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19th August, 1952.

Professor N. F. Mott,
H. He. Wills Physical Leboratory,
University of Bristol,
Royal Fort,

BRISTOL 8. ENGLAND.

Dear Professor Mott,
Herewith I am enclosing a short note by Dr. Klemens

and myself on the temperature variation of the thermiontcodypotential of a degenerate electron géB. If you think the
results are correct, and are worth getting into print, may I
request you to consider the note for publication in the
Correspondence Section of the Philosophical Magazine. If
-accepted for publication the proofs may kindly be sent to me

my New Delni address...

I came to Australia as a delegate to U.R.S.I.
Conference and to the meetings of the Australian and New Zealand
Association for the Advancement of Science, and I expect to be
back in Indie early in September,

With kind regards,
Yours sincerely,
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In the Fermi-Dirac distribution function, namely

(4)

C» as is well knowny is the thermodynamic potentio#@a or the

free energy at constant pressure, per electron, and is given by
t

G = u-Tstpv, (2)

where the letters have their usual significence. Obviously (a
f

is a function of the temperature, and is determined by the

equation
oo

2 N(z)f (3)
©

where n is the number of electrons per unit volume, and N(E) is
the density of energy states. For an almost completely

degenerate gas, i.e. at temperatures TSTo» where

is the degeneracy-temperature, the integration of (3) yields to

a first approximation
d
Ow. 6 ve Oh

B(1-727/6), (5)

where

J = 26°.



Since tthe second teri in (5) is merely a correction term, C
appearing ja the denominator of (6) may be replaced by Coe or

which we shall define presently, which are both of nearly

the same magnitude as Cc.
In expression (5) G. is frequently referred to as the

value of C at T= 0, and for that réason is sometimes regarded

as independent of T, and hence the temperature variation of C is
taken to be determined completely by the second term which involves

T explicitly. It is the main purpose of this note to emphasise

that tais will be the case only if the density of electrons n is

kept constant, whereas at constant pressure the density n, and

2
hence also bo as will be seen from (4), will vary with the

G,

} Ye

2°/3), (7)

and the expression for the temperature variation of C at constant

-¢pressure will therefore be given by

(8)

Physically has the following significance. fat

etal at temperature T,{then the temperature variation of 97 due to
B

C

= C C (9)

Incidentally it may be mentioned that thermodynsemically

o

T



the specific heat of the electrons in the condensedis
conste presmure, In view of (8) and (10) oneat

obtains

7 1 ( )

Woich is the same expression és Tor e

It should be inentioned here thet if the electronic
Structure of the netal, instead of corresponding to a nearly
empty parabolic bend, as we heve taken it to 7be till now,

corresponds to & nearly full parabolic band, the expressions
for and will remain the same as before, but will now refer
to the holes, and hence

Should be replaced by C- So. ° In other words C will now

incresse with the increase of tne temperature, though the specific
heats remain positive, as they should,

Tnet in a highly degenerate electron 3 the pecific
heat &t constent pressure snould be the saine as that at constant

volume can also be cemonstrated otherwise. At higher temperatures

naturally will inereese inmore rapidly than Cys end they will

O
in equations (8), (9) and (10)

3values andtend to the respectively.2
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Professor N. F. Mott, August, 1952.
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H.H. Wills Physical Laboratory,
University of Bristol,
BRISTOL. 8 ENGLAND.

Dear Professor Mott,
After sending the note by Dr. Klemens and myself

on The Temperature Variation of the Thermodynamic Potential of
a Degenerate Electron Gas" I noticed an error on page 2 of the
typescript. The second, third and fourth lines after equation
(8) should read

is the thermionic work-function, as usually defined, of
a hetal at temperature T, then the"

place of

metal at temperature T and at the saturation vapour pressure
of the electron gas in with the metal, then the"

is the latent heat of evaporation of the electrons from a

-Herewith I am enclosing @ copy of page 2 of the
original typescript with the corrections made on it in red ink,
and a clean copy of page 2 which may kindly be substituted for
the one previously sent.

With kind regards,
Yours sincerely,

Man.


