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On top of Kitt Peak. the world's largest solar telescope

gives scientists the largest image of the sun man has ever had

At the top of the gleaming white tower in
the upper picture is a 60-inch quartz mirror
which precisely tracks the sun all day in
the clear, dry air above the Arizona desert.

It is cradled in a carriage called a helio-
stat, built by Westinghouse.
Part of this telescope is tunneled oi nf

the flank of the mountain. Sunlight is re-
flected 480 feet down this tunnel and back
up 280 feet into a dark viewing room by
means of two other mirrors, also on
Westinghouse mountings.
By studying the sun's image here, scien-

tists hope to learn more about the sun'-;

magnetic field and how sunspots affect
our weather and communications.
The 60-ton heliostat at the Kitt Peak

National Observatory is designed to track

the daily motion of the sun to an accuracy

of 1/1000 of an inch.

You can be sure if it's Westinghouse

For information on a career at Westinghouse, an equal opportunity employer,
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh, Pa. 15221.



Another of your future's many facets at Monsanto
If you like the idea of proving your ability rapidly, consider marketing for Monsanto
as a career. This worldwide company (represented in 70 nations), has quadrupled
sales in the last twelve years, is expanding rapidly.

Monsanto needs men with sales talent who also have the creative ability to antici-
pate and generate demand for future products. You'll have the stimulation of pio-
neering with new, exciting products that demand full use of your professional skills.

See your Placement Director to arrange for an interview when we visit your campus
soon. Or write for our brochure, "Your Future and Monsanto," to Manager, Profes-
sional Recruiting, Department 960, Monsanto, St. Louis, Missouri 63166.

An Equal Opportunity Employer



AMERICA'S OLDEST ENGINEERING COLLEGE MAGAZINE IN

CONTINUOUS MONTHLY PUBLICATION — 1891-1965

IN THIS ISSUE

Elmer A. Guerri presents a discussion on the defi-
nitions, uses, results, and controversy of the General
Systems Theory beginning on page 8.

For Ron Gesell's explanation of ACM (Atom Con-
nectivity Matrix) , a new symbolism allowing trans-
formation of two dimensional pictorial molecular repre-
sentations into mathematical expressions, see page 12.

The beginning and continued development of scien-
tific methods is brought to light by George W. Allen
in "The Origin of the Modern Scientific Method." For

a clear picture of the different methods and the men

who formulated them, turn to page 14.

COVER NOTE

This month's cover is by Greg Samoluk, a Junior Math

Major. It is entitled "Transportation."
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editorial

NO NEWS IS BAD NEWS

Student publications at Rose seem to undergo
periods of success and periods of failure much like
business cycles in economic situations. This is a con-
dition brought about by the periodic turnover of staff
members, necessarily a characteristic of all student
organizations. The degree of success or failure depends
on what policies each staff in office chooses to follow.

During last semester the school newspaper reached
the bottom of a cycle, and to the surprise of many
people came to an abrupt halt in publication. This
left only the Technic and the Modulus as student
publications. While these are both fine organizations,
they are somewhat removed from the day to day life
of the student body.

Many students were so concerned with this situ-
ation that they have organized, and I am happy to
report that we are again going to receive the services
of a school newspaper. This will be an entirely new
publication with a new staff, a new constitution, new
policies, and a number of new ideas. By the amount
of work this new staff has done and by the amount
of interest they show, I feel this new organization
will return the newspaper to the top of its cycle and
establish an all time high.

I, therefore, encourage you, the students and staff

of Rose, to support this new newspaper if by no other

way but by reading it. I feel these men who have
returned this service to us deserve our thanks, and
I wish them the best of luck and the greatest success.

S



What is a chemical engineer doing at NCR?

\

Lots of things. With a BS, MS or
Ph.D. in chemical engineering, he
may be working with plastics, poly-
mers, inks, paper, metals, foods or
pharmaceuticals.

In NCR's Finishes Control Labora-
tory, his assignment might deal with
new process design for electro or
electroless plating. Or with new
etching techniques for printed-thru-
hole circuit boards.

In Chemical Development, he
might be working with special paper
products for business systems
(such as carbonless transfer and

thermocopy paper, punched cards,
and tape). He might be developing
new media storage by changing
materials and coating techniques.

In the Plastics Laboratory, you
may find him evaluating new mate-
rials, determining new methods of
production, developing new proc-
esses or improving old ones.

Capsular Research and Product
Development would involve him in
NCR's unique microencapsulation
process which locks up a material
in a microscopic capsule for subse-
quent release. This has applications

in such fields as pharmaceuticals,
foods and adhesives.

In NCR's Materials Analysis
group, he might assist our research
organizations — qualifying produc-
tion materials or developing new
wet and dry test techniques.

If your interests fit into this
broad picture of process develop-
ment, product development and pro-
duct application, we'd like to hear
from you. Write to Thomas F. Wade,
Technical Placement, NCR, Dayton,
Ohio 45409. An equal opportunity
employer.

BE SURE TO VISIT THE NCR PAVILION AT THE N. Y. WORLD S FAIR. THE NATIONAL CASH REGISTER COMPANY Q9



Would you like to be the man who masterminds the computer?

Settling on your first important job is a big step. And
nobody can make the final decision but you. If you are
looking for a company that encourages—and rewards
—individual contributions, give serious thought to a
career with United States Rubber. We offer you the
security of a company that is growing, and growing
fast in fields that present great opportunities to qualified
graduates.

Less than half our business is in tires. Our 70,000 em-
ployees in 74 plants, here and abroad, produce more
than 33,000 different consumer and industrial products.

Spearheading our growth is a vast and complex research
and development program. Some of the exciting projects
in work are solid rocket fuels and the application of
atomic radiation to form revolutionary new types of
rubber, plastics and chemicals. Oceanography and the
latest designs in space stations are also high on our
agenda.

It is only in such a large and stable company such as
United States Rubber that you will find the diversity,
the facilities, the opportunity—and the appreciation that
challenge men of skill, industry and imagination.

UNITED STATES RUBBER 1230 Avonu• of tho AmorIcas, New York 20, N.Y.

An Equal Opportunity Employer

THE FIELD IS WIDE "U.S." offers a comprehensive variety of career opportunities to Chemical, Electrical, Mechanical, Indus-
trial and Textile Engineers as well as to those with degrees in Physics, Mathematics and Chemistry. Contact your placement office
to determine when a U.S. Rubber recruiter will visit your campus. Before you decide on your first job, have a talk with him.



GENERAL SYSTEMS
THEORY
by

ELMER A. GUERRI

Sr. Chem.

Elmer A. Guerri is a senior

majoring in chemistry. He is

married and commutes from

Clinton, Indiana. Elmer is

president of both the Ameri-
can Chemical Society Student

Affiliate chapter and the
S.A.M.E.

INTRODUCTION

The purpose of this article is to
present a brief discussion of General
Systems Theory. The definitions of
General Systems Theory, the uses of
General Systems Theory, and the re-
sults and controversy of General
Systems Theory will be dealt with
briefly.
The scope of the paper is not to

present any new ideas or theories re-
garding General Systems Theory,
but to merely discuss the above topic
in General Systems Theory.
General Systems Theory contains

relatively new methods for the study
and investigation of complex sys-
tems. There have been many im-
portant advances made in various
"disciplines" as a result of applica-
tion of General Systems Theory.
Although General Systems Theory

is relatively new (the first "General
Systems" publication didn't appear
until 1955) , the overwhelming fol-
lowing it has gained among promin-
ent scientists illustrates the high
hopes which are being placed upon
it for future use.
Any worker who calls upon Gen-

eral Systems Theory as one of his
tools must develop a somewhat new
scientific strategy. This strategy de-
mands the acceptance of the organ-
ism or process being studied as a

complex whole, as opposed to the
more widely accepted scientific
strategy of subdividing the complex
system into simpler parts and "at-
tacking each part separately."
This paper will not state that the

"breaking into parts and analyzing"
system has no place in "scientific
strategy 1965.' This paper will mere-
ly try to illustrate the possibility of
the application of General Sytems
Theory to systems where the older
strategy either fails or leaves much
to be desired.

PURPOSE
General Systems Theory makes

use of modern scientific techniques
to develop warranted assertions ap-
plicable to all systems whether
physical, biological, or behavioral.
The purpose of General Systems
Theory is to seek to discover analo-
gies or more basic common prin-
ciples in the various areas of scien-
tific inquiry that will lead to fruitful
integrating and interdisciplinary
hypothesis.
One of the founders of General

Systems Theory says: " . . . there
exist models, principles, and laws
that apply to generalized systems or
their subclasses, irrespective of their
particular kind, the nature of their
component elements, and the rela-
tions of 'forces' between them. It is

legitimate to ask for a theory, not of
systems of a more or less special
kind, but of universal principles ap-
plying to systems in general.

NEW DISCIPLINE
General Systems Theory can be

looked at as the new discipline whose
subject matter is the derivation and
formulation of those principles which
are valid for "systems in general."
According to Kenneth Boulding:

"General Systems Theory is the
skeleton of science in the sense that
it aims to provide a framework or
structure of systems on which to
hang the flesh and blood of particu-
lar disciplines and particular sub-
ject matters in an orderly and co-
herent corpus of knowledge."
James G. Miller holds that Gen-

eral Systems Theory: " . . . finds
formal identities between various
physical systems, the cell, the organ,
the individual, the small group or
species, and the society (which) of-
fer promise not only of coordinating
the theories of . . . scholars but also
of confirming their conclusions em-
pirically, employing the dimensions
and units of the natural sciences."
H. M. and A. B. Blalock say that

system analysis is: " . . . taken to be
a general mode of analysis used in
all sciences. Systems are seen from
three perspectives: (1) that involv-
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ing the relationship between system
and environment, (2) that involving
interaction between several systems,
and (3) that involving one type of
system composed of other types of
systems."
General Systems inquirers are

concerned with all systems of any
kind, not only with machine and
man-machine systems. The inquirers
attach great importance to further-
ing interdisciplinary studies and the
unification of science. The tech-
niques used to reach these goals
center on finding analogies, "struc-
tural isomorphies,' "formal identi-
ties," and laws of wider and wider
application in different systems.
Science has long been interested

in living organisms, but for many
years it has tried to find within the
organism what is simple. The com-
plexity of "the whole" has been over-
looked in favor of the simple parts.
The process of looking for "sim-

plicity" and overlooking "complex-
ity" can be seen in the study of
digestive process, the study of
cerebralaction, physics, and biology.
"The triumphs of modern science

have been along the lines of discover-
ing and explaining the units out of
which complex structures are made.
This has been a triumph of analysis,
not synthesis." Only as an after-
thought has there been, in most in-
stances, any studies made of the
combined actions of the "simple
units." The rule of "analyze into
parts, and study them one at a time"
was so widely followed that there
was some danger of it degenerating
into dogma.

ANALYSIS

Sir Ronald Fisher was one of the
first to face squarely up to the fact
that not all systems allow this
analysis into single parts. He studied
information about how the complex
system of soil and plants would react
to fertilizers by giving crops.
One method of analysis is to ana-

lyze plant and soil into a host of little
chemical and physical substances,
get to know each sub-system indi-
vidually, then predict how the com-
bined whole would react or respond.
Fisher decided this would be too

slow and that the information he
wanted could be obtained by treat-
ing soil and plant as a complex
whole. He then proceeded to conduct
experiments where he could not al-
ter the variables one at a time.
Fisher initiated a new scientific

strategy. He accepted the complex-
ity of the system as a non-ignorable
property and showed how worth-
while information vould be obtained
from it. It is important that he
showed that this could be done only
if the worker accepted the need for
a new scientific strategy.
Hence we are looking at a system

of studying an organism or process
by accepting its complexity and
studying it as a whole, as opposed
to such sciences as chemistry and
physics where a system to be studied
is broken apart and studied piece-
meal.

STUDY
The big question that now arises

is: "What methods are there for the
study of such systems, i.e., what
general methods can General Sys-
tems Theory follow?
There are two plans of attack for

study. The first one was well de-
veloped by Bertalanffy. It takes the
world as we find it, examines the
various systems that occur in it, and
then draws up statements about the
regularities that have been observed
to hold. This is essentially an em-
pirical method.
The econd method is to start at

the other end. Instead of studying
first one system than another, it
goes to the other extreme, considers
the set of "all conceivable systems"
and then reduces the set to a more
reasonable size.
Although the second method seems

to be somewhat speculative, it has
already been used with great reward
in many instances, such as in crystal-
lography. Crystallography studies on
one hand to those crystals that ac-
tually occur in Nature, and it also
studies all forms that are conceptual-
ly possible in its mathematical
branch. It has been found that the
set of all conceivable crystals must
obey certain laws, and meathemati-
cal crystallography can make con-

fident predictions about what will
be found in certain cases. Mathe-
matical crystallography thus forms a
background or framework more
comprehensive than the empirical
material, on which the emperical
material—the real crystals—can find
their natural places and be apparent-
ly related to one another.

CONSIDERATION
The method of considering more

than the actual has also been used
to advantage in physics ,mathemat-
ics, and other sciences. For instance,
in physics we speak of the massless
spring, the fricionless pulley, and
particles with mass but no volume.
As shown above with the example of
crystallography, consideration of a
system whose parts are non-existent
can be very useful and very con-
clusive at times.
The method devised by Bertalanf-

fy, however, seems a little more fea-
sible to us. Ludwig von Bertalanffy
(1901- ) is one of the major con-
temporary biologists. His scientific
interests range widely from physiol-
ogy to biophysics and from method-
ology of natural science to historic-
methodological researchs. He is a
leader in the Society for the Ad-
vancement of General System
Theory, which he founded.
A General System Theory did not

occur to Bertalanffy all at once. In
his earliest works bordering on Gen-
eral Systems Theory, he presents
the idea of a continuity between
natural-scientific (biological) and
philosophical (methodological) re-
search. Bertalanffy's methodological
principles were developed in his
theory of open systems and in his
General System Theory.
By a system Bertalanffy under-

stands a complex of elements in in-
teraction. Starting from this defini-
tion, he essentially identifies systems
with organized collections of objects.
He speaks of "open" and "closed"
systems. To the extent that closed
systems do not possess the specific
traits of organized complexes studied
in modern biology, biophysics, chem-
istry, physiology, etc., Bertalanffy
leaves them out of consideration,

(Continued on page 22)
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since he is concerned exclusively
with organized systems which he
identifies with "open" or "teleologi-
cal" ones.

A system is called "closed" if no
substance flows into it or out of it
(an exchange of energy, however, is
permitted) . A system is called open
if not only energy, but also matter
flows in and out. Equilibrium is a
state of a closed system, independent
of time, in which all macroscopic
variables remain constant and all
macroscopic processes cease.

Bertalanffy offers a definite math-
ematical model to describe the "be-
havior" of open systems, based on
thermodynamics of irreversible pro-
cesses.

Bertalanffy gives the general
equation applicable to open systems
in the form:

dQi
Ti + Pi

dt
(i 1, 2, 3, 4, . . . , n.)

where dQi is a definite character-
istic of the ith element of the sys-
tem (e.g., concentration or energy
density) , t is time, T is a function
describing the velocity of transport
of element as a given point in space,
and P is a function describing the
appearance of elements at a given
location inside the system.

This general equation applies with
proper modification and interpreta-
tion in any branch of science in
which the investigation of open sys-
tems is the problem.

DEFINITIONS

According to Bertalanffy, a Gen-
eral System Theory must first of all
give a logical definition of the no-
tions "system" and "organization"
and must classify the fundamental
types of system. Second, it must
make in certain cases a quantitative
analysis of separate types of systems.

Bertalanffy emphaizes that a Gen-
eral System Theory is not an investi-
gation of hazy and superficial anal-
ogies between physical, biological,
and social systems. Analogies as
such have little value, since differ-
ences can always be found among
phenomena as well as similarities.

He declares that the kind of isomor-
phism with which General System
Theory is concerned is a consequence
of the fact that in some respects cor-
reponding abstractions and concep-
tual models can be applied to differ-
ent phenomena.

Within the bounds of General Sys-
tem Theory, Bertalanffy proposes the
following classification of systems:
(1) systems based on dynamic inter-
action of parts, (2) systems based on
feedback loops, and (3) systems
where stable states are reached by
way of trial and error.
Now that we have considered a

few definitions of General Systems
Theory and have studied some of the
characteristics common to all Gen-
eral Systems Theories, it is possible
to turn to some applications of Gen-
eral Systems Theory and later to
some controversial points regarding
General Systems.

APPLICATIONS
Many advances have been made

as a result of the direct application
of General Systems Theory. The ex-
amples cited in this section are by no
means an exhaustive list, but are
meant to merely illustrate the va-
riety of disciplines which have made
use of General Systems Theory.
One of the most profitable appli-

cations of General Systems Theory
was in the study of meteorology and
psychology. John W. Thompson was
a professional meteorologist in World
War II. In the course of forecasting
the weather he noticed certain anal-
ogies between meteorology and psy-
chology which he thought would be
worth studying at a more appropri-
ate time. Two ideas occurred to Mr.
Thompson: (1) It appeared that the
meteoroligist's conception of an
"adiabatic" process could be used
to expose the limitations of current
learning theory, and (2) that the
introduction to meteorology during
World War I of the notion of frontal
discontinuities by V. J. Bjerknes
suggested the desirability of a com-
parable revolution in terms of dis-
continuity in psychology and the
social sciences, in which such con-
cepts as homeostasi were overwork-
ed.

DISCONTINUITY

It appeared possible to develop a
general theory of discontinuity em-
bracing psychology, sociology, and
capable of extension to politics and
economics. Mr. Thompson did de-
velop a theory which allowed for
both continuity and discontinuity in
human behavior and in equilibrium
theory in the study of the past be-
havior of man. He illustrated that
the large scale study of human be-
havior very closely resembled the
study of weather as both involved
the study of individual units group-
ed together into interacting systems.
In the field of botany a remark-

able study in Systems Theory can be
seen in the slime mold study of
Ralph Gerard. Under conditions of
adequate water and food supply a
colony of this plant is made up of
quite independent individuals, each

with its own inputs, outputs, equili-

bratory mechanisms and ability to
reproduce. Under more stressful con-

ditions, when the environment is less
favorable, however, these individuals
flow together to form what is essen-
tially a single multicellular organ-
ism with specialization of function

or distribution of labor. Some be-

come central cells, others peripheral

cells which always flow toward the

center, wherever it may be; some
cells reproduce and others cannot
a remarkable model of how humans
band together under stress from a
common enemy, as did the London-
ers, for example, during fire raids in
World War II. Mr. Gerard found
that the slime molds and humans of-
ten react and function according to
certain general principles common to
both species.

MODEL

George J. Friedman used General

Systems Theory to develop a model

for the evolutionary process which

will establish a series of models for
learning behavior in a manner simi-

lar to that by which the process of
natural selection establishes a series

of individuals on an evolutionary
scale. This is only one application to

(Continued on page 22)
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• One of the many rewarding advantages of an engi-
neering career at Allison is the association—in a creative
environment—with outstanding scientists and engineers
in their respective fields.
Dr. Y. S. Tang, Group Project Engineer in the Heat

Transfer and Fluid Dynamics Section, is the calibre of
man we believe you'd like to be associated with when
you embark on your professional career.
Dr. Tang was graduated from Chinese National Cen-

tral University in 1944. He received his M.S.M.E. from
the University of Wisconsin four years later, and in
1952, received his Ph.D.C.E. from the University of
Florida.

Joining Allison in 1959, he is currently responsible
for research in fluid dynamics and heat transfer devices
for auxiliary power generation for space, under sea and
terrestrial power plants. In the course of this work,
he also carries out studies in boiling and condensing

liquid metals, radiant heat transfer and phase separa-
tion in aerosols.

Let us tell you about your career opportunity at
Allison, where "Energy Conversion Is Our Business."
Talk to our representative when he visits your campus.
Or, write now for a copy of our brochure which tells
how the young graduate engineer can advance his pro-
fessional career at Allison.

Send your request to : Allison

Division, General Motors

Corporation, Indianapolis,

Indiana 46206, Att : Profes-

sional and Scientific Place-

ment.
An equal opportunity employer

_Allison GM
THE ENERGY CONVERSION DIVISION OF

GENERAL MOTORS. INDIANAPOLIS. INDIANA Gene:a, LLtxs

Here Dr. Tang is measuring photovoltaic cell

performance with a variable radiant energy

source in one of the Engineering Research

labs at Allison.



THE ATOM

CONNECTIVITY

MATRIX

The atom connectivity matrix or

ACM, is a new unambiguous sym-
bolism which allows ready trans-
formation of the usual two dimen-
sional pictorial molecular represen-
tation into a unique mathematical
expression readily useful for hand
or computer manipulation. To use
the ACM, one only needs to follow
two simple rules.
Rule 1: Sketch the molecule with

all the atoms and interatomic con-
nectivities (bonds, bands, orders,
ionic character, etc.) desired to be
used in the ACM. Atoms and con-
nectivities should be indicated in the
sketch. Any model from a stick
formula to more complicated struc-
tures may be used.
Rule 2: Construct a matrix array,

the ACM, wherein the all elements
(the diagonal) represent the constit-
uent atoms and the off diagonal ele-
ments represent the connectivity be-
tween the i'th and j' th atoms. The
order of writing the diagonal ele-
ments is unimportant.
The characteristic polynomial,

ACMCP, is obtained by evaluating
the determinant of the ACM. Thus,
ACMCP = det. ACM. The ACMCP
is invariant with respect to direction
of viewing the molecule and order of
numbering the atoms, and has a
unique one-to-one correspondence
with its pictorial model.
The ACM and its ACMCP are

by RON GESELL, Sr. Math.

I. HYDROGEN CYLORIDE : W - CL

ACM =114
1

ACMCP =--1 1-1
1

CIL]

Cid
-----. 1-/CL - /

2. HYDROGEN CYAN/DE : I- / -C :2-F.1\1

ACM _

kJ / 0
/ C 3

Lo 3 N

N I 0
ACMCP — 1 C 3 = PCN - 9/1-N

O 3 N

3. CARBON DIOXIDE : ( 1 3 --= C = 0

10 2 0
ACM =-- Z. C 2

O 2 (3

C 2 2
2 0 0 — • COz - - 80
2 0 0

4. ME7-WYLACETYLENE : CT-4 C -C

- C 3 0-

ACMCP -----

4CM Z.--.

-

ACMCP --=

3 C
O /

C 3 0
3 C I
0 I C

/
c

I-

---- c 3 - io c
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versatile in that any order of ap-
proximation may be selected, de-
pending upon the molecular details
to be represented. Demonstrations of
the different orders are shown in
Examples 1-5.
The zero order approximation:

Only the basic linked backbone
atoms are listed with hydrogen be-
ing omitted in organic molecules and

fluorine in fluorocarbons or repeat-
ing groups in ionic structure. The

connectivities between pairs of

atoms are assigned integral bond
order value of 0, 1, 2, and 3 for no,

single, double, and triple bonds re-
spectively.
Example 6. 2—methylcyclopropene:

This gives rise to the same results
as example 5. This is because one is
the reflection of the other, and both
have the same molecular formulas
by conventional methods.
One might then ask if any four-

carbon structure gives the same
results. The answer is no, as exam-

5. /- METNYLCYCLOPPOPENE :

C 1 0 0

I C 2 /.-__
0 2 C I
O 1 1 C,

0 0 C I
I C 2 1(:=
C 1 0 0

O 1 I C
--= C4 -7 Ct -t- 4C

6. 2-METNYCYCLOPROPENE :

C = C -C
\C/

7 3- METHYLCYCLOPROPENE :

C I 0 0
1 C 1 1
O 1 C 2
0 / 2 C

C 1 0 0
I C I 1.--
0 I C 2
0 I 2 C

ACM

ACMCP ------

ACM

A C MCP

=--:

C - C = C
\ c '

C 0 / / I
2 C / 0
/ / C 0
/ 0 0 C
+ /

C = C -C
‘ c '

C = C
• ,
C -C

=- C4- 7C+ 4C + 4

ple 7 will show. This is because of
the bond structures which by con-
ventional formulas would all be the
same, but by using the ACM, a
formula can be found which differ-
entiates between the different chem-
ical structures.
By letting R stand for a radical,

some organic equations can be re-
duced to simple zero order struc-
tures. This is shown in Example 8
below.
The first order approximation is

the same as the zero order, only all
the atoms are included. See Exam-
ple 9 below.
Then the higher orders may in

(Continued on page 28)

8. ALIO/ BROMIDE :
R- BR

ACM =_- 
f R 1 7
Li BR i

ACMCP= RE3R -1

9. FORMALDEHYDE:

H\C a--- -- -- ,1-1/

ACM =

H 0 1 0
0 I-/ I 0
1 I C 2
0 0 2 (1).

ACMCP =
1-1zC0-41./t-Zii0

/O. 8E1VZENE:

ACMCP =

C 3/z 0 0 0 5/z
3/zC 3/200 0
0 3/2 C 3/2 0 0
0 0 .5/2 C 3/z 0
0 0 0 5/2 C .z
3/2 0 0 0 3/z C

= C6---42 C4+ 81 ci- zgaa G4

1 3
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Since the beginning of human his-
tory, one of man's basic characteris-
tics has been curiosity. In order to
satisfy this quest for knowledge and
to attempt to better understand
themselves and their environment,
human beings developed and are
continuing to develop the scientific
method. Throughout the centuries of
its use this process has naturally
changed and evolved right along
with the type of scientist using it.
In its basic form the scientific

method is the process of man apply-
ing his trained and organized com-
mon sense to answer his questions.
Therefore, any study of the scientific
method through history is simply
looking at the different methods
people have used to interpret the
nature of things in the most logical
manner.
The birthday of the scientific

method, as we know it today, oc-
cured late in the Sixteenth Century.
It was from these new ideas, meth-
ods, and principles that our modern
techniques for obtaining scientific
knowledge have evolved.
Of course a scientific method had

been used before the Sixteenth Cen-
tury. The first human to take an

active interest in science and scientif-
ic methods were men of the early civ-
ilizations in Persia, Egypt, Greece,
and Rome. The two major scientific
philosophers of ancient times were
Archimedes and Aristotle. These
men gained scientific knowledge us-
ing a method known as syllogism.
Syllogism is a process of taking two
premises and deriving a logical con-
clusion from them. A typical syl-
logism would be: All metals are
good conductors of heat, and all good
conductors of electricity are metals;
therefore, all good conductors of
electricity are good conductors of
heat. Obviously some syllogisms are
valid; others are not. Aristotle, by
observing natural phenomena around
him, was able by syllogism to create
the first real set of scientific ideas.
Since he was unable to suggest any
unfallible method of obtaining the
necessary premises, his syllogistical-
ly derived ideas were not always ac-
curate or correct. This syllogism
was, however, the first step along
the road to a valid scientific method.

After the fall of the Roman Em-
pire the world entered the Dark
Ages, a period in which little or no

George Allen is a native
Hoosier, from Indianapolis. He
is a sophomore in Chemical
Engineering. George is also
a member of the Debate
Team.

scientific progress was made. In fact
much of the ancient scientific effort
was lost or forgotten. Scientific pro-
gress during the Renaissance was
confined to the rediscovery of lost
information with most schools and
men of science re-establishing and
reaffirming classical science as the
accepted fact with any change or
revision of it being suppressed.

With the beginning of the Intel-
lectual Revolution in Western Eu-
rope came the skeleton of the sci-
entific method as we know it today.
The champion of this new method
was Sir Francis Bacon, an English
scientist. Bacon realized that syllo-
gistic reasoning was very unsuitable
for discovering and interpreting the
laws of nature. Recognizing that
some of Aristotle's theories were not
absolutely correct, he proposed a
new method of scientific research
to replace syllogism and to answer
some of the questions left by Aris-
totle. His method is known as in-
duction, provided a process whereby
scientists could cautiously rise from
known observed facts by expanding
these facts into wider and wider
generalizations. Upon expanding the

14



observation, every effort was made
to disprove or find exception to the
generalization. If the generalization
were disproved, it was replaced or
modified to fit the new facts.
An important part of Bacon's new

method was experimentation. Be-
fore this time scientists had been
mainly concerned with observing
and interpreting naturally occurring
phenomena. Bacon's induction de-
pended upon unnatural or induced
phenomena aimed specifically at
proving or disproving an hypothesis.
Haphazard experimenting is no good.
Experiments should be organized
and directed.
In general induction consists of

four distinct, ordered steps: 1) Ob-
servation, 2) Hypothesis, 3) Experi-
ment, and 4) Induction. Obviously
if any of the four steps are incorrect
beyond the necessary degree of ac-
curacy, all the other steps are mean-
ingless, and the final conclusion in-

valid.
Bacon had the right idea, but he

carried it a little too far. He felt that
his method was an infallible one
which would automatically give the
scientist the right answer. There
were, however, two fallcious sup-
positions involved with the method.
Bacon felt that there were only a
finite number of observations and
experiments possible, and thus man
would be able to complete his scien-
tific investigation in a finite amount
of time. It is now known that scien-
tific knowledge by its very nature is
capable of infinite extension meaning
that neither induction nor any other
method will ever enable men to
know everything. Secondly Bacon as-
sumed that every observation would
be absolutely corect. Again it is now
known that all answers obtained, no
matter how convincing they may
seem at the time, are always subject
to change in the light of fresh evi-
dence.
Bacon's induction, however, was

used throughout the Intellectual Re-
volution, and during this period it
was constantly extended and better-
ed by contributions from various
scientists. The first real user of in-
duction was the "father of modern
science," Galileo. The first example

experimentation specifically to test a
theory was Galileo's famous test of
Aristotle's story of the velocities of
falling bodies. Late in the Sixteenth
Century Galileo supposedly dropped
two bodies of different weight from
the Leaning Tower of Pisa. The two
bodies hit the ground simultaneous-
ly, thereby disproving Aristotle's
theory. He performed many small
scale, simple experiments and sug-
gested many other "thought experi-
ments" to be tried later by others.

Galileo made four important con-
tributions to the scientific method.
First he showed that before causes
of a phenomenon could be establish-
ed, it was necessary to determine
what the phenomenon actually was
and how it was related to other
phenomena. Secondly he insisted
upon the complete objectively of
the observer during experimenta
tion. For example he differentiated
between properties of a body (mass,
size, position) and properties which
bodies have that produce an effect
upon the observer (smell, taste,
color) . This difference, he noted,
must be kept in mina during an
objective scientific investigation. His
third contribution to the scientific
method was his manner of interpret-
ing observations and experiments.
The main feature of his interpreta-
tion was the important place he gave
to space and time. Fourth, he show-
ed that experiments could be carried
out through readily available means
and that important theoretical con-
clusions could be drawn from rela-
tively simple experiments.

Other following scientists modified
and improved the new method of
scientific investigation. Newton, the
greatest scientist of the age, intro-
duced mathematics strictly as an in-
strument of investigation. While he
did not exclude experimentation
from his method, he had greater
success with his mathematical in-
vestigation. Clerk Maxwell was also
very successful in his mathematical
interpretation of observed phenome-
na.

In contrast to these two, the physi-
cist Farady showed that the method
of inductive investigation could be

caried out very successfully without
the use of mathematics, elaborate
apparatus, or endless experiements
if only the scientist would make full
use of acute observation, imagina-
tion, and his power of simplification.
Another contributor to the scien-

tific method was made by the chem-
ist Henry Cavendish. Thanks to ex-
tremely careful and cautious work,
he was able to prove that the one-
one hundred and twentieth part of
the air which was not nitrogen or
oxygen, was not an experimental
error but was actually another con-
stituent gas of the air, argon. Thus
the importance of accuracy in the
inductive process was established.

Newlands and Mendeleeff, in dis-
covering that properties of elements
varied periodically with thir atomic
numbers, established classification
as an important part of the modern
scientific method.

In addition to the men who actual-
ly used and changed the scientific
method in their work, there were
others who, through their discoveries
and inventions, gave to the scientific
method many new tools. In spite of
Faraday's amazing "mathematics-
less" successes, Bacon's induction
would have produced new startling
results without the resurrections of
the ancient and the invention of new
mathematical science. Mathematical
advances of the age such as New-
ton's and Leibniz's calculus, Napier's
logarithms, Descarte's coordinate
system, Fourier's series, and La-
grange's differential equations are
largely responsible for the develop-
ment of the scientific method to its
present usefullness.

A method which is so dependent

upon observations and measure-
ments was naturally enhanced by

the invention of better and better
measuring and observing devices.

The invention of the telescope,
microscope, barometer, thermome-

ter, balance, and electrical equip-
ment by such famous scientists as
Galileo, Torricelli, Hygens, Newton,
Michel, and Volta made the use of
the scientific method easier, more
efficient, and more effective.

(Continued on page 29)
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library notes

THE STRATEGY OF DECEPTION,

edited by Jeane J. Kirkpatrick.
Farrar, Straus and Co., 1963.

This is a collection of essays on
the Communist strategy of deception
gathered from various sources by
the late S. M. Levitas, who was for
over thirty years editor of the New
Leader. Shortly before his death
Mr. Levitas placed the essays he had
collected in the hands of Mrs. Jeane
Kirkpatrick, asking her to supple-
ment and edit them and to provide
an introduction. The result is a
book of outstanding importance,
covering the wide-ranging efforts of
Communists all over the world to
hide their doings by various decep-
tions. It is a book the free world can
well afford to study with utmost
care, for it pin-points the major de-
vices used by communism to build
an image of itself that has itself been
a lie.

Using the case method, the various
contributors, all experts in their
field, describe the ideological basis
of Communist action and the Com-
munist revolutionaries. Then, exam-
ple by example, this book deals with
communism at work in the soft and
vulnerable areas: the take-over of
mainland China by Mao; the Com-
munist penetrations elsewhere in
Asia, particularly in India and
Burma, as well as in Latin America
and Africa. It tells how Czechoslo-
vakia was subverted without a shot

by harry gilbert

librarian

being fired and the danger which
the strong Communist parties in
France and Italy represent for these
democracies; then there is an excel-
lent study of how communism has
sought and too often succeeded in
penetrating the trade union move-
ment here and abroad. Finally, it tells
of the confrontation between the
United States and the Soviet Union
in the United Nations and how the
Soviet misuses the Charter to pro-
mote its own objectives. Thus, it
exposes the vast deception that has
been practiced since Lenin's day to
hide the collapse of Marx's grandiose
predictions.
The high scholarship of the book,

as well as its readability and in-
trinsic interest, make it a particular-
ly valuable text for college study.
For what the book conveys about
communism is exactly what the
young mind most needs to know as
it approaches its civic and political
responsibilities. Equipped by the
knowledge given by this book, free-
world mind can be in a far better
readiness than they have been to
know their enemy.
WORLDS APART, by Owen Bar-

field. Faber and Faber Ltd., 1963.
In this too specialized age streams

of thought and ideas are more and
more imprisoned in watertight com-
partments. No man will talk his
'shop' to another who stands out-
side it. When it comes to first prin-
ciples, such as the nature of man

himself and his universe, minds are
world apart and never meet.

Troubled by this breakdown in
communications, the narrator in this
new book by Owen Barfield borrows
a tape recorder and a cottage and
persuades seven thinkers to share
them with him for a short weekend:
a physicist, a biologist, a psychiatrist,
a professor of theology, a linguist
philsopher, a young rocket-research
worker, and a seventh guest who
does not fit too readily into any one
of the contemporary pigeon-holes
and claims to shed fresh light on
them all.

This is not a 'Philosophical Dia-
logue' in the ordinary sense, where
the contrasted points of view are
suavely and decorously expounded
out of the mouths of two or three
characterless lay-figures. Not all the
participants are even interested in
philosophy, and at least one of them
remains convinced that there is no
such thing. Personalities as well as
ideas are heard to clash and the
temperature sometimes rises rather
dangerously. By the time the party
breaks up the heat has been suc-
cessfully dissipated and the reader

is left to decide for himself whether
the light remains.

Owen Barfield has a high repu-
tation as a penetrating if sometimes
unconventional thinker and with
Worlds Apart he once again presents
an unusual challenge to his readers.
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John Lauritzen wanted further knowledge

He's finding it at Western Electric
When the University of Nevada awarded John Lauritzen
his B.S.E.E. in 1961, it was only the first big step in the
learning program he envisions for himself. This led him
to Western Electric. For WE agrees that ever-increasing
knowledge is essential to the development of its engi-
neers—and is helping John in furthering his education.

John attended one of Western Electric's three Grad-
uate Engineering Training Centers and graduated with
honors. Now, through the Company-paid Tuition Refund
Plan, John is working toward his Master's in Industrial
Management at Brooklyn Polytechnic Institute. He is
currently a planning engineer developing test equip-

ment for the Bell System s revolutionary electronic
telephone switching system.

If you set high standards for yourself, educationally
and professionally, let's talk. Western Electric's vast
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System provides many opportunities for fast-moving
careers for electrical, mechanical and industrial engi-
neers, as well as for physical science, liberal arts and
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Career Opportunities booklet from your Placement
Officer. And be sure to arrange for an interview when
the Bell System recruiting team visits your campus.
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Miss

Marty

Pflug

Miss Technic for February is Miss Marty
Pflug, a junior at Indiana State University.
There, she is majoring in elementary educa-
tion. Marty comes to ISU from the town of
Huntingburg, Indiana.

Marty is an active member of Alpha Omi-
cron Pi sorority. She is also a member of the
Sycamore Players, and she has been a Spark-
ette for three years. In her free time, Marty
enjoys dancing and twirling. In the summer,
her free time activities also include swimming

and water skiing. Marty has been a life-guard

for the past few summers.

Blue-grey eyes and brown hair complement

her radiant smile. She is 5'7" tall, weighs 120

lbs., and sports an attractive 37-23-35 figure.

Anyone for drowning this summer?
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SYSTEMS
(Continued from page 9)

grow out of the realization that
many similarities exist between liv-
ing and non-living systems. Giant
electronic "brains" imitate the com-
putational and logical activity of the
human mind. The study of these
areas of similarity could lead to the
development of more advanced and
sophisticated computer-control sys-
tems and perhaps could even give
insight into nervous system disor-
ders and more efficient methods of
teaching humans.
Karl W. Deutsch made an inter-

esting application of General Systems
Theory in the field of communica-
tion. He thought of any metropolis
as a huge engine of communication,
a device to enlarge the range and
reduce the cost of individual and
social choices. He compares this
metropolis to a switchboard. In the
familiar telephone switchboard, the
choices consist of many different
lines. Plugging in the wires to con-
nect any two lines is an act of com-
mitment, since it implies foregoing
the making of other connections.
The concentration of available out-
lets on the switchboard permits a
wider range of alternative choices
than would prevail under any more
dispersed arrangement. It also im-
poses less stringent condition of com-
patibility.

POTENTIAL

The limit of potentially useful
size of a switchboard are fixed by
the capacity of the type of switch-
ing and control equipment available.
The facilities of the metropolis for
transport and communication are the
equivalent of the switchboard. The
units of commitment are not neces-
sarily telephone calls but more often
face-to-face meetings and transac-
tions. For any participant to enter
into any one transaction usually will
exclude other transactions. Every
transaction thus implies a commit-
ment. The facilities available for
making choices and commitments
will then limit the useful size of a
metropolis. The various attempts of

(Continued on page 24)
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FROM CAMPUS TO CAREER WITH DELCO RADIO

Dewey Nelson came to Delco

Radio Division of General Motors

in 1958 with a BSEE from Iowa
State University. Today, as a proj-
ect engineer at Delco, Dewey helps
design the building blocks for digi-
tal control systems—such as the
logic cards and modules pictured
above. He also assists in designing
complete digital systems using
these parts.

Like other talented young engi-
neers at Delco, Dewey can enjoy
the prospects of a longtime, satis-

fying career with this stable elec-

tronics division of General Motors.

He can look forward to a happy

future for his family in the friendly,

growing environment of Kokomo,
Indiana where schooling is tops
... desirable new homes and apart-
ments plentiful . . . cultural and

recreational attractions nearly end-
less. And both Purdue and Indiana
Universities offer undergraduate

and graduate work locally.

As a young graduate engineer

An equal opportunity employer

solid state electronics •

DELCO RADIO DIVISION
OF GENERAL MOTORS

Kokomo, Indiana

you, too, might soon be on your
way to a challenging and reward-
ing career with Delco Radio. You'll
find abundant opportunities in
such areas as silicon and germa-
nium device development, ferrites,
solid state diffusion, creative pack-

aging of semiconductor products,
development of laboratory equip-
ment, reliability techniques, and

applications and manufacturing

engineering.

Our brochure detailing the op-
portunities to share in forging the

future of electronics with this out-

standing Delco-GM team is yours

for the asking. Watch for Delco
Radio interview dates on your cam-
pus, or write to Mr. C. D. Long-
shore, Dept. CR, Delco Radio Di-
vision, General Motors Corpora-
tion, Kokomo, Indiana
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SYSTEMS
(Continued from page 22)

research along these lines have
yielded many conclusions which will
be helpful in the future for dealing
with such problems as urban decen-
tralization, the need for beauty and
clarity in our cities, and perhaps
with the need for more responsive
government, capable of integrating
a wider range of metropolitan and
suburban services, if the expanded
metropolis is to become a genuine
home for its people.

PROBLEMS

Peter H. Greene used General Sys-
tems Theory to investigate and search
for some problems which he thinks
will be central ones in the effort to
design, develop, and produce ma-
chines that can in some sense be
said to perceive, think, make reason-
able inferences, or learn to perform
acts of skill. He summarizes his
argument after sighting many prob-
lems by saying, "We have seen that
present day computers deal primari-
ly with external relations among con-
cepts which are given in a form
that does not represent their 'inner
structure'. In order for a machine
to discover new patterns and to
make inductive generalizations, it
appears that the following notions
must be taken into account. The
primary challenge to be met is that
of forming impressions into logical
elements. The individual element
must contain the schemata for its
connections with other elements.
The consequence for computer de-
sign is that one must not seek to
build a machine that perceives and
conceptualizes and then inserts into
its components independently a-
chieved schemata of spatial and
causal relations. On the contrary,
in order to perceive at all it must
perceive according to schemata, and
the spatial and causal schemata must
be an inherent part of the percepts
and concepts themselves. A compu-
ter will probably have to arrive at
reasonable inferences by selection
from a larger set of inferences which
are not at all reasonable."
The examples sighted above are

only a very, very small sampling of

the applications of General Systems
Theory. Other systems and dicip-
lines which make use of General
Systems Theory are Growth in time
Systems, Relative Growth Systems,
Competition and Related Phenome-
na, Systems Engineering, Personal-
ity Theory, Theoretical History, and
many others.
The limitations of General Sys-

tems Theory are quite obvious, as
will be shown in the final section
of this paper; "but the principles
appear to be essentially sound as
shown by their application in differ-
ent fields."

CONTROVERSY
Although General Systems Theory

has found many applications and has
yielded many useful results, there
are many people who hold that there
is absolutely no benefit to be gained
from such a theory. The critics often
maintain that the analogies discov-
ered apparently have very little, if
any, significance.
For instance R. C. Buck, in dis-

cussion of Miller's analogy between
slime molds and human behavior
says: "Well, so what? What are we
to conclude from all this? That Lon-
doners are a form of slime mold ?
That myxamoebae are a sort of city
dweller? Or, perhaps. that during
the battle of London some citizens,
due to their new and more special-
izd activities, became sterile, while
others devoted themselves exclu-
sively to reproductive activities? One
finds it difficult to believe that these
are the conclusions he is expected
to draw, but if not these, what
others? And, if no conclusions, why
all the fuss, why bother with the
analogy at all?"

Critics, and in some case sympa-
thizers, find it difficult to discover
precisely what general systems theo-
rists want to achieve. For instance,
R. C. Buck says: ". . , the general
usefulness of analogies, especially as
suggesting plausible hypotheses for
subsequent testing, is explained in
most beginning logic books. But
surely, one feels, General Systems
Theory is doing, or at least trying
to do something more, but just exact-
ly what more it is extraordinarily
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difficult to discover. And the basic
reason for the difficulty is that, after
drawing our attention to some posi-
tive analogy, these theorists in gen-
eral simply fail to say anything
about what the analogy is supposed
to prove or suggest, while neverthe-
less managing to convey the impres-
sion that something pretty moment-
ous has been proved or suggested."
Von Bertalanffy recently has an-

swered Buck: " . . . Buck has sim-
ply missed the issue of a general
theory of systems. Its aim is not
more or less hazy analogies; it is to
establish principles applicable to en-
tities not covered in conventional
science."

AIMS

The interdisciplinary theme occurs
repeatedly. Another quotation from
von Bertalanffy is representative:
". . . the aims of General Systems
Theory can be indicated as follows:
(a) There is a general tendancy to-
wards integration in the various sci-
ences, natural and social. (b) Such
integration seems to be centered in
a general theory of systems. (c)
Such theory may be an important
means for aiming at exact theory in
the non-physical fields of science.
(d) Developing unifying principles
running 'vertically' through the uni-
verse of the individual sciences, this
theory brings us nearer to the goal
of the unity of science. (e) This can
lead to a much-needed integration in
scientific education."
Many criticize the General Sys-

tems workers for neglecting the dis-
similarities of the systems they study
and emphasizing only the similar-
ities. It should be noted, however,
that at present General Systems
writers are sensitive to this criticism
and insist that the systems they deal
with are analogous in only some
respects, not all.
The controversey and criticism of

General Systems Theory is mainly
built around the controversial points
sighted above. General Systems
workers answer most controversey
by saying that the real answers can
come only from actual testing of the
usefulnesses of the analogies dis-
covered. General Systems inquirers

who accept the need for testing often
have not had the time to do the
actual testing themselves.
One reason the testing needs to

be emphasized is the stated inten-
tion of General Systems theorists.
If the aim is to derive "universal
principles applying to systems in
general," the job of verification is
obviously an enormous one.

MERITS
The relative newness of this area

of inquiry makes assessment of its
merits diffiicult in some respects. It
may very well turn out that some of
the analogies discovered will be
highly fruitful for science in the
sense that verifiable hypotheses will
be arrived at that overlap present
disciplinary boundaries.
"General Systems Theory was de-

veloped to meet a need felt by a
large number of behavioral science
inquirers, The theory attempts to
give a coherent picture of diverse
fields and to provide some unity in
explanation. It should be remem-
bered, however, that many past ef-
forts to construct integrating sys-
tems have proved scientifically
sterile. This is not to deny a need
for the systematic interrelation of
the hypotheses of the various sci-
ences, a need General Sytems theo-
rists try to meet. But so much of
the work done under the label of
General Systems research consists in
outlining future hope and possible
programs of research that even those
who sympathize with its aims may
be skeptical about the worth of
much of the work done so far."
General Systems Theory followers

do not say that the piecemeal analy-
sis method of scientific inquiry has
no use today. In fact, Anatol Rapo-
port says: "There is no denying
that this approach is effective in
specific areas of investigation."
"To the extent that General Sys-

tems theorists have made sanguine
prognoses of 'unifying science', they
may have been guilty of utopian
dreaming. But to the extent that
concrete steps of conceptual unifica-
tion have been proposed, they have
made a number of significant contri-
butions."
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This "aqua-hamster," penned in a submerged plastic tank, is kept alive by an
artificial "gill" — a special synthetic membrane stretched across the top, bottom,
and two sides of its underwater home. The "gill" extracts air from the surrounding
water, while resisting the passage of the liquid. Carbon dioxide exhaled by the
hamster passes out through the membrane, dissolves in the water, and is carried
away. Without the "gill," the animal would suffocate. The membrane — an ex-
tremely thin film of silicone rubber that is also free from holes — was invented
by Dr. Walter L. Robb (rear), a scientist at the General Electric Research Labora-
tory. Tubes at left are used to circulate water through the outer fish tank. Since
sea water is essentially saturated with air to a depth of many hundreds of feet, an
artificial "gill" made from the new membrane could furnish air for the crew of a
submarine or the inhabitants of an underwater experimental station.

A new type of silicone film has
been produced that is thinner and
more permeable than any silicone
membrane that has yet been devel-
oped. The membrane is completely
free of holes, yet is 1000 times as
permeable as most commercial plas-
tic films used in wrapping foods.

Since World War II research in
the field of selective membranes has
been on the increase. They are
called selective membranes because
they allow different types of gases
and liquids to pass at different rates.
One of the most useful thus far has
been synthesized from a silicone rub-
ber developed during World War II.

For example, in a space capsule, a
vent covered with such a membrane
would allow unwanted water vapor
and carbon dioxide to escape easily
into the vacuum of space, while at
the same time oxygen could be kept
in because of the first two gases'
faster rates of diffusion. In fact,
since water vapor passes through at
about 50 times as fast as oxygen,
the membranes could be used as de-
humidifiers in our homes.

Oxygen, on the other hand, passes
through such a membrane over twice
as fast as nitrogen, which makes up
80 e,; of the air we breathe. As a re-
sult, if ordinary air is brought into
contact with one side of a mem-
brane, while the other side of the
membrane is maintained at a lower
pressure, the gas passing through
the membrane will be rich in oxy-
gen. If the low-pressure side of the
membrane is maintained at 1/15 of
atmospheric pressure, for example,
the air passing through will contain
approximately 35% oxygen, instead
of the usual 21(7( . The 35 (,); figure
is close to that found in hospital
oxygen tents and infant incubators.

A man consumes about three quar-
ters of a cubic foot of oxygen per
hour. To meet his requirements
solely by means of a selective mem-
brane system could require as little
as 21/) square yards of membrane,
plus a compressor or pump to re-
move the enriched air from the low
pressure side of the membrane. The
membrane is over 100 times as per-

26



meable as the membrane material of
which the lungs are composed.
For patients needing oxygen-rich

air in hospitals or at home, a small
air-enriching device with a compres-
sor to provide a difference in pres-
sure and a membrane to separate
the gases could replace pure oxygen
bought by the tank, cutting costs
sharply. In military field hospitals,
use of this system would eliminate
the need for replaring oxygen cylin-
ders weighing a total of some two
to three tons every 10 days. Sim-
plification of the supply problem
would be especially important in
view of the fact that field hospitals
must be capable of being moved
and resupplied by air.

Another medical application of the
membrane is in artificial heart-lung
machines, necessary during open-
heart operations. In this case, the
blood would be brought in direct
contact with the membrane, while
air was circulated on the other side.

In industry, enriched air is used
in a variety of processes, where the
membrane system could reduce
costs. Helium could also be "filter-
ed out" of air or natural gas. In such
cases, other types of polymers would
be used, rather than silicone rubber,
since various polymers differ in the
rate at which they allow different
gases to pass through.

Underwater applications would
depend upon the fact that sea water
is essentially saturated with air to a
depth of many hundreds of feet. A
membrane with sea water flowing
past on one side and with pressure
below one atmosphere on the other
side would extract air, while resist-
ing the passage of water under tre-
mendous pressure. Carbon dioxide
and other noxious gases will also
pass through the membrane in the
reverse direction, into the water
Hence the membrane performs the
same function as a gill in a fish. A
small quantity of water would pass
through, which would be an added
bonus, since the salt would be re-
moved from it as it passed through
the membrane. The crew of a sub-
marine or the inhabitants of an
underwater experimental station

Cancer cells (large dark blobs) are shown on a new plastic filter developed at the
General Electric Research Laboratory. Unlike conventional filters, the new research
tool consists of cylindrical holes (small white circles) with uniform diameters.
Such holes do not clog easily. As a result, delicate particles — such as cancer
cells — can be non-destructively filtered by gravitational action, rather than by
an applied pressure. Because the filter is transparent and chemically resistant,
cells can be stained and studied right on its surface, reducing the danger of acci-
dental damage to the cells. (Magnification: 1600X.)

would therefore be supplied not only
with air but also with fresh water
for drinking. As in the case of other
membrane applications, the simplici-
ty of the system should reduce costs
and improve reliability.
Dr. Guy Suits, General Electric

vice president and director of re-
search, describing the new mem-
branes at a meeting in New York,
referred to them as "a significant
step forward in man's efforts to con-
trol and adapt to his environment.
Since man is an air-breathing ani-
mal, he faces some difficulties in
functioning under the water, in the
vacuum of space, and even — in
some cases — on the usually hos-
pitable surface of the earth."

"NUCLEPORE"
Another new type of film, though

totally unlike the first, may also find
widespread use in medical applica-
tions. This type of film, called
"nuclepore" by its developers, is a
thin plastic filter, perforated by su-
perfine holes.
Researchers found that "fission

tracks" in solid materials could be
etched out to form uniform sized
tubes when dipped in a suitable
reagent.

In a thin plastic film, less t.han one
thousandth of an inch thick, bom-
bardbment by fission fragments
creates irregular holes a few atoms
in diameter. Chemical etching con-
verts the ragged holes into tubes of
uniform size and roundness. Tube
diameters ranging from one micron
or less up to about ten microns have
been achieved. The number of holes
can be increased simply by longer
irradiation.

Tests of the new filter have been
conducted by the Memorial Sloan-
Kettering Cancer Center in New
York City. Cancer cells were suc-
cessfully filtered from blood samples
from more than 100 cancer patients.
Experiments with the filter are con-
tinuing at the Center.
Because the new filter, which

General Electric has named "Nucle-
pore," has cylindrical holes of uni-
form diameter, the holes do not clog
easily. Delicate particles, such as
cells, can be non-destructively filter-
ed by gravity, rather than by applied
pressure. Since the filter is trans-
parent and chemically resistant, cells
can be stained for study right on its
surface, thus reducing the danger of
accidental damage to the cells.
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ATOM MAT R I X
(Continued from page 13)

clude fractional bond orders (see
Example 10 below) , directed or vec-
torial connectivities, etc. These are
not as common as the simpler or-
ders.
In delocalized benzene the bond

order C — C is 3/2; using the ring
structure we get the results shown
in Example 10.
For localized free radicals an add-

ed symbol is required for the elec-
tron, as these are ionized. Let E be
this symbol in Example 11.
For linked rings where no direct

bonding occurs, but integrity of each
ring is required, the ACM takes the
following form:
Let A and B be the two rings

(the example is for two, but is appli-
cable for "n" which implies mole-
cular complexes or an "n-mer" poly-
mer) . The results are shown in Ex-
ample 12.

It is noted that the first term of
the ACMCP is identical to the usual
simple molecular formula, except
that the subscripts have now become

/1. ETWYL RADICAL : C — C

IC I 0.I
ACM . 1 C 1

0 1 E

IC I 0
ACMCP = I C I = C2E--C —E-

0 I E

12. DIME'? :

ACM frAcp0A 0L 0 (ACM)6

ACMCP— VACMCP)4 0 I
I 0 (ACMCP)4

superscripts. Hence, cataloging is
compatable with the conventional
formula indices.
For computers, either the ACM or

the ACMCP may be used. If one is
using a computer, it is a very ad-
vantageous means of solving the
ACMCP, especially for more com-
plex molecules and the high order
approximations. For memory stor-

BEL-AIR BOWL

and

LOUNGE
C-6069

Open Bowling
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at

8:30
All Day Saturday & Sunday

Billiards

age the ACMCP has many advan-

tages over the ACM, because the
ACMCP is useful in classification
purposes. For encoding, the ACM
is preferable.
Hence it is seen how matrix nota-

tion can be used to reduce pictorial

molecular representations to unique

mathmatical expressions, which are

computer oriented.

kki•

SMART

SET

As Low Ag

$100.00
Your choice Round,
Marquise, Pear, or
Emerald Set
Diamonds.

from

Hillman' s

Beautifully styled
diamonds all in
14K WHITE
GOLD Setting:,

PAY $2 A WEEK

r Diamond Importers — Jewelry Manufacturers

•)



Interview Schedule

For March

Date Com pan).

2 U. S. Dept. Commerce

2 The Trane Company

3 Deere & Company

3 & 4 General Motors

4 General Telephone
(Indiana)

4 Caterpillar Tractor

5 U.S. Pub. Health Service

5 Firestone Tire & Rubber

8 Ind. State Highway

9 Surface Combustion

9 The Kendall Co.

9 Reilly Tar & Chemical

9 Spencer Chemical Div.
Gulf Oil Corp.

10 Public Service of Indiana

11 American Air Filter

11 Perfect Circle Corp.

12 I. B. M.

16 Marathon Oil Co.

18 City of Detroit

23 Wash. St. Highway

24 The Boeing Co.

25 Indiana Bell Telephone

25 Western Electric Co.

25 A.T. & T. Long Lines

SCIENTIFIC METHODS
(Continued from page 15)

New techniques also gave the
method more constructive power.
Faraday's discovery of magnetic in-
duction, Boyle's method of qualita-
tive analysis, and Lavoisier's meth-
od of quantitative analysis are ex-
amples of improvement in technique
and procedure.
What were some of the causes of

the scientific revolution which
brought forth the modern scientific
method during this period of history?
Some say it was simply because of
the presence of so many great in-
tellectuals and scientists. However,
the ancient civilizations also had had
great thinkers but developed no ex-
perimental scientific method.

The increased desire for techno-
logical improvement was an import-
ant factor. While the feudal system
was ruled by tradition and custom,
the new capitalists were always
looking for new methods and tech-
niques to enhance their enterprises.
This desire for technological ad-
vancement was bound to have its
effect upon pure science.

The relaxing attitude of religion
toward scientific investigation helped
to make conditions more conducive
to the development of new ideas.
Naturally this was a gradual relaxa-
tion with the first scientists (Galileo,
for example) meeting some persecu-
tion and ridicule from the church.
However, the entire liberal move-
ment of the times soon overcame any
reluctance or influence which organ-
ized religion had on the scientific
revolution.
There can be no doubt about the

importance of the development of
the scientific method during this
period. It has become one of the
most important contributions to
mankind as even today in our own
scientific revolution, this same basic
method is the backbone of all modern
research. Sir Francis Bacon and all
the other contributors would surely
be very proud of the part that their
method has played in the progress of
humanity. For as old General Elec-
tric so emphatically stated, "Progress
is our most important product."

Squire Shop

Hacrtrareat!,
Snug Duds

• • • The Pants with the fit.
The looks demanded by Cam-
pus men.
For the man who knows wears
Haggar Snug Dud Slacks. The
slack with the style, the fit and
the fashion colors that campus
men like. Sizes 29 to 38. Step out
in your slim cut Snug-Duds.

6.95
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Modern man drives a mortgaged
car over a bank financed highway
on credit card gas.

An astronaut set his rocket down
on a strange planet. The moment
he stepped off the rocket, a num-
ber of little furry animals came
running to him. "Take me to your
leader," the astronaut requested.
A little furry took him by the hand

like, man ....

for shoes

Hornung & Hahn
at Meadows Center

and led him to a large glass build-
ing. Sitting majestically on a
throne was a large furry with a
long pointed needle on his head.
"Why do you have the needle on
your head ?" asked the puzzled
astronaut. "Why, I'm the furry
with the syringe on top!" was the
reply.

A driver tucked this note under
the windshield wiper of his auto-
mobile : "I've circled this block for
20 minutes. I'm late for an ap-
pointment and if I don't park here
I'll lose my job. Forgive us our
trespasses."
When he came back he found a

parking ticket and this note : "I've
circled this block for 20 years and
if I don't do this I'll lose my job.
Lead us not into temptation."

The moon was yellow, the lane
was bright, as she turned to me in
the night: And every gesture and
every glance, gave hint that she
craved romance. I stammered,
stuttered, and time went by—the
moon was yellow and so was I.

A cadet staggered into the Latin
Quarter one night and in a loud
voice yelled, "When I drink, every-
body drinks !" He summoned every-
one to the bar—the musicians, hat-
check girls, waiters, and guests.
Everybody took a drink. When he
finished his whiskey, he yelled
agin, "When I take another drink,
everybody takes another drink."
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Once more everyone gathered ing professor. "And I suppose the
around the bar. They even called rascal had done it all the time."
in the taxi drivers, doormen, and
a cop from the corner. When he A drunk fell on his pocket flask
finished that one, the cadet took a and mashed it, naturally lacerat-
dollar out of his pocket and slapped ing his rear end. Upon arriving
it on the bar. "When I pay," he home, he was afraid to awaken his
screamed, "everybody pays." wife, so he procured band-aids and

mirror and proceeded to apply first
"Thish match won't light." aid. Came dawn, and his wife
"Washa matter with it?" shook him awake and shouted :
"I dunno--it lit all right a min- "Were you drunk last night?"

ute ago." "Why no!" reassured her soggy
spouse.

Someone asked this C.E. why he "Oh yeah ?" yelled the wife.
always closed his eyes when he "Then what are the band-aids do-
took a drink. ing on the mirror?"
"Well, fella," he said, "the sight

of good liquor makes my mouth E.E.: "Why don't you wear ear
water and I wouldn't want to di- muffs ?"
lute my drink." C.E.: "I haven't worn them since

the accident."
An engineering and an arts pro- E.E.: "What accident ?"

fessor were talking at a faculty C.E.: "Someone asked me if I
tea. "I had a peculiar one today," wanted a drink and I didn't hear
said the arts professor. "I asked him."
who wrote "The Merchant of Ve-
nice" and one of the fellows replied, Rose Student 1: "Is there any
'It wasn't me, sir.' " lunch in the refrigerator?"
"Ha, ha," laughed the engineer- Rose Student 2: "Not a drop."
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9 to 12, Mayflower Room

• Music by the Electras from IU

• Prizes for best beards

• $1.00 refund at the door for

all men with beards
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for Tickets and Information
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CONSTRUCTION

THE ARMY CORPS OF ENGINEERS

offers you a challenging civilian career with:

MI The world's foremost and largest engineering
organization in the construction field, pioneering new
and advanced engineering practices and concepts.

• An organization whose work embraces vir-
tually the entire range of modern engineering in the
construction field. Projects include research into
basic science, engineering investigations and regional
planning; design, construction, operations, mainten-
ance, and management of hydro-electric power
dams, flood control facilities, harbors and navigable
streams; design, construction and maintenance of
family housing, runways, hangars, roadways, hospi-
tals, and nuclear power installations; and construc-
tion of intercontinental ballistic missile and space
launching sites. In addition are the allied fields of
cartography, geodesy, mathematics, and engineer
intelligence.

• An organization that recognizes each engineer as
an individual, providing well-rounded career development
programs with on-the-job training; courses at government
expense in colleges, universities, and seminars as neces-
sary to assure steady progression to top professional and
managerial levels; encouragement and assistance in at-
taining professional registration and recognition; and an
opportunity to win national and international awards.

IN An organization with offices and projects in nearly
every one of the 50 States and in many foreign countries
that encourages employees to further their development
by accepting new and challenging assignments.

10 An organization which provides excellent rates of
pay with liberal fringe benefits, including generous retire-
ment annuity, complete health and life insurance cover-
age, paid vacation leave, military training leave with pay,

generous sick leave; and special pay awards for outstand-

ing performance and suggestions that improve operating

efficiency.

If you're thinking this is all too good to be true,
you're wrong! All of the above is available to you in a
civilian engineer career with the U. S. Army Corps of
Engineers. If you are interested, you can get further infor-
mation from the Chief of Engineers, Department of the
Army, Washington, D.C. 20315.

AN EQUAL OPPORTUNITY EMPLOYER

WRITE FOR AN ILLUSTRATED BROCHURE "YOUR CAREER."



Should You Work for a Big Company?

An interview with General Electric's S. W. Corbin, Vice President and General Manager, Industrial Sales Division.

S. W. CORBIN

• Wells Corbin heads what is probably
the world's largest industrial sales organi-
zation, employing more than 8000 persons
and selling hundreds of thousands of di-
verse products. He joined General Electric
in 1930 as a student engineer after gradu-
ation from Union College with a BSEE. After
moving through several assignments in in-
dustrial engineering and sales management,
he assumed his present position in 1960.
He was elected a General Electric vice
president in 1963.

Q. Mr. Corbin, why should I work for
a big company? Are there some
special advantages?

A. Just for a minute, consider what
the scope of product mix often found
in a big company means to you. A
broad range of products and services
gives you a variety of starting places
now. It widens tremendously your op-
portunity for growth. Engineers and
scientists at General Electric re-
search, design, manufacture and sell
thousands of products from micro-
miniature electronic components and
computer-controlled steel-mill sys-
tems for industry; to the world's
largest turbine-generators for utili-
ties; to radios, TV sets and appli-

ances for consumers; to satellites
and other complex systems for aero-
space and defense.

Q. How about attaining positions of
responsibility?

A. How much responsibility do you
want? If you'd like to contribute to
the design of tomorrow's atomic re-
actors—or work on the installation

of complex industrial systems—or

take part in supervising the manu-
facture of exotic machine-tool con-
trols—or design new hardware or
software for G-E computers—or direct

a million dollars in annual sales
through distributors—you can do it,
in a big company like General Elec-
tric, if you show you have the ability.
There's no limit to responsibility .. .
except your own talent and desire.

Q. Can big companies offer advan-
tages in training and career develop-
ment programs?

A. Yes. We employ large numbers of
people each year so we can often set
up specialized training programs
that are hard to duplicate elsewhere.
Our Technical Marketing Program,
for example, has specialized assign-
ments both for initial training and
career development that vary de-
pending on whether you want a
future in sales, application engineer-
ing or installation and service engi-
neering. In the Manufacturing Pro-
gram, assignments are given in manu-
facturing engineering, factory super-
vision, quality control, materials man-

agement or plant engineering. Other
specialized programs exist, like the
Product Engineering Program for you
prospective creative design engineers,
and the highly selective Research
Training Program.

Q. Doesn't that mean there will be
more competition for the top jobs?

A. You'll always find competition
for a good job, no matter where
you go! But in a company like G.E.
where there are 150 product opera-
tions, with broad research and sales
organizations to back them up, you'll

have less chance for your ambition to
be stalemated. Why? Simply because
there are more top jobs to compete
for.

Q. How can a big company help me

fight technological obsolescence?

A. Wherever you are in General Elec-
tric, you'll be helping create a rapid
pace of product development to
serve highly competitive markets. As
a member of the G-E team, you'll
be on the leading edge of the wave
of advancement—by adapting new re-
search findings to product designs,
by keeping your customers informed
of new product developments that
can improve or even revolutionize
their operations, and by developing
new machines, processes and
methods to manufacture these new
products. And there will be class-
work too. There's too much to be
done to let you get out of date!

FOR MORE INFORMATION on careers for engineers and scientists at General Electric, write

Personalized Career Planning, General Electric. Section 699-12, Schenectady, N. Y. 12305

GENERAL ELECTRIC
An Equal Opportunity Employer
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