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If you think oceanography at Westinghouse
is a dry subject,
you may be all wet.

Practically everybody in our Under-
seas Division takes to the water now
and then. Like these engineers at
the test pool in our new Ocean Re-
search and Engineering Center on
Chesapeake Bay.

Diving at Westinghouse is all in

a day's work—on projects like deep-
submergence systems, manned sub-
mersibles, sonar and underwater
weapons.

Ocean engineering is just one of
many areas at Westinghouse that
need your talents, your capabilities,

your interests. So what can you do
about it? Talk to the Westinghouse
recruiter when he visits your campus,
Or write to Luke Noggle, Westing-
house Education Center, Pittsburgh,
Pennsylvania 15221,

An equal opportunity employer.

You can be sure if it's Westinghouse




heat; enhance X-ray diagnosis; con"v 1sect pla,
repair human hearts or kidneys; turn ocea.ns mtb

drinking water...

and anything else that you might think of.

The 165-year history of Du Pont is a history of its
people’s ideas —ideas evolved, focused, and engineered
into new processes, products and plants. The future
will be the same. It all depends upon you.

You’re an individual from the first day. There is no
formal training period. You enter professional work
immediately. Your personal development is stimulated
by real problems and by opportunities to continue
your academic studies under a tuition refund program.

You’'ll be in a small group, where individual
contributions are swiftly recognized and rewarded.

We promote from within.

You will do significant work, in an exciting
technical environment, with the best men in their fields,
and with every necessary facility.

Sign up today for an interview with the Du Pont
recruiter. Or mail the coupon for more information
about career opportunities. These opportunities lie both
in technical fields—Ch.E., M.E., E.E.,

I.E., Chemistry, Physics and related
disciplines—as well as in Business
Administration, Accounting

and associated functions.

E. I. du Pont de Nemours & Co. (Inc.)
Nemours Building 2500—1
Wilmington, Delaware 19898

Please send me the Du Pont Magazine along with
the other magazines I have checked below.

[] Chemical Engineers at Du Pont

[] Mechanical Engineers at Du Pont
] Engineers at Du Pont

[] Du Pont and the College Graduate
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My address__

Zip Code.
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AMERICA’S OLDEST ENGINEERING COLLEGE MAGAZINE
CONTINUOUS MONTHLY PUBLICATION — 1891-1967

EDITOR
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On page 12 Tony Tietz provides an edited preview of

the System Engineering Seminar at Homecoming. ADVERTISING STAFF
Manager

The Systems Approach’s explanations and quotes

gathered by Dr. Rogers begins on page 14. He sum-
marizes the use of the systems approach.

The interrelationship of heat capacities and specific
heats to other properties in a chemical system is a very CIRCULATION STAFF
important and interesting topic of discussion to engineer- o i
ing students. For a comprehensive report by John Elzu-
fon, turn to page 16.
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An artist conception of one view to Systems Engi-
neering is this month’s cover.
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ROSE POLYTECHNIC INSTITUTE

Terre HAuTE, INDIANA

HIGH SCHOOL GRADUATES OF 1968

You are cordially invited to visit Rose Poly-
technic Institute where you can earn a degree in:

1.) BIOENGINEERING

2.) CHEMICAL ENGINEERING

3.) CHEMISTRY

4.) CIVIL ENGINEERING
ELECTRICAL ENGINEERING
MATHEMATICS
MECHANICAL ENGINEERING

OF ADMISSIONS .) PHYSICS

ROSE POLYTECHNIC
INSTITUTE
TERRE HAUTE, INDIANA
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1. Edison engineer, Dick Popeck, wanted to find
a more effective method of determining the
amount of pole decay.

3. Transistorized circuitry wadesige
Sonic Pole Tester was built and tested.

New ideas grow at Detroit Edison. The picture story
here shows the progress of one, from its concep-
tion through its development, to finalization.

The development of the sonic pole testing de-
vice* has benefited the company and the young
inventor both economically and professionally. The
device helps Detroit Edison serve the electric in-
dustry’s customers better and more economically.

Uses for the sonic pole tester range from the
examination of wooden railroad bridges to the de-

interested.

SOUND SOUND

2. Dick’'s idea: Measure the time required for
sound to travel through a pole. Sound takes
longer to traverse a decayed pole.

4. Ed Hines, Director of Research, (|ft) diécusses
patent coverage with inventor Dick Popeck.

termination of the soundness of standing timber.

Detroit Edison’s forward looking management

. its engineering and research facilities . . .

along with its liberal patent policy . . . make it an
ideal place for the young man with ideas.

If you are interested in putting your ideas and
energies to work—write to George Sold, The Detroit
Edison Company, 2000 Second Avenue, Detroit,
Michigan 48226, or better yet, visit him when he
interviews on the campus.

DETROIT EDISON
AN EQUAL OPPORTUNITY EMPLOYER

*U.S. Patent Applied for




GUEST EDITORIAL

R(t)- A Brief View of Rose

As A Function of Time

By DR. HERBERT BAILEY

In the mid forties I was a student
at Rose and in the mid sixties I am
a teacher at Rose. As a vehicle for
comparing student life then and now,
let us transform an average current
freshman (Joe, class of WLy to-a
freshman who has entered Rose in
1943.

Many things are very similar. The
war is called the second World War.
The main building looks about the
same and there seems to be no
change in the large oak tree. Most of
the traditions are the same but Joe
notes a difference here. The fresh-
men are often fighting with the
sophomores rather than kneeling
down to them.

His schedule is different. For ex-
ample, he has English instead of
Humanities and he wonders when
he will learn about mankind. The
blind dates at the Wood’s are about
the same and he will learn about
womankind.

He expects his math courses to be
rather dull since they are teaching

Algebra and Trig (which he has al-
ready learned in high school). At
terms end when he gets his D in
Algebra from Dr. Sousley he decides
that he didn’t learn it all in high
school and anyway D is better than
the class average.

Joe was a bit of an athlete in high
school and decides to meet the
coaching staff. This turns out to be
easy since the coach of Football,
Track, Baseball, Tennis, Basketball
and all intramurals is one Phil
Brown. The only trouble is that Phil
is teaching history and can’t talk to
Joe until after school.

The only dorm is Deming Hall and
he misses the air-conditioned dorms
and classrooms, since the whole class
will go to school every summer.

He looks at his schedule for com-
ing years to see courses in Survey-
ing, Metal Shop, and Foundry and
finds no courses such as Introduc-
tion to Astrophysics, Noneuclidean
Geometry, Electronics of Solids or

Dr. Bailey is a professor of mathe-
matics and acting chairman of the de-
partment at Rose Poly. He received his
B.S. in Electrical and Chemical Engi-
neering from Rose; his M.S. in Electrical
Engineering from Illinois, and his M.S.
in Math and Ph.D. from Purdue.

Greek and Roman Literature in
Translation. He wonders if he is ir a
trade school rather than an 2ngin-
eering school. How will he get into
graduate school? No one seems to
care.

When graduation comes there are
no recruiters on campus. He gets
himself a job and suddenly discovers
he has learned more at Rose than he
thought. He has learned initiative
and can formulate the problem and
solve it. The fellow next to him needs
to be told every step.

He marries an Indiana State girl,
hopes to send his boy children to
Rose, and maybe Joe will teach
there someday. He thinks its not so
important what is taught but how it
is taught. He also thinks that he
learned many things from the Rose
traditions and from his fellow
students.

Joe is transformed to the present
and wonders what Rose will be like
in the mid eighties.
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who keeps a level head.

Dictionaries define hurdling as jumping over a hurdle in a race.
Obviously, Webster never made the track team.
““A good hurdler never jumps,”’ the experts tell us. “‘He tries
to duplicate the movements of sprinting. The head stays level.
It's never higher over the hurdle than it is between them.”
A level head helps overcome any obstacle. Take bearing problems.
They're best approached by a person with training, determination
and the ability to think things through.
Are you such a person? When you run up against a tough problem, are you
able to take it in stride? And do you like the challenges of rugged
competition, and the rewards that come from winning?
Then write The Timken Roller Bearing Company, Canton, Ohio 44706.
Ask our Manager of College Relations to give you a tryout.

On your campus.. TIMKEN

OCtObeI’ 23 The Timken Company manufactures

. 2 tapered roller bearings, fine alloy
A Timken Company representative steel and removable rock bits.

would like to talk to you!




From Among Qur TFriends

Fortunately for the rest of us
tragedy does not strike the Rose
collegiate community often. In one
of those infrequent occasions, early
in the morning of October 7 Robert
Alan Johnson, senior chemistry ma-
jor, was fatally injured in a two car
crash.

Bob has been a member of the
Technic staff since his freshman
year. His significance to us has
shown by his managership‘ of the
feature staff. The Technic has not
been his only activity. He was
Brigade Commander of the ROTC
program, and member of Blue Key
and Alpha Tau Omega. His talents
were diversely used. His loss has
been felt.

To everyone whose lives have been
saddened by the loss of this friend,
we dedicate an appropriate version
of The Old Clay House.

THE CLAY HOUSE

When I have spent this old clay
house of mine

When no more lights thru the win-
dow shine

Just box it up and lay it away

With the other clay houses of yester-
day.

And with it, my friends, do try if
you can

To bury the wrongs since I first
began

To live in this house; bury deep and
forget

For I want to be square and out of
your debt,

When I meet the Grand Architect
Supreme

Face to face, I want to be clean.

(

To you, who are building, just look
over mine

And make alterations
there is time.

Just study this house, no tears
should be shed

Its like any clay house when the
tenant has fled.

while yet

I've lived in this house many days,

On this old world sublime

With love, birds, and flowers and
glorious sunshine

Is a wonderful place and a wonder-
ful plan

And a wonderful, wonderful gift to
man—

Yet somehow we feel when the
cycle’s complete

There are dear ones across, we are
anxious to meet

So we open the books and check up
the past

No more forced balances, this one is
the last

Each item is checked; each page
must be clean

It’s the passport we carry to our
Builder Supreme.

So when I am thru with this house
of clay

Just box it up tight and lay it away—

For the Builder has promised when
this house is spent

To have one finished with the timber
I've sent.

While I loved here in this one, of
course, it will be

Exactly as I here have builded, you
see

Its the kind of material we each send
across

And if we build poorly of course,
'tis our loss—

You ask what material is best to
select

'Twas told long ago, by the Great
Architect—

“A new commandment I give unto
you

That ye love One Another, As I have
loved you.”

So the finest material to send up
above

Is clear, straight-grained timber of
Mercy and Love.

—Anonymous




What is there left for you to discover?

Cyrus the Great, King of Persia, built a com-
munications system across his empire some
six centuries before the Christian Era. On each

of a series of towers he posted a strong-

voiced man with a megaphone. By the 1/th
century, even a giant megaphone built for
England’s King Charles |l
could project a man’s voice
no further than two miles.
This same king granted
Pennsylvania to Admiral
William Penn as a reward
for developing a fast, com-
prehensive communications
system — ship-to-ship by
signal flags.

We waited for the com-
bined theories of Maxwell,
Hertz, Marconi and Morse before men could
transmit their thoughts by wireless, though
only in code. Only after Bell patented his
telephone and DeForest designed his audion
tube could men actually talk with each other
long-distance. Today nations speak face-to-face
via satellite. Laser-beam transmission is just
around the corner. Yet man still needs better

ways to communicate across international
boundaries.

In a world that has conquered distance,
in a world whose destiny could hinge on
seconds, man is totally dependent on the
means which carry his voice and thought. It
is this means that we in Western Electric,
indeed the entire Bell System, have waorked

on together since 1882.
Our specialty at Western
Electric is the manufacture
and installation of depend-
able, low-cost communica-
tions systems for both
today and tomorrow. And to
meet tomorrow's needs, we
will need fresh new ideas.
Yourideas.Thereis still much
for you to discover right
here at Western Electric.

Paths of Progress at W. E. for Engineers and Scientists:

Applied Math & Computer Systems Manufacturing Engineering
Manufacturing Research Plant Engineering
& Development Industrial Engineering
General Management Systems Equipment Engineering
Engineering Management Military Engineering
Consider your future in communications. Get the details from our
brochures. Then see your Placement Office and meet us on campus.
Or write to Manager of College Relations, Western Electric Co., Room
2510A, 222 Broadway, New York, N.Y. 10038.We are an equal opportunity
employer with plants and service centers from coast to coast.

@ Western Electric

MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM




EDITORIAL

To Our Readers

(The following editorial is excerpts
from a paper given by Professor
Paul Bryant at the Annual Meeting
of the American Society for Engi-
neering Education.)

What . . . can a student magazine
do better than anyone else? The
student engineering magazine cannot
be a first rate Popular Mechanics.
The student magazine cannot hope
to be a first rate technical journal.
The student engineering magazine
cannot successfully be either a joke
book or a “girlie” magazine.

What the student engineering
magazine can do better than any
other publication is represent its
own school, talk about its own
people, and focus on local material
that will be read. First, a student
magazine should carry news and
features about its own engineering

school. The . . . idea works with new
(teachers), new series of courses,
and curricula. The . . . magazine
provides an ideal medium for the
dean and department chairman to in-
form students of the reasons behind
policies and rules in the college.
Students are made aware that the
rules are not arbitrary and caprici-
ous but carefully considered and
made for reasons. Organized student
activities provide a rich source of
material for the student magazine.
Local activities of interest . .
be discussed. Most engineering col-
leges have . . . research program that
can provide good material for the
magazine. The best approach is from
the student’s viewpoint. Articles
about careers in engineering and
professional opportunities students
can look forward to, can . . . be in-

. Can

teresting and useful to students.

Student engineering magazines
have great potential as a learning
experience, as a forum for students,
faculty, and administration; as a
medium for information about . . .
curricula (and) policies; as a way
to stimulate student activities; as a
key to a sense of community interests
among students and faculty. Student
magazines cannot compete with pro-
fessional journals or “girlie” maga-
zines. The student magazine must
do the job it can do better than any
other publication: presenting news,
events, people on the engineering
campus. In all of this, the magazine
should try to avoid the stuffy dull-
ness of most professional journals.
Engineering is a mature, established
profession that does not need to hide
behind stuffiness.

GMN & DEM







1967
ALUMNI
INSTITUTE

SVHEEMS
ENGINEERING

Edited by
TONY TIETZ

Every fall many Rose alumni re-
turn to their Alma Mater at home-
coming to visit old friends and class-
mates and to look over the changing
campus. This year, in order to com-
plement the social aspects of home-
coming, Rose is presenting for the
benefit of alumni the 1967 Alumni
Institute on Systems Engineering.
Consequently, the alumni will be
able to acquire knowledge valuable
to their business pursuits while en-
joying the annual homecoming festi-
vities.

The main speakers of this pro-
gram include distinguished mem-
bers of the faculties of Rose Poly-
technic Institute, Indiana University,
and Indiana State University. They
are Dr. Denis H. Sapp, Chairman of
the Civil Engineering Department at
Rose; Dr. Robert M. Arthur, Chair-
man of the Biological Engineering
Department at Rose; Prof. Herman
A. Moench, Vice President for Aca-
demic Affairs at Rose; Dr. William
C. Perkins, Assistant Professor of
Quantitative Business Analysis at

12

Indiana University; and Dean Don-
ald R. Mighell, Assistant Dean of
Men at Indiana State University.

Dr. Sapp will discuss “The Phi-
losophy of Design”; Dr. Arthur,
“Abstract Biological Engineering”:
Prof. Moench, “Applications of Op-
timization”; Dr. Perkins, “Systems
Simulation”; and Dean Mighell,
“Community—A Systems Analysis.”
Several of these speakers have gen-
erously made the following sum-
maries available to the TECHNIC
prior to the date of the Institute, No-
vember 3. The TECHNIC hopes this
will stimulate interest in the Insti-
tute and encourages all to attend this
excellent program.

PHILOSOPHY OF
ENGINEERING DESIGN

Because of today’s demands, it is
important that the engineer conduct
his affairs as efficiently as possible.
He needs a definite procedure, a
methodology, a philosophy.

“A philosophy of engineering de-
sign includes three underlying prin-

ciples, or parts.

1. To seek out those principles and
concepts that are of the greatest
generality, consistent with useful-
ness, and that can lead to a dis-
cipline of design.

. To formulate a method whereby
the discipline of design is applied
in its most general sense.

. To formulate an evaluative func-
tion to measure the value of the
results.

The total socio-ecological con-
tinuum forms the matrix into which
the open systems of engineering de-
sign must fit. The engineer must
never forget that his creations will
ultimately influence that matrix and
that it is certainly his task to make
that influence one of betterment.

The design engineer is concerned
primarily with the producer, but also
must be aware of the needs of the
consumer and distributor.

The five interrelated stages of the
design process are
Krick2) as follows:

(Continued on page 26)

(according to




Depends on the giant. Actually, some giants are just regular
kinds of guys. Except bigger.

And that can be an advantage.

How? Well, take Ford Motor Company. We're a giant
in-an exciting and vital business. We tackle big problems.
Needing big solutions. Better ideas. And that's where you
come in. Because it all adds up to a real opportunity for young
engineering graduates like yourself at Ford Motor Company.

Come to work for us and you'll be a member of a select
College Graduate Program. As a member of this program,
you won't be just another “trainee” playing around with
“make work™ assignments.

You'll handle important projects that you'll frequently
follow from concept to production. Projects vital to Ford.
And you'll bear a heavy degree of responsibility for their
success.

You may handle as many as 3 different assignments in
your first two years. Tackle diverse problems. Like figuring
how high a lobe on a cam should be in order to yield a certain
compression ratio. How to stop cab vibration in semi-trailer
trucks. How to control exhaust emmission.

Soon you'll start thinking like a giant. You'll grow bigger
because you've got more going for you.

What’s it

A network of computers to put confusing facts and
figures into perspective.

Complete testing facilities to prove out better ideas.

And at Ford Motor Company, your better ideas won't
get axed because of a lack of funds. (A giant doesn’t carry a
midget’s wallet, you know.)

Special programs. Diverse meaningful assignments. Full
responsibility. The opportunity to follow through. The best
facilities. The funds to do a job right. No wonder 87% of the
engineers who start with Ford are here 10 years later.

If you're an engineer with better ideas, and you'd like
to do your engineering with the top men in the field, see the
man from Ford when he visits your campus. Or send your
resume to Ford Motor Company, College Recruiting De-
partment.

You and Ford can grow bigger together.

THE AMERICAN ROAD, DEARBORN, MICHIGAN
AN EQUAL OPPORTUNITY EMPLOYER,

like

fo engineer

for a giant?

Rather enlarging!
\




THE SYSTEMS
APPROACH

by DR. CHARLES ROGERS

In searching for a good definition
of the “systems approach,” I have
been constantly perplexed by the
feeling of R. E. Machol' that
“Systems is kind of an ‘okay’ word.
It is a sexy title and people like it.”
But few really seemed to understand
what it is. Is it the aerospace empha-
sis of the mechanical engineer, the
control systems of the electrical en-
gineer, and the process control of the
chemical engineer? Partially, yes.

Dean Peters of Colorado states,!
“Systems engineering is directed
toward the analysis and implemen-
tation of an overall objective and
is related to analysis of the total
environment of the system.”
Whereas Bacon of IBM puts it
simply,!

“To me, the systems approach
simply means to consider all as-
pects of a problem simultaneously,
which interact significantly.”

A predominate characteristic of a
system is complexity.

“. .. it deals with the study of an
overall, usually complex or large
scale system.” (Siefert, MIT)!
And Arjay Miller, President of
Ford Motor Co., has put it:?
“Hunches and cut-and-try meth-
ods are giving way to the systems-
analysis approach, a whole new
way of perceiving problems and
testing in advance the consequenc-
es of alternative actions to solve
those problems. Computers and
other technical devices, including
mathematical models, have extend-
ed greatly our ability to under-
stand and cope with the complex

problems face in today’s

world.”

THE BASIC BUILDING BLOCK
The systems approach focuses at-
tention on the inter-connection pat-
tern of the components rather than
on the components themselves. The
basic building blocks of every sys-
tem, be it an electrical control, a
missile, a transportation system, or
the national economy, are the “for-
ward” and “feedback” paths shown
in the figure, with their associated
inputs and outputs. A complex sys-
tem usually consists of many such
“loops” within “loops,” and may
have a multiplicity of inputs and
outputs depending, in some cases,
on the degree of refinement to
which the system is expressed.

FEEDBACK
PATH
FORWARD
PATH
INPUT
OUTPUT

Far too often, the feedback path
is completely neglected, sometimes
due to the simple failure to realize
that it exists. It performs a most
critical function of taking informa-
tion generated at the output, process-
ing it (usually with some time
delay,) and returning it to the in-
put or some one or some thing which
is controlling the system. The nature
of this feedback process and the im-
portance of the time delay is some-
thing that many non-engineers fail
to understand. In fact, it is often
difficult for the controller, be it an

we

Dr. Rogers is an associate professor
of Electrical Engineering and chairman
of the department at Rose. He received
his B.S.,, M.S., and Ph.D. from Purdue
University.

individual or a machine, to know
what the output is doing unless the
feedback exists, responds quickly,
and is optimized. If the time delay
is too long, the system can destroy
itself before it has a chance to re-
spond. Such is the case in many
traffic accidents in which the driver
(the feedback path) has too great a
time delay to provide a correction
at the input.

Though the information provided
to the feedback path does not always
originate directly at the output, the
most reliable information is usually
that which is generated nearest the
output,

The diversity and degree of com-
plexity of the problems approached
by the systems engineers requires
him to be knowledgable in many
fields.

Mathematics
“It is clear that systems engi-
neers need more mathematics and
use more mathematics than other
engineers.”! (Cruz and Perkins,
U. of Illinois)
Machol emphasizes that:!
“. .. the people who haven’t learn-
ed mathematics are either going o
have to learn it or they are going
to have to get out. It is unfortun-
ate that you can’t make advances
in any design of systems and most
of all in systems engineering with-
out mathematics.”

The true systems engineer (edu-
cated most likely, considerably be-
yond the BS level) will need to

(Continued on page 18)




When life was easy . . . the end of the world was three blocks away (as
far as mom would let you skate). Things have sure picked up since then . . .
you can not only travel to the ends of the earth today—but to the moon
tomorrow.

At Teletype we're working on tomorrow, and we need bright, aggressive
individuals to work with us. We need the kind of kids that explored every
inch of those three blocks yesterday—to explore every mile of the road to

tomorrow —a tomorrow

which will demand the

best in message and data

communications.
Electrical, Mechani-

cal, Industrial, Chemical,

Metallurgical Engineer—
whatever your field, you'll
® find an exciting future at

Teletype.To find outmore
about us, and where you fit into the picture, talk to the Bell System Recruiter
when he visits your campus—or write :
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TELETYPE CORPORATION

g College Relations Department A45
machines that make data move ® 5555 W. Touhy Avenue . Skokie, lllinois 60076
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Experimental Heat Capacities

of Hydrogen and Deuterium

at Low Temperatures

by JOHN ELZUFON

The specific heat of a substance
can be considered the quantity of
heat required to raise the tempera-
ture of this substance by a unit
degree of temperature. The terms
specific heat and heat capacity seem
to be often interchanged. We shall
use specific heat when referring ‘o
one gram of the substance and heat
capacity when referring to a more
general amount, such as gram-atom,
or gram-molecule. (2)

To an extent, specific heat de-
pends on the temperature at which
it is measured and on some of the
changes that take place during a
rise in temperature. Such a change
is usually volume. Using the equa-
tion of state f(P, V, T) — O we can
see that of these three variables only
two can be arbitrarily varied at the
same time. Hence, during a change
in temperature, either P or V can be
kept constant and therefore there
are actually two principal heat
capacities. (1)

These two capacities are -easily
related by use of the universal gas
constant R (1.987 cal/mole-deg).

Cp —Cv=R
The proof of this relation can be
easily found in any good physical
chemistry book.

In our previous equation for Cp
and Cv, we considered T as a vari-
able in each case. Let us, therefore,
briefly consider the relation between
temperature and heat capacity.

Due to the ease of working with
them, linear functions are almost al-
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ways desired and linear relations are
usually described as wellbehaved
and “normal” relations. If we plot
the heat capacity of potassium
against the cube of the temperature
we obtain Graph I. Such a linear
relation between C and T (even
though it is T3) is typical of a well-
behaved heat capacity. (2) If, on the
other hand, we examine chromium
methylamine alum in Graph II we
notice a relation which is far from
linear. (2)

But what causes such non-linear
relationships which are commonly
called anomalies? Using theoretical
structural models and some basic
formulas, it has been found that the
heat capacity is governed by the
manner in which the internal energy
is distributed among the particles.

(2)

GENERAL THEORY AND
PROCEDURE OF CALORIMETRY
The vacuum calorimeter was first
introduced by Nernst for the deter-
mination of heat capacities at low
temperatures. In simple form, it
consists of a block over which an
insulated coil wire of heavy non-
reactive metal (e.g. gold) is wound.
The block is the container in which
the substance to be studied is put.
The block is suspended by leads
into a vacuum-tight container which
is cooled in a dewar that contains a
low-temperature liquified gas such
as liquid air, hydrogen or helium.
Initially the vacuum-tight container

John Elzufon is a junior Chem. Eng.
from Newark, New York. John is presi-
dent of the Student Congress and mem-
ber of A.L.Ch.E., Blue Key, Theta Xi.

is filled with helium gas at a low
pressure (about one mm) and the
block is then cooled to the tempera-
ture of the bath by heat transfer
through the gas. Once the block has
been cooled, the helium gas is pump-
ed away and the block is then
thermally isolated. Known quantities
of heat are applied to the coil by
passing through known currents
for a definite interval of time. The
resulting rise in temperature is
measured by the change in the re-
sistance in the metal wire. A com-
mon experimental method is to sup-
ply heat continuously and then cal-
culate Cp from a continuous record
of the temperatures. (2) The formula
used is; (3) Cp = elt (W — Co)
AT

where e — voltage across the ter-
minals of the heater
I = amperes through the
heater
time in seconds of heat
input
conversion factor; I
thermochemical calorie
= 4.1840 joules
Cc = heat capacity of empty
calorimeter
A = amount

e

W v

of material in
calorimeter, in moles

T = change in temperature
during time t

This is a basic formula and will ap-

ply to the actual calorimeters that

will be described in a latter section.
(Continued on page 28)




Solid Connection.

It just makes good sense for the
graduate engineer or scientist,
contemplating the direction of his
professional career, to make sure
that he has all the information he
needs about every company he is
considering—that he has total
input information—before he makes
a connection.

If you're good. If you're really
good. If you have learned to use
the knowledge you have acquired
as a starting point from which to
launch new ideas, you probably
know already that your talents are
in demand. There is always a
seller's market for intellect.

But there can be more to your
future than buy and sell.
Satisfaction is a commodity that
cannot be exchanged.

When you are considering where
you will start in the complex world
of aerospace, while you are
gathering input information, we

urge you to investigate the

opportunity for a satisfying career

here at the Pomona division of

General Dynamics.

Here are five reasons why it would
be a wise move for you now:

1. You will work side-by-side with
nationally recognized engineers
and scientists who are
pioneering advanced concepts
in missilry. Your reputation will
be balanced by association.

. Your compensation and fringe
benefits will be on a par with
the top in the industry.

. You will pursue your profession
in an area where living is
pleasurable year 'round—one
of the top vacation areas in the
nation. Beaches, mountains,
desert, a great city nearby,
universities and colleges for
advanced study, an atmosphere
of growth and achievement.

. Your ability will be applied to

creating universally important
products of engineering
imagination.

. Here at the nation’s largest
facility for development and
manufacture of tactical guided
missiles, your talents will be
evaluated, recognized and
rewarded.

For more information, contact your
placement officer to arrange a
personal on-campus interview with
our representatives, or write to:

L. F. Cecchi, Manager,
Engineering Personnel,

Pomona division of

General Dynamics,

P.O. Box 2507-A,

Pomona, California 91766

GENERAL DYNAMICS
Pomona Division

Pomona, California
An Equal Opportunity Employer

U. S. Citizenship Required




SYSTEMS APPROACH
(Continued from page 14)

systematically embrace: stochastic
factors, human decisionary factors,
and time phasing of large systems, as
well as PERT and other manage-
ment control techniques. Thus a
multiplicity of other areas of mathe-
matics are also mentioned: optimi-
zation and operations research, func-
tions of matrices, vector spaces, set
theory, functional analysis, queing
theory, search theory, dynamic pro-
gramming, network theory, and con-
cepts of strategy.
Computers
“The computer has been respon-
sible for bringing the systems en-
gineer into existence and it should
be the device which will insure
his continued employment in the
years to come.” —(T. J. Williams
of Monsanto)
“Anyone who calls himself a sys-
tems engineer seems to be pre-
occupied with computers and, I
think there is some reason for
this. The very expensive, the very
complicated, the very deep mathe-
matical modeling that is necessary

to make any real progress in sys-
engineering can only be manipu-

lated with computers. Systems
engineering in a sense wasn’t even
possible in early days because they
simply did not have the comput-
ing power with which to do an
effective job of making a mathe-
matical model.” — (A. W. Wymore,
Univ. of Arizona)

Economics

* sophisticated utility func-
tion concepts must be employed in
systems models, not just routine
cook book accounting procedures.
The student has to realize, for ex-
ample, that he must have a basis
for costing plant investment and
other indirect costs . . . The costs
other than dollar costs must be
considered. Direct operating costs
involve cost learning curve theory.
Thus, somewhere in the curricu-
lum the student needs a good
training or background in the so-
physticated economic costing pro-
cedures so that he can include
this in his total systems optimiza-

tion. This is part of the decisionary
process. If this broader spectrum
of techniques and economic factors
is left out of engineering con-
sideration, the engineer will be led
to false answers.” —(G. W. Mor-
genthaler, The Martin Co.)
Human Factors
Contrary to some, it is my belief
that human factors form a major
component of the systems approach.
The problem is described in similar
fashions by three distinguished men.
Howard W. Johnson, President of
M.IT. states:?

“A concomitant of great organiza-
tional size has been the frequent
depersonalization of administra-
tive, political, and management
control methods that sometimes
deprives the individual of a sense
of participation in meaningful de-
cisions regarding his own life and
work. This in turn has contributed
to a sense of frustration and baffle-
ment often expressed by young
people today.”
Max Ways, in
further:
“Specialization of knowledge and
work requires large and complex
organizations; these raised fears
that individuality would be atten-
uated, that an ‘organization man,
bland and malleable, might re-
place his admirably hard-nosed
ancestor. This feared sacrifice of
individuality, repugnant on demo-
cratic and moral grounds, would
not even be compensated for by
an augmented sense of social
warmth or common purpose. We
were moving, obviously, but
weren’t we adrift?”

McGeorge Bundy states the prob-
lem even more forcefully:®
“There has developed in this
country a degree of public bland-
ness which does us no credit.
Neither in business, nor in the pro-
fessions. nor in government is
there enough encouragement to
independent activities by young
men. The ‘organization man’ is not
merely a slick phrase. He is a
growing menace to us all, not be-
cause of what he is—a decent and
hard-working servant of his or-

Fortune, goes

ganization—but because of what
he is not. He is not willing to an-
noy his organization by any action,
and his organization is too easily
annoyed. Foundations ought to
stand against this kind of thing.”
Since the history of the past dec-
ade reveals that an increasing por-
tion of management personnel at all
levels are scientist-engineers, the
cause of the problem may be because
“Too many engineers tend to leave
people out of their equations, and
the systems technique needs many
more social and life scientists em-
broiled in its deliberations than it
has got at present. But the systems
men are learning . . . This new
style promises to add a missing
ingredient to the quality of Amer-
ican life.””?
Dr. Howard W. Johnson, states th
need in several ways:
“In addition to being concerned
with every man, technology mus
be concerned with the whole man
It must seek to create the large
scale environment in which ma
can realize his full potential as :
human being . . .
“The very fabric of the cit
creates interactions that make the
quality of transportation, educa
tion, politics, economics, and citi
zenship all closely interconnected
In this setting, the task of the
modern engineer assumes a higher
order intellectually than tha
which is associated with under
standing basic science . . .
“We must find ways to place ne
emphasis and attention on the
systematic nature of large-scal
human uses of technology
This human focus of technology
should be a primary concern for
today and for the future . . .
“We need people who, in Norber]
Wiener’s words, have the on
quality more important tha
‘know-what, by which we deter
mine not only how to accomplis}
our purposes, but what our pur
poses are to be.””
Others feel that,* “There is ar
orderly way of proceeding from a
realizable system which effectivel

(Continued on page 20)




~ Wanttomoveup fast
in aerospace/electronics?

You can go forward, go fast, go far...at
HughesField Service & Support Division.

If you are seeking a stimulating assign-
ment where you can get in on the
ground floor of the rapidly-expanding
aerospace/ electronics field, capitalize
immediately on your background and
training, and progress quickly toward
your career goals—Hughes Field Serv-
ice & Support Division in Southern
California will welcome your inquiry.

Some current fields of interest include:

DESIGN ENGINEERING
Openings exist for Electronic and Me-
chanical Design Engineers in the devel-
opment of Trainers & Simulators and in
the design of checkout and test equip-
ment for large missile and aerospace
systems. These responsible positions
require interest and/or experience in
such design areas as: analog circuits,
digital logic, switch/ relay logic, electro-
mechanical packaging, infrared test-
ing, inertial guidance and Command/
Control systems.
Responsibilities will
include all phases
of design and
development
from concept to
final fabrication
and evaluation. M.S.
or Bachelor's degree is
required in E.E., M.E. or Physics.

FIELD ENGINEERING
The Field Engineer's job ranges from
complete contractor maintenance of
electronic systems to technical assist-
ance. His primary function is to assist

B

' HUGHES |

HUGHES AIRCRAFT COMPANY

the customer at operational sites. Re-
sponsibilities include: providing main-
tenance, operational and technical
assistance; formal and informal on-the-
job training; logistic assistance and the
investigation and solution of equipment
problems experienced in the field. Re-
quires a Bachelor's degree in E.E.
or Physics. Experience with military
fire control, radar or communications
systems is desirable but not mandatory.

MAINTAINABILITY ENGINEERING
During design phase, positions involve
analysis of the feasibility of built-in, self-
test features, application of automatic
checkout equipment, standardization of
circuitry design, minimization of ad-
justment and alignment requirements
and packaging of the product. During
system development, assignments will
involve production of a complete set of
integrated logistics support doc-
uments for use as planning
guides. Requires B.S.degree
in E.E. or Physics.

TECHNICAL TRAINING

Hughes Technical Training prepares
both civilian and military personnel to
efficiently operate and maintain ad-
vanced electronic systems. Technical
Instructors conduct training classes at
Hughes California sites and work di-
rectly with customers to evolve special

training devices, plan field training pro-
grams and prepare courses for use at
customer bases. Requires a Bachelor’s
degree in E.E., or Physics. Experi-
ence in preparing and presenting
technical electronics material in the
classroom and laboratory is highly
desirable but not mandatory.

ENGINEERING WRITING
Specialists in printed communications
convert complex engineering data into
simple, accurate, illustrated support
publications, including technical man-
uals, orders, brochures, sales proposals,
etc. Fields of interest include: digital/
analog computers, display
systems, digital and

voice satellite com-
munications systems...

and many others. Requires a
B.S. degree in E.E. or Physics.

CAMPUS INTERVIEWS

November 7

For additional information on the ca-
reer opportunities available at Hughes
Aircraft Company—and to arrange a
personal interview with our Technical
Staff representatives please contact
your College Placement Office or write:
Mr. R. J. Waldron, Hughes Aircraft
Company, P.O. Box 90515, Los An-
geles, Calif. 90009.

AN EQUAL OPPORTUNITY EMPLOYER - M&F

U.S.CITIZENSHIP REQUIRED




SYSTEMS APPROACH

(Continued from page 18)
and efficiently satisfies
needs.”

I am convinced that more than
any other thing, the systems ap-
proach is a state of mind in which
the professional person is acutely
aware of the social implications of
his work and is guided by them.
THE T-SHAPED SYSTEMS
ENGINEER

The ideal systems engineer can be
described as T-shaped, meaning that
he is broad and also deep in one
field. There were numerous strong
comments on the necessity for ob-
taining the stem of the T, the depth,
first.

“We end up sometimes with the

so-called ‘big-picture’ boys who

tend to be superficial; who feel
that they can ignore the compon-

ent completely and design a

system. You cannot completely

connect the black boxes without
understanding what is inside the
boxes.” (Machol, U. of Illinois)

“I am making a similar plea here

those

exchange
student as taking place at three
distinct levels, the first two of which

that, in order to be a systems
engineer, you must first be some-
thing . . . then if you have the in-
clination and ability you can
spread out.” (Siefert, MIT)

“I would be a little bit afraid that
the people your program will gen-
erate will be the ones who have a
broad spectrum, but who don’t
have the depth in any one field.”
(Bollay, Stanford)

“lI am saying that I don’t want
these persons with a broad, shal-
low spectrum. I don’t know what
to do with them.” (Bacon, IBM)
“Thus, our industry would want
to insist that the systems engineer
must first of all be a good chemi-
cal engineer . . . the engineering
science programs, while extremely
valuable in the original intent,
have gone much too far toward
producing a ‘jack of all trades and
master of none’ type of individual.”
(Williams, Monsanto)

Dr. H. W. Johnson® describes the
between teachers and

bear a striking resemblance to th
stem and the cap of the T:
(1) Technical competence

the student learns to maste
new knowledge and ideas i
depth.
Integrating diversity for th
purpose of decision making
The training of the mind t
analyze and to ask the righ
question, to choose, to judg
and discriminate, to conside
the human factors, to orde
chaotic situations, and to dea
with ambiguity . . .

The third level, the gold-plating of

nearly forgot), seems closely relateq
to the human approach; educatio
at the level of

(3) personal responsibility an

contribution to society.

Thus it seems evident that a ne
and dynamic approach to enginee
ing, in the form of the systems ap
proach, must be accompanied by
similar reconstruction in the atti
tudes and approaches of the engi
neers themselves.

POLYTECHNIC BOOKSHOP

Anton & Grace Hulman

Memorial Union
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Our Miss Technic for October is Becky
Carroll. Becky is a freshman at LS.U.
and hails from Frankfort, Indiana. She
plans on majoring in speech and theatre.
Her hobbies include singing and acting.
On graduation, Becky hopes to teach high
school speech and drama. Becky is a 5" 8”
blond with green eyes and a charming
personality.
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SYSTEMS ENG.
(Continued from page 12)

A. Formulation

B. Analysis

C. Search

D. Decision

E. Specification
Formulation

The first step in engineering de-
sign, that of problem formulation,
or definition, is undoubtedly the
most important. It is of fundamental
importance that as broad a definition
as possible be made. The designer
must ask: “What is it I am in fact
trying to accomplish?”
Analysis

The object of the analysis phase is
to determine a set of solution vari-
ables which maximize the criteria.
Search

Once the problem has been ana-
lyzed and the criteria and the re-
strictions are well in the designer’s
mind, the search for alternative solu-
tions is ready to begin. It is at this
point in the design process that the
designer has the opportunity to dis-
play his creative ability.
Decision

Once a group of possible alterna-
tive solution ideas have been as-
sembled and it is considered inadvis-
able to spend more time in the
search, the designer is ready to begin
the decision phase. This phase con-
sists of a feasibility study, followed
by a process of discrimination to de-
termine the optimum solution.
Specification

Once the final design solution has
been determined the designer must
reevaluate it based on all the cri-
teria, restrictions and limitations of

all the preceding phases of the de-

sign process to see if it does repre-

sent his optimum solution.
ABSTRACT

BIOLOGICAL ENGINEERING

Biologists have long been faced
with the task of trying to under-
stand a system having a large num-
ber of variables. New developments
in biological instrumentation pro-
vide considerably more data and
more information about these vari-
ables. Systems analysis assists in
developing experiments and in an-
alyzing the data.

An example of systems analysis
to the design of an artificial limb is
presented. Part of this design is the
electrical stimulation of muscle.

The problem: neural control of
muscular action. A brief discussion
of the physiological components and
their mechanisms of action will in-
troduce the audience to the properly
functioning system. The nonfunc-
tioning or pathological conditions
will then be presented.

The solution: In order to restore
“normal muscular function” to a
paralyzed limb, several theoretical
techniques are presently being de-
veloped by workers in the field of
medical engineering. One of the ef-
forts designed to evaluate the feasi-
bility of restoring this functioning
will be the main topic for considera-
tion. It involves the control of a
single skeletal joint (the elbow) by
electrical stimulation of the appro-
priate muscles. The application of
systems analysis in evaluating this
effort will be considered.

General discussion: Showing ap-
plication to other problems in en-

R. J. HILLIS & ASSOCIATES

Financial Advisors
Stocks

Aerospace

vironmental health and medical en-
gineering will follow.

OPTIMIZATION

When we optimize a design or a
process we do more than merely
“improve” it—rather, we are seeking
out the best way to do the job. Every
student of differential calculus
knows how to find that point on
the graph of a mathematical relation
where a maximum value or a mini-
mum value of the dependent vari-
able occurs. But optimization im-
plies much more than a straight-
forward mathematics solution—it in-
volves three steps in sequence: first,
a thorough knowledge of the system
to be optimized so that a “model”
can be constructed that truly repre-
sents what is happening in the sys-
tem; second, finding a single meas-
ure, such as profit, cost, or efficiency,
of the effectiveness of the system;
and third, the application of appro-
priate mathematical techniques such
as linear programming, recognizing
constraints imposed on algebraic in-
equalities by convexity, non-nega-
tivity and complementary slackness
to select the one best choice.

It is significant that step two in
this process often involves value
judgments—the assigning of numeri-
cal measures to the various factors
or variables entering the problem.
Certainly in social or political sys-
tems this may be very difficult since
the varied goals may be in direct
conflict. For example, what numeri-
cal measure of value should be as-
signed to clean water or to clean air
in an urban environment?

Nevertheless, managers of enter-
prises and offices of governmental
agencies must make decisions which
optimize the goals sought. Optimiza-
tion theory helps develop decisions
through skill in recognizing the
proper form of the optimal solution
even when a problem is not com-
pletely formulated in mathematical
terms.

1Asimow, Morris. INTRODUCTION TO
DESIGN, Prentice-Hall, 1962.

2Krick, Edward V. AN INTRODUC-
TION TO ENGINEERING AND ENGIN-
EERING DESIGN, John Wiley & Sons,
1965.




Use this page to jot down
what you know about Allied
Chemical. Dont look at

it again until after youve
talked to our interviewer.

Then see if you really knew
all that were doing today.

Of course, it's no secret that things are
happening at Allied Chemical. We have a
new spirit. And a new president.

Sure, we want you to look over our litera-
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But you won't get the complete Allied
Chemical story until you've talked to our
interviewer.
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HEAT CAPACITIES
(Continued from page 16)

GENERAL THEORY OF LOW
TEMPERATURE HYDROGEN

Hydrogen is known to exist in two
forms. These are called ortho-hydro-
gen and para-hydrogen. The expla-
nation of these terms involves the
direction of the spin of the nuclei
in the hydrogen molecule. When the
spin of the two nuclei are parallel
(same direction), then we have what
is defined as ortho-hydrogen. Obvi-
ously, anti-parallel spin of the nuclei
is defined as para-hydrogen. The
distribution of these two states is a
function of temperature. It is found
that at low temperatures ortho-para
conversions are most likely to occur.
An ortho-para conversion involves a
change in the rotational quantum
number of the nuclei involved. In
hydrogen, the ortho state is associ-
ated with odd quantum rotational
numbers while the para state is as-
sociated with even quantum rotation-
al numbers. The amount of energy
needed for an ortho-para shift is
337 cal/mole. (4) The actual theories
involving this shift are very compli-
cated and require a working knowl-
edge of quantum mechanics and/or
chemical statistics. Since both are
above the scope of this paper, refer-
ences (5) and (6) are suggested if
further information is desired.
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From this theory, it is found that
in a hydrogen (as opposed to deu-
terium or tritium) system at low
temperatures we are dealing with es-
sentially the purely para state. (4)

However, if we are considering a
system in which there is either deu-
terium or tritium, we cannot be so
fortunate as to be able to have a
pure system.

One interesting fact which might
be worth mentioning is that ihe
quantum rotational numbers for deu-
terium are reversed. (2) For ortho-
deuterium the quantum rotational
numbers are even as opposed to odd
numbers for ortho-hydrogen.

At low temperatures, the following
reactions are taking place:

H. 4- D, = 2HD
H. + T,
D, + T, = 2DT
H = hydrogen
D = deuterium
T == tritium
Since the molecular weights of H,
D, and T are different, it will be im-
portant to know the percentage of
each in a given system for this will
affect the value of A in our basic
calorimeter equation.
Experiment I

This experiment considers a sys-
tem of low temperature hydrogen.
From theory we know that this will
be, therefore, a purely para system.

In addition, since we are deali
with pure hydrogen we will not ha
to consider mole percentages of de
terium and tritium.

Apparatus: The equipment use
is a calorimeter and cryostat app:
ratus as developed by Johnsto
Clarke, Rifkin, and Kerr. (8) T
calorimeter proper is a cylindric
container of copper that has a vo
ume of 119.2 ml. The copper cylind
is about 9.5 em long, 3.8 cm in d
ameter, and 0.079 cm in wall-thic
ness. Thermal equilibrium is estal
lished through the use of twel
radial copper fins (0.013 em. thic
that are soldered to the inside of t
cylinder. The gas inlet tube is mad
of monel tubing (i.d. of 0.011 ¢cm an
o.d. of 0.0157 em) which is connecte
to the top of the calorimeter b
means of a soldered sleeve. T
calorimeter is wound with a nylo
covered gold wire which functio
as a combination resistance thej
mometer and heater. A copper- co
stantan thermocouple is soldered 4
the bottom of the calorimeter. Th
thermocouple is wrapped tightl
around the calorimeter to insu
good thermal contact.

The upper block is a lead-fille
copper cylinder which has an O.@
of 6.8 cm. and a height of 0.3 ¢
The lower block is a copper cylind
20 em. high with an O.D. of 6.8 cnf
and a wall thickness of one cm. Whe
positioned, it surrounds the calor
meter and thus functions as both
heat sink and a radiation shield
A brass container surrounds t
block assembly and is connected t
the vacuum system by means of
monel tube which also serves as
support. The brass container is sq
in a 36 by 5.5 inch glass dewar (use
to prevent heat transfer) which i
turn is set in a brass cryostat (use
to maintain a constant low temper
ture. This cryostat is made vacuu
tight and can be connected to eithe]
the hydrogen return line or to th|
vacuum pump; the latter being use
to reduce temperature in the dew
by adiabatic evaporation.

The gas measuring system that i
employed is identical to the one d
veloped and used by Giauque an




Johnson, Fig. I. (3). The measuring
bulb A is made from a five-liter py-
rex flask and is supported in a hem-
ispherical casting B. Fused to the top
tween A and B. Fused to the top
and the bottom of A are small di-
ameter glass tubes, D and E, which
bear etched scales showing volume
intervals of 0-1 cc. The lower end of
E is fused to a glass tube leading
to the bottom of a six-liter cast-iron
mercury reservoir F. This entire ap-
paratus is immersed in a 25° (or k)
thermostat which maintained a tem-
perature constant to 0.01.

To measure the amount of sub-
stance present in the calorimeter,
pressure is applied through valve 1
to force mercury into A. Then a
portion of the substance in the calori-
meter is then vaporized and col-
lected in A. Simultaneously, pres-
sure was released in F by action of
the electromagnetic valve H, so that
the mercury will return to the reser-
voir and the gas will collect in A at
atmospheric pressure,

When A is almost filled with gas,
as evidenced by the height of the
mercury in the capillary manometer
J, the vaporization is stopped and
valve S, is closed. Further pressure
is released in F by hand manipula-
tion of the valves until the mercury
meniscus is brought into the lower
scale E. The pressure is then read
on the large-diameter manometer M.
This is enclosed in an air-jacketed
case and connected to A through a
capillary tubing which serves to di-
minish the volume internal to the
thermostat. This process is repeated
until all of the material in the calori-
meter is vaporized.

The following relationship is em-
ployed for calculating the amount of
gas: (3)

Moles=VPd (I ) [142 (I-P)]

M I+4 KT
where V = volume in liters
P = pressure in atmospheres
d = density of gas per liter
at standard conditions
molecular weight
mean coefficient of ther-
mal expansion from 0
to 25
T = temperature in degrees

C

— coefficient of deviation
from Boyle’s Law per
atmosphere.

The values used for the equation
are:

d 1.42898 (3)

k = 0.003672 (3)
-0.00087 (3)
The uncertainty of these constants
is so small that error from this
source may be neglected.

The electrical energy for heating
the calorimeter is supplied by a bat-
tery of Edison cells. A resistance of
approximately 10,000 ohms is con-
nected in paralled with the calori-
meter heater. For energy and re-
sistance measurements a White
double potentiometer is used and a
Wenner potentiometer is used for
thermocouple readings. The resist-
ance thermometer has a (dR/dT) of
1 ohm per degree. (8)

Due to the importance of having
accurate low temperature readings,
two methods of temperature deter-
mination are used. The resistance
thermometer readings were checked
by use of a formula which used the
pressures read off the capillary
manometer, This is the Leiden equa-
tion: t = -260.397 4 1.0270 log P
+ 1.7303 log? P (8)

a =

YO VAC & PREP, LINES

=5

degrees centigrade
& pressure in centimeters
of Hg
To convert degrees centigrade into
absolute temperature, a formula de-
veloped by Johnson, Clarke, Rifkin,
and Kerr was used. (8)
T— (1 — 213 x 10-*) t + 273.082
where T = degrees Kelvin
t — degrees Centigrade

With the apparatus assembled the
heat capacity of the empty calori-
meter is determined. Then a cur-
rent of known voltage was applied o
the heater. Over a know time t, the
change in temperature. the actual
temperature, and the amount of
material in the calorimeter are
measured.

Re-examining our basic equation
we can see that for the duration of
this experiment the voltage (e), am-
peres (I), time (t), conversion fac-
tor (w), and heat capacity of empty
calorimeter (Cc) will all be con-
stant. Therefore, the Cp that we zal-
culate is a function (once the above
have been determined and thus made
constant) of the moles of material
(A) and the change in temperature
(AT). That is Cp =— £ (A AT).

(Continued on page 32)

TO CALORIMETER

T0 Ha. RESERYOIR

Fig

Giauque and Johnson Gas Manometer.




It you're looking for -

1. Routine work assignments
2. A job without responsibility
3. A“9 to 5” atmosphere

Fine!
But not at FMC

At FMC Chemicals, growth in sales volume has been unprecedented in recent years.
Everybody has contributed to this growth . . . through research, manufacturing
innovation and unique marketing techniques . . . the result of new ideas, resourceful-
ness and hard work. Would you fit in a team like this? If so we have a challenge
unequalled in the chemical industry.

We need people for: With disciplines in any
Sales of the following:

Process Engineering
Maintenance Engineering
Design Engineering
Industrial Engineering
Mining Engineering
Project Engineering

Chemists — B.S., M.S., Ph.D.

Chemical Engineers — B.S., M.S., Ph.D.
Mechanical Engineers — B.S.

Mining Engineers — B.S.

Industrial Engineers — B.S.

Electrical Engineers — B.S.

At these locations:

Sales Nationwide

Research and Development Princeton, Carteret, N.J.
Baltimore, Md., Middleport, N.Y.

Manufacturing Buffalo, N.Y. S. Charleston, Nitro, W.Va.
Vancouver, Wash. Modesto, Newark, Calif,
Green River, Wyo. Pocatello, Idaho
Carteret, N.J. Baltimore, Md.
Lawrence, Kansas Newport, Ind.

Would you like to learn more about how you can contribute to FMC'’s progress?
Write to Recruiting Manager, Industrial Relations Dept.C M, Chemical Division

Ml FMC CHEMICALS

CORPORATION 633 Third Avenue, New York, New York 10017
® An Equal Opportunity Employer




Graduate Engineers...

there's
excitement
in energy

at Columbia

What's your special interest—
operations planning, thermodynamics,
instrumentation systems, optimized
environmental control, direct energy
conversion, applied research or
development engineering?

Positions matching your interests
are waiting at Columbia, one of
America's largest and most progressive
natural gas systems.

Some of the current excitement at
Columbia: feasibility studies for using
nuclear detonations to create
underground reservoirs for natural gas
storage; development of competitive

natural gas total energy environmental &

conditioning systems powered by fuel
cells for homes and commercial and
industrial establishments; basic
research in industrial processes.

Take a hard look at the state-of-

the-art in energy engineering. Columbia £

provides the challenges and
responsibilities that make for an
immediately exciting, rewarding career.

Contact our Director of Placement,
Columbia Gas System Service
Corporation, 1600 Dublin Road,
Columbus, Ohio. Or write to the
Director of Employee Relations at the
Columbia location of your choice.

cAiumes

Charleston Group:

United Fuel Gas Company
1700 MacCorkle Avenue, S.E.
Charleston, W. Va. 25301

Columbus Group:
Columbia Gas of Ohio, Inc.
99 North Front Street
Columbus, Ohio 43215

Pittsburgh Group:

Columbia Gas of Pennsylvania, Inc.
800 Union Trust Building
Pittsburgh, Pa. 15219

Columbia Gulf Transmission Company
3805 West Alabama Avenue
Houston, Texas 77027

;
An Equal Opportunity Employer (M/F)




- HEAT CAPACITIES
(Continued from page 29)

The heat capacity obtained in two
series of runs is shown in the fol-
lowing Graph III:

On the graph, we can easily notice
the vertical line at the triple point.
This is located at 13.84 degrees.
Three determinations were made
of the triple point. During the runs,
the calorimeter was kept only half
full so as to avoid the superheating
of the surface by heat leak down
the monel tube. An extended time
period of approximately 15 minutes
to one-half hour was allowed for the
attainment of thermal equilibrium
in the calorimeter with the solid a
little less than half melted. The three
determinations yielded values of
5.278, 5.274, and 5.276 cm. of mer-
cury. (8). By substituting 5276 for
P in the Leiden equation and then
using the equation of Johnston,
Clarke, Rifkin and Kerr we obtain
the value of 13.845 for the triple
point of pure para hydrogen.

OBSERVATIONS AND
CONCLUSIONS

An examination of Graph III shows
that at low temperatures, the heat
capacity of para hydrogen is anoma-
lous. The most obvious deviation
from what would be considered well-
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behaved is the leap in the value of
the heat capacity at the triple point.
Thus we can conclude that the
liquid para-hydrogen has a higher
heat capacity than the solid para-
hydrogen. However, we might notice
that taking solid and liquid as sepa-
rate entities, we can see that the
heat capacity for the solid para-

hydrogen is quite well-behaved. The
liquid is fairly well behaved too but
not quite as well as the solid para-
hydrogen. This conclusion is not
based on just Graph III. Graphs of
experiments done by Johnston,
Clarke, Rifkin. and Kerr, and by
Clusius and Miller revealed the same
type of behavior. (8) We must note
also that this conclusion is for the
temperature ranges only in which
we are dealing with. This is especial-
ly true of the behavior of the solid
para-hydrogen.
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JOIN THE
IDEA GORP

Right now, hundreds of engineers, chem-
ists, and physicists are exploring their own
ideas at NCR. We encourage them because
we consider idea-people as the backbone of
technological advancement in our field of
total business system development.

And it works. Business Management maga-
zine, in its list of ‘““emerging ideas of
1966," credits NCRwith two out of seven:
pioneering in laser technology for record-
ing data, and development of our new PCMI
microform system.

Whether you're a seasoned pro, or an
ambitious self-starter, and whatever your
degree, if the excitement and satisfaction
of start-to-finish idea development appeal
to you, you'll go far with NCR. And so will
your ideas.

Here's a good idea to start with: write to

T. F. Wade, Executive and Professional
Placement, NCR, Dayton, Ohio 454009.

An Equal Opportunity Employer.

THE NATIONAL CASH REGISTER CO.




SPORTS

Tribute To The Seniors

Homecoming 1967 is upon us. A
fine schedule of events makes this
weekend THE WEEKEND on the
Rose campus for students and
alumni. Freshmen burn their bon-
fire, fraternities compete for the
Homecoming Display Trophy, and all
is ushered out with the Homecom-
ing Dance on Satufday evening. But,
Homecoming this year, means some-
thing special to eight men on the
Engineers football squad. Eight men
will be playing before their last
Homecoming crowd. Therefore, it is
appropriate at this time to pay
tribute to the eight seniors on the
football team.

Mike Mefford, John Shambach,
and Fred Valenti are the tri-captains
for the Fightin Engineers. Mike is a
primary receiver from his flanker
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1.
Mike

Mefford
Chem. E.

i

John
Shambach
Mech. E.

back position. Mike came to Rose
from Bloomington, Indiana and is
earning his fourth letter this year.
John plays tackle on the offensive
squad. He hails from Shelbyville
and has lettered for three years, pre-
sently working on his fourth. Fred
is the workhorse of the offense. He
runs from the fullback position with
the power to mow down the defense.
Fred is from Ossining, New York.

Steve Mueller is the Rose Poly
middle guard. Steve is from Chicago
and is currently working on a fourth
letter. Pete Hodapp is a new face
on the team this year. He is a trans-
fer student from the Naval Academy,
and resides in Adrian, Michigan. It
appears Pete will earn his first letter
this year running from his tight end
slot.

Jerry Novotny is the Big Red

v B

Jerry
Novotny
Elec. E.

”»

“jack of all trades.” Jerry can pla
defensive end and has many time
nailed the quarterback behind th¢
line of scrimmage. Jerry is now play
ing left end and working for his third
letter. Jerry hails from Chicago.

Denny Fritz is a fine guard fro
Brookville, Indiana. Denny is 4§
steady player and helps clear out th{
middle of the line for the backs. Hj
is working for his third letter.

Last, but certainly not least, i
Jose Ibanez from Jamaica, Ne
York. Jose is the spirit man of thd
team. Although he doesn’t play
much, Jose has the job of rousing
the spirit of the back-up men.

This tribute is a small portion o
the gratitude we owe these men. Wi
can pay them a bigger tribute by
being in the stands on Homecoming
Day 1967.




CAREERS WITH

BETHLEHEM
STE

Comehow we think these lads have promige,

They look about ready for the really big league, where Bethlehem Steel

has always fielded a winning team. You, too, can learn the score, by reading
“Careers with Bethlehem Steel and the Loop Course.” Pick up a copy

at your placement office, or write Manager of Personnel,

Bethlehem Steel Corporation, Bethlehem, Pa. 18016.

An equal opportunity employer in the Plans for Progress Program

BETHLEHEM STEEL




The mother took her young
daughter to a psychiatrist and ex-
plained that the girl thought she
was a chicken, The mother added
that this condition had existed for
nearly two years.

“Two years,” exclaimed the psy-
chiatrist. “Why did you wait so

long before bringing her in for
help ?”

“Well, Uh, . . . ” the embarrassed
woman explained, “We needed the
eggs, doctor.”

e B

Irritated Professor: “If there are
any morons in this room, please
stand up.” A long silence, and a
lone freshman rose,

Professor: “What, do you con-
sider yourself a moron?”

Frosh: “Well, not exactly, sir,
but T do hate to see you standing
alone.”

* ES *

Scene: A field hospital in S. Viet
Nam. A correspondent is talking to
a soldier bandaged from head to
foot. The correspondent, eager for
the gruesome details, asked for the
soldier’s story.

“It's a long story,” said the
soldier. “When I first got here, 1
was told how to recognize friend
from foe. I was told when I came
upon a man to yell ‘Ho Chi Minh is a
rat!” and if he smiles, he’s a friend;
but if he gets angry, he’s a foe and
I was to shoot him. Well, I was here
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Stelen by Gary Kelm, Soph, M.E.

for about six months and then as
I was walking along this jungle
road, I saw a man. With my weapon
at the ready, I yelled. ‘Ho Chi Minh
is a rat!” But he did not smile or
get angry. Instead, he cupped his
hands and yelled ‘Lyndon Johnson
is a fink.” And as we were shaking
hands in the middle of the road, a
truck ran over me.”
s ¥ #

We finally psyched them out—
professors are people who tell stu-
dents how to solve all the involved
problems of life which they avoided
by becoming professors.

s W

Famous Tom Swifteys:

“I just had brain surgery,” de-
clared the patient absentmindedly.

“I hate my mother-in-law,” yelled
the hen-pecked husband relatively
speaking.

“Look at the 144 dancing girls,”
said Jeff grossly.

“You’ll never make it to first,”
cried Harry basely.

LS Ed *

The couple, after twenty years of
marriage, had decided to leave on a
second honeymoon. As they made
their plans, the husband glanced
over his shoulder at the little old
lady behind them who sat knitting.

“Just once,” he whispered, “I'd
like to take a trip without having
your mother along.”

“My mother,” the wife exclaimed
“I thought she was your mother!’

R N

“T shall now illustrate what
have on my mind,” declared thd
Professor as he erased the board.

¥ % *

The little boy wanted $100 s
badly he decided to pray for it. He
prayed for several weeks with no
results; so he wrote a letter to God
The post office finally forwarded
the letter to the White House. The
President chuckled and ordered $:
sent to the boy. The lad, delighte
that his prayers had been answered
in part at least, wrote a thank-yo
to God but added this P.S.:
noticed you routed my lette
through Washington, and as usua
those bureaucrats deducted 957 .

* ES *

Professor to noisy class: “Order
please.”

A voice from the back of th
room: “Two beers.”

I Sy

A sweet young thing breezed intc
a florist shop dashed up to a
elderly chap puttering around a
plant and inquired, “Have you any
passion poppy?”’

The old boy looked surprised.

“Gol ding it!” he exclaimed. “Yo
just wait until I get through prunin
this rose.”

R o "




These U.S.Air Force officers are
getting what they want out of life.
You can be one of them.

What are they doing? They are If you get in on it, you get paidto I
performing a job of importance. be part of the most exciting techno- |
Hour after hour. Year after year. logical breakthroughs of all time. |
Many of them will serve for 20 or You'll become a leader, an officer |
more years. The fruitful part of a inone of America’s most vital organi- |
man’s life. zations...the U. S. Air Force. |

Will yours be fruitful and creative? You can be part of the Aerospace |

Or just spent? Age when things are most exciting... |

You're going to college to do some- at the beginning. While you serve |
thing constructive, important. And your country, the whole universe will |
you can be sure of it, in the U. S. Air open up to you. ]
Force. There's a 2-year Air Force ROTC |

Start now in the Air Force ROTC program, and the 4-year program |
program on your campus. Your Pro- has new attractive financial assist- |
fessor of Aerospace Studies will ance provisions. |
explain the variety of career opportu- Lots of men waste their working |
nities. Pilot. Navigator. Engineering. years. But you don't have to be one |
Science. Administration. of them.

UNITED STATES AIR FORCE
Box A, Dept. OEC-710
Randolph Air Force Base, Texas 78148

(please print)
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ADDRESS




General Electric
engineers and scientists
are helping to satisfy the
needs of society...

like beautiful cities
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A technical career at General Electric can put
you in the position to help beautify our cities.

Inquisitive minds in research and advance
development at G.E. are evolving many concepts

to give our cities a clean, all-electric look.

Design engineers are translating concepts into
components and systems, while manufacturing
engineers are developing the methods and machines
that bring designs into being as useful products.

Technical marketing specialists are working with
electric utilities and city planners to give
mushrooming urban landscapes like Phoenix,
Atlanta and Chicago, a bright, all-electric face.

Urban living has already begun to change as a
result of the contributions made by General

Electric engineers and scientists, contributions

like air and water purification systems, underground
power equipment to preserve nature’s beauty,
all-electric heating facilities, rapid-transit

systems, and a hundred more.

You can help develop new products and concepts,
new facilities, processes, and manufacturing
systems, or new applications and markets in
your technical career with General Electric.

For more information write: D. E. lrwin,

Section 699-20, Schenectady, New York 12305.

GENERAL @D ELECTRIC

An Equal Opportunity Employer
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