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NIELS BOHR (1885-1962)

Bohr's early work in physics was on the

classical theory of metals. after failing

to interest JJ. Thornson in Cambridge

in it, he moved to the Manchester

laboratory of Ernest Rutherford, with
whorn he formed a life-long friendship.
Bohr eagerly ook up Rutherford's nuclear

model of the alom and recognized its far-

reaching implications. In particular, he explained many
properties of radioactive transformations and recognized the
existence of what later became known as isotopes. He became
convinced that classical electrodynamics was fundamentally
limited in the atomic domain and had no doubt that this
limitation would be governed by Planck’s quantum of action. His
formula relating the range of penetration of ionizing particles in
a medium o their velocity has, in its essentials, survived modern
quantum mechanics.

In 1913, almost immediately upon his appointinent as an
assistant at the University of Copenhagen, Niels Bohr published
his most important and daring contribution, the old quantum
theory. This was the finding that the Rydberg formula for the
frequencies of series of spectral lines could be explained only if
the emission of light by an atom occurred as single quanta
involving Planck’s constant. Thus, while the stationary states of
atomic systerns could be explained by classical mechanics, the
transition from one state to another was 4 non-classical process.

Biohr at once recognized that the quantal behavior of a syslem
had to go over 16 the corresponding classical behavior for motions
invelving large quanta. This insight was later dubbed the
Cornespondence Principle. (It has only recently been challenged.)
Bohr's atomic theory inaugnrated what arguably were 1o become
the two most adventurous and fruitful decades in the history of
science: the invention and perfection of quantum mechanics and
its successful application to the solution of numerous problems in
physics, chemistry and even biology.

After two years the Danes moved to offer Bohr a professorship
and three years later, thanks to the intervention of friends
who donated the land, they were persuaded to huild Bohr a
laboratory, This was the famous Institute for Theoretical
Phsics, of which he was the director for the rest of his life.
Most of the werld's great theoretical physicists spent periods
of their lives at Bohr's Institute. The first to join Bohr in 1916
and 1o remain for ten years was H.A. Kraners; others who came
during the early years included Georg von Hevesy, Oskar Klein,
Wolfgang Pauli, and Werner Heisenbery,
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Bohr did not rest on his laurels. In 1924, with Kramers and

J.C. Slater, he published “The Quantum Theory of Radiation,”

a renunciation of the classical from of causality in faver of a
slatistical description. And even though it was Heisenberg who in
1927 discovered the indeterminacy relations {also known as the
Uncertainty Principle), it was Bohr who fonnulated their
epistemological foundations in terms of the role of an observer
and the comnplemenarity, i.e. the inevitability of mutually
exclusive descriptions of quantum phenomena.

By the 1930s, with atomic and solid state physics well understood
through quantum mechanics, the main interest had shifted, in
Copenhagen as elsewhere, to the rapidly expanding field of
nuclear physics. In particular, an explanation had 1o be found
why nuclei were so readily able to capture neutrons for a sequence
of resonance energies. Bohr accomplished this in 1936 by
imagining, classically, the nucleus as an assembly of nucleons
(protons and neutrous) held together by short-range forces, and
thus, in effect, behaving like the assembly of molecules forming a
drop of liguid, a model which had been put forward earlier by
George Gamow. The most important application of this theory was
the interpretation of nuclear fission, which Bohr and John A.
Wheeler published in 1939, immediately upon the discovery of the
fission phenomenon.

This happened while Bohr held a visiting appointment at
Princelon University, In 1943, in the face of the Nazi occupation
of Denmark, he was able to flee 10 Sweden. From there he was
transportid 1o England, where he was suddenly faced, to his
surprise, with the advanced stage of a project—the huilding of an
atomic bomnb—that he had deemed heyond the realm of
technical accomplishment. Although as “Mr. Baker” he made
some contributions to the development of the bornb at Los
Alamos, his preoccupation for the rest of his life was to make
statesmen and the public aware of the political and human
implications of this new weapon and of the urgency of reaching a
universal agreernent never 1o use it.

MARGRETHE BOHR (1890-1984)

Margrethe Ngrlund met Niels Bohr in 1909
through her hrothers Niels Erik and Poul, who
were [riends of Bohr. They were engaged in
1910 and married in 1912 in 4 hrief, civil
ceremony. She was an indispensable
companion to Niels. In the early years of their

marriage, she acted as his secretary-assistant,

taking down drafts of his papers from dictation.

(Niels reports that on one occasion, in 1912, I went to

the countrv with my wife and we wrote a very long paper on these




things [probably an atternpt to complete his work on alpha
particles].”After November 1916, when their fist son, Christian
Alfred , was born—who, in 1934, tragically drowned while sailing
with his father—Margrethe’s help in taking dictation
understandably waned. Throughout their lives together Niels used
her as a sonnding board for ideas.

All the many friends and associates whe have writlen about their
stays at the Bohrs’ home agree on Margrethe's extraordinary
contribntions as a hostess and participant in the conversations.
She was very mnch in her element after the Bohrs moved into the
snmptuons “Residence of Honor" in the Carlsberg breweries in
1932. Abraham Pais reports in his biography, NMels Bohrs Times,
in Physics, Philosophy, and Polity, that al the many receptions
“whether for the staff and visitors from Bolir's instilute, or for
{ueen Elizabeth and Prince Philip of England, or other high
dignitaries, ...[she officiated] with great charm and dignity. She
had the particnlar talent of knowing the names and some
personal circumstances of all her guests. She came to be known
as Dronning (Queen) Margrethe, with affectionzte respect by
some, with envy by others.”

Shortly after Niels Bohr's death, the mathematician and longtime
family friend Richard Courant, in explaining Niels's success,
wrote: “_.Itwas not Inck, rather deep insight, which led him to
{ind in young years his wife, who, as we all know, had such a
decisive role in making his whole scientific and personal activity
possible and harmonicus.” And their son, Hans, wrote of his
parents” lives together; ..My mother was the natural and
indispensable center. Father knew how much mother meant lo
him and never missed an epportunity 10 show his gratitude and
love...Her opinions were his guidelines in daily affairs.”

WERNER HEISENBERG (1901-1976}

Heisenberg displayed an early talent for
mathematics, and he entered the University of
Munich intending to hecome a
mathematician. However he soon came
under tutelage of the renowned physics
professor Arnold Sommerfeld and received his
doctorate from him in 1923, Subsequently
Heisenberg studied and collaborated with Max
Born in Gittingen and with Niels Bohr in
Copenhagen {succeeding HA. Kramers there as Bohr's assistant in
1926). Later he also made the acquaintance of and worked with,
among other physicists, Wolfgang Pauli, Enrico Fermi and PM.A.
Dirac. In 1926, at the age of twenty-five, he was called to the
[niversity of Leipzig as Germany’s voungest full professor.

Heisenberg is popularly best known for his Uncertainty Principle
{variously called by him Ungenauigkeit [inexactness] or
Unschiire [lack of sharpness] Relation, but later changed to
Unbestimmtheit [intederminateness or even indeterminability]).
Simultanecus precise measurements of canonically conjugate
properties, such as the pesition and momentum, or energy and
location in time, of & particle are in principle {and in

experimenial {act) not possible; the product of their lack of
precision is 4t least as big as Planck’s constant. [n 1927, based
largely on this insight and Bohr’s recognition of complementarity,
Heisenberg, Bohr, and Bem presented the Copenhagen
Interpretation of gnantnm mechanics.

With Carl Friederich von Weizsicker and others, Heisenberg also
explored the philosophical interpretations of quantnm mechanics,
sonnding the death knell of strict detenninism, claiming the
weakening of causality and investigating the applications of neo-
Kantian notions. With Bohr he pnshed the Copenhagen
interpretation into chemistry and biology and even into social
phenomena. With physicists such as Felix Bloch, Rudolf Peieris
and Edward Teller he applied quantum mechanics to the solution
of many problems, such as the helium atom and ferromagnetic
materials. After 1927, drawing on the work of Dirac, Pascual

Jordan, Oskar Klein, and others, Heisenberg’s major scientific

concern became the unification of qnantum mechanics and
relativity theory. Soon after the discovery of the nentron in 1932,
Heisenberg developed a neutron-proton model of the nucleus by
introducing the concepts of the nuclear exchange force and of
isotopic spin. In 1936, Heisenberg discovered a mathematical
minimum length which, he believed, marked the frontier of a
new, wholly revolutionary physics.

During the entire course of his life, Heisenberg was a patriotic
German. In 1919 he supported the resisiance against a Bolshevik-
oriented take-over in Bavaria and in defense of the elecied social-
democratic goveriiment As a boy-scouts leader he strove for the
renewal of Gennan life through the direct experience of nature
and the beauties of Romantic poetry, music, and thought. In the
early vears of the Nazi regime, he and other theoretical physicists
came under attack as “white Jews,” but by the outbreak of the
Second World War, he and the regime had made sufficient peace
with each other for Heisenberg to remain in Germany and to be
put in charge of the German nuclear reactor program.

In the last, chaotic days of the War, the ALSOS mission,
scientifically led by the Dutch-born refugee physicist Samuel
Goudsmit, captured Heisenberg and nine other Gennan scientists.
They were interned at Farm Hall, a conntry estate near
Cambridge, England, for six months. Afer their repatrig

This malerial is adapled from Biographies of :
Copenhagen, compited by Harry Lushig.
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German occupation—In May of
1939, Denmark signed a ten-year non-
aggression pact with Germany and in
April 1940 was invaded and occupied by
(erman troops.

Uncertainty principle—
Formulaled by Heisenberg in 1927, this
scientific principle states that it is
impossible to know at ence both precisely
where a particle, such as an electron, is
and how quickly it is moving.

Tisvilde—Heisenberg and other
assistants often joined Bohr and his
family here al their summer home.

Quanta—In 1900, researcher Max
Planck discovered thal energy can only
Be released or absorbed by matter in the
torm of this very small unit,

Quantum theory—This theory uses
the quantum as the basis for describing
all relationships among subztomic
particles.

Matter—In the scientific sense, matter
is anything that has weight and occupies
space.

Energy—Scientifically, energy is the
ability of matter to perform work as
either a result of its motion or its
position.

Quantum mechanics—This
mathematical theory developed out of a
need to explain processes at the atomic
level that did not follow the Taws of
classical or Newtonian physics.

Max Born—

A Gennan-British
physicist, Born is
known for his major
contributiens to
quantum theory and in
1954, won the Nobel Prize in physics.

Pascual Jordan—
A German theoreticul
. physicist, Jordan worked
I N with Max Born and

) \ Heisenberg 1o polish

Heisenberg's

mathematics in what would become
qnantum mechanics.

Gottingen—Home to the Max Planck
Institule, this central German city is
known for attracting seme of the world's
{inest mathematicians and physicists.

Complementarity—This principle
of physics, developed by Bohr, states
that the behavior of an electron can

be understood completely only by
descriptions in both wave and particle
form.

Carl von Weizsicker—This
physicist was an original member of the
Uranium Club, the secret German state
run program to research the military
possibilities of uranium fission.
Weizsticker was detained at Farm Hall
with Heisenberg,

$8—An abbreviation for Schutzstaffel,
this elite army force served as Hitler's
personal guard as well as policing the
oceupied countries.

John the Baptist-—In using this
analogy, Heisenherg says that Weizsicker
has announced his arrival in the same
way that John the Baptist announced
Christ ard his teachings.

Stefan Rozental—A Jewish-Polish
physicist, Rozental was a longtime
assistant to Bohr and studied under
Heisenberg.

Christian Maller—A Danish
mathematical physicist, Myiller worked
primarily in Copenhagen and is best
known for his contributions to relativity,
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Samuel Goudsmit—Dutch-born,
Goudsmit became a naturalized
American citizen and worked in the U.S.
with George Uhlenbeck to show that
electrons have magnelic properties.

Theoretical physics—Theoretical
physics varies from experimental physics
in that it relies on mathematical models
and abstractions rather than concrete
trials.

Fission—Tission is the splitting of the
nucleus of an atom that results in the
release of a lurge amount of energy:

Weolfgang Pauli—Pauli was an
Austrian-American physicist and is best
known for his exclusion principle which
says that no two eleclrons can occupy a
quantum state ar the same time in an
atom.

Otto Frisch—In 1939, Frisch, with
his aunt, Austrian physicist Lise Meitrer,
explained the pracess of fission.

Arnold Sommerfeld—Sommereld,
a Jewish-Prussian theoretical physicist,
taught Heisenberg hefore Bohr did and is
recognized for his work in developing
quantum theory,

Von Laue—A German physicist, von
Laue earned a Nobel prize in 1914 and in
1942, resigned his professorship at the
University of Berlin in protest of the

Nazi regime.

Karl Wirtz—A member of the
Uranium Club, Wirtz studied under
Heisenberg and was instrumental in
bringing his fermer teacher into this
esearch project.

Paul Harteck—An Austrian physical
chemist, Harlneck worked on
construction of the German nuclear
reacter during World War 1.




Otto Hahn-—Hahn was a German
radiochemist whose work led to the
discovery of uranium [ission.

Enrico Fermi—An
lalian physicist, Fermi
was a key member of the
U.S. Manhattan Project
and research at 1.os
Alamos, developing a
controlled, self-sustaining nuclear chain
reaction.

Uranium—After Hahn and Iritz
Strassmann announced fission in 1939,
this radioactive metallic element became
the facus of military research.

Barium and Krypton—When a
uranium atom is split, it forms these two
lighter elements.

John Wheeler—An American
physicist, Wheeler led the U.S. team
working to create the first hydrogen
bomb.

Cyclotron—This particle acceleralor
makes possible the separation of
uranium 235 from natural uranium.

James Chadwick—
An English physicist,
Chadwick headed the
British atomic bomb
effort and invited

Bohr to come to
England in 1943.

J. Robert

| Oppenheimer—
Leader of the Manhattan
Project, Oppenheimer
achieved the first nuclear
explosion.

Schrodinger’s
cat—Austrian physicist
Erwin Schridinger, a
pioneer in quantum
mechanics, proposed an
experiment to highlight
the insufficiency of theories on sub-
atomic particle behavior. His proposition
involved placing a cat, a vial of
poisonous gas and a radioactive mineral
in a sealed box, assuming that given

enough time, the mineral will decay and
release the gas, killing the cat. Of course
the experiment was never performed, but
Schrdinger's argument is that it is
impossible to knew if the cat is alive or
dead until one opens the box, so
according to the theary the cat wust be
simultaneously alive and dead.

Hendrik Casimir—
This Dutch physicist
studied under Bohr in
Copenhagen,

George Gamow—

A Russian-American
physicist, Gamow was the
first 1o propose the liquid
drop mode! of the
nucleus and was one of
ihe originators of the big bang theory.

Reactor—According to Heisenberg,
this device that allows the controlled
release of nuclear energy was the sole
goal of the German nuclear project.

Plutonium —Chemically similar to
uranium, this radioactive metallic
element can he used to produce alomic
Energy.

Farm Hall—This British manor
served as a detention point for

10 German physicists for a 6-month
period just prior to and following the
bembing of Hiroshima and Nagasaki.
Not knowing the full extent of the
German nuclear project, Allied forces fell
it best to keep these men isolated from
Russian and French intelligence.

Hireshima—The firsl of two Japanese
largets for atornic bombs, Hiroshima was
bambed on August 6, 1945, killing an
estimated 140,000 people,

Nagasaki—TFollowing the August 9,
1945 bombing of this Japanese city,
Japan surrendered, ending World War 11

Albert Speer—A Nazi-German,
Speer served as Hitler's Minister of
Armaments and Munitions.

Cadmium —Because this element
easily absorbs neutrons, it is used to
make control rods for nuclear reactors.

Heavy water—Hcavy water is
chemically the same as regular (light)
water, but with the two hydrogen atoms
(as in H:0) replaced with deuterium
aloms. Deulerium is an isotope of
hydrogen and has one extra neutron. It
is this extra neutron that makes heavy
water “heavy.” Used in a nuclear reactor,
heavy water transfers heat and slows
emitted neutrons, increasiug the fission
reaction rale.

Critical mass—This term refers 1o
the minimum quantity of uranium or
other fissionable maerial required for a
chain reaction to occur,

Gopenhagen Interpretation—
This represents the first major attetnpt Lo
understand the atomic world in terms of
quantum mechanics and is a term
applied ta Behr's and Heisenberg's joint
(if not completely unified) explanalion
of atomic behavior,

Matrix mechanics—This was
Heiseniberg’s original appreach to
quantum theory, one which Bohr did not
completely support.

Wave mechanics—De Broglie
introduced this approach to quantnm
mechanics with the idea that all particles
have wave aspects.

Cloud chamber—TFisst developed in
1911 for experiments on the formation of
rainclouds, the cloud chamber was used
to track the path of zlomic particles.

Peregrinations-—When likening a
walk around town to the Uncerlainty
Principle, Bohr uses this term to referfo
Heisenberg’s hypotjettes

235— This s a s
enriched uranium¥
atomic bomb,




ELECTRONS
1895 Thomson
discovers the electron,
the extremely light,
negatively charged
particles orbiting inside
the atom which give it ifs
chemical properties.

QUANTUM THEORY
1900 Planck discovers
that heat energy is nat
continuously variable,
as classical physics
assumes, There is a smallest
common cain in the currency,
the quantum, and ali
transactians are in
multiples of it.

THE NUCLEUS
1910 Rutherford shows
that the electrons orbif
around a tiny nucleus,
in which almost the
entire moss of the
atom is concentrated,

PHOTONS
1905 Einstein realizes
that light, teo, has ta be .
understood nect only as
waves but as quantum
particles, later known
as photans.

THE
QUANTUM ATOM
1913 Bohr realizes that
quantum theory applies fo matter
itself. The orbits of the electrans about rh
the nucleus are limited to a number of |
separate whole number possibilifies,
so that the atom can exist only Tn a
number of distinct ond definite
states. (The incomplele
so-called “ald quantum

ele
an

THE BOMB
1945 The bomb is
successfully fested in

July, and on August 6,
1945 is used on
Hiroshima.

THE REACTOR
1942 Fermi in
Chicago achieves the
fiest self-sustaining
chain reactian in a
pratotype reactor.

THE i

MANHATTAN

PROJECT

1942 The Allied
atomic bomb

program begins.

THE CRITICAL
MASS
1940 Frisch and Peierls
in Birmingham calculate,
wrongly but encouragingly,
the minimum amount of U?*
needed to sustain an
effective chain
reaction.

THE CHAIN
REACTION
1939 Joliat in Paris
and Fermi in New York
demonstrate the release of

e

Et
e
S

THE NEUTRONS
MULTIPLY

GERMANY DEFEATED
1945 The Allied

advance into

Germany halts
the atomic

program there.

two or more free neutrons
with each fissian, which proves
the possibility of a
choin reaction in pure

THE WAR Foin

1939 The Second
Warld War begins,
and Germony at once
commences research
into the military
passibilifies of fission.

1939 Bohr and Wheeler at
Princeton realize that fission also
produces free neutrons. These neuirons
are moving toc fast to fission other
nuclei in U, the isotope which makes
up 99% of notural uranium,
and will fission only the nuclei
of the U™ isotope,
which constitutes less
thon 1% of it,




MATTER AS WAVES
1924 De Broglie in
Paris suggests that, just

as rodiation can be
treated os particles,
so the particles of matter

can be treated as a
wave formation.

QUANTUM
MECHANICS
'5 Heisenberg abandons
an orbits as unchservable,
wds instead o mathematical P8
faticn in terms of motrices
what can be observed—
ffects they produce upon
the absorpfion and
emission of light.

UNCERTAINTY
1927 Heisenberg
demonstrotes thot all
(WY  stofements obout the movement
of a parficle are governed by the
unceriainty relafionship:
the more accurately
you know its position, the less
accurately you know
its velocity, ond
vice versa.

THE WAVE EQUATION
1926 Schridinger
finds the mothematical
equation for the wave
inferpretation, and
proves that wave and
malrix mechanics are

THE COPENHAGEN
INTERPRETATION
1928 Bohr relates Heisenberg's
particle theory and Schrédinger’s wave
theory by the complementarity principle,
according to which the behavior of an

electron can be understood completely mathematically =
only by descriptions in both wave ond equivalent. :
parficle form. Uncertainty plus e
complementarity become established -
as the pillars of the Copenhagen 0
{or ‘orthodox’) interpretation of
quantum mechanics,
INTO THE
NUCLEUS
1932 Heisenberg opens
the new era of nuclear physics
by using neutron theory lo
apply quantum mechanics
to the structure of
the nucleus. NEUTRONS

1932 Chadwick
discovers the neuiron—
o particle which can be

used to explore the
nucleus because it carries

no electrical charge,

and can penetrale it

undeflected.

RANSMUTATION
1934 Fermi in Rome
{ bombards uranium with
neutrons ond produces
a radio-active
substance which he

cannot identify.

IDENTIFICATION
_ 1939 Hohn and .
Strassmann in Berlin identify
the substance produced by '
Fermi’s bombardment as
barium, which has only
about half the atomic “About 40 seconds after the explosion the
weight of uranium. air blast reached me. | Iried to estimate its sirength by
dropping from about six feet small pieces of paper before, during,
and u?ter the passage of the blast wave.. . .The shift was about
2 1/2 meters, which, at the time, | estimated 1o correspond to the
blast that would be produced by ten thousand tons of TN.T.”

FISSION -
1939 Lise Meitner and
Frisch in Sweden apply
Bohr's liquid drop model to
the uranium nucleus, and
realize that it has turned into
barium under bombardment
by splitting info two,
with the release of
huge quantlities of

energy.

—Enrico Fermi’s eyewitness account of the first test of an atomic bomb at
THE LIQUID DROP Los Alamos, .M. on July 16, 1945. He was located 20 miles
1937 Bohr explains from the blost.

the properfies of the

nucleus by analogy
with a drop of liquid.



Michael Fr AV has said that his plays are aboul “the way
we impose our ideas on the world around vs.” In Copenhagen,
he has consiructed a drama around two men whose ideas
shaped the way a century of peaple see the world. That Frayn
has crafted a thoughtful, complicated play that takes on big
issues is no surprise. The surprise of Copertbagern, is that it is
such a serious work from the man best known in the U.S, for his
farce, Noises Gff.

Michael FFrayn was born in London on September 8, 1933.
Early on he found joy in the attention he could draw to himself
by mockiug his elementary school teachers. By the time he
made it to Cambridge between 1954 and 1957, he had become
completely enamored of the stylish and witty sophistication of
the place. He enjoyed that it was a privileged arena and he
describes the brand of comedy he developed there as “whimsical,
carefully artless, sub-Thurber carigons,”

From Cambridge, Frayn fell into newspapers, working as
a reporter and then as a celumnist first for he Guardian and
later for The Observer at a time when writers might be seut on
virtually any assignment. Frayn made his mark as a colummnist
of humorous essays often steeped in the politics and philosephy
that would later fill his plays. He has published five books of
columms from 7he Guardiar and Observer, including The Day
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of the Dog (1962), The Book of Fub (1963) and Speak After the
Beep (1995).

In the 19605 he successtully launched a new career as a
novelist, Still writing in a satirical vein, 7he 7in Men (1963)
deals with comnputers taking over the drudgery of human
existence, A Very Private Life (1968) predicts a future in which
people have turned ridicutously in on themselves, and The Trick
of If (1990) follows a young academic as he becomes involved
with a famous author and tries fruitlessly to become a writer
himself. Never one 10 1ake on light materjal, Frayn’s comedy has
deepened and become darker, while maintaining a playful
approach to his serious subjects. His most recent novels include
Headiong (1999) and §pies (2002).

He began Writing seriously for the stage in 1970 with 7he
Tiwo of Us, a series of four short plays linked by & pair of actors that
portrayed two different characters in each play, Mostly, Fravn's
drama has focused on the distorted worlds of niche industries, from
the newspaper-cutting library of Alphebetical Order (1975), and
the sales business of Make and Break 1o the theater itself in Nosses
). He has also departed from farce onslage in plays like
Bengfactors (1984), about the delerioration of a inarriage in the
1960s, and in his well received translations and adaptations of the
work of Anton Chekhov.

WHAT’S THE STORY?

Copen/mgen IS a hypothetical afterdeath meeting of real-life
figures, physicists Niels Bohr and Wemner Heisenberg, s well as
Tohr's wife, Margrethe, in 2n attempt to puzzle out the events of an
evening they spent together in September 1941. At that time,
Heisenberg was leading the German initiative to investigate the
feasibility of an atomic bornb, and Bohr was a half-Jewish Dane
living in his German-occupied homeland.

The play begins with 4 recreation of the 1941 meeting. Each
of the characters is uncomfortable with the politics of the meeting
and careful with every word, as Bohr's home has surely been
bugged by the Nazis. Bohr is convinced that there is uo future in
looking for a military use for fission, while Heisenberg has come
bearing the disturbing news that that's exactly the project he is
saddled with advancing in Germany—information which is
clearly (reason.

Bohr tries to get out of Heisenberg the reason for his visit.
Heisenberg tries to feel out Bohr's knowledge of Allied nuclear
research, but Bohr claims ignorance. Heisenberg suggests that Bohr
may find a friendly reception with the Cultural Division of the

German Foreign Office in Deumark, but Behr is appalled ai the
suggestion that he come to amiable tenms with his oppressors.

Just 4as Heisenberg’s commitment to his German homeland is
aboul to forbid any real comniunication with Bohy, the two fall into
a memory of their first meeting and begin to rthapsodize about their
long hours and fierce debates over the nature of the atom in the
1920s. Bohr reminds Heisenberg that he has a tendency to speed
through the details of his science, and Heisenberg chides Bohr for
plodding along and picking up all of the stray bits and pieces.

In multiple replayings of that now distant evening, the
characters vainly search for 4 definitive answer 1o the huge
question, “Why?"" Eventually, they realize just how unsolvable the
puzzle of human motivation is—that their own lives and
intentions operate under Heisenberg's Uncertainty Principle. In
their efforts to ferret out the truth, to observe and track inteution,
they impact and possibly alter the same truth, leaving them in 4
perpetual state of questioning.

These materials are adepted from SageNotes, published by
Camp Broadway, 2000,




Students attending

The Rep’s praduction of
Coperbagen will have a unique
opportunity to gain 4 new perspective
on the stage. Approximately 30
audience tnembers will he seated
oustage for this innovative dramna. In
collaboration with director Steven
Woolf, scenic designer Todd Rosenthal
has created a set which incorporales a
second “mini-audience” into the design. While exciting for patrons,
the choice plays an integral part in the storytelling process as well.
As the three characters, Bohr, Margrethe and Heisenberg atlemypt 1o
detenmine what happened on that night in 1941, they replay events
over and over in their own minds and each asserts his or her own
interpretation of the evening. In doing this, they illustrate two of
the major compenents of the Copenhagen Interpretation;
complementarity and the Uncertainty Principle. Complementarity,
{irst proposed by Behr, states that an eleciron can only be
understood eompletely by descriptions in both wave and particle
fonm—in layman’s terms—more than one perspective is essential
in order 1o know the whole truth. Heisenberg's Uncertainty
Principie further complicates the search tor truth by stating that it
is impossible to know both the location and the velocity of a
patticle because the process used to determine either one of these
inevitably affects the accuracy of the imeasure. In other words, the
act of observation is inherently flawed.

—
ey

Read more

We encourage you fo examine these
topics in-depth by exploring the
following books, websites and videos.

Hitter's Uranium (fub: The Secret Recardings ot Form
Holl by leremy Bernstain. Spring Verlog, 1995.

The Philosaphical Witings of Miels Bofy by Niels Bohr,
(xbow Press, 1987.

Uncertainty: The Life ond Science of Wernor

Penguin, US4, 1990.

about it
(riticel Assembly: A Technicol History of Los Alomos

During ihe Oppenheimer Years, 1943—1945
by Lillian Hoddeson. Cambridge University, 1993.

Brighter than o Thousand Suns: A Personal History
of the Atomic 5cignlists by Roberl Jungk; fronsloted
by Jumes Cleugh, Horcourt Broce, 1970.

The Second Yorld Wor by John Keegon.

The three characters can never
really determine what happened in
1941 because they are viewing it—

so they keep viewing it Lo see if their
perception will ever be changed. Woolf
explains it this way:

This idea of multiple peiths is one of
the central metaphors of the show
and is are of the reasons for Playing
i in the “rownd,” The audience in the main howse is an
ohserver of the story, as is the audience onsiage. Bul the
aricliences are also ohserving themselves—across the sel—as
they juclge what is gofig on in the slory of the play. Freryone
is observing awned everyone is measuring and yel, according
for Hefsentherg, the measwurentent will never be fully correct
becase you cannol aecuralely measure whal you are
observing. s why the three characlers can'! easily solve what
bappened ai Hheir meeling. They all were there, bul
remember if differently leading to differing interpretations.
The other view fhe set brings to this production is the idea of
an alom surrounding s pucleus and the three elements of
the niiclens—protor, newtron, electron—circling each
other. colliding on occasion, triggering reactions.

Margrethe, Bohr and Heisenberg personify these elernents inside the
“cloud chamber™ of the set, reflecting their ideas and perceptions
off of one another—hut never being able to determine what really
happened.

Heisenberg’s Wor: The Secief Hisiory of the Germon
Bomb by Thomos Powers, Do Copo, 2000.

The Making of the Alomic Bomb by Richard Rhodes.
Touchstane Books, 1995.

The Niels Bahr Archives—wnww.itha.nbi.dk

World War It: In Color, released by Goldhill Home
Hedia, 1998,

J. Robert Oppenheimer, releosed by A & E

Heisenberg by Dovid C. Cossidy. WH Fraedman & Co.,
1993.

The Copenhagen Popers: An Iniigue by Michael Froyn
anc David Burke. Metropolilen Books, 2001.

Now It Con Be Told by Leslie R. Groves,
Da Copo, 1962,

Nigls Rofi’s Phitesaphy of Physics by Dugald Murdoch,
Combridge University, 1989.

Why the Aflies Won by Richard Overy,
WW. Norton & Ca., 1997.

Nigls Bohr's Times: In Physics, Philasophy and Polity
by Abiohom Pais. Cxford University Prass, 1993,

Entertainment, 1998.

VW I Speciol Edition, releosed by Madacy
Enfertainment, 1998.

Weapons of Wor—The Aiemic Bomb, 1eleosed by
Best Film & Videe, 1993.




These questions and activities are designed to help students anticipate the performance
and then ¢ build on their impressions and interpretations after attending the theatre,

The activities and questions are divided into “Before the Performance” and
“After the Performance "’ categories. While most of the exercises provide specific
instructions, please feel free to adapt these activities 1o accommeodate your own teaching
strategies and curricular needs. To assist you in incorporating these malerials into your
exisling curriculum, we have provided the numbers of some of the corresponding Missouri
Knowledge Standards and Hlinois Learning Standards.

Communication Arts

Before the Performance

We've all heard the old saying, “There are two sides to

every story.” In reality, there are usually many more. The

relationship among how we, as individuals, remeinber
events; how another person who was part of the same event
recalls it and what actually transpired is always interesting,
Perform an experiment to illustrate for yourself how this progess
works. Choose 2 friends from your class and plan to spend at
least 2 hours with each other. How you spend your time together
is completely up o your group. You mav study after
school, go to the mall, share a meal, or if you have
multiple ¢lasses together, you may designate that
as your “group time.” When the two hours-have ~
passed, write a detailed descriptiondf what '
happened. Include conversation, actions and
events as well as the attitudes of your fellow
group members. Write your accounts
individually, rot as a group. Then share your /
versions of events with each other. What are the
similarities and differences? What do you think
accounts for the variations? As a group, (ry 1o write a
single description that you can all accept as accurate:
(MO: CA1, CA4. CAB, SS6 IL: 1,3, 4, 5) '

After the Performance

Copenbagen is a challenging play in that it is driven by

description of people and places and retelling of

infermation, rather than by action or plot. Tn order for
this kind of work to be effective, the playwright must employ a
variety of rhetorical, or stylistic devices to maintain the dramatic
stakes and the sudience’s inferest, In the excerpt below, Michael
Fravn uses an extended scientific metaphor to illuminate the
interaction among the three characiers. Based on this diglogue,
anzlyze the complex relationship shared by Bohr, Heisenberg
and Margrethe.

Heisenberg: Listen! Copenhagen is an atom. Margrethe is its

nucleus. About right, the scale? Ten thousand to one?

Bohr: Yes, yes,

H: Now, Bohr's an electron. He's wandering abhout the city

somewhere in the darkness, no one knows where. He's here,
_ he’s there, he's everywhere and nowhere. Up in Faelled Park,
Ydown at Garlsherg. Passing City Hall, out by the harbour. I'm
a photon, A<iiantum of ligh:. I'm dispatched into the
darkness to find Bohr. And [ succeed, because I manage to
eollide with him.... But what’s happened? Lock—he’s been
slowed down, he’s been deflected! He's no Jenger doing
exactlywhat he was so maddeningly doing when [
~=walked into him!

/B: But, Hesenberg, Heisenberg! You also have
been deflected! If people can see what's happened
to you, to their piece of light, then they can work
out what must have happened to me! The trouble

is knowing what’s happened 1o you! Because to
understand how people see vou we have to treat you
not just as.a particle, but as a wave. (MO: CA1, CA2,

CA4, CA5, GA7 \JL: 1.2, 3, 4, 5)

Along-with metaphor, vivid description is an essential

writing tool'that Frayn wields in Copenbagen. The

detailed sensory descriptions that his characters provide
give the audience the sense that each accounting of events is
“the real” one. Note the sights and sounds in the following
excerpt:

Heisenberg: I crunch over the familiar gravel to the Bohry’
front door, and tug at the familiar bell-pull. Fear, ves. And
another sensation, that's become painfully familiar over the
past vear. A mixture of self-importance and sheer helpless
absurdity—that of all the 2,000 million people in this world,
I'm the one who's been charged with this impossible
responsibility.... I'he heavy door swings open.




Bohr: My dear Heisenberg!

H: My dear Bohr!

B: Come in, come in...

Margrethe: And of course as soon
as they catch sight of each other all
their caution disappears. The old
flames leap up from the ashes. If we
can just negotiate all the treacherous
little opening civilities. .. s

H: I'm so touched you felt able to ask me.

B: We must lry 1o go on behaving like human beings.

Fine

Before the Performance

Because two of the three characters in Copernzhagen are

scientists, there are a number of references w atomic

physics in the play. While it is 110t necessary to understand
all of these pracesses 1o enjoy the play, it is helpful to have some
perspective on the miniscule nature of the particles involved.
Playwright Tom Stoppard describes the atomn this way in his
play, Heapgood.

.. when things get very small they get truly crazy,
and you dow 't krow how swmall things can be, your
think you know hut you dog't know. I could put an
atom bado your hand for é econd since the world
began and you would baéﬁ@i uind lo see the dot of
atoms in your palm. So now make a fist, if your fist &s
as big as the nucleus of one atom ther the alow is as
big s St Paul’s, and if it happens to be a hydrogen
alom ther i l'Jas a single electron flitting abouwl Hie.
molh in the emply cathedral, now by the dome,
by the aliar. .. Erery alom is & cathedval,

Based on this analogy, create a visual
atom. You may use sculpture, dra,
other artistic mediurn to convey this concepl T’,
artwork 10 your class. (MO: FA1, FAZ, FA3, FAd,

H: 1 realise how awkward it is.
B: We scarcely had a chance to do more than shake hands
al lunch the other day.
H: And Margrethe [ haven't seen. . ..
B: Since you were here four years ago.
M: Niels is right, You look older,

Think of an event from your past. List
words or phrases that describe your memory
of that time. Then forin your list into a
memoir of what happened that day,
(MO: CA1, CA2, CA4, CA5, CA7 IL:1,2.3, 4, 5)

Arts

After the Performance

Michael Blakemore, who directed Copernbages in both

London and New York, describes his hlocking of the play

asibeing like the movement of particles within an atom.
Rear the script excerpt below as if you are the director. At this
point, Margrethe is no longer able to contain her feelings about
Heisenberg. Determine which character vou believe Lo be the
“nucleus” of the atom. About whom does the action revolve?
Using this model of the actors as particles within an atom,
selecl three classmates to play these roles and block, or stage,
the action of the scene. Remeniber that movement should be
motivated by emotion, not vice-versa. Rehearse your cast and
present the scene for the class, How do your choices compare to
those made by Steven Woolf in The Rep’s presentation of the
same scene? What difterences in interpretation of the characters’
thoughts are demonstrated through their blocking?

 kept m)‘ thoughts to myself for all these
really...On vour hands and knees? [1's
ood, kind husband who's on his hands and knees!
iy, Crawling down to the beach in the darkness in

3 ﬂeemg like a thief in the night from his own

onieland to escape being murdered. The protection of the
erman Embassy that you boasted about didn't last for long.

We were incorporated into the Reicli.

IL:1, 2, 5, 25, 26, 27)

Think about  friend or relative that you have not seen for

a long time. Consider why you haven’t seen him or her

and why you might want to make contact oW, lmaglﬁe
that you are going 1o call that person or visit his or her house.
Write a monologue in which you describe the moments before
you dial the phone or knock on the front door. Describe what
you are thinking and feeling. Then follow the monolgue with
the first few minutes of conversation that you imagine having
after you reach the person. (MO: FA1, FA2, FAS, CA1, CA4 IL:
1,2, 3, 4, 5 25, 26)

Heisenberg: | warned you in 1941. You wouldn't listen. At
least Bohr gol across to Sweden.

M: And even as the fishing-boat was taking him across the

Sound two freighters were arriving in the harbour to ship the

entire Jewish papulation of Denmark eastwards. Thal great

Gy darkness inside the human soul was flooding out 1o engulf

2| us all,
H: 1 did try to warn you.
M: Yes, and where are you? Shut away in a cave like a savage,
trying to conjure an evil spirit out of a hole in the ground.
Thal's what it came down to in the end, all that shining




springlime in the 1920s, that's what it preduced—a more universe, if we really are all that's keeping it in being, what

efficient machine for killing pecple. will be left?
Bohir: 1t breaks my heart every time I think of it. B: Darkness. Tolal and final darkness.
H: 1t broke all onr hearts. {(MO: FA1, FAZ, FA3, FA4, FA5, CA1, CAZ, CAS
M: And this wonderful machine may yet kill every man, woman, IL: 1,2, 4, 5, 25, 26, 27)

and child in the world, And if we really are the centre of the

o~ ~ ~
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. Social Studies
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Before the Performance Heisenberg: Now we're all dead and gone, yes, and there are
only two things the world remembers about me. One is the
uncertainty principle, and the other is my mysterious visit 1o
Niels Bohr in Copenhagen in 1941,

Margrethe: [ never entirely liked him, you know: Perhaps 1
can say that to you now.

Bohr: Yes, you did. When he was first

here in the twenties? Of course you

did. On the beach at Tisvilde

witlt us and the hoys? He

one.of the family.
omething alien

im, even then.

B: So quick and eager.

M: Too quick. Too eager.

atomic bomb. Historians cite B: Those bright watchful eyes.

numerous reasons for this failure, & Too bnghl Too watchful.

but four of the most prominent are: 1) i - Well, hewas a v physicist [

Heisenberg's mlscalcul'mon of cr1t1cal mass; : i

Do yon think that scientiltc experimentation should be

monitored for is ethical intentiens and potential

outcomes? I8 it possible both to control scientific
experimentation and encourage lechnological advancement?
Debate this issue in groups of no more than five, (M0: 552
S53. §56, CA1, CA6 IL: 1, 4, 5, 18, 18)

The U.S. did not launch a program for
the development of nuclear arms
until 1942, giving Germany a
more than 2-year research lead;
yet, when Hiroshima wz
Bombed in 1945, Ge
no where near producin

ESearc) NErs, W a !
o P R e
‘one of these four areas to study. Together,
eorv explaining why the German nuclear
iled. (MO $81, 552, §S6, 557, CA

requesting leﬂs mon%’i‘&n
needed for the pFOjEC[ Bas:




