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Act One

Margrethe By why?
Bohr You're gl thinking about 17
Margrethe Why did he come to Copenhagen?

Bohr Does it matter, my love, now we're all three of us
dead and gone?

Margrethe Some questions remain long after their
owners have died, Lingering Jike ghosts. Looking for the
answers they never found in life.

Bobr Some questions have no answers to find.

Margrethe Why did he come? What was he trying to
tell you?

Bohr He did explain later,

Margrethe He explained over and over again. Each
time he explained it became more obscure,

Bohr It was probably very simple, when you come right
down to it: he wanted to have a talk,

Margrethe A talle To the enemy? In the middle of a
war?

Bohr Margrethe, my love, we were scarcely the enemy.
Margrethe Tt was 19411
Bohr Heisenberg was one of our oldest friends,

Margrethe Heisenberg was German. We were Danes.
We were under German occupation,

Bohr Tt put us in a difficult position, certainly,

Margrethe DIve never Seen you as angry with anyone as
you were with Heisenberg that night,

Bohr Not to disagree, but I believe I remained
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remarkably calmn,
Margrethe 1 know when you're angry,
Bohr It was as difficuis for him as it was for us,

Margrethe 5o why did he do it? Now no one can be
hurt, now 1o one can be betrayed.

Bohr [ doubt if he ever really knew himself,

Margrethe And he wasi't a friend. Not after that Visit.
That was the end of the famous friendship between Niels
Bohr and Wemer Heisenbery,

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
Hysterious visit to Niels Bohy in Copenbagen in 194].
Everyone anderstands uncertainty. Or thinks he does. No
one understands my trip to Copenhagen. Time and time
agamn P've explained it. T Bobr himself, ang Margrethe,
To interrogators and intelligence officers, to jownalists and
historians, The more Pye explained, the deeper the
uncertainty has become, Well, 1 shall be happy to make
one more attempt. Now we'ze all dead and gone. Now no

one can be hurt, now no one can be betrayed,

Margrethe [ pever entirely liked him, you know,
Perhaps 1 can say that to you now,

Bohr Y, you did. When he was firge here in the
twenties? OF course you did. On the beach at Tisvilde with
us and the boys? He was one of the family,

Margrethe Semething alien about him, even then.
Bohr  So quick and eager,

Margrethe Too quick. Too eager,

Bohr Those bright watchfi oyes,

Margrethe Too bright. "Too watchful,

Bohr Well, he was 2 Very great physicist. I never

Act One 5

changed my mind about that,

Margrethe They were all good, all the people who came
to Copenhagen to work with you. You had most of the
another,

Bobr And the more 1 look back on it, the more I think
Heisenberg was the Breatest of them alj,

mmammanvnnm So what was Bohy? He was the firgt of us
all, the father of ys all. Modern atomic Physics began when
Bohr realised that Quantum theory applied to matter as well
a5 to energy, 1913, Everything we did was based on that
great insight of hig,

Bohr When you think that he firgt came here 0 work
with me in 1994

umammnnvnnm Pd only just finished my doctorate, and
Bohr was the most famous atornic physicist in the world,

Bohr .. ang iy Just over a year he'g nvented quantum
mechanics,

Margrethe It came out of his work with you.

Bohr Mostly out of what he’d been doing with Max Born
and Pascual Jordan ag Gottingen. Another year or so apd
he’d got uncertainty,

Margrethe And you'd done complementarity,
Bohr we argued them both ow together,
Mmmmmwnrwnm We did most of our best work togethery,
Bohr Heisenberg usually led the way.

m&aaﬁrunw Bohr made sense of it all,

Bohr We operated like a business,

Heisenberg Chairman and managing director.,
Margrethe Father and son,
Heisenberg A family business.
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Margrethe Even though we had sons of our own.

Bohr And we went on working together long after he
ceased to be my assistant,

Heisenberg Long after I'd left Copenhagen in 1927 and
gone back to Germany. Long after 1 had a chair and a
family of my own.

Margrethe Then the Nazis came to power. ...

Bohr And it got more and more difficult. When the war
broke out - impossible. Until that day in 1941

Margrethe When it finished forever.
Bohr Yes, why did he do it?

Heisenberg September, 1941. For years T had it down
in my memory as October,

Margrethe September. The end of September.
Bobhr A curious sort of diary memory is.

Heisenberg You open the pages, and all the neat
headings and tidy jottings dissolve around you.

Bohr You step through the pages into the months and
days themselves.

Margrethe The past becomes the present inside your
head.

Heisenberg September, 1941, Copenhagen. ... And at
once -~ here 1 am, getting off the night train from Berlin
with my colleague Carl von Weizsicker. Two plain civilian
suits and raincoats among all the field-grey Wehrmacht
uniforms arriving with us, all the naval gold braid, all the
well-tailored black of the SS. In my bag I have the text of
the lecture I'm giving. In my head is another
communication that has to be delivered. The lecture is on
astrophysics. The text inside my head is a more difficult
one.

Bohr We obviously can’t go to the lecture.

Act One 7

Margrethe Not if he’s giving it at the German Cultural
Institute ~ it’s a Nazi propaganda organisation.

Bohr He must know what we feel about that,

Heisenberg Weizsicker has been my John the Baptist,
and written to warn Bohr of my arrival.

Margrethe He wants to see you?
Bohr I assume that’s why he’s come.

Heisenberg But how can the actual meeting with Bohy
be arranged?

Margrethe He must have something remarkably
important to say.

Heisenberg It has to seem natural. It has to he private.

Margrethe You're not really thinking of inviting him to
the house?

Bohr That’s obviously what he’s hoping.
Margrethe Niels! They've occupied our country!
Bohr He is not they,

Margrethe He's one of them.

Heisenberg First of all there’s an official visit to Bohr's
workplace, the Institute for Theoretical Physics, with an
awkward lunch in the old familiar canteen. No chance to
talk to Bohr, of course. Is he even present? There’s
Rozental ... Petersen, 1 think ... Christian Meller, almost
certainly. . . . It’s like being in a dream. You can never
quite focus the precise details of the scene around you. At
the head of the table - is that Bohr? I turn to look, and it's
Bohr, it’s Rozental, it's Moller, it’s whoever I appoint to be
there.... A difficult occasion, though - I remember that
clearly enough,

Bohr It was a disaster. He made a very bad impression.
Occupation of Denmark unfortunate. Occupation of Poland,
however, perfectly acceptable. Germany now certain to win
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the war,

Heisenberg Our tanks are almost at Moscow. What can
stop us? Well, one thing, perhaps. One thing,

Bobr He lmows he’s being watched, of course, One must
remember that. He has to be careful about what he says.
Margrethe Or he won't be allowed to travel abroad
again,

Bobr My love, the Gestapo planted microphones in his
house. He told Goudsmit when he was in Ametica. The 88

brought him i for interrogation in the basement at the
Prinz-Albrecht-Strasse.

Margrethe And then they let him go again.

Heisenberg | wonder if they suspect for one moment
how painful it was to get permission for this trip, The
humiliating appeals to the Party, the demeaning efforts to
have strings pulled by our friends in the Foreign Office.

Margrethe How did he seem? Is he greatdy changed?
Bohr A littde older,
Margrethe 1 still think of him as a boy.

Bohr He's nearly forty. A middle-aged professor, fast
catching up with the rest of us.

Margrethe You still want to invite him here?

Behr Lets add up the arguments on either side in a
reasonably scientific way. Firstly, Heisenberg is a friend. . | |
Margrethe Firsdy, Heisenberg is a German.,

Bohr A White Jew. That's what the Nazis called him. He
taught relativity, and they said it was Jewish physics. He
couldn’t mention Einstein by name, but he stuck with
relativity, in spite of the most terrible attacks.

Margrethe Al the real Jews have lost their jobs. He's
still teaching,

Act One 9

Bohr He's still teaching relativity.
Margrethe Stll a professor at Leipzig,

Bohr At Leipzig, yes. Not at Munich. They kept him ot
of the chair at Munich.

Margrethe He could have been at Columbia.
Bohr Or Chicago. He had offers from both,
Margrethe He wouldn’t leave Germany.

Bohr He wants to be there to rebuild German science
when Hiter goes. He told roudsmit,

Margrethe And if he’s being watched it will all be
reported upon. Who he sees. What he says to them, What
they say to him-

Heisenberg | carry my surveillance around like an
infectious disease. But then I happen to know that Bohr i
also under surveillance.

Margrethe And you know you're being watched yourself,
Bohr By the Gestapo?

Heisenberg Docs he realise?

Bohr [ve nothing to hide.

Margrethe By our tellow-Danes, It would be a terrible
betrayal of all their trust in you if they thought you were
collaborating,

Bohr Inviting an old friend 1o dinner is hardly
collaborating.

Margrethe It might appear to be collaborating,
Bobhr Yes. He's put us in a difficult position.
Margrethe I shall never forgive him,

Bohr He must have good reason. He must have very
good reason.

Heisenberg This is going to be a deeply awkward
occasion,
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Margrethe Yo, won't talk aboyt politics?

Bohr We'li ghick to physics. I assume it Tysi
to talk to me about, § physics he wantg

Bohr [ shant want to speak Privately,

Margrethe v, could go for anoth f
e g €r of your walks

m.mmmmnﬂrﬁ.m Shall T be able to suggest a walk?

Bohr [ dop think we shall be going for any walks,
gmn.n,\ﬁ he has 1o say he can say where everyone cap
hear it, \

Margrethe Some new idea he wants to ry out on you
perhaps, u

Bohr What cap it be, though? Where are we off to nextp

g.ﬂnmnénrm m.é now of course your Curiosity’s aroused, in
spite of everything, V

mmnmwmﬁvo&m So now here | am, walking out thr

autumn twilight to the Bohrg’ house at N w.mm%w%%ww e
wcm.osﬁﬂ Presumably, by my invisible shadow. What am |
feeling? Fear, certainly - the touch of fear that one always
feels for a teacher, for an employer, for 4 parent. Much

Margrethe 1y ot something to do with the war?

Bohr Heisenberg is 4 theoretical physicist. T dont’t think
anyone has yet discovered 2 wWay you can use theoretical
physics to kill people.

Act One 11

Margrethe It couldn’t be something about fission?

Bohr Fission? Why would he want to talk to me about
fission?

Margrethe Because you’re working on it.
Bohr Heisenberg isn’t.

Margrethe Isn’t he? Everybody else in the world secms
to be. And you're the acknowledged authority.

Bohr He hasn’t published on fission,

Margrethe It was Heisenberg who did all the original
work on the physics of the nucleus, And he consulted you
then, he consulted you at every step.

Bohr That was back in 1932. Fission’s only been around
for the last three years.

Margrethe But if the Germans were developing some
kind of weapon based on nuclear fission . . .,

Bohr My love, no one is going to develop a weapon
based on nuclear fission.

Margrethe But if the Germans were trying to,
Heisenberg would be involved.

Bohr There’s no shortage of good German physicists,

Margrethe 'There’s no shortage of good German
physicists in America or Britain,

Bohr The Jews have gone, obviously,

Heisenberg Einstein, Wolfgang Pauli, Max Born . . .
Otto Frisch, Lise Meitner. . We led the world in
theoretical physics! Once.

Margrethe S$o who is there still working in Germany?
Bohr Sommerfeld, of course, Von Laue,

Margrethe Old men.

Bohr Wirtz, Harteck.
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Margrethe Heisenberg is head and shoulders above all
of them,

Bohy Otto Hahn - he's still there. He discovered fission,
after all.

Margrethe Hahn's a chemist. T thought that what Hahn
discovered ...

Bohr ... was that Enrico Fermi had discovered it in
Rome four years carlier. Yes — he just didn’t realise it was
fission. It didn’t oceur to anyone that the uranium atomn
might have sphit, and turned into an atom of barium and
an atom of krypton, Not until Hahn and Strassmann did
the analysis, and detected the barium.

Margrethe Fermi’s in Chicago.
Bohr His wife's Jewish.
Margrethe So Heisenberg would be in charge of the

wark?

Bohr Margrethe, there is no work! John Wheeler and 1
did i all in 1939 One of the implications of our paper is
that there's no way in the foreseeable future in which
fission can be used to produce any kind of weapon.

Margrethe Then why is everyone stll working on it?

Bohr Because there’s an element of magic in it. You fire
a neutron at the nucleus of a uranium atom and it splits
into two other elements. It's what the alchemists were
trying to do ~ to tum one clement into another.

Margrethe So why is he commng?
Bohr Now your curlosity’s aroused.
Margrethe My forebodings.

Heisenbery 1 crunch over the familiar gravel to the
Bohrs' front door, and tug at the familiar befl-pull. Fear,
yes. And another sensation, that's become painfully familiar
over the past year. A mixture of self-importance and sheer
helpless absurdity — that of all the 2,000 million people in
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this world, I'm the one who’s been charged with this
impossible responsibility. . .. The heavy door swings open.

Bohr My dear Heisenberg!
Heisenberg My dear Bohr!
Bohr Come in, come . ..

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 . . .

Heisenberg I'm so touched you felt able to ask me.
Bohr We must try to go on behaving like human beings.
Heisenberg 1 realise how awkward it is.

Bohr We scarcely had a chance to do more than shake
hands at lunch the other day.

Heisenberg And Margrethe | haven’t seen . ..
Bohr Since you were here four years ago.
Margrethe Niels is right. You look older.

Heisenberg 1 had been hoping to see you both in 1938,
at the congress in Warsaw . . .

Bohr [ believe you had some personal trouble.
Heisenberg A little business in Berlin.
Margrethe In the Prinz-Albrecht-Strasse?
Heisenberg A slight misunderstanding.

Bobr We heard, ves. P'm so sorry.

Heisenberg These things happen. The question is now
resolved. Happily resolved. We should all have met in
Zurich . ..

Bohr In September 1939.
Heisenberg And of course, sadly. ..
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Bobr Sadly for us as well.

Margrethe A lot more sadly still for many people.
Heisenberg Yes. Indeed.

Bohr Well, there it is,

Heisenberg What can I say?

Margrethe What can any of us say, in the present
circumnstances?

Heisenberg No. And your sons?
Margrethe Are well, thank you. Elisabeth? The children?
Heisenberg Very well, They send their love, of course.

Margrethe They so much wanted to see each other, in

spite of everything! But now the moment has come they're
so busy avoiding each other’s eve that they can scarcely see
each other at all.

Heisenberg I wonder if you realise how much it means
to me to be back here in Copenbagen. In this house. |
have become rather isolated in these last few years,

Bohr [ can imagine.

Margrethe Me he scarcely notices, I watch him
discreetly from behind my expression of polite interest as he
struggles on,

Heisenberg Have things here been difficult?
Bohr Difficult?

Margrethe Of course. He has to ask. He has to get it
out of the way.

Bohr Difficult. . .. What can I say? We've not so far
been treated to the gross abuses that have occurred
elsewhere. The race laws have not been enforced.

Margrethe Yet
Bohr A few months ago they started deporting

S
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Communists and other anti-German elements.
Heisenberg But you personally . . . ?

Bohr Have been left strictly alone.
Heisenberg I've been anxious about you,

Bohr Kind of you. No call for sleepless nights in Leipzig
so far, though.

Margrethe Another silence. He’s done his duty. Now he
can begin to steer the conversation round to pleasanter
subjects.

Heisenberg Are you still sailing?

Bohr Sailing?

Margrethe Not a good start.

Bohr No, no sailing.

Heisenberg The Sound is...?

Bohr Mined.

Heisenberg Of course,

Margrethe [ assume he won't ask if Niels has been ski-
ing.

Heisenberg You've managed to get some ski-ing?
Bohr Ski-ing? In Denmark?

Heisenberg In Norway. You used to go to Norway.
Bohr [ did, ves.

Heisenberg But since Norway is also ... well . ..

Bohr Also occupied? Yes, that might make it easier. In
fact I suppose we could now holiday almost anywhere in
Europe.

Heisenberg I'm sorry. I hadn’t thought of it quite in

those terms.

Bohr Perhaps I'm being a litdle oversensitive.
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Heisenberg  Of course not. 1 should have thought.

Margrethe He must aimost be starting t0 wish he was
back i the Prinz-Albrecht-Strasse.

Heisenberg I don’t suppose you feel you could ever
come to Germany ,

Margrethe The boy’s an idiot.

Behr My dear Heisenberg, it would be an easy mistake
o make, to think that the citizens of a small nation, of a
small nation overrun, wantonly and cruelly overrun, by its
more powerful neighbour, don’t have exactly the same
feelings of national pride as their conquerors, exactly the
same love of their counury,

Margrethe Niels, we agreed.
Bohx To talk about physics, yes.
Margrethe Not about politics.
Bohr I'm sorry.

Heisenberg No, no - I was simply going to say that I
still have my old ski-hut at Bayrischzell, So if by any
chance .., at any time .., for any reason . . .

Bohr Perhaps Margrethe would be kind enough to sew a
yellow star on my ski-jacket,

Heisenberg Yes, Yes. Stupid of me.

Margrethe Silence again. Those first brief sparks have
disappearcd, and the ashes have become very cold indeed.

So now of course I'm starting to feel almost sorry for him.
Sitting here all on his own in the midst of people who hate
him, all on his own against the two of us. He looks

younger again, like the boy who first came here in 1924

Younger than Christian would have been now. Shy and

arrogant and anxious to be loved. Homesick and pleased to

be away from home at last. And, yes, 1’y sad, because Niels

loved him, he was a father 1o him.

Heisenberg So ... what are you working on?
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Margrethe And all he can do is press forward.
Bohr Fission, mostly.

Heisenberg [ saw a couple of papers in the Prysical
Review. The velocity-range relations of fission fragments ., . ?

Bohr And something about the interactions of nuclei with
deuterons. And vou?

Heisenberg Various things.
Margrethe Fission?

Heisenberg I sometimes feel very envious of your
cyclotron,

Margrethe Why? Are you working on fission yourself?

Heisenberg There are over thirty in the United States.
Whereas in the whole of Germany .. . Well. ... You still
get to your country place, at any rate?

Bohr We still go to Tisvilde, yes.

Margrethe In the whole of Germany, you were going to
say . ..

Bohr ... there is not one single cyclotron.
Heisenberg So beautful at this time of year. Tisvilde.

Bohr You haven’t come to borrow the cyclotron, have
you? That’s not why you've come to Copenhagen?

Heisenberg That’s not why I've come to Copenhagen,
Bohr I'm sorry. We musta’t jump to conclusions,

Heisenberg No, we must none of us jump to
conclusions of any sort.

Margrethe We rnust wait patiently to be told.

Heisenberg It's not always easy to explain things to the
world at large.

Bohr [ realise that we must always be conscious of the
wider audience our words may have. But the lack of
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cyclotrons in Germany is surely not a military secret,
Heisenberg I've no idea what's a secret and what isn't.

Bohr No secret, either, about why there aren’t any. You
can’t say it but | can. It’s because the Nazis have
systematically undermined theoretical physics, Why?
Because so many people working in the field were Jews,
And why were so many of them Jews? Because theoretical
physics, the sort of physics done by Einstein, by
Schrodinger and Pauli, by Born and Sommerfeld, by you
and me, was always regarded in Germany as inferior to
experimental physics, and the theoretical chairs and
lectureships were the only ones that Jews could get.

Margrethe Physics, yes? Physics,
Bohr This is physics.
Margrethe It's also politics.

Heisenberg The two are sometimes painfully difficult to
keep apart.

ﬁo—:.. So, you saw those two papers. T haven't seen
anything by you recently.

Heisenberg No.
Bohr Not like you. Too much teaching?
Heisenberg I'm not teaching. Not at the moment.

Bohr My dear Heisenberg - they haven’t pushed you out

of your chair at Leipzig? That's not what you've come to
tell 1s?

Heisenberg No, I'm still at Leipzig. For part of each
week.

Bohr And for the rest of the week?

W@mmoﬁvunm Elsewhere. The problem is more work, not
ess.

Bohr 1 see. Do I?
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Heisenberg Are you in touch with any of our friends in
England? Born? Chadwick?

Bohr Heisenberg, we're under German occupation.
Germany’s at war with Britain.

Heisenberg I thought you might still have contacts of
some sort. Or people in America? We're not at war with
America.

Margrethe Yet,

Heisenberg You've heard nothing from Pauli, in
Princeton? Goudsmit? Fermi?

Bohr What do you want to know?

Heisenberg I was simply curious ... I was thinking
about Robert Oppenheimer the other day. I had a great
set-to with him in Chicago in 1939.

Bohr About mesons,
Heisenberg Is he stll working on mesons?
Bohr I'm quite out of touch.

Margrethe The only foreign visitor we've had was from
Germany. Your friend Weizsdcker was here in March,

Heisenberg Ay friend? Your friend, too. I hope. You
know he’s come back to Copenhagen with me? He’s very
much hoping to see you again,

Margrethe When he came here in March he brought
the head of the German Cultural Institute with him.

Heisenberg I'm sorry about that, He did it with the best
of intentions. He may not have explained to you that the
Institute is run by the Cultural Division of the Foreign
Office. We have good friends in the foreign service.
Particularly at the Embassy here.

Bohr Of course. 1 knew his father when he was
Ambassador in Copenhagen in the twentges.

Heisenberg It hasn’t changed so much since then, you
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kiow, the German foreign service.
Bohr It's a department of the Nazi government.

Heisenberg  Germany is more complex than it may
perhiaps appear from the outside. The different organs of
state have quite different traditions, in spite of all attempts
at relorm. Particularly the foreign service, Qur people in
the Embassy here are quite old-fashioned in the way they
use thew influence, They would certainly be trying to see
that distinguished local citizens were able to work
unchsturbed.

Bohr Are you telling me that P'm being protected by
your friends in the Embassy?

Heisenberg What I'm saying, in case Weizsicker failed
1 make it clear, Is that you would find congenial company
theve. I know people would be very honoured if you felt
able to accept an occasional invitation.

Bohr To cocktail parties at the Germany Embassy? To
coffee and cakes with the Nazi plempotentiary?

Heisenberg To lectures, perhaps, To discussion groups.
Social contacts of any sort could be helpful.

Bohr ['m sure they could,

Heisenberg Essential, perhaps, in certain circumstances,
Bohr Iu what circumstances?

Heisenberg [ think we both know.

Bobhr Because I'm hall-Jewish?

Heisenberg We all at one time or another may need
the help of our friends.

Bokr s this why you've come 1o Copenhagen? To invite
me 1o watch the deportatdon of my fellow-Danes from a
grandstand seat in the windows of the German Embassy?

Heisenberg Bohr, please! Please! What else can I do?
How clse can 1 help? It’s an impossibly difficult situation
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for you, I understand that. It’s also an impossibly difficult
one for me,

Bohz Yes. Pm sorry. I'm sure you also have the best of
itentions.

Heisenberg Forget what I said. Unless
Bebr Unless I need to remember it.

Heisenberg In any case it’s not why I've come.

Margrethe Perhaps you should simply say what it is you
want to say.

Heisenberg What you and I often used 1o do in the old
days was 1o take an evening stroll.

Bohr Often. Yes. In the old days,

Heisenberg You don’t feel like a stroll this evening, for
old times’ sake?

Bohr A litde chilly tonight, perhaps, for strolling,

Heisenberg This is so difficult. You remember where we
first met?

Bohr Of course. At Géttingen in 1922,
Heisenberg At a lecture festival held in your honour.
Bohr It was a high honour. I was very conscious of it,

Heisenberg You were being honoured for two reasons,
Firstly because you were a great physicist . . .

Bohr Yes, yes,

Heisenberg ... and secondly because you were one of
the very few people in Europe who were prepared to have
dealings with Germany. The war had been over for four
years, and we were still lepers. You held out your hand to
us. You've always inspired love, you know that, Wherever
you've been, wherever you've worked. Here in Denmark,
In England, in America. But in Germany we worshipped
you. Because you heid out your hand to us.
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Bohr Germany’s changed,

Heisenberg Yes. Then we were down. And you could
be generous.

Margrethe And now you're up.

Heisenberg And generosity’s harder. Bur you held out
your hand to us then, and we took it.

Bohr Yes.... No! Not you. As a matter of fact, You bit
it

Heisenberg Bit i?

Bohr Bit my hand! You did! | held it out, in my most
Statesmanlike and reconciliatory way, and you gave it a

Very nasty nip,
Heisenberg 7 did?

Bohr The first timne I ever 5et eyes on you. At one of
those lectures I was ging in Gottingen.

Heisenberg What are you talking about?
Bohr You stood up and laid into me.
Heisenberg Oh ... I offered a few comments,

Bohr  Beautiful summer’s day. The scent of roses drifting
in from the gardens. Rows of eminent physicists and
mathematicians, all nodding approval of my henevolence
and wisdom, Suddenly, up Jumps a cheeky young pup and
tells me that my mathematics are wrong,

Heisenberg T hey were wrong.

Bohr How old were you?

Heisenberg Twenty,

Bohr Two years younger than the century.
Heisenberg Not quite,

Bohr December 5th, ves?

Heisenberg 1.93 years younger than the century.
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Bohr To be precise.

Heisenberg No - t0 two places of decimals. To be
precise, 1.928 ... 7 ... 6...7 ... 1.,

Bohr [ can always keep track of vou, all the same. And
the century.

Margrethe And Niels has suddenly decided to love him
again, in spite of everything, Why? What happened? Was it
the recollection of that summer’s day in Géttingen? Or
everything? Or nothing at all? Whatever it was, by the time
we've sat down to dinner the cold ashes have started into

flame once again.

Bohr You were always so combative! Ft was the same
when we played table-tennis at Tisvilde. You fooked as if
you were trying to kill me.

Heisenberg I wanted to win. Of course | wanted to win.
You wanted to win,

Bohr I wanted an agreeable game of table-tennis.

Heisenberg You couldn’t see the expression on your
face.

Bohr I could see the expression on yours.

Heisenberg What about those games of poker in the ski-
hut at Bayrischzell, then? You once cleaned us all out! You
remember that? With a non-existent straight! We're al}
mathematicians -~ we’re all counting the cards - we’re 90
per cent certain he hasn’t got anything. But on he goes,
raising us, raising us. This insane confidence. Until our
faith in mathematical probability begins to waver, and one
by one we all throw in.

Bohr 1 thought I had a straight! I misread the cards! I
bluffed myself!

Margrethe Poor Niels.

Heisenberg Poor Niels? He won! He bankrupted us!
You were insanely competitive! He got us all playing poker
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once with imaginary cards!

Bohr  You played chess with Weizsiicker on an imaginary
board!

Margrethe Who won?

Bohr Need vou ask? At Bayrischzell we’d ski down from
the hut to ger provisions, and he’d make even thar mto
some kind of race! You remember? When we were there
with Weissicker and someope? You got out a stop-watch,

Heisenberg It took poor Weizsicker eighteen minutes,
Bohr  Youu were down there in ten, of course.
Heisenberg Eight,

Bohr 1 don’t recall how long T wok.

Heisenberg  Forty-five minutes,

Bohr Thank you.

Margrethe Some rather swift ski-ing going on here, |
think.

Heisenberg Your ski-ing was like your science. What
were you waiting for? Me and Weizsdcker o come back
and suggest some slight change of emphasis?

Bohr FProbably.

Heisenberg  You were doing seventeen drafis of cach
slalom?

Margrethe And without me there to type them out,
Bohr At least 1 knew where | was. At the speed you
were going you were up against the uncertainty
telationship. If you knew where you were when you were

down you didn’t know hew fast youw'd got there, If you

knew how fast you'd been going you didn’t know Yyou were
down.

Heisenberg | certainly didn’t stop to think about it.

Bohr Not 1o criticise, bug that’s what might be criticised
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with some of your science.

Heisenberg 1| usually got there, all the same,

Bohr You never cared what got destroyed on the wiy,

though. As long as the mathematics worked out you were
satisfied,

Heisenberg If something works it works,

Bohr But the question is always, What does the
mathematics mean, in plain language? What are the
philosophical implications?

Heisenberg | always knew you'd be picking your way
step by step down the slope behind me, digging all the
capsized meanings and implications out of the snow,

Margrethe The faster you ski the sooner you're across
the cracks and crevasses,

Heisenberg The faster you ski the better you think.

Bohr Not to disagree, but that is most . rmost
interesting,

Heisenherg By which you mean it's nonsense. But it%s
bot nonsense. Decisions make themselves when you're
coming downhill at seventy kilometres an hour. Suddenty
there’s the edge of nothingness in front of you. Swerve left?
Swerve right? Or think about it and die? In your head you
swerve both ways . | .

Margrethe Like that particle.
mmmmbwﬂmunﬂw What particle?

Margrethe The one that you said goes through two
different slits at the same time.

Heisenberg Oh, in our old thought-experiment. Yes,
Yes!

Margrethe Or Schrodinger’s wretched cat.

Heisenberg That's alive and dead at the same time.
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Margrethe Poor beast.

Bohr My love, it was an imaginary cat.
Margrethe 1 know.

Bohr Locked away with an imaginary phial of cyanide,
Margrethe [ know, I know.

Heisenberg So the particle’s here, the particle’s there . . .
Bohr The cat’s alive, the cat's dead . . .

Margrethe You've swerved left, you've swerved right

Heisenberg Unil the experiment is over, this is the
point, until the sealed chamber is opened, the abyss
detoured; and it turns out that the particle has met itself
again, the cat’s dead . ..

Margrethe And you're alive.

Bohr Not so fast, Heisenberg . . .

Heisenberg The swerve itself was the decision.
Bohr Not so fast, not so fast!

Heisenberg Isn’t that how you shot Hendrik Casimir
dead?

Bohr Hendrik Casimir?

Heisenberg When he was working here at the Institute.
Bohr I ncver shot Hendrik Casimir.

Heisenberg You told me you did.

Bohr It was George Gamow. I shot George Gamow. oy
don’t know ~ it was long after your time.

Heisenberg Bohr, you shot Hendrik Casimir.

Bohr Gamow, Gamow. Because he insisted that it was
always quicker to act than to react. To make a decision to

do something rather than respond to someone else’s doing
it.
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Heisenberg And for that you shot him?

Bohr It was him! He went out and bought a pair of
pistols! He puts one in his pocket, I put one in mine, and
we get on with the day’s work. Hours go by, and we're
arguing ferociously about ~ I can’t remember - otr
problems with the nitrogen nucleus, I expect — when
suddenly Gamow reaches into his pocket . .,

Heisenberg Cap-pistols,

Bohr Cap-pistols, yes. Of course.

Heisenberg Margrethe was looking a little worried.
Margrethe No - a little surprised. At the tarn of events.
Bohr Now you remember how quick he was.
Heisenberg Casimir?

Bohr Gamow.

Heisenberg Not as quick as me.

Bohr Of course not. But compared with me.

Heisenberg A fast neutron, However, or so you're going
to tell me ., .

Bohr However, yes, before his gun is even out of his
pocket . .,

Heisenberg You've drafted your reply,

Margrethe I've typed it out.

Heisenberg You've checked it with Klein.
Margrethe [I've retyped it.

Heisenberg You've submitted it to Pauli in Hamburg.
Margrethe I've retyped it again.

Bohr Before his gun is even out of his pocket, mine is in
my hand.

Heisenberg And poor Casimir has been blasted out of
existence.
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Bohr Except that it was Gamow,
Heisenberg It was Casimiy! He told me!
Bohy Yes, well, one of the two.

Heisenberg Both of them simultaneously alive and dead
In our memories,

Bohr Like a pair of Schrodinger cats. Where were we?

Heisenberg Ski-ing. Or music. Thart's another thing that
decides everything for you. [ play the piano and the way
Seems W oopen in front of me — aff | have to do is follow.
That’s how I had 1y one success with women, At a
musical evening at the Buckings in Leipzig — we've
asserabled a piano trio, 1937, just when all my troubles
with the . when my toubles are coming to a head,
We're playing the Beethoven G major. We finish the
stherzo, and I look up from the piano to see if the others
are ready o start the final presto. And in that instant I
catch a glimpse of 2 Young wonan sitting at the side of the
roon. Just the briefest glimpse, but of course at once Pve
carnied her off 1o Bayrischzell, we're engaged, we're
married, etc - the nsyal hopeless romantic fantsies, Then
off we go into the presto, and it's terrifyingly fast — so fast
there’s no time to be afraid, And suddenly everything in
the world seems easy. We reach the end and [ Just carry
on ski-ing. Get myself introduced to the young woman ~
see her home - and, yes, a week later 've carried her off
to Bayrischzell - another week and we're engaged - three
months and we're married. All op the sheer momentum of
that presto!

Bobr You were saying you felt isclated. But you do have
a companion, after ali,

Heisenberg Music?
Bohr Elisabeth!
Heisenberg Oh. Yes. Though, what with the children,

i
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and so on ., .. I've always envied the way you and
Margrethe manage to talk about everything, Your work.
Your problems. Me, no doubt,

Bohr I was formed by nature to be a mathematically
curious entity: not one but half of two,

Heisenberg Mathematics becomes very odd when you
apply it to people. One plus one can add up to so many
different sums , . .

Margrethe Silence. What's he thinking about now? His
ife? Or ours?

Bobr So many things we think about at the same tirne,
Our lives and our physics,

Margrethe All the things that come into our heads out
of nowhere.

Bobr  Our private consolations. Our private agonies.

Heisenberg Silence. And of course they're thinking
about their children again.

Margrethe The same bright things. The same dark
things. Back and back they come,

Heisenberg Their four children living, and their two
children dead.

Margrethe Harald, Lying alone in that ward.

Bobr She’s thinking about Christian and Harald.
Heisenberg The two iost boys. Harald . .

Bohr All those years alone in that terrible ward,
Heisenberg And Christian, The firstborn. The eldest

50N,

Bobhr And once again I see those same few moments that
I see every day,

Heiseaberg Those short moments on the boat, &ﬁn the
tiller slams over in the heavy sea, and Christian is {alling,
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Bobr If I hadn’t let him take the helm . . .
Heisenberg Those long moments in the water.
Bohr Those endless moments i the water,

Heisenberg When he’s struggling towards the lifebuoy.
Bohr So near to touching it.

Margrethe I'm at Tisvilde. [ look up from my work,
There’s Niels in the doorway, silenty watching me. He
turns his head away, and I know ar once what's happened.

Bohr So near, so near! So slight a thing!

Heisenberg Again and again the tifler slams over. Again
and again . . .

Margrethe Niels turns his head away .,
Bohr Christian reaches for the lifebuoy

Heisenberg But about some things even they never
speak.

Bohr About some things even we only think
Margrethe Because there’s nothing to be said.

Bohr Well ... perhaps we should be warm enough. You
suggested a stroll.

Heisenberg In fact the weather is remarkably warm.
Bohr We shan’t be long.

Heisenberg A week at most.

Bohr What - our great hike through Zealand?

Heisenberg We went to Elsinore. 1 often think about
what you said there.

Bohr You don't mind, my love? Half-an-hour?

Heisenberg An hour, perhaps. No, the whole
appearance of Elsinore, you said, was changed by our
knowing that Hamlet had lived there, Every dark corner

S s
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there reminds us of the darkness inside the human soul ..,

Margrethe So, they're walking again. He’s done it. And
if they’re walking they're talking. Talking in a rather
different way, no doubt — Pye typed out so much in my
time about how differently particles behave when they're
unobserved . .. I knew Niels would never hold out if they
could just get through the first few minutes, If ouly out of
curiosity. . . . Now they’re started an hour will mean two, of
course, perhaps three. . .. The first thing they ever did was
t0 go for a walk together. At Gottingen, after that lecture.
Niels immediately went to look for the presumptuous young
man who'd queried his mathematics, and swept him off for
a tramp in the country. Walk ~ talk — make his
acquaintance. And when Heisenberg arrived here to work
for him, off they go again, on their great tour of Zealand,
A lot of this century’s physics they did in the open air.
Strolling around the forest paths at Tisvilde. Going down 1o
the beach with the children. Heisenberg holding Christian’s
hand. Yes, and every evening in Copenhagen, after dinner,
they’d walk round Faelled Park behind the Institute, or out
along Langelinie into the harbour. Walk, and talk. Long,
long before walls had ears . .. But this time, in 1941, their
walk takes a different course. Ten minutes after they set out
. they’re' back! Pve scarcely had the table cleared when
there’s Niels in the doorway. T see at once how upset he is
~ he can’t look me in the eve.

Bohr Heisenberg wants to say goodbye. He’s leaving,.
Margrethe H: won't look at me, either.

Heisenberg Thank you, A delightful evening, Almost
like old times. So kind of you,

Margrethe You'll have some coffee? A glass of
something?

Heisenberg I have to get back and prepare for my
lecture.

Margrethe But you'll come and see us again before you
leave?
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Bohr He has a great deal 1o do,

Margrethe [ts like the worst moments of 1927 all over
again, when Niels came back from Norway and first read
Heisenberg’s uncertainty paper. Something they both
seemed to have forgotten about earlier in the evening,
though 1 hadn't. Perhaps they've both suddenly
reinembered that tme. Only from the look on their faces
something even worse has happened.

Heisenberg Forgive me if Pve done or said anything
that .

Bohr Yes, yes.

Heisenberg [t meant a great deal w me, being here
with yor both again. More perhaps than you realise,

Margrethe It was a pleasure for us, Our love to
Elisabeth.

Bohr
Margrethe And the children.

Of course.,

Heisenberg  Perhaps, when this war Is over. . .. If we're
all spared. . .. Goodbye.

Margrethe Politics?

Bohr Physics. He’s not right, though. How can he be
right? John Wheeler and 1. .

Margrethe A breath of air as we talk, why not?
Bohr A breath of air?

Margrethe A turn around the garden. Healthier than
staying indoors, perhaps.

Bohr Oh. Yes.
Margrethe For everyone concerned.

Bohr Yes. Thank you.... How can he possibly be right?
Wheeler and I went through the whole thing in 1939.

Margrethe What did he say?
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Bohr Nothing. I don’t know. 1 was too angry to take it

in.
Margrethe Something about fission?

Bohr What happens in fission? You fire a neutron at a
uranium nucleus, it splits, and it releases energy.

Margrethe A huge amount of energy. Yes?

Bohr About enough to move a speck of dust. But it also
releases two or three more neutrons, Each of which has the
chance of splitting another nucleus.

Margrethe So then those two or three split nuclel each
release energy in their turn?

Bohr And two or three more neutrons,

Heisenberg You start a trickle of snow shiding as you
ski. The trickle becomes a snowhall . | |

Bohr An ever-widening chain of split nuclei forks through
the uranium, doubling and quadrupling in millionths of a
second from one generation to the next. First two splits,
let’s say for simplicity, Then two squared, two cubed, two
to the fourth, two to the fifth, two to the sixth . ..

Heiseuberg The thunder of the gathering avalanche
echoes from all the swrounding mountains . . .

Bohr Untl eventually, after, let's say, eighty generations,
2™ specks of dust have been moved. 2% is a number with

24 noughts. Enough specks of dust to constitute a city, and
all who live in it.

Heisenberg But there is a catch.

Bohr There is a catch, thank God. Natural uranium
consists of two different isotopes, U-238 and U-235. Less
than one per cent of it is U-235, and this tiny fraction is
the only part of it that’s fissionable by fast neutrons.

Heisenberg This was Bohr's great msight. Another of his
amazing intuitions, It came to him when he was at
Princeton in 1939, walking across the campus with
Wheeler. A characteristic Bohr moment - I wish I'd been
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there to enjoy it. Five minutes deep silence as they walked,
then: ‘Now hear this — 1 have understood everything,’

Bohr In fact it’s a double catch, 238 is not only
impossible to fission by fast neutrons - it also absorbs them,
So, very soon after the chain reaction starts, there aren’t
enough fast neutrons left to fission the 235,

Heisenberg And the chain stops.

Bohr Now, you can fission the 235 with slow neutrons as
well. But then the chain reaction occurs more slowly than
the uranium blows itself apart,

Heisenberg So again the chain staps.

Bohr What all this means is that an explosive chain
reaction will never occur in natural uranium, To make an
explosion you will have to separate out pure 235. And to
make the chain long enough for a large explosion . . .

Heisenberg FEighty generations, leUs say . |,

Bohr ... you would need many tons of #. And it’s
extremely difficult to separate.

Heisenberg Tantalisingly difficult,

Bohr Mercifully difficult. The best estimates, when I was
in America in 1939, were that to produce even one gram
of U-235 would take 26,000 years. By which time, surely,
this war will be over. $o he’s wrong, you see, he’s wrong!
Or could [ be wrong? Could I have miscalculated? Let me
sec. ... What are the absorption rates for fast neutrons in
2387 What's the mean free path of slow neutrons in
235...7

Margrethe But what exactly had Heisenberg said? That’s
what everyone wanted to know, then and forever after.

Bohr It’s what the British wanted to know, as soon as
Chadwick managed to get in touch with me. What exactly
did Heisenberg say?

Heisenberg And what exactly did Bohr reply? That was
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back to Germany,

Margrethe What did Heisenberg tell Niels ~ what did
Niels reply? The person who wanted to know most of all
was Heisenberg himself.

Bohr You mean when he came back to Copenhagen
after the war, in 19477

Margrethe Escorted this time not by unseen agents of
the Gestapo, but by a very conspicuous minder from British
intelligence.

Bohr I think he wanted various things.
Margrethe Two things. Food-parcels . . .

Bohr For his family in Germany. They were on the
verge of starvation,

Margrethe And for you 1o agree what vou'd said w
cach other in 1941,

Bohr The conversation went wrong almost as fast as it
did before,

Margrethe You couldn’t even agree where vou'd walked
that night.

Heisenberg Where we walked? Faelled Park, of course.
Where we went so often in the old days,

Margrethe But Faelled Park is behind the Institute, four
kilometres away from where we fve!

Heisenberg I can see the drift of autumn leaves under
the street-lamps next to the bandstand.

Bohr Yes, because you remember it as October!
Margrethe And it was September.

Bohr No fallen leaves!

Margrethe And it was 1941, No street-lamps!

Bohr I thought we hadn't got any further than my stucly,
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What 1 can see iy the drift of papers under the reading-
famp on my desk,

Heisenberg We myug have been outside! What I wags
BOIng 1o say was treasonable. If I'd been overheard I'd
have been executed,

Margrethe So what was this mysterioug thing you said?
Heisenberg There’s no mystery about it. There never
was any mystery. I remember it absolutely clearly, because
my life was at stake, and J chose my words very carefully, I
simply asked you if as physicist one had the moral right
to work on the practical exploitation of atomic energy. Yes?

Bobr [ don recall,

mmmmwﬁvnnw You don’t recall, no, becayse you
mmmediately became alarmed. You stopped dead in your
tracks.

Bohr | was horrified,

Heisenberg Horrified, Good, you remember that. You
stood there gazing at me, horrified,

Bohr Because the implication was obvious, T hat you sere
working on it

Heiseaberg And you jumped to the conclusion that |
was trying to provide Hitler with nuclear WeaApons,

Bohe And you were!

Heisenberg No! A reactor! That's what we were trying
to build! A machine o produce power! To generate
electricity, 1 drive shipg!

Bobr  You didn’t szy anything about a reactor,
Heisenberg 1 didn' say anything about anything! Not in

S0 many words. 1 couldn’t! I'd no idea how much could be
overheard. How much you'd repeat to others,

Bohr But then [ asked you i vou actually thought that
uranium fission could be used for the construction of
WERADGHS,
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Heisenberg Ah! It's coming back!

Bohr And ] clearly remember what you replied.
Heisenberg 1 said I now knew that it could be.
Bohr This is what really horrified me.

Heisenberg Because you'd always been confident that
weapons would need 235, and that we could never separate
enough of it.

Bohr A reactor - yes, maybe, because there it’s not golng
to blow itself apart. You can keep the chain reaction going
with slow neutrons in natural uraniam.

Heisenberg What we'd realised, though, was that if we
could once get the reactor going . .,

Bohr The 238 in the natural uranium would ahsorl the
fast neutrons . . |

Heisenberg Exacdy as you predicted in 1939 -
everything we were doing was based on that fundamental
insight of yours, The 238 would absorb the fast neutrons,
And would be transformed by them into a new elemen
altogether.

Bohr Neptunium. Which would decay in its wurm into
another new element . | |

Heisenberg At least as fissile as the 235 that we couldn’t
separate | .,

Margrethe Plutonium,

Heisenberg Plutonium,
Bohr 1 should have worked it out for myself,

Heisenberg If we could build a reactor we could build
bombs. Thats what had brought me o Copenhagen. But
none of this could I say. And at this point you stoppeq
listening. The bomb had already gone off inside your head.
I realised we were heading back towards the house. Our
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walk was over, Our one chance to talk had gone forever.

Bohr Because I'd grasped the central point already. That
one way or another you saw the possibility of supplying
Hitler with nuclear weapons.

Heisenberg You grasped at least four different central
points, all of them wrong. You told Rozental that I'd tried
to pick your brains about fission. You told Weisskopf that
I'd asked you what you knew ahout the Allied nuclear
programme. Chadwick thought I was hoping to persuade
you that there was no German programme. But then you
seem to have told some people that I'd tried to recruit you
to work on !

Bohr Very well, Let’s start all over again from the
beginning. No Gestapo in the shadows this time. No British
intelligence officer. No one watching us at all,

Margrethe Only me.

Bohr Only Margrethe, We're going to make the whole
thing clear to Margrethe, You know how strongly I believe
that we don’t do science for ourselves, that we do it so we
can explain to others . |

Heisenberg In plain Janguage.

Bohr In plain language. Not your view, I know — you'd
be happy to describe what you were up to purely in
differential equations if you could —~ but for Margrethe’s
sake . . .

Heisenberg Phin language.

Bohr Plain language. All right, so here we are, walking
along the street once more. And this time P'm absolutely
calm, I'm listening intently, What is it you want to say?

Heisenberg It’s not Just what J want to say! The whole
German nuelear team in Berlin! Not Diebner, of course,
not the Nazis — but Weizsicker, Hahn, Wirz, Jensen,
Houtermanns - they all wanted me to come and discuss it
with you, We all see you as a kind of spiritual father,
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Margrethe The Pope. That's what you used to call Niels
behind his back. And now you want him to give you
absolution.

Heisenberg Absolution? No!
Margrethe According to your colleague Jensen.
Heisenberg Absolution is the last thing [ want!

Maxrgrethe You told one historian that Jensen had
expressed it perfectly.

Heisenberg Did I? Absolution. . . . Is that what P've
come for? It’s like trying to remember who was at mx,:.
lunch you gave me at the Institute. Around the table sit all
the different explanations for everything I did. T turn 1o
look ... Petersen, Rozental, and . . . ves ... now the word
absolution is taking its place among them aff ., .

Margrethe Though I thought absolution was granted for
sins past and repented, not for sins intended and yet to be

committed.
Heisenberg Exactly! That's why I was so shocked!

Bohr You were shocked?

Heisenberg Because you did give me absolution! That’s
exactly what you did! As we were hurrying back to the
house. You muttered something about everyone in wartime
being obliged to do his best for his own country. Yes?

Bohr Heaven knows what 1 said. But now here I am,
profoundly calm and conscious, weighing my words. You
don’t want absolution. I understand. You want me to tell
you not to do it? All right. I put my hand on your arm. I
look you in the eye in my most papal way. Go back to.
Germany, Heisenberg. Gather your colleagues ”omivmm, in
the laboratory. Get up on a table and tell them: “Nicls
Bohr says that in his considered Judgment supplying a
homicidal maniac with an improved instrument of mass
murder is..." What shall I say? ‘.. an interesting idea,’
No, not even an interesting idea. *...a really rather
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seriously uninteresting idea.’” What happens? You all fling
down your Geiger counters?

Heisenberg  Obviously not.
Bohr Because they’ll arrest YOt

Heisenberg Whether they arrest us or not it won’t make
any diflerence. In fact it will make things worse, Pm
rwining my programme for the Kaiser Wilhelm Institute.
But there’s a rival one at Army Ordnance, run by Kurt
Phebner, and he's a party member. If I go they'll simply
get Dicbner to take over my programme as well, He should
be running it anyway. Wirtz and the rest of thern only
smuggled me in to keep Diebner and the Nazis our of i
My one hope is to remain in control.

Bohr So you don’t want me to say yes and you don't
WADNL e 10 say no.

Heisenberg What 1 want is for you to listen carefully to
what I'm going on to say next, instead of running off down
the street like 2 madman.

Bohr Very well. Here [ am, walking very slowly and
popishly. And I listen most carefully as you tell me

Heisenberg That nuclear weapons will require an
cnormous technical effprs,

Bohr True.
Heisenberg That they will suck up huge resources.
Bohr Huge resources, Certainly,

Heisenberg That sooner or later governments will have
to furn to scientists and ask whether it’s worth Comimitting
those resources — whether there’s any hope of producing
the weapons in time for them to be used.

Bohr Of course, but . | |

Heisenberg Wait. So they will have to come to you and
me. We are the ones who will have to advise them whether
to go alead or not. In the end the decision will be in our
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hands, whether we like it or not.
Bohr And that’s what you want to tell me?

Heisenberg That's what I want o tell you,

Bobr That's why you have come all this way, with so
much difficulty? That's why you have thrown away nearly
twenty years of friendship? Simply to tell me that?

Heisenberg Simply to tell you that.

Bohr But, Heisenberg, this is more mysterious than ever!
What are you telling it me > What am [ supposed to do
about it? The government of occupicd Denmark isn’t going
to come to me and ask me whether we should produce
nuclear weapons!

Heisenberg No, but sooner or later, if | manage 1o
remain in control of our programme, the German
government is going to come to me! They will ask me
whether to continue or not! / will have to decide what 1o
tell them!

Bohr Then you have an easy way out of your difficulties.
You tell them the simple truth that you've just told me,
You tell them how difficult it will be. And perhaps they'll
be discouraged. Perhaps they'll lose interest,

Heisenberg But, Bohr, where will that Iead? What will
be the consequences if we manage to fail?

Bohr What can I possibly tell you that you can’t tell
yourseH?

Heisenberg There was a report in a Stockholm paper
that the Americans are working on an atomic bomb,

Bohr Ah. Now it comes, now it comes. Now [ _
understand everything. You think I have contacts with the
Americans?

Heisenberg You may. It’s just conceivable. If anyone in
Occupied Europe does it will be you.

Bohr So you do want to know about the Allied nuclear
programme.




42 Copenhagen

Heisenberg I simply want to know if there is one. Some
hint. Some clue. ’ve just betrayed my country and risked
my life to warn you of the German programme . . .

Bohr And now I'm to return the compliment?

Heisenberg Bohr, [ have to know! I'm the one who has
to decide! If the Allies are building a bomb, what am I
choosing for my country? You said it would be easy to
imagine that one might have less love for one’s country if
i’s small and defenceless, Yes, and it would be another
easy mistake to make, to think that one loved one’s country
less because it happened to be in the wrong. Germany is
where I was born, Germany is where 1 became what I am.
Germany is all the faces of my childhood, all the hands
that picked me up when I fell, all the voices that
encouraged me and set me on my way, all the hearts that
speak to my heart. Germany is my widowed mother and
my impossible brother, Germany is my wife. Germany is
our children. I have to know what Pm deciding for them!
Is it another defeat? Another nightmare like the nightmare
I grew up with? Bohr, my childhood in Munich came to an
end in anarchy and civil war. Are more children going to
starve, as we did? Are they going to have to spend winter
nights as I did when I was a schoolboy, crawling on my
hands and knees through the enemy lines, creeping out into
the country under cover of darkness in the snow to find
food for my family? Are they going to sit up all night, as |
did at the age of seventeen, guarding some terrified
prisoner, talking to him and talking to him through the
small hours, because he’s going to be executed in the
morning?

Bobhr But, my dear Heisenberg, there’s nothing I can tell
you. I've no idea whether there’s an Alljed nuclear
programme,

Heisenberg It’s just getting under way even as you and
I are talking. And maybe I'm choosing something worse
even than defeat. Because the bomb they’re building is to
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be used on us. On the evening of Hiroshima Oppenheimer
said it was his one regret. That they hadn’t produced the
bomb in time to use on Germany.

Bohr He tormented himself afterwards.

Heisenberg Afterwards, yes. At least we tormented
ourselves a litde beforehand. Did a single one of them stop
to think, even for one brief moment, about what they were
doing? Did Oppenheimer? Did Fermi, or Teller, or Szilard?
Did Einstein, when he wrote to Roosevelt in 1939 and
urged him to finance research on the bomb? Did you,
when you escaped from Copenhagen two years later, and
went to Los Alamos?

Bohr My dear, good Heisenberg, we weren’t supplying
the bomb to Hider!

Heisenberg You weren’t dropping it on Hitler, either,
You were dropping it on anyone who was in reach. On old
men and women in the street, on mothers and their
children. And if you’d produced it in time they would have
been my fellow-countrymen. My wife. My children. That
was the intention. Yes?

Bohx That was the intention.

Heisenberg You never had the slightest conception of
what happens when bombs are dropped on cities. Even
conventional bombs. None of you ever experienced it. Not
a single one of you. I walked back from the centre of
Berlin to the suburbs one night, after one of the big raids.
No transport moving, of course. The whole city on fire,
Even the puddles in the streets are burning. They're
puddles of moiten phosphorus. It gets on your shoes like
some kind of incandescent dog-muck ~ I have to keep
scraping it off — as if the streets have been fouled by the
hounds of hell. It would have made you laugh — my shoes
keep bursting into flame. All around me, I suppose, there
are people trapped, people in various stages of burning to
death. And all I can think is, How will I ever get hold of
another pair of shoes in times like these?
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Bohr  You know why Allied scientists worked on the
bomly,

Heisenberg  Of course, Fear.

Bohr The same fear that was consuming you. Because
they were afraid that you were working on it
Heisenberg  But, Bohr, vou could have told them!
Bobr Told them whar?

.ﬁ&maur@ﬂm What I told you in 1941! That the choice js
i our hands! In mine - in Oppenheimer’s! That if 1 can

tell them the simple truth when they ask me, the simple
discouraging truth, so can he!

Bohr 'This is what you want from nie? Not to tell you
what the Americans are doing but to stop them?

Heisenberg To tell them that we can stop it together.
Bohr [ had no contact with the Americans!
Heisenberg  You did with the British.

Bobr Only later.

Heisenberg The Gestapo intercepted the message you
sent them about our meeting,

Margrethe And passed it o you?

Heisenberg Why not? They'd begun to trust me, This is
what gave me the possibility of remaining in control of
events,

Bohr Not to criticige, Heisenberg, but if this is your plan

i coming to Copenhagen, it’s ... what can | say? It’s most
interesting.

Heisenberg 1It's not a plan. I’s a hope. Not even a
vwn? A microscopically fine thread of possibility. A wild
improbability. Worth trying, though, Bohr! Worth trying,

surely! But already vou're too angry to understand what
I’ saying,
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Margrethe No ~ why he's angry is because he @
beginning to understand! The Germans drive out most of
their best physicists because they're Jews. America and
Britain give them sanctuary. Now it turns out that this
might offer the Allies a hope of salvation. And at once you
come howling to Niels begging him to persuade them to
give it up.

Bohr Margrethe, my love, perhaps we should &y 1o
express ourselves a little more temperately.

Margrethe But the gall of it! The sheer, breathtaking
gail of it!

Bohr Bold ski-ing, I have to say.

Heisenberg But, Bohr, we're not ski-ing now! We're not
playing table-tennis! We're not juggling with cap-pistols and
non-existent cards! 1 refused to believe it, when I first heard
the news of Hiroshima. I thought that it was just one of
the strange dreams we were living in at the dme. They'd
got stranger and stranger, God knows, as Germany fell into
ruins in those last months of the war. But by then we were
living in the strangest of them all. The ruins had suddenly
vanished ~ just the way things do in dreams ~ and all at
once we're in a stately home in the middle of the English
countryside, We've been rounded up by the British — the
whole team, everyone who worked on atomic research —
and we've heen spirited away. To Farm Hall, in
Huntngdonshire, in the water-meadows of the River Ouse.
Our families in Germany are starving, and there are we
sitting down each evening to an excellent formal dinner
with our charming host, the British officer in charge of us.
It’s like a pre-war house-party — one of those house-parties
it a play, that’s cut off from any contact with the outside
world, where you know the guests have all been invited for
some secret sinister purpose. No one knows we're there
no one in England, no one in Germany, not even our
families, But the war’s over, What's happening? Perhaps, as
in a play, we're going 10 be quietly murdered, one by one.
In the meanwhile it’s all delightfully civilised. 1 entertain the
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party with Beethoven piano sonatas. Major Rittner, our
hospitable gaoler, reads Dickens to us, to improve our
English. ... Did these things really happen to me ... ? We
wait for the point of it all to be revealed to us. Then one
evening it is. And it’s even more grotesque than the one we
were fearing. It’s on the radio: you have actually done the
deed that we were tormenting ourselves about. That's why
we're there, dining with our gracious host, listening to our
Dickens. We've been kept locked up to stop us discussing
the subject with anyone until it’s too late. When Major
Rittner tells us I simply refuse to believe it until I hear it
with my own ears on the nine o’clock news. We'd no idea
how far ahead youw'd got. I can’t describe the effect it has
on us. You play happily with your toy cap-pistol. Then
someone else picks it up and pulls the trigger ... and all at
once there’s blood everywhere and people screaming,
because it wasn't a toy at all. ... We sit up half the night,
talking about it, trying to take it in, We’re all literally in
shock.

Margrethe Because it had been done? Or because it
wasn’t you who'd done it?

Heisenberg Both. Both. Otto Hahn wants to kill himself,
because it was he who discovered fission, and he can see
the blood on his hands. Gertlach, our old Nazi co~ordinator,
also wants 1o die, because his hands are so shamefully
clean, You've done it, though. You've built the bomb,

Bohr Yes
Heisenberg And yow've used it on a living target.
Bohr On a living target.

Margrethe You're not suggesting that Niels did anything
wrong in working at Los Alamos?

Heisenberg Of course not. Bohr has never done
anything wrong.

Margrethe The decision had been taken long before
Niels arrived. The bomb would have been built whether
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Niels had gone or not.
Bohr In any case, my part was very siall.

Heisenberg Oppenheimer described you as the team’s
father-confessor.

Bohr It seems to be my role in life,
Heisenberg He said you made a great contribution,
Bohr Spiritual, possibly. Not practical.

Heisenberg Fermi says it was you who worked out how
to trigger the Nagasaki bomb.

Bohr I put forward an idea.

Margrethe You're not implying that there’s anything
that Niels needs to explain or defend?

Heisenberg No one has ever expected him to explain or
defend anything. He’s a profoundly good man.

Bohr It's not a question of goodness. I was spared the
decision.

Heisenberg Yes, and I was not. So explaining and
defending myself was how I spent the last thirty years of
my life. When I went to America in 1949 3 lot of physicists
wouldn’t even shake my hand. Hands that had actually
built the bomb wouldn’t touch mine.

Margrethe And let me tell you, if you think you’re
making it any clearer to me now, you're not.

Bohr Margrethe, I understand his feelings . . .

Margrethe 1 don’t. I'm as angry as you were before! It's
50 easy to make you feel conscience-stricken. Why should
he transfer his burden to you? Because what does he do
after his great consultation with you? He goes back to
Berlin and tells the Nazis that he can produce atomic
bombs!

Heisenberg But what T stress is the difficulty of
separating 235,
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Margrethe You tell them about plutornium.

Heisenberg [ tell some of the minor officials. I have ©
keep people’s hopes alive!

Margrethe Otherwise they'll send for the other one.
Heisenberg Dichner. Very possibly.

Margrethe There's always a Diebner at hand ready to
take over our crimes,

Heisenberg Diebner might manage to get a little further
than e,

Bohr [Miebner?
Heisenberg Might. Just possibly might.
Bobr He hasn't a quarter of your ability!

Heisenberg Not a tenth of it. But he has ten times the
cagerness to do it It might be a very different story if it’s
Dichner who puts the case at our meeting with Albert
Speer, nstead of me.

Margrethe The famous meeting with Speer.

Heisenberg But this is when it counts. This is the real
moment of decision. It's June 1942. Nine months after my
trip to Copenhagen. Al research cancelled by Hitler unless
it produces immediate resubts - and Speer is the sole
arbiter of what will qualify. Now, we've just got the first
sign that our reactor’s going to work, Our first increase in
newtrons, Not much ~ thirteen per cent -~ but i’s a start.

Bohr June 18427 You're slighdy ahead of Fermi in

shicago.

Heisenberg Only we don’t know that. But the RAF

have begun terror-bombing. They've obliterated half of

Litheck, and the whole centre of Rostock and Cologne.

We're desperate for new weapons to strike back with. If
ever there’s a moment to make our case, this is it.

Margrethe You don't ask him for the funding to

confinue?
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Heisenberg To continue with the reactor? Of course |

do. But 1 ask for so little that he doesn't take the

programume seriously.

Margrethe Do you tell him the reactor will produce
phatonium?

Heisenberg I don’t tell him the reactor will produce
plutonium. Not Speer, no. I don’t tell him the reactor will
produce plutonivm,

Bohr A striking omission, I have to admit.

Heisenberg And what happens? Tt works! He gives us
barely enough money to keep the reactor programime
ticking aver. And that is the end of the German atomic
bomb. That is the end of it

Margrethe You go on with the reactor, though.

Heisenberg We go on with the reactor. Of course.
Because now there’s no risk of getting it running in time to
produce enough plutonium for 2 bomb. No, we go on with
the reactor all right. We work like madmen on the reactor.
We have to drag it all the way across Germany, from east
to west, from Berlin to Swabia, to get it away from the
bombing, o keep it out of the hands of the Russians,
Diebner tries to hijack it on the way. We get it away from
him, and we set it up in a little village in the Swabian
Jura.

Bohr This is Haigerloch?

Heisenberg There’s a natural shelter there - the village
inn has a wine-cellar cut into the base of a cliff. We dig a
hole in the floor for the reactor, and I keep that
programme going, I keep it under my control, untl the
bitter end.

Bobr But, Heisenberg, with respect now, with the greatest
respect, you couidn’t even keep the reactor under your
control. That reactor was going to kill you.
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mm,o.mma#m..mu.m It wasn’t put to the test. It never went
critical.

Bohr Thank God. Hambro and Perrin examined it after
the Allied troops tok over. They said it had no cadmium
control reds. There was nothing to absorb any excess of
neutrons, to slow the reaction down when it overheated,

Heisenberg No rods, no.
Bohr You believed the reaction would be self-miting.
Heisenberg That's what 1 originally believed.

Bohr Heisenberg, the reaction would not have been self-
limiting.

Heisenberg By 1945 I understood that,

Bohr So if you ever had got it to go critical, it would

have melted down, and vanished into the centre of the
earth!

M.m@m%uuwaqw Not at all. We had a lump of cadmium to
and.

Bohr A lump of cadmium? What were you proposing
to do with a lump of cadmium?

Heisenberg Throw it into the water.

Bohr What water?

mmmmm.eu.&wu.m The heavy water. The moderator that the
uramum was immersed in.

Bohr My dear good Heisenberg, not to criticise, but
you'd all gone mad!

Heisenberg We were almost there! We had this fantastic
neutron growth! We had 670 per cent growth!

Womﬂ. You'd lost all contact with reality down in that
ole!

Heisenberg Another week, Another fortnight. That’s all
we needed!
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Bohr It was only the arrival of the Allies that saved you!

Heisenberg We’'d almost reached the critical mass! A
tiny bit bigger and the chain would sustain itself
indefinitely. All we need is a little more uranium. 1 set off
with Weizsdcker to try and get our hands on Diebner’s.
Another hair-raising journey all the way back across
Germany. Constant air raids ~ no trains — we try bicycles -
we never make it! We end up stuck in a little inn
somewhere in the middle of nowhere, listening to the
thump of bombs falling all round us. And on the radio
someone playing the Beethoven G minor cello sonata . . .

Bohr And everything was still under your control?

Heisenberg Under my control — yes! That’s the point!
Under my control!

Bohr Nothing was under anyone’s control by that time!

Heisenberg Yes, because at last we were free of all
constraints! The nearer the end came the faster we could
work!

Bohr You were no longer running that programme,
Heisenberg. The programme was running you.

Heisenberg Two more weeks, two more blocks of
uranium, and it would have been German physics that
achieved the world’s first self-sustaining chain reaction.

Bohr Except that Fermi had already done it in Chicago,
two years earlier.

Heisenberg We didn’t know that.

Bohr You didn’t know anything down in that cave. You
were as blind as moles in a hole. Perrin said that there
wasn’t even anything to protect you all from the radiation.

Heisenberg We didn’t have time to think about it
Bohr So if it had gone critcal . . .
Margrethe You'd all have died of radiation sickness.
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Bohr My dear Heisenberg! My dear boy!

Heisenberg Yes, but by then the reactor would have
been running.

Bohr | should have been there to look after you,

Heisenberg That's all we could think of at the time. To
get the reactor running, to get the reactor running.

Bohr You always needed me there to slow you down a
Ltde. Your own walking lump of cadmium,

Heisenberg I 1 had died then, what should I have
nissed? Thirty years of attempting to explain, Thirty years
of reproach and hestility. Even you turned your back on
me.

Margrethe You came to Copenhagen again. You came

ey

to Tisviide.
Heisenberg It was never the same,
Bohr No. It was never the same.

Heisenberg I sometimes think that those final few weeks
at Haigerloch were the last happy time in my life. In a
strange way it was very peaceful. Suddenly we were out of
all the politics of Berlin, Out of the bombing. The war was
coming to an end. There was nothing to think about except
the reactor. And we didn’t go mad, in fact. We didn’t work
all the tine. There was a monastery on top of the rock
above our cave. I used to retire to the organ-loft in the
church, and play Bach fugues.

Margrethe Look at him. He's lost. He's like a lost child.
He's been out in the woods ali day, running here, running
there. He's shown off, he’s been brave, he'’s been cowardly.
He’s done wrong, he’s done right. And now the evening’s
corne, andd all he wants is 0 go home, and he's lost.

Heisenberg  Silence.
Bohr Silence.
Margrethe Silence.
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Heisenberg And once again the tiller slams over, and
Christian is falling.

Bohr Once again he’s struggling towards the lfebuoy.

Margrethe Once again I look up from my work, and
there's Niels in the doorway, silently watching me . ..

Bobr So, Heisenberg, why did you come to Copenhagen
in 19417 It was right that you told us about all the fears
you had. But you didn’t really think I'd tell you whether
the Americans were working on a bomb.

Heisenberg No.
Bohr You didn’t seriously hope that I'd stop them.
Heisenberg No.

Bohr You were going back to work on that reactor
whatever I said.

Heisenberg Yes
Bohr So, Heisenberg, why did you come?
Heisenberg Why did I come?

Bohr Tell us once again. Another draft of the paper. And
this time we shall get it right. This time we shall
understand.

Margrethe Maybe you'll even understand yourself,

Bobr After all, the workings of the atom were difficult to
explain. We made many attempis, Each time we tricd they
became more obscure, We got there in the end, however.
So — another draft, another draft.

Heisenberg Why did I come? And once again 1 go
through that evening in 1941. I crunch over the familiar
gravel, and tug at the familiar bell-pull. What's in my
head? Fear, certainly, and the absurd and hormible
importance of someone bearing bad news. But ... vyes ...
something else as well. Here it comes again. 1 can almost
see its face. Something good. Something bright and eager
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and hopefid,
Bohr I open the door. ..

Heisenberg And there he is. I see his eyes light up at
the sight of me.

Bobr He’s smiling his wary schoolboy smile,
Heisenberg And [ feel a moment of such consolation.
Bohr A flash of such pure gladness.

Heisenberg As if I'd come home after a long journey.

Bohr As if a long-lost child had appeared on the
doorstep.

Heisenberg Suddenly I'm free of all the dark tangled
currents in the water,

Bohr Christian is alive, Harald stil unborn.
Heisenberg The world is at peace again,

Margrethe Look at them. Father and son sdll. Just for a
moment. Even now we’re all dead.

Bohr For a moment, yes, it’s the twenties again.

Heisenberg And we shall speak to each other and
understand each other in the way we did before.

Margrethe And from those two heads the future will
emerge. Which cities will be destroyed, and which survive.
Who will die, and who will live, Which world will go down
to obliteration, and which will triumph.

Bohr My dear Heisenberg!
Heisenberg My dear Bohr!

Bohr Come in, come in . . .

Act Two

Heisenberg It was the very beginning of spring. The
first time I came to Copenhagen, in 1924. March; raw,
blustery northern weather. But every now and then the sun
would come out and leave that first marvellous warmth of
the year on your skin. That first breath of returning life,

Bohr You were twenty-two. So I must have been . . .
Thirty-eight.

Bohr Almost the same age as you were when you came
n 1941

Heisenberg So what do we do?

Bohr Put on our boots and rucksacks . . .
Heisenberg Take the tram to the end of the line . . .
Bohr And start walking!

Heisenberg Northwards to Elsinore.

Bohr If you walk you talk.

Heisenberg Then westwards to Tisvilde.

Bohr And back by way of Hillerod.

Heisenberg Walking, talking, for a hundred miles.

Bohr After which we talked more or less non-stop for the
next three years,

Heisenberg We'd split a bottle of wine over dinner in
vour flat at the Institute.

Bohr Then I'd come up to your room . . .

Heisenberg That terrible little room in the servant’
quarters in the attic.

Bobhr And we’d talk on into the small hours,
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Heisenberg How, though?

Bohr How?

Heisenberg How did we talk? In Danish?
Bolw In German, surely.

Heisenberg 1 lectured in Danish. I had to give my first
colloquivm when I'd only been here for ten weeks.

Bohr 1 remember it. Your Danish was already excellent.

Heisenberg No. You did a terrible thing to me. Half-an-
hour before it started you said casualty, Oh, I think well
speak English today.

Bohr But when you explained . .. ?

Heisenberg Explain to the Pope? | didn’t dare. That
excellent Danish you heard was my fisst attempt at English.

Bohr My dear Helsenberg! On our own together,

theugh? My love, do you recal}?
# ¥ ¥

Margrethe What language you spoke when I wasn’t
there? You think I had microphones hidden?

Bobr No, no - but patience, my love, patience!
Margrethe Patience?

Bohr You sounded a litde sharp.

Margrethe Not at all.

Bohr We have t follow the threads right back to the
beginning of the maze,

Margrethe P'm watching every step.
Bohr  You didn’t mind? I hope.
Margrethe Mind?

Bohr Being left at home?

Margrethe While you went off on your hike? Of course
not. Why should I have minded? You had to get out of the
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house. Two new sons arriving on top of each other would
be rather a lot for any man to put up with,

Bohr Two new sons?
Margrethe Heisenberg,
Bohr Yes, yes,

Margrethe And our own son.
Bohr Aage?

Margrethe Emest!
Bohr 1924 - of course — Srnest.

Margrethe Number five. Yes?

Bohr Yes, yes, yes. And if it was March, you're right -
he couldn’t have been much more than . . .

Margrethe One week.

Bohr One week? One week, yes. And you really didn’t
mind?

Margrethe Not at all. I was pleased you had an excuse
to get away. And you always went off hiking with your new
assistants. You went off with Kramers, when he arvived in
1916,

Bohr Yes, when I suppose Christian was still only

Margrethe One week.

Bohr Yes.... Yes.... I almost killed Kramers, you
know.

Heisenberg Not with a cap-pistol?
Bohr With a mine. On our walk.

Heisenberg Oh, the mine. Yes, you told me, on ours.
Never mind Kramers ~ you almost killed yourself!

Bohr A mine washed up in the shallows . . .
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Heisenberg And of course at once they compete to
throw stones at it. What were you thinking of?
Bohr [I've no idea.

Heisenberg A touch of Elsinore there, perhaps.
Bohr Elsinore?

Heisenberg The darkness inside the human soul.
Bohr You did something just as idiotic.
Heisenberg [ did?

Bohr With Dirac in Japan. You climbed a pagoda.
Heisenberg Oh, the pagoda.

Bohr Then balanced on the pinnacle. According to
Dirac. On one foot. In a high wind. I'm glad T wasn’t
there.

Heisenberg  Flsinore, I confess.

Bohr Elsinore, certainly.

Heisenberg [ was jealous of Kramers, you know.
Bohr His Eminence. Isn’t that what you called him?

Heisenberg Because that's what he was. Your leading
cardinal. Your favourite son. Till I arrived on the scene.

Margrethe He was a wonderful cellist,
Bohr He was a wonderful everything.
Heisenberg Far too wonderful
Margrethe [ liked him.

Heisenberg [ was terrified of him. When 1 first started
at the Institute. I was terrified of all of them. All the boy
wonders you had here — they were all so brilliant and
accomplished. But Kramers was the heir apparent, All the
rest of us had to work in the general study hall. Kramers
had the private office next to yours, like the electron on the
inmost orbit around the nucleus. And he didn’t think much
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of my physics. He insisted you could explain everything
about the atom by classical mechanics.

Bohr Well, he was wrong.
Margrethe And very soon the private office was vacant,
Bohr And there was another electron on the inmost orbit,

Heisenberg Yes, and for three years we lived inside the
atotn.

Bohr With other electrons on the outer orbits arcund us
all over Europe.

Heisenberg Max Born and Pascual Jordan in Gottingen.
Bobhr Yes, but Schrodinger in Zirich, Fermi in Rome.
Heisenberg Chadwick and Dirac in England.

Bohr Joliot and de Broglie in Paris.

Heisenberg Gamow and Landau in Russia.

Bohr Everyone in and out of each other’s departments.

Heisenberg Papers and drafts of papers on every
international mail-train.

Bohr You remember when Goudsmit and Uhlenheck did
spin?

Heisenberg There’s this one last variable in the
quantum state of the atomn that no one can make sense of.

The last hurdle . ..

Bohr And these two crazy Dutchmen go batk to a
riciculous idea that electrons can spin in different ways.

Heisenberg And of course the first thing that everyone
wants to know is, What line is Copenhagen going to take?

Bohr I'm on my way to Leiden, as it happens,

Heisenberg And it turns into a papal progress! The
train stops on the way at Hamburg . . .

Bohr Pauli and Stern are waiting on the platform to ask
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me what I think about spin.

Heisenberg You tell them it's wrong.

Bohr No, 1 tell them it’s very . .,

Heisenberg Intcresting.

Bohr [ think that is precisely the word 1 choose.
Heisenberg Then the train pulls into Leiden.

Bohr And I'm met at the barrier by Einstein and
Ebrenfest. And T change my mind because Einstein -
Einsein, you see? - I'm the Pope - he’s God ~ because

Sinstein has made a relativistic analysis, and it resolves all
my doubts.

Heisenberg Meanwhile I'm standing in for Max Born at
Goutingen, so you make a detour there on your way home.

Bohr And you and Jordan meet me at the station.
Heisenberg Same question: what do you think of spin?

Bohr And when the tain stops at Berlin there’s Pault on
the pladorm.

Heisenberg Wollgany Pauli, who never gets out of bed
if he can possibly avond it L.

Bobr And who's already met me once at Hamburg on
the jowrney out . ..

Heisenberg He's wavelled all the way from Hamburg to
Berlin purely in order to see you for the second time
round . ..

Bohr And find out how my ideas on spin have developed
€11 Foute,

Heiseanberg Oh, those years! Those amazing years!
Those threc short years!

Bohr From 1924 w0 1927.

Heisenberg From when [ armived in Copenhagen to
work with you . .,
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Bohr To when you departed, to take up your chair at
Leipaig.
Heisenberg Three years of raw, bracing northern
springtime.
Bohr At the end of which we bad quantum mechanics,
we had uncertainty . . .

Heisenberg We had complementarity . . .
Bohr We had the whole Copenhagen Interpretation.

Heisenberg FEurope in all its glory again, A new
Enlightenment, with Germany back m her rightful place at
the heart of it. And who led the way for everyone eise?

Margrethe You and Nielks.
Heisenberg Well, we did.
Bohr We did.

Margrethe And that's what you were trying to get back
to n 19417

Heisenberg To something we did in those three

years. . .. Something we said, something we thought. . .. 1
keep almost seeing it out of the corner of my eye as we
talk! Something about the way we worked. Something
about the way we did all those things . ..

Bohr Together.

Heisenberg Together. Yes, together.
Margrethe No.

Bohr No? What do you mean, no?

Margrethe Not together. You didn’t do any of those
things together.

Bohr Yes, we did. Of course we did.

Margrethe No, you didn’t. Every single one of them vou

did when you were apart. You first worked out quantum
mechanics on Heligoland.
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Heisenberg Well, it was summer by then. I had my hay
fever.

Margrethe And on Heligoland, on your own, on a rocky
bare island in the middle of the North Sea, you said there
was nothing to distract vou . .,

Heisenberg My head began to clear, and T had this
very sharp picture of what atomic physics ought to be like.
I suddenly realised that we had to limit it to the
measurements we could actually make, to what we could
actually observe. We can’t see the electrons inside the
atom . ..

Margrethe Any more than Niels can sec the thoughts in
your head, or you the thoughts in Niels’s.

Heisenberg All we can see are the effects that the
electrons produce, on the light that they reflect . . .

Bohr But the difficulties you were trying to resolve were
the ones we'd explored together, over dinner in the flat, on
the beach at Tisvilde,

Heisenberg Of course. But | remember the evening
when the mathematics first began to chime with the
principle.

Margrethe On Heligoland.
Heisenberg On Heligoland.
Margrethe On your own.

Heisenberg It was termibly laborious ~ I didn’t
understand matrix calculus then ... T get so excited I keep
making mistakes. But by three in the morning I've got it. |
seem to be looking through the surface of atomic
phenomena into a strangely beautiful interior world. A
world of pure mathematical structures. I'm too excited to
sleep. 1 go down to the southern end of the island. There’s
a rock jutting out into the sea that I've been longing to
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on {op, gazing out to sea,

Margrethe On your own.
Heisenberg On my own. And yes — I was happy.

%(mﬂn.mn.anro Happier than you were back here with ns all
in Copenhagen the following winter.

Heisenberg What, with ail the Schridinger nonsense?

Bohr H.éommn:mn.u Come, come. Schridinger’s wave
formuiation?

Margrethe Yes, suddenly everyone’s turned their backs
on your wonderful new matrix mechanics,

Heisenberg No one can understand it.

gwﬂmﬂﬁmpm And they can understand Schridinger’s wave
mechanics.

m.mwmmmu&uoﬂm Because they’d learnt it in school! We're
gomng backwards to classical physics! And when I'm a little
cautious about accepting it . . .

Bohr A litde cautious? Not to criticise, bue . | .
Margrethe ... You described it as repulsive!

mmmmmﬁranw I said the physical implications were
repulsive. Schrisdinger said my mathematics were repulsive.

Bohr [ seem to recall you used the word . . | well, I
won't repeat it in mixed company.

Heisenberg In private. But by that time people had
gone crazy.

Margrethe They thought you were simply jealous.

m.mm.mmenuunﬂm Someone even suggested some bizarre kind
of intellectual snobbery. You got extremely excited,

Bohr On your behalf,

Heisenberg You invited Schrodinger here . . .
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Bohr o have a calm debate abour our differences.
Heisenberg And you fell on him like a madman. You
meet him at the station -~ of course ~ and you pitch into
him before he's even got his bags off the train. Then you
go on at him from first thing in the morming until fast
thing at mght.

Bohs [ go on? He goes on!

Heisenberg Because you won't make the least
coneession!

Bohr Nor will he!

Heisenberg You made him il He had to retire to bed
to get away from you!

Bohr e bad a slight feverish cold.

Heisenberg Margrethe had to nurse him!

Margrethe [ dosed him with tea and cake to keep his
strength up.

Heisenberg Yes, while you pursued him even into the
sickroorn! Sat on his bed and hammered away at him!
Bobhr Perfectly politely,

Heisenberg You were the Pope and the Holy Office
and the Inquisition all rolled into one! And then, and then,
after Schrodinger had fled back to Zirich — and this T will
never forget, Bohr, this I will never lez you forget — you
started to take his side! You wmed on mel

Bohr Because pou'd gone mad by this dme! You'd
become fanatical! You were refusing to allow wave theory
any place i quantum mechanics at all!

Heisenberg You'd completely turned vour coat!

Bohr | said wave mechanics and martrix mechanics were
simply alternative twaols,

Heisenberg Something you're always accusing me of. ‘If
it works it works,” Never mind what it means.
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Bohr Of course I mind what it means,
Heisenberg What it means in language,
Bohr In plain language, yes.

Heisenberg What something means is what it means in
mathemnatics.

Bohr You think that so long as the mathematies works
out, the sense doesn’t matter,

Heisenberg Mathematics i sense! That’s what sense is!

Bohr But in the end, in the end, remember, we have to
be able to explain it all to Margrethe!

Margrethe Explain it to me? You couldn’t even explain
1t to each other! You went on arguing into the small hours
every night! You both got so angry!

Bohr We also both got completely exhausted.
Margrethe It was the cloud chamber that finished you.

Bohr Yes, because if you detach an electron from an
atom, and send it through a cloud chamber, you can sce
the track it leaves,

Heisenberg And it’s a scandal. There shouldn’t be a
track!

Margrethe According to your quantum mechanics.

Heisenberg There it a track! No orbits! No tracks or
trajectories! Only external effects!

Margrethe Only there the track is. I've seen it myself, as
clear as the wake left by a passing ship.

Bohr It was a fascinating paradox.

Heisenberg You actually loved the paradaxes, that's
your problem. You revelled in the contradictions.

Bohr Yes, and you've never been able to understand the
suggestiveness of paradox and contradiction. That's your
problem. You live and breathe paradox and contradiction,
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but you can no more see the beauty of them than the fish
can see the beauty of the water,

Heisenberg I sometimes felt as i | was trapped in a
kind of windowless hell. You don’t realise gé aggressive
you are. Prowling up and down the room as m, you're going
to cat someone - and I can guess who it's going to be.

Bohr That’s the way we did the physics, though.

Margrethe No. No! In the end you did it on your own
again! Even you! You went off ski-ing in Norway.

Bohr 1 had to get away from it alll

Margrethe And you worked out complementarity in
Norway, on vour own.

Heisenberg The speed he skis at he had to &o, something
to keep the blood going round. It was either physics or
frostbite.

Bohr Yes, and you stayed behind in Copenhagen . ..
Heisenberg And started to think at last,
Marxgrethe You're a lot better off apart, you two,

Heisenberg Having him out of town was as liberating as
getting away from my hay fever on Heligoland.

Margrethe 1 shouldn’t let you sit anywhere near each
other, if T were the teacher.

Heisenberg And that's when I did uncertainty. Walking
round Faelled Park on my own one horrible raw wmww:w@
night, It’s very late, and as soon as Pve turned off into the
park I'm completely alone in the a.&)@nmm‘ I start to think
about what you’d see, if you could train a telescope on me
from the mountains of Norway. You'd see me 3. the street-
lamps on the Blegdamsvej, then nothing as I vanished into
the darkness, then another glimpse of me as mv passed the
famp-post in front of the bandstand, And that’s what we
see in the cloud chamber. Not a continuous track but a
series of glimpses — a series of collisions between the
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passing electron and various molecules of water vapour. . . |
Or think of you, on your great papal progress to Leiden in
1925. What did Margrethe sce of that, at home here in
Copenhagen? A picture postcard from Hamburg, perhaps.
Then one from Leiden. One from Géttingen. One from
Berlin. Because what we see in the cloud chamber are not
even the collisions themselves, but the water-droplets that
condense around them, as big as cities around a traveller -
no, vastly bigger still, relatively - complete countries -
Germany . . . Holland . . . Germany again. There is no
track, there are no precise addresses; only a vague list of
courrtries visited. I don’t know why we hadn’t thought of it

before, except that we were too busy arguing to think at
all,

Bohr You seem to have given up on all forms of
discussion. By the time I get back from Norway I find
you've done a draft of your uncertainty paper and you've
already sent it for publication!

Margrethe And an even worse battle begins,

Bohr My dear good Heisenberg, it’s not open behaviour
to rush a first draft into print before we've discussed it
together! It’s not the way we work!

Heisenberg No, the way we work is that you hound me
from first thing in the morning tll last thing at night! The
way we work is that you drive me mad!

Bohr Yes, because the Paper contains a fundamental
error.

Margrethe And here we g0 again.

Heisenberg No, but I show him the strangest truth
about the universe that any of us has stumbled on since
relativity — that you can never know everything abowt the
whereabouts of a particle, or anything else, even Bohr now,
as he prowls up and down the room in that maddening
way of his, because we can’t observe it without ineroducing
some new element into the situation, a molecule of water
vapour for it to hit, or a piece of light - things which have

R
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an energy of their own, and which therefore have an effect
on what they hit. A small one, admittedly, in the case of
Bohr

Bohr Yes, if you know where 1 am with the kind of
accuracy we're talking about when we're dealing with
particles, you can still measure my velocity to within —
what . . .7

Meisenberg  Something like a billionth of a billionth of a
kilometre per second. The theoretical point remains,
though, that you have no absolutely determinate situation in
the world, which among other things lays waste to the idea
of causality, the whole foundation of science — because if
you don't know how things are today you certainly can’t
know how they’re going to be tomorrow. I shatter the
objective universe around you -~ and all you can say is that
there’s an error in the formulation!

Bohr There is!
Margrethe Tea, anyone? Cake?

Heisenberg Listen, in my paper what we're trying to
focate 1s not a free electron off on its wavels through a
clond chamber, but an electron when it’s at home, moving
around inside an atom . .,

Bobr And the uncertainty arises not, as you claim,
through its indeterminate recoil when it's hit by an
meoming photon . .

Heisenberg Plain langnage, plain language!
Bobr 'This i plain language.

Heisenberg Listen. .

Bohr The language of classical mechanics.

Heisenberg Listen! Copenbagen is an atom. Margrethe
is its nucleus, About right, the scale? Ten thousand to one?

Bohr Yes, yes.

Heisenberg Now, Bohr's an electron, He’s wandering
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about 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, down at Carlsberg, Passing City Hall,
out by the harbour. I'm a photon. A quantum of light. I'm
despatched into the darkness to find Bohr. And I succeed,
because 1 manage to collide with him. . . . But what's
happened? Look ~ he’s been slowed down, he’s been
deflected! He’s no longer doing exactly what he was so
maddeningly doing when I walked into him!

Bohr Bui, Heisenberg, Heisenberg! You also have been
deflected! If people can see what's happened to vou, to
their piece of light, then they can work out what must have
happened to me! The trouble is knowing what’s happened
o you! Because to understand how people see you we have
to treat you not just as a particle, but as a wave.  have to
use not only your particle mechanics, T have to use the
Schrodinger wave function.

Heisenberg I know — I put it in a postscript to my
paper.

Bohr Everyone remembers the paper ~ no one
remembers the postscript. But the question is fundarnental,
Particles are things, complete in themselves. Waves are
disturbances in something else.

Heisenberg 1 know. Complementarity. It's in the
postscript.

Bobr They're cither one thing or the other. They can’t
be both. We have to choose one way of secing them or the
other. But as soon as we do we can’t know everything
about them,

Heisenberg And off he goes into orbit again.
Incidentally exemplifying another application of
complementarity. Exactly where you go as you ramble
around is of course completely determined by your genes
and the various physical forces acting on you. But it’s also
completely determined by your own entirely inscrutable
whims from one moment to the next. So we can't
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completely understand your Wnrmﬁocw s&wo:.ﬁ seeing It
both ways at once, and that’s impossible. Which means that
your extraordinary peregrinations are not m&% objective
aspects of the universe. They exist only partially, through
the efforts of me or Margrethe, as our minds shift endlessly
back and forth between the two approaches.

Bohr You've never absolutely and totally accepted
complementarity, have you?

Heisenberg Yes! Absolutely and totally! I &nw@mwn& it at
the Como Conference in 1927! T have m&ﬁ:& to it ever
afterwards with religious fervour! You convinced me. 1

humbly accepted your criticisms.

Bohr Not before you'd said some deeply wounding
things.

Heisenberg Good God, at one point you literally
reduced me {o tears!

Bohr Forgive me, but 1 diagnosed them as tears of
frustration and rage.

Heisenberg I was having a tantrum?
Bohr 1 have brought up children of my own.

Heisenberg And what about Margrethe? Was sk having
a tantrumn? Klein told me you reduced Aer to tears after I'd
gone, making her type out your endless redraftings of the
complementarity paper.

Bohr 1 don’t recall that.
Margrethe I do.

Heisenberg We had to drag Pauli out of bed in .
Hamburg once again to come to Copenhagen and negotiate
peace.

Bohr He succeeded. We ended up with a treaty.
Uncertainty and complementarity became the two central
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tenets of the Copenhagen Interpretation of Quantum
Mechanics.

Heisenberg A political compromise, of course, like maost
treaties.

Bohr You see? Somewhere inside you there are still
secret reservations,

Heisenberg Not at all - it works. That's what matters,
It works, it works, it works!

Bohr 1t works, ves. But it's more important than that.
Because you see what we did in those three years,
Heisenberg? Not to exaggerate, but we turned the world
inside out! Yes, listen, now it comes, now it comes. ., . We
put man back at the centre of the universe. Throughout
history we keep finding ourselves displaced. We keep exiling
ourselves to the periphery of things, First we turn ourselves
into a mere adjunct of God’s unknowable purposes, tiny
figures kneeling in the great cathedral of creation. And no
sooner have we recovered ourselves in the Renaissance, no
sooner has man become, as Protagoras proclaimed him, the
measure of all things, than we're pushed aside again by the
products of our own reasoning! We're dwarfed again ag
physicists build the great new cathedrals for us to wonder
at — the laws of classical mechanics that predate us from
the beginning of eternity, that will survive us to eteraity’s
end, that exist whether we exist or not. Until we come o
the beginning of the twentieth century, and we're suddenly
forced to rise from our knees again.

Heisenberg It starts with Einstein,

Bohr It starts with Einstein. He shows that measurement
~ measurement, on which the whole possibility of science
depends — measurement is not an rapersonal event that
occuwrs with impartial universality. It’s 2 human act, carried
out from a specific point of view in time and space, from
the one particular viewpoint of a possible observer. Then,
here in Copenhagen in those three years in the mid-
twenties we discover that there is no precisely determinable
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objective universe. That the universe exists only as a series
of approximations. Only within the limits aﬁnﬁdﬁnm.g
our relationship with it. Only through the understanding
lodged inside the human head.

Margrethe 50 this man youw've put at the centre of the
universe - is it you, or is it Heisenberg?

Bohr Now, now, my love.
Margrethe Yes, but it makes a difference.
Bohr Either of us. Both of us. Yourself, All of s,

Margrethe [f it’s Heisenberg at the centre of the
universe, then the one bit of the universe that he can’t see
is Heisenberg,

Heisenberg So ...

Margrethe So it's 5o good asking him why hLe came to
Copenhagen in 1941, He doesn’t know!

Heisenberg [ thought for a moment just then I caught a
ghimpse of it.

Margrethe Then you turned to ook,
Heisenberg And away it went.
Margrethe Complementarity again. Yes?
Bohr Yes, yes.

Margrethe ['ve typed it out often enough. If you're
doing something you have to concentrate on you can’t also
be thinking about doing it, and if you're thinking about
doing it then you can’t actually be doing it. Yes?

Heisenberg Swerve left, swerve right, or think about it
and die.

Bohr  But gflr you've done it. ..

Margrethe You lock back and make a guess, Jjust like
the rest of us. Only a worse guess, because you didn’t see
yourself doing it, and we did. Forgive me, but you don’t
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even know why you did uncertainty in the first place.

Bohr Whereas if you're the one at the centre of the
universe . . .

Margrethe Then I can tell you that it was because you
wanted to drop a bomb on Schrédinger.

Heisenberg I wanted to show he was wrong, certainly,

Margrethe And Schrodinger was winmning the war. When
the Leipzig chair first became vacant that autumn he was
short-listed for it and you weren’t. You needed a wonderful
new weapon,

Bohr Not 1o criticise, Margrethe, but you have a
tendency to make everything personal.

Margrethe Because everything & personal! You've just
vead us all a lecture about it! You know how much
Heisenberg wanted a chair. You know the pressure he was
under from his family. Pm sorry, but you want to make
everything seem heroically abstract and logical. And when
you tell the story, yes, it all falls into place, it all has a
beginning and a middle and an end. But 1 was there, and
when 1 remember what it was like Pm there still, and [
look around me and what I see isn’t a story! It’s confusion
and rage and jealousy and tears and no one knowing what
things mean or which way they're going w0 go,

Heisenberg . All the same, it works, it works.

Margrethe Yes, it works wonderfully. Within three

months of publishing your uncertainty paper you're offered
Leipag,

Heisenberg I didn’t mean that,

Margrethe Not to mention somewhere else and
sormewhere ¢lse,

Heisenberg Halle and Munich and ZLurich,
Bohr And various American universities,

Heisenberg But I didn't mean tha,
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Margrethe And when you take up your chair at Leipzig
you're how old?

Heisenberg Twenty-six,
Bohr The youngest full professor in Germany.

Heisenberg I mean the Copenhagen Interpretation. The
Copenhagen Interpretation works. m(,oé@aw we got there,
by whatever combination of high principles and low
calculation, of most painfully hard thought and most
painfully childish tears, it works. It goes on working.

Margrethe Yes, and why did you both accept the
Interpretation in the end? Was it really because you wanted
to re-establish humanism?

Bohr Of course not. It was because it was the only way
to explain what the experimenters had observed,

Margrethe Or was it because now you were becoming a
professor you wanted a solidly nmﬂwv:mga mcnﬁsm to teach?
Because you wanted to have your new ideas publicly
endorsed by the head of the church ws,Qomuamwwmws.u And
perhaps Niels agreed to endorse mw.n.E in return for your
accepting his doctrines. For recognising him as head of the
church, And if you want to know why you came to
Copenthagen in 1941 T'll tell you that as well. You're right
~ there’s no great mystery about it. You came to show
yourself off to us.

Bohr Margrethe!

Margrethe No! When he first came in mwm.@.rn was a
humble assistant lecturer from a humiliated nation, grateful
to have a job. Now here you are, back in triumph -~ the
leading scientist in a nation that’s conquered most of .
Europe. You've come to show us how well you've done in
life.

Bohr This is so unlke you!

Margrethe [I'm sorry, but isn’t that really S.w% he’s here?
Because he’s burning to let us know that he’s in charge of
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some vital piece of secret research, And that even so he’s
preserved a lofty moral independence. Preserved it so
famously that he’s being watched by the Gestapo. Preserved
it so successfully that he’s now also got a wonderfully
important moral dilerama to face.

Bohr Yes, well, now you're simply working yourself up.

Margrethe A chain reaction. You tell one painful truth
and it leads to two more. And as you frankly admit, you're
going to go back and continue doing precisely what you
were doing before, whatever Niels tells you.

Heisenberg VYes.

Margrethe Because you wouldn’t dream of giving up
such a wonderful opportunity for research.

Heisenberg Not if I can possibly help it.

Margrethe Also you want to demonstrate to the Nazis
how useful theoretical physics can be. You want to save the
honour of German science. You want to be there to re-
establish it in all its glory as soon as the war’s over.

Heisenberg All the same, I don’t tell Speer that the
reactor. ..

Margrethe ... will produce plutonium, no, because
you're afraid of what will happen if the Nazis commit huge
resources, and you fail to deliver the bombs. Please don't
try to tell us that you're a hero of the resistance.

Heisenberg TI've never claimed to be a hero.

Margrethe Your lent is for ski-ing too fast for anyone
to see where you are. For always being in more than one
position at a time, like one of your particles.

Heisenberg I can only say that it worked. Unlike most
of the gestures made by heroes of the resistance. It worked!
I know what you think. You think 1 should have joined the
plot against Hitler, and got myself hanged like the others.

Bohr Of course not.
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o drowned as well? But that’s anothér thing that can’t be " 0
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things that can’t be said. But ‘you-think it.
Bokr No.

Heisenberg What would it have - achieved? What would
ave achieved i you'd dived in after Christian, and.

S - Heisenberg Yoii don't say it; because there dre-soriie.

said;
Bohr Only thought.
: mwﬁa&#w&m. .”5...%‘” I sorry.
_ Bohr And rethought. Every day.
. Heisenberg You had to be held back, I know.
 Margrethe Whereas you held yourself back,

‘Heisenbierg  Betier t stay oni the boat, though, and
~ feeho it about:: Better fo. remain . alive, and’ throw 'the

R Aifebuoy. Siwelyt -

”.__ _. . : wcwnwix%m mﬁww@. not

 Heisenberg - Beiter. Beer.

- Margrethe  Really it is ridiculous You reasoned your
- way, both of you, with such astonishing delicacy and o

~precision inta the tiny world of the atomn, Now it tums out

- that everything depends upon these really rather large
- objeets on-our shoulders. And what's going on in there:

S &ﬂmmaﬁvmuﬁ ..wumwﬁeg.m
_ Margrethe Bimoreyes oo
L mm&maﬂwanﬁ And you %..3\..wn_mwwz__...m..&ﬁ..%mw&. of _s&mﬂ
- would happen. T ioas: conscious of beitig on the wisnning S
| ! So.many -

~side. o "So many explanations: for ‘everything I di
of them sitting rounid-the lunch=table! Somewhere '

at the head of the table, I think, is the real reason I came
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to Copenhagen. Again 'turn 1o Took.". . . And for. a
moment I almost see its face. Then next time 1 look the
chair at the head of the table is completely empty, There's
no reason at all. I didn’t tell Speer simply becawse T didn’t
think of it. "I tame to Copenhagen simply because I did
think of it. A million things we might' do or might not do
every day. A 'million decisions that make themselves, Why
didn’t you kil me? . .

Bohr Why didrt I, .7

Heisenberg Kill me. Murder me, That evening in 1941,
Here we are, walking back towards the house, and you've
Just leapt to the conclusion that I'm going to arm Hitler
with nuclear weapons: You'll surely: take any reasonable
steps to prevent it happening.. =7

Bohr By murdering you? |

Heisenberg We're in the middle of & war. I'm an
enemy. There’s nothing odd of immoral about killing
enemies. St

Bohr I should fetch out my cap-pistal?

mmm.mmangnm_ * You won'i' m.a& your. cap-pistol. You won't
even need a mine. You can do it without any. loud bangs,
without any blood, without any spectacle of suffering, As
cleanly as a bomb-aimer pressing his release three thousand
metres mvaaw.“”.myn....nw@.....wﬁﬂ..”mwu.ﬂmw,_”ﬁ.@mw.&m Pvggone.
"Then you sit quiedy down in-your favourite armchair here
and repéat aloud to wammwﬁwwwu.. i @mﬁ..ﬁm Gur uhseen
andience, what Iyve just told. you. Fshall be dead almost as
soon as poor Casitnir. A lot. sooner. than Gamow.

Bohr My am@.mwammnamnwww m,ﬁ ...wm.m.mm”mcs 5 of course . .,
Heisenberg ' Most interesting, So interesting that it never
even occurred 1o you.. Gomplementarity, once again. P
your enemy; I'm also your frrend. - I'm a danger to
mankind; I'm also your guést: I'm. a particle; Pm also a
wave. We have one set of obligations to the world in
general, and ‘we have other sets; never to be reconciled; 1o
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our fellow-countrymen, to our neighbours, to our friends, to
our family, to our children. We have to go through not two
slits at the same time but twenty-two. All we can do is to

look afterwards, and see what happened.

Margrethe ['ll tell you another reason why you did
uncertainty: you have a natural affinity for it

Heisenberg Well, I must cut a gratifyingly chastened
figure when I return in 1947, Crawling on my hands and
knees again. My nation back in ruins.

Margrethe Not really. You're demonstrating that once
more you personally have come out on top.

Heisenberg Begging for food parcels?

Margrethe Established in Géttingen under British
protection, in charge of post-war German science.

Heisenberg That first year in Gottingen I slept on
straw.

Marxgrethe Elisabeth said you had a most charming
house thereafter.

Heisenberg I was given it by the British.

Margrethe Your new foster-parents. Who'd confiscated it
from someone else,

Bohr Enough, my love, enough.

Margrethe No, I've kept my thoughts to myself for alt
these years. But it’s maddening to have this clever son
forever dancing about in front of our eyes, forever
demanding our approval, forever struggling to shock us,
forever begging to be told what the limits to his m.aaaomm
are, if only so that he can go out and transgress thern! Pm
sotry, but really. . .. On your hands and knees? It’s my
dear, good, kind husband who’s on his hands and wﬁnn.a
Literally. Crawling down to the beach in &5. darkness in
1943, fleeing like a thief in the night from his own
homeland to escape being murdered. The protection of the

Act Two 79

German Embassy that you boasted about didn’t last for
long. We were incorporated into the Reich.

Heisenberg I warned you in 1941, You wouldn’t fisten.
At ieast Bohr got across to Sweden.

Margrethe And cven as the fishing-boat was taking him
across the Sound two freighters were arriving in the
harbour to ship the entire Jewish population of Denmark
eastwards. That great darkness inside the hwman soul was
flooding out to engulf us all.

Heisenberg 1 did try to wam you.

Margrethe 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. That's what it came down to in the
end, all that shining springtime in the 1920s, that’s what it
produced — a more efficient machine for killing people.

Bohr It breaks my heart every time I think of i,
Heisenberg It broke all our hearts.

Margrethe And this wonderful machine may vyet kill
every man, woman, and child in the world, And if we

really are the centre of the universe, if we really are all
that’s keeping it in being, what will be left?

Bohr Darkness. Total and final darknegs.

Margrethe FEven the questions that haunt us will at last
be extinguished. Even the ghosts will die.

Heisenberg 1 can only say that I didn’t do it. T didw’t
build the bomb.

Margrethe No, and why didn’t you? Il tell you that,
too. It’s the simplest reason of all. Because you couldn’t.
You didn’t understand the physics,

Heisenberg That’s what Goudsmit said.

Margrethe And Goudsmit knew. He was one of your

magic circle. He and Uhlenbeck were the ones who did
spin.
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Heisenberg All the same, he had no idea of what [ did
or didn't understand abowt a bomb.

Margrethe FHe wacked you down across Europe for
Alliedd litelligence. He interrogated you after you were
captured.

Heisenberg THe blamed me, of course. His parents died
in Auschwitz. He thought I should have done something to
save them. | don’t know what. So many hands stretching
up from the darkness for a lifeline, and no lifeline that
could ever reach them ..

Margrethe He said you dide™t understand the cructal
difference between a reactor and a bomb.

Heisenberg 1 understood very clearly. I simply dido’t tell
the others.

Margrethe Ah.

Hetsenberg 1 understood, though.

Margrethe But secrety.

Heisenberg You can check if you don’t believe me.
Margrethe There's evidence, for once?
Heisenberg It was all most carefidly recorded.
Margrethe Witesses, even?

Heisenberg Unimpeachable witnesses,
Margrethe Who wrote it down?

Heisenberg Who recorded it and transcribed it
Margrethe Even though you dide't tell anyone?

Heisenberg [ told one person. I told Owo Hahn, That
terrible npight at Farm Hall, after we’d heard the news.
Somewhere in the small hours, after everyone had mbwm%
gone to bed, and we were alone together, I gave him a
reasonably good account of how the bomb had worked.

Margrethe After the event.
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Heisenberg After the event. Yes. When it didn’t matter
any more. All the things Goudsmit said I didn't understand.
Fast neutrons in 235. The plutonium option. A reflective
shell to reduce neutron escape. Even the method of
nggering 1.

Bohr The critical mass. That was the most unportant
thing. The amount of material vou needed 1o establich the
chain-reaction. Did you tell him the eritical mass?

Heisenberg I gave him a figare, ves. You can look it
up! Becapse that was the other secret of fhe house-party.
Diebner asked me when we first arrived if [ thought there
were hidden microphones, T laughed. I told him the British
were far too old-fashioned to know about Gestapo methods,
I underestimated them. They had microphones everywhere
-~ they were recording everything. Look it up! Everything
we said. Everything we went twough that terrible night.
Everything I told Hahn alone in the small houss,

Bohr But the critical mass. You gave him a figure. What
was the figure you gave him?

Heisenberg 1 forger.
Bobhr Heisenberg. ..

Heisenberg 1t's all on the record. You can see for
yourself,

Bohr The figure for the Hiroshima bomb
Heisenberg Was fifiy kilograms.

Bohr So that was the figure you gave Hahn? Fifty
kilograms?

Heisenberg [ said about a ton.

Bohr About a ton? A thousand kilograms? Heisenberg, 1
believe I am at last beginning to understand something,

Heisenberg The one thing I was wrong about,

Bohr You were twenty times over.
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Heisenberg The one thing.

Bohr But, Heisenberg, your mathematics, your
mathematics! How could they have been so far out?

Heisenberg They weren't. As soon as I caleulated the
diffusion I got it just about right.

Bohr As scon as you calculated it?

Heisenberg [ gave everyone a seminar on it a week
later. It's in the record! Look it up!

Bohr You mean ... you hadn’t calculated it before? You
hadn’t done the diffusion equation?

Heisenberg There was no need to.

Bohr No need to?

Heisenberg The calculation had already been done.
Bohr Done by whom?

Heisenberg By Perrin and Fligge in 1939.

Bohr By Perrin and Flijgge? But, my dear Heisenberg, .
that was for natural uraniom. Wheeler and I showed that it
was only the 235 that fissioned.

Heisenberg Your great paper. The basis of everything
we did.

Bohr So you needed to calculate the figure for pure 235.
Heisenberg Obviously.

Bohr And you didn’t?

Heisenberg I didn't.

Bohr And that’s why you were so confident you couldn’t
do it until you had the plutonium. Because you spent the
entire war believing that it would take not a few E.omﬁ.ﬁﬁm
of 235, but a ton or more. And to make a ton of 235 in
any plausible time . . .

Heisenberg Would have needed something like two
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hundred million separator units. It was plainly
unirnaginable,

Bohr If you'd realised you had to produce only a few
kilograms . . .

Heisenberg Even to make a single kilogram would need
something like two hundred thousand units,

Bohr But two hundred million is one thing; two hundred
thousand is another. You might just possibly have imagined
setting up two hundred thousand.

Heisenberg Just possibly.
Bohr The Americans did imagine it.

Heiseuberg Because Otto Frisch and Rudolf Peierls

actually did the calculation. They solved the diffusion
equation.

Bohr TFrisch was my old assistant.
Heiseuberg Peierls was my old pupil.
Bohr An Austrian and a German.

Heisenberg So they should have been making their
calculation for us, at the Kaiser Wilhelm Institute in Berlin,

But instead they made it at the University of Birmingham,
in England.

Margrethe Because they were Jews.

Heisenberg There’s something almost mathematically
elegant about that.

Bohr They also started with Perrin and Flugge,

Heisenberg They also thought it would take tons. They
also thought it was unimaginable.

Bohr Undl one day . . .
Heisenberg They did the calculation.

Bohr They discovered just how fast the chain reaction
would go.
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Heisenberg And therefore how litde material you'd
need.

Bohr They said shightly over half a kilogram.
Heisenberg About the size of a tennis ball.

Bohr They were wrong, of course,

Heisenberg ‘They were a hundred times under.
Bohr Which made it seem a hundred tunes more
imaginable than it actually was.

Heisenberg Whereas 1 left it sceming twenty times less
inaginable.

Bohr So all your agonising in Copenhagen about
plutoniun was beside the point. You could have done it
without ever building the reactor. You could have done it
with 235 all the time.

Heisenberg Almost certainly not.
Bohr [Just possibly, though.
Heisenberg Just possibly.

Bohr And thal question you'd settled long before you
arrived in Copenhagen. Simply by failing to try the
diffasion equation.

Heisenberg Such a dny failure.

Bohr But the consequences went branching out over the
years, doubling and redoubling.

Heisenberg Until they were large enough to save a city.
Which city? Any of the cities that we never dropped our
bosnh on.

Bohr London, presumably, if you'd had it in time. If the
Americans had already entered the war, and the Allies had
begun to liberate Europe, then . ..

Heisenberg Who knows? Paris as well. Amsterdam.
Perbaps Copenhagen.
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Bohr So, Heisenberg, tell us this one simple thing: why
didn’t you do the calculadon?

Heisenberg The question is why Frisch and Peierls did
do it. It was a stupid waste of time. However much 235 i
turned out to be, it was obviously going to be more than

anyone could imagine producing,

Bohr Except that it wasn’t!

Heisenberg  Except that it wasn't.

Bohr So why...?

Heisenberg I don’t know! I don’t know why I didn’t do

it! Because I never thought of it! Because it didn’t oceur to
me! Because 1 assumed it wasn’t worth doing!

Bohr Assumed? Assumed? You never assumed things!
That's how you got uncertainty, because you rejected our
assumptions! You calculated, Heisenberg! You calculated
everything! The first thing you did with a problem was the
mathematics!

Heisenberg You should have been there to slow me
down.

Bohr Yes, you wouldn’t have got away with it if I'd been
standing over you.

mmmmaﬁmvmnm Though in fact you made exactly the same
assumption! You thought there was no danger for exactly
the same reason as I did! Why didn’t you cajculate it?

Bohr Why didn’t I calculate it?

Heisenberg Tell us why you didn’t calendate it and we'll
know why I didn’t!

Bohr It’s obvious why 7 didn't!
Heisenberg Go on.
Margrethe Because he wasn’t trying to build a bomb!

Heisenberg Yes. Thank you. Because he wasn't trying to
build a bomb. I imagine it was the same with me. Because
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I wasn't trving to build a bomb. Thank you.

Bohr So, you bluffed yourself, the way I did at poker
with the straight I never had. But in that case ...

Heisenberg Why did I come to Copenhagen? Yes, why
did I come ... ?

Bohr One more draft, yes? One final draft!

Heisenberg And once again I crunch over the familiar
gravel to the Bohrs’ front door, and tug at the familiar bell-
pull. Why have I come? I know perfectly well. Know so
well that I've no need to ask myself. Until once again the
heavy front door opens.

Bohr He stands on the doorstep blinking in the sudden
Aood of light from the house. Until this instant his thoughts
have been everywhere and nowhere, like unobserved
particles, through all the slits in the diffraction grating
simultancously. Now they have to be observed and
specified.

Heisenberg And at once the clear purposes inside my
head lose all definite shape. The light falls on them and
they scatter,

Bohr My dear Heisenberg!
Heisenberg My dear Bohr!
Bohr Come in, come in. ..

Heisenberg How difficult it is to see even what’s in
front of one’s eves. All we possess is the present, and the
present endlessly dissolves into the past. Bohr has gone even
as I turn to see Margrethe.

Margrethe Niels is right. You look older.
Bohr 1 believe you had some personal trouble.

Heisenberg Margrethe slips into history even as [ turn
back to Bohr. And yet how much more difficult sall it is to
catch the slightest glimpse of what’s behind one’s eyes.
Here T am at the centre of the universe, and yet all 1 can
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see are two smiles that don’t belong to me.
{ Margrethe How is Elisabeth? How are the children?

Heisenberg Very well. They send their love, of course
... I can feel a third smile in the room, very close to me.
Could it be the one I suddenly see for a moment in the
mirror there? And is the awkward stranger wearing it in
any way connected with this presence that 1 can feel in the
room? This all-enveloping, unobserved presence?

Margrethe I watch the two smiles in the room, one
awkward and ingratiating, the other rapidly fading from
incautious warmth to bare politeness. There’s also a third
smile in the room, I know, unchangingly courteous, T hope,
and unchangingly guarded.

Heisenberg You've managed to get some ski-ing?

Bohr I glance at Margrethe, and for a moment 1 see
what she can see and I can’t — myself, and the smile
vanishing from my face as poor Heisenberg blunders on.

Heisenberg 1 look at the two of them looking at me,
and for a moment I see the third person in the room as
clearly as I see them. Their importunate guest, stumbling
from one crass and unwelcome thoughtfulness to the next.

Bohr I look at him looking at me, anxiously, pleadingly,
urging me back to the old days, and I see what he sees,
And yes — now it comes, now it comes — there’s someone
missing from the room. He sees me. He sees Margrethe.
He doesn’t see himself.

Heisenberg Two thousand million people in the world,
and the one who has to decide their fate is the only one
who’s always hidden from me.

Bohr You suggested a stroll.
Heisenberg You remember Elsinore? The darkness
inside the human soud ... ?

Bohr And out we go. Out under the autumn trees,
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crammed mto their holds. On the Friday evening, at the
start of the Sabbath, when the SS began their round-up,
there was scarcely a Jew to be found.

Margrethe They'd all been hidden in churches and
hospitals, in people’s homes and country cottages.

Bohr But how was that possible? - Because we’d been
tipped off by someone in the German Embassy.

Heisenberg Georg Duckwitz, their shipping specialist.
Bohr Your man?
Heisenberg One of them.

Bohr He was a remarkable informant. He told us the
day before the freighters arrived - the very day that Hiter
issued the order. He gave us the exact time that the S8
would move.

Margrethe It was the Resistance who got them out of
their hiding-places and smuggled them across the Sound.

Bohr For a handful of us in one fishing smack to get past
the German patrol-boats was remarkable enough. For a
whole armada to get past, with the best part of eight
thousand people on board, was like the Red Sea parting,

Margrethe [ thought there were no German patrol-boats
that night?

Bohr No — the whole squadron had suddenly been
reported unseaworthy.

Heisenberg How they got away with it I can’t imagine.
Bohr Duckwitz again?

Heisenberg He also went to Stockholm and asked the
Swedish Government to accept everyone,

Bohr So perhaps I should thank you,
Heisenberg For what?
Bohr My life. All our lives.
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Heisenberg Nothing to do with me by that time. I
regret to say.

Bohr But after I'd gone you came hack to Copenhagen.

Heisenberg To make sure that our people didn’t take
over the Institute in your absence.

Bohr I've never thanked you for that, either.
Heisenberg You know they offered me your cyeclotron?
Bohr You could have separated a little 235 with jt.

Heisenberg Meanwhile you were going on from Sweden
to Los Alamos.

Bohr To play my small but helpful part in the deaths of
a hundred thousand people.

Margrethe Nicls, you did nothing wrong!
Bohr Didnt I?

Heisenberg Of course not. You were a good man, from
waﬂ to last, and no one could ever say otherwise, Whereas

Bohr ,an_dmm you, my dear Heisenberg, never managed
to contribute to the death of one single solitary person in

all your life.
Margrethe Well, ves.

mmmmobrnnm Did 7

Margrethe One. Or so you told us. The poor Eellow you
guarded overnight, when you were a boy in Munich, while
he was waiting to be shot in the morning.

uwc_pn.. All right then, one. One single soul on his
conscience, to set against all the others,

gmﬁ.w-.anre But that one single soul was cmperor of the
umverse, no less than each of us. Until the morning came.

Heisenberg No, when the morning ¢ 1 .
them to let him go. £ came 1 persuadedd
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Through the blacked-out streets.

Heisenberg Now there’s no one in the world except .
Bohr and the invisible other. Who is he, this all-enveloping
presence in the darkness?

Margrethe The flying particle wanders the darkness, no
one knows where. {'s here, it's there, it’s everywhere and
nowhere.

Bobr With careful casualness he begins to ask the
question he's prepared.

Heisenberg Does one as a physicist have the moral right
to work on the practical exploitation of atornic energy?

Margrethe 'The great collision.

Bohr [ stop. He stops. ..

Margrethe This is how they work.
Heisenberg He gazes at me, horrified.

Margrethe Now at last he knows where he is and what
he's doing,

Heisenberg He wrns away,

Margrethe And cven as the moment of collision begins
it’s over,

Bokr Already we're hurrying back towards the house,

Margrethe Already they're both flying away from each
other into the darkness again.

Heisenberg Our conversation’s over,
Bobr Our great partnership.
Heisenberg All our friendship.

Margrethe And everything about him becomes as
uncertain #s it was before,

Bohr Unless ... yes ... a thought-experiment. . .. Let’s
suppose for a moment that 1 don’t go fiving off into the
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night. Let’s see what happens if instead [ remember the
paternal role Pm supposed to play. If I stop, and control
my anger, and turn to him. And ask him why.

Heisenberg Why?

Bohr Why are you confident that it’s going to be so
reassuringly difficult to build a bomb with 2357 {5 it
because you've done the calculation?

Heisenberg The calculation?

Bobir  Of the diffusion in 235. No. It's because you
haven’t calculated it. You haven’t considered calculating i,

You hadn’t consciously realised there was a caleulation to
be made.

Heisenberg And of course now I have realised. In fact it
wouldn’t be all that difficult. Let’s see. . .. The scattering

cross-section’s about 6 X 10, so the mean free path would
be... Hold on. ..

Bohr And suddenly a very different and very terrible new
world begins to take shape . . .

Margrethe That was the last and greatest demand that
Heisenberg made on his friendship with you. To be
understood when he couldn’t understand himself. And that
was the last and greatest act of friendship for Heisenberg
that you performed in return. o leave him misunderstood,

Heisenberg Yes, Perhaps I should thank YO,
Bohr Perhaps you should.
Margrethe Anyway, it was the end of the SLOTY.

Bohr Though perhaps there was also something I should
thank you for. That summer night in 1943, when I escaped
across the Sound in the fishing-boat, and the freighters
armved from Germany . . .

Margrethe What'’s that to do with Heisenberg?

Bobhr When the ships arrived on the Wednesday there
were eight thousand Jews in Denmark o be arrested and

o
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crammed into their holds. On the Friday evening, at the
start of the Sabbath, when the SS began their round-up,
there was scarcely a Jew to be found.

Margrethe They'd all been hidden in churches and
hospitals, in people’s homes and country cottages.

Bohr But how was that possible? ~ Because we’d been
tipped off by someone in the German Embassy.

Heisenberg Georg Duckwitz, their shipping specialist.
Bohr Your man’
Heisenberg One of them.

Bohr He was a remarkable informant. He told us the
day before the freighters arrived - the very day that Hiter
issued the order. He gave us the exact time that the S5
would move.

Margrethe [t was the Resistance who got them out of
their hiding-places and smuggled them across the Sound.

Bohr For a handful of us in one fishing smack to get past
the German patrol-boats was remarkable enough. For a
whole armada to get past, with the best part of eight
thousand people on board, was like the Red Sea parting.

Margrethe I thought there were no German patrol-boats
that night?

Bohr No - the whole squadron had suddenly been
reported unseaworthy.

Heisenberg How they got away with it I can’t imagine.
Bohr Duckwitz again?

Heisenberg He also went to Stockholm and asked the
Swedish Government to accept everyone.

Bobr So perhaps I should thank you.
Heisenberg For what?
Bohr My life. All our lives.
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Heisenberg Nothing to do with me by that time. I
regret (o say.

Bohr But after I'd gone you came back to Copenhagen.

mﬁmmnﬂ—umnm To make sure that our people didn’t take
over the Institute in your absence,

Bohr [I've never thanked you for that, either.
Heisenberg You know they offered me your cyclotron?
Bohr You could have separated a little 235 with it.

Heisenberg Meanwhile you were going on from Sweden
to Los Alamos. .

Bohr To play my small but helpful part in the deaths of
a hundred thousand people.

Margrethe Niels, you did nothing wrong!
Behr Dido't P?

Heisenberg Of course not. You were a good man, from

w..n)mﬂ to last, and no one could ever say otherwise. Whereas

Bohr gmwnmm you, my dear Heisenberg, never managed
to contribute to the death of one single solitary person in
all your hfe.

Margrethe Well, yes.
Heisenberg Did I?

Margrethe One. Or so you told us. The poor fellow you
guarded overnight, when you were a boy in Munich, while
he was waiting to be shot in the morning,

Bohr Al right then, one. One single soul on his
conscience, to set against all the others.

?mwnm..m&.@ But that one single soul was emperor of the
universe, no less than each of us. Until the moming came.

Heisenberg No, when the moming came I persuaded
them to let him go.
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Bohr Heisenberg, 1 have to say — if people are 1o be
measured strictly i terms of observable quantiges . . .

Heisenberg Then we should need 2 strange new
quantum ecthics. There’d be a place in heaven for me. And
ancther one for the 88 man I met on my way home from
Haigerfoch. That was the end of my war. The Allied woops
were closing in; there was nothing more we could do,
Elisabeth and the children had taken refuge in a village in
Bavaria, so T went to see them before 1 was captured. 1
hiad to go by bicycle ~ there were no tralns or road
transport by that time - and 1 had t travel by night and
sleep under a hedge by day, because all through the
davhight hours the skies were full of Allied planes, scouring
the roads for anything that moved. A man on a bicyele
wonld have been the biggest target left in Germany. Three
days and three nights T gavelled. Out of Wirttemberg,
down through the Swabian Jura and the first foothills of the
Alps. Across my ruined homeland. Was this what Pd
chosen for it? This endless rubble? This perpetual smoke in
the sky? These hungry faces? Was this my doing® And all
the desperate people on the roads. The most desperate of
all were the 55, Bands of fanatics with nothing left to lose,
roaming around shooting deserters out of hand, hanging
them from roadside trees. The second night, and suddenly
there it is - the terrible familiar black tunic emerging from
the twilight in front of me. On his fips as I stop ~ the one
terrible familiar word. ‘Deserter,” he says. He sounds as
exhausted as I am. T give him the travel order I've written
for myself. But there’s hardly enough lght in the sky to
read by, and he’s too weary o bother. e beging to open
his holster instead. He's going to shoot me because it’s
simply fess labour. And suddenly T'm thinking very quickly
and clearly - it's like ski-ing, or that night on Heligoland,
or the one in Faelled Park. What comes into my mind this
tirne 15 the pack of Amerlcan cigarettes Pve got in my
pocket. And already it’s in my hand - P'm holding it out to
him. The most desperate solution to a problem yet. 1 wait
while he stands there looking at it, trying to make it out,
trying to think, his left hand halding my useless plece of
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paper, his right on the fastening of the holster. There are
two simple words in large print on the pack: Lucky Strike.
He closes the holster, and takes the cigarettes instead. .. It
had worked, it had worked! Like all the other solutions to
all the other problems. For twenty cigarettes he let me live.
And on I went. Three days and three nights. Past the
weeping children, the lost and hungry children, drafied to
fight, then abandoned by their commanders. Past the
starving slave-labourers walking home 1o France, to Poland
to Estonia. Through Gammertingen and Biberach and
Memmingen. Mindelheim, Kaufbeuren, and Schongau,
Across my beloved homeland. My ruined and dishonoured
and beloved homeland.

Bohr My dear Heisenberg! My dear friend!

®

Margrethe Silence. The silence we always in the end
return o,

Heisenberg And of course T know what they’re thinking
about.

Margrethe All those lost children on the road.

Bohr Heisenberg wandering the world like a lost child
himself.

Marxgrethe Qur own lost children.
Heisenberg And over goes the tiller once again.
Bohr So near, 50 near! So slight a thing!

Margrethe He stands in the doorway, watching me, then
he turns his head away . ..

Heisenberg And once again away he goes, into the dark
waiers,

Bohr Before we can lay our hands on anything, our hfe’s
OVEr.

Heisenberg Before we can glimpse who or what we are,
we're gone and laid to dust.

Bohr Settled among all the dust we raised,
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Margrethe And sconer or later there will come a time
when all our children are laid to dust, and all our ,
children’s children.

Bobr When no more decisions, great or small, are ever
made again. When there’s no more uncertainty, because
there’s no more knowledge.

Margrethe And when all our eyes are closed, when even
the ghosts have gone, what will be left of our beloved
world? Qur ruined and dishonoured and beloved world?

Heisenberg But in the meanwhile, in this most precious
meanwhile, there it is. The trees in Faelled Park.
Gammertingen and Biberach and Mindelheim, C:w
children and our children’s children. Preserved, just
possibly, by that one short moment in Copenhagen. By
some event that will never quite be located or defined. By
that final core of uncertainty at the heart of things.

POSTSCRIPT

Where a work of fiction features historical characters and
historical events it’s reasonable to want to know how much
of it is fiction and how much of it is history. 8o Jet me make
it as clear as I can in regard to this play.

The central event in it i¥ a real one. Heisenberg did g0 to
Copenhagen in 1941, and there was a meeting with Bohr, in
the tecth of all the difficulties encountered by my characters.
He almost certainly went to dinner at the Bohrs' house, and
the two men almost certainly went for a walk to escape from
any possible microphones, though there is some dispute
about even these simple matters. The question of what they
actually said to each other has been even more disputed, and
where there’s ambiguity in the play about what happened,
it’s because there is in the recollection of the participants,
Much more sustained speculation still has been devoted to
the question of what Heisenberg was hoping to achieve by
the meeting. All the alternative and co-existing explications
offered in the play, except perhaps the final one, have been
aired at various times, in one form or another.

Most anxious of all to establish some agreed version of the
meeting was Heisenberg himself. He did indeed go back in
1947 with his British minder, Ronald Fraser, and attempted
to find some common ground in the matter with Bohr. But it
proved to be too delicate a task, and (according to
Heisenberg, at any rate, in his memoirs) ‘we hoth came to
feel that it would be better to stop disturbing the spirits of
the past.” This is where my play departs from the historical
record, by supposing that at some later time, when everyone
involved had become spirits of the past themselves, they
argued the question out further, until they had achieved a
little more understanding of what was going on, just as they
had so many times when they were alive with the intractable
difficulties presented by the internal workings of the atom.

The account of these earlier discussions in the twenties
reflects at any rate one or two of the key topics, and the
passion with which the argument was conducted, as it
emerges from the biographical and autobiographical record.




96  Copenhagen

L am acutely aware of how over-simplified my version is.
Max Born described the real story as not so much ‘a straight
staircase upwards, but a tangle of interconnected alleys,” and
I have found it impossible to follow these in any detail (even
where I can begin to understand them). In particular I have
grossly understated the crucial role played by Born himself
and by his pupil Pascual Jordan at Gottingen in formulating
quantum mechanics (it was Born who supplied the
understanding of matrices that Heisenberg lacked, and the
statistical interpretation of Schrédinger’s wave function), and
of Wolfgang Pauli in Hamburg, whose exclusion principle
filled in one of the key pieces in the puezle.

But the account of the German and American bomb
programmes, and of the two physicists’ participation in them,
1s taken from the historical record; so is the fate of Danish
Jewry; Heisenberg's experiences in Germany before and
during the war, his subsequent internment, and the
depression that clouded his later years. T have filled out some
of the details, but in general what he says happened to him
- at the end of the First World War, on Heligoland, during
his nocturnal walk in Faelled Park, during the Berlin air-raid
and his imternment, and on his ride across Germany, with its
near-fatal encounter along the way — is based very closely
upon the accounts he gave in life.

The actual words spoken by my characters are of course
entirely their own. If this needs any justification then I can
only appeal to Heisenberg himself. In his memoirs dialogue
plays an important part, he says, because he hopes ‘to
demonstrate that science is rooted in conversations.” But, as
he explains, conversations, even real conversations, cannot be
reconstructed literally several decades later. So he freely
reinvents them, and appeals in his turn to Thucydides.
(Heisenberg’s father was a professor of classics, and he was
an accomplished classicist himself, on top of all his other
distinctions.] Thucydides explains in his preface to the History
of the Peloponnesian War that, although he had avoided all
‘storytelling’, when it came to the speeches, ‘I have found it
impossible to remember their exact wording. Hence 1 have
made each orator speak as, in my opinion, he would have
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done in the circumstances, but keeping as close as I could to
the train of thought that guided his actual speech.’
Thucydides was trying to give an account of speeches that
had actually been made, many of which he had himself
heard. Some of the dialogue in my play represents speeches
that must have been made in one form or another; some of
it speeches that were certainly never made at all. I hope,
though, that in some sense it respects the Thucydidean
principle, and that speeches (and indeed actions) follow in so
far as possible the original protagonists’ train of thoughe.

But how far is it possible to know what their train of
thought was? This is where I have departed from the
established historical record -~ from any possible historical
record. The great challenge facing the storyteller and the
historian alike is to get inside people’s heads, to stand where
they stood and see the world as they saw it, to make some
mformed estimate of their motives and intentions - and this
is precisely where recorded and recordable history cannot
reach. Even when all the external evidence has been
mastered, the only way into the protagonists’ heads is
through the imagination. This indeed is the substance of the
play.

*

I can’t claim to be the first person to notice the parallels
between Heisenberg's science and his life, They provide
David Cassidy with the title (Uncertaing) for his excellent
biography (the standard work in English). ‘Especially difficult
and controversial,” says Cassidy in his introduction, ‘s a
retrospective evaluation of Hetsenberg’s activities during the
Third Reich and particularly during World War 11, Since
the end of the war, an enormous range of views about this
man and his behaviour have been expressed, views that have
been fervently, even passionately, held by a variety of
individuals. It is as if, for some, the intense emotions
unleashed by the unspeakable horrors of that war and
regime have combined with the many ambiguities, dualities,
and compromises of Heisenberg’s life and actions to make




98 Copenhagen

Heisenberg himself subject to a type of uncertainty principle
.. Thomas Powers makes a similar point in his
extraordinary and encyclopaedic book Heisenberg’s War, which
first aroused my interest in the trip to Gopenhagen; he says
that Heisenberg’s later reticence on his role in the failure of
the German bomb programme ‘introduces an element of
irreducible uncertainty.’

Cassidy does not explore the parallel further. Powers even
appends a footnote to his comment: ‘Forgive me.” The
apology seems to me unnecessary. IU's true that the concept
of uncertainty is one of those scientific notions that has
hecome common coinage, and generalised to the point of
losing much of its original meaning. The idea as introduced
by Heisenberg into quantum mechanics was precise and
technical. Tt didn’t suggest that everything about the
behaviour of particles was unknowable, or hazy. What it
limited was the simultaneous measurement of ‘canonically
conjugate variables’, such as position and momentum, or
energy and time. The more precisely you measure one
variable, it said, the less precise your measurement of the
related variable can be; and this ratio, the uncertainty
relationship, is itself precisely formulable.

None of this, plainly, applies directly to our observations
of thought and intention. Thoughts are not locatable by pairs
of conjugate variables, so there can be no question of a ratio
of precision. Powers seems to imply that in Heisenberg’s case
the uncertainty arises purely because ‘questions of motive
and intention cannot be established more clearly than he was
willing to state them.” It’s true that Heisenberg was under
contradictory pressures after the war which made it
particularly difficult for him to explain what he had been
trying to do. He wanted to distance himself from the Nazis,
but he didn’t want to suggest that he had been a traitor. He
was reluctant to claim to his fellow-Germans that he had
deliberately lost them the war, but he was no less reluctant
to suggest that he had failed them simply out of
incompetence.

But the uncertainty surely begins long before the point
where Heisenberg might have offered an explanation. He
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was under at least as many contradictory pressures at the
time to shape the actions he later failed to explain, and the
uncertainty would still have existed, for us and for him, even
if he had been as open, honest, and helpful as it is humanly
possible to be. What people say about their own motives and
intentions, even when they are not caught in the traps that
entangled Heisenberg, is always subject to question - as
subject to question as what anybody else says about them,
Thoughts and intentions, even one’s own - perhaps one’s
own most of all - remain shifting and elusive. There is not
one single thought or intention of any sort that can ever be
precisely established.

What the uncertainty of thoughts does have i comimon
with the uncertainty of particles is that the difficulty is not
just a practical one, but a systematic linitation which cannot
even in theory be circumvented. It is patently not resolved
by the efforts of psychologists and psycho-analysts, and it
will not be resolved by neurologists, either, even when
everything is known about the structure and workings of the
brain, any more than semantic questions can be resolved by
looking at the machine code of a computer. And since,
according to the so-called ‘Copenhagen Interpretation’ of
quantum mechanics ~ the interconnected set of theories that
was developed by Heisenberg, Bohr, and others in the
twenties — the whole possibility of saying or thinking
anything about the world, even the most apparently
objective, abstract aspects of it studied by the natural
sciences, depends upon human observation, and is subject to
the limitations which the human mind imposes, this
uncertainty in our thinking is also fundamental to the nature
of the world.

“Uncertainty’ is not a very satisfactory word to come at
this. It sits awkwardly even in its onginal context, You can
be uncertain about things which are themselves entirely
definite, and about which you could be entirely certain if you
were simply better informed. Indeed, the very idea of
uncertainty seems to imply the possibility of certainty.
Heisenberg and Bohr used several different German words
in different contexts. Bohr (who spoke more or less perfect
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understand so little, particularly when it comes from such an
authority, but it scems to me that the view which Gell-Mann
favours, and which involves what he calls alternative
‘histories” or ‘narratives’, is precisely as anthropocentric as
Bohr’s, since histories and narratives are not freestanding
elements of the universe, but human constructs as subjective
and as restricted in their viewpoint as the act of observation.

The relevance of indeterminacy to quantum mechanics
has also been challenged. A version of the famous thought
experiment involving two slits has now actually been carried
out in the laboratory (at the University of Konstanz), It
confirms, as Bohr hypothesised, that while an unobserved
particle seems to pass through both slits, so that it forms a
characteristic interference pattern on a screen beyond them,
any act of observation that attempts to determine which of
the two paths the particle actually follows necessarily destroys
the phenomenon, so that the interference pattern vanishes.
But the experiment appears to suggest that, although the
uncertainty principle is true, it accounts for discrepancies far
too small to explain the loss of interference, The observation
in the laboratory experiment, moreover, was carried out not,
as in the old thought experiment, by hitting the particle
involved with a photon, which transfers part of its energy to
the particle and so alters its path, but by a way of marking
with microwaves which has almost no effect on the particle’s
PIOIIENEI.

Sorne physicists now accept that the loss of interference is
caused by a much stranger and less quasi-classical aspect of
the quantum world - entanglement. The notion was
introduced by Schrédinger in 1935, and suggests that where
quanturn-mechanical entitics become involved with each
other {as with the particle and the photon), they form states
of affairs which continue to have a collective identity and
behaviour, even though their components have physically
separated again. The difficulties in this are obvious, but there
is no interpretation of quantum-mechanical phenomena that
does not involve breathtaking challenges to the logic of our
everyday experience,

For the references to all these developments see the

R
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bibliography at the end of this Postscript.
*

What about my characters? Are they anything like their
originals?

It’s impossible to catch the exact tone of voice of people
one never knew, with only the written record to go on,
especially when most of what their contemporaries recall
them as saying was originally said in other languages. There
are also more particular problems with all three of my
protagonists,

Bohr, for a start, was as notorious for his inarticulacy and
inaudibility as he was famous for his goodness and lovability.
He was fluent in various languages, but I have heard it said
that the problem was to know which language he was being
fluent in. Schrodinger, after his epic confrontation with Bohr
in 1926, described him as often talking ‘for minutes almost
in a dreamlike, visionary and really quite unclear manner,
partly because he is so full of consideration and constantly
hesitates ~ fearing that the other might take a statement of
his {Bohr’s] point of view as an insufficient appreciation of
the other’s . ..” My Bohr is necessarily a little more coherent
than this - and I have been told by various correspondents
who knew him that in private, if not in public, he could be
much more cogent and incisive than Schrédinger evidently
found him.

The problem with Margrethe is that there is relatively
little biographical material to go on. She and Niels were
plainly mutually devoted, and everything suggests that she
was as generally loved as he was. She had no scientific
training, but Bohr constanty discussed his work with her,
presumably avoiding technical language — though she must
have become fairly familiar with even that since she typed
out each draft of his papers. I suspect she was more gracious
and reserved than she appears here, but she plainly had
great firmness of character — in later life she was known as
Dronning (Queen) Margrethe. She was always cooler about
Heisenberg than Bohr was, and she was openly angry about
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his visit in 1941. According to Bohr she objected strongly to
his being invited to the house, and relented only when Bohr
promised to avoid politics and restrict the conversation to
physics. Bohr himself always refused to be drawn about
Heisenberg’s trip in 1941, but she insisted, even after the
war, even after all Heisenberg’s attempts to explain, ‘No
matter what anyone says, that was a hostile visit,

The problem with Heisenberg is his elusiveness and
ambiguity, which is of course what the play is attempting to
elucidate. The one thing about him that everyone agreed
upon was what Max Born, his mentor in Géttingen, called
‘his unbelievable quickness and precision of understanding.’
The contrast with Bohr is almost comic. ‘Probably {Bohr's]
most characteristic property,” according to George Gamow,
‘was the slowness of his thinking and comprehension.”

As a young man Heisenberg seems to have had an
appealing eagerness and directness. Born described him as
looking like a simple farm boy, with clear bright eyes, and a
radiant expression on his face. Somebody else thought he
looked ‘like a bright carpenter’s apprentice just returned
from technical school.” Victor Weisskopf says that he made
friends easily, and that everyone liked him. Bohr, after their
first meeting in 1922, was delighted by Heisenberg’s ‘nice
shy nature, his good temnper, his eagerness and his
enthusiasm.” There was something about him of the prize-
winning student, who is good at everything required of him,
and Bohr was not the only father-figure to whom he
appealed. He had a somewhat similar relationship to
Sommerfeld, his first professor in Munich, and in his
difficultics with the Nazis he turned to two elders of German
physics for counsel, Max Planck and Max von Laue. His
closest friend and colleague was probably Carl Friedrich von
Weizsdcker, who was younger than him, but it is striking that
during his internment the person he chose to confide his
explanation of the Hiroshima bomb to was not Weizsicker,
who was interned with him (although he may well have
discussed it with him already), but the 66-year-old Otto
Hahn.

The American physicist Jeremy Bernstein says that ‘he
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had the first truly quantum-mechanical mind — the ability to
take the leap beyond the classical visualizing pictures into the
abstract, all-but-impossible-to-vizualise world of the
subatomic . . ." Cassidy believes that a great part of his
genius was his ‘ability to adopt a serviceable solurion
regardless of accepted wisdom.” Rudolf Peierls stresses his
intuition. He would ‘almost always intuitively know the
answer to a problem, then look for a mathematical solution
to give it to him.” The obverse of this, according to Peierls, is
that ‘he was always very casual about numbers’ ~ a weakness
that seems to have contributed to his downfall - or his
salvation — in the atomic bomb programme.

Margrethe always found him difficult, closed, and
oversensitive, and this propensity to be withdrawn and
inturned was exacerbated as life went on — first by his
political problems in the thirties, and then by his efforts to
reconcile the moral irreconcilables of his wartime work, His
autobiographical writing is rather stiff and formal, and his
letters to Bohr, even during the twenties and thirties, are
correct rather than intimate. Throughout the period of their
closest friendship they addressed each other with the formal
Sie, and switched 1o du only when Heisenberg also had a
chair.

The conversations that Heisenberg claimed such freedom
to recreate in his memoirs are stately, Much more plausibly
collocuial is the transcript of David Irving’s long interview
with him for The Vinu Heuse, Irving’s history of the German
bornb programme, though he is still (naturally) warchbul. In
the transcripts of the relatively unguarded conversations that
the German atomic teamn had among themselves during their
internment, where Heisenberg emerges as the dominant
figure, both morally and practically, a certain hard-headed
worldliness can be detected. He is much concerned with
professional prospects, and with how they might make some
money out of their wartime researches. When one of the
others says that if they agree to work on atomic matters
under Allied control they will be looked down upon as
traitors ‘in the eyes of the masses’, Heisenberg replies: “No.
One must do that cleverly. As far as the masses are
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concerned it will look as though we unfortunately have to programme. Ronald Fraser, the Briush intelligence officer
continue our scientific work under the wicked Anglo-Saxon who escorted Heisenberg back to Copenhagen in 1047 (the
control, and that we can do nothing about it. We will have British seem to have been frightened that he would defect o
to appear to accept this control with fury and gnashing of the Russians, or be kidnapped by them) replied to Irving's
teeth. inquiry about the trip in tones of patronising contempt that
There was always something a little sharp and harsh about seem slightly unhinged. “The whole story of “a kind of
hirn, something that at its best inspired respect rather than confrontation”,” he wrote to Irving, ‘in the matter of his
love, and that after the war occasioned really quite 1941 natter with Bohr in the Tivoli Gardens [sic] is a typical
astonishing hostility and contempt. Even Samuel Goudsmit Heisenberg fabrication — maybe a bit brighter than a
tumed against him. Goudsmit was an old friend thousand others, but like them all a product of his Blut und
and colleague; when the investigators of the Alsos mission, the Boden guilt complex, which he rationalises that quickly that
Allied agency for gathering intelligence on Qﬁ.:ﬁ:m atomic the stories become for ivm the truth, the whole truth, and
research, for which he was working, finally broke into nothing but the truth. Pitiful, in a man of his mamﬁmw stature.’
Heisenberg’s office in 1945, one of the first things they saw The historian Paul Lawrence Rose, who has focussed ..
was a picture of the two of them together that Heisenberg upon Heisenberg as an emblem for what he regards as the
Ww& Mﬂum %_@Wn as a Mﬂaﬁaﬁc of wwwmﬂ mmmwm. wwﬁ ,nga general falings of German culture, also takes Ma&ﬂm&?i«
soudsmt subsequenty interrogate g eisenoerg e toun Emw moral tone. In a paper he wrote in 1984, entided
him arrogant and self-involved. Goudsmit had Heisenberg, German Morality and the Atomic Bomb, he talked about

erstandably bitter feelings at the time — he had just ; te S hre f . . )
Mﬂ& wﬁm . mw y mer w.mm e i A m ; Hewsenberg's ‘guff)” his “selfserving, self-deluding claims,” and
iscovered the record of his parents’ death mn Ausciwitz. his ‘elementary moral stupidity.” After a further fourtee
Heisenberg was also caught in a false position. Confident h P POty , . urtecn
that his tearn had been far ahead of the Americans, he %mwnw\ﬂmmm arch Professor Rose returned to the subject in 1998
e . in a full- i i ; ol

offered Goudsmit his services in initiating them into the roduce Qmwﬂw wwmwr,mznr was ﬁwwrmrwg alter the murw\ was

secrets of uranium fission. (Goudsmit did nothing to correct mea«a ben va o %M >wn¢. \mM& wH:MwQM %wﬁwan@vnn v.wnnu:ﬂc?

his misapprehension, which gave Heisenberg, when the truth Cul 5 azt Atomic Bomb Project: a Study in German

finally came out, grounds for returning Goudsmit's g Ex_..mm contermpt for Heisenberg remains unmoderated.

bitterness.) In his superficial and strangely unimpressive book mnnwwa«nm that Eﬁ%ﬂwﬂm mﬁnmv in spite of g.m perfect

on Alsos, Goudsmit wrote about Heisenberg and his team readiness to serve the Nazi regime, because of his arrogance
and wrong-headedness, and because he embodied various

with contemptuous dismissal, and in the year-long . £G ! d variol
correspondence in the American press that followed its vices of German culture in general, and of the Nazi regune
in particular, whose values he had absorbed.

publication, accused him of self-importance and dishonesty. | ar,
Weisskopf gave a reception for Heisenberg during his trip It s a difficult book to read ~ Rose can scarcely quote a
word of Heisenberg’s without adding his own disparaging

to America in 1949, but about half the guests - including 1 ob T 4 ‘
many people from the Los Alamos team ~ failed to appear, qualification, Here is a selection of his interjections on two

explaining to Weisskopf that they didn’t want to shake the facing pages taken more or less at random: ... self-

hand of the man who had tried to build a bomb for Hitler. Incrimmating . . . a somewhat inadequate explanation . ..
Even Classidy, who gives full measure to Heisenberg as a this inconsistency . . . the falseniess of these lame excuses . ..
physicist in his biography, is notably cool and cautious inn his a characteristic Heisenberg lie . . . Heisenberg’s usual facile

assessment of Heisenberg’s role in the German bomb rationalising ability . . . Heisenberg then went on glibly to



108 Copenhagen

recoflect . . . the delusory nature of Heisenberg’s memory

You wonder at times whether it wouldn’t look better if it
was handwritten in green ink, with no paragraph breaks.
Rose seems to be aware himself of the effect he is producing.
He realises, he says, that some readers may ‘find distastefu]
the recurrent moral judgments passed on Heisenberg.” They
may also, he thinks, be put off by what seems a Tack of
sympathy with German culture” ~ he cannot say, he
confesses, that his ‘British background’ has made him
entirely sympathetic to it. He is at pains to distance himself
from any unfortunate echoes that this attitude may awaken:
he hopes that readers will not accuse him of ‘unthinkingly
preaching a crude view of German “national character,”
whatever that term may mean.’” What he is concerned with,
he explains, is not that at all, but ‘the enduring nature of
what one might call the “deep culture” of Germany . .. In
this book 1 have tried to penetrate into how Germans think
- or rather, perhaps, used to think — and to show how
radically different are German and what I have termed
“Western” mentalitics and sensibilities.” It is this that
underlies what he calls, without apparent irony, ‘the
Heisenberg problem.”

Some of his evidence induces a certain dizziness, He
quotes without comment, as the epigraph to a chapter, a
remark by Albert Speer, the Nazi Minister of Armaments: ‘T
do hope Heisenberg is not now claiming that they tried, for
reasons of principle, to sabotage the project by asking for
such minimal support!” It's true that any claim to have
sabotaged the project, particularly for reasons of principle,
would represent an astonishing departure from Heisenberg’s
habitual caution on the subject. But the question is not what
Speer hoped, but whether Heisenberg did make such a claim.

So did he or didn’t he? Rose doesn’t tell us, and the only
reference he gives is Gitta Sereny’s new book, Albert Speer: His
Battle with Truth. The allusion is to the crucial meeting at
Harnack House in 1942, mentioned in the play. Speer said
in his memoirs that he was ‘rather put out’ by the very small
amount of money that Heisenberg requested to run the
nuclear research programme. In an earlier draft of the
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manuscript (the ‘Spandau draft’), says Sereny, he had added
in brackets the remark that Rose quotes — and Heisenberg,
she says, ‘did in fact try precisely that after the war.’ )

S0 he did make the claim! But when and where? Sereny
doesn’t tell us. The only references to the smaliness of the
sums of money he asked for that I can find in the record are
the one quoted, by Speer himself, and another by Field
Marshal Milch, Goering’s deputy in the Luftwaffe, who was
H&mo present at the meeting. There’s certainly nothing about
it in Heisenberg’s memoirs, or in Robert Jungk’s book,
Brighter Than a Thousand Suns, or in Heisenberg’s long
interview with Irving, or in the other two obvious places, his
interview with Der Spiegel in 1967, when Irving’s book was
published, or his review of the book in the Frankfiurter
Allgemeine Zritung, 1 hardly like to put myself forward o fill
the gap, but so far as I know the only reference he made to
the subject was posthumously and fictitiously in my play.

Sereny, like Rose, is markedly unenthusiastic about
Heisenberg in general. She goes on to argue that
Heisenberg’s claims about his intentions in meeting Bohr in

1941 ‘are now shown by Speer’s Spandau account to be
false’, though quite how this is so she doesn’t explain. About
what she calls ‘the facts’ of the Copenhagen meeting she is
remarkably brisk. In the conversation *. .. which Bohr
subsequently reported to his associates at the Niels Bohr
Institute, Heisenberg had made his political stand crystal
clear. His team, he told Bohr, had gone some way towards
discovering a way to produce an atom bomb. Germany was
going to win the war, probably quite soon, and Bohr should
Jjoin them now in their efforts.’

The idea that Heisenberg was inviting Bohr to work on
the German bomb is on the face of it the least plausible out
of all the possible interpretations that have been offered. It is
completely at odds with what Weisskopf recalls Bohr as
saying in 1948, and with what Bohr is on record as tething
Chadwick at the time. In any case, the suggestion that
Heisenberg thought he might be able to import someone
half-Jewish into the most secret research programme in Nazi
Germany is frankly preposterous.
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So what is Sereny’s evidence for her account of the
meeting? At this point the sense of vertigo returns, and one
begins to have the feeling that one is in an Escher drawing,
where the stairs up to the floor above somehow lead back to
the floor one is already on, because the only reference she
gives is . . . Powers, Heisenberg’s great champion, in
Heisenberg’s War.

And it’s true ~ Powers does quote an opinion to this effect
{and it’s the only possible source for it anywhere, so far as [
know). He says he was told by Weizsicker that some person
or persons unnamed in Copenhagen, 44 years after the
event, had told /fm that this is what Bohr had said he had
believed Heisenberg’s intention to be. One might think that
this is rather faint evidence. In any case, even if it really is
what Bohr believed, it is of course not what Weizsicker
believed, or Powers either. They are reporting Bohr’s alleged
belief as a possible misapprehension on his part which might
have explained his anger. Indeed, Powers’s own reading of
the situation is precisely the one that Sereny claims to be
discredited by Speer’s remark.

*

Goudsmit gradually modified his opinion, and his final
Judgment on Heisenberg, when he died in 1976, was a
generous one which goes some way to expunging the
dismissive tone of his book: ‘Heisenberg was a very great
physicist, a deep thinker, a fine human being, and also a
courageous person. He was one of the greatest physicists of
our time, but he suffered severely under the unwarranted
attacks by fanatical colleagues. In my opinion he must be
considered to have been in some respects a victim of the
Nazi regime.”

Robert Jungk, one of the few authors who have ever
attempted to defend Heisenberg, modified his opinion in the
opposite direction. In Brighter than a Thousand Suns, originally
published in 1956, he suggested that the German physicists
had managed to avoid building nuclear weapons for
conscientious reasons, and quoted Heisenberg as saying that,
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‘under a dictatorship active resistance can only be practised
by those who pretend to collaborate with the regime.
Anyone speaking out openly against the system thereby
indubitably deprives himself of any chance of active
resistance.” But Jungk later changed his mind, and described
the notion of passive resistance on the part of the German
physicists as a ‘myth’. He had contributed to spreading it, he
said, out of an ‘esteem for those impressive personalities
which 1 have since realized to be out of place.’

For a really spirited and sustained defence Heisenberg had
to wait until Powers published his book in 1993, It is a
remarkable piece of work, journalistic in tone, but generous
in its understanding and huge in its scope. A little too huge,
perhaps, because Powers is unable to resist being side-
tracked from the main narrative by the amazing byways that
he perpetually finds opening off it. I recommend it
particularly to other dramatists and screenwriters; there is
material here for several more plays and films vyet.

His central argument is that the Allied bomb programme
succeeded because of the uninhibited eagerness of the
scientists to do it, particularly of those exiles who had known
Nazism at first hand, and who were desperate to pre-empt
Hitler; while the German programme failed because of the
underlying reluctance of scientists in Germany to arm Hitler
with the bomb, however strong their patriotism, and
however much they wanted to profit from the possibilities for
research. “Zeal was needed,” he says; ‘its absence was lethal,
like a poison that leaves no trace.’

But he goes further, and argues that Heisenberg ‘did not
simply withhold himself, stand aside, let the project die. He
killed it.” He tries to show that at every point Heisenberg
was careful to hold out enough hope to the authorities to
ensure that he and and his team were left in charge of
the project, but never enough to attract the total
commitment and huge investment that would have offered
the only real hope of success. ‘Heisenberg’s caution saved
him. He was free to do what he could to guide the German
atomic research effort into a broom closet, where scientists
tinkered until the war ended.’

o
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Cassidy, reviewing the book in Nature, described it as a
good story, but insisted that ‘as history it is incredible.” Rose
dismisses it as ‘entirely bogus’ and ‘a scholarly disaster’,
Powers acknowledged ruefully, in a recent letter to the Times
Literary Supplement, that he had failed to convince any
historian who had pronounced upon the matter,

The play is not an attempt to adjudicate between these
differing views of Heisenberg’s personality, or these differing
accounts of his activities. But it would have been impossible
to write it without taking some view of Powers” version of
events, 30 here, for what it is worth, is a brief summary of
the case, and of my own hesitant view of it. The evidence is
confused and contradictory, and making any sense of it
involves balancing probabilities and possibilities almost as
indeterminable as Helsenberg found events inside the atom.

*

Some of the evidence undoubtedly appears to support
Powers’s thesis in its stronger form, that Heisenberg
deliberately sabotaged the project.

In the first place there are two scraps of direct testimony.
One is a message brought to America in 1941 by a
departing German Jewish academic called Fritz Reiche. It
was from Fritz Houtermans, the German physicist who had
just realised that if they could get a reactor going it would
produce plutonium, and that plutonium would be a fissile
alternative to the U235 that they could not separate, Reiche
testified later that he had passed it on to a group of scientists
working at Princeton, including Wolfgang Pauli, John von
Neumann, and Hans Bethe. As Rudolf Ladenburg, the
physicist who arranged the meeting, recorded it afterwards,
Houtermans wanted it to be known that ‘a large number of
German physicists are working intensively on the problem of
the uranium bomb under the direction of Heisenberg,’” and
that ‘Heisenberg himself tries to delay the work as much as
possible, fearing the catastrophic results of a success.’

Rose dismisses Houtermans as a proven liar, and records
that Reiche later appeared to withdraw his belief in
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Heisenberg’s opposition to the project. But neither of these
objections seems immediately relevant to the comsistency of
Reiche’s and Ladenburg’s testimony,

The second scrap of evidence is even more direct, but
much more dubious. Heisenberg’s American editor, Ruth
Nanda Anshen, records receiving a letter from him in 1970
in which he claimed that, “Dr Hahn, Dr von Laue and I
falsified the mathematics in order to avoid the development
of the atom bomb by German scientists.’

The letter itself has apparently vanished from the record,
Rose nonetheless accepts it as beyond doubt genuine, and
sees it as a yet more blatant attempt at self-justification. It is
not, however, called into evidence by Powers, even though it
would appear to support his case, and he mentions it only in
his notes, and with the greatest reserve. Jeremy Bernstein,
who seems to me the best-informed and most fair-minded of
all Heisenberg’s critics, and whose book Hitler’s Uraniwm Cleb
will be relied upon in understanding the scientific
considerations that follow, dismisses it as “incredible’ and ‘a
chimera’. It is entirely at odds with Heisenberg’s careful
moderation in all his other references to the matter, and the
inclusion of Hahn and von Laue in the plot is nonsensical.
Hahn was a chemist, not a physicist, and, as will be plain
from what comes later, had no knowledge whatosever of the
relevant mathematics, while von Laue is famous as an
outspoken opponent of Nazism who never worked on the
German nuclear programme at all.

So much for the direct evidence, true or false, All the rest
of the evidence is indirect, and relates to whether Heisenberg
did actually have some understanding of the relevant physics
and concealed it, or whether he failed out of ignorance, It
centres on the question of critical mass. This is the amount
of fissile material (U235 or plutonium) which is large enough
to support an explosive chain reaction, but small enough not
to explode spontaneously. An estimate of this ameount was
crucial to the decision about proceeding with a serious
nuciear weapons programme because of the enormous
difficulty and expense of separating the U235 from the 17238
that makes up the vast bulk of natural uranium, and the
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length of tine it would take to develop a reactor capable of
trapstmuting the wranim into plutonium. At the beginning of
the war it was believed by scientists on both sides that the
answer would be in tons, which put the possibility of
producing it beyond practical consideration. The idea
became imaginable only when two scientists working in
Britain, Rudolf Peierls and Outo Frisch, did the calculation
and realised quite how fast the reaction would go with fast
neutrons in pure U235, and consequently how little fissile
material you would need: not tons but kilograms. (The
various Ironies associated with this are explored in the play,
and I will not repeat them here.)

Powers argues that the idea never became imaginable in
Germany because Heisenberg ‘cooked up a plausible method
of estimating critical mass which gave an answer in tons.” He
believes that Heisenberg ‘well knew how to make a bomb
with far less, but kept the knowledge to himself?’

There is a certain amount of evidence that the German
team did at one point armive at a much lower figure for the
critical mass — indeed, for one in kilograms, that bore some
relation to the estimate made by Frisch and Peurds, and to
the actual mass of the Hiroshima bomb (56 kg). Manfred
von Ardenne, who was running an alternative nuclear
programme for the German Post Office, later claimed in his
memoirs that in the late autumn of 1941 he was informed
independently by both Heisenberg and Hahn that they had
worked out the critical mass for a U235 bomb and found it
to be about 10 kilograms. This information was subsequently
withdrawn by von Weizsdcker, who told him that he and
Heisenberg had decided that a U235 bomb was impossible
(because the heat of the reaction would expand the uranium
too fast for it to continue). But Heisenberg, so far as I know,
never comnented on this, and von Weizsiicker, according to
Bernstein, ‘essentially denied’ that any such conversation ever
tock place.

As Bernstein says, it is difficult to know what to make of
all this — it is ‘one of several brick walls anyone who studies
this subject runs into.” I think it’s difficult to take von
Ardenne’s recollection entirely literally. Hahn, as I noted
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before, plainly had no understanding of the mathematics, nor
of any of the other issues involved, and, as we shall see, had
to have them explained to him by Heisenberg later. On the
o&ﬁ. hand (and this story has more other hands than a
Hindu mm&‘ in von Weizséicker’s report on the possibility of
an American bomb programme, written in September 1941,
he talked about the destructive effects of 2 bomb weighing 5
kg. Then again, in February 1942 a brief progress report for
Q.ngmm Army Ordance, authors unnamed, suggested
without further explanation a critical mass of between 10
and 100 kg. And at the crucial meeting with Speer at
Hamack House in June 1942, when Field Marshal Milch
asked him how large an atomic bomb would have to be to
mnm:o% a city, Heisenberg replied, or so he said in his
interview with Irving, that it, or at any rate its ‘essentially
active part’, would have to be ‘about the size of a pineapple.’

In the end, though, [ believe that the crucial piece of
evidence lies elsewhere, in a source that was denied to
everyone who wrote about Heisenberg until recently — the
transcripts of the Farm Hall recordings. Bernstein, Powers,
and Rose were the first commentators to have access to
thetn.

Though of course they still don’t reach the same
conclusions from them.

*

The story of Farm Hall is another complete play in itself. Sir
Charles Frank, the British atomic physicist, in his adrirably
fair and clear introduction to the text of the transcripts that
was published in Britain, regrets that they were not released
in time for Ditrrenmatt to make use of,

At the end of the war troops of the Alsos mission, to
which Goudsmit was attached, made their way through what
was left of the German front line and located the remains of
the German reactor at Haigerloch, with the intention of
finally reassuring themselves that Germany would not be
able to spring some terrible nuclear surprise at the last
moment. They also seized the team of scientists themselves,
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This same conversation between Heisenberg and Hahn,
when they were alone together on that terrible night, seems
to me also to resolve the question of Heisenberg's
understanding of the critical mass beyond any reasonable
doubt. He takes Hahn through what he believes to be the
relevant calculation and tells him that the answer is ‘about a
ton.” I can’t see any earthly reason why he should be
rehearsing a fabricated calculation or a fabricated answer at
this stage, in a private conversation with someone he seems
to have trusted, after the German team are out of the race
and in custody, and after someone else has in any case
already built the bomb. If he had had the right calculation
and the right answer up his sleeve all the time, now would
surely have been the moment to produce them. 1 find it
much more plausible that he was telling the simple truth
when he said to Hahn just before this that ‘quite honestly I
have never worked it out as I never believed one could get
pure 235

Earlier on in the evening, it's true, when everyone was
present during the conversation immediately after the news
bulletin, Hahn says to Heisenberg: ‘But tell me why vou
used to tell me that one needed 50 kilograms of 235 in order
to do anything.’ {T'o which Heisenberg replies that he
wouldn’t like to commit himself for the moment.) This does
seem to suggest that he had made a calculation of some sort
earlier, as von Ardenne claimed ~ though it also surely
destroys once and for all the improbable proposition that
Hahn had been involved in it, or had made some kind of
estimate of his own, Perhaps Heisenberg had made not so
much a calculation as some kind of guess or estimate. Even
i was a serious calculation, it seemns most unlikely that it was
the right calculation, or that it was one he had adhered to.

This is made clear to me (at last) by Jeremy Bernstein. I
should explain that when I first read the Farm Hall
transcripts, before I wrote the play, I was using the bare
uncommented text published in Britain, unaware that there
was also a completely different edition published in the US,
incorporating Bernstein’s detailed commentary. After the
play was produced and published he was kind enough to
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send me it, and it luminated a great many matters that [
had not understood before, These are after all scientists
talking to scientists, and they are reported verbatim with all
the ellipses of spoken conversation, and with a further haze
cast over the procecdings by translation. Bernstein is both a
distinguished journalist and a professor of physics, and he
has a long acquaintance with the history of atomic research.
{He recalls being given the bare plutonium core of a bomb
to hold on the Nevada test site in 1957; ‘it was slightly warm
to the touch, since plutonium is marginally radicactive,’) He
has a thorough understanding of the scientific issues
involved, and is the ideal guide to the physics - though a
slightly less percipient one, I think, to the psychology of the
physicists,

I'm pleased to discover for a start that he takes the same
view of Heisenberg’s admission to Hahn about never having
worked out the critical mass. He believes that it has to be
taken at its face value, and he asks how it can be reconciled
with the figure of 50 kg recalled by Hahn, He demonstrates
that when Heisenberg attempts to do the calculation for
Hahn he ‘gets it wrong at every level’ — he does the
arithmetic wrong, and is in any case doing the wrong
arithmetic. ‘Knowing how scientists work,” says Bernstein, ‘I
find it implausble that he ever did the calculation correctly
before. One can imagine even a Heisenberg forgetting a
number — he was, in any case, not very good with numbers
- but it is very difficult to imagine his forgetting a general
method of calculation, a method that once led him to a
more reasonable answer,’

The calculation of the critical mass is not the only thing
that Heisenberg got wrong that night. Even when he
revealed to Hahn that he understood how the critical mass
could be reduced by the use of a reflective shield he
suggested a material, carbon, that would have had the
opposite effect to the one intended. Carbon is a good
moderator for a reactor, and Heisenberg’s proposing it for
the ‘tamper’ in a bomb, says Bernstein, ‘shows he was
thinking ke a reactor physicist, which, for the last two years,
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comment on: the question of the cyclotron,

At the crucial meeting between Heisenberg and Speer in
1942, which seems finally to have scuppered all possibility of
a German bomb, Heisenberg is reported to have emphasised
the need to build a cyclotron. A cyclotron could have been
used, as the cyclotrons in America were, for isotope
separation, the great sticking-point in the German
programme. In the account of this meeting in his memoirs
Speer says: ‘Difficulties were compounded, Heisenberg
explained, by the fact that Europe possessed only one
cyclotron, and that of minimal capacity. Moreover, it was
located in Paris and because of the need for secrecy could
not be used to full advantage.” Powers mentions this, buat
does not go on to the obvious corollary: that if Speer’s
recollection 15 accurate, then Heisenberg was plainly lying,
because he knew perfectly well that there was a second
cyclotron to hand - at Bohr’s institute in Copenhagen. This
would suggest that his apparent anxiety to lay his hands on a
machine that might actually separate some U235 was not
quite what it seemed. Or, at the very least, that he placed
Germany’s war aims below his desire to protect Bohr's
institute,

Perhaps Speer is simply wrong. It seems uncharacteristic
of Heisenberg to have risked such a blatant falsehood, and
he makes no mention of it in his own accounts of the
meeting. All the same, when he went back to Copenhagen in
1944, after Bohr had fled, to adjudicate a2 German
proposal to strip the institute of all its equipment,
presumably including the cyclotron, he seems to have
contrived to leave it even then still in Danish hands.

*

One of the forms of indeterminacy touched upon in the play
is the indeterminacy of human memory, or at any rate the
indeterminability of the historical record. There are various
examples which 1 left out, for fear of making the play even
more tangled than it is. Some, such as the difficulties about
the amazingly realistic figure for the critical mass that von
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Ardenne recollected being given by Heisenberg and Hahn in
1941, I have already mentioned in this Postscript. There
were others. A minor one concerns whether there were two
ships sent to load the Jews of Copenhagen for deportation,
as some witnesses recall, or a single one (named as the
Wartheland). A more significant point of dispute is the
drawing which Heisenberg did or didn’t make for Bohr
during their meeting in 1941,

According to Hans Bethe, who was one of the team at Los
Alamos, Heisenberg drew a rough sketch to show Bohr the
work that was being done in Germany. Bohr evidently took
it to Los Alamos with him when he went, because Bethe
(and others) recall it being passed around at a meeting there.
Bethe told Powers that Bohr believed it represented a bombs;
but the consensus of opinion at the meeting was that it was a
reactor. However, Aage Bohr, Niels’s son, a physicist himself
{and another Nobel prizewinner), who was with his father in

sopenhagen during Heisenberg’s visit, and with him again
in Los Alamos, was absolutely insistent that there was no
drawing.

If the story is true it might help to explain Goudsmit’s
insistence, in the teeth of the evidence from Farm Hall, that
Heisenberg couldn’t tell the difference between a reactor and
a bomb. It would certainly cast doubt on Heisenberg’s
recollection that the entire discussion with Bohr in 1941 ook
place during the walk, and that Bohr broke off the
conversation almost as soon as it was broached. It seemns
improbable to me that Heisenberg would have risked putting
anything down on paper, and if even so he had then [ can’t
see why he didn’t seize upon it after the war, to support his
claim that he had hinted to Bohr at the German research on
a bomb. I suppose it’s possible that Bohr made the sketch
himself, to illustrate to his colleagues at Los Alamos what he
thought Heisenberg was getting at, but the truth of the
matter seems to be irretrievable.
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scientists were ready or not to do likewise that is at issue in
the play. If Heisenberg’s team Aad built a bomb, I den’t
think they would have recovered very much moral credit by
asking Hitler to be kind enough not to drop it on anyone —
particularly if their objection had been the strain it might
place upon post-war relations among the Axis powers.

*

One looming imponderable remains. ff Heisenberg had
made the calculation, and §f the resulting reduction in the
scale of the problem had somehow generated a real
eagerness in both the Nazi authorities and the scientists,
could the Germans have built a bomb? Frank believes that
they could not have done it before the war in Europe was
over — ‘even the Americans, with substantial industrial and
scientific advantage, and the important assistance from
Britain and from ex-Germans in Britain did not achieve that
(VE-Day, 8 May 1945, Trinity test, Alamogordo, 6 July
1945). Speer (who as armaments minister would presumably
have had to carry the programme out) suggests in his
memoirs that it might have been possible to do it by 1945, if
the Germans had shelved all their other weapons projects,
then two paragraphs later more cantiously changes his
estimate to 1947; but of course he needs to jusafy his failure
to pursue the possibility. Powers makes the point that,
whatever the timetable was, its start date could have been
much eartlier. Atomic energy in Germany, he argues,
attracted the interest of the authorities from the first day of
the war. “The United States, beginning in June 1942, took
Jjust over three years to do the job, and the Soviet Union
succeeeded in four. If a serious effort to develop a bomb had
commenced in mid-1940, one might have been tested in
1943, well before the Allied bomber offensive had destroyed
German industry.”

If this ‘serious effort’ had begun only after Heisenberg’s
visit to Clopenhagen, as the play suggests might have
happened if the conversation with Bohr had gone differently,
then even this timetable wouldn’t have produced a bomb
until late 1944 - and by that time it was of course much less

e

Postseripr 129

likely that German industry could have delivered. In any
case, formidable difficulties remained to be overcome. The
German team were hugely frustrated by their tnability to
find a successful technique for isolating U235 m any
appreciable quantity, even though the experimental method,
using Clusius-Dickel tubes, was of German origin. They
could have tried one of the processes used sucessfully by the
Allies, gaseous diffusion. This was another German
invention, developed in Berlin by Gustav Hertz, but Hertz
had lost his job because his uncle was Jewish. (It was,
incidentally, the delays in getting the various American
isotope-separation plants to function which meant that the
Allied bomb was not ready in time for use agamst Germany.)

The failure to separate U235 also held up the reactor
programme, and therefore the prospect of producing
phatonium, because they could not separate enough of it
even for the purposes of enrichment (increasing the U235
content of natural uranium), so that it was harder to get the
reactor to go critical. The construction of the reactor was
further delayed because Walther Bothe’s team at Heidelberg
estimated the neutron absorption rates of graphite wrongly,
which obliged the designers to use heavy water as a
moderator instead. The only source of heavy water was a
plant in Norway, which was forced to close after a series of
attacks by Norwegian parachutists attached to Special
Operations Executive, American bombers, and the
Norweglan Resistance. Though perhaps, if a crash
programume had been instituted from the first day of the war,
enough heavy water might have been accumulated before
the attacks were mounted.

I 3 The line of #s is a long one, It remaing just
possible, though. The effects of real enthusiasm and real
determination are incalculable. In the realm of the just
possible they are sometimes decisive,

*®
Anyone interested enough in any of these questions to want

to sidestep the fiction and look at the historical record should
certainly begin with:
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Thomas Powers: Feisenberg’s War (Knopf 1983; Cape 1993)

David Cassidy: Uncertainty: The Life and Science of Werner
Heisenberg (W H Freeman 1992)

Abraham Pais: Mels Bolr’s Times (OUP 1991} -~ Pais is a
fellow nuclear physicist, who knew Bohr personally, and this,
in its highly eccentric way, is a classic of biography, even
though Pais has not much more sense of narrative than I
have of physics, and the book is organised more like a
scientific report than the story of someone’s life. But then
Bohr notoriousty had no sense of narrative, cither. One of
the tasks his assistants had was to take him to the cinema
and to explain the plot to him afterwards.

Werner Heisenberg: Plysics and Beyond (Harper & Row 1971}
w In German, Der Teil und das Ganze. His memoirs,

Jeremy Bernstein: Hitler’s Uranium Club, the Secret Recordings at
Farm Hall, introduced by David Cassidy (American Institute
of Physics, Woodbury, New York 1996)

or the British edition of the transcripts:

Operation Epsilon, the Fann Hall Transeripts, introduced by S
Chartles Frank. (Institute of Physics Publishing 1993)

Also relevant:
Heisenberg: Physics and Philosophy. (Penguin 1958)

Niels Bohr: The Philosophical Writings of Niels Bokr (Oxbow
Press, Connecticut 1987)

Elizabeth Heisenberg: Inner Exile (Birkhauser 1984) — In
German Das politische Leben eings Unpolitischen. Defensive in
tone, but revealing about the kind of anguish her husband
tended to conceal from the world; and the source for
Heisenberg’s ride home in 1945,
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David Irving: The Gennan Atomic Bomb (Simon & Schuster
1968) - in UK as The Virus House (Collins 1967). The story of
the German bomb programme.

Paul Lawrence Rose: Heisenberg and the Nazi Atomic Bomb Project
(U of California Press 1998)

Records and Documents Relating to the Third Reich, 1 German Atomu
Research, Microfilms D29-32. (EP Microform Lid, Wakefield;
Irving’s research materials for the book, including long
verbatim interviews with Heisenberg and others. The only
consultable copy I could track down was in the library of the
Ministry of Defence.

Archive for the History of Quantum Physics, microfilm. Includes
the complete correspondence of Heisenberg and Bohr. A
copy is available for reference in the Saence Museum
Library. Bohr’s side of the correspondence is almost entirely
in Danish, Heisenberg’s in GGerman apart from one letter.

Leni Yahil: 7he Rescue of Danish Fawry, {Jewish Publication
Society of America, Philadelphia 1969)

There are also many interesting sidelights on life at the Bohr
Institute in its golden years in:

French & Kennedy, eds: Nels Bohr, A Centenary Volume
(Harvard 1985)

and in the memoirs of Hendrik Casimir, George Gamow,
Otto Frisch, Otto Hahn, Rudolf Peierls, and Victor
Wetsskopf.

For the subsequent challenges to the Copenhagen
Intepretation:
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David Deutsch: The Fabric of Reality {Allen Lane 1997)
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Murray Gell-Mann: The Quark and the Jaguar (W H Freeman
1994; Little, Brown 19594)

Roger Penrose: The Emperor’s New Mind (OUP 1989)

The actual “two-slits’ experiment was carried out by Durr,
Nonn, and Rempe at the University of Konstanz, and is
reported in Natwre (3 September 1998). There is an accessible
introduction to the work in the same issue by Peter Knight,
and another account of it by Mark Buchanan (boldly entitled
‘An end to uncertainty’) in New Scientist (6 March 1999).

Overleaf® a diagram outlining Copenhagen’s scientific and
historical background.
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From the beginnings of stodern atamic theory to Tlroshinoa: an outline sketch of the scientfic and hiatorical
background 1o the play.

QJuaniun Theory
1600 Planek discovers that heat energy is not
continuously variable, as classical physics assumes.
There i 2 smallest common coin in the carrency, the
guantum, and &l eransacdons are in muldples of it

Elevtrons
1845 Thomson discovers the eleciron, the extremely
ght, negatively charged particles orbitng inside the
atow which give i its chemical properties.

Photons
1905 Einstein realises that light, wo, has to be
understood not only a4 waves but as quantan

The Nucleus
1910 Rutherford shows thal the elecirons orbit
arounsd a2 dny sucless, in which slmosr the entive !
mans of the atom is concentrated. particles, later knnown as photons.

/ The Quasurs Atom. \\

1918 Bohy reatises that quantum theory applies to matter itself. The orbits of te elecirans about the nucieus are
Timited w0 a numbet of separate whole number possibilities, so that the atom can exist ondy in » number of
distinet and definite states. (The incomplete so-calied “old quanum theory’.)

Quanture mechanics
1924 Heisenberg abandons electron orbits as unobsersable. Max Bors finds instead 2 mathernatical fermuladon in
serms of marrices for what can be observed - the effecss they produce upen the absorption and emission of light.

{

Uneriainty
1427 Heisenberg demonstrates that all statements about the movernent of 4 particle ave governed by the
uncertainty refationship: the more accurately you know its position, the less accurately you know is velocity, and
vice versa.

Matter ad Wiaves
1924 De Broglie in Paris suggests that, just as
radiation can be treated as particles, so the particles
of maser can be treated as a wave formation.

Y

The Wave Fquation
1426 Schrodinger finds the mathemateat equation
for the wave interpretation, and proves that wave and
matrix mechanics are mathematically equivalens.

-

The Copenbiagen Interpretation
1928 Bohr relates Heisenberg's particle theory and Schrddinger's wave theory by the complementurity principle,
according to which the behaviour of an electron can be understwood complezely only by descriptions io both wave
and particle form. Uncertainty plas comaplementarity become astablished as the pillars of the Copenhagen (or
“arthodox’) interpretation of quantum mechanics,

Neutrons
1932 Chadwick discovers the neutrop - a partide
which can be used o explore the nucieus because it
carries noelectrical charge, and can penetrate it

undeflected.
Y .l\\

Inte the Nucleus
19%2 Heisenberg opens the new era of nuctear physics by wsing newiron theory to apply guantum mechanics w
the siructure of the nucleus.

.
r

Y

B Transosutation
934 Fermi in Rome bombards uranium with nesutrons and produces a radic-active substance which he cannot
identify.

i . ! Identification
1936 Hahn and Strassmann in Berlin identify the substance produced by Fermi's bombardment as barium, which
has only about half the atwmic weight of uranium.

The Liguid Dvop
1937 Bohr explains the properties of the rucieus by
analogy with a drop of liguid.

Fission \

1950 Lise Meimer and Frisch in Sweden apply Bahr's Eiquid drop modet to the wranium nucleus,

. . . : and realise that
it has umed inw barium under bombardment by splitting into mwo, with the releass of huge oA

ndtes of energy.

The Neutrons Multiply
1939 Bohr ws.& Wheeler a1 Princeton realise that Bssion also produces free neutrons, These fiewtrons are movin,
oo fast to fission other nuclei in U238, the isotope which makes up 9% of sataral uranium, snd will fisson osww
the nuclei of the U-235 isotope, which constitutes less that 1% of it

o ) . The Chain Reacdan
1939 Joliot in Paris and m,n_.:._m in New York demonstrate the release of two or more free neutrons with each fission,
which proves the possibility of a chain reaction in pure L-235.

The Critical Mass
1840 Frisch and Pelerls in Birmingham cateulate,
wrongly but encouragingly, the minimum amount of
U-235 needed to sustain an effective chain reaction.

The War
1959 The Second Warld War begins, and Germany at
Onte Comiences research int the mititary
possibilities of Hssion.

The Manhattan Project

Germuny Befeated
1942 The Allied atomic bomb programme begins.

1945 The Allied advance into Germany halts the
atonis programme there.

‘The Rescior
942 Fermi in Chicago achieves the first self-
sustalaing chain reaction, in 2 prototype reactor.

The Bomb
1945 The bomb is successfully tested in July, and in
the following month used on Hiroshima,




