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Polaris subs are powered by Westinghouse-designed atomic reactors

Twenty Polaris submarines have gone to
sea. Each carries 16 Polaris missiles. They
give the U.S. a deterrent force that no
enemy can hope to strike out of action.
These subs can travel to any ocean in the
world and stay hidden under water for

months, because they are nuclear powered.

Their atomic reactors were developed
and designed by Westinghouse, under the
direction of and in technical cooperation
with the Naval Reactors Branch of the
Atomic Energy Commission.

The subs can fire their Polaris missiles
from far below the surface. A remarkable
deep-water missile launching system, de-
veloped and built by Westinghouse, makes
this possible.

You can be sure if it's Westinghouse

For information on a career at Westinghouse, an equal opportunity employer,
write L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa.




s i

It isnt really surprising that a single U.S. corporation pro-
vided the metal for the outer skin of Mercury space capsules.
It's perfectly natural to be called in on that kind of a job when
you lead the nation in developing a line of alloys that resist
extreme heat, wear and corrosion.

You'd also expect that a leading producer of petrochemi-
cals could develop a new base for latex paint—called “Ucar”
latex—since paint makers are among its biggest customers.
Now Mildred Kinne can paint right over a chalky surface with-
out priming. It's dry in minutes. And her potting shed will look
like new for many New England summers and winters.

But it might indeed be surprising if both these skills
were possessed by the same company. Unless that
company were Union Carbide.

UNION
CARBIDE

news that a leding maker of
spacecratt alloys had a hand in dolling
up Mildred Kinne's potting shed@

Union Carbide also leads in the production of polyethylene,
and makes plastics for packaging, housewares, and floor cov-
erings. It liquefies gases, including oxygen and hydrogen that
will power rockets to the moon. In carbon products, it has been
called on for the largest graphite shapes ever made. It is the
largest producer of dry-cell batteries, marketed to millions
under the trade mark “Eveready.” And it is involved in more
atomic energy activities than any other private enterprise.

In fact, few other corporations are so deeply involved
in so many different skills and activities that will affect the
technical and production capabilities of our next
century.

It's already making things a great deal easier for
Mildred Kinne.

UNION CARBIDE CORPORATION, 270 PARK AVENUE, NEW YORK, N.Y. 10017. IN CANADA: UNION CARBIDE CANADA LIMITED, TORONTO
Divisions: Carbon Products, Chemicals, Consumer Products, International, Linde, Metals, Nuclear, Olefins, Ore, Plastics, Silicones, Stellite and Visking
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ABOUT THIS ISSUE

After more than two months of preliminary planning,
the Technic is proud to publish this special bioengineering
issue. It is a cooperative effort by the Technic staff and
the Faculty Biology Committee, in particular Dr. Robert
M. Arthur.

Included in this issue are articles on several phases
of applied biology including biomechanics, biological war-

fare, medical electronics, bioastronautics, and cybernetics.

In addition to our regular features, the Technic now
has color. This is being tried as an experiment. We believe

color can add much to the attractiveness of the magazine.

Cover Note

This month’s cover, especially commissioned by the
Faculty Biology Committee, is by Garrett Boone, of
the DePauw University art faculty.
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The President Comments

For a number of years scientists have been predicting that the next major
scientific breakthroughs would come in the field of biology. These predictions
are now being vindicated as research workers successfully probe into the
basic chemistry and physics of life itself.

One of the most promising of these new developments has been the co-
operation between engineers, scientists and medical research groups in the
use of engineering techniques and devices as effective research tools; an
unexpected by-product of this cooperation has been a better understanding
of life processes because of analogies in the fields of mechanics, electrical and
mechanical engineering. As an example, George Gallup (in his recent book,
“The Miracle Ahead”) claims that the most valuable contribution of the
modern digital computer has not been high speed computation, but the pro-
vision of a basic understanding of how the brain operates.

A recent article in the New York Times states that a French scientist,
Dr. Marcel C. Bessis of the National Transfusion Center in Paris, was given
an ovation at the Third Plenary Session of the American College of Physicians
in Atlantic City when he described revolutionary new techniques for the study
of single cells. The President-Elect of the College described the report as “one
of the most exciting experiences in the facts of life we have ever had.”
In developing this new approach, Dr. Bessis made use of a combination of light
microscopy, electron microscopy, time-lapse cinematography, closed-circuit
television, special chemical stains and laser rays — all products of modern
engineering.

At Rose we are as yet doing little more than exploring, in a tentative way,
the potential of bioengineering as an area of specialization. From the point
of view of man’s insatiable curiosity about life and the possible returns in
terms of health and well-being, bioengineering appears to offer an unequaled
opportunity for the future. It should receive serious consideration as our next

degree-granting area.
A




BIOLOGY AT ROSE

by Dr. Robert M. Arthur, C.E. Dept.

Much of the popular and technical
literature of today contains articles
about the growing relationship be-
tween the physical and life sciences.
This special issue of the Technic is
ample evidence that this relation-
ship is establishing itself at Rose.
However, an inspection of the
original Articles of Association of
the Terre Haute School of Industrial
Science, later renamed Rose Poly-
technic Institute, indicates that this
relationship was always present. The
articles state that “instruction shall
be provided therein from time to
time based on the practical mathe-
matics and the application of the
physical sciences, to the various arts,
manufactures, agriculture, horticul-
ture, etc.” and that studies to which
prominence shall be given will in-
clude botany, horticulture and agri-
culture among others. It is evident
that the advantages stemming from
a combination of the physical and
the life sciences was appreciated
even during the early days of our
college.

During the Spring semester of
1963, Dr. Logan, upon the request of
the faculty, named a temporary
committee on Applied Biology and
Bioengineering to investigate the
establishment of a program in bi-
ology including pre-med, pre-dent
and pre-vet courses. The Committee
was to establish the limits of the pro-
gram, consider staff and space re-
quirements and investigate cooper-
ative arrangements with other
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schools in our area. The Committee,
after due consideration of the above,
made the following recommenda-
tions to the faculty during the Fall
semester of 1963. The Committee
recommended;

(1), that the Institute not enter in-
to a formal pre-med, pre-dent,
pre-vet program at this time
and that further study was re-
quired before a final recom-
mendation could be made. The
Committee recognized that re-
quirements for entrance to
medical schools include both
lecture and laboratory work in
biology. At present Rose can-
not offer the laboratory work
because of lack of space and
laboratory equipment. How-
ever, the Committee did sug-
gest that every effort be made
to provide the opportunity for
a student to take lecture and
laboratory courses in biology
at a cooperating college.
that a permanent committee
on Applied Biology and Bio-
engineering be named to con-
tinue the study of establishing
a comprehensive biological
program, said Committee to be
interdisciplinary in that it will
have a representative from each
of the degree granting depart-
ments.
that, because of the growing
interest in biological phenom-
ena by engineers and scien-
tists, three lecture or project

courses in biology be offered.
These courses to include, a
first course in biological sci-
ence with emphasis placed on
a study of the cell, its structure
and function, a second course
in biophysical science in which
the study of mechanisms is
stressed, and a third course in
which a student may work on
a special project in biology.
that, in an effort to determine
the amount of interest by
faculty and students in the
area of bioscience and bio-
engineering, a series of semi-
nars on these subjects be pre-
sented during this year.

These recommendations were
approved by the faculty on
December 12, 1963.

The articles included in this issue
of the Technic indicate the broad
aspects of the combination of biology
and science or engineering. The
authors of these articles include a
physiologist, an electrical engineer,
a civil engineer, a chemical engineer,
and a mathematician. In addition we
could have included articles by
physicists, chemists, or mechanical
engineers. It is clearly evident that
every branch of physical science and
engineering can profit from, or con-
tribute to, the area of biology. It is
therefore necessary that our program
at Rose be broad enough to stimulate
the interest of students from all of
the various disciplines. This is exact-
ly our intention in the undergraduate




program. Specialization in any par-
ticular area of bioscience or bio-
engineering can be best accomplished
at the graduate level.

Although it is readily recognized
that bioscience includes the areas of
biophysics, biochemistry and bio-
mathematics, the areas of bioengi-
neering are not clearly defined. In an
effort to clarify our thoughts on this
subject we have prepared a defini-
tion of bioengineering as shown in
the figure. To be noted is the fact that
bioengineering consists of four major
areas including bionics, applied bi-
ology, biomedical engineering and
environmental health engineering.
The definition of each of these areas
is as follows:

1. Bionics—The application of the
knowledge gained from a study
of biological phenomena to de-
termine how the mechanism of
the system can be used in engi-
neering design to create hard-
ware.

Applied Biology—The use of
biological systems to create

new products by synthesis.

Biomedical Engineering — The
application of engineering to
medicine to:

a. Provide electrical-mechani-
cal replacements for dam-
aged structure.

Provide instrumentation to
study function.

Environmental Health Engi-
neering — To use engineering
principles to control an en-
vironment which is optimum

for life.
The entire area of bioengineering
can be defined as: The application
of the knowledge gained by a study
of the physio-chemical phenomena
of biological systems so that both
biology and engineering may be
more fully utilized for the benefit of
man. From the above it is evident
that any breed of engineer can find
an area of interest in bioengineering.
In accordance with the recom-
mendations of the Committee, a
series of six seminars are being pre-
sented during the first and second

BIOENGINEERING

semesiers of this year. The first two
seminars were conducted by two
medical doctors from the staff of
Methodist Hospital, Indianapolis,
Indiana. Dr. Jack Hall, Director of
Medical Education, presented the
first seminar on “Medicine in Science
and Engineering?” The second was
presented by Dr. Frank Lloyd, Di-
rector of Medical Research. His
topic was, “Mechanical Replacement
of Body Parts”. The third seminar
was presented by Prof. Herbert R.
Lissner, Coordinator, Biomechanics
Research Center, Wayne State Uni-
versity. His topic was, “Biomechan-
ics Research”. Lt. Col. Jack Steele,
and M.D. from Wright-Patterson Air
Force Base, Ohio, presented the
fourth seminar on “Bionics.” Col.
Steele is the originator of the word
Bionics. The fifth speaker is to be in
the area of applied biology and the
sixth in the area of environmental
health engineering, particularly, bio-
astronautics. The latter two speakers
have not been confirmed as of the
date of this writing.
(Continued on page 8)
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The Faculty Committee on Applied Biology and Bioengineering. From left: Profs. Derry, Schmidt, and Hooper, Dr. Arthur,

Prof. Blake, Dr. Guthrie.

BIOLOGY AT ROSE
(Continued from page T)

Alumni will recall that bioengi-
neering is not a new word at our
college for Rose has sponsored two
Bioengineering Symposia, one in
1953 and the other in 1955. These
Symposia were concerned primarily
with the area of fermentation engi-
neering. Since then the area of Bio-
engineering has embraced all of the
areas given above. The Symposium
series will be continued this year by
publishing the series of seminars as
the Third Bioengineering Symposi-
um.

Although the biological science
class has only been offered twice, a
number of interesting projects have
been conducted by the students. An
electrical engineering student is pre-
sently trying to develop instrument-
ation to measure the heart beat of
small animals with a minimum of
distortion. During this past year two
civil engineering students conducted
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a study on the submersion of mice
in water and the effects of pressure
on mice. One of the results of this
was that they were able to keep
mice alive under water for fifteen
minutes. This project is being con-
tinued this year with emphasis
placed on its application to hyper-
baric surgery. Another civil engi-
neering student conducted a prelimi-
nary study on a closed ecological
system such as will be required in
space flights. A mathematics major,
who later transferred to an agri-
cultural engineering school, initiated
a project on the effects of sound on
plant growth. Additional projects
are being started this semester.
Considerable interest in our pro-
gram has been expressed by the staff
of Methodist Hosiptal, Indianapolis,
Indiana. In addition to presenting
the two seminars mentioned above,
they have attended other seminars
and have invited our faculty and
students to attend the the seminars

presented at the Hospital. They have
also demonstrated an interest in es-
tablishing a research program for
our faculty and students. In connec-
tion with this, a program of summer
work on research at the Hospital
for our students is presently in the
planning stage.

This article has pointed out that
biology has been at Rose since the
very beginning of the college. Its
existence is merely being intensified
at this time. We do not hope to train
biologists but we do hope that this
program will motivate physical sci-
entists and engineers to direct their
particular talent to the solution of
problems in the life sciences. Much
must yet be done to bring the life
sciences up to the analytical level of
the physical sciences and engineer-
ing. If we can assist in this pursuit
of truth by developing biologically
oriented scientists and engineers,
our program in Biology at Rose will
have succeeded.




EQUAL OR EQUITABLE?®

What would your reaction be if you were told that
you were, indirectly, providing money for the use
of some individual or group which gave you nothing
in return? What would you say if you discovered that
someone else was enjoying their hobby at your ex-
pense? Of course, your thoughts would probably de-
pend upon who the person or group was. If you were
to find out that the guy who lives three doors down
from you in your dorm was using your money to
enhance his enjoyment of his leisure time, I doubt that
you would be undisturbed. Unless you were aware of
the situation and thought that for some reason the poor
guy deserved some help. you would purobably become
aroused enough to try to find out exactly what was
going on. Now then, suppose that at the same time
you made this revelation, you also discovered that
you were receiving something of definite material
value at no expense to yourself. If the worth of this
“gift” was approximately equal to the amount you
were ‘‘giving away’,, and you valued it at all, you
might be inclined to think, “Oh well, I'm not losing
anything, so what do I care?” You shouldn’t care at
all, if you consider only yourself. But if you take from
Frank and give the same amount to Hank, the net
result is that Hank is taking that amount away from
Frank. Maybe this doesnt bother you, but how would
you feel if you were Frank? Or for that matter,
wouldn’t you feel a little guilty if you were Hank?

Now you may ask what this little hypothetical
analysis has to do with you or with Rose Poly. I have
presented it because it is analogous to a situation not
at all hypothetical but very real which exists on the
Rose Campus today. This situation is involved in the
disbursement of the Student Fund among the various
clubs and organizations recognized by the Student
Council. Each semester, every Rose student pays along
with his regular tuition a $15 activities fee. Thirty
per cent of this, or $4.50 per student goes into the
Student Fund, the distribution of which is the responsi-
bility of the Student Council. The organizations which
receive portions of the Student Fund fall into two
general categories: (1) hobby or interest clubs, such
as the Camera Club and Radio Club; and (3) the four
student publications, the Modulus, the Technic, the
Explorer, and the Student Handbook. For the past few
semesters, the combined allotments to the Modulus and
the Technic alone have totalled more than 50% of the
total Student Fund. In contrast, clubs like the Camera
Club and Radio Club rarely receive more than $70 per
semester, or less than 3% of the total amount of money
allotted. Pity the poor little interest clubs? I should
hope not. Let’s take a closer look into the situation
before we jump to conclusions.

The Student Activity Fee was not created so
the school could collect more money from the students.
Supposedly, the fee is merely a convenient way for the
student to pay for the benefits he receives from the

organizations to which the money goes. The 70% of the
total activities fees collected which does not go to the
Student Council goes into the Athletic Fund. In this
way, the students pay for the pleasure of attending all
home athletic contests without having to pay a gate
admission charge. This method of indirect payment
seems perfectly reasonable to me, and I have yet to
hear any complaints about it.

The situation is much the same with the student
publications, all of which except the Modulus are dis-
tributed to students free of charge. In the case of the
Technic, approximately 500 issues are distributed four
times a semester to students. Last semester, the Technic
received $650 from the Student Fund. If our average
printing cost was 32%¢ per issue, we would have
broken even. The cost of printing one copy of the
magazine is approximately 40¢. Hence, even if the
student should pay no more than the printing cost for
a Technic, this magazine still loses at least $100 a
semester by distributing copies to students free of
charge.

On the other hand, what reason is there for allot-
ting money to hobby or interest clubs? Admittedly,
some of them, such as the Rifle Club (in the personage
of the Rifle Team) do provide something for the
school, and for the student body, in return. Other
groups may argue that they contribute something to
the school, but do they really contribute anything to
the students? Take a look at the list of clubs which
receive allotments from the Student Fund, and ask
yourself what each one of them does for you as a
student. If I pay 10¢ a semester to most such organiza-
tions on this campus, it is 10¢ worth of pure charity to
the members. Yes, this is a very small amount to argue
over, but look at an even smaller amount, namely
absolute zero, which is given to organizations such as
Blue Key and R-Men’s Club. The primary purpose of
these, outside of recognition, is service to the school.
The Student Council handles their finances, yet they
are not included in the Council budget, and hence re-
ceive no money in return for their services. Of course,
Blue Key does not expect or even desire such. But
what right does the Camera Club or the Radio Club
or the Astronomy Club or the Flying Club have to
request the students’ money in order to finance their
“services to the student body?”

Due only to lack of space, I will pass by discussion
of the most ridiculous example of “relief request”,
that of the Glee Club asking for $500 from the Student
Fund. The point I hope I have made is this: before you
jump to conclusions that you might draw from looking
at only figures in a budget, think about what the situ-
ation really is. What kind of distribution are we look-
ing for, equal or equitable? I hope that it is the latter,
and that in the future we shall get it.

RITK




DEVELOPMENT OF
THE HEART
PACEMAKER

This article written by Carl V.
Hays, Advanced Medical Products
Applications Engineer of the Gen-
eral Electric Company in Milwaukee,
Wisconsin, illustrates the close work-
ing relationships between the medi-
cal profession and engineers in in-
dustry in developing the General
Electric Cardiac Pacemaker — a
truly life-saving product that rescues
the patient from death caused by
heart blockage.

by Carl V. Hays
Applications Engineer
General Electric Co.

Engineering and medicine have
cooperated to produce a new type
of device — a heart stimulator or
pacemaker as it is called. The

not be sufficiently serious to require heart. This can occur with only
an electronic pacemaker, but coupled minor myocardial damage elsewhere.
with Stokes-Adams seizures, the The extent of myocardial damage

cardiac pacemaker, implanted com-
pletely inside the body, is an inter-
esting development primarily be-
cause it is so different from any
product existing before. Its devel-
opment is an example of combining
modern electronic components and
know-how for the purpose of medical
therapy.

The pacemaker is a miniature im-
plantable energy pulse generator
providing a stimulus which replaces
the natural nerve signal that has
failed. This stimulus causes the

heart muscles to contract in a norm- |

al fashion at a stablized rate and to

provide the negessary blood pump- '

ing action. The pacemaker is used
for patients thh advanced heart
block.

Heart block 1} ithe result of de-
stroying conductive ability of the
“bundle of His” (pronounced hiss).
A patient suffering from heart block
has a very slow heart beat—20 to 30
beats per minute are not uncommon.
In this condition, Stokes-Adams
seizures may oceur, which cause
further slowing of the heart, very
erratic beating, and sometimes com-
plete stoppage. Heart block alone,
if the heart rate is high enough, may
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need for a pacemaker becomes acute.
The normal electrical stimulus for
the heart originates in a bundle of
tissue called the sino-auricular node,
located \ngat_the top of the heart.
Stimylus comes\by the sinus nerve
bram hich varies the

se to physical

to “contract”.
is collected at

e ventricular

called the atrio-

is \node delays

it,\ and sends

ular tissue

is” to the

There it

spreads and upward through

the heart §nus myocardium

causing the{ventriculd i

or the ordinfry heart beat. It is at

the bundle His that heart block
oceurs.

Although most heart block pa-
tients are ovell 55 years of age, dam-
age to the buhdle of His to cause
heart block c@n occur in any age
group and fro a variety of causes.
Chiefly, heart plocks occur in chil-
dren as a resullt of surgery in the

affects the amount of activity the
patient can sustain after implanting
a pacemaker. In most cases the
damage is minor and the patient may
lead a nearly normal life; in others
where it is very severe, the patient
cannot sustain life very long even
with the heart being pulsed by the
pacemaker. The abilities of the pa-
tient vary, then, in accordance with
his heart condition after the implant
is made.

The first development of the pace-
maker began in 1952 when Dr. Paul
M. Zoll of Boston’s Beth Israel Hos-
pital and engineers of the Electro-
dyne Comﬁy developed an artifi-
cal pacemaker which pulsed energy
through eleetrodes from outside the
chest wall to stimulate the heart.
The first pacemaker required such
high energy to stimulate the heart
rom the surface of the body that
it caused chest muscles to contract,
burns on the skin, and made sleeping
difficult for the‘patlent

Next, Dr. Walton Lillehei,
noted heart surgeon at the Umver-
sity of Minnesota School of Medicine,
decided to attempt to hook the elec-
trodes to the heart muscle itself and
conecting them to a power supply

(Continued on page 32)




FORGINGS
ELIMINATED
REJECTS ON
THIS
EARTHMOVER
HUB...

and cut cost 16%

Originally, this earthmover wheel hub was not a forging. Now it is
forged in steel. Here's why . . .

While reviewing costs of the original part, the earthmover manu-
facturer discovered that: (1) Cost of the hub was too high; (2)
rejection rates during machining were high because of voids and
inclusions; and (3) hidden flaws required costly salvage operation.

By converting to forged steel hubs, the manufacturer has saved
16%, has completely eliminated rejects and repairs of parts in
process, has achieved 100% reliability of the part.

Forgings have greater inherent reliability and strength because
they:

1. Are solid, void-free metal

2. Have higher resistance to fatigue

3. Are strongest in withstanding impact and sudden load

4., Have high modulus of elasticity

5. Have low mechanical hysteresis

6. Have unique stress-oriented fiber structure

Memo to future engineers:

““Make it lighter and make it stronger” is
the demand todamo other metalworking
process meets these two requirements so
well as the forging process. Be sure you
know all about forgings, their design and
production. Write for Case History No. 104,
with engineering data on the earthmover
hub forging shown above.

DROP FORGING
ASSOCIATION

55 Public Square e Cleveland 13, Ohio
When it’s a vital part, design it to be
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A PHYSIOLOGIST LOOKS

The following article is
adapted from an address delivered
in Chicago in November 1962 at
the 15th Annual Conference on En-
gineering in Medicine and Biology
and is reprinted with permission
from “Science”, Vol. 140, 3 May
1963.

The collision of two dissimilar
air masses generates a meteoro-
logical front, marked by turbu-
lence, murkiness, and precipitation.
The meeting of two different scien-
tific disciplines creates a frontier,
likewise characterized by turbu-
lence, murkiness, and precipitation.
One who lacks the prudence to
come in out of such weather is apt
to get lost in the fog, buffeted by
currents, and dashed with cold
water. He is also likely to exper-
ience a curious mixture of exhilira-
tion and frustration. Eventually,
however, when the mental kaleido-
scope rotates a fraction, a brilliant
new patter of ideas and outlook is
likely to emerge.

I have been asked to talk about
what happens to a phsiologist when
he ventures across the frontier in-
to engineering. Based upon my
own experience, the result can be
expressed in two sentences. The
physiologist is not apt to become
an engineer, for, as the saying
goes, you cannot make a silk purse
out of a sow’s ear. But the physi-
ologist can learn from engineering
an enormous amount of pure physi-
ology not otherwise available. This
may sound like a paradox, but I
would like to explain why a paradox
it is not.

One hears a great deal today
about the burgeoning new field of
bio-medical engineering. No one
seems to like the term, but it does
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encompass a bewildering variety
and an impressive range of activi-
ties, from the most applied to the
most abstract, frem the design of
electronic instruments to the ex-
ploration of living systems, from
automatic data analysis in the
laboratory to diagnosis-by-comput-
er in the clinic, from mathematical
modeling to the development of
medical prostheses.

One of the most active of these
areas has been the exploration of
living systems. For this area, at
least, there is an ancient and honor-
able name at hand—physiology.
For centuries it has been the
avowed goal of phsiology to under-
stand how the living organism
works, or functions. This was the
goal when the only available tools
were the naked eye and a scalpal.
It remained the goal when the
manometer of the physicist and
the test-tube of the chemist be-
came available. It is still the goal
today, when the engineer’s instru-
ments, techniques, and concepts
are brought to bear on the age-old
problem of understanding how the
living organism functions. There
is one difference, however; this
latest addition to the armamen-
tarium promises better than its
predecessors to help physiology
attain one of its goals.

In spite of faithful and persistent
efforts phsiology has found one of
its goals to be exceedingly elusive.

AT ENGINEERING

by Dr. John S. Gray
Professor of Physiology
Northwestern U. Medical School

What this goal is may be illustrated
by a parable. Imagine a race of
brilliant but primitive jungle-
dwellers who have just captured
from our strange civilization a tele-
vision set. They organize a Man-
hattan Project to investigate this
wondrous thing with the goal of
understanding how it works or
functions. With great enthusiasm
they dissect it into its elementary
components, which their expert
taxonomists find they can neatly
classify into conductors, resistors,
capacitors, and inductors. Teams
of researchers are then assigned
to study each of these classes
to exhaustion. Eventually, hav-
ing learned absolutely everything
there is to know about these com-
ponents, they declare a national
holiday to celebrate the triumph-
ant attainment of their goal of
understanding how the television
set works.

Laugh, if you wish, at these
poor aborigines, who have so egre-
giously missed the boat, for we
know that they have learned noth-
ing about the television set. We
know it to be a system—an organ-
ized arrangement of interacting
components, whose unique circui-
try confers capabilities utterly
lacking in any of its isolated com-
ponents.

What is obvious in the case of
the television set is no less ob-

(Continued on page 41)




[l Reuben C. Gooderum, BSME
Wisconsin, 1962, is shown examining
combustion liners after a thermal
paint engine test at Allison Division,
General Motors, Indianapolis, Indi-
ana. Thermal paint, developed by
Allison, is used to determine temper-
ature gradients existing on engine
parts.

Gooderum is one of the young engi-
neers at Allison assigned to design
and development of air-cooled tur-
bine engine hardware. This work in-
volves rig testing of turbine engine

parts to determine optimum configu-
rations. Parts later are endurance-
tested on engines to prove the design.

New, air-cooled turbine blades de-
veloped by Allison engineering have
permitted more than 250°F higher
turbine inlet temperatures on turbo-

prop engines, providing as much as
639, increased horsepower for the
same engine envelope.

We think you, too, will like the
creative climate at Allison, as well as
the advantages of being associated
with a long-established leader in the
design, development and production
of high performance aircraft engines.
Talk to our representative when he
visits your campus. Let him tell you
what it’s like at Allison where Energy
Conversion Is Our Business.

An equal opportunity employer

! Allison &

THE ENERGY CONVERSION DIVISION OF MOTORS
Y GENERAL MOTORS, INDIANAPOLIS, INDIANA




BIOLOGICAL

Biological warfare (BW) is, by no
means, a new concept in military
circles. Evidence shows that Ger-
many possessed biological agents
during WW I, but did not employ
them because they feared that the
Allies would retaliate with similar
weapons. The Japanese are believed
to have waged small scale biological
warfare in Southeast Asia during
WW II. Biological warfare possibili-
ties, however, were not systematical-
ly explored until some time after
WW II. Yet, to the public, biological
weapons are particularly mysterious
and indecent. They are regarded,
along with chemical and radioactive
weapons, as unthinkably barbaric—
something never to be used except
in retaliation. Obviously, govern-
ment silence has left the public un-
informed and unprepared for the ad-
vent of biological weapons, either for
them or against them. This silence
has similarly infected the military
establishment, leaving it relatively
unprepared to wage biological war-
fare or defend against it. The con-
cept of biological warfare should not
be taken so lightly, for it may very
well be the deciding factor in any
future war.

Biological warfare is defined as
the intentional use of living disease
agents or their toxic products to
cause disease or death to man, his
animals, or his food crops. The type
of biological agent employed is de-
termined by the effect wanted and
the type of target, whether human,
animal or plant. Chemical and radio-
logical weapons would most likely
be used in conjunction with biologi-
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WARFARE

cal agents because they break down
normal barriers to germs and in-
crease susceptibility to disease. The
three concepts combined will also
make it very difficult to diagnose
and treat the resulting disease.
Certain characteristics are desir-
able in all BW agents for maximum
effectiveness, regardless of the tar-
get under consideration. These
micro-organisms should be highly
infectious, hardy, easily mass-pro-
duced, lethal or incapacitating when
applied in small amounts, and diffi-
cult to identify. They should also
remain potent when stored or dis-
persed, reproduce quickly, and pos-
sess a slow rate of natural decay.
The diseases caused by these micro-
organisms should not be preventable
by simple sanitary precautions or
customary practices of immuniza-
tion, easily identifiable, or curable
by customary drugs or antibiotics.
The ideal condition to complement
some of these characteristics is a
population of minimal immunity.
Recent advances in microbial
genetics make production of variants
possible, some of which may be even
more suitable than naturally occur-
ring strains. Modified strains have
already been successfully produced
and employed in various vaccines.
These strains are modified to possess
high virulence and high infectivity
through techniques or recombina-
tion, and production and selection of
mutants with desired characteristics.
Therefore, the available antigenic
strains could not be counted upon—
especially those of labile antigenic
structure with a natural tendency

by Curt Jones, Sr., Ch.E.

toward antigenic modification.

Scientists have found that patho-
logical effect of inhaling micro-
organisms depends strongly upon the
size of the particles. Very small par-
ticles (1-5 microns in diameter)
are not retained by the hairlike
structures in the breathing tract
which catch larger particles. Smaller
micro-organisms thus can penetrate
into the lungs where infection oc-
curs. This size factor, or course,
would only be important for micro-
organisms being dispersed in a
medium that would be inhaled by
the victim.

The ultimate goal in the develop-
ment of biological warfare systems
and disease-producing agents is that
of being able to select the proper
agent and accurately predict the
amount of agent necessary to pro-
duce the desired overall effect. With
this knowledge, an agressor or de-
fender could select micro-organisms
in proper dosages to produce: (1)
high fatality rates, (2) prolonged in-
capacitation with low fatality rates,
(3) temporary illness or, (4) reduc-
tion of food supplies. There are many
different factors which complicate
any such prediction of results. In
the first place, comparatively little
is known about the pathological ef-
fects of mixing various micro-organ-
isms. Secondly, and one of the most
significant factors is that of existing
meteorological conditions that affect
the dissemination of biological
agents and their subsequent survival.
Finally, other external factors, such
as land terrain, demand attention.

(Continued on page 34)




BIOMECHANICS
PAST, PRESENT AND FUTURE

by Tom Terry, Sr. C.E.

To discuss the topic of biomechan-
ics, one must first be clear on what
biomechanics really is. Biomechan-
ics is an interdisciplinary science
that involves the macroscopic study
of organic bodies with the application
of engineering principles. The sci-
ence is “interdisciplinary” because
it involves not only the engineer’s
knowledge of the physical laws of
science but also his knowledge from
a biological aspect, for he must un-
derstand the “organic bodies” with
which he is working.

The science of biomechanics is ac-
tually not a new one, but consider-
ing the recent strides being made in
the field, it is still considered to be
in its infancy. Although this science
is not limited to any particular spe-
cies of animal, most of the work be-
ing done has the human body as its
“organic body.” For a more com-
plete report, we will look at what
has been done in the past, what is
being done at present, and what can
be done in the future as far as bio-
mechanics is concerned.

PAST

Although biomechanics has just
come into bloom in the last twenty
years, the history leading to its pre-
sent development is a long, interest-
ing one. The first known studies
relating to biomechanics were most-
ly by men in the field of medicine,
because the law of motion (New-
ton’s three laws) had not been “dis-
covered.” The first of these men
was Aristotle (384-327 BC) who
wrote about the motion of animals
and tried to subject their actions to
geometric analysis. After a long

lapse of more than 1000 years the ¢ of biomechanics that more emphasis

studies of the actions of the human
body were continued by Leonardo
da Vinei (1452-1519). Leonardo
suggested that the actions of the
muscles could be studied by attach-
ing cords to a skeleton in order to
simulate the origins and insertions
of the muscles. He also described
the actions of certain muscles as a
person sits, stands, and walks. It was
then Alfone Borelli (1608-1679) who
postulated that the bones of the
body serve as levers and the muscles
move the levers in accordance with
mathematical principles. Borelli al-
so studied the forces caused by cer-
tain muscles, and for his work he is
sometimes called the “father of bio-
mechanics.” Studies then shifted
from the bones and muscles to the
primary flowing fluid of the body—
the blood. William Harvey (1578-
1657) proved that the blood circu-
lated and Poiseuille (1790-1868) de-
fined the viscosity of the blood. Af-
ter Newton (1642-1727) formulated
his three laws of motion, the external
forces in the body could be related
to the internal forces in the muscles.
This was done specifically by Ernst
and Wilhelm Weber (1800-1890),
who mathematically studied the
movement of the human center of
gravity. From 1900 until the present
date the motion of the body has
become a special field in itself —
kinesiology.

But as defined above, biomechan-
ics is more than the study of the mo-
tion of the body, for dynamics is on-
ly one of the “engineering princi-
ples.” In fact it is in the other facets

is being placed today.

PRESENT

Biomechanical studies in the
United States today are primarily
an outgrowth of the studies of the
mechanism of concussion in the
human head due to accidents in the
automobile. These studies were be-
gun about 20 years ago by Herbert
R. Lissner of Wayne State Univer-
sity in Detroit. Since then the im-
portance of the field of biomechan-
ics has been recognized and more
diversified studies of all types of
mechanisms of the body are being
made.

In order for these studies to take
place there must be people qualified
to understand and logically solve the
problems involved. As was stated
before, most of the men in the past
were medical men with a little
knowledge in the principles of en-
gineering. Now the trend has been
to let the doctors specialize at the
microscopic levels of bio-physics,
and bio-chemistry, and to let the en-
gineer attack the problem on the
macroscopic level (which agrees
with our definition of biomechanics.)
There is however a definite lack of
engineers with the proper back-
ground to indulge in such studies,
so one of the big problems is to
produce the qualified people.

The need for a good educational
program for the development of peo-
ple competent to study biomechanics
has just been recognized recently
and strides are being made to pro-
vide the necessary background for

(Continued on page 30)
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MAN IN SPACE

by

As man is sent beyond the
fringes of our atmosphere into space
he must be adequately protected
from the peculiar hazards of space
travel and sustained in a fashion
similar to his terrestrial environ-
ment. When the astronaut rises above
the ionosphere he loses the protect-
ive layer of the atmosphere and is
subjected to the temperature ex-
tremes of space. The unprotected
astronaut would find that the side
of his body facing the sun would be
red hot, while the other side would
be freezing. He would also discover
an acute oxygen shortage, and would
be faced with the possibility of hav-
ing his body fluids vaporized.

These problems are readily appar-
ent, and were vital factors in the
design of the first space vehicles.
In Project Mercury, the United
States’ manned satellite program,
there was a need for a closed eco-
logical system. The capsule was
equipped with the necessary sup-
plies of food, water, and oxygen
and the waste material was stored,
to be disposed of on Earth. Since
the flights were planned to be of
one day duration, the major prob-
lems were acceleration and vibra-
tion.

When man is accelerated in the
direction of his head, acceleration
forces, or “G” forces, cause the blood
to pool in the abdominal cavity and
lower portions of the body. The
heart cannot support the column of
blood to the brain and he loses con-
sciousness. This problem has been
minimized by utilizing a form-fit-
ting couch, positioned such that the
astronaut’s back is in a plane per-
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Bill Kovacs
Sr., Ch.E.

pendicular to the accelerative force,
with his legs slightly elevated. In
this position the blood can no longer
pool in the lower portions of the
body, and the heart is not required
to pump against high hydrostatic
pressure; consequently no ‘“black
out” is experienced.

Vibration is a major problem be-
cause different parts of the body have
a natural frequency at which they
resonate. For the intestines this fre-
quency is 5 vibrations/second. The
spine and ribs frequency is 11 vibra-
tions/second, the eyeballs at 75 vi-
brations/second, and the jaw at 100
vibrations/second. Experiments on
volunteers have shown that there is
extreme discomfort when a person
is subjected to vibrations at low fre-
quencies, particularly at the natural
frequency of a particular organ. A
suggested method of eliminating this
problem is to stiffen the boosters
and capsule so that they vibrate at
higher frequencies.

Project Mercury has served to
whet man’s appetite for further
space exploration. The Congress of
the United States has set the land-
ing of men on the moon as a national
goal. Thus for a voyage of this type,
which would take weeks, or months,
a new type of space vehicle must be
designed. This vehicle must carry
with it the total environment and
all of the materials needed for man’s
existence throughout the entire
mission. The only possible external
source of material would be energy
from the sun.

The pioneer flights of both the
United States and the U.S.S.R. have
provided few answers to the prob-

lem of living in space. The biologi-
cal stresses involved during escape
and re-entry had actually been an-
ticipated and countered by tech-
niques developed for pilots during
World War II. One important result
of these flights is that it has been
determined that the astronaut must
have the ability to fly the vehicle.

C. B. Westbrook, an Air Force
engineer, studied the reliability of
automatic systems of control. His
calculations, based on the current
system of attitude control, indicated
that there was only a 22 per cent
chance of the system working satis-
factorily during a ten day journey.
If the astronaut could take control
when necessary, he would have a 70
per cent chance of keeping the ve-
hicle steady, and if he could make
repairs when necessary, his chances
of maintaining control would in-
crease to 93 per cent. These results
indicate that the astronaut must re-
main alert, in good physical condi-
tion, and mobile to function as both
a skilled pilot and mechanic.

On orbital flights of several days
the psychological effects of prolonged
tensions and isolation become appar-
ent. If man’s destination were the
moon, these effects would be com-
pounded by the problem of purifica-
tion and regeneration of the atmos-
phere and by the effects of radiation.

Long periods of weightlessness re-
mains as another questionable as-
pect of the journey. The orbital
flight of the Soviet dog Laika in
Sputnik II proved that long periods
of weightlessness per se do not dis-
rupt the main process of vital activ-
ity. However, our own tests, based




on relatively short periods of weight-
lessness (9-10 hours), have indicated
that there is an orthostatic rise in
heart rate and fall in systolic blood
pressure during the twenty-four
hours after landing. This hemo-
dynamic phenomena may force the
moon bound astronaut to engage in
a rigorous exercise program.

Each of these problems will affect
the design of the vehicle, and must
be solved before man can attempt the
journey. Perhaps the most import-
ant of these is the problem of puri-
fication and regeneration of the at-
mosphere. In order to approach this
problem, a decision must be made
as to what type of atmosphere to
use.

The Russians use a normal con-
centration of oxygen and nitrogen at
approximately 14-15 pounds per
square inch. The United States cur-
rently favors a 100 per cent pure
oxygen atmosphere at a reduced
pressure of 5-6 pounds per square

105
103
101
99
97

25
15

BODY TEMPERATURE, °F

inch. The advantage of the Russian
system is its close similarity to the
terrestrial atmosphere. The main
disadvantage is the high pressure,
which would increase the amount of
leakage. This would in turn intro-
duce a need for a nitrogen producing
source to replenish that which is
lost. There is also a factor of in-
creased weight with the high press-
ure system. The advantages of the
American system are reduced
weight, minimized leakage, and a
single gas composition. The main
disadvantage appears to be physio-
logical. Men who have been sub-
jected to this type of atmosphere
for long periods have been found to
have some degree of aletactasis, or
collapse of the alveoli. This is also
exaggerated in men subjected to in-
creased acceleration for long periods.
A possible method of minimizing
aletactasis is to have the astronaut
engage in physical exercise.

Once the type of atmosphere has

been chosen, it must then be main-
tained in such condition that men
can live and work in it. Normally the
air which surrounds a living, breath-
ing body is carried up by its own
warmth and consequent lightness,
thus allowing fresh air to take its
place. In space, however, weightless-
ness prevents dust and aerosols from
settling, since there are no convec-
tion currents. Without air circula-
tion, heat discharged from the body
would remain close to the body,
causing intense perspiration, which
in a saturated atmosphere would not
evaporate. The body would also soon
become enveloped in expired air.
Air motion imparted mechanical-
ly by a fan or other stirring mech-
anism is a necessary part of the air
purification system. One proposed
system consists of an activated car-
bon filter, a millipore, or deep bed
filter, and a chemical train for spe-
cific materials, through which the
(Continued on page 36)
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CYBERNETICS

by Grady Wallace, Jr. Math

Many books have carried the title
“Theory of Machines,” but usually
these books contain information
about mechanical things, about
levers and cogs. Cybernetics, too, is
a “theory of machines,” but it treats,
not things but ways of behaving. It
does not ask “what is this thing?”
but “what does it do?” Thus it is
very interested in such a statement
as ‘“this variable is undergoing a
simple harmonic oscillation”, and is
much concerned with whether the
variable is the position of a point on
a wheel, or a potential in an electric
circuit. It is essentially functional
and behavioristic.

Cybernetics started by being
closely associated in many ways with
physics, but it depends in no
essential way on the laws of physics
or on the properties of matter. Cy-
bernetics deals with all forms of be-
havior in so far as they are regular,
or determinate, or reproducible. The
materiality is irrelevant, and so is
the holding or not of the ordinary
laws of physics. “The truths of cyber-
netics are not conditional on their
being derived from some other
branch of science.” Cybernetics has
its own foundations.

Cybernetics stands to the real
machine — electronic, mechanical,
neural, or economic — much as
geometry stands to a real object in
our terrestrial space. There was a
time when “geometry” meant such
relationships as could be demon-
strated on three-dimensional ob-
jects or in two-dimensional dia-
grams. The forms provided by the
earth-animal, vegetable, and mineral
—were larger in number and richer
in properties than could be provided
by elementary geometry. In those
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days a form which was suggested
by geometry but could not be dem-
onstrated in ordinary space was
suspect or inacceptable. Ordinary
space dominated geometry.

Today the position is quite differ-
ent. Geometry exists in its own
right, and by its own strength. It
can now treat accurately and co-
herently a range of forms and spaces
that far exceeds anything that terres-
trial space can provide. Today it is
geometry that contains the terrestri-
al forms, and not vice versa, for the
terrestrial forms are merely cases in
all-embracing geometry.

The gain achieved by geometry’s
development hardly needs to be
pointed out. Geometry now acts as
a framework on which all terrestrial
forms can find their natural place,
with the relations between the vari-
ous forms readily appreciable. With
this increased understanding goes a
correspondingly increased power of
control. Cybernetics is similar in its
relation to the actual machine. It
takes as its subject-matter the do-
main of “all possible machines”, and
is only secondarily interested if in-
formed that some of them have not
yet been made. What cybernetics
offers is the framework on which all
individual machines may be ordered,
related and understood.

The basic hypothesis of cyber-
netics is that the chief mechanism of
the central nervous system is one of
negative feed-back. The field of
study is not, however, restricted to
feedbacks of the negative kind.
Secondly, cybernetics makes the
hypothesis that the negative feed-
back mechanism explains “pur-
posive” and ‘“adaptive” behavior.
Support for this striking hypothesis,

which is of fundamental importance,
is to be found both in rather general
resemblances between organisms
and electronic machines and in re-
semblances of more special kinds.
The hypothesis seems to be due
mainly to Ashby and Wiener, though
others had written on some of the
resemblances. It was Wiener who
introduced the word cybernetics in
his book in 1948; he coined it from
the Greek for a helmsman.
Cybernetics typically treats any
given, particular machine by asking
not “what individual act will it pro-
duce here and now?” but “what are
all the possible behaviours that it
can produce?” It is in this way that
information theory comes to play
an essential part in the subject; for
information theory is characterized
essentially by its dealing always with
a set of possibilities; both its primary
data and its final statements are
almost always about the set as such,
and not about some individual ele-
ment in the set. Cybernetics en-
visages a set of possibilities much
wider than the actual, and then asks
why the particular case should con-
form to its usual particular restric-
tion. In this discussion, questions of
energy play almost no part — the
energy is simply taken for granted.
Even whether the system is closed
to energy or open is irrelevant; what
is important is the extent to which
the system is subject to determining
and controlling factors. So no in-
formation or signal or determining
factor may pass from part to part
without its being recorded as a sig-
nificant event. Cybernetics might,
in fact, be defined as “the study of
systems that are open to energy but
closed to information and control”—
systems that are “information-tight.”
After this bird’s-eye view of cyber-
netics we can turn to consider some
of the ways in which it promises to
be of assistance. I shall confine my
attention to the applications that
promise most in the biological sci-
ences. The review can only be brief
and very general. Many applications
have already been made and are too
well known to need description

(Continued on page 38)




Tom Huck sought scientific excitement
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He’s finding it at Western Electric

Ohio University conferred a B.S.E.E. degree on C. T.
Huck in 1956. Tom knew of Western Electric’s history
of manufacturing development. He realized, too, that
our personnel development program was expanding
to meet tomorrow’s demands.

After graduation, Tom immediately began to work
on the development of electronic switching systems.
Then, in 1958, Tom went to the Bell Telephone Lab-
oratories on a temporary assignment to help in the
advancement of our national military capabilities. At
their Whippany, New Jersey, labs, Tom worked with
the Western Electric development team on computer
circuitry for the Nike Zeus guidance system. Tom then
moved on to a new assignment at WE's Columbus,
Ohio, Works. There, Tom is working on the develop-
ment of testing circuitry for the memory phase of elec-
tronic switching systems.

Wegl'ern EIeCfriC MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM

AN EQUAL OPPORTUNITY EMPLOYER

Principal manufacturing locations in 13 cities -«
Center, Princeton, New Jersey «

Operating centers in many of these same cities plus 36 others throughout the U. S.
Teletype Corporation, Skokie, Illinois, Little Rock, Arkansas -«

This constant challenge of the totally new, com-
bined with advanced training and education opportu-
nities, makes a Western Electric career enjoyable,
stimulating and fruitful. Thousands of young men
will realize this in the next few years. How about you?

If responsibility and the challenge of the future ap-
peal to you, and you have the qualifications we seek,
talk with us. Opportunities for fast-moving careers
exist now for electrical, mechanical and industrial
engineers, and also for physical science, liberal arts
and business majors. For more detailed information,
get your copy of the Western Electric Career Oppor-
tunities booklet from your Placement Officer. Or write
Western Electric Company, Room 6405, 222 Broad-
way, New York 38, N. Y. And be sure to arrange for
a personal interview when the Bell System recruiting

team visits your campus.

Engineering Research
General headauarters, 195 Broadway, New York 7, New York
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Here April’s Miss Technic, Jane
Kenner, is doing what she likes —
having fun by doing things. A fresh-
man at Indiana State, Jane is active
in her sorority (AO 3.14159), studies
(nursing), and outdoor sports. One
of this girl’s favorite sports is driv-
ing her little red sports car around
her native city of Terre Haute.

She has been actively preparing
for Rose Poly during her 19 years.
Her exams were graded at 120 #
with bonus points for her 34-23-34.
Jane welcomes personal thank you’s
for her appearance in this issue.
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MEDICAL ELECTRONIC
SYSTEMS

by R. W. Hodgers
Rose B.S.E.E. 43

About the Author—

R. W. Hodgers, Jr. is presently
Manager of General Electric Com-
pany’s Medical Electronics Systems
Operation at Milwaukee, Wisconsin.
He graduated (with highest honors)
in 1943 with a B.S.E.E. degree from
Rose Polytechnic Institute. Includ-
ed in his many important engineer-
ing and management assignments in
the General Electric Company was a
three-year assignment as Manager
of Engineering for the X-Ray De-
partment.

This first article on Medical
Electronics Systems describes the
broad applications of electronic sys-
tems equipment to medicine in those
areas dealing with information sens-
ing, processing, analysis, display and
control, primarily for diagnosis and
patient care.
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Electronics — the glamour tech-
nology of the space age has teamed
up with a new partner — medicine.
Medical electronics includes the
application of electronic equipment
to any phase of medical science or
medical facilities. It not only includes
the use of electronics for diagnostic
and therapy equipment, but in its
broadest sense can include the use
of electronic equipment such as
closed circuit television, radio paging
and entertainment television in a
hospital or medical institution
(Figure 1) as well as nurse-call and
other hard wire intercommunication
systems.

The important thing to remem-
ber is that more and more the medi-
cal profession is teaming up with the
engineer and the scientist to apply
their combined knowledge to the
diagnosis and treatment of human
ills. This first discussion is confined,
primarily, to a description of the
latest electronic-type systems used
for medical diagnosis and patient
care. The second article covers elec-
tronic therapy devices used for
stimulation — such as the heart
pacemaker.

All medical diagnosis is concerned
with the functions of sensing, trans-
formation and display of informa-
tion. This is true of the simple mer-
cury thermometer as well as the
x-ray or the electrocardiogram. Thus
the problem of diagnosis is a problem
of information gathering and hand-
ling. Medical electronic systems are
concerned with the performance of
one or more of these functions.

This can best be seen by viewing
the functional areas of a hospital
from the viewpoint of an integrated
patient information system. (Figure
2). This system includes the use of
electronic systems around the total
spectrum, from patient diagnosis and
monitoring to patient accounting and
billing. If the requirements for a
total system are kept in mind during
the planning of the systems and pro-
cedures for one or more of the areas
shown in Figue 2, each one will be
compatible with other areas and the
total hospital information system
will be a truly integrated one which
is optimized from a cost and per-
formance viewpoint.

Key parts of this total system are
the medical electronic equipments
associated with surgical and diagnos-
tic procedures. Requirements for
electronics here are two-fold — to
display needed physiological data to
the medical specialist during a pro-
cedure and often to record informa-
tion for later analysis, study or
teaching.

Diagnostic and Surgical Procedures

One of the best known and time
tested electronic diagnostic tools is
the x-ray. But even it has a face-
lifting. Today the radiologist can sit
behind leaded glass , (Figure 3), use
normal room lighting, handle his
patients remotely, view internal or-
gans on closed circuit television and
record a series of x-ray photographs
on film for later viewing and study.
This gives a brightness gain over
previous fluoroscopy methods and a
significant information gain, so that




Figure 1,
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the systems cuts patient x-ray ex-
posure by 80%. As shown (Figure
3), the system includes a 180° angu-
lating table with a 30” longitudinal
and 10” lateral power travel, a 9”
image intensifier, a 16mm synchron-
ous film camera and an 8” or larger
television monitor.

More and more, however, hospitals
of today require unique diagnostic
equipment designed for special re-
quirements. One example is a heart
catheterization system developed for
the University of Oregon Medical
School. It consists of a special pro-
cedure room (Figure 4) and a con-
trol room (Figure 5).

In the procedure room, the equip-
ment design has been focused
around the patient and the procedure
to be performed. In this case a
catheter or tube is inserted into an
artery or vein and run into the
heart. Radio opaque fluid is then in-
jected and the complete action is
recorded via x-ray. An x-ray tube
is permanently fixed in the base of
the special-procedure table with a
dual magnification image intensifier
located directly above, but suspend-
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Figure 2.

ed from the ceiling. The procedure
table top moves in both directions
of the horizontal plane with 50
inches of longitudinal motion and ap-
proximately 10 inches of lateral
motion.

Physiological monitoring leads go
from the patient to connections on
the sides of the table top, thus
eliminating leads draped from the
patient to other equipment in the
procedure room. Intravenous stands,
radiopaque injectors and other
special equipment can be mounted
on rails at any point on either side
of the table. The primary method of
displaying the x-ray is by use of a
high scan line, closed-circuit tele-
vision although direct viewing is
available.

This particular television system
uses 875 scan lines per frame and
1:1 aspect ratio, thus providing bal-
anced horizontal and vertical resolu-
tion. The line (motion picture)
camera included with the image in-
tensifier takes x-ray films which are
synchronized with the pulsed x-ray
generator at speeds of 60, 30, 15 and
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