






















































































lemarks on Bnergy Losses Attending Thermionic Emission of

Electrons from Metals,

The recent publication of a paper on "The Energy Losses

Attendins Fleld Current and Thermionic Emission of Electrons

from Metsls" by Sertrudel, Fleming and Frofessor Joseph L, study
Hendersont 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 physicel processes involved, If one

conslders that the free electrons in a metal can be described

a8 having a Ferml distribution characterized by the thermo-

iynamicid potential Mo 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 1s concerned this may be calculated by determining

now many electrons with energy greater than M cross the
boundary in a given time and multiplying this by the aversare

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 is carried

by these and may be computed by multiplying the number of

holes crossing in a given time by the gverase energy carried

by each hole, Fleming and Henderson compute this average energy

associated with the current flow of holesand find

El = PH - 1,2 kT. The determination of the 1.2 1s necessar-
lly an approximation but is good to better than fomr 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

sas level T instead of Me This leads to the result
" =@ + 3,2 XT for the average energy carried away per electron

shen emitted thermionically. Fere ¢ 1s the work function

{C - pn) and C is essentially the potential energy of en
2lectron just outside of the emitter relative to the bottom

of the Fermi bend 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

Al upon belnz received because all of those states are filled.



The c_.cctric current “lows around the clrcult gt the levi?

{except for batteries) and flows into the emitter ei th!

level Richardson&lt; visuallz~A4 “I nntion eggen*i~llv nr

jifferent from this and showe. tha. + true heat loss per

electron 2tteniin&gt; thermionic emlecies * W=g + 2 kT,

t reflection effect, or a transmi--i:" ¢~-""" lent D(",

vhich 1s constent and therefore indevende.s” «I # for ell

velues of Wy C , does not alter % where ¥ 1g the energy
associated with the motion normal to the surface, Thermionic

studies” indicste that D(%W) = 1 - exp(¥W = C)/R represents

the experimentally determined energy distributions accurately

shere R 4s &amp;n empirical constant equal to 0,1¢1 electron volt.

4 paper 1c bein prepared which shows that withr-this _

transmission coefficient, w = £ + xT {2 + 1/(1 + x?/R)] .

For the temperature range 1500%K to 220CPK this coefficient
of kT varies from 2.6 to 2.5 as compared with 2 for non-

selective transmission.
The possibilityd that there arn missnrints of.

page 8%3 of Fleming and Henderson makes det ied checking
of thelr results difficult since three of the integrations

have limits » te ¢ instead of those expected of C to w

and the brackets are not completed in front of the exponentials

ag it seems they should be, Although the writer has not yet

deen able to duplicate the final equation giving w aos

computed for the case of field emission usinz the indicated

limits of P to wo, there can be no doubt concerning the

final result that an in"2ppreciable heat loss is to be expected
for the electrons emitted emen thoush the temperature of the

emitter 1s fz2irly hich, In fact 1t seems likely that one

rould find a detectable heating effect vhen a stron: emlssion

takes place from 2 very sharp point, If onc uses integration

limits C to © and assumes thet the electrons enter the emitter

at the A level, the calculation of such heatin:, if it exists,
ie straizht forward.

reorge Ezgtman Lasboratdry of Physics
Fassachugetts Institute of Technology

Cembridge, Massachusetts
November 20, 1940

"eming and J.E.Henderson, Phys.Rev, 58,887(194C)
~iicharéson, Fkil, Trans, A 201, 497(12903)
Yottinghem, Thys. Rev, 4g, 7811526)
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No rember 27, 1¢ ,0

Professor John T. Tate. Editor
PHYSICAL REVINY
Jniversity of Minnesota
{inneanolis., Minnesota

sear Professor Tate:

I am enclosing a "letter to
[ hope you will find =ulteb? for publ”
December 15 issue. I realize that t-
short and that it may not be possible

$C

I am also enclosing asoplies of
Fleming and Professor Hendercony I thin.
axplanstorv.

ry,

J veg trun CO yOUrs,

rayne 13, Nottin hax
Associate Profezzor
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