Neunuebel
Bar bar a Noftsinger

Richard N Schaefer
Thomas Ski nner

Dal e Sterling
Patricia K Steinbach
John Teague

M chael Watkins
Gry Weinreich
Robert D. W|son
John W. Wods
Khal il M Zahr
Ronal d Zingrich

Robert A Richter

A bert M Rogers, Jr.
B Diane Roy
Surinder K Sabharwal
Phillip A Sanger
Ann E Schabert
Anna Mae Schi ck

John J. Schwob

Ann Marie Seibel
Barbar a Serti

M chael J. Shea
Moseph M Shepherd
Tinmothy J. Shramek
El i zabet h Spal di ng
Jane F. Stoverink
Joan M Stuhlmann
Martha Thomason
Marikay Thowmpson

M chael J. Tierney
Joseph P. Trost

S. Rosemary Oelleriann,CPPS Delmar E Valine, Jr.

Robert Joseph Ol ando
Kathryn \/ Palan

. M C R. Paulie, CSJ
Wl ter J. Pavlicek
Dal e Wyne Peimann
Carol M Purcell
Patricia Joan Real

Cerald E Homstad
Howar d Hunt
Aquilla M Kunz
Steven A Norwick

Harvey W Lambert
Sansa A Mrse
Saruel Potter. III
Roberta Richter

Gary Philippy
Joan Raffio
Nancy Rathbone
Linda Richter

Rchard €. Kimble
Joel M Moskowitz
St ephen Persche

Jake Vandergeest
Mario Carlos Vidal on
Edward J. Walsh, SJ
Robert P Wankum
WlliamL Weber
Bernard Wolzenski
Donald F Weolley
Ann El i zabeth Wnne

Loween El | a Peterson
Diane E Ritter
Marilee Shockley

Jacquel ine C Roush
Larry L, Sankovich
Roberta R. Sharp

Barbara Stierli
Laur ence Upton
St ephen Vkefiel d
Susan Whitcomb
Richard W1 son

Richard J. Taranto
Mchael G Vesta, Jr.
Hui-Kwang Wang

HEWJERSEY BETA Douglass Col | ege

Carole L, Berg
Kathryn R. Boucher
Linda S Brown
Joan ¢, Capezzuto
Linda A Casacci
Lei gh C Decker

Linda A Farrington
Sandra L Frederick
Janet R. Goodkind
Di ane E. Grier
Deborah A Hanilton

HEW JERSEY DELTA Seton Hal| University

Frank Adorna
Joseph Bol and
Michael D'Ambrosa
Kevin Farrell

M chael Fi sher
Athanasios Golianopoulos
Ronal d Infante

HEWJERSEY EPSILON, Saint Peter's College

Philip Ambrosini
Kat hl een Bal d

Dor een Bourgoin
Jane Hansen Butler
Janes B Collins
Wl ter coppinger

Gary Damiani
Charl es Godine
Jady G Handal
W1 [iam Hanlon
Janes Hol | ywood
Cyde M Huber

NEW MEXI OO ALPHA, New Mexi co State University

Fred W.B, Carraher
Joseph H Diel

NEW MEXI CO BETA  New Mexico Institute Of Mning 6

Thomas R. Croxell
Charl es Culp

Dani el Dunbar
Gale E Farmer

Sherry A Donchoe

Joe Hardy, Jr.
Millet Harrison
Reiner Haubold
Cal vi n Hedgeman

HEW YORK ALPHA, Syracuse University

Edgar Bierdeman
Bayard Bigelow III
Arthur Buckland
Maur een Chiappe
Kenneth O ark, Jr.
Philip Friend

Lynette GQut cho
rcia Woolf Haise
Moise Hamaoui
Geof frey Hellman
Janes H Hinch

NEW YORK BETA, Hunter Col | ege of CUNY

Rosenari e Bove
Esther Cantor

Patricia M Coyle

NEW YORK CHI, State university of New York

Susan Allen
Vincent Amoroso
Janes Babcock

Kat hl een Bart ni ck
Cynt hi a Becher

Di ane Benninger
M chael Burke
Cdinton Carpenter
N na Chavin
Elanine O enentz
Everett Col man
Maryanne Cunningham
A an Davis
Russel | Dimke

Paul a Ewens

Mary Fisceglie
Hary Gallage
Marguerite Gryzwacz
Jane Haag

Kat hl een Hardisty
Darrell Jeffers
Alen Jones

W1 iam Jones
Betty Ann Jordan
Kristina Kl oepfer
David Laiosa
June Lapides

NEW YORK DELTA  New York University

Renato G Al den
Jack Barone

Mary Margaret Bl and
Carl Carpenter

Eli zabeth Conant

HEW YCRK EPSILON, &.

WIiam Barnard
Patricia Callahan
Nancy Everson

Norman Darden
Joseph L Dunn
Eni |y Eisenberg
Giacinto Grieco
Julian Kadi sh

Lawr ence University
Robert Frederickson

Bruce Gardner
Madel ei ne Gar dner

Mari e Hirsch

Ellen R. Kay

Ki nberly Kern
Kathl een L kramer
G ace Morizio

N ck Ievino
John Kane
Daniel M Parrish

David Jagerman
John Jordan
Patricia Kane
Joseph Kl ein
John Kut ney
Mary Anne Maher

Mark Evans

Technol ogy

Dave A Herman
David Mendez

p. Dan Rabinowitz
Amiram Roffman

Robert Lew s Hoyer
Eugene Jackson
Karolyn Lowe
Phillip Nerbel
Mary Alice Nuttall

Ver oni ca Lichman

Viol et Larney
Judith Liff
Rabert Lui ppol d
John Lynch
Thomas MacGregor
Sally Malik
Joseph Marion
Kaye Marron
George Martin
Carol Ann MIler
Karen M| er
Herbert Oakes
Cherie Pash

Bernard H Kane
Diane E Harks

Thonas Mescovics
Joshua Proschan
Adbeel Quinones

Donald F Marion
Janet L Massoni
Martin R. Hurray

Moreen A Hurray
Sharon A Slavinski
Marcia J. Sol kof f
Ethel M. Wira
Susan J. Zeek

Anthony Podolski
Joseph Rai ch
John Ockay
Alice \igerstad

Kevin Mtchell
Frances Nadel
carol Potyrala
Li ng Tsou
WI1iam vasquez
John Vst

Donna L Summers

Zubair A Saleem
Gary N. Sargent
Alexis Shlanta
Richard Upchurch

Thonmas Jeffrey Powers

Arthur Purnell

R chard Riesenfeld
Joyce Roberts
Jeffrey Shapiro
Carol Jean Winchell

Vincent Marino
Carol T. Swill

JoanPeratkhan

Patricia Price
Joan Prymas
Ernest Ranuceci
W/||iam Stenzler
John Therrien
Rosal i e Val vo
Damebdvihikalde

Carol Wohlgemuth
Jeanne Wl fe
Loretta Yetto
Richard Zi pper

John J. Roman
Denni s Sandi er
Betty Schneideman
Kent Seinfeld
Bernee Strom

Ann Palmenberg
Howard \al ter
Karen Wetterhahn
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HEW YORK GAMVA, Br ookl yn Col | ege

Howard Bryks
Robert Eramo

HEW YORK | OTA, Pol ytechnic Institute of Brooklyn

Ed Barnas
Paul Berner
Melvyn Bernstein

Sanuel Erdstein

Ronal d Goldstein

Gary Bogoesian

Paul Fecher
Al bert Feuer

NEW YORK KAPPA  Pol ytechnic Institute

Susan E Alten
Jerome Fand
Jeffrey Feibelman

Jane G| bert

George Harrison
Peter |srael

NEW YORK LAVBDA. Manhattan Col | ege

Robert Andersen
James Callahan

Chri st opher Casel |i

Frank pi Meglio
Gerard Kruger

NEW YORK Ku, New York University

St ephen Bello
Mark Brower

W/ liam Bertiger
Barton Cobert

NEW YORK OM CRON, Clarkson Col | ege of Technol ogy

Wyne Bialas
Bob J. Blodgett
St ephen Chanpagne

Martin Dumain

Lawr ence friedhoff
Bruce Fraidowitz
Ronal d Leight

L Greer Cox
Benj ani n Funk
John Ladik, Jr.

HEW YORK PHI, State University Col |l ege

Sandra Caloren
Garl e Carrol |
WIliam cavanaugh
Velda Chamberlain
Judy Dasno

Di ane Degroat
Marilyn Facenda

M Iton Ferreira
Chri stine Fischer
Hector B Feisy
Nancy Goetz

Denni s Hadlock
Elmer Haskins

NEW YORK PI, State University Coll ege

Thonas Bingham
Linda E dred

Christine Green

NEW YCRK TAU  Lehman Col | ege of CUNY

Julie T. Boey
Shih-kuo Chow
Robert Conti
Melvin Fitting
Judith Gadonniex
virginia Glendon

Codfrey |saacs
Seynour Hayden
Robert Horowitz
Boris Kachura
Di ane Kauf man
Kei tha Landy

HEW YORK UPSI LON, Ithaca Col | ege

Mar ci a Ascher
Jon Baskerville
Ellin Brody
Robert Bryan

Karen Chapman

John Ernisse

Joan Falchetti

Si ster Barbara Foos

HEW YORK X!, Adelphi University

Judith Andresen
= —Thomas Ansart
*Robert Barager
Carol Blauvelt
Elliot Bird
Mary Carlino
Lisa Cresci

James DeLuca
William Diskin
Mart ha Dykes
Nancy Preni
Mark Geller
Leslie Glbert
Sherry Geen

Nancy Kempler
Harol d Kernbluth

Charl es H nkaty
Ral ph Johnst on
Shel don Kauf man

Robert McNaughton
Goria Potter
David Schop

John Morrison
Corrado Quintiliani

Frank McNee
David Miller
Wndel | Petersen
David Presberg

Theodor e LoPresti
Mron Mel nyk
Mari anne Smith

Chri stine Huebner
Carrol Kline

Dani el Kocan
Joanne Kubinski
Judith Mathews
Charl es McWilliams

Deanna Kalinowski

Joseph Lewittes
Sun-Fu Lo

Mary Mahoney

Vi rgini a.Marcueeilli
Geral d MeConbs
Audrey Michni ck

Margaret Gessaman
Nancy Hi ckey
Shirley Hockett
Frieda Holley

Janet G eenhouse
WIliam Hutzler
My Krauthamer
Joseph Laguerra

Al exander Lapinski
Martha Har ohn
Janice Mller

Lawr ence Scholnick

Theodor e Levine
WIliam sakal
Al an Sulton

Merlin Uter
Linda Vel ls
Franci s Wod

Edward Timko
Law ence Wnk

M chael Reilly
Robert Thaler
Steven van der Veen

Carol Wendt
Winfield Wetherbee

Sue Ann Melz

Di ane Schoonerman
Mark Smith
Charles L Smith
C arence Stephens
Wanda Youngs

Jean MIler
David Stewart

El l en Needl e
Aice Pisani
Juli e Raphael
Roberta Roth
Dorothy Salvia
Larry Santora

Kay Moore
Jean Spitzer
Linda Stearns
Carleton Wrth

Enmett Mulrine
Mary Osip
Gabriella Ratay
| da Sussman

G lda Tawfik
Nancy Tayl or
Richard Zanghi

NORTH CARCLI NA ALPHA, Duke University

Edward Britton
Janes R Cochran
Richard M Draffin

NORTH CARCLI NA DELTA, East Carolina University

Judy M Barnes
Mac Forest Basnight
El eanor Bramley
Ann Bridenstine
Robert Car awon
Jeanette Carter
Mary O ark

Doyl e Daughtry
Lynn Deat on
Judson Duf fee
Rhenda El lis

NORTH CARCLI NA EPS| LON,

Kat hryn Adanms
Prances Bennett
June Bowers

D. CA Church, Jr.
Phyllis Coran

Li nda Crooks

Miry L Getz
CGeral d McCarthy
Richard Manners

John Freeman, Jr.
Ell a Susan G bson

Anne Gidle:
Betty Grayfv)eal
Allan Hale

Davi d Hancock

Evans Harris, Jr.

Tommy Houst on
Carol Johnson
Yvonne Jor dan

Harl an Priour
Allen Suit
darence Thomas

Becky Law ence
Suzanne Leggett
Charlotte Helton
Becky Modlin
Dor ot hy Moore
Joyce Mozingo
Charlotte 0'Neal
Phyllis Pearson
Bonni e Peele
Joan Pfeifer

Uni versity of North Carolina

Mary Evans
Donal d Farlow
Betty Garner
Mar gar et Hamlet
Donna Hol I'i's
Nancy Ingram

Nancy Kel |
Janice Lew s

El l en Lichtman
Phyl l'i s Parrish
Li nda Rapp
Shirl ey Simpson

NORTH CARCLI NA GAMMA, North Carolina State University

Henry Bl ake

Charl es Britt, Jr.
Richard Oark
Norvin Cl ontz

NORTH DAKOTA ALPHA, North Dakota State University

G egory Binkley
Julie Bosch

Bar bar a Elness
Betty Grootwassink
Fer di nand Haring

James Qox. Jr.

Shen-Tong Lew

Hatice Cullingford
C W Kitchens, Jr.

Charl es Midgette
Jane Pickard

Ronal d Johnson
O af Hel house
Donal d Meyers

Robert M kkel sen

OH O BETA, Chio Vsl eyan University

Philip Anrein
Sandra Ander son
Janes Benham

Wsl ey Cosand

Carl Frederick, Jr.

John Garmhausen

Ann- Mari e Gegley

Sandra Hartley
M chael Holmes

Dor ot hy McLaughlin

OHI O DELTA, Miami University

Randy Demaline

Di ane Heilmaiin

OH O EPSILON, Kent State University

Thomas H. Atkinson
Geral d Beckwith
Jane Benedetto
Ronal d Blackstone
Andrea Cullen
Germa Deering
Peter Dellive
Frederick Dul |

Debor ah Eiben
David Ferry
Margaret Gehlke
Caren Heacock
Joan Hugh

A bert Kares
Chri stine Kotula
Sandra Magyar

OH O GAMA, University of Tol edo

Donal d Ant hony
Ronal d Bl ack
John Qark
Karen Csengeri

Philip Fiske
Denni s Hinkle
John Kellermeier
Phyllis Laskey

OH O ETA, Ceveland State University

M chael Abrams
Keith Armbruster
Li onel Bartram

Ceor ge Berendt
Robert Broske

G lbert Nelson
Linda Nel son
Loui se Pugh
Stell a Schnabel

Susan Mackowiak
Merrill Marsh
Linda ode1l
Paul Odenwelder
Karen Pyke

Lanny Pi per

Vincent Matlock
WI1iam Mase
Edward M11s
Susan Mettice
Carol yn Robson
Bonni e Ross

Di ane Schmi dt
Rollin Shank

Pet er MacEwan
Maur een Meyers
Andrew Nard
Emman Chuks Obi

Paul Gerber
Donal d Nicklas
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Radford Reel
DalindREBhdgar

Jirmy Robinson
Donal d Rose
Harlena Roue
Hargarette Snith
John Thonas, Jr.
Steven Weissman
Barbar a Whitley
Fl oyd Woodard

Karen Sprinkle
Kennet h Truitt
Jane Tyndal |
Shirley Watson
Gai | Womble

John Proni

Mar gar et Stubblefield
Carl Wike, Jr.
Jacquel i n Young

Elizabeth Sletten
Allen Starr

Penny Stauffacher
Mary Woytassek

Kerry Shanklin
Diane Smth
Steven Watson

Wl ter Whitehouse
Robert Wolpert

Janes Robertson. Jr.

Everett Swift
James Telatnik
Barbara Wl lace
Li nda Waver
James Wieter
Beverly WIlians
Mary Zdrayije
Mary Zurko

Rchard E Sot
H. Wstcott Vayo
CGene Gong Wo

Gustave Schoone
Rosal yn Schrank
A bert Wi gand
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OH O | OTA, Denison University

Gerald R, Ayres
Susan Baranovic
James F. Baskin
Sue Canpbel |

Frances Dornett
Thonas S. Forker

Janes Gaerner
Trevor F Ganble
Roderi ck Grant
Jeffrey Jalbert
John Jamieson
Geof frey Jewett

OH OHU, Chio University

Christina Allison
Thomas Bar ber
Cat hi e Bolen
Crai g Bonar
Linda Bournival
Marlane Bufwack
Jonat han Chasman
Cynt hia Cook
Duong Thanh Dao
Wayne Dilling
Sinetta Eakin
Mary Eubank
Terry Fearn

Susan Franz
Diana Gfford
Timothy Golian
John Hanneken
David Hargraves
Foy Hester, Jr.
Dal e Huggins
John Jevec
Herman Kalifon
Kennet h Knore
Robert Kol be
David Ladd
Brenda Law

OH O ZETA, University «f Dayton

James Becker
Lawr ence Behmer
Frederick Burkhart

Gai | DeFord
Gary Eck, SM

OKLAHOMA ALPHA, Uni versity of Okl ahoma

Duane Abbey
Sterlin Adams
St ephen Adki ns

Robert Balsters III

Donna Calhoun
WI1iam Cooter
Robert Culbertson
Jerry Cupps
WIliam Denny I
John Dosser

Jani ce Eby

W/!|iam Everidge 111

Phyllis Faw

Charles Forth
Quy Fowl er
Joseph Freival d
Lawr ence Galvin
difton Gary

Si dney G aham
John Green
Roger Greider
Thonas Hamel
Thomas Hand
Cathie Harris
Terry Herdman

OKLAHOMA BETA Oklahoma State University

Kennet h Hyat t

Richard Lampe

OREGON ALPHA, University of Oregon

Nan Abendroth
Abdullah Al - Majil
Kennet h Almquist
Janes Anderson
Robert Brownhill
Lyl e Buerkle
Susana Rubio Burns
Howar d Byerly
Nabi | Chandour
Siok G ok Chya
Luther Conover
Jefferson Cox
Corinne Craft
Celine Dorner

Dani el Dunsing
Thomas Easton

C Arthur Eddy
M chael Franek

G egory Fredricks

Renier Gjerde

Anthony Cheung-yan Ha

Kat hryn Halfen
Davi d Hal |
Laura Hampson
Jana Harris
Leonard Heath
Larry Jellison
Aice Kaseberg
CGordon Keane
Jo Ell en Krause
Kwok-Yin Kwan

_OREGON GAMMA, Portland State Col | ege

James Crawshaw

PENNSYLVANI A ALPHA, Uni versity of Pennsylvania

Dougl as Lenat

Richard Newman

N Adam Rin

Li nda Koerner

Hary Kowaski

Lee E Larson
Thonas MacLeay

Jay McNeill

Eugene Schnidt, Jr.

Craig Love
Andrew Martin
Carence Martin
G egory Maust

M chael McCarty
John Montfort
Mary Lou Morella
Lynnette O son
Karen Oaens
Donal d Pittenger
Joan Presley

Hel en Poon

Hua Dan Quyen

M chael Luthnan
Kat hryn 0'Conner

Marj ori e Jarchow
Donal d Josephson
Martha Joyce
Edwi n Lane
Edward Li ndsay
Thonas Luecock
David Mendahl
Robert Massey
Conway Merrett
O yde Munley
Robert Patterson
Janes Price

Lora Noltensmeyer

Dean McIntire

Mary Hellish

Donal d Ness

J. F. Newmann

St ephani e Nielsen
El i zabet h Oberg
William Payne
Margaret Pendleton

M Edward Pettit, Jr.

Sister Zita Poelzer
Ronal d Prielipp
Alan Richards
MaFkham Robi nson
Martha Ryal |

Roger Schieve

Si dney Scott

Theodor e Roman

Steven C  Shinp
Ti not hy Shouvlin
Sanuel “Weel er
Ronald Wnters
Joseph Woodworth

Paul Reischman
Edward Sabo
Carol yn Saunders
Marolyn Saunders
Kennet h Scott
Joan Stamm

Ronal d Stamm
Tran Cong Thang
W Due Thang
Geral d Wwallingford
Thonas Wilson
Barry Wyerman

Richard dson
Joseph Santher

Dorothy Rutherford
Charl es Scanlon
Mary Schal | horn
Dan Shaw

James Shepherd 111
Val Shirley

Gary Thessing
Thomas Thompson
Steve Troutman
Mar qui s War ner
Janet Weaver
Charles WIliams
Lyle \Wrk

Joseph Potts

Donal d Schreiner
Kay Shrode
Thomas Sites
Lynn Slingerland
Steven Sommer
Mol |y Stafford
Robert Swank
Yuko Takeo

Ronal d Tompkins
Virgina Tupper
Ray Virgin
Wu-shyonj Wei
Janet Wheel er

El i zabet h Wyckoff
Vincent Yen

Philip Yasskin

PENNSYLVANI A DELTA, Pennsyl vani a State University

Dani el | e Appl egat e
Di ane Asnis

Paul Bechtel
Thomas Buchwalter
Robert Budd
Kennet h Burrell
Robert Chanin
Diana Childs
David Cohen

Ruth Celistro
Charl es Col ony
Ray DeLevie

Kat hl een Dudek
Ernest Enscore
John Felgendreger
Patrick Fell
Terry Ferrar

PENNSYLVANI A ETA, Franklin & Marshal |l Col | ege

Lawr ence Aunent
David Cacka

John Garhdrmer, Jr.

Chester Gasowski
O yde Gingrich
WIliamHall
Jeffrey Hancock
St ephen Hartline
John Hewes

Paul Hossler
Gary Ikari

Gry Ile

Robert Jones
Richard Kandziolka
Brian Kent
Shirley Kunkel
Nor man Lomas
Jean MacGregor

Paul Lancaster
Bruce Line

PENNSYLVANI A ZETA, Temple University

Robert Aglira
Renee Bresler
Loui s Broad

Ms. Roslyn Epstein

Virginia Fiumara

RHODE | SLAND ALPHA,  Uni versity of Rhode Island

Robert Allen
Ronal d Blythe
Robert Bates

Paul cofoni

M chael Crusie, Jr.

Joyce Geen
Robert Xaplan
E Quy Kaplan
Rachel Kozuch
Genni Lento

Dilip Datta

Quy Davis, dr.
Hary Ann Haczynski
| sabel Harford

RHODE | SLAND BETA, Rhode |sland Col | ege

Audrey Andrade
Jani ce Beaucage
Judy Blair

SOUTH CARCLI NA ALPHA, University of South Carolina

Casimir Borowski, Jr.

Erroll Col lins

SOUTH DAKOTA ALPHA, University of South Dakota

H | man Ander son
Monte Ander son
Evel yn Aronson
CQurtis Card
Richard Carlson
Sunanda Choudhuri
Charles Oark
Wade Ellis
Russel | Evenson
Wanda Fischer

M chael Fjordback
Robert Freng

Certrude Croke
Susan Hartman

Hary Cottingha=m
Conni e Hudson

Al bert Furer
Patricia Hawt horne
Mel Heer
Margaret Helt
Robert Herren
Lanny Hoffzan
Robert Hohm

I nge Howe
Rebecca | ves
Clair Johnson
James Jorgenson

TENNESSEE ALPHA, Menphis State University

Mary Adkins
WIliamAkin
John Biggs

Mar garet Branch
Gary Bray

Charl es Echols
Judith Eland

Carolyn Fry

Mar gar et Hampton
John Hill

Sandra Huddl est on
Janes Karas

Henry Kellum

W/ 1iam McGreehan
James MeKay
Kennet h McKenna
C are McKeon
LeRoy M nk

David Musser
Susan Newcomb
Frederick Nell
Robert Noll

Rangl 6'Retanowski

Anthony Pagano
ShanPaysBagl owski

Donal d Petraitis
David Quigg

Gordon Prager
Jeffrey Shaub

Carol e Levy

Estelle Lichtenstein
Aron Mandelbaum

John Morris

Roslyn Sel t zer

Mra Hller

Ani | chandr a Kayande
Joni Kilberg

Angel a Lepore

Pazela Judze
Geraldize

Kitty =l
Begh #cOooc

Jaci Jirez
Martha !
Gesrgla Larw
Jazes List
Mary Mcdonald
Willian Manzer
Donal d Killer
Rol and Nepodal
Earl Cckonga
Curtis dson
Debra O son

Mel ody Kennon
Wanda Lemonds
Chuan- Chi ao Liu
David Mashburn
Benjamin Mau
Emily McClintoch

Kennet h Roger s
Frederick Sanner
Dani el Schuresko
Thomas Smith
Jeffrey Snare
Carol Snyder
Kennet h Spackman
W1 1iam Sperati
G ace Stencheomb
Yeong- Long Su
Jack Sulger

Benj ani n Sundepland

John Urenko
Frank Val enzuel a
Fl et cher W cker
Stelios Zanakis

Ernest Wittenbreder

Nel son Zindell

Mark Sikowitz
Russel | Tobias
David Toof

Donna Wl deck

Margaretr Parises:
Peter Peduzai
arez Reysolds
rie Seiple

Robert Waddell
Dal e Powers

Carol yn Sort o=
Joseoh Whittemore

Nark Melrose
Dana Sirmons
Gary Stone

Bert Warbington
John Weigel
Janes Wod
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TEXAS ALPHA, Texas Christian University

Robert Blitz
Barbar a Bostwick
Gail Brooks
Randal | C ark
Mary Dowdy

Any Huang
Phillip Jones
\Vyne Kreger
Elizabeth Lee
Suzanne MeGill

UTAH ALPHA, University of Wah

Steven Andreasen
Floyd Berghout
Lar sen Boyer
Judith Burton
Scott Carter
Davi d Delquadro

Hark Donahue
David Embley
Karen Espe
Wlliam Gal braith
JoAnn Gerstner
Loui se d ade

Crai g Dixen

VIRG NI A BETA VirginiaPolytechnic Institute

Dorothy Amey
Jesse Arnold
Larry Burnette
Emly Button
Richard carmichael
Allen carmody
Mervyn Copeland

Charl es Correia
John Crigler

Cynt hi a Crump
Char| es Dean

W1 1iam busenberry
W M chael Gentry

WASHINGTOR ALPHA, Washington State University

Martha Adans
H Burner
Kun Chang

WMASHI NGTON BETA, Uni versity of Washi ngton

Gry Frisvold
Herbert Goodwin
John Giffin

Ronal d Hudson
JoAnn Marie Morse

Hark Porter

WWASHI NGTON DELTA, Wéstern Washi ngton State Col | ege

Wl ter Fraser
Di ck Hearsey
Janes Heavey

Dal e Behrens

Eli zabet h Behrens
Christine Benedyk
Her man Bouma Eugene Ingoglia
Barbara Chalice Raymond Lewi s
Don DesBrisay Leo Maki

WMASHI NGTON EPSI LON.  Gonzaga Uni versity

Wl ter Davis
Kennet h Gabilordo
Bernard Halloran
Donna Hansen
Al bert Hayek

Robert Barth
Geral d Bergum
Michael Berry
Hark Cast ner
Patricia Davis

Virgini a McKenzie
David Mueller

E. L Perry, Jr.
Donal d Pigg
Robert Price

Janes Huefner
David Jones
Lynn Mabey
Robert Haughan
John Pratt
Jonathan Rubin

Barry Giffin
Thomas Jones
James Massey
Robert MCoy
George Mistretta
John overbey II

Ramesh Cupta
Carol yn Si aki
Susan Stanco

H Steven Procter

Phyl|is McLaughlin
Marie Meyer

Ralph MII

Robert 0'Connell
Jaude Paradis
Robert Parrish

Kennet h Hermens
Mary Henry

Carl Jacobsen
Jeffrey Jones
WIliam Lehr

Morton S| ater
Phillip Slaughter
Jerome Thompson
John Wallis
Arthur Wenger

T. Shinohara
Carl Stockamp
Dean Tayl or

Bill \al ker

J. Roger Wlters
Richard Wntch

Prudence Rank
Julia Snith

Cathy Somma

John Stavropoulos
Robert Todd

P Douglas WIlianms
Ronal d Wi ght

Beverly Stover
Kennet h Vi ting

difford Stimson
Su- Fen Yang

Heinz Ratzlaf f
Gace Rce
Thomas Smircich
John Theis
Pat Timiick

Const ance MeCall
M chael McCormack
Jares Patterson
Robert Sul l'ivan
Richard Sutliff

VEST IRANLA ALPHA, Wést Virginia University

Bruce O af
Robert Sul ek

Barbara COreel
St ephen Currier, Jr.

Mary Grines
Dora Hennen

Beveriy Binger
Dwayne Boyce

Mel vin Breakiron
David Carder

Darrell Gandee
Hel en Gladwell

W SCONSI N ALPHA, Marquette University

Marilynn Bl ank
W1 1iam Campbell

Therese Druml
Nancy Laning

Susan Limpert
Wilma Loudin

St ephani e Mank
Eugene Schlerth

Edward Wite
Thomas Williams

Mary Uszler






