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HUMAN FACTORS ENGINEERING
BIOCHEMICAL FUEL CELL
THE CARDIOVASCULAR MODEL
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New Westinghouse Jet Set gives you a beautiful picture...

A -6

even when it's off
The picture tube doesn't stare back
at you. And there's no wait for warmup because it's Instant-On " television.
Turned on, Jet Set delivers a soft,

clear, easy-on-the-eyes picture. New
Memory Fine Tuning lets you pre-tune
each channel for best picture and sound.
Set it once—and forget it.

Turned off, Jet Set doesn't even look
like a TV set. But off or on, it's beautiful.
Westinghouse makes a product so
you'll enjoy it—any way you look at it.

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 Center, Pittsburgh, Pa. 15221.

NEWS TRAVELS
FASTER ON
TIMKEN' BEARINGS

"NEITHER RAIN NOR . . ."
In snow country, the mail goes
through on a Ski-Doo Bombardier power-sled, made by
Bombardier Snowmobile Ltd.,
Quebec. It is also used on trap
lines, for sports and for hauling supplies. Timken' bearings in the clutch give it extra
capacity in a small space.

WHEELS AND SHAFTS. Whatever you build—wheelbarrows
to steel rolling mills—Timken
tapered roller bearings can
help it perform better, longer.
They're precision-made of
nickel-rich steel by: The
Timken Roller Bearing Company, Canton, Ohio. Also
makers of Fine Alloy Steel and
Rock Bits.

WORLD-WIDE CABLES. The
C.S. Long Lines, new Bell System cable-laying ship, is on
the high seas. In its wake,
thousands of miles of cable,
paid out at eight knots. 2,816
Timken bearings keep the
ship's linear cable engine
operating.

EXTRA! EXTRA! This Goss
Headliner Mark II press runs
70,000 newspapers an hour.
It prints in color. It folds. It
delivers the papers to the loadi ng dock. Not one Timken
bearing has required premature replacement.

QUALITY TURNS ON

TIMKEN*
TAPERED ROLLER

BEARINGS
Learn More About the Timken Company, an Equal Opportunity Employer. Send for Career Booklet.
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CHEMISTRY

I DON'T KNOW
WHAT I WANT
TO DO
by Prof. Alfred Schmidt

How many times have you said, or heard someone you ever really liked a course one semester and then
else say, "I thought I knew what I wanted when I came lost interest the next semester when the course was taught
to school, but r ow I don't know", or "I used to like math by a different instructor? This transferral of one's feelin high school (or, last year) but I don't seem to be ings about a person from that person to the course he
interestcd anymore", or "I don't seem to be interested in teaches or to his hobbies is very real.
anything anymore."? These and other variations on the
After some eighteen years of having enthusiasm and
same theme are heard by teachers and counsellors every
quarter of every year. It's a malady which strikes most interest instilled while in the role of captive audience,
often during the sophomore year, although occasionally the choice of college and probable major field of study
as early as the freshman year or as late as the junior is finally made. This decision is strongly influenced by
year. Pursuing my preference toward over-simplifica- the course or courses in which the student excelled and
tion, I would like to propose a theory which might ex- by those instructors whom he liked and respected. The
"bucket-full" of instilled enthusiasm a freshman brings
plain this widespread annual phenomenon.
to college is usually sufficient to keep him going throughEach of us is born into and, to a large part, spends out most of the freshman year. But during this first year,
our first eighteen years or so in the role of a captive he encounters other views, different personalities (in stuaudience. When babes are learning to be spoon-fed, their dents as well as faculty), and an exposure to occupations
mothers offer a spoonful of nourishing potion accom- he had not considered before. And all this changes radipanied by ooh's and aah's, smiles, and other tricks of the cally the environment in which he tries to remain entrade, all designed to convey the idea that the food is thusiastic about his choice of major field of study. Add
good and enjoyab/e! This same teaching device is pursued to this a realization that he is no longer a captive audience
through the years, with regard to "pretty flower", "nice but must now start making most of his own decisions,
puppy", "catch the ball", etc. This is a device which and you've got ar other person who "seems to have lost
instills desire and enthusiasm (establishing a learned interest".
response) in the mind of the young person. In the eleMany students strive mightily to escape the captive
mentary grades, variations of this, including games, are
audience
role. The required curriculum is offensive beused to get children interested in courses.
cause "I don't like to read", or "I don't like graphics".
In the later grades and in high school, instructors Individual course requirements become irksome because
instill interest and enthusiasm by the kind of person and "I don't see why lab reports have to be done a particular
the kind of salesmen they are, accompanied to some ex- way", or "I don't see why homework has to be handed
tent by the "captive audience" environment. Perhaps in", or "I don't like to give speeches".
your chemistry teacher in high school was an outstandAnd the folly of all this is that when we are coming person, well-liked by all the students—and you found pletely free, no longer a captive audience to anyone or
yourself really interested in chemistry. This is not unany group and not obligated to anyone, we are ripe breedusual. Indeed, teams will practice long and play hard ing ground for discouragement.
for a coach they like and, in the same way, high school
So what can be done to overcome a seeming lack of
students get more interested and work better in a course
taught by a teacher they like and respect (these two enthusiasm? I believe the answer lies in our voluntarily
(Continued on page 28)
feelings are closely related at this age!). Conversely, have
5

HUMAN FACTORS
ENGINEERING
by JIM DOOLITTLE

Jim Doolittle is a senior Mechanical Engineer from Lakewood,
Ohio. He is past president and
former Interfraternity Council representative of Alpha Tau Omega
fraternity, and spends most of his
spare time tinkering with sports
cars.

Layout by Terry Joyce

Human Factors Engineering is an
area of growing activity. The aim is
to coordinate the capabilities of the
human operator and the performance of a machine component to derive a man-machine system of the
most efficient overall performance.
This phase of engineering brings together the knowledge of human fac-

tors with the layout of machines in
the modern day to fulfill a specific
purpose. This article will be devoted
to the biological aspects of Human
Factors Engineering.

ANALYSIS
The first step of any problem is to
analyze the factors involved and the
scope
of the problem. The engineers
Now that we are familiar with the
can
then
apply their knowledge to
scope of Human Factors Engineerdevelop
a
system that will yield a
ing, it is possible to follow the sesatisfactory solution. Both human
factors and machine factors must be
35.3°
studied so that such a system can be
18.61
developed. When the capabilities
and limitations of both man and machine are evident, the two can be
integrated, each doing the job to
which it is best suited, to complete
a man-machine system.
7.6"
12.01'
The connections between human
factor aspects and machine, are important, in that their considerations
must be taken fully into account. A
few typical questions might pose
what is meant by human factors considerations. How much information
can man reasonably absorb from
an assortment of visual displays?
Should an alarm mechanism be
visual or auditory? How much feel
should be in the brakes of an automobile? What effect will gravity
forces have on the efficiency of
man's performance in space? The
answers to these questions are the
considerations of human factors.

69.1"
64.S"

3Z2

3,24

3.9
l'h4lIre 1.

quence of steps involved in a human
engir.eering problem.

Dimensions of a man standing-.

ANATOMY FACTORS
A classic problem which we are
all familiar with is the development
of controls of an automobile. The
basic controls are speed regulation,

direction, and component performance information. It is easily seen
that the arms and legs are better
adapted to regulate speed and direction, while sight and sound are
adapted to information processing.
The problem here is to build a
man-machine system which will enable man to control the automobile
efficiently while not being subjected
to undue stress, fatigue, noise or
light.
Probably the first aspect of human
factors which comes to mind is that
of human anatomy. The automobile
will necessarily need to be designed
in such a way that the average
driver will be able to operate it effectively. This implies a number of
complications. The location of controls, the motions involved in control, and the positions assumed in
control will all be deciding factors
in the layout of the automobile. The
size and shape of the human figure
must be closely studied. Charts
similar to the ones shown in figures
1 and 2 will be helpful in revealing
the important features of man.
This diagram of the human body
not only illustrates man's physical
size, but indicates the nature of his
limbs, his degrees of freedom, and
the relative locations of his appendages and organs.
From this chart and similar
studies, the seating location and position, the control location, and the
control movement will be developed.
There are numerous other factors
concerning anatomy which must be
considered, but a detailed description is beyond the scope of this
article.

of the eye, intensity relationships,
acuity, optical allusions and color
are just a few of the subjects of interest of the human eye.
Studies such as these reveal some
interesting facts. It is now known
that diffused light is restful, beam
light irritates, shaded properly directed light is helpful, glare is harmful, shadows cause strain and color
is informative and sets a mood. The
fact that the eye raturally moves
from side to side is also an important
fact. An illustration of this fact is
employed in the odometer of the
modern automobile.
1
2
1 2 3 4
3
a.
4
b.
It is clearly evident that the display shown in part a is easier to
read than the display shown in part
b. Choice of color location, and type
of light used on visual displays is
evident in the layout of a properly
designed automobile control panel.

AUDITORY FACTORS
Audition is another important human factor. Sound has three physical dimensions, frequency, intensity,
and duration while hearing responses include pitch, loudness and
duration.2
Complex studies have shown that
hearing depends on, the ear and its
associated neurology, the transmission medium which transmits the
pressure vibration from the source,
and the sound source, a vibrating
body. The thresholds of hearing are
incorporated in the design of the
automobile. We know that the ear is
sensitive to sounds between certain
extremes. One extreme is painful
while the other is barely intelligible.
Application of such information is
found in the buzzer used to remind
the operator that he has exceeded a
desired speed. The buzzer is located
near the speedometer, drawing attention to the speed. It is alarming
but not painful.
(Continued on page 20)
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VISUAL FACTORS
6''

Another important biological aspect is man's vision. Visual processes
enable us to preceive form, color,
brightness, and motion. Vision is
probably one of the more important
human factors as it has been estimated that 80'; of our knowledge
comes to us by the way of the eye.'
Doctors, biologist, scientist, and engineers in cooperation have made
numerous studies of the human eye.
The physical structure, the functions

o''

234"

4,1
Figure 2. Dimensions of a man seatcd.
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B10- CHEMICAL
FUEL CELL
The author of this article is l'aul
liueber. Paul is a senior and he is
majoring in math. In addition to
his studies, Paul has served as the
vice-president of the rifle club. His
home town is Evansville, Ind.

by PAUL KUEBER

Layout by Bob Johnson

The idea of a continuous input
bioelectric energy cell is neither a
new idea nor one created by man.
However, the biochemical fuel cell
is a product of "Bionics". The seas
of the world form the largest biochemical fuel cell in existence.
In this natural cell, solar energy
is converted to chemical energy by
photosynthesis. This energy finds its
way to the Benthic zone of the
ocean, in the form of plants and
animals. Here it is fermented by desulfovibrio bacteria. The reaction
releases hydrogen sulfide. The hydrogen sulfide is ionized, the sulfur

ions are reduced releasing electrons.
Although these free electrons are
used in other reactions, the biochemical part is involved only in
their release.' If a membrane could
be placed between the biochemical
reactions and the electrochemical
reactions, a current would flow from
one side to the other.
THE POTTER CELL
M. C. Potter, Professor of Botany
at the University of Durham, England was the first man to develop a
working biochemical fuel cell. July
14, 1911 Dr. A. D. Waller delivered
Professor Potter's paper, "Electrical

—

—20%
.303
-10 7,

.1

gd%
10

(4.
//,oe

me/liar

1,- r tEr—different concentrations of glucose.
Plots of E.M.F. vs. time 71Initial temperature 25 0. With 5 grm. of yeast

C'ht. # 1, Plot of EMF vs Time with different concentrations of glucose.

"

Effects Accompanying the Decomposition of Organic Compounds", to
the Royal Society of London, thus
opening the era of the biochemical
fuel cell.
Although Potter never worked on
the continuous input aspect of the
problem, he did develop the basis for
later experiments.2 The cell was
composed of a glass jar containing
a porous cylinder. Both the jar and
cylinder are filled with the same
glucose solution, a platinum electrode emmersed in each.
Yeast is then added to the glass
jar. When the yeast begins to react
an electrical potential is created between the solution in the jar and
that in the cylinder. At frequent intervals a morse key is depressed and
readings taken off the galvanometer.
Potter investigated many variables
as to their relationship with the
E.M.F. vs. time graph. The first of
these variables was the concentration of glucose (chart #1)". It
should be noted that a 10',/, solution
seemed to be about optimum. The
10,; solution at an initial temperature of 25 C, and five grams of yeast
per 100m1. of solution in the jar
reaches a maximum potential of 0.32
volt in a period of seven minutes.
(Continued on page 26)

Picture yourself as
a Western Electric engineer.
What might you be doing?
s a

MANUFACTURING ENGINEER you'd
work closely with Bell Telephone
Laboratory engineers on the latest
concepts in communications systems.It would
be your job to work out production techniques
for these systems, which might mean developing special tools, machines, or test equipment. You would have the opportunity of
guiding products from their final development to the point where they roll off the production line.
As an INDUSTRIAL ENGINEER your work
would be more closely related to the search
for new ideas to reduce the cost of currently
manufactured products, to improve their
quality or make the job easier. Many of the
Industrial Engineer's problems relate to human engineering as well as to operations
research and the establishment of wage incentive rates.
As a SYSTEMS EQUIPMENT ENGINEER
you'd really know how a communications system operates, because you'd have built it on
paper before it was manufactured and installed. After one of your systems had been
installed, you'd be held accountable for its
performance and compatibility with existing
systems.

A

L

As a MILITARY SERVICE ENGINEER you'd
be concerned with research, design, development,testing, production, delivery, and assistance to the military in the operation and
maintenance of complex military systems.
Systems applications range from the ocean
depths to outer space. You could expect a
wide variety of engineering assignments in
many diverse fields.
The challenges are big at Western Electric
— and so are the opportunities. Now is the
time to investigate them. Be sure to talk to
the Western Electric people on the Bell System recruiting team when they visit your
campus.
For advance information, get a copy of our
career opportunities booklet from your placement officer. Or write: College Relations Staff
Manager,Western Electric Co.,Room 2510A,
222 Broadway, New York, N.Y. 10038. An
Equal Opportunity Employer.

Western Electric
MANUFACTURING 8. SUPPLY UN1 T 0,F THE BELL SYSTEM

THE

CARDIOVASCULAR
MODEL
by PETE STEWART
Layout by Tom Trueb

Coming from far away Holden,
Mass., Pete Stewart is a junior
majoring in bioscience and mechanical engineering. He is very
active and well known in his role
as commander of the Rose Rifles.

Within the confines of the human
body there exist many different
systems which are necessary for the
continuation of its metabolic foundation; of these, the cardiovascular
system is perhaps the most important. This system is the prime supporting medium, the loss of which
results in immediate death. True,
death results from the loss of many
of the other systems, but not as
rapidly. It is for this reason that an
intimate understanding of such a
supporting system is necessary when
one is engaged in a study of physiology or biological fields related to
the human structure.
One of the limitations inhibiting
the study of the system is its internal location; in this respect a
visual understanding is markedly
more difficult. To aid in such an
understanding a mechanical model
of the system is helpful; the model
to an extent enables one to grasp
the meaning of its function and
make limited measurements of its
capabilities.
MODEL HEART
The initial model to be discussed
in this article has been developed by
Drs. Carl F. Rothe and Ewald E.
10

Selkurt, both members of the Department of Physiology, Indiana
University School of Medicine. The
above men have stated:
A model of a complex physiological system permits simplification
and ease of visualization so that
the student may more quickly and
effectively grasp the primary interrelationships which are so important for a more thorough understanding of the system. A good
model must demonstrate reasonably valid relationships between
the parameters shown; must eliminate extraneous variables, present
in the living system but of minor
importance; and must not introduce relationships which are different from those in the living
system.'
As they have pointed out, this is by
no means the first of such models
to be developed, but is the first to
depict in detail such mechanisms as:
ventricle filling, a varied contractile
vigor, and load proportional to volume and pressure. In short, it is a
far more concise structure than any
previous undertaking in this field.
Like the cardiovascular system,
the cardisal structure of the model
is the heart. In man, this organ is
responsible for the propulsion of

blood through the circulatory system. It is of a contracting muscular
nature, the neurological origin of
which is self-contained. Initiation of
the contractile or pumping response
in the model is a small electric motor
which acts through a system of pulsation cams. This impulse, in turn,
acts through force arms, which in
turn operates the contractile diaphram of the one-chambered heart.
These cams, three in number, although as for that matter more could
be incorporated, are used to give a
heart beat rate of 45, 90, and 135
pulsations per minute. The heart
can be calibrated as to the amount
of fluid which is expelled on each
contraction. This is useful in the
calculation of such things as cardiac
output and flow rate.
FLOW SYSTEM
From the heart the blood is directed into one of two aortas which
can be opened or closed alternatelr
One of these is a distendable aorta
which is used to indicate the normal
aortic function, namely systol and
diastol, or the response there to. The
other is rigid; between the two a
comparason can be made between
the two on such things as blood
pressure and flow within the system
The actual pressure generated in the
model is indicated on a pressure
gauge at the exit side of the aorta.
The blood flow then enters a restraining device, the purpose of
which is to simulate the load or retarding force placed on the heart.
In the body this is encountered in
(Continued on page 22)

Your home furnace would
be this small...if it had
an Allison combustor.
Or... in aircraft terminology: the new Allison Combustor
turns out four times the heat release of combustors in
production engines. Yet a combustor for a 10,000 lb. thrust
engine can be held in one hand.
It's an Allison breakthrough in lightweight engine technology. Immediate application: Allison Lift engines. Designed to propel tomorrow's jet aircraft straight up.
So far, Allison Lift engines have attained thrust/weight
ratios over four times those of production engines.
Other factors have contributed: Like new compressor blades that raise pressure 50%.
Advanced turbine cooling techniques allow
higher inlet temperatures. Greater power. Lower
blade temperatures.

Even greater advances are on the way—for turbojet and
turbofan engines. With 30:1 thrust/weight ratios forecast.
Shorter compressors. More efficient combustors. For lift or
cruise engines.
Advanced lightweight technology is another demonstration of Allison's broad capabilities in research, engineering, and production. Capabilities that help keep defense,
aerospace and nuclear projects on target.*
of life at
s
Zero defe
o
cts ...a wayn

I

GM

The Energy Conversion Division of General Motors, Indianapolis, Indiana

*Want to know about opportunities here in the creative climate at Allison for the young,
graduate engineer? Talk to our representative when he visits your campus. Or, send for
our brochure describing the opportunities: Mr. R. C. Martz, Personnel Director, Allison
Division, General Motors, Indianapolis, Indiana. An equal opportunity employer.

RESOURCE AND DEVELOPMENT

Pure Water In A Flash
Edited from the
Westinghouse Engineer
by FRANK NIGH

Of the various processes in use or
under investigation, flash evaporation
is presently the most promising for
producing large quantities of potable
water economically from seawater.
And, in many instances, it is also
the most practical means for making
extremely pure water for such applications as boiler feed makeup or industrial plant process supply.
The criterion for a flash-evaporator distillation plant is primarily one
of economics. The costs of tapping
conventional water sources are
steadily rising. Today, the estimated
cost of obtaining a new source of
pure water by conventional means
ranges from 13 to 70 cents per thousand gallons. By 1980, these costs
are expected to rise to 20 to 90 cents.
By comparison, the costs of producing pure water by flash evaporation
have decreased dramatically. Ten
years ago, these costs ranged from
$3 to $4 per thousand gallons; today,

they stand at about $1 to $1.50 per
thousand gallons for existing plants
of relatively small capacity. As time
goes on, it will become increasingly
competitive and by 1980 should be
competitive with all but the lowest
cost alternatives.
PRINCIPLES OF
FLASH EVAPORATION

in the form of steam or vapor.
A typical single-stage evaporator
consists of a heat-input section, a
heat recovery section, and a heatrejection section (Fig. 1). In most
applications, the heat recovery and
heat rejection sections are combined
in a single package.
The heat-input section, commonly
called the brine heater, consists of
a shell-and-tube heat exchanger. The
most common heat source is steam
from a boiler or turbine cycle, lat.t
other sources, such as exhaust gas
from a gas turbine or stack gases
from a boiler, can also be used.

In principle, flash evaporation
merely consists of spraying hot water
under pressure into a chamber that
is at a lower pressure and temperature. A portion of the water "flashes," (i.e., changes almost instantaneously into vapor, passes through wire
The heated brine is forced through
mesh separators, and then is condensed, providing pure water.) an orifice to the flash chamber,
Flashing occurs because of the dif- where the heated brine partially
ference in heat storage ability of "flashes" and becomes a mixture of
water under different pressures. vapor and liquid. The amount of
When the high pressure water is vapor produced from one pound of
sprayed into the lower pressure brine depends on the temperature
chamber, the excess heat is released drop of the brine across the orifice.

irt
Flash
Chamber

Makeup

Recycle

Fig. #1, Heat-input, flash chamber, and heat-rejection flash evaporator section of Single-stage cycle.

As a rule of thumb, about one percent of the brine flashes to vapor
for each 10-degree F drop in temperature, within the range of 100 to
200 degrees F.
The vapor passes through moisture
separators, constructed in the form
of wire-mesh grids, which remove
liquid droplets that the vapor might
otherwise carry along. The vapor
then passes over tubes, which condense it to pure distillate. This condensation of vapor on tubes at lower temperature maintains the necessary pressure drop in the flash chamber and recovery section.
The unflashed brine is recirculated
through the heat recovery section to
the brine heater. The desired brine

economy, but it can be improved by
using the latent heat in the vapor to
reheat the circulating brine, rather
than rejecting it immediately to the
heat sink. This is accomplished in
the heat-recovery section, which is
divided into a number of stages, with
each stage maintained at a lower
pressure and temperature than the
preceding stage (Fig. 2). Brine flows
from stage to stage, giving up additional vapor as the pressure drops.
Vapor condensed in each recovery
stage returns heat to the recirculating brine flowing in heat-recovery
tubes back to the brine heater. The
latent heat of vapor formed in the
heat-rejection section is rejected to
the heat sink.

vantage: It can be conveniently
adapted to a variety of conditions
that it might encounter when integrated with some other cycle.
The heat performance (Btu's of
input required to produce a pound
of distillate output) of the flashevaporation cycle is determined by
the effectiveness of the physical design in conserving heat. The thermal
performance of a multistage flash
evaporator can be influenced by a
number of factors:
1) Number of stages;
2) Tube side velocity (i.e., velocity inside tubes);
3) Length of stages;
4) Tube diameter, material, and
gauge.

From 1 urbinc Lxtraction

ca%katct

Heat Input

Heat RerAvery Stages
Condensate
to
Turbine
Cycle

\Mk\

Reject
Reject

Concentrated
Brine Discharge

Makeup

Distill

Fig. #2, Multistage Flash-evaporator cycle.

concentration is maintained by adding makeup seawater from the heat
rejection cooling water and "blowing
down" a portion of the recirculating
brine.
Since the flash evaporator does essentially no work, the heat-rejectioin
section receives practically all of the
energy supplied to the heat-input
section. This heat is rejected to a
heat sink, such as the ocean, river,
or cooling tower. The temperature
of the rejection section coolant (heat
sink) establishes the minimum flashing pressure.
In the usual single-stage flash
evaporator, one pound of heating
steam produces about one pound of
distillate. This is not good energy

The makeup feedwater is deaerated
before it is introduced into the recirculating brine stream, prior to
entry into the brine heater and the
last stage flash chamber (Fig. 2).
The capacity of a flash evaporator
can be altered to meet changing input conditions or output requirements in three ways:
1) Changing the steam pressure to
the brine heater, thereby changing
the top temperature of the brine;
2) Changing the flow of the recycled brine;
3) Changing the quantity of cooling water fed to the heat-rejection
section.
This operational versatility gives
the flash evaporator a distinct ad-

Whether additional stages are added or each stage is made more efficient, the more heat that can be recovered the less heat is required in
the brine heater. From an economic
standpoint, the end result can be
summarized as the heat performance
for a given configuration vvrsus its
capital cost. The designer selects the
minimum-cost arrangement to produce the desired distillate-to-steam
ratio consistent with the environment in which the flash evaporator
will operate.
The heat performance (or capital
cost) that can be justified for a given
application is dictated by operating
cost, fuel cost, capitalization rates,
(Continued cm, page 19)
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Expanding military and commercial business
has created even more openings.
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As you contemplate one of the most important decisions
you have yet had to make, we suggest you consider
joining us at Pratt & Whitney Aircraft. Like most everyone else, we offer all of the usual "fringe" benefits,
including our Corporation-financed Graduate Education
Program. But, far more important to you and your
future, is the wide-open opportunity for professional
growth with a company that enjoys an enviable record of
stability. You will be working on challenging new problems of propulsion.

NAME

STREET ADDRESS

CITY & STATE

And make no mistake about it
you'll get a solid
feeling of satisfaction from your contribution to our
nation's economic growth and to its national defense
as well.

SCHOOL

DEGREE(S)

GRADUATION DATE

Your degree can be a BS, MS or PhD in: MECHANICAL
• AERONAUTICAL • ELECTRICAL • CHEMICAL ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY
• CERAMICS • MATHEMATICS • ENGINEERING SCIENCE OR APPLIED MECHANICS.
For more specific information (and immediate action)
concerning a career with Pratt & Whitney Aircraft, write
today(or use coupon)to Mr. William L. Stoner, Engineering Building 1-A, Pratt & Whitney Aircraft, East Hartford, Connecticut 06108.

SPECIALISTS IN POWER . . . POWER FOR PROPULSION—
POWER FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS
INCLUDE MILITARY AND COMMERCIAL AIRCRAFT, MISSILES,
SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS.

Pratt &Whitney Aircraft
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA

DIVISION OF UNITED AiRCRAFT CORP.

A
An Equal Opportunity Employer, M & F

Just a cute face.

The lighting seems just right at the
Woods.

Just what could she be trying to point
out about men?

What has caught her eye?

The serence thinker.

MISS TECHNIC FOR APRIL
Miss Technic for April is Ellen
Frawley. Ellen is a junior at Saint
Mary-of-the-Woods College.
At first glance she appears to be
a petite young lady with brown eyes
and slightly blond hair.
Her major in history is deceiving,
for she radiates more personality
than any history teacher.
One of her leisure time activities
is playing mermaid.
Statistically it can only be said
that Ellen is five feet tall. To give
the other vitals is against the rules,
so it is up to you to get the facts.
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Caterpillar seeks uncommon quality...
in people and products

Cat research and engineering led the way to
"Instant Evaluation" of Vehicles
Test drivers could bounce across the field.
But they couldn't remember every bounce.
Precise data was needed, on motion, vibration, balance, noise and seat position. Cat
engineers found a way.
First they had to develop instrumentation for recording all those effects on vehicle
operators.
Then they developed a testing method
that would duplicate identical conditions in
a controlled lab environment. The Cat Ride
Simulator. It has a ride platform with seat
and controls. A servo drive mechanism
which controls the platform. And an analog
computer which directs the servo drive.
That wasn't bad. They could tape vertical acceleration measurements of a vehicle
in the field. Then recreate them on the ride
platform. That let them study effects closely.
And judge two versions of a vehicle in fast
sequence—no human memory involved.
But these were Cat engineers. They went
after the next step: evaluating prototypes
with pre-hardware paper testing. If this
could be done, vehicle development could

really be speeded up. Why build a vehicle,
test it outside and make changes . . . if the
concepted vehicle could be made to travel
a "taped terrain"?
They used the analog computer, simulated a mathematical model and used a
taped road profile as input data to the model
—with the computer output actuating the
ride simulator. Now, design modifications
are pinpointed at once. Evaluations are
made in moments, instead of days.
That's another example of what we mean
by new frontiers. If you'd like to help us
push back the boundaries of knowledge, we
need you. In research, development, design,
manufacture, sales. Here and overseas,
opportunities for Cat engineers—all fields —
are endless.
Contact your placement office. We'll be
interviewing on your campus soon. Or write:
College Recruiting, Personnel Development
Dept. B,Caterpillar Tractor Co.,Peoria, Ill.

CATERPILLAR
Caterpillar and Cat are Registered Trade:nada of Caterpillar Tractor Co.

'An Equal Opportunity Employer"

Caterpillar Tractor Co., General Offices, Peoria, Illinois . Caterpillar Americas Co., Peoria, Illinois • Caterpillar Overseas S.A., Geneva • Caterpillar of Australia Pty. Ltd.,
.
Melbourne • Caterpillar Brasil S.A., Sao Paulo • Caterpillar Tractor Co., ltd.. Glasgow . Caterpillar of Canada Ltd., Toronto • Caterpillar France S.A., Grenoble
Caterpillar (Africa) (Pty.) Ltd., Johannesburg.Caterpillar Mexicana S.A. de C.V., Monterrey.Caterpillar Mitsubishi Ltd., Tokyo, Japan .Tractor Engineers Ltd., Bombay, India

R&D
(Continued from page 13)
and electric power cost. Thus, in a
high-fuel-cost region, additional captal expense is justified to reduce the
energy requirements of the plant; in
a low-fuel-cost region, capital cost
can be minimized.
APPLICATIONS FOR
FLASH EVAPORATORS
Although the flash evaporator was
originally developed to reduce the
cost of producing potable water from
seawater, it has found widespread
application in the electric utility and
industrial field, where extremely
pure water is often necessary. Three
major areas now exist for application of flash evaporators:
1) Single-stage units for supplying boiler feed makeup water;
2) Multistage units for supplying
boiler feed or process makeup
water;
3) Multistage units for providing
a potable water supply.
Single-Stage Boiler Feed Makeup
Plants—When a flash evaporator is
applied to a turbine heat cycle, the
heat-input section is a brine heater
taking its heat from a turbine extraction point; the heat-rejection section is an evaporator condenser
placed in the condensate stream.
With this arrangement, essentially
no heat is lost from the overall steam
cycle, because the heat rejected by
the flash evaporator is used to heat
feedwater in the steam generation
cycle. Most single-stage flash-evaporator applications are limited to
this type of arrangement, where the
relatively high rate of the singlestage unit does not represent a heat
loss to the overall system.
The flash evaporator can be connected into the regenerative feedwater heating cycle in several places.
However, the larger the temperature difference between the steam
extracted for brine heating and the
condensate used for cooling, the
smaller the evaporator plant can be.
On the other hand, the higher the
temperature of the steam extracted
for brine heating, the greater the
heat cost. By locating the flashevaporator condenser in the condensate steam ahead of the feedwater

heater where steam extraction occurs
(Fig. 4), the capability loss of the
steam turbine is reduced to almost
nothing, and the flash evaporator
can be operated with virtually no
thermal penalty to the turbine heat
rate.
Multistage Boiler Feed Makeup
Plants—Multistage flash evaporators
for boiler feed makeup are most
frequently justified for two types of
applications:
1) Older electric utility plants
that are operated on peaking service.
These have high makeup water
requirements, and a single-stage
unit usually is not capable of making enough water during the short
periods of peaking operation. Under
these circumstances, heat-recovery
stages in the flash evaporator usually
can be justified, because of the increased output per pound of steam
used in the heat-input section.
2) Industrial plants that have
large boiler makeup water requirements, such as plants that supply
steam to a process or a central heating system.
Multistage Portable Water Supply
Plants—Flash evaporators designed
to produce portable water differ
from those used for boiler feed
makeup water, primarily in two respects: the distillate need not be as
pure; to be economically competitive
with other sources of water of the
same purity, the total cost of the product water must be extremely low.
Fortunately, most portable water
supply plants are much larger than
boiler makeup flash evaporators so
that the inherent economic advantages of larger water desalting plants
can be realized.
SCALE CONTROL
Untreated seawater that is heated
and concentrated as required by
modern efficient recirculation-type
distillation plants forms precipitates
that deposit as scale on heat-transfer
surfaces and other surfaces of evaporator equipment. These scale deposits act as thermal insulators and
reduce the efficiency of the evaporation process. However, improvements in treatment to prevent scale
formation have made it possible to

operate over long periods of time
without such formation.
The three principal types of seawater evaporator scale deposits are
calcium carbonate (CaCo3), magnesium hydroxide (Mg0H2), and calcium sulfate (CaSO4). The formation of these scale deposits is influenced by: (1) maximum brine
temperature, (2) concentration of
recycle brine, and (3) hydrogen-ion
concentration (pH). While pH
strongly affects calcium carbonate
and magnesium hydroxide, it probably has little effect on the formation of calcium sulfate scale. The
latter can be prevented by not exceeding its solubility. This requires
that the maximum concentration in
the recycle brine be limited. All of
the scale-forming compounds have
inverted solubility curves, so that as
temperature increases, the compounds become less soluble.
Thus far, the scale-control technique that usually has proved most
successful in flash-evaporator plants
is pH control. Since carbonates and
hydroxides are made more soluble
by lowering pH, acid is fed to the
makeup seawater to maintain a pH
normally ranging from 7.0 to 7.5,
thereby preventing scale of these
compounds from depositing.
Another scale-control technique
that shows promise is the "seed recycle" process. Here, seed crystals
(magnesium hydroxide, for example) are introduced into the system
and the seeds present sufficient surface that scale deposits on the crystals rather than on other surfaces.
Thus, the flash evaporator parts remain scale free because all scaleforming substances exist as particles
in suspension.
Experience has shown that there
is no technical limitation on plant
size. It is technically feasible now to
build flash evaporator desalting
plants as large as anyone wants50, 100, or 150 million gallons per
day—with life expectancy comparable to that of power plants, that is,
30 to 40 years. The necessary research work has been done--only
rigorous engineering effort is required.
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HUMAN FACTORS
(Continued from page 7)

things go

better

OTHER FACTORS

with
Coke
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Body sensitivity is another breed
of human factors to be investigated.
Skin senses are probably more closely related to the automobile than
such things as taste, smell, hunger,
and thirst. The skin senses can be
broken down into four primary skin
senses; pain, pressure, cold and
warmth. Once again these senses
are related to certain thresholds of
intelligibility.
Care is taken in the selection of
materials and shape of control
mechanisms to ensure that the sensations of touch are not irritable.
This is illustrated in the choice ef
plastic used in the steering wheel.
It is smooth but easily held due to
its shape. It doesn't transmit the
sensation of intense cold and warmth
as would steel in extreme weather
conditions.
Movemer.t and control involve

BEL-AIR BOWL
and

LOUNGE
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Open Bowling
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such topics as reflex activity, reaction time, general motor characteristics and principles of motion economy. The design of the foot brake is
an excellent example of the consideration of the human factor here.
The foot is adapted to braking because of its strength when couplEd
with the leg. The fast reaction time
suited the foot brake for stopping
the car in the case of an emergency.
The brake pedal design and mechanism was not, of course, originally
met for the foot, but investigation
of movement and control lead to this
man-machine system.
Orientation concerns body sway,
sensitivity to motion, absense of
gravity and illusions associated with
motion and others.3 The engineer
has applied knowledge in this field
in the seating of the operator. When
seated, the operator can apply necessary forces to the brake, clutch and
steering, he can withstand rapid acceleration and decelleration, control
of body sway, and at the same time
be quite comfortable.
Needless to say, there are many
other human factors which may
have been considered in the final
design of the modern automobile.
The completed product is a manmachine system. The human factors
are there as well as the machine
factors. It is an efficient, well integrated man-machine system.
The scope of Human Factors Engineering is applied to every consumer product from the typewriter
used to produce this page of print to
the capsule in which the two astronauts are now orbiting the earth.
'Woodson, HILM471 Engineering Guide,
University of California Press, 1954, p. 21.
2Woodson, Human Engineering Guide,
3-5.
3Woodson, Human Engineering Guide,
p. 5-1.
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Ten years ago we were making only a handful of relatively simple
semiconductor devices for a limited number of applications.
Today, with highly advanced and exotic processes, we are producing hundreds of different and sophisticated semiconductors
— for thousands of applications. Our technicians can now control
material composition down to the molecules with precise regulation of impurity levels—and on a daily production line basis.
This we call PERFORMANCE.
Five years ago we produced semiconductor packages the size of
a pencil eraser that replaced the big glass vacuum tubes in your
radio. Today we're making sophisticated semiconductors that perform giant-sized tasks—yet fit on a soupspoon like grains of rice.
We call this MINIATURIZATION.
Drop the old time vacuum tube and it would smash. Its parts
wore out pretty regularly too. Shake it or shock it beyond relatively modest limits and you were in trouble. Now you can launch
a space vehicle with thousands of semiconductor components to
go all the way to the moon and back . . . and make it go back
around all over again. And a couple of times more after that.
That's RELIABILITY.
Shake 'em, shock 'em, squeeze 'em or freeze 'em —today's electronic devices have got to be able to take it . . . and perform.
Motorola makes them as though they're a matter of life or death.
Sometimes they are.
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CARDIOVASCULAR MODEL
(Continued from page 10)

Experience
is a great teacher
but . .
you can learn more
from books
cheaper and faster

Order your books through

Rose Polytechnic
Book Store

MEN

the form of the capillaries, arteries,

and veins. The model is not of sufficient size to develop its own resistance, due to a lack of long and extremely small tubing. This variable
resistance is also of great use in determining such factors as increased
blood pressure due to cholesterol
build-up, with emphasis placed on
systol and diastol of the same. Too,
the differer ce between heart pumpage with and without an induced
load can also be measured.
Located at the far end of the
aorta is a pressure gauge used in the
indication of pressure being delivered to the system through both
the heart and aortic arches. Immediately behind this is a capillary bed
used to simulate that part of the
circulartory canal; it holds no real
importance other than the recognition by the operator that such a
system exists.
FLOW CONTROL
Incorporated next within the system is a rotameter used in the estimation of blood flow. This is of vital
importance for a precise determination of cardiac output. It is useful,

too, in calculations of such things as
resistance, flow relationships and
aortic flow during diastol. Another
consideration would be the relationship between the rate of beat and
flow. Flow comparisons can also be
made with respect to the entering
venous pressure.
Connectir g the flow meter to the
heart is a contractable tube representing the vena carva, the purpose
of which is to enable the observation
of the reduced pressure caused by
the heart action. In conjunction
with this is a venous pressure scale.
This can be in the form of nothing
more than a U-shaped manometer
connected across this tube at a connection box. This box also serves as
a junction for a reservoir which is
used in the maintenance of the venous filling pressure by its height
adjustment. Blood return to the
heart is then achieved by a line connecvting the junction with the mitral
valve in the heart.
A close observation of these valves
leads one to believe that possibly an
adjustment might be made in order
to provide a more realistic component, namely the use of such
valves as are used in replacement
surgery. This type of valve would
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also present less of a sealing problem. Figure 1 represents a cross
section of the mechanical heart
under consideration.
The working fluid for the system:
. . . either distilled water plus some
red food coloring material preserved with 1/,' formaldehyde,
or for the cardiac output determinations, distilled water plus some
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at Meadows Center

liquid detergent to lower the surface tension.2
ALTERNATE SUBSTITUTE
Another consideration would be the
replacement of this heart by another
device accomplishing the same objective. One possible consideration
would be a peristaltic pump. This
would result in about the same pulsation style, although systol would
be of a less dynamic nature. Too,
such things as venous filling and
venous filling pressure would be
of little importance. Such items,
though, as aortic distension and flow
vs. resistance could be measured
equally as well.
Some of the commonly measured
items on the above model with regard to flow, pressure, ventric volume systol and diastol are: arteriosclerosis, hardening of the arteries;
aortic insufficiency, aortic failure;
aortic stenosis, constriction of the
unit; mitral stenosis, narrowing or
blockage of that valve; mitral insufficiency, complete valve failure; high
and low venous pressure. The figure
2 illustrates these relationships.
'Journal of Applied Physiology, A Model
of the Cardiovascular System for Effective Teaching, Rothe & Selkurt.
2/bid.
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Ultra-modern Research & Engineering Center
at Delco Radio, Kokomo, Indiana

To Continue To Learn And Grow ...
. . . is a basic management philosophy at Delco Radio
Division, General Motors Corporation. Since its inception in 1936, Delco Radio has continually expanded
and improved its managerial skills, research facilities,
and scientific and engineering team.
At Delco Radio, the college graduate is encouraged
to maintain and broaden his knowledge and skills
through continued education. Toward this purpose,
Delco maintains a Tuition Refund Program. Designed
to fit the individual, the plan makes it possible for an
eligible employee to be reimbursed for tuition costs of
spare time courses studied at the university or college
level. Both Indiana University and Purdue University
offer educational programs in Kokomo. In-plant graduate training programs are maintained through the offcampus facilities of Purdue University and available to

employes through the popular Tuition Refund Program.
College graduates will find exciting and challenging
programs in the development of germanium and silicon
devices, ferrites, solid state diffusion, creative packaging of semiconductor products, development of laboratory equipment, reliability techniques, and applications
and manufacturing engineering.
If your interests and qualifications lie in any of these
areas, you're invited to write for our brochure detailing
the opportunities to share in forging the future of
electronics with this outstanding Delco-GM team.
Watch for Delco interview dates on your campus, or
write to Mr. C. D. Longshore, Dept. 135A, Delco
Radio Division, General Motors Corporation, Kokomo,
Indiana.
Al7

equal opportunity employer

solid state electronics•
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A doctor in a maternity ward was
making his rounds. "Nurse," he inquired, "on what day does this little
lady expect her bundle from
heaven ?" "May fourth," was the
answer. "And the next lovely patient?" 'May fourth." 'And this
one?" "May fourth also, doctor."
The doctor appeared mildly surprised. "What a coincidence," he
mused. "Don't tell me this other
charming soul is also expected to be
a mother on May fourth." "I don't
Stolen by Chuck Risch, Jr. M.E•
know, doctor," admitted the nurse.
Visitor at asylum: "Do you have
Prof.: "When this room settles "She wasn't at the picnic."
to keep the women inmates sepa- down, I'll begin the lecture."
*
*
*
rated from the men ?"
Engineer: "Why don't you just
A true lover of music is the man
Attendant: "Sure. The people go home and sleep it off?"
*
*
*
who, upon hearing a soprano singhere ain't as crazy as you think."
* * *
Rumor has it that before athletic ing in the bathtub, puts his ear to
A girl drives up to a filling sta- scholarships can be given the stu- the keyhole.
tion in a rush, leaps from her car, dent must be able to recognize the
* *
so
are
hands
"My
No
remarks:
one
school
letter
at
a
glance.
knows
what a short skirt
and
*
*
*
pop!"
will
be up to next.
dirty I'm about to
* * *
"Who ever told that guy that he
* * *
tipped
was
a
prof?
He
newlyweds
had
might
know
it
but
of
A pair
Remember, sweater girls are obthe porter generously on boarding he can't teach it. The trouble is that served in the best places!
the train to keep the fact a secret. he is too far advanced. Every time
The next morning, noticing the he tries to explain something, he
many knowing looks cast in their gets so far off the subject that no
"You'ye got no will power,"
direction, the angry groom called one understands anything about it. nagged Dugan's wife. "Now look at
the porter to account for his He oughta go back to the farm, or Goldberg, he's stopped drinking and
try teachisg a more advanced smoking."
treachery.
"I
course."
"Lawy, boss," he replied,
"Enough of that," roared Dugan.
"Yeah, I flunked the course too." "I'll show you who has will power.
didn't tell 'em; they asked me if you
* * *
was justed married and I sez, "No,
From now on it's separate rooms
Two men got off a bus. One had and separate beds."
they is jus' very good friends."
* * *
come to town for good. The other
This arrangement lasted for
sat
was a Marine on a furlough.
asylum
insane
the
A man in
several weeks until one night there
* * *
fishing over a flower bed. A visitor
was a soft tap on Dugan's bedroom
Last summer at one of the Rot- door. "Who is it?" he shouted.
approached and wishing to he jolly
remarked. "How many have you see summer camps one of the cadets
"It's me," said Mrs. Dugan gentwas sent down to a stream to get ly. "I just wanted to tell you that
caught?"
"You're the ninth," was the re- some drinking water for the pla- Goldberg has started smoking
toon, but had not been gone long again."
PlY•
* * *
when he came running back to the
*
*
*
On the tombstone of an aetheist: camp empty handed and panting.
A beautiful girl was walking
"Sir," he exclaimed, "There's a
"All dressed up and no place to go."
* • *
big alligator in the stream, and I'm along the sidewalk one evening on
her way to the movies. She noticed
Visitor:"What's the name of tIls afraid to get the water."
"Don't worry son," said the sym- a small bird lying at the side of the
school?"
State student: "Sorry, I just pathetic officer, "that alligator is walk with a broken wing. Instead
probably four times as scared of of going to the movie, she took the
play football here."
* * *
bird home, bandaged its wing, and
you as you are of him."
"Well, sir," replied the cadet, "if fed it. In a week the bird was well
"I drew the line at kissing,"
that alligator's only half as scared enough to fly away.
She said with fiery intent;
Now let's see you engineers find
as I am, that water ain't fit to
But he was a football hero,
something
drink."
dirty in that.
So over the line he went.
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The maximum voltage obtained
by Potter from his glucose yeast cell
was 0.3-0.4 volt.4 Potter also discovered that amount of E.M.F. had
no relation to the amount of booze
(potential) in the jar. The size of
the electrodes also had no effect.
EXPERIMENTAL VARIATIONS
However, the concentration of
yeast had a definate effect on the
potential graph. (Fig. 2)5 The potential seemed to vary directly with
the amount of yeast.
Initial temperature was his next
consideration. He found that temperature caused the graph to expand
or contract, as long as he stayed
within the working limits of the
yeast." This is caused by the fact
that the temperature just affects the
speed of the reaction of the yeast.
Potter also experimented with enzymes, sulphuric acid, and bacteria as
his decomposition agent.
After Potter completed his work,
the biochemical fuel cell became a
forgotten item. No work was done
on the subject until the early nineteen fifty's. Although the biochemical fuel cell has never gained
much prominence with American
scientists or industry, many different forms of this cell exist today.

can expect an output of approxi4 volt with a current in ex1
mately /
cess of one milliampere.
The essentials of this cell are two
test tubes. In the first test tube a
medium of the following concentration is placed:
3.5 gm.
Calcium lactate
1.0 gm.
Neopeptone
1.0 gm.
Yeast extract
0.1 gm.
Ascoribic acid
0.2 gm.
Magnesium sulphate
Dibasic potassium phosphate
0.2 gm.
Ferrous ammonium sulphate
0.1 gm.
Agar
3.0 gm.
750.0 ml.
Sea water
250.0 ml.
Distilled water

A Desulfovibrio bacterial culture
is placed in this test tube!' Since
these bacterial are anaroebic, a mineral oil seal should be used at the
top of this test tube, in order to prevent the addition of oxygen from the
surrounding air. The second test
tube is filled with normal sea water.
A little peroxide is added to help
accelerate the oxidizing reaction.
A salt bridge of a one per cent
agar gel saturated with potassium
chloride is placed connecting the two
test tubes. This facilitates the flow
of hydrogen ions from the bacteria
side to the sea water side. 'The -tubing running out from both sides perTHE WORLD'S LARGEST
mits a continual change of the soluFUEL CELL
tion, allowing the cell to operate at
The first of these is a model full capacity indefinately. The efocean.' With this type of cell one ficiency of this type cell has not

been established, but is conservatively estimated at 23(/( 9
BACTERIA—A NEW
POWER SOURCE
Another type of biochemical fuel
cell utilizes a semi-permiable membrane. Nocaria bacteria is used in
this one as the biological agent. In
its action hydrogen gas is released.
The hydrogen is then ionized. The
free electrons that are produced
travel through the circuit and cause
the formation of hydroxyl ions on
the other side of the membrane.'"
The hydrogen ions will then flow
through the membrane neutralizing
the solution and completing the
cycle.
The only requirement of this cell
for continual operation is the continual supply of nutrients. However,
the addition of hydrogen peroxide or
the forcing of oxygen into a dissolved state by any means will help
oxidation process on the right side
of the cell.
Biochemical fuel cells are divided
into several main groups depending
upon what is used as the biological
agent. Many things can be used successfully, (i.e. bacterial, enzymes,
and certain types of soil).
USES OF THE FUEL CELL
The main use of these cells at the
present time is as a method of studying other biological problems. The
best example of this type of cell is
a microbiological corrosion cell.
(Fig. #1)" The purpose of this cell
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414.1. vs. time. Different amounts of yeast. Initial temperature
23.5 0.

Fig. 1 A microbiological corrosion cell.
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10% gluoose solution.

Fig. 2 EMF vs. Time.

is to study the mechanism of anaerobic microbiological corrosion.
The solution used in this cell is
as follows: 12
KH2PO4
0.5 grm.
1.0 grm.
NH4C1
1.0 grm.
Na2SO4
CaC12.21120
0.1 grm.
MgSO4.TH20
2.0 grm.
70% sodium lactate solution
5.0 grm.
Fe(NH4)2(SO2)2.6H20 0.5 grm.
Distilled water
1.0 1.
Through the many electrodes and
the sampling tube constant, checks
on almost everything are available.
The conclusions reached from the
information gathered are as follows:'"
"In soils with a pH value lower
than 7.0, intense microbiological corrosion by sulphate reducing bacteria
can rarely be observed. The optimal
hydrogen ion concentration for the
growth of sulphate-reducing bacteria is pH 7.0, while the interval of
their possible activity ranges between pH 5.5 and 9.0. The intensity
of sulphate reduction decreases more
markedly in the acidic corrosion
pH range, than in the alkaline one.
Therefore, although the hydrogen
sulphide corrosion would be highly
intense in acidic soils, the rate of

anaerobic microbiological corrosion
is negligible. On the other hand in
soils having alkaline pH value corrosion rate is low again on account
of the ferrous sulphide layer produced on the anodic surfaces.
The above considerations are applicable not only to soils but to any
other media in which microbiological
sulphate reduction can take place,
i.e. muds, stagnant or moving natural waters, certain oil wells, etc.
The importance of the place of
precipitation of ferrous sulphide in
controlling the corrosion rate provides a logical explanation as to why
an alkaline inhibitor, also having
possibly
bactericidal properties,
might greatly reduce corrosion, although it may only slightly change
the pH. The application of cathodic
protection might also be highly effective in reducing the microbiological corrosion of underground iron
and steel structures; however, the
current and potential requirements
in the presence of sulphate reducing
bacteria are different from those
necessary in ordinary soils and
water."
This is a classic example of how
biochemical fuel cells are used in the
field of bioengineering. Although
these are at present about the only
uses for this type of cell, now that

CIVIL ENGINEERS:

the interest in them has been restored, they will soon be used in
many different ways. These fuel
cells could be made into a closed
system with addition of an alge
source. In this way the cell could be
used in interplanetary travel, or as
a source of food for many inaccesible locations.
iSisler, New Scientist (No. 256), page
110-111, October 1961.
2Potter, Proceedings Royal Society, Vol.
84, series B., page 275.
3Ibid., page 267.
4Ibid.. page 264.
qbid., page 265.
6Ibid., page 266.
70p. Cit., Sisler, page 111.
sIbid., page 111.
9Ibid.
loAdv. App. Microbiology, 1957, vol. 5.
99Horvath, Acta Chim. Hung, Tomus, 25,
1960, page 67.
121bid., page 66.
"Ibid., page 76.
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Prepare now for your future in highway
engineering...get the facts on The Asphalt
Institute's new computer-derived method
for determining structural design of Asphalt
pavements for roads and streets
Today, as more and more states turn to modern DeepStrength* Asphalt pavement for their heavy-duty highways,
county and local roads, there is a growing demand for engineers with a solid background in the fundamentals of Asphalt
technology and construction.
Help to prepare yourself now for this challenging future by
getting the latest information on the new Thickness Design
Method developed by The Asphalt Institute. Based on extensive statistical evaluations performed on the IBM 1620 and
the mammoth IBM 7090 computers, accurate procedures for
determining road and street structural requirements have
been developed.
All the facts on this new method are contained in The Asphalt Institute's Thickness Design manual(MS-1). This helpful manual and much other valuable information are included
in the free student library on Asphalt construction and technology now offered by The Asphalt Institute. Write us today.
*Asphalt Surface on Asphalt Base

THE ASPHALT INSTITUTE
College Park, Maryland
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Thickness Design Charts like this(from the MS-1 manual)
are used in this new computer-derived method. This chart
enables the design engineer quickly to determine the
over-all Asphalt pavement thickness required, based on
projected traffic weight and known soil conditions.

THE ASPHALT INSTITUTE
College Park, Maryland
Please send me your free student library on Asphalt construction and technology, including full details on your
new Thickness Design Method.
Name

Class

School
Address
City

State

GUEST EDITORIAL
(Continued from page 5)
making of ourselves into a captive audience again. But
how? I believe that enthusiasm for something is a trait
which in the beginning is caught from someone else and
then, if we do have an interest in this area, this interest
becomes enthusiasm and carries us along without the
external stimulus—if we do not have a genuine interest,
then we cannot remain enthusiastic on our own.
The key, then appears to be exposure. We must get
out of our corner, quit wasting time comparing notes
with others who are also unenthusiastic, and spend our
time trying to get the enthusiasm of others to rub off on
us. This takes effort, patience, and self-discipline.
How do you know you wouldn't like to whittle?—
have you ever tried for long? Are you sure you don't
like astronomy, horticulture, machine-tools, sculpturing,
graphics, politics, math, publications, and on and on? I
believe that many of us (regardless of age) have a tend-

ency to sit in our corners and complain because some
(miracle transformation in us doesn't occur. In part, at
least, such things as required courses in diverse areas
are aimed at broadening our exposure that we might
either become interested ourselves or at least be able
to understand the interests of others.
In his editorial in the March issue of this publication,
Prof. Biel rightly admonishes adults in their relations
with young people to "Let yourself rub off on him. Let
him sit beside you as you work, To work with you, To
study with you, To be perplexed with you, To analyze
with you, And to dream with you . . ." However, thi
admonition presupposes a desire on the part of the young
person. But the effort cannot be successful until we
realize that no-one can give enthusiasm to another; enthusiasm can be shared with another but not tranferred
without some form of association. And it is rather unlikely that someone will come to my corner to seek me
out in order to share his enthusiasm with me. I must
seek him!

CONFORMITY AND
THE WING TIP SHOE
Instead of writing an editorial, I'd like to tell you a
story about a guy I met at work last summer. His name
is Carl Wheeler. According to the men in my section,
Carl was the youngest superintendent in the history of
the company. For this reason, I decided that it would be
beneficial to me to find out how Carl had done it.
I discovered he had been with the company for about
eight years. During his first four years no one had known
him. And then for some reason, he became well known
and respected throughout the plant. I decided to ask his
secretary what had caused the change.
According to her, Carl joined the company right after
graduation. She told me that the recruiter had said Carl
was going to be a real asset to the company. To make a
long story short, an asset he wasn't. The first day at
work he wore a natty sport coat and penny loafers. He
was given a desk and everyone forgot about him.
In his work, Carl did an extremely good job. But
when promotion time came around, Carl was always
passed ,by. He began to wonder why he wasn't getting
advanced.
The answer came to him in a rather odd way. One
day the regular john was being repaired so Carl went
in to use the executive stool. While seated, he overheard
his section boss telling the plant manager that Carl should
be promoted. The plant manager told Carl's boss that
they couldn't afford to promote Carl and give the plant
28

a bad image. He said that Carl just didn't appear to be
the executive type.
At first Carl felt indignant. He believed that the way
he dressed was his business. But then he realized that
it would be to his best interest to conform. He reasoned
that this was the only thing that many people had t.
judge you by. It was indeed the thing most people based
their first impression on. And people have a way of
sticking to their first impression, maybe because they
hate to admit their wrong.
To finish the story, Carl went out and bought himself several conservative suits and a pair of wing tip
shoes. He hated wing tip shoes but he reasoned that if
he was going to play the game then he was going to
play it to win. And to catch a fish, you sure don't put a
ten dollar bill on the end of the hook. Even though you
don't like them, you put worms on the hook. That's because the fish like worms. Isn't that great?
I think we can learn two things from Carl. First, we
shouldn't be afraid of conformity if its to our best interest.
Second, and perhaps most important, when we want
something from somebody, we must speak in terms of
what the other person wants, not what we want. It will
help us throughout our lives to remember that the only
reason people do things is because they want to.
JWK

Here are 7knotty problems facing the
Air Force: can you help us solve one?

6. Space propulsion. As our
space flights cover greater
and greater distances, propulsion—more than anything else—will become the
limiting factor. New fuels
and new propulsion techniques must be found, if we
are to keep on exploring
the mysteries of space. And
it may well be an Air Force
scientist on his first assignment who makes the big
breakthrough!

1. Repairs in space. If something goes
wrong with a vehicle in orbit, how can it
be fixed? Answers must be found, if largescale space operations are to become a
reality. For this and other assignments Air
Force scientists and engineers will be 4. Space orientation. The orbital prob
called on to answer in the next few years, lems of a spacecraft, including its ability
to maneuver over selected points on the
we need the best brains available.
earth, are of vital importance to the mili2. Lunar landing. The
tary utilization of space. There are plenty
exact composition of P4
of assignments for young Air Force physithe lunar surface, as
cists in this area.
well as structural
and propulsion characteristics of the space
vehicle, enter into
this problem. Important study remains to
be done—and, as an Air Force officer,
you could be the one to do it!
3. Life-support biology. The filling of
metabolic needs over very extended periods of time in space is one of the most
fascinaitng subiects that
Air Force scientists are investigating. The results
promise to have vital ramifications for our life on
earth, as well as in outer
space.

7. Pilot performance.
Important tests must still be
made to determine how the
pilots of manned aerospacecraft will react to
long periods away from
the earth. Of course
not every new Air
Force officer be
comes involved in research and aevelopment right away. But where the most exciting advances are
\
taking place, young
Air Force scientists,
administrators,
pilots, and engineers
are on the scene.
Want to find out how you fit into the
Air Force picture? Contact your nearest
Air Force representative, or mail the coupon today.
UNITED STATES AIR FORCE
Box A, Dept. JCP 64
Randolph AFB, Texas 78148
Name_
College

5. Synergetic plane changing. The ability of a spacecraft to change altitude can
also be crucial to space operations. Where
but in the Air Force could Sc.B.'s get the
chance to work on such fascinating projects right at the start of their careers?
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BE PART OF IT—
AMERICA'S AEROSPACE TEAM

_ZIP Code_

SIX G-E 193 ENGINES push USAF XB-70 to MACH 3.

JACK WADDEY, Auburn U., 1965, translates
customer requirements into aircraft electrical systems on a Technical Marketing
ProRram assignment at Specialty Control Dept.

PAUL HENRY is assigned to design and analysis
of compressor components for G.E.'s Large
Jet Engine Dept. He holds a BSME from the
University of Cincinnati, 1964.

ANDY O'KEEFE, Villanova U., BSEE, 1965, Manufacturing Training Program, works on fabrications for large jet engines at LJED, Evendale,
Ohio.

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC

Achieving Thrust for Mach 3
When the North American Aviation XB-70 established a milestone by achieving Mach 3 flight, it was powered by six
General Electric J93 jet engines. That flight was the high
point of two decades of G-E leadership in jet power that
began when America's first jet plane was flown in 1942. In
addition to the 30,000-pound thrust J93's, the XB-70 carries a
unique, 240-kva electrical system that supplies all on-board
power needs—designed by G-E engineers. The challenge of
advanced flight propulsion promises even more opportunity
at G.E. GETF39 engines will help the new USAF C-5A fly more
payload than any other aircraft in the world; the Mach 3
GE4'J5 is designed to deliver 50,000-pound thrust for a U.S.
Supersonic Transport (SST). General Electric's involvement

in jet power since the beginning of propellerless flight has
made us one of the world's leading suppliers of these prime
movers. This is typical of the fast-paced technical challenge
you'll find in any of G.E.'s 120 decentralized product operations. To define your career interest at General Electric,
talk with your placement officer, or write us now. Section
699-16, Schenectady, N.Y. 12305. An Equal Opportunity Employer.

Progress- is Our Most important Product
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