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Fresh Fields (1926-1927)

If 1 were asked what was Christopher Columbus’ greatest
achievement in discovering America, my answer would not be
that he took advantage of the spherical shape of the earth to get
to India by the western route—this idea had occurred to others
before him—or that he prepared his expedition meticulously and
rigged his ships most expertly—that, too, others could have done
equally well. His most remarkable feat was the decision to leave
the known regions of the world and to sail westward, far beyond
the point from which his provisions could have got him back
home again.

In science, too, it is impossible to open up new territory unless
one is prepared to leave the safe anchorage of established doc-
trine and run the risk of a hazardous leap forward. With his
. relativity theory, Einstein had abandoned the concept of simul-
taneity, which was part of the solid ground of traditional physics,
and, in so doing, outraged many leading physicists and philoso-
phers and turned them into bitter opponents. In general, scientific
progress calls for no more than the absorption and elaboration
of new ideas—and this is a call most scientists are happy to heed.
However, when it comes to entering new territory, the very struc-
ture of scientific thought may have to be changed, and that is far
more than most men are prepared to do. How great their reluc-

tance could be had been brought home to me at the Leipzig Con-

gress, and I fully expected that similar obstacles would be placed
. in the path of atomic physics.

During the first few months of 1926, at about the same time
that I delivered my lecture in Berlin, Géttingen first became
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familiar with the work of the Viennese pﬁysicist Erwin Schré-

dinger, who was approaching atomic theory from an entirely
" fresh side. The year before, Louis de Broglie in France had

drawn attention to the fact that the strange wave-particle dual-

ism which, at the time, seemed to prevent a rational explanation
of light phenomena might be equally involved in the behavior of
matter, for instance of electrons. Schrddinger developed this idea
further and, by means of a new wave equation, formulated the
law governing the propagation of material waves under the in-

fluence of an electromagnetic field. In Schrédinger’s model, the
stationary states of an atomic shell are compared with the sta-

tionary vibrations of a system, for instance of a vibrating string,

except that all the magnitudes normally considered as energies

of the stationary states are treated as frequencies of the sta-
tionary vibrations. The results Schrédinger obtained in this
way fitted in very well with the new quantum mechanics, and

Schrodinger quickly succeeded in proving that his own wave

mechanics was mathematically equivalent to quantum mechan-
ics; in other words, that the two were but different mathematical

formulations of the same structures. Needless to say, we were

~p ~ delighted by this new development, for it greatly strengthened

|

our confidence in the correctness of the new mathematical formu-
lation. Moreover, Schridinger’s procedure lent itself readily to
the simplification of calculations that had severely strained the
powers of quantum mechanics.

Unfortunately, however, the physical interpretation of the
mathematical scheme presented us with grave problems. Schrs-
dinger believed that, by associating particles with material waves,
he had found a way of clearing the obstacles that had so long
blocked the path of quantum theory. According to him, these
material waves were fully comparable to such processes in space
and time as electromagnetic or sound waves. Such obscure ideas
‘as quantum jumps would completely disappear. I had no faith in
a theory that ran completely counter to our Copenhagen concep-
tion and was disturbed to see that so many physicists greeted
precisely this part of Schrodinger’s doctrine with a sense of
liberation. The many talks I had had with Niels Bohr; Wolfgang
Pauli and many others over the years had convinced me that it
was impossible to build up a descriptive time-space model of
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interatomic processes—the discontinuous element Einstein had
metitioned to me in Berlin as a characteristic feature of atomic

phenomena saw to that. Admittedly, this was no more than a

negative feature, and we were still a long way from a complete
physical interpretation of quantum mechanics, yet we were cer-
tain that we must get away from the idea of objective processes in
time and space.

Now Schrodinger’s interpretation—and this was its great novelty
~simply denied the existence of these discontinuities. Thus
when an atom passes from one stationary state to the next, it
was no longer said to change its energy suddenly and to radiate

 the difference in the form of an Einsteinian light quanta. Radia-

tion was the result of quite a different process, namely, of the

- simultaneous excitation of two stationary material vibrations

whose interference gives rise to the emission of electromagnetic
waves, e.g., light. This hypothesis seemed to me too good to be

‘true, and I mustered what arguments I could to show that dis-

continuities- were a fact of life, however inconvenient. The
simplest argument was, of course, Planck’s radiation formula,
whose empirical correctness no one could doubt and which, after
all, had led Planck to his discrete energy quanta.

Toward the end of the 1926 summer term, Sommerfeld invited
Schrodinger to address the Munich seminar. I had been working
in Copenhagen once again and had familiarized myself with
Schrodinger’s methods by applying them to the study of the

‘helium atom. I had finished the work while taking a brief
holiday on Lake Mjésa in Norway, had stuffed the manuscript

into my rucksack and had set out on unmade paths from
Gudbrandsdal, across several mountain chains, to Sogne Fjord.
After a short stay in Copenhagen, I finally went on to Munich,

. ‘where I intended to spend the rest of the vacation with my

parents—and so I could be present at Schrodinger’s lecture, and
discuss his theory with him in person. The audience included the
director of the Institute for Experimental Physics in the Univer-
sity of Munich, Wilhelm Wien, who was extremely skeptical of
Sommerfeld’s “atomysticism.” -

Schrodinger first of all explained the mathematical principles
of wave mechanics by using the hydrogen atom as an illustration.

- All of us were delighted to see his elegant and simple solution by
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conventional methods of a problem that Wolfgang Pauli had
been able to solve only with great difficulty using quantum

- mechanics. Unfortunately, Schrodinger went on to discuss his

own intepretation of wave mechanics, and his arguments left me
quite unconvinced. During the subsequent discussion, I therefore
raised a number of objections, and, in particular, pointed out
that Schrédinger's conception would not even help explain
Planck’s radiation law. For this I was taken to task by Wilhelm
Wien, who told me rather sharply that while he understood my
regrets that quantum mechanics was finished, and with it all such
nonsense as quantum jumps, etc., the difficulties I had mentioned
would undoubtedly be solved by Schrédinger in the very near
future. Schrédinger himself was not quite so certain in his own
reply, but he, too, remained convinced that it was only a ques-
tion of time before my objections would be removed. My argu-
ments had clearly failed to impress anyone—even Sommerfeld,
who felt most kindly toward me, succumbed to the persuasive
force of Schrédinger’s mathematics.

And so I went home rather sadly. It must have been that same
evening that I wrote to Niels Bohr about the unhappy outcome
of the discussion. Perhaps it was as a result of this letter that he

invited Schrodinger to spend part of September in Copenhagen

Schrédinger agreed, and I, too, sped back to Denmark.

Bohr’s discussions with Schrédinger began at the railway sta-
tion and were continued daily from early morning until late at
night. Schrédinger stayed in Bohr’s house so that nothing would
interrupt the conversations. And although Bohr was normally
most considerate and friendly in- his dealings with people, he
now struck me as an almost remorseless fanatic, one who was not
prepared to make the least concession or grant that he could
ever be mistaken. It is hardly possible to convey just how
passionate the discussions were, just how deeply rooted the
convictions of each, a fact that marked their every utterance.
All I can hope to do here is to produce a very pale copy of
convelsations in which two men were ﬁghtlng for their particular
interpretation of the new mathematlcal scheme with all the
powers at their command. - X

Schrédinger: “Surely you realize thdg the whole idea of quan-
tum jumps is bound to end in nonsense. You claim first of all
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that if an atom is in a stationary state, the electron revolves

periodically but does not emit light, when, according to Max-
well's theory, it must. Next, the electron is said to jump from one
orbit to the next and to emit radiation. Is this jump supposed to
_be gradual or sudden? If it is gradual, the orbital frequency and
energy of the electron must change gradually as well. But in that
case, how do you explam the permstence of fine spectral lines? On
‘the other hand, if the jump is sudden, Einstein's idea of l1ght
quanta will admittedly lead us to the right wave number, but
then we must ask ourselves how precisely the electron behaves
during the jump. Why does it not emit a continuous spectrum, as
electromagnetic theory demands? And what laws govern its mo-
_ tion durlng the jump? In other words, the whole 1dea of quan-
tum jumps is sheer fantasy.”

" Bohy: “What you say is absolutely correct. But it does not
prove that there are no quantum jumps. It only proves that we
cannot imagine them, that the representational concepts with
‘which we describe events in daily life and experiments in classi-
cal physics are inadequate when it comes to describing quantum
jumps. Nor should we be surprised to find it so, seeing that the
Pprocesses involved are not the objects of direct experience.”

Schrédinger: “I don’t wish to enter into long arguments about
the formation of concepts; I prefer to leave that to the philos-
ophers. I wish only to know what happens inside an atom. I don’t
really mind what language you choose to discuss it. If there are
electrons in the atom, and if these are particles—as all of us
believe—then they must surely move in some way. Right now I
am not concerned with a precise description of ‘this motion; but
it ought to be possible to determine in principle how they behave
in the stationary state or during the transition from one state to
the next. But from the mathematical form of wave or quantum
mechanics alone it is clear that we cannot.expect reasonable
answers to these questlons The moment, however, that we
change the picture and say that there are mo discrete electrons,
only electron waves or waves of matter, then everything looks
quite different. We no longer wonder about the fine lines. The
emission of light is as easily explained as the transmission of
radio waves through the aerial of the transmitter, and what
seemed to .be insoluble contradictions have suddenly disap-
peared.”

FRESH FIELDS : i

Bohr: “I beg to disagree. The contradictions do not disappear;
they are simply pushed to one side. You speak of the emission of
light by the atom or more generally of the interaction between
the atom and the surrounding radiation field, and you think that
all the problems are solved once we assume that there are mate-
rial waves but no quantum jumps. But just take the case of
thermodynamic equilibrium between the atom and the radiation
field—remember, for instance, the Einsteinian derivation of
Planck’s radiation law. This derivation demands that the energy
of the atom should assume discrete values and change discon-
tinuously from time to time; discrete values for the frequencies
cannot help us here. You can’t seriously be trying to cast doubt
on the whole basis of quantum theory!”

Schrodinger: “I don’t for a moment claim that all these rela— :

tionships have been fully explained. But then you, too, have so
far failed to discover a satlsfactory physical interpretation of
quantum mechanics. There is no reason why the application of
thermodynamics to the theory of material waves should not yield
a satisfactory explanation of Planck’s formula as well-an ex-
planation that will admittedly look somewhat different from all
previous ones.’ *

Bohr: “No, there-is no hope of that at all. We have known
what Planck’s formula means for the past twenty-five years. And,
quite apart from that, we can see the inconstancies, the sudden
jumps in atomic phenomena quite directly, for instance when we
watch sudden flashes of light on a scintillation screen or the
sudden rush of an electron through a cloud chamber. You cannot
simply ignore these observations and behave as if they did not
exist at all.”

Schrodinger: “If all this damned quantum jumping were
really here to stay, I should be sorry I ever got involved with
quantum theory.”

Bohr: “But the rest of us are extremely grateful that you did;
your wave mechanics has contributed so much to mathematical
clarity and simplicity that it represents a gigantic advance over
all previous forms of quantum mechanics.”

And so the discussions continued day and night. After a few
days Schrodinger fell ill, perhaps as a result of his enormous

effort; in any case, he was forced to keep to his bed with a

feverish cold. While Mrs. Bohr nursed him and brought in tea
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