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Remarks on Bnergy Losses Attending Thermionic Emission of
Electrons from Metals,

The recent publication of a paper on "The Energy Losses
Attending Fleld Current and Thermionic Emission of Electrons
from Metals" bgrdertruden} Fleming and Professor Joseph E, stud
Hendersonl presents the results of a very valuable experimental,\
of this subject but, in the opinion of the writer, an error has
been made in the assumed physical processes involved, If one
considers that the free electrons in a metal can be described
as having a Ferml distribution characterized by the thermo-
dynamici‘ potential )u. then at any temperature T the
"random" current flow in the positive x direction across

[

any boundary can be calculated, As far as the flow of heat
energy is concerned this may be calculated by determining
how many electrons with energy greater than /u cross the
boundary in a glven time and multiplying thie by the average
energy carried by each electron, In addition to this one may
consider that there is a "current" of "holes" in the Fermi
band crossing the same boundary and that xkm energy 1s carried
by these and may be computed by multiplying the number of
holes crossing in a given time by the average energy carried
by each hole. Fleminzg and Henderson compute this average energy
associated with the current flow of holeéand find

‘o = /p - 1.2 kT, The determination of the 1.2 is necessar-
ily an approximation but is good to better than four percent.
They then proceed to compute the heat carried away by electrons
emitted in an accelerating field as though the emission

current were supplied at the cool part of the fllament at

Ehe level ;o instead of /u. This leads to the result

=@ + 3,2 kT for the average energy carried away per electron

when emitted thermionically., FHere @ i1s the work function

(c ;/n) and C is essentially the potential energy of an
electron just outside of the emitter relative to the bottom

of the Fermi band as zero,

Consider the receiving plate of a tube for studying
thermionic emission to be at OPK, Then the electrons in the
emission current cannot fall into quantum states lower than

/u upon being received because all of those states are fllled.



2

The electric current flows around the circuit at the level /1
(except for batteries) and flowse into the emitter at this
level, Richardson2 visuallzed a sltuation essentlally no
different from this and showed that the true heat loss per
electron attending thermionic emission is W =g + 2 kT,
A reflection effect, or a transmission coefficient D(W)
which 1s constant and therefore independent of W for all
values of W) C , does not alter W where W is the energy
associated with the motion normal to the surface, Thermionic
studies” indicate that D(W) = 1 - exp(VW - C)/R represents
the experimentally determined energy distributions accurately
where R 1is an empirical constant equal to 0,191 electron volt.
A paper is beinz prepared which shows that withrthis B
transmission coefficient, w = @ + kT{2 + 1/( + kI/R)| .
For the temperature range 1500°K to 2BO0CK this coefficient
of kT varies from 2,6 to 2.5 as compared with 2 for non-
gelective transmission.

The poasibilit’4 that there are missprints oL
page 893 of Fleming and Henderson makes a detalled checking
of thelr results difficult since three of the integrations
have limite /p.to 6 instead of those expected of O to =
and the brackets are not completed in front of the exponentlals
ags 1t seems they should be, Although the writer has not yet
been able to duplicate the final equation giving w as
computed for the case of fleld emission using the indicated
limits of /u to =, there can be no doubt concerning the
final result that an 1nC}ppreciable heat loss is to be expected
for the electrons emitted emen though the temperature of the
emitter 1s fairly high., In fact i1t seems llikely that one
would find a detectable heatinz effect when a strong emlission
takes place from a very sharp point, If one uses integration
limits O to # and assumes that the electrons enter the emitter
at the ,p,level, the calculation of such heating, if it exists,

is straigzght forward; W, B, Nottingham

George Eagtman Laboratéry of Fhysics
Massachusetts Institute of Technology
Cambridge, Massachusetts
~ November 30, 1940
1., G.,M Fleming and J.E.,Henderson, Phys.,Rev, 58,887(1940)
2, 0,%,Richaréson, FPhRil., Trans, A 201, 497(1903)
3, W,3,Nottingham, Fhys. Rev, 49,78(1936)
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November 29, 1940

Dr. Certrude M. Fleming
Russell Sage College
Troy, New York

Dear Dr. Flemingi

Your paper on "The Energy Losses Attending Fleld
Current and Thermionie Bmission of Electrons from Metals"
is very interesting, and I think important from the point of
view of establishing with 2till greater certainty the view
that the field emission electrons come more or less directly
from the Fermi band, and therefore their emission entalls
practically no change in the temperature of the metal from
which they are emitted,

Although it i3 relatively unimportant froa the
stendpoint of the validity of your results and conclusions,
the claim that the energy ¥ carried away per electron is
# + 3.2 kT is in ny opinlon not correct. In view of the
fact that this energy was calculated by Hichardson as long
ago as 1903, and the fact that it can be calculated directly
from the Fermi-Sommerfeld model to be # + 2 kT, it is surpris-
ing that you have calculsted it as @ + 3,2 kT without an
extensive Justification of your method,

Of course what you have done is to calculate, as
indicated by the last equation on page 8§92, the average energy
®¥per hole"™ carried across the boundary by the current of
"holes® below the thernﬂigt!‘potanti&lnip and taken this average
energy as the reference point for calcuYating the energy carried
avay opThe averaged by the thermionially emitted electrons,

This i3 in my mind a very unusual point of view, since I would
consider that the proper reference point should be ju instead
Of}l - 1.2 kT,

In view of the fact that I feel that it is important
not to let an error of this type become perpetusted in the
literature, I am submitting the enclosed letter to the editor
with the hope that it may posszibly arrive in time to be accepted
by the third of December, which is the closing date for letters
to the editor which will appear in Vol. 58,




Dr. Gertrude M. Fleming -l November 29, 1940

Of course, if I am wrong and you can justify the
procedure which you have followed, I think that the publication
of my letter is still worth while in that it is surely a point
which most other workers in this field would support, and in
case you are in a position to defend your belief in this matter,
we should all be enlightened,

I am sending a copy of this letter to Professor
Tate along with my letter to the editor, and am also sending a
copy to Professor Henderson,

I hope that it will not be rushing you too much to
submit to Professor Tate your reply in time for publication in
this volume, although I realize full well that may be impossible
to do. It might faeilitzte matters if at the same time you
sent your reply to Professor Tate, you also sent me a copy so
that I can assure Professor Tate that the matter can stand as
Pclosed® as far as letters to the editor are concerned,

Very truly yours,

Wayne B, Nottingham
Assoclate Professor of Physics

VoN:W
CC to Professor Tate
Professor Henderson

nes.



November 29. 1940

Professor Joseph E. Henderson
Univerzity of Washington
S8eattle, Washington

Dear Professor Hendersoni

I am enclosing & copy of a letter which I have
written to Dr. Fleming, and also a copy of a letter to the
editor which I hope can be published in Vol., 58 of the
PHYSICAL REVIEW, although I realize that it will bhe diffi-
cult to manage it.

I was not sure whether or not you or Dr. Fleaing
would prefer to defend your point of view, Although the
matter is practically of no importance as far as the princi-
pal experimental results which you have presented are concerned,
I think that it is important not to leave this result uncorrect-
ed in case my point of view iz the correct one,

Very truly yours,

Wayne B, Nottingham
Assoclate Professor of Physics

WEBR:W
CC to Professor Tate
Drs Fleming

Enecs.,



November 29, 1940

Professor John T. Tate, Editor
PHYSICAL REVIEW

University of Minnesota
Minneapolis, Minnesota

Dear Professor Tatei

I am enclosing a "letter to the editor" which
I hope you will find suitable for publicstion in the
December 15 issue, I realize that the time will be very
short and that it may not be possible to do this.

I am also enclosing aopies of my letter te Dr.

Fleming and Professor Henderson; I think these are all self-
explanatory.

Very truly yours,

Viayne B, Nottingham
Assoclate Professor of Physics

WEBN:W
Encs.
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