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Introduction

OWA STATE COLLEGE in 1958 celebrated the Centennial of

its founding. The act which created the College was
passed by the Seventh General Assembly of Iowa, and signed
by Governor Ralph P. Lowe, March 22, r858.

The Centennial observance consisted of four main
parts. On March 22, 1958, a convocation was held in the
College Armory, to which the public was invited. In the
academic procession to the convocation were representatives
of the other Land-Grant Colleges and Iowa fouryear col-
leges and universities, as well as several other Midwestern
state universities; representatives of learned societies cover-
ing the various disciplines of the College; members of the
Faculty Council and the Administrative Board and Depart-
ment Heads, representatives of the student body and of the
alumni classes.

Following the Convocation there was a luncheon for in-
vited guests in Memorial Union.

On the next three days a series of academic symposia

(7]
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within the various disciplines of the College was held at
Memorial Union.

Third phase of the Centennial was at the student
Veishea festival and open house in May, when themes of
the exhibits and the parade were keyed to the Centennial.

The final major event was the June Commencement
when activities in connection with graduation and alumni
events centered around Centennial matters.

This volume records the words of the chief speakers at
the March 22 ceremonies and the academic symposia which
followed.



FOUNDERS® DAY PROGRAM
Saturday. March 22, 1958

9:30 a.m. Academic Procession to College Armory
ConNvocATION IN COLLEGE ARMORY
Dr. James H. HiLToN,
President of lowa State College, presiding
9:30 a.m. Prelude

10:00 a.m. Processional—-Grand Triumphal March . Guilmant
Singing of ““America,” led by ToLBERT MAGRAE
Invocation: THE Rev. LERoy S. BURROUGHS

Greetings:
HEerscHEL C. LOVELESS,
Governor of the State of ITowa
Harry H. HAGEMANN,
President of the Iowa State Board of Regents

Conferring of Honorary Degrees

Address:

Dr. James L. MoRRILL
President of the University of Minnesota
“The Unchanging Challenge—Lest We Forget”

Benediction

Recessional—International Accord . . Golman

(Music by the Iowa State College Concert Band under
direction of Frank Piersol.)

1:00 p.m. LuNcHEON IN MEMORIAL UNION
Dr. James H. JENSEN,
Provost of Iowa State College, presiding

Invocation: THE REv. G. S. NicHOLS
Address:
Dr. VirciL M. HANCHER,

President of the State University of lowa
“Higher Education in Iowa”

Dr. Hioton—"Closing Comments”






The Centennial

Founders’ Day Convocation






The Hon. Herschel C. Loveless Wel
Governor of the State of Iowa ecicome

I[T IS A DISTINCT PLEASURE as well as a privilege for

me, as Governor of the State of Iowa, to extend an offi-
cial welcome to the distinguished visitors and friends of the
Iowa State College on this occasion. The state of Iowa is
honored by your participation with us in the observance of
the 100th anniversary of the establishment of this institution.

It is entirely fitting and proper, as we mark the first
century of service by Iowa State College, to pause and eval-
uate the accomplishments of the College and to renew our
determination that it shall continue to contribute to the
welfare of the people of Iowa, the nation, and indeed the
world.

During the past century, Iowa State College has achieved
many distinctions. It was the first institution in the nation
to comply with the provisions of the Morrill Act establish-
ing it as a land-grant college; the College was also the first
land-grant college to be coeducational, and the first insti-
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Harry H. Hagemann

President of the State
Board of Regents

Remarks

][ HAVE THE HONOR to bring you greetings from the

Board of Regents on this very special occasion — the
Centennial of Iowa State College — which marks 100 years
of distinguished service to the state of Iowa, to the nation,
and to the world.

There are reasons to rejoice and be grateful for what has
been achieved without forgetting the needs ahead.

Iowa State now has an enrollment of 9,000 to 10,000, and
by 1970 the enrollment will exceed 16,000. Now is the time
to take inventory, to take a good look around, and see where
we are and where we are going.

The big question is: Will Jowa meet the challenge and
continue to provide opportunity for higher education re-
gardless of social and economic status? There are no easy
solutions and there are many critical needs.

A few of these needs are:

1. The library of Iowa State College was built in the ’20’s

L]



18 Commemorative Papers

to accommodate an enrollment of less than half of the

present enrollment.

2. Even now the present classroom space is over-taxed.
3. Wartime temporary barracks have worn out.

4. Buildings for research are urgently needed.

And there are many other pressing needs.

This is your College — an excellent faculty, a fine student
body, a generous alumni body — all interested in this Col-
lege. The future of Iowa State College depends upon you
— your continued support and interest and your aggressive
leadership.

I congratulate all of you on this Jowa State Centennial.



James L. Morrill The Unchanging
President, Challenge=Lest
University of Mi ¢

nwersity o mnesota we Forget

][ AM VERY GRATEFUL to President Hilton, not only

for the kindness of his introduction, but more espe-
cially for the honor and privilege of participating in this
significant Centennial celebration by his invitation. We
have served together, he and I, to my own profit and in-
struction, in the work of the American Association of Land-
Grant Colleges and State Universities, whose cordial greet-
ings and congratulations I have been designated officially
to bring to this distinguished occasion; in the Midwest Uni-
versities Research Association; and in other shared assign-
ments.

My warm regard and high respect for President Hilton
bring the remembrance of his two immediate predecessors,
Dr. Charles E. Friley and Dr. Raymond M. Hughes, whose
friendship and association I was likewise privileged to enjoy
— dating back more than 30 years in the case of Dr. Hughes

[19]
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whom I came to know and admire during his presidency
of Miami University in Ohio, my native state.

Both of these, devoted leaders in their day and time, let
me likewise salute with sincere regard and esteem.

Our minds turn back in an event such as this, and rightly
so, even though the proud record of this institution’s accom-
plishments during its first century “is but a prologue to what
lies ahead,” as President Hilton has written. The Earl of
Birkenhead, high steward of Oxford, once prayed the gods in
an earlier day for “one endowment, one precious gift: the
bump of veneration.” I am mindful of that prayer today.

How curious the contrast between institutions and in-
dividuals! — the institution so proud of its years, the indi-
vidual almost apprehensive as his birthdays continue to
come.

The difference, I suppose, is in the faith of educational
institutions, among all others, that their indispensible task
is never done; that they must go forward eternally, yet look-
ing back, on such an occasion as this, to keep sure and
straight the line of march.

Each of our colleges and universities is inspired by its
own history and traditions. I must confess to envy of the
Jowa State “firsts” in its fascinating “Chronology of Im-
portant Events of the First 100 Years” which President Hil-
ton sent me. Iowa, the first state to accept the provisions
of the Land-Grant Act of 1862; this institution the pioneer
of agricultural engineering as a profession and the first to
establish an “experimental kitchen for home economics;”
likewise the first veterinary medical school in a state-sup-
ported college; your Earle D. Ross the first authoritative his-
torian of the land-grant system — the list is outstanding and
impressive, indeed.
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And that ancient “Victory Bell” of yours — the like of
which we need so sorely in Minnesota athletics just now!
Like several other land-grant colleges, you have a “Morrill
Hall.” There is none such at Minnesota, although some-
time there may be if our University continues its custom of
naming a building after each of its retired or deceased pres-
idents.

Even so, the name at Minnesota could not carry the de-
served honor, as it does here, of the revered author of the
Land-Grant Act. It would have another meaning at Minne-
sota, if a suggestion I've made is accepted. We're going to
build a new Chemical Storehouse on our campus. Because of
the ever-present danger of an explosion in such a structure,
it is being designed with one weak wall which would blow
out instantly to relieve the pressure on its inmates in the
event of such an accident. What with the way things happen
to college presidents sometimes, it occurred to me “Morrill
Hall” might be a good name for it.

* * *

The Unchanging Challenge — Lest We Forget!

It is vital in the climate of this Centennial, surely, draw-
ing strength from the past, facing forward to the future.
Our time seems a specially changing and confusing one.
But this is nothing new in the history of American higher
education, which has come upon crises before, and, in the
land-grant instance above all others, has evolved to respond
to the nation’s needs.

Ten years ago, at the beginning of the post-war period,
the implications of which now so much more seriously sur-
round us, I tried to discern the larger meaning of the his-
toric land-grant challenge.

“Institutions are society’s organized response to the needs



22 Commemorative Papers

of the time in the period of their establishment,” I remem-
ber writing at that time. ““The varying types of colleges and
universities bear witness, historically, to this truth,” I wrote
—and then went on to say:

“In all the long tradition of higher education, ancient
and modern, in the Western World, the land-grant college
has been unique. It created what has been described as ‘the
most comprehensive system of scientific, technical and prac-
tical higher education the world has ever known.” American
university research was an adaptation of the German genius.
Commitment to the liberal arts (with the American inven-
tion of the four-year liberal arts college) was the heritage of
the medieval universities and the Renaissance, transmitted
to our shores through Oxford and Cambridge.

“America’s needs were new and different, practical and
urgently immediate to meet the requirements of an expand-
ing democratic and economic order. They required a wider
curriculum and a more democratic widening of educational
opportunity. The land-grant institution provided the neced-
ed response:

“Not only ‘liberal’ but ‘practical’ education. Not only
the traditional scholastic and professional subjects in the
combined land-grant state universities, but workaday agri-
culture and the mechanic arts brought into the academic
environment — gaining dignity and academic acceptance
and the methodology of science and scholarship thereby,
contributing the challenge of useful relevance to a concept
of culture too remote from the problems of daily life and
work.

“Education not only for men but equally for women.
The opportunity of learning, not just for a well-to-do or in-
tellectual elite but for all who must carry the burdens of
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citizenship and productive service in a great and growing
nation.

“These,” I said then and would now repeat, “have been
the goals of the ‘land-grant idea,” richly realized, changing
the whole character of American higher education, enrich-
ing the strength of the democratic ideal.”

And 10 years ago I raised the question which seems to me
today ever more significant than then:

“Has the land-grant college any longer a special func-
tion — other than in agriculture, perhaps? Has it still the
opportunity to pioneer? Because of widespread acceptance
and imitation of the land-grant idea and philosophy, have
our institutions fulfilled the ancient admonition to find
themselves by losing themselves? Do we still have the oppor-
tunity and the need for leadership, the land-grant leadership
that historically was ‘unique, distinct and indispensable?’

The pendulum swings: for every action, a reaction; for
most trends, a counter-trend.

You remember the trends that brought our institutions
into being: the rise of Jacksonian democracy, with what our
latest land-grant historian, Dr. Edward D. Eddy, Jr., has
called the “political credo” of “the supreme worth and
dignity of the individual” and the plea of old Jonathan
Turner of Illinois in the 1850’s for a “Common Man’s Edu-
cational Bill of Rights.”

Along with these, as Dr. Eddy says, “across the country
the free school movement had begun,” and “in this period,
too, came the important assumption that education was a
public obligation.”

Do you discern counter-trends today in the spurious
hysteria over the Soviet satellites with its overwhelming
emphasis on science and technology which a good many poli-
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ticians with no previously evinced interest in educational
support are now competing to capitalize — the counter-trend,
in the face of inevitably rising costs which will be required
to continue the provision for widespread educational oppor-
tunity for the larger numbers of American youth and to
face up educationally through teaching and research to the
incredible post-war explosion of knowledge — the counter-
trend, arising from these exigencies toward enforced tuition
increases in the public institutions?

The trend toward more restrictive admissions? The idea
that, after all, “mass education” has been a mistake and that
quality and quantity in American higher education are in-
compatibles? The actual notion, revived in some quarters,
that the time has come for a partial retreat to the ancient
academic tradition of the ‘“ivory tower” — argued more
especially just now in the demand for secondary school re-
forms?

Science and technology, to be sure, have been mainstays
of the land-grant program, but our job has always been more
than that. It has been all these years the mandate of the
Land-Grant Act “to promote” — without excluding other
scientific and classical studies (beyond agriculture and the
mechanic arts, and including military tactics) — ‘““to promote
the liberal and practical education of the industrial classes
in the several pursuits and professions of life.”

That mission has been accomplished magnificently, and
its challenge is unchanging! More than half of all World
War II officers for the nation’s defense, for example, were
commissioned through the land-grant R.O. T.C.’s.

In 1955 — the latest statistics I could locate — 38.4 per-
cent of all doctoral degrees awarded in the social sciences
by all American institutions were granted by the land-grant
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colleges and universities; 26 percent of all the doctorates in
English; 30 percent of all those in the fine arts; 20 percent
of all those 1n foreign languages, modern and classical.

Far more than a third of all students in land-grant in-
stitutions are enrolled in the colleges and divisions of liberal
arts and sciences, as they should be in a society with its need
of skills and leadership in all “the several pursuits and
professions of life.”

The current craze for just more scientists and technolo-
gists worries me, I must confess — remembering so well that
less than 10 years ago government statisticians warned us
we were training too many. The more so, with business and
industrial employment still declining and our memories of
the unemployed engineers in the 1930’s.

Today the fastest-rising enrollments in most of our in-
stitutions are in science and engineering, as you know. Dr.
Ralph F. Berdie of our Minnesota staff testified recently be-
fore a Congressional committee:

“In 1930,” he told the Congress, “the American popu-
lation was 123 million. In 1950 it was 151 million, an in-
crease of 23 percent. In those same 20 years the number of
undergraduates earning the bachelor’'s degree in engineer-
ing increased 575 percent! In 1930 we had only 12,000
scientists in this country with Ph.D.’s. Twenty years later,
as compared with a 23 percent increase in population, we
had 39,000 Ph.D. scientists — an increase of 225 percent.”

But this country needs more than scientists and engi-
neers. It needs all kinds of educated citizens. Striking in-
deed is the measure of what generous higher educational
opportunity has meant to qualified American youth trained
for all “the several pursuits and professions of life.” As
between the periods 1926-30 and 1946-50, with its popu-
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lation increase of a little over 20 percent, the numbers of
bachelor’s degrees given by all the colleges and universities
of the country increased from 551,000 to 1,421,000 — an in-
crease of 158 percent.

It was the “land-grant idea” that long since had opened
the doors! — the idea which former President Edmund ]J.
James of Illinois declared to be “the beginning of one of the
most comprehensive, far-reaching. . . schemes for the en-
dowment of higher education ever adopted by any civilized
nation.”

No American college or university of importance and
integrity, unless forced by failure of financial support, will
abandon the “idea of excellence” or the “pursuit of the
first-rate” in the effort to serve larger numbers. They will
cling to standards and strive to upgrade them.

But the land-grant colleges especially will remember, too,
the words of one of the “giants” of their tradition, Dr.
William Oxley Thompson, the beloved president of the
Ohio State University in my undergraduate days who served
for 10 years as president and chairman of the Executive
Committee of the Land-Grant Association.

“The tendency. . . to operate an institution for the sake
of maintaining standards is all wrong as I see it,” he said
somewhat testily one time when the charge of low standards
was hurled against the “cow colleges” in the earlier days.
“An institution,” he said, “is to be operated for the good
it can do; for the people it can serve; for the science it can
promote; and for the civilization it can advance.”

That purpose, too, we will not abandon without peril!

Actually, ‘“the true greatness of American higher
education is held aloft on the two pillars of quality and
quantity,” President C. W. de Kiewiet of the privately-
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supported University of Rochester (well-remembered, I am
sure, as a distinguished former teacher and historian at your
sister State University of Iowa) told an American Council
on Education audience not long ago.

Dr. de Kiewiet went further to warn against any imita-
tion by this country of the restrictive and selective phi-
losophy of higher education in Great Britain and the Con-
tinental countries. The infiltration of communism in
French political life and of socialism in British liberal poli-
tics he attributed in significant measure to the disappoint-
ment and sense of frustration among the youth of those
nations, deprived of the opportunity for advanced education,
without hope of finding a place in society suited to their
talents.

“What is missing in those countries,” he said, “is the
acceptance by universities of a proper responsibility to help
in the training of the student of good but not (necessarily)
first-rate ability. The ordinary American graduate, not the
first-class man who is headed for the top professions, but the
rank-and-file student, is the foundation upon which Ameri-
can industry is built. . . The American system of education
from top to bottom is the costliest in the world. It is waste-
ful of time and money, but as a great solvent which smooths
out incompatible social differences —and as a principal
architect of national coherence — time and money have been
cheap prices to pay.”

But this matter of money is critical for the citizens and
taxpayers of our states, we fully realize. For our institutions
this will be, increasingly, a time of test and trial in our
Congress and the state legislatures. It will also test the
understanding of our people; their understanding of the
indispensably productive meaning of higher education in
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the American social and economic order; the meaning of
100 years of Iowa investment in the land-grant enterprise.

President Eisenhower’s Committee on Education Beyond
the High School has spelled out the hard fact that the
present three-quarters of one percent of the nation’s gross
national product for the current annual support of higher
education won’t do the job for the predicted doubled en-
rollments 10 or 12 years hence. The Committee has said
to the American people that unless we are to retreat from
the American guaranty of educational opportunity, there
is no escape from a higher priority in private giving and
public expenditure for higher education: a higher percent-
age of the gross national product.

What with a presently reduced agricultural and indus-
trial economy, the tendency of some state legislatures to ex-
pect or enforce higher tuitions in the publicly-supported
institutions is understandable. But we need the reminder
that vast expenditures for federal and state scholarships,
which in some measure I believe to be socially sound, will
require still greater institutional costs, because in neither
the public nor private institutions can tuition be made to
cover the costs of teaching, research and required new
capital outlay for the oncoming larger numbers.

And we need everlastingly to remember that the greatest
and the primary factor in making higher educational oppor-
tunity widely available “has been that the people have
built and maintained public colleges and universities in
every state which young people can attend at comparatively
low cost,” as our Land-Grant Association Executive Secre-
tary, Mr. Russell I. Thackrey, wrote recently.

The land-grant challenge is unchanging. It is the new
and varied response which we must discern and contrive in
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the changing educational scene. No large aim is ever fully
accomplished. Persistence in old patterns — however valid
and resourceful in their day — is never sufficient for a future
which all too soon becomes the pressing present. This,
surely, is the land-grant lesson we have long since learned.

Truly there will be no retreat to any “ivory tower” of
the kind inhabited by that ancient Oxford don who pro-
claimed that the worth of knowledge lies in the degree of
its uselessness. Rather, we shall continue to believe that
“education is the acquisition of the art of the utilization of
knowledge” and that essentially “culture should be for
action, and knowledge for use,” as the philosopher White-
head said.

And surely we shall not draw back from the fight for the
same chance for our children and their children that the
youth of this generation enjoy.

The continuing shift from rural to urban and industrial
occupations inevitably will shift our earlier aims and
service. The enormous impact of science and technology
may require more scientists and engineers for the national
defense. But even more, 1 deeply believe, it calls for a
clearer interpretation of their meaning socially and politi-
cally, in the democratic process of decision-making for peace
or war. It calls for a closure of the cleavage between science
and the humanities which is of such concern in British higher
education, for example, and which in this moment of
overemphasis could become critical in our own country.

The trend toward intense specialization in every kind of
subject matter, the increasing abandonment of ‘“general
education,” so called, of which earlier we had such great
hope — these are more evident than at any time in my own
experience. In part they account for what has been called
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“the flight from the undergraduate,” the discouraging
divorce of science from the humane values taught in a
meaningful social context at the undergraduate level.

Our institutions are challenged, and are responding
generously and patriotically, to the wider dimensions of
international relations, and that is an encouraging example
of flexibility. More than half of the American colleges and
universities engaged in technical assistance and training in
foreign countries, sponsored by the federal International
Cooperation Administration, are land-grant institutions
which manage far more than half of the staffs and expendi-
tures overseas involved. This is understandable, consider-
ing how vital to the underdeveloped countries is the upgrad-
ing of their agricultural and industrial resources and what
the land-grant example of teaching, research and extension
has meant to our own.

The by-products of international understanding with its
prospect for a more peaceable and prosperous world are in-
calculable. Here, too, our institutions have risen to meet the
new and broader challenge of their time.

It is this flexibility of response to national and inter-
national needs that has been the land-grant heritage, and
its hostage to a larger destiny. It is the unperishable identity
of our tradition.

Let me quote to you the testimony of a discerning ob-
server:

“Great as the contribution of the land-grant institutions
has been in the past three generations, I venture two pre-
dictions. First, it is inevitable that in the immediate and
continuing future the responsibilities and scope of these
institutions are going to be immeasurably larger than they
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ever have been — not only actually but also in relation to
the other segments of our over-all educational system.

“Second, if the land-grant institutions should fail,
quantitatively or qualitatively, to play to the full the role
which destiny is assigning them, I doubt that we will have a
free society and a democratic form of government in the
United States a century hence.”

The speaker I have quoted is a native son of Iowa, the
perceptive publisher of our newspapers in Minneapolis, Mr.
John Cowles, speaking at the Pennsylvania State University
Centennial.

* * *

Our land-grant colleges are no longer a group apart
from the great and larger company of splendid institutions,
public and private, with whom we share the burden of the
day, we fully understand. Together, as partners with these,
we paint the glorious picture of “a whole land aglow with
colleges and universities, like a field with the campfires of
an army on the march,” in former Harvard President Abbott
Lawrence Lowell’s inspiring phrase.

We are but one current in the broad mainstream of this
country’s higher education, but it is a current deep and
strong. Our identity in the years ahead will be —as
uniquely as it has been historically — an identity of purpose
and service. It will be the precious purpose implicit in our
heritage.

All honor to the Founders on this day! — those pioneers
who saw so clearly the challenge to build for a better day.
From that unending commitment surely we are not relieved
today, despite the progress of a century.

And when we build, as John Ruskin once wrote im-
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mortally, “let us think that we build forever. Let it be such
work as our descendants will thank us for.

“And let us think, as we lay stone on stone, a time is to
come when these stones are held sacred because our hands
have touched them — and that men will say, as they look
upon the labor and wrought substance of them — see, this
our fathers did for us!”









Centennial Founders® Day Luncheon

March 22, 1958






Virgil M. Hancher Higher Education
President,

State University of Iowa in Jlowa

ON THIS OCCASION T have the honor and the privilege
of bringing felicitations and best wishes to the Iowa
State College from the American Council on Education, the
Association of American Universities, the Association of
TIowa College Presidents, and my alma mater, the State
University of Iowa.

It is no small thing for an institution of higher learning
to be founded on the open prairies of Iowa and within the
space of 100 years to reach a position of national and inter-
national distinction in the fields of science and technology.
Such a record of accomplishment in one brief century of
existence leads one to speculate what this institution will be,
indeed what all of our institutions will be, when this newly-
settled land shall be as old as Oxford or Paris or Bologna
or Rome or Athens.

We feel instinctively that we live in a time of decision,
in a time when new forces are impinging upon us whose

[37]
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effect cannot be clearly calculated — the impact of expanding
populations, the acceleration of travel and communication,
the astounding growth of new knowledge, the potential of
atomic energy and space machines. We feel instinctively,
and I believe rightly, that the decisions which we are now
making, and which we must make in the decades im-
mediately ahead, will have profound effect upon the future
of our state and of our nation.

The decisions to be made in higher education are no less
fateful than those in other fields. We have a dual system of
publicly controlled and privately controlled higher
education in the United States. In recent decades approxi-
mately one-half the students beyond the high school have
been in privately controlled colleges and universities and
one-half in publicly controlled colleges and universities.
However, the percentages and relationships vary from sec-
tion to section of our country. Along the eastern seaboard,
private colleges and universities were first established, and
they early achieved preeminence in scholarship, numbers,
and reputation. On the Pacific Coast, publicly controlled
higher education achieved predominance through a combi-
nation of overwhelming numbers and high scholarship.

As so often happens, we in Iowa occupy a middle ground.
Our oldest public and private institutions were established
about a century ago. Our youngest are very new. We have
approximately 50 institutions for general collegiate and
university purposes beyond the high school, having a com-
bined enrollment of approximately 47,000 students. The
three state-supported four-year institutions enroll slightly
more than 23,000 students; the four-year private colleges
enroll nearly 19,000; the eight private junior colleges enroll
about 2,400; and the sixteen public junior colleges enroll
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about 2,500 students. Not only are we fortunate in having
a fair distribution of enrollments between the public and
the private institutions; we are fortunate, also, in having
both public and private institutions that rank high among
the colleges and universities of the nation.

This happy state of affairs, however, is no cause for self-
congratulation and complacency. There are clouds on the
horizon —no larger than a man’s hand — which may not
portend a change of weather, but which we would be ill-
advised to ignore. We live in a state which for more than
25 years has been more dependent than most states upon the
national prosperity for its own well-being. It has not been
master of its own economic fate. It has too frequently been
dependent on policies determined in Washington with all
the consequences to morale that such dependency implies.
Iowa is a state which is in economic transition. The small
unit farm has become an anachronism in an age of mechan-
ical farming. Farming has become, if not Big Business, at
least bigger business, and the modern, successful farmer is
a capitalist on an equal and sometimes a larger scale than
the town or city businessman. But the increase in farm size
and the mechanization of processes means the displacement
of human beings and the end of a way of life for those dis-
placed. Such adjustments are painful whether they take
place in India and Pakistan or whether they take place in
Rolfe or Cherokee or Harlan or Marengo or West Liberty.
And a society in flux, a society in process of rapid change,
stands in danger of resort to unwise and desperate and im-
petuous choices and remedies. We need to keep these risks
in mind as we consider the future of higher education in
Iowa.

In common with most states we face the promise and
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problems of increasing enrollment m colleges and uni-
versities. They are less acute with us than with California
and other states with exploding population; but nonetheless,
the colleges and universities of Iowa, as well as the people
who are their constituencies, will be called upon to meet the
challenge of increasing numbers, as well as the increasingly
rigorous intellectual demands of a vastly complex and
rapidly changing society. How are these demands and
challenges to be met? What guiding principles should be
followed in meeting our needs? It would seem to me to be
of the first importance that we assure the intellectual
strength and eminence of our existing colleges and uni-
versities, both public and private, before we establish new
ones. Gresham’s Law says that bad money tends to drive out
good money. Unfortunately, that law has its educational
corollaries. Poor high schools tend to reduce the standards
of good high schools. Poor high schools tend to reduce the
standards of colleges and universities. Poor colleges and
universities tend to reduce the standards of high-ranking
colleges and universities. In this time of crisis, our em-
phasis should be on high standards and quality performance.
This means no diminution in the intellectual strength and
eminence of our existing colleges and universities. We need
to put first things first.

A second guiding principle is that no new institutions
for higher education should be established until it is first
demonstrated that there is need for them — that they have
a natural constituency not now served by an existing college
or university to assure an enrollment and a financial base
adequate to guarantee high standards of scholarship and
performance. We have institutions in Iowa which compare
with the best in the land. Unhappily, others have been
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established less on the basis of existing needs than upon
hopes for future development. When these hopes were dis-
appointed, the institutions were left without a natural
constituency to provide either enrollment or support, The
history of those institutions has been one of heart-breaking
endeavor and unrealized hopes.

We need not and we must not repeat that experience
in future decades. We must not leave our descendents the
collegiate equivalent of the “one-room school.” There are
tew communities in Iowa where a high school graduate is
more than 25 miles from some college or university. There
are few communities in Jowa (and even fewer without a
college) which could meet the minimum standards im-
posed by the state of California for the establishment of a
junior college. Those minimum standards are an antici-
pated average daily attendance of 400 students and a district
with a tax base of $100,000,000. The solutions applicable
to states with rapidly expanding urban population have
little relevance to an agricultural state lacking great urban
centers. While it is true that expensive education is not
invariably good education, it is true that good education
is usually expensive, and it is never cheap. Cheapness and
shoddiness are always dangerously close together. For this
state, therefore, the guiding principle and first concern
should be the strengthening of its existing institutions, both
private and public.

In the context of higher education in lowa, it is the
function of the three publicly-supported institutions of
higher learning to complement, rather than supplant, the
other institutions in the state. Our three institutions
attempt to provide a coordinated system of higher
education — with teacher training predominant at the Iowa
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State Teachers College; with the liberal arts and sciences,
graduate study, and certain professions at the State Uni-
versity; with science and technology, the allied applied arts
and sciences, graduate study, and certain other professions at
the Iowa State College.

All of us, I am certain, will join in acclaiming the emi-
nence of the Iowa State College on the 100th anniversary of
its founding. In 1953 I had the good fortune to attend the
50th anniversary celebration of the Long Ashton Research
Station of the University of Bristol. Great figures in agri-
culture were there from England, Scotland, Wales, Ireland,
and more distant parts of the Commonwealth. All knew the
Iowa State College and its work, and many had visited here.
Their tributes —and those from many other parts of the
world — can well be cause for satisfaction to all who have
played a part in building the national and international
reputation of this institution, but I venture to believe that
these tributes will be no idle satisfaction to the Iowa State
College, but rather a challenge for even greater accomplish-
ment in the next 100 years.



James H. Hilton

President, Closing Remarks
Towa State College

AND SO WE COME to the end of today’s program com-
memorating the first century of Iowa State College.

On behalf of our faculty and students, I wish to express
to you, our guests, who have made this day such a delightful
occasion for us, our sincere thanks.

This College has been fortunate to be in a state where
higher education receives serious attention as evidenced by
the excellent group of sister Iowa colleges and universities,
all of whom are represented here today. We are proud to
be a part of such a distinguished family, and to share with
its members the duties and responsibilities which citizens
of Towa and elsewhere have placed upon them. It is our
sincere wish that we may continue to work together, as we
have in the past, in the education of our young people, the
discovery of new knowledge, and in service to all citizens.

To you, President Morrill, and to President Hancher
our very special thanks for making our Centennial birthday

[43]
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so meaningful. We shall forever be grateful to both of you.
The many kind things you have said about our institution
will strengthen, for all of us, the faith in our mission as a
land-grant college.

Ideas and ideals determine to a large degree the stature
of a college or a university. None has been more important
to Iowa State than the principle laid down by the Governor’s
Committee appointed to select the first faculty nearly a
century ago.

On the character and ability of its faculty will the character and
success of the institution depend more than upon all other circum-
stances taken together. Buildings, cabinets, libraries, and rich endow-
ments will be in vain if the living agents, the professors, be not men
of ripe attainments, fine culture, and eminent teaching powers.

On this great truth, generations of Iowa State College
administrators have based their programs.

Now the College begins its second century of service.
We of the faculty, alumni groups, and student body pledge
continued adherence to the moral and spiritual character,
the integrity, and the high standards of scholarship which
have gained world-wide respect for Iowa State. To live up
to the promise of the future there can be no retreating from
these basic principles. Indeed, they must be strengthened
at every opportunity.

From time to time institutions, like individuals, must
pass through critical periods as they grow and mature and
move from one situation to another. As we enter the second
century we are determined to be realistic in our approach
to the needs of our times. We will strive unceasingly for
that combination of technical training, broad education,
and humanitarian philosophy which will best equip men
and women to build tomorrow’s world. Our graduates and
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][T IS INDEED a great privilege to be called upon to give

the opening address of the Academic Symposia commem-
orating the Centennial of the founding of Iowa State Col-
lege. The land-grant college is one of the truly great ideas
in education, and Iowa State over the past 100 years has
pioneered the conversion of this idea into the significant
actuality which we all know today. Not only is it the first
institution to participate in the benefits of the Morrill Act,
but ever since then it has opened up paths for other insti-
tutions to follow by making evident practical ways in which
Senator Morrill’s vision could be realized in concrete edu-
cational processes. In a very real sense the Centennial of
Iowa State is also the Centennial of the land-grant idea in
American education. When seen in this perspective, the
present symposia acquire a place of such importance and
significance that an invitation to participate in it is not only
an honor but a most important challenge.

[49]
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The role given me by the committee which planned the
symposia was that of portraying the integration of science
and faith in past and future social development. This is
indeed a tremendous assignment, and I shall only be able
to approach it in this one lecture from a single vantage
point. Yet it is clearly central to the vision which must
inspire Towa State and her sister institutions as they enter
the second century of the development of the land-grant
idea. During the first century they have, to a greater extent
than any other kind of institution, brought science down
to the level of the common man and placed it in his serv-
ice. At the same time they have carried out this task with
a student population which, to a greater extent than that
of any other institution, has been energized and supported
by that sturdy Christian faith of the common American man
and woman on which the greatness of America has been
built. Even if not explicitly planned to do so, science and
faith have in fact worked hand in hand to produce the rich
and manifold contributions of the land-grant college to the
social development of this country.

In the conclusion of his recent book on the land-grant
idea in Amerian education, Dr. Eddy summarized this
idea in the following way:

Born out of America’s worship of education, the land-grant colleges
strengthened that worship. Partially through their efforts, higher edu-
cation came to be regarded as not so much a luxury as a national neces-
sity. Before long, America had taken for granted the assumption that
each individual, regardless of his economic or social status, should be
given the opportunity to develop his innate abilities to the ultimate
benefit not only to himself but to the nation. Each man was worth

educating as a person and as a citizen in keeping with the Judeo-
Christian and democratic belief in his dignity and worth.

*Edward D. Eddy, ]Jr., Colleges for Our Land and Time, Harper and
Brothers, New York, 1957, p. 285.
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Thus the land-grant college, which in its program is so much
concerned with science, is in its ideal equally concerned with
faith and firmly rooted in the Judeo-Christian heritage of
Western civilization. Yet at the same time science and re-
ligion are today widely believed to be inimical to each other,
and there is in fact much actual tension between them in
contemporary thought. Quite clearly, therefore, a discus-
sion of these two areas of human thought and endeavor is
appropriate and even central to the occasion which we are
celebrating.

Wherever science and religion are discussed, it is usually
the subject matter or factual content of each which is con-
trasted. Or, on occasion, it may be the techniques, methods,
or basis for validation of truth in the two fields which is
contrasted. Since my ordination several years ago, I have
been under pressure to speak and write on these vitally im-
portant issues out of my own experience. For some time my
response to such pressures followed this usual pattern of con-
cern with the factual and conceptual content of the two fields.
I would strive to perceive the unity and coherence between
the theoretical picture of reality as I had come to know it
through science, and that which I had come to know through
theology. Or else I would strive to understand and express
the differences in the ways in which truth may be established
and reality known in physics and in Christianity.

In all of this activity, however, I experienced a growing
sense of dissatisfaction with such approaches. Something im-
portant was clearly being overlooked. It was not a matter of
lack of success or of failure to deal meaningfully or signifi-
cantly with the issues involved. On the contrary, 1 some-
times was able to achieve what seemed to me some real in-
sights into the structure of a knotty problem which had been
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worrying me and to have the satisfaction of discovering that
others found my resolution of it meaningful and illuminat-
ing. The real trouble lay elsewhere. Mainly it consisted in
the recognition of the seemingly unavoidable circumstance
that both T and my hearers were standing apart from our dis-
course, and viewing it in a detached way from our several
vantage points. Each one could agree or disagree, be inter-
ested or bored, enthusiastic or antagonistic, without its mak-
ing a great deal of difference. The subject under considera-
tion was a thing apart, and the difficulty was that there was
no obvious or essential way in which it really had to do with
any of us. What then about my mode of response to the pres-
sure upon me to speak out of my joint experience first as a
physicist and later as a priest of the Church? Could any
amount of discourse about the contrasting subject matter of
physics and Christian theology ever really get at what was
cvidently being demanded from me?

One clue to the problem raised by such questions came
to me early, although I did not then understand its full im-
plications. This was the simple fact that all of my writing
and speaking on science and religion came well after my full
involvement in and commitment to the Church. None of it
could possibly have been undertaken by me at all until, in
a sense, it was already too late for me to have done anything
about it. Christian theology is something which can be fruit-
fully engaged in only by already fully-committed Christians.
This, however, was not in any sense new to my experience. It
had previously been just the same way with physics. By the
time my first paper in physics was published in The Physi-
cal Review, 1 had already sometime since become a fully
involved and committed physicist. To be sure, I was young
and inexperienced in the field and it was not then clear
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either to me, my professors, or my fellow student physicists
whether I would turn out to be a good or only a mediocre
physicist. But by then it had become quite clear both to me
and to them that, for better or for worse, I was already one
of them.

A thought such as this naturally leads to the question of
how it is that anyone becomes either a physicist or a Chris-
tian in the first place. The common notion, I suppose, is that
one first learns all about the subjects of physics or Chris-
tianity, their factual matter, content, methods, and ways
of knowing, and then on the basis of all this knowledge de-
cides whether or not one wishes to become a physicist or a
Christian. But I am convinced that this widespread popular
impression is completely erroneous. I do not really know or
understand the process which led me as a young man to be-
come interested in physics and soon to decide that I wanted
to be a physicist. But whatever this process was, it was not
based on a knowledge of physics. On the contrary, I am con-
vinced that until T had made that decision, I could not even
begin to really learn physics. In the same way the process
which led me into full involvement in the Church is equally
mysterious to me. It certainly was not the result of an ex-
haustive study of Christianity. Indeed it is now clear to me
that only after I had made such a decision did I have a se-
cure enough platform on which to stand to make it possible
for me to grapple at all meaningfully or fruitfully with tough
theological questions. This, however, is just another way of
expressing the central theological affirmation that it is by
grace, not works, that one becomes a Christian. To this af-
firmation I would add that it was also, in a completely analo-
gous way, by grace, not knowledge, that I became a physi-
cist.
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This early clue received its needed impetus and clarifi-
cation from a lecture given by my close friend and associate,
Dean Harold K. Schilling of Pennsylvania State University,
during a Danforth Foundation seminar for college teachers
of science which we jointly conducted several years ago.
In this lecture he developed the idea of physics, or for that
matter of any science, as community rather than subject. As
I listened to his remarkably clear and cogent development of
this idea, I realized with considerable excitement that here
was the key I had been groping for to the problem which
had been‘gnawing at me. With full acknowledgment of my
indebtedness to Dean Schilling for many of the insights and
ideas which I have borrowed from him, it is this theme
which I propose to explore with you today in the light of
my own experience as an active member of two communities
of inquiry and understanding: physics and the Church.

There are a number of ways in which it may be seen
that any science is much more distinctively a human com-
munity than it is a body of subject matter or a particular
methodology. One way is to try to formulate an adequate
and satisfactory definition of a given science in terms of its
subject matter. This must somehow be attempted at the be-
ginning of an introductory course in the science. The stu-
dents who have registered for it expect to be told at the out-
set what the subject is about. The instructor, however, in
trying to formulate some adequate statement for meeting
this natural and apparently quite proper need generally finds
himself in difficulty. How, for example, can a boundary be
staked out in the natural world which will clearly and ad-
equately distinguished physics from chemistry? The deeper
one goes into this task the more difficult and complex it is
seen to be. Every definition of either subject which recom-
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mends itself is soon seen to have numerous loopholes. The
fields overlap each other and the boundaries continually
shift with new progress in each science. Many who have
faced up to this problem have in the end suggested in des-
peration that the best definition of physics is that it consists
of everything done by physicists. From the standpoint of
physics as subject matter this definition is facetious, but
from the standpoint of physics as community it is profound.
In actual practice little effort or interest is expended on
such definitions. In time as the course goes on the students
will come to acquire a feel for what physics is. In part this
comes from the content of the textbook, lectures, experi-
ments, and examinations as the course unfolds. But this is
only in part. Even more important is the character and struc-
ture of the life which goes on inside the physics building
or the chemistry building. Each is distinctive and recogniz-
able. Although it may be difficult to tell the difference be-
tween physics and chemistry as subjects, there is no trouble
at all when it comes to telling the difference between a
physicist and a chemist. They are clearly members of two
different, distinct, and contrasting communities. The stu-
dent, along with the rest of the university, comes to think
of physics as that which goes on in the physics building,
whereas chemistry takes place in the chemistry building.
Another way to see science as community is to consider
the history of each science. When we do this what immedi-
ately stands out is the unity and coherence of the men and
women who have been engaged in it. Physics, for example,
has changed radically in subject matter content over the
years. First it was interested in the laws of motion of bodies;
later with the properties of substances, heat, energy, and
light. Then in the last half of the last century, electricity
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and magnetism were the dominant interests. With the dis-
covery of the electron the center of interest turned to atoms
and 1olecules, and more recently to atomic nuclei. Now
the growing family of strange unstable particles produced at
ultra-high energies is the center of interest. None of the
early physicists could possibly have foreseen the course of
this path of inquiry. Yet physicists today can still read the
papers of Newton, Joule, Hamilton, Faraday, and Lorenz
and feel at home with them. Whatever the subject under
investigation, the peculiar combination of attitudes, values,
judgment, and discipline which uniquely pervades the com-
munity of physics is recognizably present. These are clearly
kindred spirits and fellow physicists, even though the con-
tent of physics has become for us something vastly different
than it was for them.

Ancient Greece produced a few isolated instances of gen-
ius, such as Democritus and Archimedes, who investigated
physical problems. But it did not produce physics. Only
when such isolated individual sparks caught fire and spread
so as to draw men into a communal enterprise did what we
know now as physics emerge. When this happened, a com-
munity came into being possessed of a unique power of in-
quiry into nature. Its members were seized with this power
and shared in the dynamic vitality and enthusiasm of it.
The spirit of this community has been the same ever since
in spite of the way in which the objects of its inquiries have
continuously changed and spread. It has throughout com-
manded from its members a common loyalty, imposed upon
them a common discipline, and conferred upon them com-
mon rewards and satisfactions. So too it has been with the
other sciences which have emerged in the last few centuries.
Each owed its birth to the formation of a special community
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of inquiry peculiar to itself. One man is not enough, no mat-
ter what his genius. Only when others catch his fire and his
vision and join him to labor in a common quest for under-
standing does a science come into being.

The same aspect can be seen in the educational process
by which each science reproduces itself and maintains itself
from one generation to another. This process is very differ-
ent in nature and character from what is commonly sup-
posed. Many people look upon science as a sort of vast im-
personal mechanism which people can be trained to operate
as they would a lathe or a locomotive. It is thought to be a
self-correcting procedure which automatically generates in-
fallible information about nature by the application to phe-
nomena of a mechanical process known as “the scientific
method.” Nothing could be further from the truth about
science as it is known from the inside to those who live it
and do it. Education in a science is a gradual process of in-
corporation into a community. The process, to be effective,
must expose the student to the spirit of the community so
that he becomes infected by it. He must, of course, master a
large body of factual material and acquire many specialized
instrumental and intellectual skills. But much more than
this, he must somehow come to share the characteristic view-
point and attitude toward phenomena of his science.
Through intimate continued contact with his professors, he
discovers how they react to the frustrations and ambiguities
of research, becomes aware of the sources of their confidence
in the ultimate fruitfulness of their enterprise, and learns
how to subject himself to the rigorous discipline which the
enterprise entails. He must hear too about the great per-
sonalities in his science, and this must include not only
their scientific achievements but also tales and yarns about
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their foibles, personal peculiarities, and escapades as well.
Gradually he comes to share in the sense of adventure, the
excitement of discovery, and the hope in triumphs to come
which energize the community. Ultimately he reaches the
point at which both he and his professors recognize that he
has become one of them. He is a physicist, or chemist, or
psychologist. Not only does he feel himself to be one, but
when he goes to a professional meeting he finds that others
instinctively respond to him as such. He has been incorpo-
rated into the community.

Those who look on scientific education as a purely me-
chanical process of imparting information and skills often
fail to see the importance of research and to argue in favor
of dispensing with the thesis requirement. But when we
think of graduate education as incorporation into a com-
munity, this matter emerges in a different light. For it is
only in research that the student can be confronted directly
with nature on his own and, under the watchful guidance of
his professors, discover whether he too really can possess the
intuitions and ingenuity, the discipline, and the confidence
and faith which give the community its power to grapple
with nature and emerge with new understandings. It is only
in carrying out research on his own that the student can feel,
and others can realize, that he has indeed become himself
one of them, a full participant in the life and power of the
community.

These examples will perhaps serve to make it clear what
I have in mind when I speak of “science as community.”
The idea is summed up cogently and effectively by Dean
Schilling: “Science is communal. The science community
has the usual attributes that characterize other kinds of com-
munities. It has its own ideals and characteristic way of life;
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standards, mores and conventions; language and jargon,
signs and symbols; professional ethics and moral code; au-
thority, controls and sanctions; institutions and organiza-
tions, means of communication and publications; creeds and
beliefs, orthodoxies and heresies; politics, pressure groups
and maneuverings; schools of thought, divisions and schisms;
personal loyalties and rallying cries, jealousies and hatreds;
fads, fashions, and fancies.”’*

A number of the contrasts which are frequently made
between science and religion are seen to be either wrong or
irrelevant as soon as the true nature of science as community
is recognized. Consider, for example, the common asser-
tion that anyone can demonstrate the truths of science for
himself, but the tenets of religion have to be accepted blind-
ly on faith. Anyone who has ever taught a science knows
how few people there are who can really demonstrate a
scientific truth to their own satisfaction. How many, for ex-
ample, can demonstrate to their own inner satisfaction that
the acceleration due to gravity is 32 feet per second per
second? A long, hard educational process is required during
which a person must freely submit himself to a rigorous dis-
cipline and ardently desire and believe in its outcome before
he can acquire for himself the power to demonstrate the
truths of science to his own satisfaction. Indeed this process
is none other than that which we have just described as the
process of incorporation into the community. Only by be-
coming a physicist can he possess for himself the capacity to
demonstrate the truths of physics to his own satisfaction. But
this indeed is precisely the same case with Christianity. The
Church too is a community whose distinctive life and unique

2H. K. Schilling, chapter in preparation for Teacher Education and Re-
ligion, project publication.
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power of understanding can only be shared by those who
have subjected themselves to the full process of incorpora-
tion into that community. Only those who have really done
so can know the profound truths to which she bears witness.
Only Christians can demonstrate the truths of Christianity
to their own satisfaction.

The truth of this simple fact can be seen by considering
the problem of popularizing science. There is a radical
difference in communication when I as a physicist present a
paper to fellow physicists at a meeting of the American
Physical Society, and when I give a popular lecture on some
aspect of modern physics to a general audience. In the
former case a minimum of words suffices for a maximum of
communication. Nothing can compare with the high level
of appreciation which such an audience has to offer for a
really good piece of work well done, nor with the incisive
and penetrating criticism which it exercises in response to
poor work. But in the latter case no amount of ingenuity
or care can achieve any real sense of having really put across
the point. Most particularly it is quite impossible to con-
vey to a general audience the peculiar mixture of tentative-
ness and confidence which physicists instinctively feel about
the knowledge they have gained. This situation is, however,
in my experience not confined to science. In exactly the
same way I experience the same contrast when I speak con-
cerning the Faith to, on the one hand, a group of fellow
clergy or theologians, or, on the other, give a lecture on
Christianity to a random academic audience. Such experi-
ences have convinced me that the only way to really know
the truth of physics is to become a physicist, and the only
way to really know the truth of Christianity is to become a
fully-committed Christian.
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This last point suggests another contrast which is fre-
quently made, namely, that science deals with public
knowledge, while on the other hand religion is confined to
private, subjective knowledge. This again reflects not so
much an insight into the proper nature of either, as it does
a prejudice peculiar to the twentieth century cultural con-
text. It is true that when 1 give a popular lecture as a
physicist. I can count on having an audience which is com-
pletely sold in advance on the validity, importance, and un-
deniable truth of the enterprise of physics as a whole. More-
over, the idea that I might speak of a private physics of my
own would not even occur to them. I have never yet been
called upon by a modern audience to defend myself or ex-
plain what possessed me to embrace physics. It is equally
true that whenever I give a popular lecture on a theological
topic, I can count on having an audience equally convinced
in advance that religion, although possibly proper, respect-
able, and even admirable, is nevertheless a private peculiar-
ity of individual people and therefore essentially unreal and
invalid. Here the idea of a catholic faith which is the
common public witness of the whole body of the faithful
through the ages is alien to contemporary ways of thinking
about Christianity. I canalmost always count on being called
upon by puzzled people to explain what possessed me to em-
brace such a faith with the degree of seriousness implied by
my taking Holy Orders.

In this sense it is true that in the twentieth century
science is public knowledge, and religion is private. But
it has often struck me that, had God given it to me to live
in the sixth century or even the twelfth instead of the
twentieth, the situation would have been exactly reversed.
Then when I spoke on Christianity my audience would have
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been convinced in advance of the complete validity and
universal truth of what I represented, and it would have
seemed completely natural that I should want to be a priest
of the Church. On the other hand, if I then spoke as a
physicist no one would have thought it important or real,
and it would have seemed quite unaccountable that a man
should throw himself whole-heartedly and zestfully into such
an enterprise. In the sixth century Christianity would have
represented public knowledge and science would have been
called private knowledge.

Another way in which these two fields are frequently
contrasted is the assertion that science is based on facts
whereas religion must be taken on faith. Such an assertion
is quite as untrue from the standpoint of the basis on fact
as it is from that of the dependence on faith. In the first
place I can bear witness from my own experience that I had
just as much sheer factual material to learn and digest in my
preparation for Holy Orders as I did in obtaining my doc-
torate in physics. The range of subject matter from modern
Biblical scholarship, through church history and liturgics,
to moral and dogmatic theology represents a most extensive
factual base upon which Christianity rests. It requires pro-
longed and disciplined effort to achieve a thorough ground-
ing in Christianity.

Faith, on the other hand, is just as essential an element
of science as it is of Christianity. This is perhaps a much
more difficult point to grasp adequately than the other. The
reason, I believe, is the common misconception of science
which regards it as a self-regulating mechanism which auto-
matically produces information when the crank of scientific
method is turned. Very little faith would, of course, be
required for the operation of such a mechanism. But
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science, as we have seen, is not at all that kind of affair.
The investigator confronting nature directly finds nothing
resembling the smooth, ordered, lawful behavior depicted by
the textbooks. What he finds instead is, in Conant’s apt
phrase, the downright “cussedness of nature.” A crucial
experiment successfully performed is a major achievement
which only fellow scientists who themselves have met nature
face to face can fully appreciate. Scientific research is a
tough and unrelenting business. Only those who enjoy a
firm and unshakable faith in the ultimate intelligibility of
the chaotic torrent of phenomena in terms of underlying
laws and universal principles can possibly stand up under it
and carry through with it successfully. Often students dis-
cover when they leave the textbook stage and try to grapple
with nature directly that they simply cannot believe that
they can derive anything orderly and dependable and sure
from their experiments. When this happens all they can
do is change fields. Without such an abiding faith, it is
simply not possible to become a part of the community. The
acquisition of such a faith is the prime requisite for the proc-
ess of incorporation into the science community which we
described earlier.

It is a mistake to think of apparatus smoothly grinding
out data in accordance with the regularity and dependability
of natural law. The common experience with apparatus is
rather that one could only conclude that it was under the
control of gremlins bent on defeating the experimenter.
The inexperienced may even develop a psychological block
against making a run on even very fine apparatus for fear
that it will not really work for them. In contrast there is
a wonderfully inspiring quality about the really competent
investigator in the sure and confident way in which he can
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throw a piece of apparatus together, get the bugs out of it
with an intuitive feel for them of the most extraordinary
sort, and soon have it working and giving data which surely
reveal hidden and unsuspected regularities in nature. He
is light-hearted and confident about his work and can ap-
proach the laboratory with an air of sure mastery which is
wonderful to behold. The faith on which this confidence
rests is clearly a gift which others may catch from him as they
would an infection, but which otherwise cannot in any way
be mechanically taught as one might teach a subject or a
technique. But this is precisely the reason why physics is
in its essence much more a community than it is a subject.
It is much the same with that community of the faithful
in Christ called the Church. The world as we experience it
directly does not seem at all the kind of world which the
Christian God would create and govern. In the torrent of
events in which we are all caught up there is such a mixture
of evil, misery, cruelty, and injustice that disbelief in the
Christian assertions about the nature of the reality which
lies at the heart of events is easy. Yet here, too, faith in the
God of goodness, mercy, and love — and of wrath and judg-
ment too — who has revealed Himself in Christ, is the prime
requisite for incorporation into the Christian community.
To those within this community who have been given such
a faith, the world takes on a different aspect and is seen
with new eyes. It provides them with a firm foundation on
which to stand and a fresh vantage point from which to
look out upon events. Just as the faith which is essential
to the fruitful pursuit of scientific inquiry endows one with
the power to uncover and make manifest an underlying
order and regularity behind the surface turbulence of events
which subjects them to the rule of universal law, so also does
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the faith which is essential to the fruitful pursuit of the
Christian life endow one with the power to know and
respond to the hand of God behind the same events which
subject them to the rule of His providence and judgment.
One of the assertions in Dean Schilling’s description of
the characteristics of the science community which I have
found to cause the greatest resentment is that this commu-
nity has its own creeds and beliefs, orthodoxies and heresies.
Let us see in what way this is true of science. In my own
field of physics it is a common experience to receive privately
published papers which develop all kinds of strange and
bizarre theories about everything from the electron to the
universe as a whole. When I was a professor at the Univer-
sity of Tennessee, the department kept such communications

>

in a “quack file.” To the non-physicist they have as bona
fide a ring as a paper in the Physical Review. But to physi-
cists they are immediately recognized as fundamentally
different. They constitute in the strict sense of the word un-
orthodox or heretical physics. In subtle ways impossible to
describe clearly to the world at large, they violate every-
thing which has given the physics community power to
slowly and painfully acquire real and dependable insights
into the nature of things. They are lone wolf enterprises
unchecked by the discipline of the community and unsup-
ported by an essential loyalty to the enterprise of physics
as a whole. Most often the authors of these papers are com-
pletely oblivious to these elements and suffer from a deep
sense of persecution. They cannot see why their theories
have not been given an equal hearing with those of accepted
physicists. They cannot understand why the community
consistently and repeatedly rejects them.

Orthodoxy and heresy are words which have acquired
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bad connotations in modern ears. As a result their nature
and meaning has been widely misunderstood. Every com-
munity must have them in order to be a community at all.
Even a street-corner gang has a collection of crucial loyal-
ties, values, beliefs, and standards which represent orthodox
behavior for members of the gang. A heretic who fails to
share any of these and rebels against the communal require-
ment of assent to them must be expelled from the gang. If
he is not, the gang will soon disintegrate and disperse. So
too with both science and the Church. There are certain
essential attitudes, loyalties, convictions, and devotions with-
out which either community would lose its special source
of power, vitality, and integrity. These represent the ortho-
doxy of the community. These are really crucial to the
health and welfare of the community. If it fails to preserve
them, it will degenerate into a mere institution or organi-
zation, powerless and ineffectual.

Every science has had its heretics. For the most part, as
in the case of Christianity, they dry up and disappear, being
powerless to attract others into their fold. Science is not yet
old enough to have produced many heretical offshoots with
power to grow into significant schismatic bodies. But this
was true of the Church too. It was only in the fourth, fifth,
and sixth centuries that the great Arian, Nestorian, and
Monophysite heresies arose. There are, however, two very
apt examples of such scientific heretical movements today.
One is represented by the osteopaths as a schismatic heretical
body attached to orthodox medicine, and the other is the
science of parapsychology devoted to the investigation of
the so-called psi-phenomena which is a heresy of orthodox
psychology. A study of either of these two contemporary
movements can be very illuminating in revealing the true
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character of heresy in general. For example, the long
struggle waged by the osteopaths in state legislatures to
achieve legal equality with medical physicians has many
parallels in the legislative history of the struggle for religious
toleration. In the case of parapsychology, it would be most
illuminating to those who like to think of science as an im-
personal mechanism which automatically follows wherever
the evidence takes it, to study the reaction of orthodox psy-
chology to this field of investigation.? A number of leading
psychologists in writing on the subject clearly indicate that
their objections to telepathy and other psi-phenomena are
based on something deeper than mere statistical evidence, so
that even if the evidence were proved statistically sound
and unimpeachable they still would not believe it.

All of this has a bearing on the widespread notion that
religion necessarily imposes a rigid straight jacket on the in-
tellect in contrast to science which is intellectually free and
unhampered by any authority. In my own experience of in-
corporation into both communities, such a notion is com-
pletely false. In both cases it was necessary first to accept
and willingly conform to the discipline of the community
and to respond to its authority before the community could
bestow upon me its power of liberating the intellect to carry
out really fruitful inquiry. The tendency is to completely
underrate the toughness and difficulty of really fruitful
intellectual activity in either science or theology. Without
a firm foundation on which to stand, one simply cannot
grapple with experience in the tough and sturdy way which
is required for real understanding. But such a platform
cannot be had apart from the discipline and authority of

# A study of the group of articles in the January 6, 1956, issue of Science
(Vol. 123, pp. 7-20) will be found most instructive in this connection.
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the community. A completely free intellect operating in a
lone and isolated self cut free from every tie which binds
into community is an impotent thing tossed to and fro by
every wind and wave. I could not even begin to do physics
until I had given myself fully and freely to physics. Neither
could I begin to do theology until I had given myself fully
and freely to Christ in His Church.

The authority and discipline which every community
exercises over its members represents at once the primary
source of its power and vitality and at the same time its
most fearful danger. When the community is dynamic,
vigorous, and full of vitality, its authority and discipline are
so gladly and spontaneously accepted by its members that
they are scarcely conscious of it. This is the case with science
today, and it has been the case with the Church in all of
its past periods of greatness. The vitality, genius, and bril-
liance of the intellectual activity of the Church during the
fourth and fifth centuries matches that of theoretical physics
in the nineteenth and twentieth. If one wishes to really
understand authority, discipline, dogma, and orthodoxy
in the Church in a way which brings out their necessary
character and fruitfulness, one must turn to such a period
in Her life as that.

The nineteenth century enlightenment had a corrosive
effect on the Church, and we are just beginning to emerge
from the deadness and sterility which resulted. The great
difficulty in talking about Christianity today is that it is
this nineteenth century image and vision of the Church
which is predominant in the minds of contemporary audi-
ences. When the power and vitality is sapped out of any com-
munity so that there is left behind only an empty institu-
tional shell, the imposition of its authority and discipline
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and the maintenance of its dogma and orthodoxy does be-
come an evil and obnoxious thing, stultifying the intellect
and imprisoning the soul. But it is then no solution to
simply discard all these elements, for to do so will only leave
the community powerless to bestow any powers or capacities
at all upon its members.

I trust that this brief review of the elements of science
as community may have served to introduce to you an essen-
tial aspect of science, and of Christianity too, which is
widely ignored and neglected in many contemporary dis-
cussions of science and religion. The factual and conceptual
content of each of these fields is certainly important and
relevant. Indeed, the resolution of the tensions and con-
flicts between these two bodies of knowledge is perhaps the
primary intellectual and scholarly task and challenge of our
time. Moreover, it is a task of such difficulty and magnitude
that several generations of dedicated effort by the best minds
we have to offer may be required for its completion. The
point of my remarks here has not been to underrate or gloss
over in any way the importance or relevance of this task.
But at the same time I am convinced that the task simply
cannot be carried out at all if we continue to ignore the
surprisingly close analogies between the two communities of
inquiry and understanding by which these subject matter
contents have been produced. My plea is simply that one
must recognize first, before even starting on the task of con-
tent resolution, that in its most essential and elemental
nature science is community and Christianity ¢s Christ and
His Church. If T have succeeded in even suggesting the
possibility of the truth of this assertion in this brief address,
I will have achieved my objective.






Shields Warren
Professor of Pathology,

- -
Harvard University, and Blology im
United States Representative on .
the United Nations Scientific the Atomie Age

Committee on the Effects of
Atomic Radiation

IRST I WISH to bring the greetings from my own uni-
versity, now a bit snowbound, but I trust still active.
There are perhaps some creaks and groans because we have
celebrated our 300th birthday, and I am delighted to see
you so active, so eager, on your 100th birthday.

I am very glad to have this opportunity to talk with you
about biology, taking it in its broad sense in the atomic age,
because Iowa State College played a very large part in bring-
ing about the atomic age. I recall the small building, now
torn down, where the uranium for the first atomic reaction
on a large scale was manufactured. It was the sole source of
purified uranium for a considerable period. One of the
things the last war brought home was that the advances in
science are made not in the arsenals of the nations, but
rather in the universities of the nations. For the techni-
cal advances made acute in the framework of war, one needs
the results of the skilled, patient, careful exploration of the

[711]
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unknown. That occurs primarily in the universities. As one
sees the changing pattern of the atomic age, one is struck
by the rapidity of change. At Hiroshima and Nagasaki it
was demonstrated clearly that it was 3,000 times as cheap
and easy to destroy as to build — reversing a trend in warfare
that had been steadily reaching a more and more costly peak
from the days the first two cave men decided to argue over
who would get the larger share of the animal that they were
carving up.

With this major break-through, which came about by a
series of very rapid steps, we were precipitated into a period
where the advancement of science became almost incredible.
Even the imagination of Jules Verne had not adequately
visualized satellites circling about our earth and giving us
information as to the conditions of space, making it possible
for us to talk seriously about problems of space travel.

Just as it is very difficult to see where the next advance
will come, one recalls that the crude experiments of Lord
Rutherford less than 40 years ago have led to the transmu-
tation of elements, incidentally just the reverse of the goal
of alchemists in the Middle Ages. Instead of transmuting
mercury into gold, they transmuted a few of the atoms of
gold into mercury, but opened up thereby the chance for
the development of the whole field of understanding of the
structure of the atom and the ways of utilizing the energy of
the atom. .

Biology in the atomic age is perhaps distinguished by
this matter of having extraordinarily effective tools of amaz-
ing accuracy and speed. It is also faced with problems that
are brought about by our changing environment — chiefly
environmental radiation. These two factors, perhaps more
than any other, affected the course of research in biology
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since the atom has become readily available and since man
has been able, on a large scale, to bring about changes in his
environment. Let’s take the first. The ability to distinguish
and trace quickly individual atoms has made possible un-
ravelling skeins of intermediate metabolism, has even made
possible the recognition of intermediary compounds that we
didn’t know existed because of the fact that they had rela-
tively short lives in the biological change and because they
were difficult of analysis. The tracer atom made it possible
to recognize these with a rapidity that had never happened
before. I recall in my own laboratory how proud I was when
we were able to make a determination of phosphorus in
microgram quantities. This was a major achievement and
took three to four days’ work. Now, with radioactive phos-
phorus, one is concerned not with microgram quantities
but with millionths of microgram quantities, and the de-
termination is down to fifteen or twenty minutes’ time.

For the first time, then, we have a way of very rapidly
learning what is going on — and not only learning what is
going on by breaking down and analyzing substances, but
learning what is doing on while those substances are still in
their original and active form. The speed with which many
biological syntheses are accomplished — even the most com-
plex such as protein synthesis — has proved surprisingly fast,
a matter of minutes in many instances. I am sure that Dr.
Spedding has been somewhat envious, in his field, of what
bacteria or protozoa or more complex organisms can
do. This extraordinary ability of biological processes to
work with great rapidity, even when very complex, had been
suspected but not fully appreciated until the pathways could
be followed with the atom.

It is interesting to realize that these atomic tools which
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are now quite a matter of course in many laboratories are
nonetheless relatively new. The first distribution of isotopes
on any reasonable scale came about in 1946. Now thousands
of shipments are made annually from various laboratories,
and work is going on with them in all parts of the world —
in India, South Africa, Germany, Russia, as well as in the
United States. And a very large share of this world-wide
revolution in biologic thought and biologic approach owes
its very existence to the pioneer work that was done by Dr.
Spedding and his group here at Iowa State College.

One of the things that we have been able to do by virtue
of having these various tools available in biology is to under-
stand how molecules combine and separate, recombining
within our own bodies as well as within the plants and ani-
mals on whose lives our own are so dependent. We've
learned that even structures that we thought of as compara-
tively stable, such as teeth and bones, are unstable to an
extraordinary degree and take a significant part in the daily
metabolic activity of the body.

One of the instances where time is also brought into
play in relation to biology in a rather interesting way is
through the use of carbon 14. Dr. Libby’s observations per-
mitted analysis of small amounts of carbon 14 and brought
out the fact that any biologic matter, while it is alive, is
in equilibrium with carbon 14 in its environment. The
fact that it ceases to be in equilibrium with the carbon 14
of its environment when it dies has been an extraordinary
tool in determining the age of things under 25,000 or 30,000
years. For example, it has been possible to date with accuracy
the grass sandals that were found in the caves of Oregon and
were made about 14,000 years ago. It has been possible to
check on the accuracy of the tree calendar that tells us much
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about the ecology of the southwestern portion of our
country, in particular in the past, and throws light on the
present trends. Sometimes this has proved disconcerting.
For example, on checking the age of one of the mummies
in the museum at the University of Chicago, it was found
that a ringer had been worked in which was only 125 years
old instead of belonging in the dynasty of the Pharaohs.

Another use of time has been to go back to the other
scale — the very long-lived isotopes such as uranium — where
one thinks in hundreds of thousands of years. And this has
enabled us to get a much clearer understanding of geological
time. One of the things that has happened with the use of
the tracer atom to open up these various biological processes
is the possibility of understanding much more clearly what
goes on in the aging process of various metabolic diseases.
When 1 first became interested in diabetes as a disease proc-
ess, for example, it was necessary to measure the amount of
sugar, protein, or fat that went into the patient, to measure
the amount of oxygen that he consumed, the amount of
sugar that he spilled in his urine, in order to estimate what
was happening. We got about as sound an idea as one gets
from watching the trucks go into a factory and the product
that comes out of the factory. But just as a while ago the
Coca-Cola Company and others began to put plate glass
windows in their bottling works so that you could see what
was really going on, so the tracer atom has enabled us to
open up and follow the biological processes and to deter-
mine just how the metabolism was carried on, just where it
was going wrong, and to learn much more accurately what
to do about it.

In addition to learning a great deal about the normal
functioning of man and animals, numerous pathways have
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been opened up for us in the diagnostic field. We can de-
tect changes in the thyroid gland, for example, in man and
animals, by the use of radioactive iodine that we never
could have detected in any other way. And there are many
other advances in human medicine and veterinary medi-
cine, thanks to the availability of these materials.

The use of the tracer atoms, of course, is not limited to
an individual man or plant or animal, but can be used to a
tremendous degree in ecologic studies or in quickly check-
ing the distribution of a fungicide or insecticide. And on
an even larger scale one finds that oceanographers can learn
a great deal about the life of plankton, a great deal about
the food change, in relation to fishes of importance, a great
deal about the currents by virtue of having large amounts
of waste products or radioactive isotopes with which to trace.
Probably more advancement has been made in the field of
meteorology as a result of radioactive fallout from atomic
tests than could have been brought about in any other way.
They had one crude tracer, to be sure, when Mt. Krakatao
exploded in the 1880’s and put millions of tons of dust in
the atmosphere. But this was difficult to trace with accuracy,
and only the brilliant red sunsets of some Remington paint-
ings are left as a reminder of this period. There is some
information that was gained in the days of the Dust Bowl
when the particles of known soil character could be traced
for long distances. Sands of the Sahara have been tracked
up into Turkey and the Crimea. But the motion of major
air masses and the understanding of these really came about
only when we had great masses of radioisotopes in the form
of ashes of atomic explosions available to trace them.

There has been one area of disappointment thus far
in the use of radioactive materials in biology and medicine.
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We have not found any striking cures. There is nothing that
corresponds to the discovery of the sulfa drugs or the anti-
biotics in the field of therapy. And while the field is yet
young, it still looks as though we would make a number of
significant but relatively minor advances. We have to look
more to the research potentials of the radioisotopes than to
the actual utilization of them in the treatment of disease.
And it appears the radioactive isotope is at its best as a re-
search or a diagnostic rather than a therapeutic tool.

The other side of the coin is the problem of potential
changes that may be brought about in our environment by
the atomic age. And these are already manifold. Radio-
active wastes in fallout from atomic explosions are a factor
in this. Sometimes the changes are simply related to changes
not radioactive in themselves but brought about by radio-
activity. For example, at the Hanford Works of the Atomic
Energy Commission, our major problem is not in relation to
the radioactivity and the wastes from the Hanford Works, but
rather in the fact that in cooling the atomic piles we raise
the temperature of the Columbia River enough so that it is
just borderline for the salmon runs there. And in order to
preserve the salmon industry in that river it has been nec-
essary to take extraordinary precautions with regard to
temperature control. One of the problems that we have
close to home is that the Yankee Atomic Company is put-
ting a reactor in western Massachusetts at the headwaters
of one of the best trout streams of the area. This stream
will be warmed up by some 10 degrees by the operation of
the plant, and there is a question as to whether the present
trout will do as well as they have in the past.

So there is a considerable range of these problems, not
only atomic but others as well. There is the problem of



78 Commemorative Papers

waste disposal that needs to be thought of, because in any
atomic reaction there are ashes just as there are the ashes
of an oxidizing reaction of coal and wood. And these ashes
are radioactive, hence a problem. In a country as vast as
ours, with the broad expanses of barren areas, waste disposal
does not provide a problem for us. It is more of a problem
in such thickly settled areas with limited expanse as the
United Kingdom, for example.

At the present time all foreseeable atomic wastes can be
handled in this country either by burial or by safe sea
disposal. Of course, the ideal answer to waste disposal is to
do just what the packers have been able to do with hogs, to
have the waste become of value so it ceases to exist as a
waste problem. This can very likely be brought about in
certain of the components of atomic wastes, perhaps not in
relation to others. Still another environmental factor is that
with the increased use of reactors — the increased transpor-
tation of materials for reactors or coming from reactors —
the hazards of accidents also must be weighed. In the reactor
the fuel elements are so arranged that even with a very se-
rious accident an atomic explosion is virtually impossible. I
asked a very competent theoretical physicist to give me a
guess on this, and he said about one chance in three hundred
billion. And that is on the order of chance of another star
messing up the solar system.

On the other hand, there are other potential hazards not
so serious but nonetheless annoying, such as the accident in
the United Kingdom which you may have read about where
I'31 escaped from the accidental burning of fuel elements
in the pile. Fortunately, because they were alert to the prob-
lem, there was no injury to man. But as the material settled
out (and iodine changes very easily from a gas to a solid),
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it settled out on the forage pastures down wind. And some
of it was carried not only through England but even to the
Continent. Its path was checked as far as the Iron Curtain.

Closer by, there was enough in the pasture so that the
cows grazing there picked up the radioactive iodine, incor-
porated it into their milk, and excreted it in the milk. As
the result of this, some of the milk from adjacent milksheds
had to be condemned, more for public relations reasons than
any other until the radioactivity had lessened with the pas-
sage of time. It would have been perfectly feasible to have
held the material for a few half-lives and soon it would have
become completely harmless, but they were a little afraid of
the public relations effect of this. It is like a number of
things we know are perfectly safe but not always appealing
from another sense. Once something has been bad we are
very apt to continue to assume it to be bad.

Another thing that is changing in our environment with
regard to radioactivity is the fallout from atomic weapon
tests. As yet this is relatively insignificant although its effect
is world-wide to an extent that is not generally appreciated.
If one takes snow from the antarctic ice cap and melts it,
one finds radioactive strontium. And because of its some-
what longer half-life, it is regarded as a chief danger and we
check for this more carefully than for other elements. To
give you a rough idea of how carefully this checking has been
done from various portions of the world, something like over
a half million analyses have been made. So we do quite well
on the distribution of radioactive fallout, the amount of the
chemical concentration, and the radioactivity. There is
rather more concentratation in our latitude between 30 and
50 degrees north than elsewhere because this happens to be
along the wind path that relates to both our tests and the
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Russian tests. The southern latitudes have somewhat less.
There has been gradual stratospheric diffusion from the tests
in the northern hemisphere and also some supply from the
tests of the United Kingdom which are carried on near Aus-
tralia, as you know.

Now since this radioactive strontium can exchange with
calciumn and bone and acts just like calcium, and since even
at low levels in mice it may cause the development of bone
tumors or possibly leukemia by irradiating the bone, a tre-
mendous amount of research has been carried out. And we
have a number of analyses of this level in human bones. The
evidence indicates that the uptake in human bones is not
at a dangerous level and, in fact, is well under the dose re-
garded as acceptable for occupational exposures. It is of
interest to stop and think that every one of us undoubtedly
has a number of atoms of radioactive strontium incorporated
at the present time, and then to think that this material
could not exist until the atomic age occurred. This is fairly
new material and yet every person, every animal on the face
of the earth as far as we know, probably has at least some
radioactive strontium in it. It gives an indication of how
environment can be changed in these days. The radiation
thus received from radioactive fallout is about one-fiftieth
of the amount the average adult in this country has received
from medical and public health applications, that is, chest
surveys, the use of X-rays, and is much less less significant
in increasing one’s exposure to radiation than would be
moving from Ames to Denver or Salt Lake City. Nonethe-
less, since it is a widespread man-made source, the level of
environmental radiation has been, and will continue to have
to be, extensively studied. As a matter of fact, we know a
great deal more about the potential danger from radioactiv-
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ity than we do about the potential danger from automobile
exhaust fumes.

One of the most amusing things that I have seen re-
cently was a parody of one of Linus Pauling’s articles on
the hazards of radiation adapted to the use of coal. The
parody pointed out that this was an extraordinarily danger-
ous substance because when ignited it could not always be
controlled and there would be great destruction of property
and lives from fire; there would be carbon monoxide gas
produced; there would be any number of chemicals pro-
duced; it was very hard to handle because it could heat
things up to hundreds or even up to about one thousand
degrees centigrade, and this was going to be rough on metals
that it came in contact with. One wondered if all these
things had been said and widely debated publicly when
coal first began to be mined, that perhaps there might not
have been some degree of public anxiety as there is today
in regard to use of atomic energy.

One of the reasons that we need to study radiation very
carefully in our environment is that radiation is an im-
portant source of mutations. It is assumed by the geneticists
that a fraction, or some say almost all, of the mutations now
present in the human race have been brought about by the
action of radiation from the natural background — the cos-
mic radiation, the radiation from the radioactive potassium
and radium in our own bodies, the radium that is frequently
found in drinking water, and so on. And it is quite pos-
sible that these have played a significant part in bringing
about the mutatiomnss that have gradually led man from his
primitive state, by a process of elimination of the unfit or
unadaptable, up to the present time.

One of the things that particularly concerns us today is
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that the process of selection is not working as effectively as
it has in the past. When the time was that the patient who
developed diabetes on the basis of heredity died before hav-
ing children, there wasn’t a major heredity problem. But
with better treatment of diabetics we are keeping the genes
of those individuals who are carriers active in the pool of the
race and hence have the likelihood of many more diabetics
in future generations, and so it goes.

The geneticists say we should go very slowly and care-
fully with anything that is apt to bring about radiation
mutation. This is seen perhaps most vividly in contrasting
what one knows about obtaining better breeds of plants by
radiation and about obtaining better breeds of animals. The
plant geneticist can irradiate tremendous numbers of seeds
and broadcast them over acres and then can watch for those
plants that are doing the things he would like to have them
do. As a crude example of this, a number of years ago about
half a bushel of peanuts was shoveled into the atomic reactor
at Oak Ridge and these were heavily irradiated. Then they
were planted in North Carolina. Some of them failed to
come up, some of them were pretty unhappy, spindly plants.
Others proved to have increased yields, or produced a much
larger peanut. Others were resistant to blight, others re-
sistant to drouth, and by selection from these it was possible
to obtain improvement in the type of peanuts and rapidly
get this up to a level where it would have commercial im-
portance. Now with animals one can’t do that. You can’t
handle as large a number. Imagine trying to irradiate cattle
at random and breeding a few million cattle, trying to pick
out the good ones that you wanted. It just isn’t a practical
approach. So, in general, for the plant geneticists, radiation
is a useful and practical tool. For the animal geneticists and
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human geneticists we have to assume that in general, muta-
tions prove to be bad rather than good.

Perhaps the most valuable aspect of atomic energy in the
field of genetics has been entirely a side product — the stim-
ulation of large-scale genetic work — research that would not
otherwise have been carried out. We have, right here at
Iowa State under Dr. Gowen, a very important project in
genetics related to the radiation problem. We have at Oak
Ridge now, I think, about a quarter of a million mice that
have been involved in the experiments on genetics there.
We have experiments on dogs going on in different parts
of the country. Similar experiments are being carried on in
different parts of the world and must be carried on so that
we will know what the problems of good and bad are. We
are somewhat in the situation that Adam and Eve were in.
We have the apple, and the question is how far to bite into
it in relation to the good or evil that it may bring.

Now, in the course of the discussion of this problem of
our changing environment incident to the utilization of
atomic energy, some very useful facts have been presented,
some things that purport to be facts but are not, and a
great many emotional viewpoints. You probably have
noticed in any argument that the further one gets away
from the fact, the warmer the argument becomes, and this
is true in this field as well as in others. One of the very
fortunate things is that we have a period of time in which
we can choose what we should do in order to find out the
good things that are available for us and to find out what the
hazards are and how we may control them.

One point that is of importance to us is to know what
the social burden of these environmental changes may be.
Is it going to be an overwhelming one? Is it going to be
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a significant one? Mutations cannot be predicted with ac-
curacy as to number or as to type. But we can make a rough
estimate of the probable number of mutations in man at the
present time. And we can make the assumption that doubling
that number would not place too serious a social burden
on the earth’s population. This amount of radiation that
would double mutations has been called the “doubling
dose” and is regarded as an amount of radiation which, in
the light of present knowledge, man should not exceed.
The value of this doubling dose is a matter of speculation.
The estimates run from very low to as high as 400r, with
10r as a probable low limit and 30 to 50r as the rather likely
level.

Now what is an r? It is an arbitrary unit of radiation.
It is an abbreviation for roentgen. My wrist watch has a
radioactive dial. And that radioactive dial is constantly
irradiating the skin of my wrist while I wear it. And in the
average time that I wear it, approximately 16 hours a day,
the skin underneath gets the same permissible dose that
would be safe to give my entire body. That is three-tenths
of a roentgen for a week. This is a safe level of radiation as
far as systemic effects are concerned; it is a level of radiation
that might have some genetic effects.

However, there is another point that we must remember
in relation to the genetic effects. This is that the effects may
be apparent in the first or the second generation, but that
many generations must pass before equilibrium is reached.
This is fortunate with man because the present levels of
radiation, due either to weapon testing or industrial utili-
zation of atomic energy, are very low, and therefore we have
time to sample the good and evil potentials of atomic
energy — to choose wisely, 1 hope, between them.
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’][‘HE PRESENT ERA is one of new approaches to the

universe. Astronomy has been revolutionized during
the past decade. Perhaps the most remarkable change has
come from the newly developed ability to receive radio sig-
nals from outer space. The mysterious “‘cosmic static” of a
couple of decades ago has blossomed into the new science of
radio astronomy, whose telescopes are measured in feet
where the optical instrument is measured in inches. It is
not an idle dream that the radio telescope will soon reach
to greater distances than have been probed by the study of
the light of stars and stellar systems.

Another new approach is of still more recent date: it is
less than a year since the first man-made satellite was
launched into space. But the satellite is not yet a fully
astronomical tool. At present it is looking inward, not out-
ward; it is primarily a means of studying geophysics. When
satellite astronomy does look outward, the astronomical con-

[85]
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sequences can hardly be foreseen. But that day is still in the
future.

The new approaches are not confined to techniques. The
whole system of ideas concerning the universe is in a state
of flux; the whole emphasis in our cosmic picture is
changing.

It has been said that there have been three eras in mod-
ern astronomy. The first, which dates back less than two
centuries, was concerned with the great stellar system in
which we live —the Milky Way system. The stars were
counted, and their positions were surveyed; their motions
were measured, and many attempts were made to discern
structure in the great system of stars. Gradually it dawned
on astronomers that our Milky Way system has limits, and
then it appeared that we are not unique — our own Milky
Way is only one of many, separated by vast empty spaces.
Only now are we beginning to realize how many Milky Way
systems, or galaxies, there are — not hundreds or thousands,
but thousands of millions, extending to the utmost limit
that our telescopes have been able to reach.

The study of the Milky Way was essentially an era of
map-making. The next great stage came when the stars were
recognized as individuals with special, identifiable proper-
ties of their own. Some are hundreds of times the size of the
sun, some are proportionately smaller; some have surface
temperatures a hundred times the sun’s, some are so cool that
they barely shine. The star as an individual has dominated
the first half of the present century, and we have learned
to find out not only their superficial properties, but even to
analyze their chemical composition. The results are sur-
prising: most stars are of very nearly the same materials, and
in nearly the same proportions. Hydrogen, the simplest of
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the atoms, dominates the composition of the universe: it has
been said that stars “‘are made of hydrogen, with a smell of
other elements.”

Today we have taken a further step: not content with
recognizing an amazing variety among the population of the
heavens, we have begun to ask the question: What makes
them differ? Have they always been as they are today? What
was their past history, and what will be their future? These
are the questions that dominate astronomy today. It might
be thought that these questions can never lead to more than
fruitless speculations, but remember that only a hundred
and fifty years ago a famous philosopher stated that one
thing we can be very sure of is that we shall never know what
the stars are made of. Famous last words! I wish I could
present you with the details of the quantitative analysis of
the sun’s atmosphere, and the beautiful, intricate evidence
on which it is based.

Two roads have converged to give us our present knowl-
edge of the development of stars. I prefer not to call it “evo-
lution,” because that word has come to have a special bio-
logical use, which is not transferable to cosmic processes.
The first was the recognition of families of stars; the second,
the understanding of what keeps the stars shining, a prob-
lem that had puzzled astronomers and physicists for three-
quarters of a century.

Our own Milky Way system contains about a hundred
thousand million stars — many of them, of course, too faint
or too distant to be seen, but the number can be stated with
some confidence. Those that can be studied reveal a sur-
prising tendency to occur in groups. The majority of the
stars have at least one companion, a physically associated
body in orbital motion around it. Many of these groups
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are multiple, like the bright star Castor which has six com-
ponents, and the famous ““T'rapezium” in the Orion nebula,
which seems to have eight. The very nearest of the stars
is a triple system. And we can feel sure that these multiple
stars have always been associated together since their be-
ginning; the stars, though numerous, are so far apart that a
chance capture is out of the question.

Even more striking than the double and multiple stars
are the star clusters. Everyone who knows the sky is familiar
with the Pleiades — the “seven stars in the sky” that are
visible to a keen eye. A telescope shows that this cluster
contains far more than the seven bright stars, indeed it has
hundreds of members. The Hyades, not far from the Pleia-
des in the sky, is another cluster well known to the star-
gazer; here again there are hundreds of members in addi-
tion to the small number visible to the unaided eye. There
are thousands of such clusters, and many more, faint and
distant, remain to be discovered. If a double star has no
chance of being an accidental association, how much less
likely is a star cluster to be onel

If star clusters and double stars are not chance groupings,
but have been together from the first, we can draw an in-
escapable conclusion: they were born together of the same
materials and at the same time, or very nearly so. This is
the basic fact that underlies the modern study of stellar de-
velopment.

The stars of the Pleiades cover a large range of bright-
ness; some are much brighter than our sun, and they are
found to range all the way to stars much fainter. When these
various members of the Pleiades family are studied with
care, their individual properties determined, and their sizes
and temperatures measured, they are found to be arranged
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in a very orderly progression. The brightest are the largest
and the hottest, and their sizes and temperatures are uni-
formly graded downward as we pass from brighter to fainter.
The members of the cluster were born together and have
developed in company. Why, then, are they so different?
The answer to this question was provided by the second dis-
covery that has ushered in the new era of astronomy — the
discovery of the food of the stars.

Speculation has succeeded speculation on the question
of what keeps the stars shining. Specifically, how has the
sun maintained a virtually unchanged output of heat and
light during geological time? Mere combustion would be
hopelessly inadequate. The idea that the sun might be re-
leasing gravitational energy in the form of heat, and con-
tracting as it did so, while it improved matters over the
combustion theory, was still insufficiently prolificc. 'When
radioactivity was discovered, and the release of energy from
the nuclei of atoms was seen to be possible, speculation
began to play with the idea that the stars might be subsist-
ing on the ecnergy of their own atoms. It was less than
twenty years ago that these speculations gave way to con-
vincing theories. At nearly the same time, Hans Bethe and
C. F. von Weizsiacker showed how stars could release energy
from their own hydrogen atoms under the very high pres-
sures and temperatures in their interiors. The food of the
sun was shown to be hydrogen, simplest and commonest of
all the elements, and the supply of energy was seen to be
adequate within our luminary for a long time to come.
There is little doubt that the stars in the Pleiades are simi-
larly fed.

If stars shine by consuming their own internal hydrogen,
it is clear that their careers must be limited by the amount
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of hydrogen available. It was therefore a matter of great
interest to determine how fast they are using up this es-
sential material. There is a very simple way of finding this
out: the amount of hydrogen used is proportional to the
amount of light given out.

Stars give out light at very different rates, which is the
reason why they differ so much in brightness. The brighter
members of the Pleiades are giving out far more light than
their fainter brothers. But are they all equally well sup-
plied with food? Have the brighter ones, perhaps, more
hydrogen within them than the fainter ones?

On this point the evidence, also, is very convincing. As
stars are mainly made of hydrogen, the amounts of available
food that they possess must be proportional to their masses.
And, although the masses of the stars in the Pleiades cannot
be measured, we are confident that they resemble the masses
of many other stars that can be measured (because they be-
long to close double-star systems whose mutual gravitation
can be determined). The study of such stars leads to the
striking conclusion that a star’s light output is not propor-
tional to its mass, but goes up much faster —nearly as the
cube of its mass. The light output of a star of a hundred
times the sun’s mass would be about a million times as
great as the sun’s. So the more massive star must use up a
million times as much hydrogen in a given time. Since it
has a hundred times as much hydrogen to start with, such a
star is “living” at a rate 1,000,000/100, or 10,000 times that
of the sun. We cannot escape the conclusion that it can last
1/10,000 times as long.

Now we take a close look at the physical properties of
the stars in the Pleiades. When a star is beginning to come
to the end of its hydrogen resources, we can predict what
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will happen to it: it will begin to draw on new sources of
energy, and will grow in size and fall in temperature. Some
of the very brightest stars in the Pleiades show unmistakable
marks that this process has begun, whereas the fainter ones,
like the sun, still have ample supplies. By knowing the
characteristic mass of a star like those that begin to show
signs of departing from the sunlike pattern, we can calculate
how long they have been shining. And this enables us to
assign an age to the Pleiades cluster —an age that is about
ten million years.

Large as this time is, it is small compared to the probable
age of the sun — perhaps five thousand million years. The
Pleiades, however, is old compared to some other clusters
that we know. The great double cluster in Perseus is little
more than a million years old; and the group of stars that
shine through the meshes of the Lagoon Nebula in Sagitta-
rius is perhaps five hundred thousand years old, younger
than the datable life upon our own planet!

There are clusters older than the Pleiades; the Hyades
contains some stars that have departed very far from the
sunlike pattern, and this cluster is perhaps ten times the age
of the Pleiades. There are still older clusters, inconspicuous
in the sky, but dear to astronomers, “NGC 752" and *“‘Mes-
sier 67, for instance (known only by the numbers assigned
to them in catalogues), the latter being perhaps 5,000-mil-
lion years old, as old as the stellar system itself.

How, you may ask, do we know the age of our stellar
system? We date it by the oldest objects in it, and corrobo-
rate the date from our studies of the energy sources of the
sun itself (about 5,000-million years old) and the geological
estimates of the age of the earth, which are not much smaller.

The oldest objects that we know in the stellar system are
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clusters, but clusters of a very different kind from the Pleia-
des. Whereas the clusters we have spoken of have hundreds
of stars in them, these old clusters have populations of hun-
dreds of thousands, if not millions, of stars. They are known
as the “globular clusters” because they look like globes of
stars, which they probably are.

Globular clusters show development patterns that con-
firm and supplement the patterns shown by the galactic
clusters, though they are different in important and striking
ways. These clusters can be dated in much the same way as
the Pleiades-like clusters, and they all turn out to be nearly
of the same great age, about 5,000-million years, perhaps
rather more.

What makes them differ from the Pleiades-like clusters?
Probably they are of different composition, and contain
more hydrogen and less of the heavy elements. We ascribe
the difference to their greater age: they were formed at a
time when the star-generating clouds consisted mainly, per-
haps entirely, of hydrogen.

How, then, did the Pleiades-like clusters come to be
formed from materials of different chemical composition?
We now believe that these clusters are a second generation
in stellar development. As stars consume their hydrogen,
they form other, heavier elements; first helium, later oxygen,
neon, and finally the metals. Many of the heavy, luminous
stars become unstable and explode, scattering these products
of their digestive processes into space. The clouds of material
thus formed are able to form again into stars and clusters of
stars — very likely all stars are born in clusters, and some of
them get lost as the cluster ages. Thus, the younger stars,
the second-generation stars, are of different chemical com-
position from the primitive stars, and their course of de-
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velopment is somewhat different. The difference is reflected
in the pattern of physical properties that is displayed by the
members of a cluster like the Pleiades.

The new outlook in astronomy has led to a complete
transformation of ideas. Today we look out at the stars and
star clusters that make up the Milky Way system and recog-
nize that they span a vast variety of ages: some infant groups
are less than a million years old, the oldest that we know are
five thousand million years of age. The static universe of
yesterday has been transformed into a picture of perpetual
change, development and rejuvenation. The stellar system
known to astronomers — even the bright stars visible to the
casual observer —has changed immensely since life first
walked the earth. And yet this conclusion is a triumph of
ideas — the i1dea that groups of stars are of the same age and
origin, and the idea that stars sustain themselves by con-
suming their own substance. We have yet to observe, di-
rectly, any change in a single star that can be ascribed to de-
velopment. The coming era of astronomy will look for such
changes; and I have little doubt that the astronomers of
tomorrow will find them.
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Today’s Challenge to
People’s Capitalism

T HAS BECOME the fashion to have centennial cele-
brations here in the Midwest. I have just come from
Chicago where the YMCA is having a great centennial rally
this weekend. These anniversaries are significant bench-
marks in the development of this part of the country.
Probably nowhere in the world has 100 years wrought such
a transformation as in this area. We have gone from a
wilderness to great metropolitan cities, from raw prairie to
the most productive and efficient farms of the world.

I need not say how honored I feel in talking to an audi-
ence assembled in honor of our great institution, which
serves so well to illustrate the dynamic character of the Mid-
west. It seems to me to be one of those few times when one
is justified in looking back in order to size up why and how
we have come to our present state of development and also
to look forward, if possible, to see if there are any threats
to the continuation of this onward march.

[95 ]
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It is difficult to find a word which adequately describes
the social-economic system of our country. It is capitalistic,
yes, but very different —even fundamentally different —
from capitalism as practiced in other parts of the world. As
a matter of fact, about three years ago President Eisenhower
asked the Advertising Council to develop a term that would
adequately describe the distinctive type of social and eco-
nomic organization of this conntry. The name ultimately
adopted was “People’s Capitalism.” Since the selection of
that name, the Council has been actively engaged in ex-
plaining and publicizing “People’s Capitalism™ both in this
country and abroad.

Let us first define the elements of “People’s Capitalism”
that differentiate it from capitalism as practiced in other
parts of the world, primarily in Europe. I would list the
following as being the essentials of the American system:

1. Wages as high and hours of work as low as productivity
will permit, resulting in the development of the worker
as a consumer.

1o

The application of scientific research, engineering,
managerial skill, and capital investment to increase pro-
ductivity per hour of work.

3. Competitive society with the consumer free to buy what
he will, where he will, and with industry competing for
the customer’s favor through the production of goods
that are more desirable or less costly.

4. Recognition of growth as a national characteristic and
the realization that this growth comes from better plants,
better machines, better-trained workers, better products.

5. Essential to this concept of growth is the principle of

modest profits with increasing turnover of capital rather

than a limitation of volume through large unit profits.
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This latter point implies the obsolescence of equipment be-
fore it is worn out, if more efficient and productive equip-
ment is available, and this in turn requires a constant re-
investment of a sizable portion of profits to provide for ex-
pansion and improvement.

Our American system had its genesis in the industrial
revolution that started abroad, principally in England, in
the latter half of the 18th century. In retrospect it seems
extremely significant to our development that the political
revolution that established us as a nation occurred at a time
when a fundamental economic revolution was also taking
place. This unique combination of events has had a pro-
found effect on the direction and pace of our development.

You will recall that the spinning jenny was invented in
1764. The invention of the steam engine and particularly
its adaptation to rotary power, the power loom, discoveries
that permitted coal instead of charcoal to be used in the
making of steel —all of these events occurring in a 35-year
period — had a revolutionary effect on the advanced nations
of the day. They were significant because of the greatly in-
creased productivity which followed, and because of the
flexibility which they permitted in the location of producing
units.

Now let’s look at some of the effects of the industrial
revolution. Turning first to Europe where the effects were
first felt, we find that the new economic order was based on
the production of goods by workers employed at a minimum
wage for the longest possible hours of work and that this
was made possible by a continuing over-supply of applicants.
There was a control of marketing through a system of car-
tels, based upon collective industry agreement as to pro-
duction volume and division of markets. Equipment was
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because it is the usual, and one might say, the natural state
of things which nobody ever hears of. Masters too some-
times enter into particular combinations to sink the wages of
labor even below this rate.”

Some 70 years later in 1845, Friedrich Engels, in drawing
up his bill of particulars against capitalism could still say, in
commenting on the English economic scene: ““The great
towns are chiefly inhabited by working people. . . . These
workers have no property whatsoever of their own and live
wlolly upon wages, which usually go from hand to mouth.
Society. . . does not trouble itself about them; leaves them
to care for themselves and their families, yet supplies them
no means of doing this in an efficient and permanent man-
ner. . . the human being, the worker is regarded in manu-
facture as a piece of capital for the use of which the manu-
facturer pays interest in the form of wages.”

Other commentators, while critical of the system as it
then operated, were more conscious of the possibilities for
a better life that it offered. Thus an early French economist,
Jean Charles de Sismondi, wrote in 1819: “The immediate
effect of machinery is to throw some of the workers out of
employment, to increase the competition of others, and so
to lower the wages of all. This results in diminished con-
sumption and a slackening of demand. .. ”

“. .. It is not the perfection of machinery that is the
real calamity, but the unjust distribution of the goods pro-
duced. The more we are able to increase the quantity of
goods produced with a given quantity of labor, the more we

>

ought to increase our comforts or our leisure,

I3

and,
... To increase the sale of the produce of industry and
labor of man, it is not the income of the rich but the income
of the poor that must be increased. It is their wages that
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must be increased, for the poor are the only purchasers who
can add greatly to the extent of the market.”

Robert Owen, a remarkable genius of early English in-
dustry, was even more perceptive, seeing both the problem
and the solution. He said: “It is the want of a more profit-
able market that alone checks the successful and otherwise
beneficial industry of the working classes. The markets of
the world are created solely by the remuneration allowed by
the industry of the working classes, and those markets are
more or less extended and profitable in proportion as these
classes are well or ill remunerated for this labor. But the
existing arrangements of society will not permit the laborer
to be remunerated for his industry, and in consequence all
markets fail.”

And finally John Stuart Mill, who made a vital sepa-
ration between the ability of the new economy to produce
wealth and the distribution of that wealth. He saw that the
proper combination of capital, labor, and land would pro-
duce wealth in any setting, but that the distribution of such
wealth was not an economic matter but a social matter. He
foresaw the possibilities of the unprecedented productivity
of industry. “Hitherto it is questionable if all the mechanical
inventions yet made have lightened the day’s toil of any
human being. They have enabled a greater population to
live the same life of drudgery and imprisonment and an in-
creased number of manufacturers and others to make for-
tunes. They have increased the comforts of the middle
classes. But they have not yet begun to effect those great
changes in human destiny, which it is in their nature and
in their futurity to accomplish.”

This then was the European scene at the time this
country came into being. Important inventions were avail-
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able to us on which to build an industrial base. We had a
continent to be settled. We had rich natural resources of
a type in demand by the world of the day. The task of build-
ing roads and later railroads, communication systems, and a
banking system faced the nation and contributed to a psy-
chology of growth and expansion and individual oppor-
tunity. We had built into our very political structure a re-
gard for the rights of the individual unique in all history.
We must remember that the history of mankind is in large
part the story of man’s struggle to be free of the caprice, the
power, and authority of the individual tyrant, despot, or
dictator. The majority had struggled for recognition and
had achieved it, but it remained for this country to estab-
lish the rights of the individual or a minority against the
power of the majority in certain specific areas of human
conduct. Thus, politically, there was recognition of the
rights and dignity of the individual imbedded in our
national psychology from the beginning. From a social
standpoint it was accepted that no individual person had to
stay in the social and economic level in which he was born.
The American society was one in which the individual.
through ability and willingness to work, could advance him-
self. While at any given moment there were definable eco-
nomic levels comparable to those found in other nations,
these levels were constantly changing so far as their composi-
tion by specific individuals was concerned. This country had
the political, social, and economic climate for a departure
from the accepted pattern of the industrial age as it de-
veloped abroad.

However, despite the completely different potential, in
the main our older industrial areas copied European prin-
ciples of capitalism which remained pretty much the order



102 Commemorative Papers

of the day up to the latter part of the 19th century. By this
time the pattern of economic development and its impact
on the social order of the day were such as to cause concern
in many quarters. Even the Catholic Church, which today
takes such an unqualified stand against communism, was at
that time equally positive in condemning capitalism as prac-
ticed. In 1891 Pope Leo XIII, in the Encyclical Rerum
Rovarum, recognized and summarized the conflict of the
times. He wrote: “We clearly see, and on this there is
general agreement, that some opportune remedy must be
found quickly for the misery and wretchedness pressing so
unjustly on the majority of the working class. . . a small
number of very rich men have been able to lay upon the
teeming masses of the laboring poor a yoke little better than
that of slavery itself. There is no fear that solicitude. . . by
the administration . . . will be harmful to any interest; on
the contrary, it will be to the advantage of all; for it can-
not but be good for the commonwealth to shield from
misery those on whom it so largely depends for the things
that it needs.”

The question was thus posed, how could the faults of
capitalism be corrected while preserving the system? In the
Encyclical, the Pope went on to say: “Justice. . . demands
that the interest of the working classes should be carefully
watched over by the administration, so that they who con-
tribute so largely to the advantage of the community may
themselves share in the benefits which they create — that
being housed, clothed and bodily fit, they may find their life
less hard and more endurable. It follows that whatever shall
appear to prove conducive to the well-being of those who
work should obtain favorable consideration. There is no
fear that solicitude of this kind will be harmful to any inter-
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and profits remained unanswered and the conventional view
was still held that, while the standard of living of the masses
could be improved through a better wage system, the result
would be a losing of the profits that were essential to provide
the capital for further economic growth and facilities re-
quired by the nation.

However, in 1914 there occurred a major economic
break-through. Henry Ford announced a revolutionary
eight-hour working day and a $5.00 a day basic wage. Even
if we judge this effort only in terms of dollars and cents it
was revolutionary, for it occurred at a time when the average
industrial worker was paid $11.00 for a 49-hour work week.
But its real significance lies in the fact that Mr. Ford had
caught the vision of what applied science and engineering
could do in increasing productivity, thus opening the way
for a new concept of wages and working hours which would
eventually make the worker group a greater consumer of
its own product. This change in economic concept, plus
directives establishing the political ground rules have re-
sulted in the development of the basic principles that dis-
tinguish “People’s Capitalism” so markedly from the Euro-
pean capitalistic order.

What has been the impact, on individuals and society as
a whole, of this new concept of capitalism operating in a
unique political climate? Using 1914 as a base year, since
that year marks the application of Henry Ford’s theories
and the beginning of “People’s Capitalism,” the average
wage level of the industrial worker has gone up 544 percent,
while the prices of those things comprising his standard of
living have increased only 180 percent. While this tremen-
dous increase in wage levels was occurring, the average work
week went from 48 hours to 41 hours.

This dramatic increase in wage levels has given the
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average worker a high degree of discretionary buying power
which has not only been used to improve the workers’
standard of living, but also supports a wide range of cul-
tural, social, educational, and religious activities. The
number of those engaged in the arts has increased 200 per-
cent, although the total civilian work force has gone up only
40 percent. About $2 billion are contributed annually by
the public and corporations to health and welfare agencies.
Another $5 billion accumulates each year for unemploy-
ment compensation, hospital and medical care when needed,
and for pension purposes. There has been a 300 percent
increase in the number of charity, welfare, and religious
workers. The number of hospital beds in proportion to the
population has doubled, and hospitals are staffed by three
times the proportionate number of nurses. Church member-
ship has increased more than 120 percent, compared to a
population increase of 55 percent; colleges, too, have had
some share of the greater wealth in the hands of the public
and business, as is indicated by a 400 percent increase in the
number of faculty members, and this increase was made
necessary in part by the fact that 34 percent of the college
age group attend college now as compared to 18 percent in
1914.

Let’s mention some of the more important situations
which face us now but which were relatively unimportant
before the last war.

First, the so-called cold war and all of its implications.
It absorbs 1014 percent of our economic effort and has
reached, since 1946, as high as 14 percent. It reaches into
the fabric of our whole economic system. Can we carry this
on and yet preserve, in all respects, the political, social, and
business practices of peace time?

During a war we expect greater centralization of author-
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ity, over many aspects of life, by government. Democratic
processes are too slow when urgent needs must be met. We
are keeping the normal peacetime balance of power between
the three branches of government, when undoubtedly there
are demands to be met which require a faster tempo than
is permitted by legislative processes. At the same time, there
Is no war, with its actual operations of success or failure,
to serve as a check on more complete executive autonomy.
One does not see how Congress can keep up with science
and technology, as applied to defense material, or with the
everchanging political and economic affairs all over the
world. At the same time, if it gives the Executive Depart-
ment and the Defense Departinent rather complete auton-
omy to carry on as they see best, as would be done in actual
war, the whole operation becomes shrouded in secrecy and
there are no war incidents to tell how well the job is being
done. This whole defense problem projects the federal
government into questions of education, scientific research,
school construction, foreign commerce, grants-in-aid, and
atomic development as well as complex relations with in-
dustry.

This problem presents a real dilemma and has a direct
bearing on our whole society. In fact, if we are to have de-
fense expenditures at the present level for many years, as
many people believe, then we must think through the best
way of organizing for such purpose. On one hand we want
to have the efficiency of direct competent authority, but on
the other hand we want to preserve to the fullest possible
extent the fundamentals of a free but competitive society.

The concept of a free competitive society which the wise
leaders of the past had in mind when our Constitution, Bill
of Rights, and later when our anti-trust laws were formed,
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assumed competition between sellers in a market or com-
petition between buyers in a market. The charter of a
constitutional government expressed in its original docu-
ments provided rights to property, a wide scope of individual
liberty, and the three essentials for freedom in any economy,
namely, free movement of people, property, and money.
When referring to competition of buyers or sellers they were
not thinking primarily of individual persons. The cor-
poration, as a form of organized effort, was the medium by
which the production and distribution of necessary goods
and services was to be performed. Competition was, per se,
competition between one group of people comprising owner
and workers against another similar group. The anti-trust
laws sought primarily to maintain conditions wherein cor-
porations competed with each other for the customers’ favor.

Against this background let us look at the development
of industry-wide union organizations. First of all, this new
element has created a horizontal division in many of these
vertical groups contending with each other. On one hand,
in each corporation is a group with some understanding and
appreciation of what is involved in a commercial competi-
tive situation. They understand the importance of product
design, of continuing research and engineering development,
of financial controls, and of marketing, sales policies, adver-
tising, distributor and dealer relations, personnel and pub-
lic relations, competitive costs, and efficient plant equip-
ment. On the other hand there is the group of organized
workers, belonging to a union which often embraces the
workers of the competing firms in that industry, where
leaders have little appreciation or interest in the problems
of effective competition. The worker is subjected to oppos-
ing loyalties. As a mature individual possessing judgment
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and a sense of values, he undoubtedly takes some pride in
the success of the enterprise in which he plays a part. At
the same time he is constantly exhorted to put his loyalty
to a class above that to his employer.

A new force has entered the picture which seeks only
the average and collective improvement of a large number
of organized workers. The older concept of economic classes
whose composition changed as the more able moved on up
in station and responsibility is being supplanted by a tend-
ency toward a permanent stratification. The European capi-
talistic concept of fixed classes is being re-created here,
year by year, by those who seek the improvement of work-
ers rather than by those in power seeking to hold the worker
down. The worker looks to his union representative for
economic improvement rather than to his own individual
initiative and ability. Seniority and job classification alone
distinguish one worker from the next. One cannot help
but wonder if something is not in the process of disappear-
ing from the American scene which heretofore played such
a great part in our national development, i.e., individual
ambition, application to the job, self-reliance, and the desire
to get ahead.

I am not saying that the organization of labor is under
question. Human nature being what it is, quarrels and dis-
sension regarding the division of property and money are
not uncommon among people — families, partnerships, and
heirs, as well as employee-employer groups. The record is
full of many employers who have treated their employees
fairly and generously even though unorganized. On the
other hand there are the many cases where lack of consider-
ation and fairness would be the rule without the economic
strength of employee organization. It is only when the indus-
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try-wide union, with its membership made up of the workers
of competing members of the industry, faces a single firm
that we have a situation that is a marked change from that
contemplated when our anti-monopoly laws were written. It
seems inescapable that some changes regarding industry-
wide unions must be made if we are to retain the essentials
of the capitalistic system which have brought us so far.

“People’s Capitalism” is also faced with the problem of
assimilating and incorporating into its functioning the in-
credible scientific break-throughs on many fronts. While the
press dramatizes satellites and atomic power applications,
everyday intricate equipment, often electronically controlled,
1s being installed in industry. Automation is no different
from what has occurred all during our economic history of
applying scientific and engineering talent toward increasing
productive output per hour. Its development has grown out
of technological advances in a number of areas necessary to
cope with the scale of modern industrial operations. We hear
much about the effect of automation on opportunities for
employment. I think the experience of the telephone com-
pany best illustrates what actually happens in practice. The
dial telephone is probably a more extreme form of automa-
tion than is likely to occur in industry in general. Instead of
throwing operators out of jobs, their number is now nearly
doubled. By the same token, however, if the present volume
of telephone traffic had to be handled by manual switch-
boards, I am told that even if every able-bodied adult woman
in this country were drafted to serve as a telephone opera-
tor, there still would not be enough operators to take care
of today’s volume of calls.

What is the effect of all this on the social and economic
organization of the future? For one thing, it seems inevi-
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table to put a premium on size. It takes sheer size to carry
on the research and experimental work for such develop-
ments, and it takes size to make efficient use of such produc-
tive but costly equipment. It will have to be recognized that
the large corporation is essential to an efficient and success-
ful industrial economy. Political attacks on large corpora-
tions, simply because they are large, should not be popular.
Only their conduct should be questioned, and conduct is
not a product of size. How else are we to compete with Rus-
sian state corporations, with their unlimited funds for sci-
ence and research, unless we use to the fullest the great
institutions which have grown and prospered as a result of
the free choice of American citizens when purchasing their
products.

Corporate management will more and more come to be
in the hands of those who sense the quasi-public character
of the large corporations in this new setting. As the number
and size of larger corporations increase, their requirements
in the way of specialized services also increase, and the op-
portunity for the small individual businessman may be more
in the way of serving them and less in direct competition of
product. This is a trend already in effect.

However, in reviewing what has happened since the war,
we seem to run into at least one major hurdle. I refer to the
subject of inflation, which has been bothering thoughtful
people despite the events of the last few months and the
short-term outlook. That there is such a thing is illustrated
by the fact that over-all prices have increased since 1947
at an annual rate of 23 percent. This means the value of the
dollar has shrunk accordingly. What new forces are at work,
in the system we are discussing, to cause this problem? Since
the war the government here and elsewhere has become in-
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creasingly aware of its power to influence economic condi-
tions. For example, we have the Full Employment Act of
1946, which places the government directly in a position of
responsibility for so-called full employment. Another new
ingredient is the growth in size and economic power of or-
ganized labor.

Inflation is normally thought to be intimately associated
with the supply of money and the amount of civilian goods
produced. During the inflation, which occurred here and
elsewhere as a result of the war effort, the supply of money
increased, because of war costs, much faster than did the
amount of goods for civilian purchase. Since the war, how-
ever, the amount of goods available for purchase has in-
creased faster than the money supply. For instance, during
this same period the total physical output of goods and serv-
ices on a constant basis increased 44 percent, but the total
money supply increased only 23 percent, and yet prices in-
creased 26 percent. Therefore we must look to other causes
for this persistent pressure toward higher prices.

One cause is the wage policy of organized labor and its
power to enforce such a policy. In part, this power stems
from the high level of defense expenditures which created,
up to a few months ago, an extremely tight labor market
through the diversion of many people to the armed forces,
defense plants, and government employment in general.
But in addition, unlike the earlier days of “People’s Capital-
ism” when the benefits of technology were divided between
the worker in the form of higher wages, the consumer in
terms of lower prices, and the owner in terms of profits, we
have a wage policy which diverts to labor alone the full
benefit of increased productive ability.

It seems axiomatic that the only way in which a group
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of people, such as comprises our total economy, can have
more goods each is to have more goods produced and in
greater proportion than the growth of population. Modern
science has shown us how this can be done. If wage level
increases were not in excess of over-all productive improve-
ment, the basic laws which created our competitive society
would insure that competition would prevent prices from
rising over any extended term. But if certain industries
where applied technology does result in a constant increase
in productivity are required by coercion to increase wage
rates in excess of such improvement in individual output,
then that industry must perforce require higher prices to
offset the excessive wage increases. At a time of full employ-
ment, the example set by wage changes in these key indus-
tries is carried over to others where comparable improve-
ment is not possible and, despite the intense competition,
there is an irresistible trend to higher prices for their prod-
ucts, be they tangible goods or services.

There is an unequal distribution of the effect of inflation,
with the workers in key industries not feeling the effects at
all because wages are kept ahead of prices, and the brunt
being borne to an increasing degree by those industries
where wages lag further and further behind prices, until
we finally come to those people on pensions or annuities
who feel the full weight of this inequity. Thus the efforts
of the wise statesmen, who turned our capitalism into a
highly competitive system, are nullified by the power of
labor in so far as equitable distribution to all people is
concerned.

In the long run, not even union members, whose lead-
ership year after year gains for them wage increases well in
excess of what is warranted by increased productivity, are
immune to the effects of inflation. Despite the fact that their
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current income keeps them ahead of inflation, the funds that
are set aside for retirement benefits are being subjected to
drastic erosion from inflation. For example, I mentioned ear-
lier that the U. S. dollar has depreciated at an average rate
of 2.3 percent per year since 1947; however, during 1956
and 1957 the consumer price index rose 6 percent. At this
rate we are experiencing a doubling of prices every 19 years.
If our present trend continues, money now being paid into
pension funds by workers in the median age bracket of our
work force will have lost 50 percent of its value by the time
those workers retire. If an effort is made to maintain present
wages, and at the same time increase payments to pension
funds to gain protection from the effect of inflation, then
the process of deterioration will simply be speeded up.
Government intervention when a downturn in economic
activity occurs is another inflationary force to be considered.
It should be recognized that in adjustment periods such as
1949 and 1954, as well as the one we are now experiencing,
time 15 necessary to bring about a correction of the excesses
which developed during the preceeding boom. While gov-
ernment should continue to pursue vigorously its accepted
role of fiscal and monetary management, including money
and credit supply, it must be kept in mind that natural for-
ces are working to restore the balance. In 1954 these forces
were recognized as being adequate and were given time to
prove their effectiveness. Government actions in times such
as these have a direct bearing on inflation. Each period of
acceleration in business activity naturally leads to a strength-
ening of prices. If natural forces are not permitted to correct
previous price rises because of government intervention
through expenditures for non-economic purposes, then the
next upswing must start from a higher price base. Thus the
stage is set for even greater inflation as the economy moves
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into the succeeding period of growth and a further strength-
ening of prices.

It is certainly not appropriate in this talk to define the
application of these observations to the current recessionary
period. It unquestionably differs from the two periods of
recession since the war in that this time it follows a great
capital goods boom in contrast to the build-up of excessive
inventories as previously. I merely counsel against precipi-
tate actions by government in the way of direct expenditures
which might not be considered advisable under normal con-
ditions. At the same time, actions of a monetary and fiscal
character, which will accelerate the normal forces of adjust-
ment, are appropriate and in fact vital. It is important to
recognize that our progress has never followed the pattern of
an ascending straight line, nor has it been due to the idea
that somewhere and somehow government must immediate-
ly correct any deviation.

Thus a new array of forces, which have not existed before,
are affecting what we have called “People’s Capitalism.” The
system has amazing vitality — it has withstood the tendency
to substitute government direction for individual initiative
during the ’30’s. During the ’40’s it provided equipment
necessary for the war effort, and since the war has compiled
a tremendous record of expansion, whether measured by
living standards or defense standards. While we have a tra-
dition of change and adjustment, the changes which occur
should be measured against principles which are unchang-
ing, and chief among these I would name that greatest asset
of all, individual freedom and initiative. If new concepts and
new forces which are introduced into our economy and so-
ciety are judged by their effect on individual freedom and
initiative, then these important principles can be as great
a safeguard for our future as they have been for our past.
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MERICAN AGRICULTURE, a modern wonder of the
world, is still in trouble. During a century of scientif-
ic and technological advancement, it has attained so high a
level of proficiency that it continues, on a diminishing acre-
age and with a decreasing number of farmers, to produce far
in excess of the increasing demand of a rapidly expanding
national population. Despite all efforts to curtail this abun-
dance, production remains aloft, farmers’ income shrinks,
and the government goes on purchasing and storing sur-
pluses against a time when by some means they may be dis-
posed of somewhere. So a cry persists throughout this bless-
ed land calling for somebody to do something to “put right”
the greatest agriculture in a world not yet well fed.

To that cry, as always, America is responsive. As always,
there is the prospect of additional legislation, the formula-
tion of further policies, the promulgation of new rules and
regulations, and the prosecution of such programs as afford
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promise of betterment of agriculture and rural living, con-
sistent with the general welfare. Such ready response to the
farm problem, in whatever form it has arisen, has helped
to make American agriculture great. It has also contributed
enormously to the weight of the farm problem now bending
America’s back.

The shape and magnitude of America’s farm problem has
varied with the circumstances confronting successive gener-
ations of farmers. It has not always commanded the inten-
sity of interest reached during the last 40 years; nor has the
focus of that interest played so directly as now on the eco-
nomic aspects of the problem. Formerly, public interest lay
chiefly in the expansion of agriculture and its adjustment
to recurring technological change. In recent years, primary
interest has revolved around price-cost relationships, acreage
allotments, marketing quotas, and other facets of intricate
procedures aimed at the attainment of parity.

The shifts of public interest pursuant to problem changes
have resulted in successive legislative actions and policy
determinations which have tended to be cumulative. So in
today’s farm problem we discern a combined effect of several
policies, each rooted in relevant legislation, which are of
great importance to our agriculture but which are not clear-
ly aligned to common objectives.

This situation, since it complicates our farm problem,
invites mature consideration and frank expression of honest
opinion. It is serious enough even if it could be looked upon
as of domestic concern only; but it is of much wider concern.
It has an impact on our relations with other countries on
either side of the Iron Curtain.

Some of our policies are regarded favorably by other na-
tions, e.g., those we have observed consistently in promot-
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ing agricultural education, research and extension, and var-
ious regulatory, economic, and statistical services. These are
being emulated widely in the world; indeed, their adapta-
tion in many different governmental structures is being
largely financed by the United States under contracts ne-
gotiated with land-grant colleges or universities in coopera-
tion with recipient countries.

Other of our policies, on the other hand, are regarded
unfavorably even by some friendly nations. This is true par-
ticularly with respect to policies aimed at surplus control or
disposal. By those nations which also hold surpluses, our
huge stocks are viewed as a constant threat to international
trade in the commodities involved. These nations are less
fearful of straight-forward competition in the trade channels
than they are of the subsidies by which America may under-
write her “competitive” transactions.

Deficit countries, able to buy in the channels of trade,
understandably are alert to the advantages of a buyers’ mar-
ket, and they are not disposed to discourage competition
among nations holding surpluses. When a deficit country
takes advantage of a buyers’ market the international reper-
cussions sometimes are pronounced, as I learned in late 1954
in the Far East. Rice-holding countries, such as Burma, were
complaining that the United States had invaded the Japa-
nese market. Actually Japan explained that she had bought
where she could get the kind of rice she wanted at the price
she could afford to pay. But that plausible explanation failed
to allay resentment at our alleged invasion.

Nations not holding surpluses and not able to shop with
dollars, even in a buyers’ market, welcome with some reser-
vation the provisions of our Public Law 480. This law per-
mits nations qualifying under its provisions, to buy our sur-
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pluses with their own currencies, the amount paid us to be
held as a “counter-part fund” for use in furthering our pro-
grams within the respective countries. By this method it
would seem that America gets rid of surpluses and at the
same time advances its programs, but it is not quite that
simple. To me it appears as a transaction comparable to one
in which I get merchandise “free” for coupons or trading
stamps for which in some mysterious manner I have already
spent money. Similarly, the American taxpayer, having
bought the surplus commodities, trades them for less valu-
able counter-part funds which, like the coupons and stamps,
can be “redeemed” only at specified counters, in this case
the countries of origin. Having had to deal in about 40
different currencies, I naturally wonder about the ways in
which counter-part funds are expended and about how
much better off anybody is after they are spent. But, I be-
lieve that Public Law 480 is sufficiently meritorious to war-
rant attempts to extend its application.

Countries unable to purchase our commodities with even
their own poor currencies are willing to accept gratis allot-
ments. Some will accept such allotments under almost any
condition America wishes to impose, whereas others are re-
luctant if acceptance involves binding obligations to the
United States in either cold or hot war. And there is always
the question of who pays the freight. Free goods are not use-
ful if you cannot afford to transport them to points of con-
sumption.

The concensus of comments I have heard in my travels
generally favors the United States as a nation making a sin-
cere effort to do a tough job well. T have noted also the
more extreme reactions, varying all the way from complete
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acceptance of anything America has done to outright damna-
tion of everything she has done.

Most nations, regardless of whether they are selling, buy-
ing, or just receiving agricultural commodities, see the con-
flict in our policies — to increase productivity at home and
abroad, on the one hand, and to restrict production at home
on the other.

There is reason to feel that the net effect of that conflict
is to confuse ourselves, baffle our friends, lay ourselves open
to the subleties of unfriendly nations, and leave the in-
between nations bewildered.

America therefore must face up to a stern fact: Her
magnificent agriculture is not “right” either at home or
abroad. So she is obliged to continue her quest for a remedy
to satisfy that incessant cry, although she knows by sad and
costly experience that a remedy is neither easily prescribed
nor readily fulfilled.

In her further quest for a remedy, America would do
well, T believe, if she would take a hard look at all of her
agricultural policies as they have come down through the
years, not only those directed at surpluses. Surplus policies
continue in the limelight and are likely to occupy it for
some time yet; but actually they have not had, are not hav-
ing, and are not apt to have any more profound effect on
American agriculture or in reference to our foreign rela-
tions than other policies which have been observed by this
country for 100 years or more.

Even a cursory examination would show our policies to
be as varied as they are numerous. They are also complex.
Their objectives generally are sound. But they lack the co-
hesion that would maximize effectiveness and minimize con-
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fusion. They lack also clarity of over-all purpose, which
needs to be made plain if we are to have better understand-
ing of what, really, we are attempting to do, and if we would
extend that understanding to other nations. Finally, our ag-
ricultural policies need to be seen more plainly in rela-
tion to our diplomatic, military, and commercial policies
which, under the stress of international events, often com-
mand consideration not always inclusive of our agricultural
goals and commitments.

To keep her agriculture in the sound position that is es-
sential to strength in her national economy, America’s re-
view of her policies needs to be realistic and tough — but
amenable, at the same time, to compromise. For, as is so
often the case in human affairs, the most earnest endeavor
ends somewhere between the practical and the ideal, between
principle and expediency. No other end would seem prob-
able to 2 man who has spent as many years as I have in the
atmosphere of bureaucracy.

During an appearance I once made before an appropri-
ation committee of the United States Senate, I was in the ex-
ceptionally rare position of a bureaucrat seeking not more
but actually less money. The Bureau of the Budget had wel-
comed my recommended reduction and the House committee
had not said it was opposed; so I was a bit confident of
achievement as I faced the Senate committee. But that con-
fidence faded fast when a member condemned my recommen-
dation as not acceptable to his constituency. My explanation
that the proposed reduction would be applied in several
states, not his alone, only created further trouble for me.
Finally, after having gone off the record for an extended dis-
cussion, the chairman simply and clearly summarized the out-
come. “This committee,” he said to me, “is in full accord



Philip V. Cardon 121

with your argument, which makes sense, but it's poor
politics.” The wisdom of that conclusion was underscored
a few days later by a stack of telegrams representing the ad-
verse attitude of every community in thie United States that
could have been in any way affected by my proposed saving.
Needless to say, the appropriation act ignored my recommen-
dation, and I was obliged to continue to operate facilities
which in my judgment had outlived their usefulness.

My career has afforded me the privilege of serving under
several different secretaries of agriculture, not all of the
same political faith. I have seen each of them come to his
office, seemingly determined to take the kinks out of agri-
culture and put it “right.” Certainly his party had pledged
itself to do just that, and he had been chosen to carry out
the party’s promises. Insofar as my association with each sec-
retary permits me to judge, I should say that each in his turn
did about everything that anyone in that man-killing job
could have done.

In his struggle to console the forces in front of him —
the Congress, farm organizations, various commodity, breed,
and industrial associations, consumers and other groups —
he had to depend in very large measure upon the forces back
of him — the career employees, the bureaucrats if you pre-
fer, or the public servants if you would be gracious. These
backstop forces persisted in laying before him facts for which
there could be no substitute. No secretary has escaped them.
I suspect that each has been impressed by the volume of
fact at his disposal and by its unending flow toward him.
He must have seen in those data also much of what had
been seen by his predecessors; it could not be otherwise, for
facts do not change as they accrue. Yet each secretary, in his
hour of decision, has had to take into account not only the
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facts before him but the politics of the moment, or risk be-
ing sunk — on the Hill or in the Husting.

Alone in the same spot, I think any one of us would
have concluded that until sounder bases are provided as
guides to further legislation, policies, and programs, pro-
posed remedies for the ills of agriculture are likely to be im-
balanced concoctions of fact, opinion, and expediency. 1
would expect them to achieve the same end as my ill-fated
recommendation for a budget reduction. They might make
sense but still not make the grade in politics.

Ever sounder bases are in the making and in time will
serve to guide more wisely our economic, social, and politi-
cal adjustment to technological progress. But we have not
yet acquired the bases needed, and our lack should be in
mind as we look over our policies.

That look, moreover, must see not only the policies of
primary concern domestically; it must see also our policies
affecting foreign relations. Both types and their interplay
have helped to bring American agriculture to its present
position. So, in seeking realistic ways in which to strengthen
that position at home, it would be unwise to omit considera-
tion of the high ideals inspired by America in a frightened
world as she progressively assumed, or had thrust upon her,
steadily increasing responsibilities in international leader-
ship: the earth-girdling declaration of the Four Freedoms,
for example; America’s daring initiative in bringing about
before the end of World War II concerted effort among the
then United Nations to preserve and magnify the lofty ideals
of democracy; and then America’s ““bold, new” program of
technical cooperation and economic development aimed at
mutual security.

But even if we train our camera upon policies reasonably
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within our range of vision, to get a true picture we need a
variety of specially ground lenses capable, first, of encompass-
ing in a single exposure the whole depth and breadth of our
history and, second, of portraying against that background
the heritage, the body, and the soul of this living, changing,
organic something which we call agriculture. Then its ail-
ment would become more apparent, diagnosis could be
more exact, and a remedy more certain.

Lacking such equipment, we are obliged, as it were, to
resort to a series of aerial photographs, the assembly and
interpretation of which, I assure you, is not to be accom-
plished within the fast-expiring limit of my allotted time.
The best T can do is to point to some which I believe to be
worthy of inclusion in more comprehensive studies.

I would point to the existence in this hemisphere of
ancient cultures whose influence on our agriculture has
been infinitely greater than is commonly recognized. They
gave us corn, for example, and potatoes and tobacco; and
their farming practices and irrigation structures have condi-
tioned our own. I would point, too, to some stakes driven
during our colonial era, which set the course of national
development and projected our agricultural expansion.
Then came events which gave us independence and launched
on an orbit encircling the globe the basic concepts of de-
mocracy.

Very soon thereafter, occupying a domain continental in
scope, America in her youth possessed unmatched natural
resources with potentialities beyond her imagination. To
exploit those resources she encouraged immigration and
opened her ports to people of many different origins, of
varied skills, but with a common goal — realization of the
opportunities and the freedom our democracy held out to
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them. With those people came seed, and plants, and live-
stock, and farm practices, and the “know how” which
enabled some of them to settle wild land and tame it. Others
of them turned to the development of industry, the ex-
tension of transportation lines, the improvement of means
of communication, the foundation of towns and cities,
the substructure of commerce. They with their successors
constitute the warp and the woof of the fabric from which
has been cut the agricultural-industrial pattern of America.
But our progress was not accomplished, certainly not in the
beginning, without the financial assistance of some of our
mother countries or of private investors within those
countries who were convinced of our future.

I would point to early agricultural societies in which
through open discussion the multiplying difficulties en-
countered by farmers were delineated and, where necessary,
drawn to the attention of governing authorities. Most au-
thorities in those days lived in the states and territories in-
stead of the national capital. Several states, including Iowa,
were in fact leading the federal government in wrestling with
the farm problem of a century ago. At that time it entailed
a rising need for a type of education better suited to the
requirement of farmers and workers in industry than the
classical type conventionally available only to the learned
professions.

National policies based on Congressional acts of 1862
invite special consideration. The Land-Grant Act, gestating
in the minds of thoughtful men for a generation before
legislation gave it life, set in motion an educational policy,
later fortified and extended by supplemental acts, which
has remained at the heart of agricultural advancement in
this country. By an enabling act, Congress in 1862 also
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created the United States Department of Agriculture, thus
raising agriculture to cabinet rank and setting in motion
activities which, largely in cooperation with the states and
territories, have contributed to the enormity of agricultural
production. The Homestead Act, designed to encourage
land settlement and home ownership, impelled production
and provided an operational base for progressively increas-
ing production consistent with advancing technology.

Accompanying the development of the land-grant in-
stitutions and the federal department was the growth of
state and territorial departments or commissions of agricul-
ture. From the activities of all of these agencies has come
a state-federal program of agricultural education, research,
and regulation that is acclaimed in many other countries.
This is not a national program in the sense of being planned
and directed by a central authority. Rather it is a co-
operative, nation-wide program of farm and home services
to every community — services taken largely for granted in
America but sadly lacking in many other countries.

Farmer organizations, carrying torches lit by the older
agricultural societies and torches which they themselves
have lit, have kept alert to expanding knowledge and ad-
vancing technology, pushed for adoption of constructive
policies where pushing was necessary, and applied brakes
when action threatened to outrun wisdom. The farmer
organizations are perhaps no closer together than our armed
forces in the Pentagon, but the force of their joint action
when they rally to a common cause is a force to be respected,
as it has been on a good many occasions.

Segments of industry have become ever more important
components of agriculture as it has outgrown the confines
of the farm fence. These segments are the bases of supplies
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of farm machinery, fertilizers, agricultural chemicals, bio-
logics, and transportation and communication services. It
would be impossible even to approximate the role of these
and other segments of industry in making possible the
attainment of the high level of productivity now character-
izing American agriculture. We can hope that industry may
be equally effective in meeting the difficulties of distri-
bution.

While looking at industry’s role in agriculture, 1 would
not overlook Main Street with its commercial institutions,
its banks, its professional services, its gas stations, and its
appliance centers. Here is the farmer’s primary market and,
we should not forget, the place where he joins the ranks of
ultimate consumers. Here he receives his money, and here
he spends it. Along Main Street is to be found, also, a
powerful lobby which has had a voice in many an action
defining policies affecting agriculture. I am inclined to
feel that the voice of Main Street will help to determine
the life and level of future support prices.

I would call attention to our long-established policy of
exploring the world for seeds and plants of promise in this
country. In consequence of what Americans did before
Columbus arrived, and of what they have done since, it
is reasonable to believe that three-fourths of our principal
crops, virtually all of our breeds of livestock, and many of
the techniques we employ in agriculture have origins be-
yond the borders of the United States. Production of each
of the crops now in surplus in this country has been greatly
advanced by the materials and techniques we have sought,
introduced, and established. The same can be said of other
crops not in surplus, as the soybean and forage crops found
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commonly in our grasslands, which are important to the
livestock industries, including dairying, whose products are
in surplus.

The policies toward which I have thus far directed
attention are among our older policies. Prior to 1912 they
were just about the only policies we had. Yet they were
contributing steadily to an improving husbandry by an
intelligent, literate farm population.

In the relative calm which had pervaded the farm

atmosphere up to that time, Iowa’s “Tama Jim” Wilson had
served comfortably as Secretary of Agriculture for 12 con-
secutive years. He was my first Secretary. I recall my first
glimpse of him:
It was exactly noon of a mild day in mid-October, 1910. Both hands
on the clock in the tower of the old post office building were straight up.
A polished open carriage stood before the old, red administration build-
ing. Two well-groomed lorses, in equally well-groomed harnesses, were
restive but still responsive to the clucking of a liveried driver who sat
erect, eyes forward. Then, as if by unvarying custom, Secretary “Tama
Jim” appeared. He wore a Prince Albert and a high hat which made
his white beard the more conspicuous. He traversed the terrace between
the front door and the waiting carriage. He stepped into the carriage
and sat alone. The driver spoke gently to the horses, and the Secretary
was on his way to lunch.

Those were the horse-and-buggy days of the Department,
attuned to the tempo of the times. But that tempo, as we
have since learned the hard way, was as the calm before a
storm.

The true origin of the storm by which American agri-
culture has been beset since those peaceful days may never
be known. It probably arose, like hurricane Hazel and her
sisters, at some distant point and then moved in upon us.
With no storm-warning service at that time, we were left
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to sense the approaching storm only when a presidential
election swept into the White House a valiant advocate of
“The New Freedom.”

With some friends, T had been privileged to visit the
governor in his office in Trenton when he was still only
mentioned as a possible candidate in the forthcoming elec-
tion. He asked us questions about the Far West, with which
we were familiar, but he did not do us the honor of telling
us anything about the type of man he would name as secre-
tary of agriculture in the event that the champion of “The
New Freedom” should eventually be elected.

The man he later named Secretary had a strong bent for
economics, and it wasn’t long before the old Department
had a “new look.” We soon had the beginnings of a Bureau
of Agricultural Economics; agricultural extension services
began nation-wide performance; farmer cooperatives took on
new life; statistical and economic services were enhanced.
“The New Freedom” had sponsored the debut of Miss Social
Science and made plain the intention of making her the
life partner of Mr. Natural Science who, until then, had
lived in blissful bachelorhood. And it was at that time,
according to some of my old colleagues, that the storm
broke. Since then, they claim, the farm problem has been
constantly in America’s economic, social, and political laps —
first in one, then in another, and sometimes in all three at
the same time.

The new look of the federal department was reflected
also in the countenances of all associated agencies, institu-
tions, and societies, including the land-grant colleges and
universities. But we had scarcely become accustomed to
it before the rumblings of World War I prompted defense
measures which threw the reconstructed administrative
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machinery into high gear, and we were soon in an
accelerated program of production. The economics of ag-
riculture were submerged in war measures when at last
America took her place as a combatant, and her farmers
were called upon further to increase production despite
the drain on manpower made by the armed forces.

American agriculture’s success during that war was more
than an important aid to victory; it demonstrated its peace-
time potential. That could have warned us of impending
trouble, but we were happy with the Armistice and the
prospect of making the world safe for democracy through
the still a-borning League of Nations. That prospect foun-
dered tragically when the United States, in its first real test
of world leadership for peace, refused to ratify the Charter
to which Wilson had pinned his faith in our future.

The technical knock-out America dealt the League was
not without its effect on the home folks who still yearned
for the tranquility they had fought to achieve; and this
country was not prepared for the plight in which agriculture
was enmeshed within three vyears after the Armistice.
Government responded, nevertheless, and there was a
scramble to provide legislation and define policies again to
“put right” the agriculture which so recently had demon-
strated its might.

Those unhappy days presaged the lagging but inevitable
financial crumple of the 1930’s which ushered in the hope-
ful New Deal. Its unprecedented remedial measures Con-
gress promptly endorsed, and served notice on a watchful
world of the length to which America was prepared to go
on behalf of its agriculture.

Despite all measures adopted and earnestly prosecuted
in those turbulent years, however, America still had her
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farm problem. Efforts to hold farm supply in line with
market demand, even the more drastic efforts, were in large
part futile. The momentum of technology continued un-
abated, and mechanization extended. The productivity of
agriculture was steadily enhanced and reached heights to
be exceeded only by the all-out effort later demanded by
World War II. Those record years of production magnified
anew the impending hassle with distribution which could
have been acute about the time America dropped her atom
bombs. But it was postponed because of war in Korea.
Then we got into the middle of the delayed hassle and have
been in it ever since.

The farm problem as we face it today is complicated by
much more than the astounding productivity of American
agriculture. For during World War II America had become
magnanimous toward her allies. She opened wide her win-
dows and doors and invited them to help themselves to just
about everything we had to offer. Some of us occupying
responsible positions wondered, at the time, how far we
should go in upholding that policy. I remember that I was
given indefinite instructions to be circumspect but not to
oppose entrance to our laboratories by any of our then
allies.

To what extent America at that time contributed to
science in the Soviet Republics as we have now come to
recognize it, I would not presume to say. But I believe we
then disclosed to the world an agriculture geared to science
and advancing technology which commanded respect as
well as interest. We stimulated the hope and ambition of
other nations, and held out to the people of nations still to
be born the prospect of their becoming able to make fuller
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and more intelligent use of their resources, as they hoped
might soon be their war-won right.

The hope thus aroused was given a still greater boost in
1943, while the war was still hot, by America’s sponsorship
of the first world conference on food and agriculture. The
final report of that conference shows America leading 37
other nations — the United Nations, in fact — into a battle
against hunger and want, dedicated to the cause of satisty-
ing the nutritional requirements and raising the level of
living of all people.

That battle is still on. Membership of the Food and
Agricultural Organization has increased to 74 nations, more
than a score of which have come into existence since World
War II. Each nation has a single vote, its official delegate
usually is the secretary or minister of agriculture, or his
designee, and each delegate usually takes with him to FAO
conferences a delegation, varying in size from one to a score
or more members. The United States’ delegation usually
is among the largest and includes, besides technical advisers
in agriculture, economics, fisheries, forestry, and nutrition,
representatives of the State Department, the Congress, and
the farm organizations. Americans are to be seen also
among several of the numerous nongovernmental bodies
ranged in seats reserved for official observers.

Through its delegation at conferences and its representa-
tion on the Council and standing advisory committees, the
United States has been an active participant in the formu-
lation and review of FAO’s program, fiscal policies, and
administrative procedures. She currently bears a third of
the cost of the organization’s regular program, which is at
the percentage level she has sought to achieve and seeks
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to maintain in her support of the specialized agencies and of
the United Nations Organization itself. The United States
bears an even larger percentage of the United Nations Fund
for Technical Assistance, from which FAO receives an
allotment about equal to the amount voted by the Confer-
ence.

Not content to be a participant in the international pro-
grams initiated by the New Deal, the United States early in
the Fair Deal launched a “bold, new program’ of its own.
This program, by contributing to the UN Technical Assist-
ance Fund, to that extent strengthened the international
programs; but, basically, it is a bilateral program between
the United States and individual friendly countries — part
of a broader United States program of economic develop-
ment and mutual security.

Other nations have borne their pro rata share of the
costs of the international agencies; some, such as the Com-
monwealth nations, have also continued additional pro-
grams, as under the Colombo Plan; and others have bilateral
programs. In the meantime, the Soviet Republics and some
satellites have entered the world picture with programs of
their own to supplement what they are supporting through
the United Nations. The most recent arrival in the arena
is Israel.

Still older programs than any supported by public funds
have been continued by religious and philanthropic organ-
izations; and great foundations have now extended their
activities to widely separated parts of the world.

In this total global movement, policies of the United
States, to be most effective, must take account of policies
adopted by other countries and by various agencies dedi-
cated to the achievement of common goals through inter-
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national cooperation. That all effort directed at common
goals should be coordinated internationally as well as
nationally and locally is taken for granted; and I believe
efforts at coordination are made just as seriously at the inter-
national level as at any other and with as much effect. One
of the heavy costs of democracy, at home and abroad, per-
tains to coordination or the lack of it. But the cost of it is
still trivial compared to that paid where freedom and in-
dividual initiative are lacking.

The two-world concept, which unfortunately now per-
meates most human affairs, has created rivalry in the field of
technical assistance and economic development as much as
in the field of missiles and space ships. And recipient
nations, finding themselves between the two great forces in
that rivalry, either are afraid to favor one side over the
other, or they coyly play both sides against the middle.

This is a situation of which neither side in the cold war
can be proud and about which no in-between nation can be
happy. The dire consequence of its continuance could be a
retreat from the high plane of cooperation for mutual bene-
fit back to the plane of national isolation. And hundreds
of millions of people would accept almost any other
alternative,

Hence the United States, having gone as far as it has in
initiating and espousing programs aimed at agricultural
betterment in the world as well as at home, has a vital de-
cision to make: Whether to continue on or turn back. She
cannot “just stand there.”

If America needs a multi-lens camera to provide a
picture of how her agriculture got where it is, she needs
perhaps still more elaborate and efficient equipment to
point the way ahead. She does not have such equipment,
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and is not likely to have it, so she must reach her decision
by human means, taking due account of recognizable
alternatives.

She could withdraw from the international scene of
which agriculture comprises so large a part. But her with-
drawal could not be graceful, nor to her own advantage. She
would disappoint her strongest allies, shatter the hope of
many another friendly nation, and surrender to a rival
world the leadership she has maintained, no matter how
tenuously, for more than a decade. She would deny to
her agriculture at home not only the potential of wider
world-markets, but the privilege of sharing her abundance
to help insure better health and well-being among a]l
people. The possibility of this country’s taking a decision
to withdraw, therefore, is beyond my range of vision.

Conversely, she can continue to lead the free world
toward agricultural betterment and, by her example, per-
haps exert a similar influence on the rest of the world. This
decision, which I favor, would be to her credit among all
nations and to her advantage at home. But it must denote
a position of positive, friendly cooperation, make clear its
high purpose, and make plain a determination to align all
policies in support of that purpose.

I would favor also more positive leadership by the
United States in exploring with other nations every possible
means of accomplishing better distribution of the products
of an advancing agriculture. Such exploration, I would
hope, could be undertaken by nations not merely as traders
holding or seeking stocks and disposed only to dicker for
advantage, but as responsible sovereignties seeking, among
themselves and on behalf of others not represented at the
council table, the kind of peace and well-being which, I
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venture to believe, may still be found in a bag of grain, a
bale of cotton, a pound of butter, or a good cigar.
* * *

America today is in a much better position than formerly
to exercise positive leadership. A dozen years ago very few
Americans had been off-shore, except in the armed forces,
which had other purposes in mind than the improvement
of agriculture. Most of our experience lay in limited foreign
agricultural service. And when we moved full-scale into
the foreign field we were not well prepared for the load
we had confidently undertaken to carry. We had to learn
by experience, sometimes painful and humiliating, the ways
of people, their cultural backgrounds, their aspirations, and
the extent to which and by what methods we might be help-
ful to them and they to us. And we had to learn that the
road to happiness in association with them was not to be
" and our vim and
vigor. We had to learn that some of our best friends are
not always willing to let us do what we think is best for
them. We have learned those lessons, and our earlier mis-

paved with our money, our “know how,’

takes are not likely to recur. Thousands of Americans now
are prepared to pursue, far more intelligently than before,
the goals which have not changed and the benefits which
are still to be attained.

Our cooperation should seek mutual benefits in the basic
sciences as they are being developed in the world, for they
are important to the future of agriculture. Essentially the
same basic sciences that are involved in current efforts to
perfect missiles and satellites are fundamental in our quest
for answers to unknowns still beclouding the phenomena
with which agriculture is obliged to live.

I have been made conscious, by wide travel in more than
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half the nations of the world, of an intangible but discern-
ible something that seems to distinguish between govern-
ments and people. Too often, I fear, our attention is di-
rected or drawn toward a few men who temporarily head
governments rather than toward the lasting millions who
are governed. Governors come and go and governments
change, whereas the masses of people governed remain to
continue combatting their difficulties which often have
been rendered still more complex by misgovernment. Those
masses continue to hope for peace and for success in the
use of the natural resources upon which they must largely
depend. And among those masses only are the ideals of
democracy in a free world to be realized. It is there that
the brotherhood of man must live if it is to live at all.

Look at Egypt, for example. What was done in 1902 and
subsequently to build the existing Aswan Dam in the lower
Nile and to perfect the water distribution system, benefited
the Egyptian people immeasurably, without reference to
whether their ruler was a Farouk or a Nasser. The success
of that dam has convinced them that they need another and
still higher dam upstream in order to make available similar
benefits to a now much larger population. The need, I
believe every informed man will agree, is urgent. But
there is still much uncertainty as to whether a new dam will
be built and if so when, by what means, and from what
source. The rivalry between two worlds holds the develop-
ment in abeyance. Similar situations are to be found in
the Jordan Valley, in Kashmir, and in other places too
numerous to spawn optimism.

There is great need in the world for understanding of
the restiveness engendered among people upon whom such
delaying actions are imposed by governing forces disposed
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more to dicker than to deliver. What, those people may
well inquire, is the difference between delaying actions im-
posed by self-government and those formerly imposed by
colonialism? Being still denied the water they urgently re-
quire, what, for example, have the Egyptians gained by their
revolt against Farouk except to get Nasser and a changed
form of government? And if people in that position come
to believe that the change has not been productive of the
good they crave, then may they risk still further change?
If so, is the change to be sought in the free or in the com-
munist world?

We may well ponder a further question before leaving
the Nile Valley: Who is going to pay the greater cost of
the determination by Western powers to withdraw from the
proposed scheme of financing the needed high dam — the
people of Egypt or the people of the West? I can only
venture a layman’s opinion that, in the long run, with-
drawal will cost the West more in the Near East alone than
the dam project would have cost to finance in toto.

It is not surprising that in Egypt and in other parts of
the world where people are similarly disappointed, or for
other reasons are equally dissatisfied with the continuance
of surmountable barriers to progress, a voice from the
masses reminds the American of what the people of his
own country once did to bring about conditions conducive
to greater national stature. And the thoughtful American,
so reminded, has something to ponder.

His pondering leads to a sincere belief that American
agriculture, still in its late teens, can attain full maturity
only by accepting courageously and positively the responsi-
bilities of the leadership America has assumed. Other
nations see in our production achievements a pattern for
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them to follow and in our distribution difficulties a task for
them to share, if invited wholeheartedly to do so.

But, says the skeptic, if we should go on utilizing our
full productive capacity and encouraging other nations to
do likewise, and if we should in the next decade find better
ways to distribute the increased production, where would
that get us? I can only express profound faith in such a
future — faith that we would be living in a better world,
with a much larger percentage of a much larger population
much better fed and clothed and housed.

And in the meantime? What we may do may be even
more costly in dollars than what we have done for agricul-
ture, but much less costly than what we are doing and may
have to do in the race for missiles and space ships that
could deny the world the peace that a prosperous agricul-
ture could win.
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F WE are to look at ourselves and our problems in proper

perspective, we ought occasionally to review our present
position in the grand scheme of things. How did we come
to be? Where are we going? And what are we going to have
to say about it? I know of no more suitable occasion to re-
flect on such questions than this centennial celebration of
the establishment of a great institution of scholarship.

» MAN’S PLACE IN THE UNIVERSE

Man is the product of at least a thousand million years
of organic evolution. Just how many we do not know. As
Doctor Payne-Gaposchkin has already explained in this
series of talks, we do not know the age of the universe with
any precision. And we do not know how it came to be in
the first place. We do now that it is at least five thousand
million years of age and probably much more. If, as Pro-
fessor Fred Hoyle and others believe, there has always been
and always will be continuous creation of the primordial

[189]
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stuff of the universe, which is hydrogen, the universe may
be without beginning and without end.

However this may be, we do know that the universe is
a place of continuous change. Stars are born. They grow
cold with age. And they are born again. Clearly we are but
a very, very small part of the whole. But from our own
viewpoint, we are an important part. We are a part of the
magnificent evolutionary process by which the universe
began and by which it will continue into the unknowable
future.

Astronomers, nuclear physicists, and biologists are com-
ing more and more to believe that evolution is a continuous
process that began with the universe and that goes on and
on with no sharp breaks. In one sense, man’s evolution
began when the universe began. How long he will continue
we cannot know. And whether the life on earth, of which
man is a small but very significant part, is unique, or perhaps
exists as well in strange and unknown forms on some of
the members of the planetary systems which may belong
to a thousand million other suns, we as yet have no way of
knowing.

» EVOLUTION BEFORE LIFE

The evolution that began way back in the beginning —
five thousand million years, ten thousand million years ago,
or even at the very beginning of time — is believed to have
taken place, and to be continuing today, according to a
sequence somewhat as follows: Hydrogen burns to helium.
Vast quantities of energy are released. This is the energy
by which stars emit light. Helium atoms fuse to give beryl-
lium-eight, a form of this element that exists only at temper-
atures enormously higher than those on earth. Berylium-
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eiglit captures helium nuclei to form carbon nuclei and
these fuse with helium to give oxygen. Neutron capture
is another part of the mechanism by which elements evolve.
Nuclear physicists are beginning to understand how, in
such ways, the elements we know today came into being in
the past and are being constantly produced today in many
parts of the universe.

Elements interact to form molecules. Five thousand mil-
lion years ago, give or take a thousand million years or so,
when the crust of the earth was solid, there presumably
existed in its atmosphere many kinds of simple molecules.
There was molecular hydrogen, H,; water, H.O; ammonia,
NHs; and methane, CH,. The latter is an important con-
stituent of cooking gas. But free oxygen, O,, so abundant
in the air we breathe, is believed by many to have been ab-
sent in the atmosphere of the primitive earth.

Physical chemists are able to say with confidence that in
an atmosphere of the kind postulated to have existed on the
carth at this stage, and with sources of energy such as those
believed to be present, chemical reactions of many kinds
will go on and that they will give rise to molecules like some
of those of which we are built. First clearly pointed out
by Professor Harold Urey, this notion was put to the test
of experiment by one of his students, Doctor Stanley Miller.
Hydrogen, water, ammonia, and methane, placed in a tube
through which an electric discharge, somewhat like natural
lightning, is passed, will give rise to several amino acids
exactly like those from which we build proteins.

Stanley Miller’s experiment — an experiment so simple
a high school student could repeat it —was an eloquent
demonstration of the fact that when conditions become
right, “organic” molecules of the kind that occur in all liv-
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ing organisms will arise spontaneously and inevitably. Since

<

the “right” conditions can reasonably be assumed to have
existed on the earth of a few thousand million years ago,
we are permitted to believe that organic molecules must
have been formed in great abundance and in great variety.

Our understanding of how this molecular stage of evo-
lution could have taken place has been significantly ex-
tended in recent years by Professor Sidney Fox, now at the
University of Florida at Tallahassee, and whom many
of you know as a former faculty member at Iowa State Col-
lege. Among other things he has shown that molecules of
biological importance —amino acids and others — are
formed under simple conditions of high temperature that
surely must have existed on the surface of the earth during
the early stages of its evolution. His work has strengthened
our conviction that a great many such complex organic
molecules must have arisen by the many reactions that must
have gone on just as the reactions planned by an organic
chemist must go on when he subjects the reacting materials
to the proper environment.

» ‘““LIVING'' MOLECULES

To those who have thought about the processes by which
organic molecules arise in the absence of life by chemical
reactions that can be reproduced, it no longer seems myster-
ious and unimaginable that somewhere, sometime in the
eons that existed before life came into being on earth, a
molecule arose with two entirely new properties that gave it
life or made it possible for life to evolve from it. This is
an old hypothesis. Charles Darwin suggested it a hundred
years ago. The English geneticist-biochemist-mathematician
Haldane gave it credence. The Russian biochemist Oparin
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wrote a book about it some twenty years ago. It is now
a widely accepted view.

But what are these two novel properties? They are,
first, the ability to reproduce or replicate by directing the
coming together of simpler molecules and, second, the
property of mutation without loss of replicability.

Do these attributes confer life on a molecule? Many
students of biology would say yes. Others say no. It all de-
pends on how one defines life and this is arbitary and must
ever remain so. The definition I prefer has the virtue of
simplicity and objectivity.

Molecules with these two properties are well known
today. They are the deoxyribonucleic acids, in the short-
hand of science designated DNA. They are long, double
chain-like molecules in which specifically paired nucleotide
sub-units hold the two chains together. Replication is be-
lieved to involve separation of the paired complementary
chains with each single chain then serving as a template to
gather the nucleotides with which to construct a partner.
In this way a double chain directs the synthesis of two new
double daughter chains, one half of each being derived from
the parental double chain.

Mutability without loss of ability to replicate is possible
because the order of nucleotide pairs has nothing to do with
replication. Thus the sequence of nucleotide pairs may be
altered through errors in replication and the mutant mole-
cules so produced will replicate the new order with no de-
crease in precision. DNA molecules are the hereditary
material of all cellular forms and of some viruses. They may
reasonably be assumed to have descended from ancestral
DNA molecules that were the beginning of organic evolu-
tion.
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» THE STAGES OF ORGANIC EVOLUTION

How could a replicating and mutable molecule like
DNA have given rise to more complex systems by an orderly
process of evolution? We Dbelieve that modern biology is
beginning to understand the process in principle even though
the details may be enormously complex. Let me outline
in a very general way what some biologists think the main
steps might have been.

Perhaps one of the earliest evolutionary advances was
the acquisition of protective protein coats by the postulated
primitive DNA molecules. The result would be a system
very much like some of the present-day viruses.

Viruses are multiplied only in living host cells — presum-
ably because only there are found the required nucleotide
building blocks and the energy necessary for the process of
replication. We know as a result of recent work that in
some viruses the protein coats can be removed and dis-
carded without destroying the ability of the nucleic acid
cores to enter suitable host cells and there replicate and
direct the synthesis of new coats of protein like those dis-
carded and unlike those normally made by the host.

In these early stages of evolution there were of course
no living host cells in which these postulated primitive virus-
like systems could have multiplied. But such host cells were
presumably unnecessary, for the building blocks required
for replication were produced by pre-life chemical reactions.

There is of course no sure way of knowing that DNA
or a closely similar kind of replicating mutable molecule
was ancestral to more complex living systems. It seems to
many chemists and biologists to be one of the more plausible
of several lines of speculation. I shall therefore accept it as
a working hypothesis in the discussion that follows.
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» MULTIMOLECULAR SYSTEMS

Let us suppose that relatively simple systems of DNA
with their protein coats underwent mutational changes in
which the sequence of nucleotide pairs became altered by
addition, subtraction, substitution, or rearrangement. Fach
such new arrangement of DNA that was not less successful
in survival than its ancestral form presumably acquired a
new protein coat. This view assumes that the sequence
of amino acids in the coat is determined by the sequence of
units in the DNA core. The great majority of new protein
coats would be expected to serve no function other than
simple protection. But if, through mutation of a DNA core,
a new protein were to arise capable of catalyzing a chemical
reaction useful to the system, the mutant form would be
preferentially replicated. Suppose the ancestral form were
slowed down in reproduction because of shortage of one of
the four required nucleotides, and the new form were able
to catalyze a reaction by which the limiting nucleotide could
be formed from a precursor not in short supply. Obviously
the new form would tend to replace the old form by simple
natural selection. If now a second mutant form were
to arise with a protein coat capable of catalyzing a reaction
by which a second limiting building block could be made
from its precursor, the two mutant forms could form a
partnership by which they could carry out two desirable
synthetic reactions. They would then be a kind of two-unit
system.

By continuing this process of mutation and aggregation,
multimolecular systems would be expected to evolve, ca-
pable of catalyzing as many synthetic chemical reactions as
there were units in the system. FEach of the steps in this
process of evolution would depend on a useful mutation in
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a single unit of DNA associated with a single catalytically
specific protein coat.

Of course the probability of a particular mutation being
useful in the above sense would be very small. But since
all those that were not useful would be lost in competition,
and since time was abundant in these early days of evolu-
tion, large numbers of mutations serving useful purposes
would be expected eventually to arise.

This hypothesis, which so simply accounts for the origin
of biosynthetic capabilities through mutation and natural
selection, was first clearly formulated by Professor Norman
H. Horowitz.

» CELLULAR AUTONOMY

Given sufficient time—and perhaps a thousand million
years or so were needed—a succession of many thousands of
advantageous single mutational steps would give rise to a
completely autonomous system like the single-celled green
alga of today. Such a system is capable of carrying out all
of the chemical reactions by which its component molecules
are synthesized from simple inorganic substances such as
carbon dioxide, water, phosphates, nitrates, and sulfates.
Green plants, of course, utilize light energy in building up
the complex organic molecules that are their substance. Such
complete autonomy probably requires the ability to carry
out many thousands of separate chemical reactions and an
elaborate intracellular organization. The number of reac-
tions that a green alga 'must carry out is probably not less
by more than an order of magnitude than the number re-
quired by a system as complex as man. In other words, the
time span required for a green alga to evolve from the first
beginnings of life on earth is almost certainly very much
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greater than that required for man to evolve from a uni-
cellular form.

» MULTICELLULAR ORGANISMS

Unicellular organisms gave rise to many-celled forms
through aggregation and differentiation of cells. The lat-
ter consists in division of labor among cells, which made
possible the evolution of land plants and animals.

In the animal line of descent there arose cells specialized
for carrying messages from one part of the body to another.
These evolved into the nervous system, which has achieved
its highest degree of specialization in man. It makes possi-
ble memory, reason, and communication. The high devel-
opment of these capabilities in man is the key to his unique-
ness. They are the basis of the cultural inheritance by
which our species supplements the mechanical biological
inheritance that so largely limits our pre-human ancestors.

Before continuing a discussion of cultural inheritance,
I should like to return to a further consideration of the re-
markable replicating mutable DNA molecules that are re-
sponsible for organic evolution. We have known their
structure for only about five years. This understanding is
surely one of the outstanding achievements of biology of
the twentieth century.

» THE GENE

The DNA molecules in the nuclei of our cells are pre-
sumed to be direct descendants of the similarly constructed
molecules of primitive life. On this view the units of DNA
whose protective protein coats served catalytic functions in
the pre-cellular stages of evolution were the ancestors of
our genes.
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I shall illustrate what we mean by a gene or functional
unit of DNA by means of a substance called phenylthiocar-
bamide (PTC). This is tasteless to about three out of ten
persons and very disagreeably bitter to the remaining seven.
It is easily administered in the form of small strips of filter
paper that have been dipped in a one percent solution of
PTC in acetone and dried.

Persons who taste PTC differ from those who do not by
a gene, which is presumed to be a segment of DNA made
up of perhaps 1,000 nucleotides. This segment of DNA
exists in two known forms. One may be said to contain
the coded message “I can now taste PTC.” The alterna-
tive form carries the message “I cannot taste PTC.”

In each cell of the body there are two genes of this kind.
They are descendants of the two genes of the same kind
that were contained in the fertilized egg from which all
cells of the body came. One was contributed to the fer-
tilized egg by the mother, the other by the father via the
sperm.

There are therefore three kinds of persons: those with
two taster forms of the gene, those with two non-taster forms,
and a third type in which there is one of each kind. They
are respectively pure tasters, pure non-tasters, and hybrid
tasters of PTC.

The fact that persons who have both messages in each
cell are tasters, tells us that the taster form of the gene is
dominant and that the non-taster form is recessive.

The inheritance of taste reaction to PTC is simple. Each
fertilized egg begins development with two messages, one
from each parent. At every body cell division thereafter
exact replicas of the two messages are formed and trans-
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mitted to daughter cells. Knowing this, it is easy to formu-
late the rules of inheritance for taste reaction.

How is the message spelled out? The answer is in the
sequence of the four nucleotide pairs of which the gene
material—the DNA—is built. There are thus four symbols
in the molecular code that is the material substance of our
biological heredity.

How is the replication of the message accomplished at
cell division? We believe we know. The DNA molecule
consists of two parallel chains each constructed of nucleo-
tides. The two are weakly bonded together through their
nucleotides in such a way that the units in one chain are
complementary to those in the other. Thus if a sequence
of four units in a segment of one chain is 1-2 - 3 - 4, the cor-
responding segment in the partner will have the sequence
2-1-4-3. The corresponding double segment could then
be represented in the following way:

—1—2—-3—-4—
—2—1-4—-3—

During replication the bonds that hold the two chains
together, represented by double dots, are broken and the
halves of the double molecule separate. Each half molecule
then fits to itself new nucleotides in such a way that it re-
constructs a new complementary half. Thus, where there
was originally one double molecule, there are now two iden-
tical double molecules carrying the same information.

With every cell division all the genes of the nucleus—
10,000 to 100,000 of them—replicate in this same way.

Collectively these many genes are the directions for mak-
ing a person from a fertilized egg cell. Some ten tons of
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food, a proper environment, and some fifteen or so years
are required to complete the process.

The message for taste reaction to PTC is a trivial one in
the sense that there seems to be no advantage whatever in
being able to taste P'TC—or in not being able to do so. But
other messages are not trivial. One kind specifies how the
protein part of the hemoglobin molecule is built. It de-
termines the precise order in which 600 amino acid building
blocks are linked together to make normal hemoglobin.
Another determines that a reaction necessary for normal in-
telligence will take place. Dozens of such messages or genes
are known in man, and there remain thousands to be inves-
tigated.

The total complement of genes may include 10,000 to
100,000 kinds. In all they may be made up of as many as
200,000,000 nucleotide pairs. Francis Crick of Cambridge
University has estimated that the total DNA in the nucleus
of a single human egg cell is equivalent in information con-
tent to that of 1,000 good-sized library books. This is an-
other way of saying the directions for making a person from
an egg cell, the necessary food material, and a proper envi-
ronment, would fill 1,000 volumes if written out in the
English language.

» MUTATION

With every cell division the total genetic information is
replicated. The precision with which this is accomplished is
remarkably high. For each functional unit or gene such as
the one concerned in hemoglobin specificity, there is prob-
ably about one chance in a million of a mistake being made
per reproductive generation—from egg to egg or sperm. This
involves many replications, perhaps as many as 20 to 50. The
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frequency of mutation is not known with any degree of ac-
curacy for human genes. In fact, mutation frequencies for
individual genes are difficult to measure in the most favor-
able experimental organisms. The value given is therefore
a rough approximation. It may be as high as one in 10,000
per generation for some genes, or may be lower than one in
100,000,000.

Most gene mutations are unfavorable. This is known
through observations on experimental plants and animals
and is also to be expected a priori. A consideration of the
gene that is concerned with the structure of the protein of
hemoglobin will make it clear why this is so. There are
approximately 600 amino acids in a single hemoglobin mol-
ecule. Out of the astronomically large number of ways
these could be arranged in the two identical polypeptide
chains that make up this protein, only a very few, perhaps
only one, are normal hemoglobin. The normal molecule
is made according to the information coded in the normal
form of a gene. If this information is modified by chance
mutation, there are obviously many more ways to make
hemoglobin protein less efficient than there are to make it
more 5o, or to leave it functionally unaltered. Therefore it
follows that the great majority of gene mutations will lead
to a less fit organism.

> SELECTIVE ELIMINATION OF DELETERIOUS
GENE MUTATIONS

Since the DNA of a mutated gene is as faithfully repli-
cated as that of a normal form of that gene, and since the
probability of a second random mutation restoring the orig-
inal form of the gene is vanishingly small, it follows that
deleterious genes will accumulate with time if not elimin-



152 Commemorative Papers

ated. Under genetic equilibrium they will be eliminated
at the same rate at which they occur by mutation. The
elimination normally occurs by natural selection—by indi-
viduals carrying mutant genes failing to reproduce or re-
producing at a lower rate than the average for the popula-
tion. Such elimination has been designated ‘“‘genetic death”
by Professor H. J. Muller. It may occur in early embry-
onic stages and be scarcely noticeable. It may take the form
of complete or partial sterility. Or in certain instances it
may consist in postnatal premature death of individuals car-
rying the deleterious gene. These types of eliminations may
occur either in individuals kybrid for the gene in question,
or pure for it.

If there are 10,000 kinds of genes per cell and each mu-
tates with a probability of one in a million per generation,
there will be about 10,000/1,000,000 (which is one per hun-
dred) eggs and sperms per generation that will carry new
mutations. Eliminations through natural selection will have
to occur at this same rate—the equivalent of one genetic
death per hundred individuals per generation—to counter-
balance this mutation rate.

» RADIATION-INDUCED MUTATION

All forms of high energy radiation increase the proba-
bility of mutation in the genes exposed to it. That is why
geneticists are so concerned about exposure of the germ
cells to such radiation.

Over the range of exposures from that giving the lowest
measurable increase in mutation rate to that increasing it by
a factor of 20 or 30, increase in mutation rate is directly pro-
portional to exposure. Since there is no recovery, the effect
of many small exposures will be cumulative.

A reasonable estimate for the exposure to X-rays neces-
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sary to double the natural mutation rate is about thirty r
units per reproductive generation. That is a 100 percent
increase. One-tenth of an r unit per generation, the value
given for present levels of fallout, would increase the nor-
mal mutation rate by about one-third of one percent. Due
to uncertainties in the assumptions made in arriving at this
percentage increase from fallout, it might be too high or too
low by several times. It might well be as high as a one per-
cent increase.

A one percent increase in mutation must be counter-
balanced by an equal increase in elimination of deleterious
genes. This may seem like a small percentage increase in
the number of genetic deaths. It is. But in terms of world
population it could well be equivalent to 200,000 genetic
deaths per generation.

From a genetic point of view, it is obviously desirable
to reduce radiation exposure of people who have not com-
pleted reproduction to the lowest possible levels. This is
true whether the radiation comes from nuclear weapons
tests, medical X-rays, peacetime reactors, or from other
sources. Nuclear weapons testing poses special ethical and
moral questions because the fallout is not usually confined
but is world-wide in extent, falling on peoples who have no
choice in the matter.

Medical radiation for diagnostic and therapeutic purposes
must also be put in a special category because the benefit
derived greatly exceeds the small harm it does if it is admin-
istered only when necessary and with all due care.

» FAVORABLE MUTATIONS

Since geneticists say natural selection of favorable gene
mutations is responsible for positive evolution, it is natural
to ask the question, “Why is it not advantageous to increase
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the mutation rate in man, thereby increasing the number of
favorable mutations available for his future evolution?” The
answer is simple. The favorable mutations may well be in-
creased in number by a general augmentation of mutation
rate. But there is already so much unused genetic diversity
in the human species—so many favorable genes that are not
now preferentially multiplied—that an increase in their
production through an over-all raising of the level of muta-
tion would almost surely be insignificant in comparison.
Secondly, such an increase in favorable mutations would
have to be paid for by an increased number of genetic deaths
that would result from the accompanying increase in dele-
terious mutations. Finally, even if society were prepared to
preferentially multiply such additional favorable mutations
through positive eugenic measures, which we are not, there
is no known way of detecting more than a very insignificant
number of them.

» MORE ABOUT CULTURAL INHERITANCE

Let us return to a further consideration of the unique-
ness of man that results from the high degree to which his
nervous system is developed. Our memories exceed by far
those of other species. We are able to reassociate ideas and
thus to carry out complex and abstract reasoning. All these
capabilities underlie the new methods of communication
that our species has evolved. Speech, music, and art are im-
portant parts of our communication techniques. Writing
and printing are more recent extensions.

Memory, reason, and communication provide means of
transmitting information from one generation to another
that are most important supplements to transmission of in-
formation by way of genetic material. They are the basis
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of cultural inheritance, which only man has developed to any
significant degree.

These new ways of supplementing mechanical biological
inheritance in a manner that is cumulative from one gener-
ation to the next has made possible the development of re-
ligions, art, music, agriculture, technology, and, finally, sci-
ence. All of these make up the human culture that is con-
stantly being added to and revised by an evolutionary proc-
ess not unlike organic evolution. More successful cultures
replace less successful ones by a kind of natural selection.

Science is one of the newest and certainly one of the
most rapidly developing components of our culture. Five
thousand years ago it scarcely existed. Twenty-five hundred
years or so ago man first began to ask intelligent questions
about the earth and the universe: what they are, how they
came to be, and how they operate. More important, he be-
gan in systematic ways to search for the answers to such
questions.

Slowly at first, and then at an ever increasing rate, an-
swers were found, organized, and communicated from per-
son to person and from generation to generation by extra-
biological inheritance.

The difference between biological inheritance through
the transmission of information in the form of molecular
code and by cultural inheritance can be simply illustrated
by comparing the web of a spider and the house of a man.
The spider inherits coded information from its parents, and
this it translates into a web of a design characteristic of the
species of spider. The chain of events between hereditary
information coded in DNA and the design of the web may
defy our present understanding, but we can be reasonably
sure the spider carries out the process through the blind
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instinctive pattern of behavior that is the mechanical trans-
lation of the molecular code. The spider cannot “learn” to
make a different web. Nor, if this were possible, could the
information learned be transmitted to the offspring by any
means of communication about which we now know.
Contrast the man. He builds a house by following di-
rections communicated by his fellow man. In the process
he thinks of modifications and tries them out. If they re-
sult in improvements, he remembers and passes on direc-
tions for the new house to his fellow men and to the next
generation. Thus the houses of men evolve through cumu-
lative cultural inheritance that, although rooted in biologi-
cal inheritance, is supplementary to it. All the religions, arts,
technologies, and sciences that make up human culture are
transmitted in this new way that man alone has evolved.

» SCIENCE A PART OF CULTURE

Science is a recent addition to human culture. It has
now become a very large part of the total and is presently
growing more rapidly than any other component. Like all
other parts, it is inseparable, indispensable to the whole.
That is why we are so insistent that no person today can be
liberally educated and well informed without having ac-
quired some understanding of science. And I should like
to emphasize that understanding is needed, not mere ac-
cumulation of information about science. The facts of all
science are far beyond the capacity of any single individual
to know. But many of the important basic concepts and
principles of science can be understood by any intelligent
person willing to make the necessary effort.

Like the rest of culture, science is continuously under-
going evolutionary change. So too are its interactions with
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the other parts. The religion of yesterday may be in direct
conflict with the science of today. But the successtul religion
of today cannot conflict with the science of today. If it did, it
could not long remain successful. Like science, religions too
must evolve. There is no sensible reason why these two
important aspects of human culture cannot evolve harmoni-
ously through mutual interaction.

» SCIENCE AND TECHNOLOGY

Technology antedated modern science by many millen-
nia. But as science evolved and grew, technology came more
and more to depend on it, until today the two are so intri-
cately interwoven that they are often confused. They are
not the same. Agriculture, medicine, and engineering may
apply science, but they are not themselves science. Sput-
niks, Explorers, and Vanguards are dramatic demonstra-
tions of the applications of science, but neither are they sci-
ence. Science is made up of ideas and concepts, confirmable
by observation and experiment, about the universe and all
its parts. It is not a collection of machines or things such as
radios, nuclear reactors, and satellites.

The technology that today is so largely fed by science is
also a part of human culture of ever increasing importance.
Agriculture, utilization of raw materials in industry, and de-
velopment of new sources of energy have made possible great
increases in human food supplies, which in turn have per-
mitted unprecedented population growth.

» POPULATION AND WAR

With increased numbers of people to house and feed,
technology has had to advance at an equal rate. As Doctor
Philip Cardon has so clearly pointed out in an earlier talk,
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economic, political, and social problems have multiplied
rapidly. The production and distribution of food has by
no means been accomplished on a satisfactory world-wide ba-
sis.

Unequal distribution of natural resources, including ag-
ricultural land and energy supplies, 1s a basic and major
cause of war. Surely lasting peace cannot be attained until
we have somehow succeeded in sensibly relating populations
and resources.

» HOPE THROUGH EDUCATION

It is difficult to see how final solutions to these many
problems can be found without a general increase in educa-
tional levels throughout the world. In a sense education
serves the same purpose in cultural inheritance as do DNA
molecules in biological inheritance. Education is the means
by which the culture of one generation is transmitted to the
next. It is the basis for the cumulative increase in knowl-
edge and wisdom. Omnly through education can we learn
how better to use the increasing resources of modern sci-
ence and technology. And only in this way can there be gen-
eral understanding of the interrelations to be desired among
the several components of human culture —science and
technology of course included.

In an ideal free and democratic society of the kind for
which so many of us hope and strive—the people’s capitalism
of Theodore Houser—intelligent and wise decisions will de-
pend increasingly on an understanding of science by the
representatives of the people and by the people who elect
those representatives.

One of the problems of a free society is that we find it
difficult to raise the general level of education rapidly. We
tend to change slowly. As a result it may sometimes appear
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that a totalitarian system has advantages. In such a system
it can be decreed that the educational level must be raised—
that there must be more general understanding of science
and its social implications. I believe this is a short term ad-
vantage, for a high level of general education is pretty likely
to be incompatible with a totalitarian system.

It is perhaps not out of the question that the several for-
mulas by which nations are governed will slowly converge
as educational levels are raised and reason tends to replace
emotion in national affairs. The biologist would call this
convergent evolution of social systems. We should certain-
ly not close our eyes to this possibility. Perhaps there are
ways by which the process can be accelerated.

In any event it is clear that we had better get on with
doing a better job of education. If we fail to move rapidly
enough, there is a real danger that our system—our people’s
capitalism—will be out-evolved by a competitive system. If
this happens, it will become a pretty meaningless question
whether or not we were right. The judgment of evolution
is harsh.

What should we do and how? Before attempting to an-
swer that, I should like to emphasize that our system of edu-
cation is a pretty good one, a fact that we should not forget
in looking for improvements.

Do we put too little emphasis on intellectual develop-
ment? Does our national sense of values need revision?
There are those who would answer yes to these questions.
There are those who say with considerable justification that
our teachers are not sufficiently respected in the communi-
ties in which they live and work. They are poorly paid.
They tend not to have sufficient understanding of the sub-
ject matter they teach. These things are all interrelated.

If these criticisms are just, who is to blame? All of us
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are. Society as a whole is. You and I are. Professional
educators must share the blame. Scientists have made few
constructive efforts to improve the teaching of science in ele-
mentary and high schools. How many academic people en-
courage their superior students to go into high school teach-
ing? Parents could do more to help. School boards have
not always acted with all the wisdom of which they are ca-
pable. Citizens in general have not distinguished themselves
in showing intelligent concern about needed improvements
in the system.

Pointing the finger of blame will not solve the problem.
All of us must get busy with positive moves toward improve-
ment. Schools need more adequate support. Perhaps the
present basis of support, largely through local real estate
taxes, needs fundamental change. We must insist on better-
qualified teachers. This will mean better salaries and more
regard for the profession of teaching. We must encourage
respect for knowledge and understanding among our chil-
dren. We must teach them by example that intellectual
achievement is something worth working for. All of these
things we can do if we will but put our minds to it.

There is a weakness in our system that has, I believe, de-
veloped through lack of understanding of the true meaning
of democracy in education. Despite the statements of our
founding fathers, we know that we are not all created equal.
Democracy in an educational system should provide every
member of society with an opportunity to make maximum
use of his or her inherent abilities. In our enthusiasm for
education of the masses, and it is a highly desirable enthusi-
asm, we have too often neglected those outstandingly able
individuals who are capable of going far beyond the average.
We are not sufficiently aware of the fact that many fewer
than one in 100 individuals of this generation will be re-
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sponsible for far more than 99 percent of the cultural prog-
ress that will significantly affect the next generation. We
can scarcely overestimate the importance of doing more
to see that the talents of these exceptional individuals are
given the fullest opportunity to develop and are used to
maximum effectiveness by society.

» MAN‘S FUTURE

The future of man is without limit. All of the problems
we have mentioned can be solved. Populations can be con-
trolled and they must be, both quantitatively and qualita-
tively, for otherwise we will surely continue to have misery
and hunger and wars. We see sources of the raw materials
and the energy that will be needed for the abundant life of
all members of a population held within reasonable bounds.

Man has it within his power to control his own evolution-
ary future, both biologically and culturally. We now have
the knowledge with which we can and do direct the bio-
logical evolution of the plants we cultivate and the animals
we domesticate. In the same way, we are capable of guid-
ing our own genetic future. This must not be done in the
primitive manner of the early eugenists. It will require wis-
dom of a kind we do not yet possess, but it can be done.

This is “the challenge of man’s future.” It is the chal-
lenge this generation—and the next and the next—must face.
We must face it with knowledge and wisdom, with resolu-
tion and courage.
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James H. Hilton

President, Concluding Remarks:
ITowa State College

CENTURY is a long time when viewed from the
standpoint of an individual —but only a fleeting
moment in the span of time.

Iowa State College in the first century of its existence
has grown and expanded into vast areas of research and
education in an attempt to meet the needs of our ever grow-
ing, ever expanding and ever demanding society. In this
era of challenging change it is not easy to keep our balance
as we move from one problem to another.

* * *

In setting up the program celebrating our first centen-
nial, it seemed appropriate to invite to our campus dis-
tinguished scholars, scientists and industrial leaders who
could interpret some of the biological, chemical, social and
economic changes which have taken place, to evaluate the
present and to point up the potentialities of the future.

* Given at the close of the last symposia on Tuecsday afternoon, March 25,
1958, hy President James H. Hilton.
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