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Max Plancl

But even if the radiation formula proved to be perfectly correct, i®
would after all have been only an interpolation formula found by
lucky guess-work and thus would have left us rather unsatisfied. 1
therefore strived from the day of its discovery to give it real
physical interpretation.After some weeks of the most intense work of
my life, light began to appear to me and unexpected views revealed
themselves in the distance. nobel Address, 1920

It was an act of desperation. For six years I had struggled with the
blackbody theory. I knew the problem was fundamental and I knew the

answer. 1 had to find a theoretical explanation at any price...
orrespondence, 1931
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not totally arbitrary

it reproduced the data over the entire range

His result is the Planck Distribution function:

Bmhe 1
T, A=
. E(%] -1

for very high frequencies (low wavelengths) it reproduces Wien's law.

and, he could predict:

Energy Pensity

[{Joulefm®-m)

Boltzmann’s constant, k = ¢, / ¢,, the electron charge and Avagadros’ number.

T=1600K
predictions, drea 1900

] Wein 15505

———=Flanck 1900
; \\ -—Raj:ﬂ Jeans 1900
o B )
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:_':?TGIW Hﬁ! infrared
e e s i e
wanvelength (m)

the arbitrary constants are gone in favor of now fundamental
constants: ¢, k and now h

at the expense of an unwelcome interpretation

Planck suspected that this was important, and admitted as much to
a young son...one who died in WWI. Two of his three daughters died
in childbirth and he lost his wife in 1909.

Planck behaved with dignity during WWII - persistently, but
unsuccessfully, tried to persuade Hitler into different directions.

He lost his eldest son to execution as a part of an assassination
attempt on Hitler.

He was barely rescued by the Allies as the Russians approached
Berlin as a frail, homeless elderly man.
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A DIRECT PHOTOELECTRIC DETERMINATION OF
PLANCK'S " h.™

By R. A. MILLIEAN.

1. INTRODUCTORY. ;

UANTUM theory was not originally developed for the sake of
interpreting photoelectric phenomena. It was solely a theory
as to the mechanism of absorption and emission of electromagnetic
waves by resonators of atomic or subatomic dimensions. It had nothing
whatever to say about the energy of an esciping electron or about the
conditions under which such an electron could make its escape, and up
to this day the form of the theory developed by its author has not been
able to account satisfactorily for the photoelectric facts presented here-
with. We are confronted, however, by the astonishing situation that
these facts were correctly and exactly predicted nine years ago by a form

of quantum theory which has now been pretty generally abandoned,

It was in 1905-that Einstein® made the first coupling of photo effects
and with any form of quantum theory by bringing forward the bold, not
to say the reckless, hypothesis of an electro-magnetic light corpuscle of
energy hv, which energy was transferred upon absorption to an electron.
This hypothesis may well be called reckless first because an electromag-
netic disturbance which remains localized in space seems a violation of
the very conception of an electromagnetic disturbance, and second be-
cause it flies in the face of the thoroughly established facts of interference.
The hypothesis was apparently made solely because it furnished a ready
explanation of one of the most remarkable facts brought to light by
recent investigations, viz., that the energy with which an electron is
thrown out of a metal by ultra-violet light or X-rays is independent of the
intensity of the light while it depends on its frequency. This fact alone
seems to demand some modification of classical theory or, at any rate,
it has not yet been interpreted satisfactorily in terms of classical theory.

While this was the main if not the only basis of Einstein's assumption,
this assumption enabled him at once to predict that the maximum energy

1An abstract of this paper was presented before the Am. Phys. Soe. In April, 1014.
(PaYS. REV,, IV, 73, '74.) The data onlithium were however first reported at the meeting of
the Am. Phys. Soc. in April, 1015. (Pavs. REv., VL., 55, '15.)

! Ann, d. Phys. (4} 17. 132, 1905 and (4), 20, 150, 1006,

no

-
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of emission of corpuscles under the influence of light would be governed
by the equation -
gmrt =V.e=hy — #, (1)
in which kv is the energy absorbed by the electron from the light wave,
which according to Planck contained just the energy ke, p is the work
necessary to get the electron out of the metal and 4mgz® is the energy with
which it leaves the surface, an energy evidently measured by the product
of its charge ¢ by the P.D. against which it is just able to drive itself
before being brought to rest.

At the time at which it was made this prediction was as bold as the
hypothesis which suggested it, for at that time there were available no
experiments whatever for determining anything about how P.D. varles
with », or whether the hypothetical % of equation (1) was anything more
than a number of the same general magnitude as Planck's k. Never-
theless, the following results seem to show that at least five of the ex-
perimentally verifiable relationships which are actually contained in
equation (1) are rigorously correct. These relationships are embodied
in the following assertions:

1. That there exisis for each exciling frequency v, above a cerlain critical
value, ¢ definilely determinable maximum velocity of emission of
corpuscles,

2. That there is a linear relalion between V and v,

3. That g or the slope of the V' v line 15 numerically equal to ke,

4. That at the critical frequency wo al which v = o, p = hwy, €. €., that the
intercept of the Vv line on the v axis is the lowest frequency at which
the metal in question can be pholoelectrically active.

5. That the contact E.M.F, belween any two conductors is piven by the
equation

Contact EMM.F. = hfe(ve — »¢) — (Vo — V).

No one of these points except the first! had been tested even roughly

when Einstein made his prediction and the correctness of this one has

recently been vigorously denied by Ramsauer? As regards the fourth

Elster and Geitel® had indeed concluded as early as 1801, from a study of

the alkali metals, that the more electro-positive the metal the smaller is

the value of » at which it becomes photo-sensitive, a conclusion however
which later researches on the non-alkaline metals seemed for years to
contradict.

1 Lenard (Ann, d. Phye. (4), 8, 149, 1902) discovered a maximum velocity though he did
not find the effect of frequency upon it

1 Ann. d. Phys., 45, 1120, 1014 and 43, p. 061,

PWied. Ann., 43, 225, 1891,
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sumed to travel along the ether strings are proportional to the impressed
frequency and (2) that they are transferred upon absorption as wholes
to an electron. This being the case, the ohjections to an ether-string
theory, that is, to any theory in which the energy remains localized in
space instead of spreading over the entire wave-front, must hold for the
Einstein theory. Lorenz! and Planck? have pointed out some of these.
Despite these objections, however, Sir J. J. Thomsoen® and Norman
Campbell® still adhere toit. I wish to call attention to one more difficulty
which in itself seems to me to be very serious.

If a static electrical field has a fibrous structure, as postulated by any
form of ether-string theory * each unit of positive electricity being the
origin and each unit of negative electricity the termination of a Faraday
tube,”® then the force acting on one single electron between the plates
of an air condenser cannot possibly vary continuously with the potential
difference between the plates. Now in the oil-drop experiments® we
actually study the behavior in such an electric field of one single, isolated
electron and we find, over the widest limits, exact proportionality between
the field strength and the force acting on the electron as measured by the
velocity with which the oil drop to which it is attached is dragged through
the air.

When we maintain the field constant and vary the charge on the drop,
the granular structure of electricity is proved by the discontinuous
changes in the velocity, but when we maintain the charge constant and
vary the field the lack of discontinuous change in the velocity disproves
the contention of a fibrous structure in the field unless the assumption
be made that there are an enormous number of ether strings ending in
one electron. Such an assumption takes all the virtue out of an ether
string theory.

Despite then the apparently complete success of the Einstein equation,
the physical theory of which it was designed to be the symbolic expression
is found so untenable that Einstein himself, I believe, no longer holds to it.
But how else can the equation be obtained?

Before attempting to answer this question, let us consider the energy
relations which it imposes. It requires the absorption at some time or
other by the escaping electron of at least the energy kv from incident
waves of frequency ». The total luminous energy falling per second from

1 Phys. Zeit., 11349, 1910, >

* Ann. der. Phys., 39, 1012, Berliner Ber., 723, 1p1I.

! Proc. Phys. Soc. London, X XVIL, 105, December 15, 1014,

i Maodern Electrical Theotry, Cambeldge Press, 1913, p. 248.

8 1. J. Thomson's Electricity and Matter, p. 9.
¥ Puvs. REV., 2, 10p, I1DI3.
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