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Sometimes we are influenced by teachers in ways that,

although negative, lead to positive results. This happened

to Werner Heisenberg1 and Max Born,2 both of whom

started out to be mathematicians, but switched to physics

due to encounters with professors.

As a young student at the University of Munich, Heisen-

berg wanted to attend the seminar of Professor F. von

Lindemann,3 famous for solving the ancient problem of
squaring the circle. Heisenberg had

read Weyl’s book Space, Time, Matter

and, both excited and disturbed by the

abstract mathematical arguments, had

decided to study mathematics. His fa-

ther, who taught Greek at the Univer-

sity of Munich, arranged for him to at-

tend an interview with the famous pro-

fessor so that he could obtain permis-

sion to attend the seminar.

Werner Heisenberg

When Heisenberg entered the gloomy office, furnished

in a formal, old-fashioned style, he almost immediately felt

a sense of oppression. A little black dog cowered on the

desk in front of the professor, who glared at him with open

hostility. The young Heisenberg was so flustered that he
began to stammer so that his request

sounded immodest even to his own

ears. The little dog must have sensed

his master’s irritation and began to

bark loudly. The professor’s attempts

to calm the mutt were to no avail, and

so the interview turned into a shouting

match. Finally, Lindemann asked what

Heisenberg had read. Heisenberg men-F. von Lindemann

tioned Weyl’s book. Over the incessant yapping of the

dog, Lindemann shouted, “In that case you are completely

lost to mathematics.”

So, since he was “unfit” for mathematics, physics ben-

efitted and physicists are duly grateful to Lindemann.

†Anton Capri is Professor Emeritus in the Department
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1Werner Heisenberg (1901-1976)—German physicist and philoso-

pher who discovered a way to formulate quantum mechanics in terms
of matrices (1925). For that discovery, he was awarded the 1932 Nobel
Prize for Physics. In 1927 he published his indeterminacy, or uncertainty,
principle.

2Max Born (1882-1970)—German physicist, winner of the Nobel
Prize for Physics in 1954, with Walther Bothe of Germany, for his sta-
tistical formulation of the behaviour of subatomic particles.

3Ferdinand von Lindemann (1852-1939)—German mathemati-
cian who was the first to prove that π is transcendental, that is, π is not
a root of any algebraic equation with rational coefficients.

Heisenberg’s first graduate student was Felix Bloch. One

day, while walking together, they started to discuss the

concepts of space and time. Bloch had just finished read-

ing Weyl’s book Space, Time, Matter, the same book that

Heisenberg had read as a young man. Still very much

under the influence of this scholarly work, Bloch declared

that he now understood that space was simply the field of

affine transformations. Heisenberg paused, looked at him,

and replied, “Nonsense, space is blue and birds fly through

it.”

There is another version of why Heisenberg switched to

physics. At an age of 19, Heisenberg went to the University

of Göttingen to hear lectures by Niels Bohr.4 These lec-

tures were attended by physicists and their students from

various universities and were jokingly referred to as “the

Bohr festival season.” Here, Bohr expounded on his latest

theories of atomic structure. The young Heisenberg in the

audience did not hesitate to ask questions when Bohr’s

explanations were less than clear. This so impressed Bohr

that after the lecture he invited the

young man to go for a walk with him,

drink beer, eat a snack, talk about

physics, and “have a good time.” The

excursion, which lasted several hours,

impressed Bohr with the young man’s

talents. In turn, Heisenberg was im-

pressed with the Danish physicist’s way

of attacking problems by trying toNiels Bohr

match ideas with experimental results before attempting

a deep mathematical analysis. Also, Bohr acknowledged

that he did not know the answers to many of Heisenberg’s

questions, making the problems come alive to the young

man.

An amusing sequel occurred the following evening.

While at a banquet, two German policemen in uniform

came to “arrest” Bohr for “kidnapping small children.”

The policemen were two graduate students playing a

prank.

Born also started out to be a mathematician but his re-

lations with F. Klein were not good. Klein’s lectures were

too polished, so Born skipped them and had a classmate

keep him informed. Due to this classmate’s illness Born

learned with only short notice that he was to give a report

on a problem in elasticity. Since he did not have time to

study the literature, he developed his own ideas. This im-

pressed Klein, so he suggested the problem for the annual

university prize and wrote to Born that he expected him

to submit a paper. Although reluctant, Born submitted a

paper and won. Thereafter, Born switched from mathe-

matics to astronomy in order not to have to be examined

4Niels Bohr (1885-1962)—Danish physicist who made numerous
contributions to our understanding of atomic structure and quantum
mechanics. He won the 1922 Nobel Prize for physics, for his work on the
structure of atoms.
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by Klein, in whose bad graces he remained. So again,

physics gained and mathematics lost.

On his final exam in 1906, Born was

asked by Schwarzschild in the astron-

omy section, “What would you do if you

saw a falling star?” Born confidently

replied, “I’d make a wish.” David

Hilbert5 laughed, but Schwarzschild re-

peated, “So you would, would you?

But, what else?” By now Born had

collected his thoughts and explained

in great detail all the observations he

would make.

Max Born

In 1907, when Born was an advanced student in Cam-

bridge, he took an advanced course in electricity. A pretty

young lady from Newsham, who seemed shy and standoff-

ish to Born, who was also shy, was taking the course with

him. The instructor was an old professor with an impish

sense of humour, Dr. Searle. One day, when Born and his

lab partner were having difficulty with their equipment,

Born asked Searle for some help, “Dr. Searle, something

is wrong here. What shall I do with this angel?” Of course

he meant “angle.” Old Searle peered at both of them over

his spectacles, wagged his head and said, “Kiss her, man,

kiss her.” After that Born’s shyness was even greater.

The following story illustrates the difference between

scientific and military thinking. During WWI, two

Swedish inventors were sent to Berlin by the German am-

bassador in Stockholm. These two gentlemen were lodged

in the Adler, the best hotel in Berlin, with all expenses

covered. Clearly, they were not too anxious to leave. Os-

tensibly, they had invented an ammunition detector. It

was the job of a military scientist, namely Born, to evalu-

ate their discovery.

At first the two gentlemen claimed that they needed ten

kilograms of platinum. After much discussion, this was

reduced to a more reasonable amount. Next they refused

to have their instrument tested anywhere except at the

front where, as Born repeatedly pointed out, no controlled

experiment was possible. Thus, weeks went by with these

two enjoying the hospitality of the Adler. Finally, they

agreed to tests at an experimental station.

A hundred boxes, of which two contained ammunition

and 98 contained sand, were arranged in a circle. Of

course, many high-ranking officers were present. After a

long and mysterious preparation, the men began to turn

their instrument and, sure enough, found one of the boxes

of ammo. The general shouted, “Well done!” and to the

scientists, among whom was Born, “Your skepticism is for

once disproved. I think the test is over.”

5David Hilbert (1862-1943)—famous German mathematician who
contributed substantially to the establishment of the formalistic founda-
tions of mathematics.

It took much effort by Born to persuade the general to

repeat the test. This time the test failed, as it did in all

subsequent cases. In the end, to show that no swindle had

occurred, Born had to have all 100 boxes opened to show

that two contained ammunition. By that time the general

had disappeared.

When Born was already famous, he gave a lecture at

the Cavendish Laboratory. Rutherford, who had little use

for theorists and ruled the Cavendish with his booming

voice and huge frame, made the following statement to

him. “There must be an experimental physicist with ex-

actly the same name as you. Because, when I was prepar-

ing a lecture on the kinetic theory of gases I found a pa-

per in the Physikalische Zeitschrift signed by Max Born

and Elisabeth Bormann, and it contained the description

of an experiment much too good to have been written by

a mathematician like you.” Actually there was only one

Max Born and the experiment referred to dealt with the

measurement of molecular cross-sections by measuring the

intensity of a beam of silver atoms in vacuum and in gas.

After the Nazis came to power, Max Born left his na-

tive Germany and accepted an invitation to Cambridge.

On his arrival at the Cambridge railway station, he was

severely shocked to see a gigantic poster proclaiming

BORN TO BE HANGED. The people from Cambridge

calmed him, however, by explaining that this was only an

advertisement of a play about someone born to be hanged.

Of course, sometimes things work in completely oppo-

site ways for different people. Paul A. M. Dirac6 was a

most worthy successor to Newton’s chair in Cambridge.

Harish-Chandra became Dirac’s assistant there. One day,

while on a walk with Dirac and

Nicholas Kemmer, he declared, “I am

leaving physics for mathematics. I find

physics messy, unrigorous, elusive.”

To this Dirac replied, “I am leaving

mathematics for physics for the same

reasons.” They both did as they said

and later were reunited at the Prince-

ton Institute for Advanced Studies,

where Harish-Chandra achieved fame
Paul A. M. Dirac

as a mathematician and Dirac as a physicist.

Incidentally, Dirac abandoned any idea of doing experi-

mental physics after an unfortunate mishap. He was trying

to set up the equipment for the Millikan oil drop experi-

ment to measure the charge of an electron. In so doing, he

inadvertently made a bad connection and the high voltage

knocked him out. After he revived, he lost all interest in

doing further experimental work and stuck to theory.

6Paul A. M. Dirac—English physicist who predicted the existence
of the “anti-particle.” Dirac’s contribution to physics was honored with
a Nobel Prize in 1933.
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Dirac was also one of the inventors of quantum mechan-

ics in a form somewhat different from the earlier Heisen-

berg, Born, and Jordan version of matrix mechanics and

Schrödinger’s version of wave mechanics. In a series of bril-

liant papers, Dirac built an alternate mathematical frame-

work that was far more appealing to physicists. These

papers were so important in giving physicists a practical

computational tool that when Dirac published a book on

the subject in 1930, another prominent physicist, Lennard-

Jones, remarked, “An eminent European physicist, who is

fortunate enough to possess a bound set of reprints of Dr.

Dirac’s original papers, has been heard to refer to them

affectionately as his ‘bible’. Those not so fortunate have

now, at any rate, an opportunity of acquiring a copy of the

authorized version.”

Later, when both Heisenberg and Dirac had achieved

fame, they set out together on a trip around the world.

There are several amusing incidents that occurred.

They travelled from America to the Far East on the

Shinyo Maru and then later met in America again. On the

first leg of this trip from the U.S. to Japan, they agreed to

meet in Yellowstone National Park so that they could see

some of the geysers go off. When Dirac showed up he had

a detailed timetable of all the geysers that were accessible

and the times at which they went off. Furthermore, he

had a table of all the distances between the geysers. Us-

ing these data he had worked out a route so that it was

possible for him and Heisenberg to see almost all of them

go off and not waste a minute.

Heisenberg was a very active and charming man, while

Dirac was somewhat shy and taciturn. While at sea,

Heisenberg danced at almost every dance that was held,

but Dirac sat by himself. Once, during a break in the

dancing, Heisenberg returned to the table. Dirac, who

had been watching all the activities, turned to Heisenberg

and asked, “Tell me, why do you dance so much?” The

ever gallant Heisenberg replied, “When I see a nice young

lady I feel compelled to dance.” After a pause, Dirac again

asked, “Oh, but how do you know she is nice before you

dance with her?”

During their trip, the boat docked in Hawaii. Since

they were due to remain there for a few days, they de-

cided to visit the University and offer to give a seminar.

After arriving at the physics department and identifying

themselves, they declared their intention. Much to their

surprise, they were refused. A day later another visitor

from the Shinyo Maru visited the physics department. The

chairman related to him with glee how the previous day

two clowns claiming to be Heisenberg and Dirac had of-

fered to give a seminar, but he had, of course, seen through

them.

Dirac always abhorred being interviewed by reporters

and sometimes went to extraordinary lengths to avoid

them. When the boat carrying Heisenberg and Dirac

docked in Japan, reporters swarmed on board to interview

these two famous men. Dirac, who was standing beside

Heisenberg at the railing, turned his back and stepped

back. A reporter asked Heisenberg, “Where’s Dirac?”

Heisenberg simply shrugged and said nothing. The re-

porters interviewed Heisenberg and left. Dirac was very

proud of having outwitted the reporters.
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HOW TO PROVE IT:

Proof by picture:

• A more convincing form of proof by example. Combines well
with proof by omission.

Proof by vehement assertion:

• It is useful to have some kind of authority relation to the au-
dience.

Proof by ghost reference:

• Nothing even remotely resembling the cited theorem appears
in the reference given.

Proof by forward reference:

• Reference is usually to a forthcoming paper of the author,
which is often not as forthcoming as at first.

Proof by semantic shift:

• Some of the standard but inconvenient definitions are changed
for the statement of the result.

Proof by appeal to intuition:

• Cloud-shaped drawings frequently help here.
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