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GO WESTINGHOUSE,
YOUNG MAN! St

There was once a college senior named Al Addin who
yearned for his place in the sun.

However, at graduation time so many companies offered
him a job, Al didn’t know which one to accept.

Then he met a Mr. Greeley, the recruiter from Westing-
house. Mr. Greeley was a kindly man with a warm smile.
He described to Al how at Westinghouse young men have
their choice of six operating groups* and work in friendly,
tight-knit little teams on the world’s most exciting projects.

“Go Westinghouse, young man,” Mr. Greeley urged.

And Al Addin did. He wanted to be part of Westinghouse
efforts to help the nation rebuild cities, so he joined the
corporation’s Construction Group — supplier of the world’s
widest range of products for the construction market.

One day, while Al was polishing a Westinghouse lamp,
a Jeanie appeared. This pretty, warmhearted, intelligent
Jeanie was an engineer with the Elevator Division. (Women
are welcome at Westinghouse, an equal opportunity em-
ployer.} As the daughter of one of the richest men in Amer-
ica, Jeanie was in a position to grant Al Addin three wishes.

Al's first wish — to help Westinghouse build a municipal
complex of apartments, offices, stores and parks within an
established metropolitan area.

Al's confribution to the project was to help develop a
computerized environmental analysis technique — an in-
genious system for precalculating the heating and cooling
needs of all the buildings in the complex. Grateful archi-
tects and consulting engineers voted Al the year's most
calculating supplier.

Al's second wish — to help develop a total transporta-
tion system for a new housing area being built.

Transportation for the new project would consist not
only of a remote-controlled mass transit system, taking
commuters to and from their places of business . . . but
it would also include sophisticated elevator and electric
stairway systems to be installed within the project's ter-
minal and living areas.

Al's third and last wish —to marry Jeanie.

She consented on the condition that he let her join him
on other major projects and urban systems assignments
undertaken by Westinghouse throughout the world.

Al Addin agreed . . . and they lived happily ever after.
MORAL: All your wishes for a prosperous career can be
granted if you join Westinghouse, where awaiting you are
challenges, hard work, building block education, travel,
adventure, and yes, even romance.

You can be sure if it's Westinghouse

For further information, contact the Mr. Greeley from West-
inghouse who will be visiting your campus during the next
few weeks or write: L. H. Noggle, Westinghouse Educa-
tional Center, Pittsburgh, Pennsylvania 15221.

*The Westinghouse Operating Groups: Consumer Products; Industrial; Construction;
Electronic Components & Specialty Products; Atomic, Defense & Space; Electric Utility.




Atmospheric control systems
—design time and lost time

Designing an atmospheric system for physical chemistry,
nuclear research, aerospace projects or metallurgy turns into
an expensive game called “Nuts, Bolts and Gaskets.”
Pestiferous minutiae cat up costly technical man hours.

If you spend your time on it, it's a waste.

At Blickman we have a vast library of already designed
components. They exist . . . engineered, built,
tested and ready for your job.

That goes for glove ports, flanges,
bag rings, vertical rising doors, air
locks, gas purging systems, matched
purification systems, vacuum sys-
tems and complexes for specific
environments.

So talk to us before you play
“Nuts, Bolts and Gaskets.”

You'll find yourself concentrating on
what you want your system to do.
Not on details. You end up with a
high integrity, precision built system,
exactly as you want it and able to
assure complete validity of results.

Blickman offers total capabilities
Engineering

Fabrication

Shop Testing

Installation

Field Testing

Send this coupon and find out how
far ahead you can be.

S. BLICKMAN INC.

10C Gregory Ave., Weehawken, N. J.

[1 Send safety enclosure catalog

[] Send catalog on laboratory fume hoods
[1 Send catalog on laboratory furniture
Name

Title

Company.
Address

City State Zip




Come withus
and do
something meaningful.

Rack up paper clip after paper clip. As you enjoy
the painful search for new ideas.

To what end? The satisfaction of getting involved in
a company already deeply involved in the world
and its people. '

Our Farm Centers help boost productivity at home
and feed the world abroad. Our petroleum products
are prime movers on earth, in the stratosphere,
in the ionosphere. Our Total Energy applications
provide economical power, heat, and light to
more and more people.

The world-wide demand for new products and
applications is constantly accelerating. We're
meeting it with new answers to old questions
and unique solutions for unique problems,

We need your answers, your solutions. In
Research and Development, or Manufac-

turing, or Marketing, or Administration.

And we'll give you the time, the stimulation,

the opportunity you need.

And we don’t skimp on paper clips.

Do something meaningful now.

Write Harry L. Sheehy, Recruiting @
- Coordinator, American Oil Company, <iidi
Dept. 19-C, 910 South Michigan %Iﬂilw
Avenue, Chicago, lllinois 60680

An equal opportunity employer,
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COVER

Caltech biologists William Wood and
Robert Edgar have been accumulat-
ing detailed knowledge about how
a complicated virus known as T4
builds itself. In the process they have
figured out a way to isolate various
~= parts of the virus and then put them
together in vitro (in an artificial environment) to form the
finished, active virus. A report of their work, “How to
Build a Virus,” is on pages 14-16.




I've worked hard for success
but I've never been a slave to my joh--

& S s

“I'm the kind of guy who likes to be
independent. That's what attracted me
to the insurance business. As a Mass
Mutual agent I have the freedom I
crave. I can organize my working hours
to allow me to spend time with my
family in our cabin in the High Sierras
and to accept various speaking engage-
ments across the country. I'm able to
devote hours each week to serving as a
bishop in the Mormon church. I have
time for the Santa Ana Junior Chamber
of Commerce and our local Boys' Club,
and to teach an insurance course at
Santa Ana College. I'm not a slave to
my job in any sense of the word.

“"But don't get me wrong. When I work,
I wotk hard. I prefer to see clients
right here in my office. I've found that
this gives me much more time to be of
service to them. I feel my first duty is
to show my clients what life insurance

says Thomas L. Thorkelson, C.L.U., Santa Ana, California

can do and how imporrant it is to an
over-all financial plan. Once this is
done I help them set up a suitable plan
to fit their own individual needs. This
involves more than advising them on
types and amounts of life insurance.
Quite often I find this means calling in
their lawyer to advise them on related
matters, or suggesting they contact a
broker about investing extra cash they
may have on hand.”

Tom Thorkelson is a 1954 Business
Ad graduate of the University of South-
ern California who has been a Mass
Mutual agent for seven years. He earned
the Charrered Life Underwriter Desig-
nation from the American College of
Life Underwriters during his first three
years in the business—qualified for the
industry’s National Quality Award for
the past three years—has been a mem-
ber of the Million Dollar Round Table

for the past six years—and is a member
of our Company’s Inner Circle, the ex-
clusive group of those who place $2
million or more of new individual life
insurance in a yeat.

He is one of the highly skilled group
of professionals representing Mass
Mutual, a Company over a century old,
with $3 billion in assets. If you're look-
ing for the kind of freedom in your
career Mr. Thorkelson has found in his,
write a personal letrer to: Charles H.
Schaaff, President, Mass Mutual, Spring-
field, Massachusetts, He is always in-
terested in hearing from a good man.

MASSACHUSETTS MUTUAL
LIFE INSURANCE COMPANY

SPRINGFIELD. MASSACHUSETTS « ORGANIZED 1851 k i



Ready for engineering growth?

Check the fields of interest to you,
and AiResearch, Phoenix will do the rest.

Turboprop engines for business
and military aircraft

Nuclear turbo-electric power
systems for space

Valves and control systems for
space vehicle boosters

Gas turbine propulsion systems
for high-speed rail cars

You can build a rewarding career in these and other
exciting growth fields at AiResearch, Phoenix. Our
training program lets you immediately apply your
education in laboratory, preliminary design, and
development projects. Then, you are assigned to
an engineering team working on a project compat-
ible with your interest and aptitudes.

At AiResearch, Phoenix, you can tackle problems
in the design of high-temperature or cryogenic
valves; work on secondary power systems for tran-
sonic, supersonic, or hypersonic aircraft; advance
the state of the art in turbomachinery; or help
develop sophisticated systems for missiles,
boosters, or manned spacecraft.

Interested? Fill in the coupon. We'll send you
all the facts about AiResearch, and let you know
when our representative will visit your campus.

N

Onboard turbines and control
systems for jetliners

Gas turbine energy plants
for on-site power

Mr. Larry Derksen

AiResearch Manufacturing Company

Division of The Garrett Corporation
402 S. 36th Street, Phoenix, Arizona 85034
Name

Home Address
City
College or university
Degree: [1BS [ MS

| am interested in the field of:
[] Turbomachinery

State Zip

[1 PhD Graduation date

I am interested in this type of
work:

[1 Preliminary design

[1 Mechanical design

[} Development

[] Testing




JOIN THE
IDEA CORP

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

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

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

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

T. F. Wade, Executive and Professional
Placement, NCR, Dayton, Ohio 454089.

An Equal Opportunity Employer.

THE NATIONAL CASH REGISTER CO. ®



Now she’s a nurse...for real...at General Mtrs.

There was a big difference be-
tween playing nurse and Wilma
Marsh's first day as a nurse's
aide at St. Joseph’'s Hospital in
Flint, Michigan. When ordered to
give a patient a bath, she fainted.
Coming out of it, Wilma heard the
doctor'sremark, "'Thiskid is never
going to make it as a nurse."

General Motors is people making better things for you.

That's when she made up her
mind. “Wilma will make it!"”’

That was some 12 years ago,
and Wilma has been in nursing
ever since. Upon graduation from
St. Joseph’s she worked there
for about 10 years. Now she’s
a full-time nurse at one of the
Buick plant’s 12 medical stations.

Wilma Marsh was a“nurse”when she was seven.

Her work is providing on-the-
spot nursing service to employes
with medical problems. Like all
GM nurses, Wilma works under
a doctor's guidance. She is well
trained, capable, experienced and
dedicated to her profession.

Nurses like Wilma Marsh are

very special people at GM.
GM

MARK OF EXCELLENCE




Career on Your Mind?

Think Future. Think Celanese. If you're ambitious, flexible,
and imaginative—and if you're well trained in chemistry,
chemical or mechanical engineering, physics, marketing
or accounting —you're our man.

Why Celanese? You'll be working for a company that's grow-
ing fast—and “plans” to keep growing. 1965 sales rose
more than 25% to about $900 million. Our future “planned”
growth depends on our ability to attract top-notch people
who have the drive and desire to aim for that second billion.
What makes you tick? Responsibility. Authority. Profes-
sional Recognition. Financial Reward. We know of no other

company better able, or more disposed, to satisfy these
needs. Working with Celanese, you'll have the chance to
grow and broaden quickly.

Sound good? If you feel you can perform in our demanding
environment, it should. Discuss us with your faculty and
Placement Office now, then plan to see our representative
when he is on your campus—regardless of
your military commitments. Or write to: John
B. Kuhn, Manager of University Recruitment,
Celanese Corporation, 522 Fifth Avenue,
New York, New York 10036. CELANESE

AN EQUAL OPPORTUNITY EMPLOYER
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A distinguished educator examines the past and present responsibilities

of higher education and thoughtfully answers the question:

'WHOSE UNIVERSITY?

by Rosemary Park

“Whose University?” is an old and recurrent
question which arises when the power structure of
society changes or when religious and philosophical
viewpoints shift. No one today would wish to deny
that ours is a changing society in all its aspects.
Therefore, the university’s relation to society—in-
deed, the very structure of the university itself—
may demand some re-examination. ~

A few brief historical observations will serve as
background for my attempt to answer this perennial
question. ’

‘Most of us know that of the first universities some
were controlled by students and some by faculty.
But all which aspired to more than local recognition
were licensed by the church or by the state, that

is, by either ecclesiastical or political authority. .

This relationship of the university to the state has
been a continuing one, which has provided on oc-
casion protection for the academic group from op-
pression by the community, but on other occasions
has exposed the university to undue influence, even
to exploitation by the state itself. Nevertheless, the
university has successfully maintained its right to
set its own aims within its own constitiiency. Nor
has the state ever desired or attempted to force
citizens into the academic life.

Throughout its existence the university has con-
tinued to be a voluntary association of members
whose aim is the establishment or the discovery of
truth. At times I think we would all agree this aim
has been. poorly stated and misunderstood. Erup-

“Whose University?” has been adapted from a lecture given
by Rosemary Park at Caltech on February 23. Dr. Park,
president of Barnard College who will become vice chan-
cellor for educational planning and programs at UCLA in
June, spent three days on the Caltech campus last month
as a YMCA Leader of America.
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tions within the university and tensions without
have made the historical account of universities a
very lively topic. Through it all, however, argumen-
tation and revolt seem to have arisen, not because
men doubted the university’s aim was sound, but
rather because the evidence for truth itself had.
shifted. ‘

It takes some courage to enunciate these very
general statements today since we are all apt to be
concerned more with information than with struc-
ture or meaning. Nevertheless, in full awareness of
the danger, I shall proceed to make one or two more
such statements, '

In medieval times, when the universities first
arose, truth was primarily determined by the study
of revelation as contained in the Scriptures, and as
interpreted by councils of the church, through
which, it was believed, the Holy Ghost spoke. The
agent of this study was human reason, implanted in
man by an omnipotent and an omniscient deity.
This was a closed system, built on a faith in this
omnipotent deity. It was also a system which re-
quired a great deal of human reason, as reason en-
deavored to explicate the truth of revelation.

Time passed, and the power and the authority of
the church declined. Concurrently, there was in-
creased confidence that human reason was capable,
without revelation, of discovering the truth about
the universe and about man. Characteristic of these
new times was the statement of a German critic,
Gotthold Ephraim Lessing, that, had some deity of-
fered him a choice between absolute truth and the
pursuit of truth, he would have chosen the pursuit.

Within universities and among the philosophers
and scientists, who at that time were often the same,
a method of study gradually developed, founded

9
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Unscheduled talks with students are just as much a part of Rosemary Park's visit to Caltech as her scheduled lectures.

on the assumption that the universe may be compre-
hended by man’s reason alone, This so-called scien-
tific method led to extraordinary discoveries in the
physical world, and these successes in turn tended
to establish the conviction that the only acceptable
evidences for truth were the results of the scientific
method. It is, perhaps, a slight overstatement to
maintain that this method became as absolute in
its claim as the dogmas of the church at an earlier
time. If it was not approved by the church council,
it was not true. If it was not the result of the scien-
tific method, it was not true.

The basic difference between these two positions
is that one operated within a closed system, con-
trolled by an omnipotent and omniscient deity, the
other in an essentially open system. I mean by this

10

that we cannot know in advance what the scientific
method may bring to light about the universe and
man. We cannot be sure, therefore, that this knowl-
edge may not be destructive for man. And since
there can be no assurances that the method and its
evidence for truth will be favorable to man’s exist-
ence, to pursue truth by this method requires not
only honesty and accuracy but a kind of courage to
face the results of investigation with equanimity.
Under the older system, in the words of the New
Testament, the truth made men free. Under the
modern one, the truth might also destroy. Indeed,
it became clear that neither the religious, social,
political, nor economic structures of a society could
count on support from the universities if their claims
differed from the evidence produced by the scien-

Engineering and Science



tific method. It is significant that the older system
spoke of “error” and the newer speaks of “failure.”

Since error could lead to eternal damnation, its
existence implied moral as well as intellectual weak-
ness. Failure, on the other hand, meant nothing
worse than disappointment—an indication that the
second, third, or even fourth try should be under-
taken, no value judgment having been made. The
critical spirit of this new method dissociated itself
for the most part from moral judgment and proved
a firm ally in undermining the traditional structures
of an aristocratic and feudal society.

The scientific method had results other than the
shaking of the traditional beliefs about man and his
world. The facts it discovered about the universe
could be exploited technologically, and in time they
produced an affluence hitherto unknown in any
society. In proper concern for the physical welfare
of its citizens, the secular state encouraged the es-
tablishment of universities, so that knowledge might
increase and be applied to raising the material well-
being of the community. Thus, the university be-
came the courted handmaid of economic and poli-
tical interests, while at the same time it was sus-
pected of subverting many of the traditional values.

Since the university’s production of knowledge
continued to bring wealth and health to increasing
numbers of people, it was natural that the possibili-
ty was-examined of encouraging the material ad-
vance which the university made possible, but of
containing, somehow, the havoc which its knowl-
edge wrought in religious, political, and economic
orthodoxies. In very recent times, some govern-
ments have forcibly intervened to this end and have
dared to prescribe the areas and the results for
which the university was to be responsible.

This was a time of martyrs, such as the university
had experienced occasionally before and not unlike
the ages of persecution the church had known in its
history. In Russia and Germany, the state endeav-
ored to define the university’s aims and to subvert
the search for truth as determined by the scientific
method. Persuasion and violence were used to en-
list the university’s support in sustaining a given
ideological structure.

To some areas of the university instruction and
study, this imposition of new aims from without did
not seem to matter, because the knowledge these
disciplines produced under the scientific method
did not impinge upon the ideological or traditional
value area itself. The specialized learning of the
times permitted a man to work with good consci-
ence in his laboratory or at his desk, while the so-
ciety about him collapsed. Some men suffered for
their convictions about the nature of truth and evi-
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dence. Others, almost equally honest and accurate,
continued their investigations using this same meth-
od, but untouched—or at least unmoved—by the de-
struction of their colleagues.

Some of us remember these times. In Germany,
the social, political, and economic structure had
been eroded from many causes. The university was
forced to support a desperate and evil system and
was given no choice except such as it had convic-
tions and power to enforce. But on political and so-
cial issues there was no single conviction. Instead,
there were voices within the university from the ex-
tremes of right and left—some, too, from the center.
The university, then, could not honestly speak with
one voice. It had no power except through extra-
university channels, and these were blocked by dic-
tatorship.

Of immense significance is the fact that, at this
point in time, many people expected the university
to be a bulwark of strength against the evil of the
times, and the university was not. It could not be.

The problem for us today is not very different in
kind, though perhaps it is in degree. The universi-
ties are the most influential centers of modern intel-
lectual life. They supply the knowledge which un-
dergirds our economic and governmental system.
Without them our civilization would freeze in its
present form and atrophy into the timeless fellahin
culture Spengler foresaw for those civilizations in
whose midst great decisions are no longer made. To
avoid such a withering away, the scientific method
must continue to increase basic knowledge, to chal-
lenge yesterday’s solutions, and to dredge up the
forgotten and unobserved facts which can under-
mine confidence in the accepted answer.

But what about the pattern of society w1th1n
which this university exists?

As the knowledge explosion becomes a common-
place, I think I hear people saying to our universi-
ties: If you know so much, why don’t you know
more? This is a very moving question, because it
arises from the same kind of need which had raised
hope in Hitler's Germany that the university could
resist. With us it is not resistance which is required,
but vision. Our community has not disintegrated
like the middle European world of the thirties. But
many of our young people are alienated from, or
neutral toward, their society. They press the uni-
versity to take a stand, to define the good life, to
say what should be done to create justice. And in
answer we talk to them about honesty in observa-
tion, care and accuracy in tabulation, and courage
in facing the results—all these things which charac-
terize our method for ascertaining truth.

The question we need answered is not “How can

11



we do?” but “What should we do?”

To these questions the university seems to reply
that such things are practical matters which each
man must decide for himself as best he can. This is
an honest answer. It overlooks the fact, however,
that there is no other institution today which can
give a reply. When the church answers, it does so
from different presuppositions, and it is an institu-
tion with the weight of the past great upon it. The
family can speak of what was, but it is at best un-
certain about this new generation which—though it
is inexperienced—finds it relatively hard to listen
and yet is seldom at a loss for an opinion.

The university must, nevertheless, take the ques-
tion of priorities and goals seriously and must study
in all humility and earnestness its resources for re-
sponding. It has an honest method for ascertaining
truth. It has men and women whose integrity in the
use of this method is beyond reproach. It knows
too that it deals primarily with intellectual matters
and can observe that the questions at issue today
come from a different sphere of experience, in which
the scientific method may not now be productive.
At least no one yet maintains, I believe, that the sci-
entific method can establish ethical priorities.

In this dilemma the university might do well to
remember a famous distinction of Plato’s, the dis-
tinction between truth and right opinion. Experi-
mentation as an essential aspect of the scientific
method can validate truth. An experiment is re-
peatable. It follows that truth, once proved in this
way, can be demonstrated at will before any audi-
ence. Right opinion, however, can only be commu-
nicated. It is not founded on logical structure or ex-
periment; it is not the product of the scientific meth-
od. It seems to me, however, that those who have
studied and learned—and have the courage to face
the results of their experiments, as the scientific
method requires—are best able to express opinions
on matters which may not be susceptible to their
kind of proof.

On social and moral priorities the university itself
will seldom be able to take a stand, because these
priorities are not subject to establishment by its
kind of evidence. This does not mean that teachers
and learners should not express opinions, provided
that they are mindful of the tests these opinions may

be subject to and of their commitment to accept the

results of these tests, even when they upset a
dearly-loved position.

Plato said that right .opinion was a gift of God,
which implies, I think, that not all opinions ex-
pressed will be right opinions. It is a weighty respon-
sibility to give opinion. And yet, I believe we must
answer when questioned, making it clear that what

12

we say is opinion and not truth—that it is our opin-
ion and not the university’s. To speak in this fashion
takes courage not unlike the courage required to
face the results of scientific experimentation.

The university itself must stand for truth in the
highest form. This means that it cannot take a posi-
tion on all matters which are of ultimate concern to
us as a society and to us as individuals. On those
matters the man and women who belong to the uni-
versity must feel free to speak, and the university
must exert itself to see that they are free. Conse-
quently the university will abound in personal state-
ments, some of which can be tested by our methods
for discovering truth; the rest will remain opinion.

Does this mean that the vision we seek cannot be
expected from the university, except as informed
opinion, and that the university can no more see
ahead in our time than it could defend itself from
the attack of a desperate society under Hitler? To
answer this question a little more clearly I must
make a concession. I have so far concentrated on
those aspects of the scientific method which are in-
tellectual and critical, which concern the examina-
tion of data and the verification of conclusions. This
was the revolutionary aspect of this form for truth.
I have overlooked, however, an essential aspect of
the method—namely, the setting of the stage for the
experiment, the establishment of the hypothesis.

I have said that our need today is for vision and
not for resistance. It should not be forgotten that the
kind of knowledge which we foster at the university
begins with a supposition, an imaginative assump-
tion: Suppose this were true; what would follow?

Most students probably never experience the joy
or the excitement of setting up these assumptions
in their undergraduate science instruction. And so
they need to find creative experience, perhaps in
other areas, if they are to develop and stretch their
imaginative capacities. Out of this experience of set-
ting the hypothesis, and with the help of men and
women of right opinion, some of the questions di-
rected at the university can be responded to for a
a while. These answers, however, can be nothing
more than hypotheses, because they are subject to
further examination and observation. We can act as
if the hypothesis were true. We can act as if justice
were possible, as if love as well as logic were built
into the structure of the universe. But I do not think
we can prove that these things are so by the only
method available to us today. _

The university provides us a method which is not
totally applicable to all human experieuce. Some of
us believe that ultimately it may be. This is a kind
of faith and one which has moved men to great

sacrifices. The power to set the hypotheses for the

Enginzering and Seience



future is within the university’s capacity, and we
need only to strengthen this power in our students.

Today students have learned our critical tech-
niques too well, and in a kind of frustrated idealism
they have turned this knowledge against the one
social institution which could help them find a juster
and a more honest world.

So then, whose university is it? My answer will
be equivocal at best.

The university belongs to no one—not to the stu-
dents, who seek to remold it, perhaps before they
have honestly examined it; not to the faculty, whose
studies and investigations demand so much atten-
tion in the midst of the present explosion of knowl-
edge; not to the administrators, who try to preserve
its freedom amid the pressures from within and
without; not even to society, which is called to sup-
port it at ever increasing cost and which succumbs
periodically to the temptation to make it serve not
truth but the establishment.

While all this is true, I believe that if any of these
groups ceases to need the university or to care about
it, it could wither away. They are all essential in-
gredients, but not in themselves controlling factors.
The university is like the church which preceded it:
an institution which directs its attention beyond
the immediate present and beyond the existing so-
ciety. It attempts to prepare students for the future,
a world it cannot know. Its faculty are producing
the innovations which will change the present. Like
the church, it must be autonomous and free from
the control of those who may wish it to serve some
other cause than the discovery of truth. Unlike the
church, however, it does not condemn in perpetuity.
It may fail to make its method clear. It may not find
men of right opinion who address themselves to
present issues fearlessly and with serious purpose.
Society may succeed in forcing it to undermine its
discipline for a time, but when the threat of violence
is removed, it returns to its original purpose.

Society may fear the unfettered search for truth
which is the university’s program, but unless it sup-
ports the university on the university’s terms, it can-
not be assured of the innovations a university pro-
gram makes essential for its continued develop-
ment. The church relied on her power to bind in
heaven and on earth. The university has no such
ultimate power, nor the desire for it. Its more mod-
est aim is to be the primary instrument for growth
in the society—by furnishing a method for arriving
at truth and by offering, in addition, a place where
opinion and hypotheses about the future can be
presented and examined with courage and imagi-
nation The university, therefore, is an institution
which belongs to no one but is essential to all.
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In providing for his daughters,
John B. Kelly stated in his
will that what he was about to
give them would “%elp pay
dress shop bills which, if they
continue as they have
started under the tutelage of
their mother, will be quite
considerable.”

For information on how you can
provide for Caltech and pay for the
dress shop bills as well, contact:

WILLIAM C. CASSELL
DIRECTOR OF INCOME TRUSTS AND BEQUESTS
CALIFORNIA INSTITUTE OF TECHNOLOGY
1201 E. CALIFORNIA BOULEVARD
PASADENA, CALIFORNIA 91109
OR PHONE: (213) 795-6841 [Tg
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HOW TO BUILD A VIRUS

Caltech biologists take an exciting step forward in genetic

research by constructing a virus in the laboratory.

Two Caltech biologists have figured out the or-
derly sequence of steps involved in the reproduction
of a virus and have duplicated this reproduction in
the laboratory. Robert Edgar, professor of biology,
and William Wood, assistant professor of biology,
have put together the virus known as T4, a larger

Sl 4
The heads, tails, and endplates of these T4 viruses can
be clearly seen in this photograph taken with an elec-
tron microscope. The tail fibers are also visible. Mag-
nification is about 200,000.
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and far more complex virus than the first one created
in an artificial environment (tobacco mosaic virus)
by biologists at Berkeley ten years ago. Drs. Edgar
and Wood based their work on previous investiga-
tions by Edgar and collaborators at the University
of Geneva.

T4 consists of a head, which contains DNA (the
blueprint for reproducing the virus), and a rather
complicated tail. The body—head, collar, core,
sheath, endplate, and fibers—is no more than a
fancy syringe for protecting the DNA and getting
it inside another cell. Once the DNA enters the
other cell, the machinery of the host translates the
plans encoded in the virus DNA into new, finished
viruses. In the case of the T4 virus, the host cell is
E. coli, a harmless, common bacterium found in hu-
man intestines.

Inside the E. coli the T4 destroys the DNA of its
host, allowing its own DNA to take control of the
cell. The host cell then starts producing about 100
different kinds of proteins needed to make more T4.
After about 30 minutes the cell, filled with T4 virus-
es, bursts, liberating about 100 live virus particles.

To learn how T4 is assembled, Dr. Edgar and his
collaborators at Geneva had to determine the roles
played by individual viral proteins. They knew that
one way to do this would be to prevent the T4 from
making one particular protein, then let the T4 in-
fect a host cell, and observe the consequences of
the infection. Since the proteins are made by genes
(which are segments of the DNA that encode in-
formation ), a mutation in one of the 100 genes of T4
could block production of a protein. For example,

Engineering and Science
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To reproduce itself, T4 uses its tail fibers to attach to an
E. coli bacterium, then contracts the sheath, which in-
serts the core through the wall of the host cell. DNA

stored in the virus head is then injected into the E. coli.

if the DNA had faulty instructions for making a
particular protein of the virus head, one might ex-
pect that when the host cell burst, tails—but no
heads—would be liberated by the host cell.

But this kind of typographic error in the DNA
code would be the end of the line (or “lethal”) for
that virus, because it would be unable to reproduce
itself further. Since it is necessary to culture a par-
ticular mutant strain through many generations,

the scientists had to employ “conditional” lethal
mutations—those that are lethal only under certain
conditions, which can be controlled.

An example of a conditional ( but not lethal ) mu-
tation is found in the Siamese cat, which has a gene
that controls an enzyme that makes black pigment.
But the enzyme that is made is sensitive to tempera-
ture, so the pigment is only made in the extremities
of the cat’s body, where the body temperature is
slightly lower than in the rest of the body. Hence,
the cat has black ears, tail, and paws. This is known
as a temperature-sensitive mutation. Obviously, if
that mutation had affected proteins that were neces-
sary for reproduction rather than for pigmentation,
then they would be conditional lethal. This is but
one example of many kinds of conditional lethal
mutations which exist.

Because natural mutations occur infrequently,
the T4 virus was treated with chemicals to increase
its mutation frequency, and a large number of con-
ditional lethal mutations in T4 were found. These
mutations occur randomly among the genes of the
virus, and the mutations serve as “tags” for the dif-
ferent genes. The mutations can be sorted out by
a variety of different tests and the relative locations
of the different tagged genes determined.

To find out what a specific gene does in the proc-
ess of making T4, Dr. Edgar allowed viruses that
were defective in that gene to infect bacteria under
conditions where the gene would not work. He then
found that in one case no virus DNA was made after
infection, suggesting that the defective gene was
involved in making the DNA. In other cases he

The infection of L.
coli by T4: (a) Before
infection—white areas
are DNA of the

E. coli; (b) After
infection—DNA of the
T4 destroys DNA of
the E. coli; (¢c) DNA
of the T4 replaces
DNA of the E. coli—
the infecting particle
is still attached to the
cell wall at the upper
left; (d) Black spots
are newly formed T4;
(e) T4 continues to
form—about 30
minutes after the
original infection, the
host cell will burst,
liberating the new T4.
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found that the bacterial cell burst open and liber-
ated only heads, or only tails, or perhaps heads and
tails not connected.

About 70 different genes in the virus have been
identified so far; Dr. Edgar estimates that this is
roughly half the total number of genes. This repre-
sents a considerable knowledge of the genetics of
T4, considering that only about 100 of perhaps
100,000 human genes are known.

Eventually a genetic map evolved showing the
specific or general functions and the relative posi-
tions of the identified genes on the DNA. It sur-
prised Dr. Edgar to find so many genes (about 45)
that seemed to be concerned with building the
virus. Although complex, the virus appeared to be
composed of fewer than 45 different proteins, Clear-
ly, the construction of the virus was a more com-
plex process than had previously been envisaged.

To learn more about how the virus used so many
genes in its assembly, Drs. Edgar and Wood de-
cided to use the various mutants as a source of virus
parts and try to build a virus outside a host cell.
They began by taking virus particles which, because
of a specific mutation, lacked tail fibers, and mixed
these defective particles with an extract from E. coli
cells infected with another mutant chosen to pro-
duce the tail fibers bu