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NIELS BOHR

a wmemorial tribute

E are assembled to pay tribute to Niels

Bohr. Niels Bohr is the symbol, he is the

origin, he is the main architect of our work.
It was through him, by him, and with him that all
this on which our work and our existence stands
was created. He was a great man. What is great-
ness? A great man is one who creates a new period,
a new way of thinking, and truly he and his life
correspond to this definition. The influence of what
he started is seen in every aspect of our life. Mod-
ern science has reshaped our world. It became the
determining factor in our thinking, in our culture,
even in politics, and it establishes the direction in
which mankind will move in the next decades. The
real significance of the development which was ini-
tiated by Bohr cannot yet be judged by us. We are
too close to his life. Only from a distance can one
see how much Mont Blanc towers over the other
mountains of the Alps.

Niels Bohr was born in 1885. His life as a scien-
tist began about 1905 and lasted 57 years. What
a time to be a physicist! He began when the struc-
ture of the atom was still unknown; he ended when
atomic physics, which he created, had reached ma-
turity. Science, and in particular physics, was not
in 1905 what it is now. Let us have a look at phys-
ics at that time.

It was an interesting time. It was the year when
Einstein published his concept of special relativity;
it was a period in which many new phenomena were
discovered, but not understood, It was only a few

By Victor F. Weisskopf

vears after Planck’s great discovery of the quantum
of action. Very few people at that time had noticed
Planck's new paper, let alone understood what it
meant. It was a time when chemistry and physics
were wide apart. Chemistry, on the one hand, was
the science of matter and its specific properties. The
atom was a concept of chemistry—the atom of gold,
of oxygen, of silver: different specific entities whose
existence was noted, but not understood. Physics,
on the other hand, was a science of general proper-
ties, of motion, of strain and stress, of electric and
magnetic fields, and the two sciences were far apart.
One was not yet able to answer the question:
“Where do the properties of matter come from?”
Bohr had the great luck to be there at the begin-
ning, or perhaps mankind had the great luck to
have had him there at that turning point.

The work of Niels Bohr can be divided into th}'ee
periods. In each one he exerted a tremendous im-
pact on the development of modern science, in three
different ways, at three different times. The first pe-
riod is the decade from his meeting with Ruther-
ford in 1912 to the year 1923. It began with the
publication, in the year 1913, of his work on the
quantum orbits of the hydrogen atom. He proposed
to explain the unexplained properties of the atom
by introducing the concept of quantum states—a
concept which was already prepared by Planck and
Einstein, and which he applied to the structure of
the atom. There is hardly any other paper in the
literature of physics from which so many new ideas
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On November 23, 1962, five days after the

death of Niels Bohr, a ceremony to honor his

memory was held at CERN, the international
laboratory located near Geneva, Switzerland,
which Professor Bohr had aided materially in

creating a decade ago. This tribute was pre-

sented al the CERN memorial session by V. F.
Weisskopf, professor of physics at the Massa-
chusetts Institute of Technology, who has
been on leave of absence for the past two
years while serving as director general of
CERN. Professor Weisskopf has recently
agreed to continue at CERN in that capacity
for an additional one-year term—until August

of next year.

and discoveries grew. There is hardly anyone so
revolutionary., His concept of atomic quantum
states was apparently in complete contradiction to
the picture of the planetary system which followed
from the experiments of Rutherford. But this was a
contradiction containing in it the answers to the
most fundamental questions.

This famous paper marked the beginning of a
series of new insights. In the ten years following
its publication, many things not previously under-
stood fell into place: the structure of the spectra
of elements, the process of absorption and emission
of light, the reasons for the periodic system of ele-
ments, the puzzling sequence of properties of the
92 different atomic species. It was the period in
which quality, the specificity of chemical sub-
stances, was reduced to quantity, to the number of
electrons per atom. All this rested on Bohr’s quan-
tum assumption, at that time still a provisional hy-
pothesis. Bohr’s contemporaries, however, took the
allowed and forbidden quantum orbits of the elec-
tron quite literally, although Bohr warned them in
his papers and at meetings that this could not be
the final explanation, that there was something fun-
damental to be discovered first in order to under-
stand really what was going on in the guantization
of the atom,

We now come to the second period of his work:
the years 1923 to 1932. This was the great period
in which the quantum was fully understood. It was
a heroic period without any parallel in the history
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of science, the most fruitful and most interesting
period of modern physics. There is no single paper
by Niels Bohr himself which characterizes this pe-
riod as did the 1913 paper in the first period. Bohr
found a new characteristic way of working, He did
not work as an individual alone, he worked in col-
laboration with others. Tt was his greatest strength
to assemble around him the most active, the most
gifted, the most perceiving physicists of the world,
At that period, we find with Bohr at his famous
Institute for Theoretical Physics, in Copenhagen,
people such as Klein, Kramers, Pauli, Heisenberg.
Ehrenfest, Gamow, Bloch, Casimir, Landau,. and
many others. It was at that time, and with those
people, that the foundations of the quantum con-
cept were created, that the uncertainty relation was
first conceived and discussed, that the particle-wave
antimony was for the first time understood. In
lively discussions, in groups of two or more, the
deepest problems of the structure of matter were
brought to light. You can imagine what atmosphere,
what life, what intellectual activity reigned in Co-
penhagen at that time. Here was Bohr's influence
at its best. Here it was that he created his style,
the “Kopenhagener Geist”, the style of a very spe-
cial character which he imposed onto physics, We
see him, the greatest among his colleagues, acting,
talking, living as an equal in a group of young,
optimistic, jocular, enthusiastic people, approaching
the deepest riddles of nature with a spirit of attack,
a spirit of freedom from conventional bonds, and a
spirit of joy which can hardly be described. As a
very young boy, when T had the privilege of arriv-
ing there, I remember that T was taken a little
aback by some of the jokes that crept into the dis-
cussions, and this seemed to me a lack of respect.
I communicated my feelings to Niels Bohr and he
gave me the following answer: “There are things
that are so serious that yvou can only joke about
them.”

In that great period of physics, Bohr and his dis-
ciples touched the nerve of the universe. The intel-
lectual eye of man was opened on the inner work-
ings of Nature that were a secret up to this point.
The concept of quantum state was cleared up, its
fundamental wholeness, its indivisibility which,
however, has that peculiar way of escaping ordi-
nary observation hecause the very act of such ob-
servation would obliterate the conditions of its
existence. Bohr, whose penetrating analysis con-
tributed so much to the clarification of these prob-
lems, called that remarkable situation “comple-
mentaritv’. Tt defies a pictorial description in our
accustnn;erl classical terms of physics, but it re-
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veals a much richer world than our classical experi-
ence has led us to expect.

€nce the fundamental tenets of atomic mechan-
ics were settled, it was possible to understand and
to calculate almost every phenomenon in the world
of atoms, such as atomic radiation, the chemical
bond, the structure of crystals, the metallic state,
and many others. Before that time, this world was
full of forces: electric, adhesive, chemical, and elas-
tic; then, all these forces were reduced to one—to
the electromagnetic force. In the course of only a
few years, the basis was laid for a science of atomic
phenomena which grew into that vast body of
knowledge known to us today.

Then follows the third period of Bohr's work:
the time between 1932 and 1940. The year 1932
was an important vear in the development of phys-
ics. In that vear, the neutron was discovered, the
positron and artificial radioactivity found, and also
the first particle accelerator was put into use.
Bohr’s Institute, now well known all over the world.
became the center of theoretical physics. After the
solution of the fundamental problem of the quan-
tum, theoretical physics went on in two new direc-
tions. One was the application of the quantum con-
cepts to fields, to electromagnetic fields and, later,
to nuclear fields. This attempt is not yet quite com-
pleted today, and many deep problems concerning
the structure of the sources of fields, the elementary
particles, are still unsolved. It was vigorously pur-
sued during that period in Copenhagen in close col-
laboration with Pauli, Dirac, and Heisenberg. Bohr
himself, in a famous paper published with Rosen-
feld, established the physical basis of the new con-
cepts in field quantization. This work is a typical
example of Bohr’s concern with the physical con-
tent of mathematical theories.

The other direction of research in this period was
towards the exploration of the innermost part of
the atom, the atomic nucleus. In the previous pe-
riods, the nucleus was considered only as the mas-
sive center of the atom. In the third period, the
structure of the nucleus was a subject of interest,
since more and more facts were known about phe-
nomena connected with the innermost part of the
atom. These facts were quite puzzling at the start,
but, under Bohr's active leadership, it soon was
discovered that the same laws of quantum mechan-
ics also govern the world within the nucleus, How-
ever, there was a more complicated problem to be
faced because of the appearance of new and much
stronger forces which hold the nucleus together, the
nuclear forces. When the world of physicists was
puzzled by the enormously large number of quan-
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tum states found in nuclear reactions, it was again
Bohr's concept of the so-called “‘compound nucleus”
which made it possible to understand how the large
number of states is connected with the strong in-
teraction between the constituents of the nucleus
Bohr’s work, and the stimulation from the discus-
sions at Bohr's Institute, created a new science of
nuclear structure which led to the understanding
of nuclear phenomena, and also of a problem of
old standing: the source of energy in the sun and
in the stars.

We now reach 1940, the beginning of the Second
World War. What follows now in the life of Bohr
is, in some ways, even a greater testimony to the
greatness of this man. What follows now can no
longer be told in purely scientific terms. Bohr was
not only a great scientist, he also was a man of un-
usual sensitiveness and feeling for the world in
which he lived. The relation of science with the
world of men was for him an important question.
He was aware, earlier than many others, that
atomic physics is, and would be, a decisive part in
civilization and in the fate of mankind—that sci-
ence cannot be separated from the rest of the world.
The events of world history brought home this
point earlier than expected. By the 1930's, the
ivory tower of pure science had already been
broken. It was the time of the Nazi régime in Ger-
many, and a stream of refugee scientists came to
Copenhagen and found help and support from Bohr.
He asked some to stay with him at that time;
James Franck, Hevesy, Placzek, Frisch, and many
others found a haven in Copenhagen where they
could pursue their scientific work. But not only
this, Bohr's Institute was the center for everybody
in science who needed help, and many a scientist
got a place somewhere else—in England, in the
United States—through the help of Bohr’s per-
sonal actions. Then came the years of war; Den-
mark was occupied by the Nazis in April 1940;
pure science was at an end. Bohr was in close con-
nection with the Danish Resistance. He refused to
collaborate with Nazi authorities. Soon he was
forced to leave Denmark; he had to escape (o
Sweden, and then came via England to the United
States. There he joined the large group of scientists
in Los Alamos who, at that time, were working on
the exploitation of nuclear energy for war pur-
poses. He did not shy away from this most pI'DI?'
lematic aspect of scientific activity. He faced it
squarely as a necessity, but at the same time it was
his idealism, his foresight, and his hope for peace
that inspired so many people at that place of war
to think about the future and to prepare their
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Capability of detecting clandestine
nuclear explosions is the aim of
Project Vela. Los Alamos Scientific
Laboratory is developing sensitive
detection instrumentation to
discriminate between natural
radiation phenomena and those
resulting from man-made devices
detonated in space.

Qualified applicants interested

in Vela and other vital programs
at Los Alamos are invited

to send resuwmes to:

Director of Personnel,

Division 63-109

los(c} Jalamos

scientific laboratory

OF THE UNIVERSITY OF CALIFORNIA
LOS ALAMOS, NEW MEXICO

All qualified applicants will receive consideration for employment without
regard to race, creed, color ornational origin. U.S. citizenship required.
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minds for the tasks ahead. He helped us to see that,
in spite of death and destruction, there is a posi-
tive future for this world of men transformed by
scientific knowledge. But he did more than that,
He came into contact with people in power; he saw
Roosevelt, he saw Churchill. He did many things
that today might seem naive. We all were naive at
that time when we hoped that the bomb would be
abolished after the war, and that a durable peace
would be established immediately, but it is this
naiveté that carries the hope and the strength for
a peaceful future, Today, we should be aware that
it was that attitude, and the discussions and ac-
tivities resulting from that hope, which con-
tributed to the realities of today, and perhaps to
the fact that we are still alive and can still look
with some confidence to the future.

Then came the postwar years: from 1945 to the
end, Physics had a different aspect. The war had
made it obvious, by the most cruel of all arguments,
that science is of the most immediate and direct
importance to everybody. This had changed the
character of physics. Physics became a large enter-
prise: large numbers of people, large machines were
necessary to carry out physical research. Bohr rec-
ognized this as a logical continuation of what he
and his friends had started. The new insights which
he found were greater than the ivory tower of the
universities in which some people wanted to con-
tain this knowledge. He saw that out of these ideas
would develop a great spirit which could encom-
pass all fields of human activities, and so he saw
the necessity of physics on a large scale, on an in-
ternational scale. In no other human endeavor are
the narrow limits of nationality or politics more
obsolete and out of place than in science. There-
fore Bohr was always aware of the leading role sci-
ence must play in creating a lasting bond across
national and political boundaries, in creating the
beginning of a supernational society of human be-
ings on earth. This is why he was actively engaged
in the creation of international scientific centers:
the Scandinavian center, NORDITA, in Copen-
hagen, and, last but not least, the CERN center.
CERN exists because of Niels Bohr. It was Niels
Bohr’s personality, Niels Bohr’s weight, and Niels
Bohr's work that made this place possible. There

| were other personalities who started and conceived

the idea of CERN. The enthusiasm and the ideas

| of the other people would not have been enough.

however, if a man of his stature had not suppﬂffefj
it, and not only supported it, if he had not partici-
pated actively in every important act of fopndmg
and developing, if he had not sat together with the

PHYSICS TODAY




HloH
MAGNETIE
FIELDS

LARGE
WORKING
VOLUMES

| Shown is @ magnet mod-
ule at the Avco-Everett
Research Laboratory
made up of three SC 500
superconducting coils just
after their removal from
a test dewar. This modu-
lar construction permits
easy arrangement of
coils either in solenoid
or Helmholtz pair forms.
This typical magnet has
a 5" L.D., generates
33,000 gauss, stores
45,000 joules and has

Al &
PROTECTION & tiydatbl

WIM - \;f'ﬂ Avco's unique winding
Ayﬂa | techniques make possible
'if : * | light weight magnets and
geometries of special de-
5”’ [ﬁ- sign. . ...
And Avco supplies
ﬂ””””ﬂ ”ﬂg the complete system.

A new booklet, describing

the theory of superconduc-

tivity and how it l:ny relate Avco

to your field, together with EVERETT

the story of superconduchivity VRESEARCH

research al Avco-Everelt, is

available upen request. HLABORATORY
Please address your inquiry

to Section 3. All correspond- A division of AYCO CORP.
ence receives the altention of 2385 Revere Beach Parkway
technical personnel. Everstl 49, Massachusetls

Enginears & Sclentists, Excelient &g{rluﬂiﬂu exist in superconductivily ot Avco-EversH.



Career Opportunities
for Scientists, Mathematicians,
Economists, Engineers

* ok & k ok

PROBLEM
SOLVERS

* %k Kk ok ok ok

Problem solvers who can apply their
knowledge and scientific training to
find answers to questions (often un-
formulated) are welcome in the Center
for Naval Analvses.

CNA scientists study and analyze the
operational and logistic aspects of
warfare, present and future, for the
U.S. Navy. CNA is composed of the
Operations Evaluation Group, the
Institute of Naval Studies, and the
Naval Warfare Analysis Group. These
component groups provide scientific
advisory services for the Chief of
Naval Operations, the Commandant of
the Marine Corps. and other parts of
the Naval Establishment.

Career appointments with CNA are
now available for Physical Scientists.
Operations Analysts, Mathematicians,
Economists, and Engineers with ad-
vanced degrees. Other graduates of
exceptional caliber are also invited to
apply.

Salaries, benefits, personnel policies,
and creative environment combine
many of the best features found in
industry and academic institutions.

Appointments are in Washington,
D. C., and Cambridge, Mass.

Write or call for an application or
submit your resume to:

Director

CENTER FOR NAVAL ANALYSES

Dept. PT

1710 H Street, N.W., Washington, D. C.
Area Code 202-298-6770

CNA

CENTER FOR NAVAL ANALYSES

OF THE FRANKLIN INSTITUTE

OEG + OPERATIONS EVALUATION GROUP
INS « INSTITUTE OF NAVAL STUDIES
NAVWAG - NAVAL WARFARE ANALYSIS GROUP

An equal opportunity employer

others and worried about every detail, That was
Niels Bohr,

The greatness of this man comes out in this pe-
riod more than in any other. Bohr in his sixties
was fully aware of the new developments in phys-
ics, of the new phase which began a decade ago,
when the availability of high-energy beams made
it possible to go beyond the structure of the nucleus
and to explore the structure of the constituents of
the nucleus, the world within the proton and the
neutron. This new stage of our science is nothing
else but the continuation of the great wave that he
had started. Bohr was aware of this, and that was
why he had put all his enthusiasm, his zest for life,
his positive attitude in support of this new develop-
ment and, in particular, in support of the new up-
surge of fundamental physics in Europe. I remem-
ber only a year ago an example of how much he
cared for the details of what was going on at
CERN. He was asked for help because of some
budgetary difficulties, He came and did a great
deal to alleviate the problem; after the meeting,
which took the whole day, when everyone was tired,

. he asked one of the members to go for a walk with

him, and he spent two hours in the rain of Geneva
explaining his views of the situation. It is hard to
understand how a man of his age could have had
such energy, such an enthusiastic interest in life;
but it was a necessary condition to be able to do
what he did. It was he who gave us this tremendous
expansion of our vision of reality which shook the
world to its foundations; it was also his spirit of
optimism and enthusiasm which will enable us to
overcome the dangers we face.

With Niels Bohr’s death an era disappeared—the
era of the great men who created our science. But
it was Niels Bohr himself who helped to create the
basis for the continuation of his spirit into the fu-
ture; our institution, CERN, is a testimony to this.
It puts us under the obligation to continue what he
wanted to do.

His death symbolizes his life. It was only two
weeks before his death that he came back from a
vacation, fully recovered from a slight stroke he
had had a year ago, and his doctors told him that
he could go ahead and work as usual. So he did
and he was very well, and even on Friday, two days

——

[—

before his death, he chaired a meeting of the Dan- *'ﬂlun
ish Royal Academy of Science; on Sunday he gy
planned to have a party of friends at his house. He " iy

was happy and healthy, but when he lay down in
the afternoon for a little rest, he did not wake up.
That such a life was, and could be lived today,
should be a great encouragement to all of us.
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