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A NEW METHOD OF DETERRMINING THakMIONIC CONSTANTS,

The theory of metals is of increasing importance these days and
contribution related to that subject will be of interest. This disser-
tation desls mainly with a new thermionic method of determining

ants A :;;'ﬂdf%ﬂ the well-known Richardson equation
0 g L -2
C & a Ao T o KT
developed under the guidance of Prof, Dr., Sir h.S. krishnan, Kt., Hoenad
2t the University of Allahabad. Before, however, the new method is
discussed it will, perhaps, not be out of place to review briefly the
,1ient features of the concept of the Work Function and of the exis-

ting methods of determining it.

Potential barrier at the surface of a metal.

There have been several views of the concept of the Work XYunction.
According to the electrical imasge theory of Scottkyl the poteptial
barrier at the surface of a2 metal may be roughly given by the imzge
force. Another view, which attained its final expression in the treat-

P
ment of Dushmanl, considered the thermal emission of electrons irom a
metal as thermodynamically equivalent to the evaporation of a monzto-
mic gas of molecular weight N m, where N is Avogedro number snd m, the
electroniec mass. Using the Clgusius-Clapeyron equation an emission
equation was derived which was the same established aiready by the
pioneer work of O.W. Richzrdson. The work function thus was taken to
be she latent hezt of eveporation of an electron at 5 K, These views
sre rather mechanistic and crude and do not givesso detailed =z pictuzé
as that furnished in the treatment of Sommerfeld bzsed on Fermi-Dirag
Stetistics. The Richardson equation, however, still stands as the
practical emhodiment of thermionic theory.

It is well-known that most metals are cxystail*ne in structigge and
consict of an array of ions built by s regular fepitition in t]'ee di-

mensions of some structural unit, Fig.1 illustrates the varigtion of

potential energy,U, due to the nucle%fd,p,Y:.,. snd the regions of

intense local potential varistions near the latter. Since the greate




portion of the metal is the volume between the nucle;i;the potentia

Yetween the nucleif mav be taken s nearly constant zs shown by the
srched portions., It will be noted that since there are no nucleai

to one side of the surtace of the metal thecre will be no lowering of
the potential energy curve such as prevails in the

nuclei)<with*n the metal. This is the origin of the potenti

at fhe surface of the metal,

An electron in the metal that possesses energy corresponding
to the point A in Fig.1 collides with and rebounds from the poﬁential
wells a and b and remains confined within them, 4t, thereiore, is

¢

strongly bound to the nuclsus,l; gand cannot drift away. But an elec-

tron with energy corresponding to the point'B will,at no point within

the meta% have its total energy entirely convetted into potential

energy and hence it will trawel, more or less, ifreely within the
.metzl. But when it reaches thé surface of the metal, it collides with

the potential barrier at C there. Its kine%ic energy ieg reduced to

zern zund the electron is turned back into the body of the metal., 1t

is such eieétrnns which have energies in the region of the potential

platesu and are subiect to no 101~*;f—vkatever, that form the "free
electron gas" within the metal. Since they are stleast as many as the
. 2

number of atems they are of the order of 10M3/gm. molecule and form

g degenerate Fermi gas.

In order to show more details Fig.l has been redrawn &s 1ige?
with all potential veriations within the metal being omitted with the
exceptfon of the barrier azt the surface. The zero of energy has been
ehosen at the level of the platesu in ¥ig.1. The electrons, even at
S’K of temperature, possess varying amounts of kinetic energy ranging
Dfromyyero to 2 definite maximumvh¢ called the rermi energy, as sho own
by the horizontal line. According to Sommerfeld, who applied the
‘Fermi-Dirac statistics to the electron:gas in metals, the number LE

of electrons per unit volume with energies between & and(EB+ gk is

sifen oy : ox Jam E :
N AE = —
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where £ = -}_k(u«-v-t-u),
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M, zlready indicated in ¥ig., 2,2 — \—¢

gpproximatel
N a the number of setoms in unit volume of the metal,

3/- the number of free electrons per atom (usually assumed to
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be equzl to the number of electrons in the outermost shell of the =g
etom),
end T, h, and K have their usual significance.

llustrates the energy distribution of the electrons in
metals. It will be seen that at O K, N, veries asfl upto &=k,
which it drops to zero. llence Mrepresents the maximum kinetic energy
of the electrons at g K. The distribution is represented by the full
line curve. At temperatures sbove 6 £y the distributions are zpproxi
mately such that for Eus N st#ll varies s [B; but tor BJw, it
falls to zero exponentially according'to the Maxwell ugw as indicated
by the dotted line curve., If these higher energy electrons zre impar

ted & sufficient energy , glwen by the tollowing relation and shown

In Big, 3% 7?" bi_ m

they can surmount the potential barrier E_and escape from the metgl.
This ?>is defined gs the electron Work runction of the metzl. 1t
diiterent for different metals.

Methods of measuring Work Functions.

The Work Function,fi, hzs been mezsured by the tollowing
methods:

1. Thermionic Emission.

Cooling effect when electrons sre emitted, or heating
eftect when electrons are collected.

De ﬁlectron‘reflection from the surface of metals.

4, Contact potentizls.

znd B, Photoelectric Threshold values.

.Since the nature znd the arrangement ot the surteace atoms
determ{ne the nature of the surfsce forces, and, hence, the magni-
tude of the Work Function, it is essentigl for the obtaining of
signitficent data to experiment on metals of which the surtace, at X=
least the underiyirx immediately underlying regions are iree 1irem
impurities. Hence the utmost cazre has to be taken to take not only
ﬁeﬁgls of the highest chemical purity but also to further purify the
.surfsce of all occluded gnd adsorbed gases by a course of prolonged

heat treatment in the highest vacuum available and to ' mzintzin this

vacuwim throughout the mzasurements,




(1) The Thermionic Emission method.

This method consists in imperting, by hesting, to the rela-

tively few electrons of energies grester than the "zero point energy',

s enouzh kinetic energy to enable them to cross the potentigl bgrrier
(rig. 2) at the surtace of the metal.

The experimental arrangement consists of & thin cylindrical
wireﬁor a strip of uniform cross-section,of the metzl under investiga-
tion disposed along the axis of a cylinder of some refractory metzl,
both being enclosed in a bulb which can be kept highly evacuated. lhe
walls of the buihias well gs the metallic parts within are thoroughl
degassed by a prolonged course of heat treatment. The filament is heated
to various high temperatures by a current tfrom & low tension battery and
the electrons emitted form & space charge which has to be neutrglised by
applying increasingly positive voltages on the cylinder betore the
latter can collect the saturation current. Since the cylinder, or anode,
congsists of 3 sections, the end ones acting as guard rings while the
middle one acting as the cn’lecto‘, hence by attructjng gll the emitted

due
electrons from the middle of the filament, the end effects/to the iila-
ment leads, the effects due to the cooling of the ends of the tilament,
and any distortion of the electric field at the ends of the anode &re
211 eliminated. From the specifications of the filament the area of the
central segner? enclosed by the middle cylinder is calculated. fne temp-

erature of the emitter is measured by an ontica

thermocouple welded to the segment, or from observations on the resis-

tance of the wireﬁor from the watts radiated trom the surface.

An early form of an emission equation was suggested on the

basis of the classical kinetic theory of gases by hichardson as followse

’» + -&
i:A i e

but later developments, both from the thermodynamical point of view and

from the Fermi St at istics poin%ﬁof view gave the equaticn/ag:

- .

& s A?L . T - C‘)

where i is the electronic emission Ilom g unit areg and A is a univezm-

LR m £k 2] : ,

sal constant given by (1-7 ) cmmm— uhixht which, on substitution ot
: ) 9

the various constsnts, comes out to be 120 amperes/cm deg . nere r is
the average relection coefficient, Since both the equations predict

the szme exponential dependence upon the temperature ana since the




the exponential factor overshadows the effect of e T or the
is not possible to decide experimentzlly whether the one
or the other is the pro one. fdowever, owing to its theoreticsal

significance, the T equation is

Teking the logarithms of both the sides
| 94
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0 that if the values of logt are plotted zgainst the vazlues or L,
the slope of the strzight'line, celled the hichardson line, gives
the value of the Thermionic Work runction, ¥, while the intercept
gives the constant A, It will thus be seen that in order to deter-
mine the thermionic constants A andd¢P, the quantities to be deter-
mined are:
the grea of the emitting surfzce,

the electronic emission from that suriace, gnd

the temperature of the emitier,
The following corrections hazve to be applied to mimimise

the errors:

(i) Area of the emitter

Although the zrea can be egsily determined before the
filament is put in position, the meszsurement becomes inaccurste aiter
the degsssing treatment. Owing to the heat, the metzl gets evaporated
unevenly along the filament and gets pitted. ‘Lrystallisation also
may occur thus changing the very nature of the surtasce. lhe grea ot
the filament, with its hills and delés on the surtzce, cannot, there-
fore, be found with zccuracy for the emission measurements.

o o \
(14) Tempersture,

Opt{cal pyrometer megsurements consist in a photometric

[}
megsurement rcrx' C.665AL01 the radiation emitted by the filament.

The tempersture scale is based upon Wien's Lzw, which is dutiicien
zccurate for the purpose of that wave length. But since the matefiazl
of the filament is not z black bhody the intensi?y of radigtion will
be a frsction, ER’ of the above so that for knowing the true teﬁmg-

#

reture the emissivity E}has to be‘found. Actuglly the emissivity

.
.

varies with tempersture znd so must be determined for different tem-
Persture for each metal to be investigated. Such data ate now
generally avsilable for metals.

(#43) Lead Losses.
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These are altogether avoided by using

principle or by using diftferent lengths of the same filament

£ o € PoR s e~ -~ -~ e o
the sgme range of temperature values. Ytherwise corrections

to be applied. I.Langmuir, S.MaclLzneJfBlodgett have given &

rehensive discussion ot the effect of the &nd Losses on the charzc-|
teristics off filaments of Tungsten
determination of the corrections

(iv) Correctiong for the Anode Voltage.

ho : (55 e S 3 .
igquation xx) 2 PpL1ES ). emlss 1s which have

affected by any external fields. Bu except when the

s

2re small and hence the emisgsions ale it the mutual

of the electrons set up a space charge around the emitter which
prevents the electrons from reaching the anode. rence an increasing

1v positive potential has be yplied to the anode to enable it

~) =

to neutrslise the space charge and asttract to itself all the elec-
trons emitted. It is found that the electron current to the ancde
increases slightly even when the saturation value is reached so

'thit strictly speaking saturation is never quite realised. Schott-
kyb hes shown that if F , the accelerating tield due to the collec
c
tor potential is not disturbed by the space charge and ¥ 1is
proportional to V , the collector potential, the obselveg emission
c
ﬁ|is related to io, the emission for zero field at the emitter by

the relation: , i
4.39 (B ) / T

, whence, by taking logarithm
we get

A
where S is the constant of proportionality and jg cslculgble trom

log i 5 log 1,
o o

the electrode geometry by means of electrostatic laws. Hence, it

[

a graph of 1o%p"§ ig plotted as & iungtion of E: it should be &
straight 1line whose slope is 1.9%5]85 and whose intercept at
’\Q:C gives 10g'° 1.
(v) and (vi) Corrections due to the rise or the temperature
of the filament on account of the rediation received from the
heated anode and due to the variation in the heating current of

the filament due to the return of the space charge 1rom the znode

IS~
are givenxunder Davisson & Germexr's work relating to the determi-

ik =




mination of Work Function by the cooling of the filament on

°

emission of electrons from it,
It will be sgeen that the thermionic method is very suita-

ble €oe the measurement of thermionic constants of refractory
metals whose surface can be rid of adsorbed or occlided foreign
matter by a course of rigorous heat treatment. 1t is direct and
straightforward as it seeks to messure the entire emission from
fthe metallic filament., But it suffers from certain detects . Firsts
1y, in the theoretically derived emission equation, whether
derived from thermodynamical grounds &s by Dushmszn or 1rom sfermi
Statistics by Sommerfeld, the right hand side of equation (1) has
to be multiplied by a transmission fsctor (1-r), where r is the
reflection coefficient for electrons incident perpendicularly on
the surfasce of the metal. This T has difigrent signiticance in the
two theories; but it does occur. Nordheim hes shown that the two
reflection coefficients are numericaslly equal and Becker and

7
Erittain‘ have shown that since gll available evidence seems to
show that the reflection coefficient is less than C.1 so that
since the values of A are usually not sccurate to within 1C%, the
reflection coefficient is neglected jn the emission equation.
Hence, for 211 practical purposes the Lushman-Richardson equation
of emission is written as (1). But, whatever be the importance of
the coefficient theoretically, in the practical measurements o1
the thermionic constants A andf», an element of uncertainty,
however small, is introduced.

Next, the determination of i, the thermionic emission from
a unit aréa of the filament, is not free irom difficulties. most
of which arise from the fact that prior to the emission measure-
ments the filament has to be given a rigorous degassing heat
trestment in the course of which the surface of the emitter gets
pitted and even erystallisation may occur thereby changing the
very ngture of the emitter, The area of the emitter surface, wit
its hills and dales, is not easy of an accurate determination.

On account of uneven cross gsection the emission varies from poin

to point. There is no single potential difference between the

“Vor




anode and even the centrzl segment oi the tfilammnt as the poten-
tial gradient along the latter dué to the heating current from thii
low tension battery will vary on account of the varying cross-
section, Tlis results not only in an uneven emission but also in
ccllection by the anode. It zlso makes the Lead loss and Schottky
corrections inaccurate. The lsst named correction needs a turther
discussion as its measurement reqguires something more than g mere
knowledge of the potential difference between the filament and

the anode.

In the correction for the Schottky efiect S, the cons-
tant otf proportionality, has to be calculated trom the electrode
geometey by electrostatic laws. But, szlthough some special cases,
€.C.s a heated strzight filameht surroundea by a coaxiegl cylindri-
czl anode, have been studied theoretically the general investiga-
tion of the space charge effect tor gny given disposition of the
electrodes, such as might occur in any actual experiment, is very
difficult, Even in the simple case, mentiongd above, the theore-
tical investigation, as pursued by Langmuirr, Lgngmuir and Bled-
gett9 and others, could give a solution only for the particular
case of the velocity of electron emission being zero- an assump-
tion 1mrelated to facts since *he electrons are emitted with &
Mgxwellian velocity distribution. Hence, the value of i, the
saturation electronic current for a zero field at the emitter,
cannot be determined with any certainty.

The measurement of the true tempersture presents similar
di ffuculties. Due to the unevenness of the filament the tempera- .
ture varies from point to pointZ and there is no single tempera-

ture, Further, a tempersture scale has to be se¢t up for each

metal to be investigated. It has been pointed out that now data

for the emissivity of most metals for different temperatures are

available. But the emissivity for different temperastures has to
be known for the metal under conditions of heat treatment eas
nearly identical in condition as possible with those used in the
messurement of electron emission., Since conditions of heat treat-
ment vary from sample to sample and, in the event of change of

nature of the surface occuring due to crystallisation, the condi-




tions may vary from point to point even in the same sample. Hence
en element of uncertainty creeps into the messurement of temperzs
tures. Wahlin and his coworkerslcnow have zdopted the practice of
setting up a temperature scale for ezch szmple of the metal under
investigation.

It will be shown later that the thermionic method develop
under the guidance of Sir K.S. Krishnan, F.k.S., gt the Universit
of Allahabad eliminates the various defects mentioned sbove.

(2) The Celorimetric method.

11
Richardson was the first to suggest that since the work

function is the net work done at the expense of the thermal energ
in teking an electron out of the metal and putting it at rest
cutside the surface and since the emitted electrons heve a lbigx-
wellign velowity distribution corresponding to the temperasture &

of the emitter, and, therefore, have en zverage kinetic energy

Pe €

e +akT )

2 KT, the emitter will lose an average energy (
ergs per emitted electron, where f;denotes the work function
the emitter in electron volts. If the emission is i amperes,
energy lost is

Ee. St (¢e_+ ”3;3_’: ;:‘\' watts

Or the other hend, if electrons &r

2t potential V volts positive with respect to the emitter, the

gversge energy received per electron by the collector is

r ¢ < Ve ) e

(-»—3;;;— +3~KT+‘ Jev €S
Hence for i smperes thermionic electron current received, the
collector will receive

- 2F /
= C ¢ -r ,,— +V) tt ..eoaonqaeﬂf*(s)
EC L T oo watts ’

vhere f;is the work function of the collector.

Hence, there sre two types of experiments. In the 1irsts
the cooling produced as a result of the emission of electrons is
mezsured; while in the second, the heating of the anode ig
megsured.

There has been & veriation in the second type of experi

18 13 14
ment due to Holst snd Oisterhuis , Penning , ochttky  etc.,
18

the lsst worker being Van Voorhis end Compton . The idea is

that if a Langmuir collector is placed neer the eanode in a




190
gaseous discharge it will be surrounded by bveth positive $pns and
electrons. Now if the potential ot the collector is kept st @
constant, slightly negative velue V with respect to the space

0
vrotential, positive ions will reach it st a constant rzte due to
their velocity of agitation in the gas and the small attracting
potential V . Electrons also will reach it at a constant rateza%
0

owing @o the Maxwellizn distribution of their velocities, there wi
always be some electrons which will have large enough energies to
overcome the retardation Vo. Hence, in unit time the collector

» Iy " ,
will 'eceive an amount of heatx%mde up ofxfhe heat transfer by

radiation;%ﬁhe heat transfer by conduction; the heat contribution

of the positive ions due to their average energy of agitatioqﬁfﬁ

the gas, their acceleration by the voltage V , zand their heat of
(6}
neutralisation#%ﬂ;the metal surface; and lastly, the heat contri-
+

E_,
bution of the electrons due to their snergy of agitation, and also
due to their heat of condensationqéinto the metal. Hence, we get

. + ; b .
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where the i's denote the corresponding type of current recéived by

the ecollector.
Now, if the potential of the collector is then suddenly

altered to a less negative value, V , there will be, immediately
after this change, no appreciable viriation ind and H . The
change in i*.alsb will be negligibly smell., But i’ willcchange';}
say. Hence ' >

- ~ U
Hia H @ H §f (E+V+ﬁ)+i (L4p@) eoeeeeaselb)
£ oo c taof el
Subtracting (4) from (5), we get

-
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The ditference between H and H may be deduced from the heat
capacity of the collectoi and igs rate ot temperature rise from
the thermocouple embedded in the collector when the potentizl is
changed from V' to V . Hence?&may be calculated since all the
remaining quangitiesiin the shove equation are meagsurable directl;
or by the Lengmuir collector methods. However, in view of the
complexity of the phenomena and of the meny corrections that have
to be applied it appears that this method, as at present pursued,

may not prove of much value.




Hence, the experiments on the determination oi‘fby the cooling and
by the heating effects will be discussed.
(1) b@’rermindtwon ofP by the Cooling iftect.

16
lthough ¥ehnelt and Jentzsch were the first to utilise

the cooling effect fsr the determination orgbend,subseguent}y,

Cook and Richardsonl established that work functions could be

accurately measured by this method, it is Uavisson and uermer18

whose work approaches perfection in technique. It will, theretore,

be discussed briefly though later work by nruger and btabenowlgand
50

also by ¥Fleming and HendersonJCcannot be ignored.

In Davisson and Germer's work the filament to be tested is
provided with potential leads far enough removed from the ends of
the filament to avoid effects arjsing trom the end cooling and by
means of guard rings the emission of electrons from the filament
jg 1limited to the region hetween these points.

Suppose that with the plate at a negative potential and

e heating current of I amperes through the filament the difference
in potential between the leads is & volts: I1f now the plate is
made vositive an electron current of i amperes tlows from the
filament and, simultaneously, a cooling of the filament occurs.
Hence, the resistance of the tfilament is reduced and the heating
cur;gnt as well as the potential drop across the leads will also
be affected.
’ Now so long as the plate'is negative and there is no elec
tronic emission reaching the anode from the filament the power W
supplied to the filement is equal to the power W rediated from
jt. But when the emission occurs from the filement these are no
longer the same and the difierence between W znd W is the power

absorbed by the thermionic emission. &xpressing this as a voltages

times the emission i, it can be shown that

#i:AWr—A"V e 1EEJ-Idt j(AE- AI)...-...’\’?)

Dzvisson and Germer kat.AI zero by compensating the zRar

change in filament resistance by an approprizte glteration in the

in the hezting circuit. Hence

2EX AE >E
A & —— o ——

:E d£ i_ (: 0000.000000(8)
aT
In order thet this relation shall yield the true value




"
s i

of%), the value of AE employed must be the voltage change actually?

due to the cooling effect of the emission. Hence, the ftollowing
corrections have to be apnlied:

(1) There are a number of changes in & which reverse gign relative
to the true effect if the direction of the heating current is re-
versed. These are eliminated from the results by averaging observa-
tions made with the two directions of I. :
(i1) There are other changes which do not reverse their sign, €.ge»
effects resulting from geometrical dissymmetry and from variations
in thermionic properties from point to point zlong the filament.
A1l first order errors arising from these causes are eliminated
from the results by averaging observations for the two directions
of 1.

(iii) Under the bombardment of the electrons the plate gets heated
and a part of the radiation from the plate ig absorbed by the tila
ment which, therefore, rises in temperature thereby increasing the
resistance and,hence, the voltage across the tilament, [The most
satisfactory metgod of correcting for this error is to observe the
value of AL ‘at constant filament current for a geries of plate
voltages, énd then to extrapolate to the value of & correspon-
ding to plate voltage ze€IO. This follows from the coisideration
thatA¢, the change in the work function due to this cause, cal
be shown to be equal to -fV, where f is the fraction of the radia-
tion from the plate absorbed by the filament end V is the poten-
tigl difference between the plate and the filament so that at

the change Afalso will be zero and at that voltage Q 24 _ will be
the value of¢in accordance with equation (8). :

(iv) Yet another spurious 3ffecf ig due to the space current re-
turned to the filament. 1f the electronic current, i, reacning

the anode is not small compared with I, the heating current,

there is an addition of the returned space current to the normal
heating current with the result that there jg g variation of

totzl effective heating current from point to point along the
fi1zment. This defect can e removed by *80 grranging the return

of the space current to the filament that the voltage change due

to the redistribution of the heating current is eliminated. It

can be shown that if the current returned to the middle point 01

the filament
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of the filament is four times as great zs the current returned
to the mam#fl® cach end by suitable resistances being put as in

figure 4,AE is zero.

Determinationsof by this method have been Very azccurate
and are as reliable as by the thermionic emission method.

(i1) Vork Function from the Hesting Lftect.

This type of experiment bused on thke equation (3) has
13’1

been performed by LKichardson and Cook , TIwo short Usmium fila-

ments heated to a high temperature were used to supply the copius
stream of electrons needed. The metél to be investigated, in‘the
form of very thin strips, was wound on a very light gless trzme
S0 a@s to 1lie in one plane and to expose &s much surfsce zs possi%
The frame was insulated from the Osmium tilsments and suitably
mounted between them. By applying various .small potential diffe-
rences the electrons emitted by the Osmium strips were made to
impinge on the metal strips, which formed one srm of & Very sen-
sitive Wheatstone bridge. The effect was tested by the change oi
resistance and tempersture experienced by the strip. lhe strip
acted as a bolometer. These experiments geave thi vaelue of
of the proper order of magnitude. In fzct, nichardsoﬂgwas inclined
to the view thet, owing to the way in which the contact potentiszl
entered, the effect found rsther measured the cooling etfect zt
the surface of the hot electrode than the heating eftect at the
surfaece of the cold one. Since the precautions of high vacuum
and degassing were not teken the results obtained in the experi-
ment were not satisfactory.
3. LLe@fron reflection from th
This method consists in measuring the potential barrier, V&,
at the surface of the metal by using electrons ss probes which

are diffracted by the crystal lattices . fnowing ifrom the A-rey

data the crystal structure of the metal, V@ can be calculated.

The value OQ/L, the zero point energy, is known so that an estimate

of’?>cou1d be made from the relation:

P 23

It will be remembered that Lavisson aznd Germer found that
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the directions of the electron beams diftrzcted by the space
lattice could not be predicted by essigning to the electrons

the wave length given by the de Broglie relstions

»= A
mv

Instead, it was necessary to assume & contraction ot the crystal
1att*ce}or else’to assign to the electrons a smaller wave 1engt§
 X. The interpretatiog of this apgarant discrepancy was given by
Rosenfeld and Wﬁtmer#4 and BetheJ? who pointed cut that, on
entering the crystal, the electron would be retracted and.lhence
would suffer a change in wave length such that )ﬁ:%?, where,ﬁis
an index of refraction.ggmas tound to be‘j?l, inml&ing that the
electrons get speeded up on entering the crystal on account of
their falling through the surface potential bzrrier, &.' aiter
having been accelerated'through the applied potentisal V btetween
the electron gun and the (111) fsce of the nickel crystsl used

by Davisson and Germer. The de Broglie wave length on eccount of

the spplied potential, V, is given by

Yoo 5
B Jjﬁky

On passing through the surface potential,yphe electron is acce-
V/
lerated so that the changed wavelength N is given by
}( i > 80 that
J?ma LV +—Z)
0y R
ﬁ.“i" :‘\j—;‘\".yﬁ. .
Since‘ﬁand V gzre determined experimentally, one can tind 1.

!

Since the errors of the electron dirfraection experiments
gilve Y*to an uncertainty of+5 volts, end, there is an uncertain
ty in the value o%)l, the number of free electrons pel atom in
the expression ogjh, the zerc point energy, this method of '
dEterminingjﬁhas its limitations #nd cen be considered only of
qualitative significance. The values ofgéfound out by this
method sre of the right order of megnitude. Ot the five methods
of determining work functicns’l*sted before, this one is the
least developed as is the case with the method depending on the

heeting effect.




4, Work Function from Contact Fotentizls.

It 1s well-known that the Contsct Fotential, V , between

. cp A
two metals A'and B of work f‘unctionsaand ?;, respectively, &kmm is

releted by the equation:

V :? _¢-
cp B A
Contact potential measurements are usuzlly mede é?.methods

based on Kelvin's, since that affords practically instantaneous
determinations of Contact Fotentiazls zllowing distinction between
rapid snd slow changes of work function. In kKelvin's.method the
two metals, A gnd B, form & condenser, which tends to become chargeq
to their contact difference®cf potentisl, equzl in magnitude to
the ditference in the wofk functions ot the two metals. When the
Contact Potentizl ig compensated by an applied potential, a change
in the capacity of the condenéer is uneccompanied by an electrjcali
discharge.
26

Using this idea Zisman has devised a method of mezsuring
the contact potential between two parzllel plates, whereby he
Varied their capacity at an sudio frequency by making one plate
vibrate at the end of a flexible reed. The other plate wes coupled
te an audiofrequency vecuum tube amplifier.- an applied potentigl
in series with a high resistance between the plates was sdjusted
. until no signal appeared in the amplitier. At this point the
applied potential hed the velue of V  between the plates. :

But the best determinationgpare those ot F.A. hndersond?
A beam of 4 to 8 volt electrons is directed by en electron gun
egeinst a small zrea near the centre ot the strip of Tungsten toil
end the current to the foil plotted zs & tunction of the retarding
potentizl applied to the strip. A eimilar charscteristic is teken
of the electron flow to the second metzl. The voltage displazcements
of these two chéracteristics from one gnother then measures the
contact potential between thg two metals- tungsten being taken as
& standasrd because being one of the most refractory metals it can
ve thoroughly purified of all adsorbed and occluded foreign matter
by & rigorous course of heat treatment. The Work Function of tungs-
ten being known, that of the other metzl is established. Care is
teken that after a thorougk outgassing the tube is seszled ffom-the

pumping system, gettered by the vapourisstion of Barium, and
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immersed in liquid eir during measurement. Clean Tungsten is chosen
as a reference surface to which the difference ci>the pair of
metels is referred. Then the metal surface to be measured ggzinst
tungsten is formed by thermaslly vapourising the metszl and the
vrurity of the metal finslly checked by measuring the conta
tiel of eech of 8 succession of films formed in & fractionsl dis-
tillation of the metal. The attaimnment of & con;%;;t potential
unaltered by f%rther distillation/is teken as & criterion of «
glenn film, £&%%;:x, a method of measurement has been used which
makes 1t possible to follow closely any changes in work function
which may be experienced by the tungsten irmmediately atter it is
fleshed, or by the freshlyvdistilled metal immediately after it is
formed. Eurther, this method, unlike the thermionic one, is zppli- '
cahle te 211 metals, not necessarily retfructory. Unlike the photo-
electric method, to be discussed shortly, it yields measurements of
uni formly high sensitivity and, taken sltogether, seems to ofter
a promising road to & systemastic knowledge of the work functioh
Charatgristics of non-composite, viz., pure, metal surtaces.

5. Work Function from Photoelectric mffect.

This method is based on the imparting of energy,$, viz.,
V. M, to the Fermi electrons within & metal having energy M by
& just enough “
megne of photons of/frequency)gto enable the electrons to come out
of the metal. Thus

h}fo = Vd““*-‘— ?

Naturelly, precautions have to be taken sbout the purity dt
the surface of the metal and that no scattered light of shorter
wave length than that to which the monochromatic illuminator is
set should be allowed to enter the cell containing the metsl under
investigation., The contact potential between the metzl and the

: iy 3 ou'
collector has also to be determined. High vecuum has to be maintain

The photoelectric threhold.’:, is determined by any of the

' follwing methods:




(a) The stopping potentisl method.

If the photoelectric surfzce is mounted in zn evacuated
enclosure, with a second electrode nesr it so as to collect
photoelectrons reaching it and if this second electrode is made
increasingly negative with respect to the photo surtace, a retarding
rotentiel V is reached 2t which the photo current is zero. The ex-
periment is repeated for various values o01¥, zndV plotted against
V. Where the curve cuts the frequency axis,)ﬁg’. £ correction must
be made ggr contapt potential when estimeting V. In the work of
MillikanMJan arrangement was made to cut 2 fresh surface of the
metal within the evacuuated bulb itseli so that a new surface free
from adsorvbed or occlude@ gases was exposed to the photons. In
general, such experiments suffer from the difficulty that measure-
ments of stopping potent}als are difficult to maske,

(b)The svectral distribution curves method.

In this method the rate at which electrons are ejected from
a given surface by a unit intensity of absorbed light of given
frequencies, viz., the spectrzl sensitivity or the photoelectric
yield, is plotted against the frequencies. The point at which the
extrapolated curve plunges into the frequency axis gives the desired
threshdhi{ﬂ The collecting electrode is here charged positively so
as to collect all the electrons ejected. The relative intensities
of the various spectral lines furnished by the monochromator supple-
mented by filters opague to short wavelengths are found with the
help of a sensitive thermocouple. In order to reduce the measure-

ments to unit intensity of absorbed light, it is necessary to know

the reflectivity of the surtace for various wavelengths. This is

the method most commonly used.

(¢) The "Complete" Photoelectric emission method.
29
Richardson from thermodynamical reasoning concluded that

if a metal surface be exposed to the total thermal radiation irom a
black body at a temperature T, the total photoelectric current rrmm

the surface should vary with T according to the equation:
; L“ky 4 . - )
L2AT O FT ihafe A ooa Crodmnde ot & My Ftny honn By oy

Thig equation is thus identical with hichardson's thermionic emiss-|

jon equation for the temperature T for a surface whose work fun
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is hl . The photoelectric current under these conditions has been

called the"complete" photoelectron emission.

Temperature correction,

Having determined the photoelectric threshold at any tempera-
ture, T, one has to remember that for gll temperatures above 0 &
the spectral distribution curves show an ssymptotic approach to the
frequency axis so that the "threshold" loses quantitative signiti-
cance. At 0_.K the experimentally determined threshold would be the
same as thé true threshold detfined by

RV _ome N O e e bk e ey
But st higher temperatures this is not so because when electrons
re ejected by light of frequency near the threshold it is only the
electrons of maximum energy which are available for ejection, and
the effect of temperature on these is of considerable importance.
Eowlerschas shown that if
P = ‘\’v; - M and

= (hY -¢)/ KT =2 n(¥ - %)/ &I,

the photoelectric emission, I, is given by
1

- S

b2 P
I~AT (“ -hY) f(X),
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where A is a constant znd f(x): e - + SO e xgé’t

£
f’ at -~ ~3x

A &
BB . K Ak forr .‘E_...) £or x = 0.
G 2t at =
of

f(x) is thus a universal function Xx)s whose form is the same

for 2l metals and all temperatures.,

Now,since for freguencies near<¥1ﬂm quantity Ktidly}z is
practically 2 constant and may be -included with the ifactor 4,
therefore, taking 1oggr1thms, we get

log(1/ 1‘ Joa BlarElx),
where B is a new constant independent of Yand T, and ¥x)=log f(xj.

The theoretical curve F(x) may be plotted &s a function of x

and if the observed values of the photoelectric yield 4+ are plotted

2
in the form log (1/T ) versus hY», it is apparant that if the ex-

periméntal curve is shifted ho?fzontally and then vertically to’
coincide with the theoretical curve, the amount through which the
norizontal shift will have to tuke place will be f;f and that
through which the vertical shift will occur will bg B, The horigzon-
tal shift, theretore, determ*nasfand hence he ‘ue threshold.

he form-of the theoretical curve end-the metnod




The form of the theoretical curve znd the method of shitting the
nbserved curves are indicated

It will be seen that the ptotoelectric method of determinin
the electron work function of metals is as satisiactory as the

thermionic emission or the contact potential measurement methods.

For less refractory metals it shares suitability with the latter




A new Thermionic method.

An gltogether new method of measuring the thermionic cons-
tents, A;muif, which, besides being direct and straightrorward
minimises or eliminates the various defects pointed out in the
Richardson type of thermionic emission mezsurements, has been
developed under the guidanee of Sir K.S. Arighngn, ¥.i.5. at the
Univergity of Allahabad.

A small hollow cylinder ot the metel under investigation is
closed from all sides except for a small hole of gbout 1 mm., dia-
meter at one end. This cylinder is heated to various high tempera-
tures by being kept within, but insulated from, & graphite furnace
tube through which a heavy current is peassed irom & transiormer.
The electrons emitted by the inner surfsce of the metal cylinder
at any temperature soon acquire equillibrium with the emitting
metal surface and ?Zi:?an electronic gas pressure within the
cavity of the cylinder. On account of this préssure-the electrons
effuse out through the hole and are caught by a Fgraday Cylindexr

a cm., or so alay from the hole. The electron eftusion current is,

naturglly, proportional to the gas pressure within the cavity and
/ P
this gas pressure will depend both on the temperature of the

emitter as well as?%he work function of the metel. The whole
arrangement is enclosed within a water cooled vacuum chamber and
measurements of the effusion current are recorded after beti the
metal cylinder, the. graphite furnace tube and the entire contents
‘are theovoughly degassed in vacuum. and the value of the work funcé
t1on acquires a steady Value. rull details are given in the report
on the investigations on the thermionic constants of liolybdenun.
If the radius of the dnaohrdgm.oi the raraday Cylinder,
kept d distance away from the effusion hole of dXem zrea, S, 1is
r, the saturation current, %’ collected by the Yaraday Cylinder

it
has been shown by B.N. Srivastava to be given by:

Sk
[a'ﬁmx v+d. "&TL'

where p is the equlllibrium preasure of the electron ges within

the metallic cavity, & is the electronic charge and & and T are
resvectively the Boltzmann constant and the zbsolute temperature

of the metal,
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The effect of the space charge on the electronic current under
such an arrangement of mezsurement has been worked out uhéOl&thal?;
%
and also verified experimentally : by B.N. Srivastava and A.o. Bhat-
nagar,
Applying the Clausius- Clapeyron equastion to the equillibrium

Vapour pressure of a monatomic gas, the electronic gas pressure within

the metal cavity is also given by

Py :
o tip— ) - v € + Ctle ¢ 20008 0 -“\ 2@}
fo T % KT '*lo glo

2=
?zbeing the work function of the metal.
S

ubstituting the value of p given in (9) above, we get
’ i
(1)\»»](,)‘- 4 ‘l‘o‘-

; vy ok e : :
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so that if, as usual, the experimentasl values of log “agre plotted

lo

Q
."q

>ainst those of_%, the value of the work function,g , can be deter-
mined from the slope of the curve.
Taking into account the spin of the electrons, since according

to Sackur and Tetrode

c ?(Om K m
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But: s ey the thermionic constdnt in nichardson s well known
k o
thermionic emission equation as derived from Thermodynamical consi-

|
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derations by Dushman. Hence, the above is equal to log A —F—
o ° ¥y 4dtr

b SenEaby 200y
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Hence, (Il ) becomes

from which, knowing 7>, }: can be calculated. “ X
‘ It will be seen that this method hQs the following édvantagesi
(1) It is direct and straightforward as it seeks to measure the
electronic gas pressure within the cavity of the metallic cylinder.
(2) There is no complication about reflection coetficients.

\ :
(3) Since the metal under investigation is enclosed within the gra-
phite furnace tuhe, it {s heated by the rediation within the graphite
enclosure which acts as a black body. Hence, the temperature of the
furnace tube as measured By ah Optical Pyrometer sighted through
window in the vacuum chamber, gives .the temperature of the metal

under investigation without any recourse to a temperature scale tor

f ae—mebtart, S ra— LS : Pim— e el Ph l,i&r//




for the metal under conditions identical wi

mesgsurements.

(4) Any variations in the area of the emitting surface due to evepo-
ration of the metal at places does not affect the tenmeratufe or
emission of the metzl under investigation. Bhe area of the emitter
does not enter into calculation.

(5) Corrections due to Lead losses and to Schottky ettect are not

needed. Instead of any high potentizl on the anode as required in the

Richardson type of emission measurements, the potential difference
between the effusion hole znd the diephragm of the raragday vylindger
is of the order of 1 volt to bring about saturation in the measure-

ment of the effusion currents.
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ON A NEW MiETHOD OF DETERMINING
THE THERMIONIC CONSTANTS

OF MO1,YBDEN UM,

Introduction,

Most of the investigations on the Thermionic Work runction of
metals are based on the picneer work of O.W. Riehardson. In such
methods the relation used has been

2 < /KT

i=-ATe,

0 0
in which ¥ 1s the saturation electronic current collected by the
anode fromoa unit area of the tfilament heated to the zbsolute tempe-
rature, Ty A 1s @ constant} found by Dushman to be theoretically
the same fnroal’l metals; K is Boltzmann's constant and¢is the work
function for the metal under investigation. Such thermionic deter-
minations suffer from certain defects.

In the theoretically derived equation of thermionic emission,
whether obtained on thermodynamical grounds by Lushmen, oxr by the
use of Fermi-Dirac statistics by Sommerfeld, the right hand side of
the above equation has to be multiplied by & transmission iactor,
(1-r), where r is the Teflaction coefficient for electrons incident
perpendicularly on the surface of the metzl., This r is the external
coefficient in the case of Dumhman's theory and the internal one in
that of Sommerfeld. However, it does occur. But, zs has been shown
by Becker and Brittainl, since all avadilable evidence seems to show
that the reflection coefficient is less than 0.1 and since the velues
of A are usually not sccurate to within 10%s the reflection coeffi-
cieng i1s neglected and the emission ecuation is, for sll practicsal
purposes, taken as above thereby introducing z certain zmount of
uncertainty in the vslue of the work function obtained.

Next, the determination of i involves some difficulties.
When the filament is subiected to tge intensive heat treatment for
degassing purposes, it gets unevenlv eveporated and its surface gets
Pitted. The area of’the emitting surface, with its hills and dzles,

18 not easy of an accurcte determination. Then, on asccount of the

uneven cross-section of the filement,whose nzture of surface,even,may

get changed on account of crystallisation occuring during Wee lat




the heating, the emission may vary from point to point. ¥rom the
point of view of collsction by the znode £lso uncertzinties occur.
Although the guard rings minimise the effect of the potential
gradient zlong the filament due to the heating current during
emission measurements, there is no single potentisl diiterence
hetween the anode and even the central portion of the tilament ang
lerge veriations,due to the unevenness of the tilement,may arise
in the potential difference between,the eollector snd the emitter.
This results in an uneven thermionic collection by the znode. The
unevennesgs of the filsment preduces difficulties in the correction
for Lead losses and for Schottky effects also. The last-named
effect needs further discussion as its megsure

require merely a knowledge of the potentizl difference between

the anode and the filezment.

5) 2

In the correction for Shottky effect, S, the constant of

proportionglity in the equation

log -t =%og - 41" . 1,005(8V ]
fo. 1 10 o T

has to be calculated from the electrode geometry by electrostatic
lawg, But, zlthough some special cases, e€.g., a heated straight
filzament surrounded by & coaxial cylindricel anode, hsve heen
studied theoreticslly, the general investigation of the space-
charge effect for any given disposition of the electrodes,such
might occur in any zctual experiment, is extremely difficult.
Even in the simple case, mentioneg above, the theoretical inves-
4
tigationg, as pursued by Langmuiru, Lzngmuir and Blodgett and
others, could give g solution only for the particuler case of the
velocity of electron emission being zero- an assumption quite un-
related to facts since the electrons are emitted with a Maxwellie
Velocity distribution. Hence, the value of the saturation current

for a zero field st the emitter, i , cannot be determined with
7@
any certainty.

The megssurement of T is equally uncertsin. lue to the uneven
cross-=ection of the filament, the heating current vzries from
voint to point and there is no single temperature of the filament
Further, since the radiastion emitted by the metal has to be cho-

sen for the measurement of temperztures by the Optical Pyrometerf
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conditions of heat treatment vary from sample to sample and, in the

event of crystallisation occuring, from point to point even in the
Same sample, an element of uncertainty in the value of the tempera-
ture of the emitter creeps in.

The present report deals with a2 new method of determining
Thermhonic Constants developed in the Physics Laboratory of the Uni-
versity of Allahabad. I+ will be seen that it eliminates the various
dafects, enumerated above, in the usual Richardson type of experi-
ments. -

A.S. Bhatnagar has determined the Thermionic Work +function of
Graphite from the rate of effusion of electrons through a

in an otherwise closed cylindrical cavity made in a rod of graphite
which could be heated electrically in vacuum to various high tempers
tures,

It s obvious that, for any given temperature, the electron
gas produced in the graphite cavity will attain a saturation pre-
ssure in equiliﬁrium with the surface of the cavity and that the
rate of effusion of the gas through the hole will be proportional to
this pressure, If the eftfused electrons are collected by a Faraday
Cylinder with a 1imiting diaphragm of radius, r, placed,d, distance
awsv from the effusion hole of ares, S, the saturation current, i,

(o}

hes been shown by B.N. Srivastave to be given by
— 2 2
JOomu)”  r 4 3
p:_ ° i L T ?
€5 2 0
r '3
where, ps is the equilibrium pressure of the electrons within the

cavity,g, is the electronic charge, and k snd T have therusual
gsignificance.
The effect of the space charge on the electronic current

under such an arrangement of messurement has been worked out theo-

3
retically by B.N. Srivasteva and A.S5. Bhatnagar gnd the conclusiong

also experimentally veritfied by them,

Applving the Clausius-Caapeyron equation to the equilibrium
vapour pressure of s monatomic gas, the electronic gas pressure

within the cavity is given by

¢ 5/2 -T/xT |
— T e f/ ,f)being the Work function.

-

Whences




i.. Suhstituting the value of p,given before, we get
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so that, as usual, if the experimentzl values o1 log S - gTE
10 2
T

4
‘L!

plotted against those 0f ~= , the value of the work runction,fﬂ,
T

can be determined from the slope of the curve.

Considering the spin of the electrons, since according to

Sackur and Tetrodel

3/2
m

= log . =
% 10 58
4 g mk h T —$d
“ Ao, the Thermionic constant in Richardson's well-known
D
h ¢L
l—-A’oTe-

equation[ s derived from Thermodynamical considerations by Dushmean.

Hence, the above is equal to log i%;;__

10 "

(1) becomes

log - -_:_--ﬁlog e - log A
16 2 kT 10 10 2
T
from which, knowing#, A _can be calculated.
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It was thought that the work function of metals{cogig §679
ua

determined by noting the increase in the saturation pressure

if the metal were introduced in the graphite cavity, previded—the
work—funetion eofthe—metsl wes—3Fess—then—thet—ofgrephite. Since
the pressure of the electron gas due to the metzl in that case
would be higher than due to graphite alone, there should be &an
excegs of the effusion current,which should enable the work
function of the metal to be calculated.

With this end in view, the following metals were tried. The
temperstures at which an appreciable electronic etfusion current
from the metal could be expected to begin were calculated trom
the value of the work function of the metal and the sensitivity
of the galvanometer connected to the ¥araday cylinder mmsxgixex
and are given below:

VMetal Melting Work Function Temperature in °C at vhich
~in electron & measurgble extrs effusion

volts. current was due.

1.Barium

2.5trontium SCOOC

3.Magnesium 651°C

4,Titanium 17150C

5.Zircon5um1950°C

6.5i1ver 96100

Along with the above, MgO also was tried.

With graphite alone ( work function: 4.8 @.Ve)s 8N iy

appreciable effusion current began occuring at about ﬁﬁizdi. &

Mt /:,,,_‘,?
1t wes founq}though after each experiment(th metal introduced

was found present in the cavity since very little could get out

of the tiny effusion hole’when heated, the effusion current
r«-\wcd’\-w«(| o
began at about the samej C. This showed that there was no
evidence, whatsoever, of any extra electronic pressure being
developed within the graphite cavity due to the metel of lower
. £ : .
work function introduced within the cevity. The graphite suriace

of the cavity would not allow any increase in the equilibrium

ko ; ,
pressure appropriate tolthtktemperature. Bh%e—phenamenon*nee¢ﬁ




further—investigationm

In the 1ight of the above results it wes decided to mske
a closed chamber with a small effusion hole of the metal itself so
that the electrons emitted by the metal mey acquire equilibrium
with the surface of that metal and may not be atfected by the
presence of any foreign surface like that ot Grzphite. The experi-
mental details are described below,

Experimentsl Arrgpgement.
(2) The Molvbdenum Tube.

A spectroscopically pure cylindrical rod of Molybdénum,

gbout 8 cms. in length, was bored throughout its length so as to
provided o

form a tube. This tube was/fitted at each end withxtightly fitting
plu%f of the same metal. One of the plugs was solid, while the
other, facing the ¥araday cylinder, was hollow and had a centrgl
hole of diameter 0.724 mms, It was through this hole that the
electrons, produced within the cavity of the Molybdenum tubelwhen
heated, effused out to the Faraday cylinder. The oversll length of
the Molybdennm tube, thus prepared, was 8.5 cms. end the outer
diameter 8.5 mms,f€£§§h§e~44_

The inner surface of the Molybdenum tube was cleaned of gll
greasy rgtter with carbon tetrachloride after which a new emitting

surface was nroduced by etching the metel with dilute HC1.

This Molybdenum tube was heated in vacuum by being enclosed

i‘o-l. ¥ : .
within,but insulated by‘quartzlgrom, a2 graphite furnece tube throug

which a heavy electrical current could be sent from a transformerég
Lest the molybdenum tube should acquire a positive potentizl due :
the emission of electrons from its surface,vthe end having the
effusion hole and facing the Faraday cylinder was earthed by means
of a molybdenum wire which could not only stand any high tempera-
turggtiﬁz could also avoid the production of any Contact Potentials
between the Molybdenum tube angnéarthing wire itself. The flow of

effused electrons was thus made regular between the hole and the

Feraday cylinder without the occurence of any extraneous electric

fields.




(b) The Graphite Furngce Tube.

The furnace tube of Acheson graphite was altogether 14.7
cms, long and was made by boring a hole, 1.3 cms. in digmeter, i
2 cylindrical rod of grzphite 1" in dizmeter. Lezving & length
of 6 cms, et one end and of 1.7 cms. at the other to act es
collars, the middle portion of about 7 cms. was thinned so that
its well had a thickness of only 92 mm. and acted as the furnace

proper with an outer dismeter of 1.4 cms. and an inner diameter

Fs1).
of 1.2 cms. The inner dismeter of the collars wes 1.3 cmsp ib&

The collars at the ends were held tight between holesg of
corresponding size in graphite blocks, which themselves were
tightly clamped to. water cooled plates p and p of copper which
acted as electrodes for the heavy heating curreﬁt Fﬁﬁil ))from =
the transformer. Since a heating current of the order of 50C to
1,000 amperes had to be passed through the furnace tube, the
electrical contacts between the copper electrodes and the gra-
phite blocks as well as between the blocks and tue collars had
to be very good'indeed’if arcing and the consequent fluctuations
in ﬁhe galvanometer deflections and the far more serious conse- /
quences of the pitting of the surface of the copper plgt:ETGQr-
to be avoided., Hence, in order to improve the contacts, copper
foils were introduced between the various contacting suriaces.
Care was also taken that when tightly clamped between the gra-

phite blocks on the copper elsgxxeées, the furnace tube rested |

in a horizontal position so thét there was no uneven strain A

anywhere on the furnesee tube resulting in its fracture.
Figure.j_shows the disposition of the Molybdenum tube

resting on fused quartz rings within the graphite furnace tube.

These rings were 5 mms., wide and had an inner diameter of abou

1 cm., so as to allow for the expansion of the Molybdenum cyling

der, which had an external diameter of 8.5 mms. only. They wedy

kept in the collars near the ends of the furnace portion of t5

|
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graphite tube and since they had an external diameter between

1.2 and 1.3 cms. there was no risk of their accidentally enter-
ing the furnace part of the tube. Since the thick copper plates
on which the graphite blocks carrying the thick graphite collars
were clamped were water cooled, there was no %Igﬁ'of the tempera-
ture of the quattz rings rising much and causing them to emit

any electricity or acquiring any electric potential. As will be
shown 1ate§ this was also verified experimentally. In this way,
the Molybdenum tube was heated by the radiations of the graphite
furnace tube without being in contact with it,

Care was taken that the plugs of the Molybdenum tube
projected a 1ittle beyond the fused gquartz rings so that no
complications from the production of any electrostatic charges
may arise.

(¢) The Furnace and Vacuum Chamber.

The furnace worked in vacuum and was originally set up by
Saha and Tando;? for their studies on Thermal lonisation. Subse-
quently some minor changes were efiected to suit the present
investigations.

Briefly, the chamber consists of a water-cooled cylindri-

cal drum,A of cast iron and two hollow cast iron plates B and C,

which close the open ends of the drum (Figures 9 and 3) when the
furnace is working. The drum and the plates are all vertdcally

mounted on a horizontal lathe bed. The axis of the drum &lso

1 o2 B 5 fenad PR w oo bed o~
18 Horisontal oo Uhot Sned the Tattert: Soved sn it sour

framework of cast iron tightened to the bed by the supports
SS., The vertical plate,C, was permanently joiﬁed to the drum so
that when all the processes of assembling the graphite furnace
tube with its contents of the Molybdenum cylinder and its
accessories were complete, all that was necessary to seal the
furnace effectively against the atmosphere was to slide the
drum on its wheels and put it in contact with the water cooled
plate B. Although the contact faces between A and B had been

accurately ground, a gasket of para rubber was put between the




areas of contact, care being teken that no portion of the rubber

proiected into the chamber to give off any vapours altheugh,

$ince the plates B and C and the drmm?were water.cooled, there. wgs
F.3

no chance of the gasket ever getting hot enough to give off any
gas€s.,

Figure 3 gives a vertical section of the vacuum chamber. The
fixed plate,B, has 4 holes a) b, c, and ds as shown in Figs.} and
3. Through the holes a and b are inserted two water cooled annular
tubes, t, which are insulated from B by mica sheets rolled on the
tubes, The tubes 't were made by scooping out from solid brass
rods. On the water cooled ends they carry exactly fitting heavy
copper collars ending in horizontal thick copper plates p and p
provided with slots as shown in Fig., 3. The electrode cariying i
the copper plate pD was earthed. It is on these plates p and pq
that the graphite blocks, which in their central LR
holes tightly carry the turnace tube, are clamped by means of
nuts and bolts passing through the slots. The surfaces pf the
rlates p é&nd po were machined and made accurately smooth so'thav
the grap;ite blgcks could meke as intimate an electrical contact
with them as possible and there mey be no arcing between them.

The holes c and d , each 1" in diameter, in the plate B
were for the insertion of two brass tubes, each soldered to a

m———

length of tombac tubing, each of which, in turn, was connecteu ¢
a carefully ground conical mouthpiece to a four stage mercury
di ffusion pump manufactured by Messrs., #. Leybold Nachfolger ﬁ}
The coupling between the tombac tubings and B were, as in the 3
of that between the tubes t and B, weze vacuum tight,(rig.3),
The brass piece of one of the two Tombac tubings had also a hole
closed vacuum tight with an ebonite plug which carried through i
the well insulated wires of tﬁ:-Pt-Pt 10/% Rhddium Thermocouplah'
as well as a copper lead to theagggééhg?ﬂzhe Faraday cylinder.
(Fig.S). On one of the heating current electrodes,t, viz., the
one earthed, was fixed a clamp which bore the fused quartz sheath
of the thermojunction of the thermocouple. The ends of the wires

of the couple which emerged out of the ebonite plug were connec;

ted to 2 milligmhkkex voltmeter.
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The water cooled drum A was futnished with a side tube on which
a glass window was sealed. An Optical Pyrometer sighted through the

window enzbled the temperature of the furnace to be measured (¥ig.3)

The plate C, which also was water cooled, had a hole which serveg
as a means of communication between the Vacuum chamber and a Vacuum
gauge.
(d) The Heating Arrangement.

The water coéled electrodes, t, carrying the copper plates

Dl and po on which the graphite furnace was clamped, were connected
by thick stranded copper lcads to a low tension transformer of
capacity 12 KW. and fed by a current from an A.C. generator worked
off 250 volts D.C. mains., This transformer had five ranges so that

the temperature of the furnace could be regulated both ¥y adjusting

the generator as well as by varying the range of the trensformer.
The voltage across the electrodes could be thus varied between 1 and
1 volts so that a heating current of several hundreds of amperes
could be sent through the furnace producing temperatures gbove 18&5
C. But these temperatures were not exactly reproducible as neither
the settings of the generatdr}nor of the transformer were capable
of fine adjustments.

As has been shown in Fig. 3, the electrode,t, carrying the
copper plate pg’on which the end of the Molybdenum cylinder having
the effusion héle 1ay in its surroundings of graphite tube and
block, was earthed by means of a copper wire soldered to the elec-
trode outside the vacuum chamber. The molybdenum wire wound on the
groove between the Molybdenum cylinder and ike end plug having the
effusion hole was earthed simply by being clamped to p which also

2
carried the base plate and the outer cover with the diaphragm of

the Farsday cylinder so that they also were automatically earthedaﬁ
o d

The electrical ci:cuit for the measurement of the thermionic
current is given in Fig.q.

The galvanometer was a Leeds & Northrup instrument and a
universal shunt was used to vary the sensitiveness, which, for

di fferent ratios of the shunt is given below:




(£)

Shunt ratio

Galvanometer
sengitivity
in 10" amps/
mn of deflec-
tion,

Degagsing and Vacuum.

As the various components of the furnace or vacuum chamber
were water cooled they needed no degassing of the rigorous type
required for the Molybdenum and the graphite furnace tubes, After
the Cenco Hyvac pump and then the two Mercury Diffusion pumps had
Produced the vacuum of the order of 10-4mms., a heavy heating
current used to be passed for hours during the day to degass the
chamber and, more particularly, the graphite and the lMolybdenum

tubes. At the end of the day the chamber was sealed for the night

so that it retained the vacuum and the furnace could be restarted

the next day. This daily routine was pursued till the velue of the

work function of Molybdenum, which fluctuated from day to day,
acquired a steady value.
Megsurement of the Tempergture.

Temperatures were measured with a Leeds & Northrup Optical Pyro-
meter of the disappearing filament type. Since the Molybdenum
emitter was enclosed within the graphite furnace tube, the Optical
Pyrometer read mmiy the temperature of the outer surtace of the
graphite tube, But since the cavity of the furnace had its ends
closed by the ends of the Molybdenum Tube and the fused guartz
rings, the radiations within the cavity were practically those 0fq
Black Body and it was not unreasonable to suppose that the tempers
ture of the Molybdenum tube was, after some time, the same as
that of the cavity and, consequently, that of the outer surface
of the graphite furnace tube. To verify this, the solid plug of
the Molybdenum tube was removed and the thermojunction of the Pt-
Pt 10% Rh Thermocouple was inserted so that the junction was held

at the centre of the Molybdenum tube. The thermojmmkk couple thus

gave directly the temperature of the inner, viz., the emitting
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surface of the Molybdenum Cylinder while the Optical Pyrometer
measured that of the outer surface of the grephite furnace tube.

The following gives the two temperatures:

Temperature of the inner Temperature of the outer
surface of the Molybdenum piirfaee of the graphite

tube as given by the Pt- furnece tube &s read by

Pt=10% Rh Thermocouple. the Optical Pyrometer.

o
975 C 980 C
1260 C 126C° C
144(1: = 1435 C
1500 C 1500° C

Considering that the least change in temperature that could be
read by the Optical Pyrometer was §>C., the agreement between the
readings of the two instrument may be taken to be very satisfactor;
aad Hence the Optical Pyrometer alone was used in the investiga-
tions to measure the temperature of the turnace gnd, therefore, of
the emitting surface of the Molybdenum tube.

The cailbration chart of the Pt-Pt 10% Kh thermocouple had bee
tested previously by determinations of the melting points of Zine
and of Na€l and was found to be accurate,

(n) Effect of fused Guartz rings.

Before any measurements on Molybdenum could he taken it was
necessary to determine whether the two rings of fused quartz,on
which the Molybdenum tube rested within the graphite furnaces

fhemselveslany thermionic eurrent. dence,lt e two rings,—witheut

the—MUTybdenﬂ;t&;iZ;yzgt were kept in position in the collars of
the furnace tube and the Pt.~Pt 10% Rh Thermojunction was put in
contact with the ring away from the Faraday Cylinder. It was found
that even when the furnace was kept at a temperature of 164dDC for

about an hour there was no appreciable thermionic current received

-]
by the Faraday Cylinder. The temperature of the ring was only 260C

which must have been due to the fact that the temperature of the
collars even mear the furnace was not allowed to rise by the thick
graphite blocks which were in intimate contact with the water
cooled thick copper plates p1 and p?. This comparatively low

temperature of the rings also explains the sbsence of any emission

from them,




Incidentally,
absence of any appreciable amount of spurious thermionic currents |
reaching the Faraday Cylinder, whose diaphragm was too smal

those
admit any ions other than/from the effusion hole in the Molybde-

num tube a few mms. distance in front of it.

Experimental Procedure.

Before putting the Molybdenum tube in position, the following
measurements were made:

1. The radius, r, of the diaphragm of the Faraday Cylinder
was 0,426 cms.
The gxsktarze radius, r , of the effusion hole of the
Molybdenum tube was 0,2562 CIms.
The distance between the effusion hole and the edge of the
granhité collar after the ¥orpkdenum tube had been put om
fused gquartz rings within the furnace, as described before,

was measured. It was 1.3 cms.

The Molybdanum tube, thus enclosed within the graphite tubel

\\Lu..d,
was carefully(in the hole in the graphite blocks and the whole

kept on copper foils on the plates p and p . The bed plate of
1 2
the Faraday Cylinder was placed below p and iron bolts passing
2
vertically through appropriate holes in the graphite blocks and

heYdxrightxhyxneansxefxnuks the slots in p , when tightened by
nuts below po, held not only the graphite 3urnace but also the
¥Fzraday cyliﬁder in position. One end of the molybdenum wire
having been previously tightly wound hztwze round the depression
between the Molybdenum tube and the liolybdenum plug with the
effusion hole, the other end wag clamped to ? by inserting it
between p znd a nut1“¥:&:“2ﬁ:;;;ﬁ{:§. tﬁgﬂmo;ybdenum plug with
the effus?on hole, the bed plate and the outer cover with the
diaphragm of the Faraday cylinder were all automatically earthed

Sk b
since the electrode, t, carrying the plate p was earthed by g
A

2
copper wire goddered from outside the vacuum chamber. Care wag
taken that the wire did not anywhere come in the path of the
effuged electrons between the effusion hole and the diaphragm

of the Faraday cylinder. The effusion hole and the—eentxe—of the

: Coopcal ; :
diaphragm were at _the some height, All these operations were




'y
he effusion hole should change its position
2dge of the Graphite furnace tube.
istance hetween the edge of the collar gnd the diaphragm
the Faraday cylinder was measured. The totzl distaznce between
effusion hole and the centre of the diaphraegm was thus found
to be 1.5 cms.

The other collar of the furnace tube was similarly clamped

on p . The drum A was then moved to contact B and thus sezl the
1
vacu;m chamber against the atmosphele.

Water having been started to flow through A, B, C, and t,
and the backing pump and then the two Mercury Diffusion Fumps
having produced the necessary vacuum, a heéting current was sent
through the furnace. The temperature of the graphite was gradually
raigsed to over 1850 C at which it was kept for zbout an hour. fthen
the temperature wes reduced to about 1650 C when measurementg on
the thermionic currents were begun. An interval of sbout 15 minuteg
sufficed for the temperzture of the furnace to become steady aites
every reduction in the heating current.

Positive ag well as negative voltages upto about‘4 volts
in steps of 0.2 volts were applied on the central electrode ot
the Faraday cylinder. Usually saturation currents were found to
occur at about % volty on the central electrode. Readings of the
galvancmeter were thus obtsined to determine the saturation
values of the emission currents for various temperztures from
about 165C C to the lowest at which any apprecisble thermionic
current wss found. Usually the thermionic positive currents were
negligible in comparison with the electronic currents.

After the readings for the emission currents for various

temperatures had been taken, the furnace was allowed to cool and

the stop cock connecting the vacuum chamber with the backing

pump w2s closed so as to preserve the vecuum in the furnace cham-
ber till the furnacé wes reworked the same or the next day. The
vacuum pumps were then stopped till the furnace was worked again.-
In this way, both the graphite furnace and the Molybdenum cylinder
were degassed for several weeks during which the value of the

work function of Molybdenum varied from day to day. It was only




S
when the values of the work function had become steady that it wagfi
concluded that the process of degassing was completed.

That the pxmeess thermionic emission for a given temperature
was reproducible is shown by the fact when the degassing was
complete and the value of the work function had attained g steady

’5)

value, the values of log i / T plotted against 1/ T for various
O
working days £11 fell on the same streight line. The slope of the

line geve the value of the Work Function and the intercept enabled
the constant A to be calculated.

®
Observations,

The rrservations,taken on different days’or the galvanometer

deflections for various temperaztures and for different voltages

applied on the Faraday Cylinder are given belows A grephy of
)

log 1 / T against 1/T for all the days during which the sbove

¢ s

observations were taken is also givem., T hanby L 1,350y thlil
lLW%MARﬂW@ C’K‘;»&W?)L'ﬁ-‘)mfj@’;

Aol Hea M’“”‘:‘A.
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Resultsg.

The following values ofcf were thus obtzined:

9 z ] T
3 ‘

Mean

4.2961%Y4.229 |* 4.2321 4.234 | 4.22 e.v.

The values of A forf'= 4,23 e.Ve for various temperstures

are given below:

Temp. | 5 é
in®C 5C ! 1450 1400

240 244

2 2
' Mean ' 241 amp./ cm /deg

In this connection it must be stated that whereas the
values of the Thermionic Work Function obtained on difterent
occasions are relisble, those of the constantizxexm A are not so.
This is because the distance between the effusion hole of the
Molybdenum cylinder and the edge ot the graphite furnace tube,
which had been measured prior to the fixing ot the fulnace on the
copper plated p and p was found changed when the furnace was Q;5
unclamped from %he pla%eé and could not, therefore, be veritfied,
It will be recalled that in order to allow for the expansion of
the Molybdenum cylinder during heating the cylinder had to be
supported in fused quartz rings of a gize larger than that of the‘
diameter of the cylinder whdch was, therefore, lieble to be
displaced during the process of not only fixing tke or removing
the furnace but alse of clamping or unclamping the earthing wire,

Digcussion,

The Thermionic work function of Molybdenum wes first

determined by I. Langmuir, who found the value oi‘iin hichardsong

T equation to be 50,000, corresponding to ¢equa1 to 4.08 e.vV.
Tater on he found the value of the function to be 4.05 e.V.
Probably the difference in the temperature sceles used and in the
surfaces account for this divergence, Stoeklelggbtained a value
corresponding to 4.29 e.V., but as he could not degass the metal

properly, the values obtained were irregular and varied from

condition to condition and were not very reliable. Amongst the




1
early workers must be mentioned alse Lester, who by comparing the

loss of heat due to the emission of thé electrons with the gain

in heat when a known increment of current was supplied to the
filament and assuming that the change in heat supplied was propor-
tional to the change in the resistance of the filament, determjindd
the work function. The value he found was 4.59 e.V.

These early workers' technique was not very highly developed.
A definite advance was made by Dushman, Kowe, &wald and hidnerl
and by Zwikkeri who worked under good vacuum conditions. The
values obtained by these workers- 4.44 gnd 4.38 e.v. respectively-
are in good agreement with eacybther end undoubtedly represent
the best values heretofore obtained tfor outgassed metal. However,
Dushmen reported that great dbfficulty was encountered in eliming-
ting the last traces of oxide from the Molybdenum specimens so
that completely consistent values of the thermionic emisgsion weepe
never obtained.

Martin16 studgied the photoelectric properties of MolybdenumA
during outgassing and found that after 15C hours of hesting at
temperatures upto 1700° K the work function resched an apparantly
steble value of 3.2 e.v., while the value of the thermionic work
function for the same specimen was 3.48 e.v. While these two
values are in fair aggreement with eachother, the lalrge discrepancy
between these values and those obtained by Dushman and Zwikker
led ;Dushman1 to suggest that the heat treatment had not been

carried out in this case gt high enough temperatures to eliminate

all impurities.

Decidedly the besé determinations on liclybdenum were made
1

by DuBridge and Roehr, who studied the photoelectric and thermio-
nic emission fer pure Molybdenum during & prolonged process of

outgassing by heat treatment at temperaturesvupto 2105 Ko dn a

segled off tube with a vacuum well below 10- mme. an equilibrium
condition was reached which Was not changed by further treatment
upto 1600 hours, Photoelectric curves teken at room temperatures
and at 946 K and snalysed by Fowler's method yielded a true work

function for the outgassed Molybdenum of 4.15 T 0. Covolte, Thers

micnic data for the same specimen zlso yielded & work function ¢of




P :
4,15 volts and a value of the constant A close to the theoretical BE
o

€y
velue of 60 amp./ cm deg. That the cause of the low value of

the work functior obtained by Martin was the degassing of the
specimen for an insufficient time and at an insufficiently hégh
temperature was proved by DuBridge and Roehr s they slso got
rvalues of the same order as those reported by Martin during their
ezrly stages of heating. Similarly, they found thet meny of their
specimens did show a work function ot the order oif 4,4 volts
obtained by Dushman and his coworkers gnd «lso by Zwikker, but
those of the samples which stood & more prolonged heat treatment
geve the lower value of 4,15 so that tue latte: value may e
taxen to be charscteristic of a very gas free state of Moiybdenum
It is possible that the prolonged heating causes a microscopic
recrystallisation o1 the suriuce which results in & slight reauc-
tion of the work function.

Some equally relisble work seems to be that of A.de AheéZn
who in the course of his investigations on the effect of tempera-
ture on the emiséion of electron field currents from lolybdenum
using high vacuum technique as well as a rigorous conditioning or
the filament found the work function to be 4.32 e.v. The value of
4,33 e.,Vv. was obtained by H. Freitag and ¥. nrugerla at a vacuum
of,lo-v mms, ¥.Kruger and G. Stabenow%’however, measured the
work function of electrons by compensating the cooling due to the
emission by raising the heating current and measuring this compen

sating current by a resistance in an a.c. Wheatstone bridge

circuit. The work function could be obtained to a fraction of

13 ;
1 % end wa':chound to be 4.40 e.V. Mf“-";‘; ‘)W"Q‘.HX L_k""ju
AdCopaset U el e b Al Cmveponton £ ¢ =L & 935y, Bk IS s vy
Smwdhh o anstd © Some of the most recent déﬁerminations with the most :
advanced vacuum technique and degassing have yielded values near
2

)
to those of DuBridge and Roehr. Wahlin and Reynolds Grover‘#,
2

and Wrightﬁsg;ve found the value of the electron work function to
bé 4,175 4.2, and 4.2 e.v.,respectively.

The follwwing table summarises the most reliable values:
of the electron work function and gives also the value found in

the present investigations by an altogether difterent method

from those pursued by any of the previous workers on the metal,
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Summary,
By measuring the electronic current effusing out through &
smdll hole in an otherwise clesed chamber of Phlv}d»num heated in
i s
vacuumlin a graphite furnace the electronic work function of the

metal was -found to be 4.23 e.v. The constant A, which could noi Bé\’
2 2

~

determined to an equal certainty, was found to be 241 amp./cm, deg.
This method ha§ several advantages over the usual thermionic ones
based on that of Richerdson, 1t avoids the uncersainties in the
value of the reflection coefficient occuring in the theoretically
derived thérmionic emission equation., Being dependent on the effu-
sion current,which depends on the saturation electronic vapour
pressure within the metallic chamber, the method is a very direct
one, Since the emitting surface of the metallic chamber is complete-|
ly enclosed within thae graphite furnace tube, the temperature of
the emitter, after some time, becomes the same as that of the
graphite tube. Hence the whole of the metal under investigation is
at one uniform temperature and no temperature gradients requiring
complex corrections are needed. Efﬁ; temperature of the emitter
could be determined by means of an Optical Pyrometer without &he
help of any temperature scale of the metal under investigation,
KEvgporation of the metal or any changes in the surface did not
affect the temperature. As all the fittings in the vacuum chamber
were water cooled the troublesome task of degassing was confined to
that of the graphite furnace tube and its contents. Since high
anode voltages were not needed, the unceratinties of determining
saturation currents on account of Scottky egfect did not occgr. The

lead 1o0ss corrections also were avoided. The value of the constants

® 355 capable oé?&étermingiéen without any measurement of the area

= b,, %, .
of the emitting surface.LThe method avoids the major defects of the

«

usual Richardson type of experiments and is suitable for the deter-

mination of the thermionic constants of refractory metals.




THE THERMIONIC WORK FUNCTION

OF IL\QN L]

Introduction.

1
In an earlier paper details have been given as to how from

the effusion electron current from a hole in an otherwise closed
chamber of Molybdenum heated in vacﬁum to difterent temperatures the
thermionic constants of the metal could be determined. The present
report gives the results obtained with Iron investigated in the same
wav. Iron is of interest from the point of view of the transitions %Rz
that occur at various temperatures from onme form to another. [he
measurements under report were confined to tﬁﬁegani the)’forms« mostly
the former,

Preparation of the Emitting Surface.

A cylindrical tube with a tightly fitting plug at each end
dgﬁb made of an ordinary Piece of iron. As in the case of Molybdenum,
one of the plugs was Bolid, while the other was hollow excepting for
a thin wall at the end which had a central circular hole of radius
0.751 mms. The overall length of the cylindrical tube with the plugs
fitted was 8.5 cms. and the diameter was 0.8 cms.

On the inner walls of the cylindrical tube and the plugs
a coating of iron was deposited by electrolysis from a ferrous chlo-
ride solution. The prepared surface was cleaned of all grease and
other organic impurities by dipping in chromic acid and washing.
This was followed by a slight etching with dil. HCl which was fing--
11y washed away with #¥iute hot distilled water. This tube was then
dried and carefully put4in the previously degassed graphite furnace
tube on fused quartz rings and the vacuum chamber assembled as
already descrived in the earlier paper.

The degassing of the iron cylinder was a problem. Altreouga
iron melts at 1535 ¢, it softens at a much lower temperasture. Hence
the cylinder ssfter sagged and short circuited the furnace tube,. A
heavy electric current from the furnace would then flow through the

sron which would get melted and ruin not only the graphite furnace




2.

but also the surface of the copper plate electrodes and make them

unfit for further use. This behaviour of iron may be connected with
the equilibrium distribution of crystal plages on its surface on
passing from the) to theﬁ form, H.B. Wahlin also remarks that"each
time the filament passed through the A point, it warped and with
repeated transitions twisted suizicienzly to short circuit portions of
the specimen." In the light of the above experience it was decidea tc
do the major part of degassing the ircn cylinder at temperatures less
than 85000 and to degass at higher temperatures only for very short
durations until the value of tkre th2rmionic work function of the iron
attained a steady value. It thus took several weeks fo prepare the
specimen for observations.

When the sample had been degassed, the usual practice was
to raise the temperature to about 750°G in about an hour, The temperz-
ture was then sent up to about 1500°C and the readings of the thermio-
nic emission were quickly taken with decreasing temperatures till
about 1350 C was reached when no appreciable currents could be found
with the galvanometer, The heating current was then lowered slowly
and then switched off to be made on the next day.

The observations taken when the degassing was complete

are given belows ‘JLVJ“o?LW““*J_?“’M*'CM‘"“
Sy %wh Gii sbtiinds }L_%»~Aho T =4k D e 3ru_d-ﬂl }n~5
~ anl dardl K doy o A e e
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Calculationsg.

In the paper on the determination of the thermionic work tunc- .
pap 3

tion of Molybdenum the following equation has been developed:
: 3) P A 2
log i / T 5 - asmee loge + log A _Sr s
’ 10 =0 KT 10 e ,
where & is the saturation electronic current collected by the farea-
o
day cylinder having a diaphragm of radius r; T ig the gzbsolute tem-

perature of the Iron cylinder under investigation; —dsthe—eleotronic
9

Ghaxg944’ﬁs the work functions; Abis the constant in aichardson's T

Pl

emission equation; S is the area of the effusion hole; h ig Boltz-
mann's Constant; and d is the distance between the eftusion hole and

the diaphragm of the ¥araday Cylinder. y

Hence, if a graph of log 157 Tv is plotted against
values of 1/T, the work functimlif 95.? will be given by
The intercept on the log %ﬁ axig x 1.371 ﬂloli 300 €.V
The intercept on the 1/T axis 12",4.77,10*‘;&4345

In the following, data for log i, /T- and 1/T have been
10 @&
taken from ohservations taken on diifferent days which hsve all been

plotted on one graph:

"Intercept on the log ' log i ' Intercept on 1/1' 1/I
! axis 10! 16 ! axis in units OI:
: 1

5.8686 - & 6.7BOT | 032 = 5,706
%.7100 - & 342 ), 3673 | 5.924 - 5,971

#.6608 - AT 0.1178 ' 5,837 - 5,788  '0.049 '4.77
' '

legn value offi=4.76
€. Vs

Teking the above value of ¢, Ir= 0.426 cms., d=1.3 cms., and
the radius of the effusion hole= 0.0751 cms., the tollowing values

were found for Abat different temperatures:

T Temperature of Iron ' A in amp/ cm / deg
in C
1490 706.9

?
 §
1
1465 : 697.1
L
L]

e

1440 708.6
1415 695.2
1A10 719.4

No particular effect of transition from theY to the § form

could be discernible in the present investigations.




Digcusgion.

The earliest attempt to measure the thermionic work function
of iron was made by Jentzch? who found it to be 4.04 e.v. &, Iiamer4
found the limiting wave length for the photoelectric effect from a
sand paperedocommercial semple of iron under ordinary conditionsg to
be);ZCSO E5CA,In the next paper5 he published he finds this 1limit to
be at)n?B?OtAoijwhich would correspond to a work function of 4.3 €.Ve.
In this work he took more care and exhausted his cell of air by means

- of a Gaede Mercury pump. SeCo Roy6determined the value from photoelec-
tric emission to be 4.2 e.v Similarly, GeBe Welg’ch7 using a pure
sample of iron found the photoelectric threshold at);3150. But in a
more careful work using clean gurfaces of iron of the highest purity
and in vacuum of the order of 10- mms. he finds the 1limit to be at \

2155 corresponding to & work function of 3.91 volts.

Although the work of Roy and Welch are distinct advances in
technique there is no doubt that the values of 4,2 volts and 3.91 vols
respectively, obtained by them are those that, according to Cardwell?
would correspond to the early stages of a long outgassing process and
cannot be said to be characteristic of the well outgassed material.

The first really reliable determination seems to be that of
Cardwal who found the threshold of iron, after extended outgassing
in a high vacuum, to be between‘)2580 and 2652 A, corresponding to a
work function of 4.7319.07 e.v. He found the photoelectric gensitivi:
ty of his specimen to be considerably less after cooling suddenly
than after cooling slowly from above 1180°h (P-Y%ransition point).

He attributed this to a retention in the former case of part of the

Yform (face-centred cubic), this being the photoelectrically less:

©
sensitive. Theﬂ andd(forms. which are stable below 1180 & ale body-

centred cubic crystalse.

The corresponding thermionic properties of iron above and
below theP -Y transition point have been studied by Siljeholmg, He
found the Richardson line to consist of two parallel parts with e
discontinuity at the transition point. ¥From the slope of this line-

for the specimens which had been most thoroughly outgassed the value

4.77 e.v. was obtained for the work function. This is in perfect
{2]

agreement with the value obtained photoelectrically by G.N., Glasoe




«
who has used Fowler's method to determine the photoelectric work
function of electrolytic iron outgassed for several hundreds of
hours at temperatures upto 1220 K in a vacuum of the order of 10m§ms
GAasee slso determined the contact potential diftference between
specimens of electrolytic iron and nickel and found it to be 0.21 %+
0.01 volts. The photoelectric long wave length 1imit of the same
specimens and under jdentical conditions used for the contact poten-
tial measurements gave a work function of 5.01 for Nickel and 4.77
for iron so that the difference of these functions is equal to the
measured contact potential difference between the two metals within
the 1imits of error of the photeelectric measurements,

W, Distler and G. Monch11 found 4.04 volts for the value of
the thermionic work function of irom. But the main interest of
these workers seems to have been the verification of the relation
between the work function and the distance between the atoms.

However, to the carﬁful work of Cardwell and Glasoe must be
added that of H.B. Wahlinlu, who determined the thermionic proper-
ties of the Iron group. In order to obtain reliable results Wahlin
determined the temperature scale of the metals under conditions of
heat treatment as nearly identical as possible with those used in
the thermionic studies. A prolonged heat treatment was carried out
and a vacuum of the order of 5.101 mms was kept. The temperature of
the filament was raised slowly to a final degassing value of 1250 &
during several dayvs. Care was taken that the temperature did not
at any time fall below the A point (F-»Y%ransition). After a
stable condition had been regched, and the thermionic data taken,
the temperature was 1owered into thef region and the heating conti-
nued. When a steady state had zgain been reached and the data were
obtained, the temperature was again raised with two of the speci-
‘mens into theY region and further thermionic results recorded.
These were found to be in agreement with the first ones. The
average of the results for 4 filaments which showed no appreciable
temperature gradients is

belowf-{transi tion: #- 4.48 £0.06 €.V,

A =26 amp./ cm® deg
above i P P 4,21+ 0.06 e.V.

2
.

2
A=1,5 amp/ ¢ gdeg.2




‘. The values of the Work Function of Iron obtained by different
workers have been listed below. Those which appear to be particularly

reliable have been marked with an asterisk.

' Invstigators' Year ' Work Func- ' A in ,

Method tion in e.v. amp/Cm~Deg™

Jentsch Thermionic 4,04

Hammer Photoelec- 1924
tric:
P\@y 9?9 19?6 40?

Welch 1928 3.91
Cardwell ’9 1928 4.72*0{iron)-
Silieholm Thermionic 1931 .77y yiie

Galsoe Photoelec-
tric & Contact
Potential 1931

Digtler & Thermionic 1933

Monch : :

Wehlin i 1942 4,48%(pelow
B-v
transi

. \
tion,.)

4,21*(above
AB-r
transi
tion)

. (b~
10. Present workude 4,76 gi ?nd%7 168
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THE THERMIONIC WORK FUNCTION

OF GRAPHITE,

Although Zt was from an incandescent fliament of carbon that in
1883 Bdison first observed the effect known after him, the datz zbou
the thermionic constants of Carbon are neither consistent nor satis-
tactory. This may be as much due to the lack of the use &f by the
earlier workers of the modern technique of degassing under high vacuu

readily
as to the fact that carboq(disintegrates and makesgs the surface of the
emitter pitted under an intensive heat treztment, lHence a roughness
factor comes in and introduces a certain smount of unceratinty not

only in the area of the emitter but also upon the nzture of the sur-

face as the compactness of the mass of the sample may change. Thus fox
3

=

the constants A and in Richardson's equation, Langmuirb obtained the
-4 = )

Value pA=5.,10 amp/ cm/deg and$=2.54 e.V., where p represents

the roughness factor. Such values are altogether too small and it is
3
l1ikelr that the surface used was not quite clean. Harlier, Richardson
4
had obtained 6.48 e,v. for the value oi'f', whereas ¥. Leininger had

obtained 4.48 e.v. for it. But these two workers had not degassed the
o
emitter nor used any high vacuum, In 1916 Langmuir obtained 3.88 and

then 3.94 e.v. for ¢ . No value for A was given in the first work, but
6 8.9
in the latfer one,Langmuir's value for pA was 5.93 amp/cm/ﬁeg which

is much nearer the expected order of magnitude, At sbout the same
l7
time Lester from the latent heat of evaporation of electrons from

the graphite surface calculated the work function to be 4.5 e.V.—a
value greater than the latest value of Langmuir, There is no doubt
that the low values of Langmuir were due to an insufficient pre-
heating.

Reglising the value of a rigorous heat treatment in high vacuun
8
Reiman subiected his graphite filament to a prolonged pre-heating -
= 2
and obtained 4.34 e.v., for the work function and 30 amp/ cg/aeg for
: 9
A, Barlier, S.C. Roy had found 4.82 e.V. forf of diamond and graphite
10
from the total photo electric effects, while K. Hgmer from the same
~ 4] " -
method found to be 4.72 e’:v. 6&%“8&;;}. H‘\LM"‘. S‘-MM.-..«. MKM
1\3&;& Brimh oy ok b frms PRI A5 . 1 on
ki i b3, A.S. Bhatnagar hes determined the work functij
f

of graphite by determining the pressures of the electron gas in equi




2.
1ibrium with the emitting graphite surface zt different tempera-
tures., He made a closed graphite chamber with an effusion hole
at one end and by measuring the electron effusion current found

the work function to be 4.84 e.vV.
The work under report is a continuation of the investiga-
tions on work function by the method adopted in the papers on

'h

Molybdenugsénd Iron, In essence the method is that of Bhatnagar.
A hollow cylinder oi‘ﬁﬁﬁiﬁﬁggﬁﬁiinder inves

provided with a solid plug of the same material &t one end
a similar hollow plug with z thin wall having a central eitusion
hole of radius 0.0502 cms. at the other, This cylinder was,—as
Wefore, vut inside a graphite furnace tube. The end with the
solid plug was insulated from the furnace tube by means of a
fused quartz ring, while the other end was slightly ¢ raised by

eping a piece of graphite between the eylinder end and the
furnace tube. The cylinder was thus made horizontal and the end
with the effusion hole zlso automatically earthed. lhe etfusion hm
hole and the diaphragm of the Faraday Cylinder were thus coaxial.
The distance between the effusion hole and the diaphragm of the
Faraday Cylinder was 1.3 cms. The rest of the details w:
same as in the previous papers.

This investigation was undertaken to act as

the method adopted in the previous work,

The observations taken on 5 ditfferent ﬁ‘cas1nns after

the degassing was oomp1ete ars reproduced belows }L&-“u4~rh~wvtﬁ
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In the paper on Molybdenum the following equation hes been

developed:
log iy/ T 2 - esew log€&+log A _Sr s
KT 10 oo PR dE

where £ is the saturation eliectronic current collected by the
0

Yaraday Cylircer having a diaphragm of radius r3 T is the sbsolute
temperature of the Grzphite cylinder under invebtitation;fétht
work functiong A.ﬁs the constant in kichardson's emission e%uatim%
Sa the greg of the effusion hole; d is the distznce between the

effusion hole and the diaphragm, and & ig Boltzmann's Constant &b
. e . 2
Hence, "if a graph otf log i,/ T is plotted sgainst the
1€
values of 1/T, the work function,¢’, will be given by
- & 16
The intercept on the log T gxis X 1. 37110 R 30C €. Ve
jﬁ B  The intercept on the 1/T sxis 1044 T 10", 0. 4343

: L .
In the following, data for 10g—1§nd L neve been taken trom
0T

observations taken on different days w&isgihave gl]l been plotted

on one graph.

Intercept on the log!' Intercept ont'

L]

L - o
te axis ’“élog ﬁiL ! axis in units

o
: S !

of 10} !

A+3799 - £.0551 1.3218 ' 5.561
5:9642 - £.0877 DeBiTL * £.546
£.9390 - &1277 gsBcas ! 5,531

3:8627 - 472054 6 6. 500 oPs ' §.270
u£§é§§%5 §72769 0.4900 ad 5.2 0.201"'
57330 - £3115 C.4215 ; 2. 0,188
E6273 _2pz4 0.2439 > 5,326 D100

§f4gc - 000 @.420 e D 5.0C0 0. 584!

liegn vglue o1
¢ in e.Vv. = 4.83
The data mmrked with an * were obtzined directly from the greaph.
Teking the above value of@s Iz 0.426 cms., d=1.3 cms, and
the radius of the effusion hole= 0.(5C2 cms., the following value

of A were obhtained for different temperstures of the emitter:
.

(] : t 1 L] 2 .3 1 4
' Temp.in®C I ihop! yeEp ! 1605 ' poap!
" A,in gmp/ cm®/ deg:'172,2'168.2 PEARE 2 1D a0 1S
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He following tsble summarises the values of the thermionic
cAstants as found by different workers. The values that seem to be

eliable are marked with zn asterisk.

Investigators Yes Method A in zmp, Wwork func-
2 2 - tion An

cm _deg 8. Ve
[} [ al []
XXX XHAREEAX XXX XXX XX XXX X AL FXXTRBXMABATE XA XARBLER KX XXXAXXXXKBLE
2. Richardson 1903 Thermionic -
Deininger 1908 Thermionic
Langmuir Thermionic
Thermionic
Latent hesat

of evapora-
tion.

Resmanx Hzmer 1924 Photoelectric

e

S.C. Roy 1926 Photoelectric
Reiman 1938 Thermionic
Bhatnagar 1944 Thermionic

Yoo sl B AET o Thewherind
Present workesss 1949 Thermionic
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