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A NEW METHOD OF Di TuRMINING ahi ON IC CONSTANTS,

Introduction.

The theory of metals is of increasing importance these days and any

contribution related to that subject will be of interest. This disser-

tation deals mainly with a new thermionic method of determining the

constants A andf in the well-known Kichardson equation

developed under the guidance of Prof. Dr. Sir nhoS. Krishnan, Ates He

at the University of Allahabad. Betore, however, the new method is
discussed it will, perheps, not be out of place to review briefly the

salient features of the concept of the Work Function and of the exis-

ting methods of determining it.
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Potential barrier at the surtace ot a metal.

There have been several views of the concept of the Work Function.
1

According to the electrical image theory of Scottky the potential

barrier at the surface of a metal may be roughly given by the image

force. Another view, which attained its final expression in the treat-

ment of Dushman , considered the thermal emission of electrons from a

metal as thermodynamically equivalent to the evaporation of a monato-

mic gas of molecular weight Nvm, where N,is Avogadro number and ms the

electronic mass. Using the Cleusius-Clapeyron equation an emission

ecusation was derived which was the same established already by the

pioneer work of 0.W. Richardson. The work function thus was taken to

be the latent hest of evaporation of an electron at Cc K, These views"

are rather mechanistic and crude and do not give so detailed a picture

as that furnished in the treatment of Sommerfeld. based on

Stetistics. The Richerdson equation, however, still stands as the

practical embodiment of thermionic theory.

It is well-known that most metals are ciystalline in structigge and

consist of an array of fons built by 9 regular repitition in di-

mensions of some structural unit. Fig.1 illustrates the variation of

3

potential energy,U, due to the nuclei¥%s6,¥.... and the regions of

intense Local potential variations near the latter. Since the greate
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portion of the metal is the volume between the nuclei7, the potentadal

between the nuclei7 may be taken as nearly constant as shown by the

arched vertions. It will be noted thet since there are no nuclei

to one side of the surtace of the metal the.e will be no lowering of

the potential energy curve such as prevails in the region between the

within the metal. This is the origin of the potential barriecnuclei

at the surface of the metal.

An electron in the metal that possesses energy corresponding

to tthe point A in Fig.1 collides with and rebounds trom the potential

walls a and b and remains confined within them, it, theretore, is

strongly bound to the nucleus,s4, and cennot drift away. But an elec-

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

the meta have its totel energy entirely convetted into potential

energy and hence it will travel, more or less, freely within the

-mete1. But when it reaches the surtace ot the metal, it collides with :

the potential barrier at C there. Its kinetic energy jie reauead to

zern and the electron is turned back into the body of the metal. it
is such electrons which have energies in the region of the potential

plateau and are subiect to no forces, vhetevers that torm the "free

electron gas" within the metal. Since they are etleast as many as the

number of atoms they are of the order of 10
10° 3
/em. molecule and form

a degenerate Fermi gas.
In order to show more details Keel has been redrawn as «ig.2

with all potential variations within the metal being omitted with the

exception of the barrier at the surface. The vero of energy has been

ghosen at the level of the plateau in Vig.1. The electrons, even at

Ck of temperature, nossess varying amounts of kinetic energy cenging

from vero to a definite maximurtyAd, culled the vermi &s shown

hy the horizontal line. According to Sommerfeld, who applied the

'Fermi-Dirac statistics to the electron gas in metals, the number I

cf electrons per unit volume with energies between and0B+ aBj is

Jaw Egiven by oO gx 3

A -
AT +1

already indicated in Hig. 252 an ye epproyimatels

Nathe number of etoms in unit volume of the metal;

Vn the number of free electrons per atom (usually assumed to
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Methods of measuring Work Functions.

be equal to the number of electrons in the outermost shell of the ak
atom),
end T, h, and K have their usual significance.

fig. 3 illustrates the energy distribution of the electrons in
metalg. It will ve seen that at 0 k, N veries és upto Heh, after
which it drovs to zero. lence Jrepresents the maximum kinetic energy
of the electrons at 0 K, The distribution is represented by the full
line curve. At temperatures above 0 HK, the distributions are epproxi-
mately such that for E<m, N varies asf; but tor sym, it
falls to zero exponentially according to the Maxwell vaw aes indicate
by the dotted line curve. If these higher energy electrons cure impar-a
ted a sufficient energy » given bv the tollowing relation and shown

in Hig. 21

7
f 3 V.-»

thev can surmount the potential barrier Vand Escape from the metal.
This # is defined es the electron Work bunction of the metal. It ig
diiterent for different metals.

The Work Functionsd » hes been mezsured by the tollowing
methods:

1. Thermionic Emission.
2, Cooling effect when electrons ave emitted, or heating

eftect when electrons are collected.
Oe lectron reflection trom the surface of metals.

4. Contact potentials.
end 5. Photoelectric Threshold values.

Since the nature and the atrangement ot the surrece atoms

determine the nature of the surface forces, and, hence, the megni-

tude of the Work Function, it is essential for the obtaining of

significant data to experiment on metals of which the surtaces at ke

least the underkyknx immediately underlying regions re iree trom

impurities. Hence the utmost cere has to be taken to take not only

metels of the highest chemical purity but also to further purity the

surface of all occluded end adsorbed gases by a course of prolonged

heat treatment in the highest vacuum available and to'meintain this
vacuim throughout the measurements.

A



(1) The Thermionic Emission method.

This methed consists in imperting, by hesting, to the rela-
tively few electrons of energies greater than the "cero point energy

hs, enough kinetic energy to enable them to cross the potential barrier
(Hig, 2) at the surtece of the metal.

The experimental arrangement consists of « thin cylindrical
wire or 52 strip of uniform cross-section, of the metal uncer

tion disposed slong the axis of a cylinder of some refractory metal,

noth being enclosed in a bulb which can be kept highly evacuated. the

wells of the bulb, as well es the metallic parts within are thoroughly

degassed hy a prolonged course of heat treatment. The tilament is heate«

to various.high temperatures by a current from a. low tension battery anche

the electrons emitted form a space charge which hes to be neutralisea by

aoplying increasingly positive voltages on the cylinder before the

latter can collect the saturation current. Since the cylinder, or anode,

consists of 3 sections, the end ones acting es guard rings while the

middle one acting as the collector, hence by attracting all the emitted

electrons from the middle of the filament, the end ettects/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 are

all eliminated. from the specifications of the filament the area of the

central segment enclosed by the middle cylinder is calculated. the temp-

erature of the emitter is measured by an 9 or by a

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

tance of the wire or from the watts radiated trom the surface.

An early form of an emission eyuation wes suggested on the

due

basis of the classical kinetic theory of gases by tichardson as follows.
1 & &

i: A T e

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

from the Fermi Statistics point,ot view gave the equeticn ag:
AT « «To. CI),

where i igs the electronic emission trom a unit area and A is a univesz-

sal constant given by (1-r ) mhieht which, on substitution of
a

hk. & x
5

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

the same exponential dependence upon the temperature ana since the



the exvonential tactor overshadows the ertect ot the T or the
factor it is not possible to decide experimentally whether the one

or the other is the proper one. However, owing to its theoretical
significance, the T equation is used to express the emission belatioi
Teking the logarithms of both the sides we vet

2 - a + heh
so that if the values of log

&
are plotted egainst the values ois,

the slope of the straight'line, celled the hichardson line, gives
the value of the Thermionic Work bunction, Ps while the intercept
gives the constant A. It will thus be seen thet in order to deter-
mine the thermionic constants A and, the quantities to be deter-
mined ere:

(2) the area of the emitting surface,
(b) the electronic emission from that suriece, and

(c) the temperature of the emitter.
The following corrections heve to be to miminise

the errors:
(1) Area of the emitter

Although the area can be eesily determined betore the

tilement is put in positions the measurement becomes inaccurate artes
the degassing treatment. Owing to the heat, the metel gets evaporate
unevenly along the filament and gets pitted. viystallisation also

may occur thus changing the very hature of the surtace. the area oi
the filament, with its hills and deles on the surtece, cannot, there-

fore, be tound with accuracy for the emission measurements.

($4) Tempereture.

Optical pyrometer measurements consist in a photometric

measurement tor) ¢.665ALot the radiation emitted by the filament.
The temperature scale is based upon Wien's Lew, which is dutticientl,
eccurete for the purpose of that wave length. Sut since the material
ot the filament is not a black body the intensity ot radiation will
be a fraction, a, of the above so that tor knowing the true tempe-

reture the emissivity + has to be found. Actually the emissivity
varies with tempereture and so must be determined for ditterent tem-

pereture for each metal to be investiyated. Such data ate now

'generally available for metals.

(444) Lead Losses.

£
!
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These are altogether avoided by using either the guard ring

principle cr by using different lengths of the same filament over

the same range of temperature values. Otheiwise, corrections have

to he applied. I.Langmuir, S.Machane,flodgett have given a com-
4

rehensive discussion ot the eftect of the snd Losses on the charac-y

teristics off filaments of Tungsten and other metals. the eccurate

determination of the corrections is a very tedious matter.

(iv) Corrections for the Anode Voltage.

Hquation (1) applies to emissions which have not been

affected by any external fields. But, except when the temperatures

are small and hence the emissions are little the mutual repulsions

of the electrons set up a space charge around the emitter which

prevents the electrons from reaching the anode. dence an inccéasine

ly positive potential has to be applied to the anode to eneble it
to neutralise the space charge and attract to itself all the elec-

trons emitted. It is found that the electron current to the anode

increases slightly even when the saturation value is reached so

that strictly speaking saturation is never quite realised. Schott-

Ky. has shown that if R » the accelerating tield due to the collec

tor potential is not disturbed py the space charge and # is

proportional to V, the collector potential, the observed emission

i, is related to A the emission for zero tield at the emitter by

5

the relation: s
» whence, by taking logarithm4,39

6
1

we get (SV
log

to #

where S is the constant of proportionality and is cslculable trom

the electrode geometry by means of electrostatic laws. Hence, if
z

a graph of log, 4, is plotted as a function of V it should be @

straight line whose slope is
1.945

is) and whose intercept at

Vac z ives 10Sc
(v) and (vi) Corrections due to the rise or the temperature

of the filament on account of the radiation received trom the

heated anode and due to the variation in the heating current of

the filament due to the return of the spuce charge from the unode

relating 16 the determian
are iven, under Davisson Germel wor

nation of War
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mination of Work Function by the cooling of the filament on the

emission of electrons from it.
Me

It will be seen 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 toreign

matter by a course of rigorous heat treatment. lt is direct and

straightforward as it seeks to measure the entire emission from

the metallic filament. But it suffers from certain derects . tirst-

ly, in the theoretically derived emission equation, whether

derived from thermodynamical grounds 81 by Dushman or trom "ermi

Statistics by Sommerfeld, the right hand side of equation (i) has

to be multiplied by a transmission tector (t-r), where r is the

reflection coefficient for electrons incident perpendicularly on

the surface of the metal. This r has difterent signiticance in the

reflection coefficients are numerically equal and Becker and

have shown that since ell available evidence seems to

show that the reflection coefficient is less than ei so that

since the values of A are usually not accurate to within 10%, the

reflection coefficient is neglected in the emission equation.

Hence, for all practical purposes the Dushman-Richardson equation

of emission is written as (1). But, whatever be the importance of

the coefficient theoretically, in the practical measurements of

the thermionic constants A and > » an element of uncertaintys

however small, is introduced.

6

two theories; but it does occur. Nordheim has shown that the two

Brittain

Next, the determination of i, the thermionic emission from

a unit area of the filament, is not free irom ditficulties. most

of which arise from the fact that prior to the emission measure-

ments the filament has to be given a rigorous degassing heat

treatment in the course of which the surface of the emitter gets

pitted and even crystallisation may occur thereby changing the

very nature of the emitter. The area of the emitter surface, with

its hills and dales, is not easy of an accurate determination.

On account of uneven cross section the emission varies from point

to point. There is no single potential difference petween the
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enode and even the central segment ot the filament as the poten-
tial gradient along the latter due to the heating current trom th«
low tension battery will vary on account of the varying cross-
section, "lis results not only in an uneven emission but also in
collection by the anode. It also makes the Lead loss and Schottky
corrections inaccurate. The lest named correction needs a further
discussion as its measurement requires something more than a mere

knowledge of the potential ditference between the filament and

the anode.

In the correction tor the Schottky eftect S, the cons-

tant of proportionality, has to be calculated trom the electrode

geometry by electrostatic laws. But, elthough some special CUuSES»s

e.g.» a heated straight filament surrounded by a coaxiel cylinari-
cal anode, have been studied theoretically the general investiga-
tion of the space charge effect tor any given disposition ot the

electrodes, such as might occur in any actual experiment, is very

difficult. Even in the simple case, mentioned above, the theore-

tical investigation, as pursued by Lenemuir , Langmuir ani Bleé-

gett and others, could give a solution only for the perticular
case of the velocity of electron emission being zero- an assump-

tion 1mrelated to facts since tre electrons are emitted with a

Mexwellian velocity distribution. Hence, the value of i, the

saturation electronic current for a zero field at the emitter,

cannot ve determined with any certainty.
The measurement of the true tempereture presents similar

diffuculties. Due to the unevenness of the filament the tempera-

ture varies from point to potnd@ and there is no single tempera-

ture, Further, a temperature scale has to be set 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 temperatures has to

be known for the metal under conditions of heat treatment as

nearly identical in condition as possible with those used in the

measurement of electron emission. Since conditions of heat treat-

9

ment vary from sample to sample and, in the event of change of

nature of the surface occuring due to crystallisation, the condi-
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tions may vary from point to point even in the same sample. nence
en element of uncertainty creeps into the measurement of temperus
tures. Wahlin and his coworkers now have adopted the practice of

setting up a temperature scale for each semple of the metal under

investigation.
Tt will be shown later that the thermionic method develop.

-under the guidance of Sir K.S. krishnan, ¥.H.S., at the University
Of Allahabad eliminates the various defects mentioned above.

Richardson was the first to suggest that since the work

function is the net work done at the expense of the thermal energ

in taking an electron out of the metal and putting it at rest
cutside the surface and since the emitted electrons heve a Mex-

wellian velogity distribution corresponding to the temperature i
of the emitter, and, therefore, have an average kinetic
2 KT, the emitter will lose an average energy 3& +2kT )

- ergs per emitted electron, where denotes the work function of

the emitter in electron voits. If the emission is i amperes, the

energy lost is a watts ceccecceceee (2)

Or the other hand, if electrons are recived by an anod

at potential V volts positive with respect to the emitter, the

everage energy received per electron by the collector is
+ ) ergs.

10

(2) The Calorimetric method.
e

1 Pe &

Ve

Hence for i emperes thermionic electron current received, the

collector will receive
+VE ~

where f_is the work function of ne collectcr.
Hence, there are two types of experiments. in the tirst:

the ccoling produced as a result of the emission of electrons is

measured; whi le in the second, the heating of the anode is
mee sured.

There has been a veriation in the second type of experi
12 13 14

ment due to Holst and Oisterhuis , Penning , Schttky etc.;
15

the lest worker being Van Voorhis end Compton . The idea is
that if a Langmuir collector is placed near the anode in a



gaseous discharge it will be surrounded by beth positive tons and

electrons. Now if the potential of the collector is kept at «

constant, slightly negative velue V with respect to the space.

potential, positive ions will reach it at a constant sete due to.

their velocity of agitation in the gas and the small attracting.
potential V. Electrons also will reach it at a constant rate as,
owing to the Maxwellien distribution of their velocities, there wi

always be some electrons which will have large enough energies to

overcome the retardation vn Hence, in unit time the collector
will receive an amount of heat)nade up of the heat transfer by

heat transfer by conduction; the heat contribution

the gas, their acceleration by the voltage V , and their heat or

neutralisation at the metal surface; and lastly, the heat contri-
bution of the electrons due to their energy of agitation,and also

\ due to their heat of condensationPinto the metal. Hence, we get

where the i's denote the corresponding type of current received vy
the collector.

4

of the positive ions due to their average energy of agitation

(% Vth) (at) ........14)
8 r é +

Now, it the potential of the collector is then suddenly

altered to a less negative value, V , there will be, immediately
f

after this change, no aporeciable variation in H and H. Ihe

change in etec will be negligibly smell. But i will change i ;
t

Say. Hence

c

(u +p) ee
+

H aH
Subtracting (4) from (5), we get

The ditterence between H and H may be deduced from the heat

capacity of the collector and its rate of temperature rise trom

i (V -V )p( i- i )(ut#).......(6)
f 0 f 0 f4

t

the thermocouple embedded in the collector when the potential is

changed from V to V. Hence@may
be calculated since all the

or by the Langmuir collector methods. However, in view of the
remaining quantities in the above equation are measurable directly

complexity of the phenomena and of the many corcections that have

to be applied it appeurs that this method, as at present pursued,

may not prove of much value.
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Hence, the experiments on the determination ot bby the cooling and

by the heating effects will be discussed.

(4) Determination ofPoy the Cooling ttrect.
Although Wehnelt and Tentzech were the tirst to utilise

the cooling effect for the determination otpand, subsequently,
Cook and Richardson. established that work tunctions could be

accurately measured by this method, it is DLavisson and vermer

whose work approaches perfection in technique. It will, theretore,
be discussed briefly though later work by aruger and Stabenow and

also by Fleming and Henderson cannot 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 arising from the end cooling and by

means of guard rings the emission of electrons trom the ftiament

4g limited to the region between these points.
Suppose that with the plate at a negative potential and

so heating current ot I amperes through the filament the difterence

in potential between the leads is volts. It now the plate is
made positive an electron current of i amperes tlows trom the

filament end, simultaneously, a cooling of the filament occurs.

Hence, the resistance of the filament is reduced and the heating

current as well as the potential drop across the leads will also

he affected.

16

18

19

20

a

Now so long as the plate is negative and there is no elec

tronic emission reaching the anode trom the filament the power

Supplied to the filament is equal to the power W rediated from

jt. But when the emission occurs from the tilament these are no

longer the same and the difterence between Wand W is the power

absorbed by the thermionic emission. "xpressing this as a voltage,

times the emission i, it can be shown that

and Ger I zero
ar AI)... (7)i =AW . AW 2E

the RNADevisson er kept by compense

change in filament resistance py an appropriate alteration in the

resistance r the heeting circuit. Hence

sé DE
& (8)

In order that this relation shell yield the true value



a S NA

of ps the value of AZ employed must be the voltage change actually

due to the cooling eftect of the emission. hence, the following

corrections have to be apnlied:

(i) There are a number of changes in iis which reverse sign relative

o the true effect if the direction of the heating current is re-

versed. These are eliminated from the results by averaging observa- ff

tions made with the two directions of I.

(44) There are other changes which do not reverse their sign, Cees

eftects resulting from geometrical dissymmetry and from variations

in thermionic properties from point to point along the filament.

All first order errors arising from these causes are eliminated

from the results by averaging observations for the two directions

of I.
(444 \ Under the bombardment of the electrons the plate gets heated

and a part of the radiation from the plate is absorbed by the tila

ment which, therefore, rises in temperature thereby increasing the

resistance and,hence, the voltage across the tilament. Ihe most

satisfactory method of correcting for this error is to observe the

value of 4)48 at constant filament current for a series of plate

voltages, ond then to extrapolate to the value of ya correspon-i
ding to plate voltage zero. This follows trom the consideration

thataf, the change in. the work function dué to this cause, can

be shown to be equal to -fV, where f is the fraction of the radia-

tion from the plate absorbed by the filament and V is the poten-

tiel difference between the plate and the filament so that at V=C

the change agalso will be zero and at that voltage @ An will be

the value ofpin accordance with equation (8).

(iv) Yet another spurtous tttect is due to the space current re-

turned to the filament. If the electronic current, i> reaching

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

there is an addition of the returned space current to the normal

heating current. with the result that there is a variation of the

total effective heating eurrent from point to point along the

filament. This defect can be removed by so arranging 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 of

the filament
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of the filament is tour times as great es the current returned
to the susie each end by suitable resistances being put as in
figure 4,AH is zero,

Determinationsof by this method have been very accurate
and are as reliable as by the thermionic emission method.

(ii) Work Function

This type of experiment bused on the equation (3) has

th Heatin

21
two short Usmium tile-been performed by Richardson und Cook

ments heated to a high temperature were used to supply the copius
stream of electrons needed. The metal to be investigated, in the
form of very thin strips, was wound on a very light gless treme
s0 as to lie in one plane and to expose aes much surface es possi
The frame was insulated from the Osmium tilaments and suitably
mounted between them. By vp lying verious small potential ditte-
rences the electrons emitted hy the Osmium strips were made to

impinge on the metal strips, which tormed one sim of a very sen-
sitive Wheatstone bridge. The effect was tested by the change ot
resistance and temperature experienced by the strip. "he strip
thus acted as a bolometer. These experiments gave the value of

22of the proper order of magnitude. In tect, sicherdson wes inclin em

to the view thet, owing to the way in which the contact potential
entered, the effect found rather measured the cooling etfect et
the surface of the hot electrode than the heating ettect at the
surface of the cold one. Since the precautions of high vacuum

end degassing were not taken the results obtained in the experixperi -

ment were not satisfactory.
3. uLestron reflection from the surtace ot metals.

This method consists in measuring the potential barrier, Vy
et the surface of the meted ty using electrons es probes which

are diffracted by the erystal lattices - Snowing trom the A-rey
data the crystal structure of the metal, V, can be calculated.
The value of fm, the zero point energy, is known so that an estimet®
of $ could be made from the relation:

23
It will be remembered that Uavisson and Germer found that



the directions of the electron beams by the spece

lattice could not be predicted by assigning to the electrons

the wave length given by the de Broglie reletion:

mv
Instesd, it was necessary to assume a contraction of the crystal &

lattice or else to assign to the electrons a smaller wave length

entering the crystal, the electron would be retracted and, hence

electrons get speeded up on entering the crystal on account of

their falling through the surface potential berrier, etter

having been accelerated through the applied potential V between

the electron gun and the (111) tece of the nickel crystal used

x. The interpretation of this apparant discrepancy was given. by
24 25

Rosenfeld and Witmer who pointed out that, onand Bethe

would suffer a change in wave length such that r= where fis
en index of refraction. ias tound to be 7 is implying that the

by Davisson and Germer. The de Broglie wave length on account o

the spplied potential, V, is given by

h
mv ome

On passing through the surface potential the electron is acce-

lerated so that the changed WEavelength is given by

so that3

>

B. 3 > Jira .

Since fand V ere determined experimentally, one can tind4

Since the errors of the electron dittrection experiments

give V_ to an uncertainty of+5 volts, ends, there is an uncertain

ty in the value ot¥, the number ot tree electrons per atom in

determining f has its limitations tnd cen be considered only of

qualitative significance. The values off found out by this

method sre of the right order of magnituce. Ot the five methods

cf determining work functions listed pefore, this one is the

the expression of At, the zero point energys this method of

least developed as is the case with the method depending on the

heeting effect.
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A. Work Function from Contact Fotentials.
It is well-known that the Contact Potential, V » between.

two metals A'and B of work functions # and f, respectivelys
repiv y,

kse is
releted by the equation:

cp

by,
methods

A
Contact potential measurements are usuelly

based on Kelvin's, since that affords practically instantaneous
determinations ot Contact Fotentials allowing distinction between

rapid end slow changes of work function. In Kelvin'sanethod the
two metals, A end B, form a condenser, which tends to become chaige
to their contact difference*of potential, equel in magnitude to
the ditference in the work functions ot the two metals. When the
Contact Potentiel is compensated by an applied potential, a change
in the capacity of the condenser is unaccompanied by an electrical
discharge.

)

26
Using this idea Zisman has devised a method of measuring

the contact potential between two parallel plates, whereby he

varied their capacity at an audio frequency by making one plate
vibrate at the end of a flexible reed. The other plate wes coupled
te an audiofrequency Vacuum tube ampliiier.- An applied potential
in sertes with a high resistance between the plates Was adjusted

. until no signal appeared in the amplitier. At this. point the

applied potential hed the velue ot V between the plates.
But the best determinations are those ot Anderson

4

cp 27

A beam of 4 to 8 volt electrons is directed by an electron gun

egainst a small area near the centre of the strip of Tungsten toil
and the current to the foil plotted as a function of the retarding
potential applied to the strip. A similar characteristic is teken
of the electron flow to the second metal. The voltage displacements
of these two character! stics from one enother then measures the

contact potential between the two metals- tungsten being taken as

a standard because being one of the most refractory metals t can

ve thoroughly puri fied of all adsorbed and occluded foreign matter

by e rigorous course of heat treatment. The Work Function of tungs-

ten being known, that of the other metal is established, vere is
taken that after a thorough outgassing the tube is sealed from -the

1

pumping system, gettered by the vapourisation of Bariums and .



immersed jn liquid air during measurement. Clean Tungsten is cho sen

as a reference surface to which the ditference of the pair of

metels is referred. Then the metal surface to be measured ageinst
tungsten is formed 'by thermally vapourising the metal and the

puri ty of the metal finally checked by meesuring the contact pe ten

tiel of eech of a succession of films formed in « fractional dis-
tillation of the metal. The attainment ofa const potential

clean film. Sane, a method of measurement has been used which

makes it possible to follow closely eny changes in work function
which may be experienced by the tungsten immediately after it is
Tleshed, or by the freshly distilled métal immediately after it is
formed. Further, this method, unlike the thermionic one, is appli-
cable te all metals, not necessarily retractory. Unlike the photo-
electric method,to be discussed shortly, it yields measurements ot

uniformly high sensitivity and, taken altogether, seems to ofter
a promising road to a systematic knowledge of the work function
charateristics of non-composites pure, metal surtuces.
5. Work Function trem Photoelectric wftect.

This method is based on the imperting of energy? » Vizes

means of photons of/frequency ¥ to. enable the electrons to come out

of the metal. Thus

Naturally, precautions have to be taken about the purity
the surface of the metal and that no scattered light of shorter

wave length than that to which the monochromatic

set should be allowed to enter the cell containing the metal under

investigation. The contact potential between the metal and the

tact

criterion of aas &unaltered by further distillation is taken
Thus 4

to the Fermi electrons within e metal having energy A byJust enough

hy.

collectecr has also to be determined. High vecuum has to be maintain

The photoelectric threhold, is determined by any of the

follwing methods:
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(a) The stopping potential method,

If the photoelectric surface is mounted in en evacuated

enclosure, with a second electrode newer it sc as to collect gll tee

phetoelectrons reaching it and if this second electrode is mede

increasingly negative with respect te the photo surtace, a vétarding
retentiel V is reached et which the photo current is zero. The ex-

periment is repeated for various values of ¥, andY plotted againkt
V. Where the curve cuts the trequency axis, 24 x a A correction must

be made zor contant potential when estimating V. In' the work of

Millikan an arrangement wes made to cut e fresh surface ot the

metal within the evacuuated bulb itselt so that a new surtace tree
from adsorbed or occluded gases was exposed to the photons. In

general, such experiments suffer from the difficulty that measure-

ments of stopping potentials are difficult to make,

(bd) 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, the spectral 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

threshold Y. 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 opaque to short wavelengths are tound 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 surface for various wavelengths. this is
the method most commonly used.

(c) The "Complete" Photoelectric emission method,

28

29
Richardson from thermodynamical reasoning concluded that

if a metal surtace be exposed to the total thermal radiation trom a

black body at a temperature T, the total photoelectric current from

the surface should vary with T according to the equation:

Bo & Graber et Ke tag Fine bem finns tonne

This equation is thus identical with hichardson's thermionic emiss-
A,T e *T

r fom A,

fon equation for the temperature T for a surface whose work tunct 5303
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is , The photoelectric current under these conditions has been

called the"complete" photoelectron emission.@ +

Temmerature correction. Ee

Having determined the photoelectric threshold at any tempera-

ture, T, one has to remember that tor all temperatures above 0 A
4

the spectral distribution curves show an asymptotic approach to the

frequency axis so that the "threshold" loses guantitative signiti- EE

cance. At 0.K the experimentally determined threshold would be the

'same as the true threshold defined by

tse Wee Rect ie4 [erbt berms ey,
But at higher temperatures this is not so because when electrons

are 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.
3C

¥owler has shown that if
fp =

vo
- A and

x= (h¥ -@)/ sT = WY - %)/ at,
the photoelectric emission, I, is given by

2
T2AT(W -ny) f(x)s

9x 3x
ee e 9 tor x SY 0where A is a constant and

tor x
3

a
(eaZ%

_ ~- +--and A 4
2

f(x) is thus a universal function of (x), whose form is the same

for all metals and all temperatures.

Now,since for frequencies near ¥ the quantity (4 h 7) is
practically a constant and may be included with the factor 4,

therefore, taking logarithms, we get

log(I/ r) = B+#(x);
where B is a new constant independent of Yana T, and Wx)=log t(x}.

The theoretical curve §(x) may be plotted as a tunction of x

and if the observed values of the photoelectric gield i ure plotted

in the farm log (1/7 ) versus bys it is apparant that if the ex-

périmental curve is shifted horizontally and then vertically to

coincide with the theoretical curve, the amount through which the

norizontel shift will have to take place will be f and that

through which the vertical shift will occur will be B, The horizon-

kT

T

tel shift, therefore, determines @und hence, the true threshold.

The-fermot_the-theorettcat-curve-end_the method
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The form of the theoretical curve and the method of shitting the

observed curves are indicated in big.5.
It will be seen that the ptrotoelectric method of determininz

the electron work function of metals is as satistactory as the

thermionic emission or the contact potential measurement methods.

For less refractory metels it shares suitability with the latter
method, e



A new Thermionic method.

An altogether new method of measuring the thermionic cons-

tants, A end » which, besides being direct and: straightrorward
minimises or eliminates the various defects pointed out in the

Ki chardson type of thermionic emission mezsurements, has been

developed under the guidanee of Sir 4.S. Srighnan, He tie we at the

University of Allahabad.
A small hollow cylinder ot the metel under investigation is

closed from all sides except for a small hole of about 1 mm. dia-

meter at one end. This cylinder is heated to various high tempera-

tures by being kept within, but insulated trom, a graphite furnace

tube through which a heavy current is passed trom e

The electrons emitted by the inner surface of the. metal cylinder
at any temperature secon acquire equillibrium with the emitting

metal surface and eet on 6lectronic gas pressure within the

cavity of the cylinder. On account of this pressure the electrons

effuse out through the hole and are caught by a beraday vylinder

a om. or so aWay from the hole. The electron eftusion current iss

naturally, proportional to -the gas pressure within the cavity and

this gas pressure will depend both on the temperature of the

emitter as well as, the work function of the metzl. The whole

arrangement is enclosed within a water cooled vacuum chamber and

measurements of the eftusion current are recorded aiter both the

metal cylinder, the. graphite furnace tube and the entire contents

'are thovoughly degassed $n vacuum, and the value of the work funcé

tion' acquires a steady value. wall details are given in the report

on the investigations on the thermionic constants of Molybdenum.

f the radius of the diaphragm of the taraday Cylinder,

kept d distance away from the eftusion hole of dkrm area, S, is

r, the saturation current, collected by the Yaraday vylinder
31

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

where p is the equillibrium pressure of the electron gas withines

the metallic cavity,& is the electronic charge and 4" and T are

resvectively the Boltzmann constant and the absolute temperature

of the metal.
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The effect of the space charge on the electronic current unaer
32such an arrangement of measurement has been worked out theoretically

33
and also verified experimentally by Belve Srivastava and A.eo. bhat-
nagar.

Applying the Clausius- Claneyron equation to the equillibrium
vapour pressure of a monatomic gas, the electronic gas pressure withi
the metal cavity is also given by

( 20)KT Lye +

f being the work function of the metal.
Jo lo

Substituting the value of p given in (9) above, we get

11)
£9fo Ly e -

KT to

a

so that if, as usual, the experimental values of log * are plotted
lo

w

ggainst those off, the value of the work functions » can be deter-
mined from the slope of the curve.

Taking into account the spin of the electrons; since according
to Sackurand Tetrode

3/2 5/2 3/2
Q (

é ~~

3

4hmk" o£ Sy*

But mem Ky » the thermionic constant in s well known

ZS y2 > 2u K
ta

to he v sd -
>

thermionic emission equation as derived from Thermodynamical consi-
u

uderations by Dushman. Hence, the above is. equal to log A
to

Hence, (tlh becomes

lye - by A,
Sy

to T* KT Jo tod

™

from which, knowing fs A can be calculated. ws

It will be seen that this method has the following advantages:

(1) It is direct and straightforward as it seeks to measure the

electronic ges pressure within the cavity of the metallic cylinder.
(2) There is no complication about reflection coetficients.

(3) Since the netal under investigetion is enclosed within the era-

phite furnace tuhe, it 1s heated by the radiation within the grephite

enclosure which acts as a black body. Hence» the temperature of the

furnace tube as measured by an Optical Pyrometer sighted through a
m

window in the vacuum chamber, gives .the temperature of the metal

under investigation without any recourse to a temperature scale tor

at. Mew. _ _
-- py BO

4
oo

*
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for the metal under conditions identical with those of emission

measurements.

(4) Any variations in the area of the emitting surtace due to evuapo-

ration of the metal at places does not affect the temperature or

emission of the metal under investigation. Hhe area of the emitter
does not enter into calculation.
(5) Corrections due to Lead losses and to Schottky etfect are not

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

Richardson type of emission measurements, the votential difference
between the effusion hole and the diaphragm of the taraday vylinder
is of the order of 1 volt to bring about saturation in the measure-

4

ment of the effusion currents.

a

a
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ON A NEW MATHOD OF1 DETERMINING

THE THERMIONIC CONSTANTS

OF MOLYBDENUM,wee

Introduction.
Most of the investigations on the Thermionic Work #unction of

wetals are based on the pioneer work of O.W. In such
methods the relation used has been

2 - P/KT{nA Te;
O

in which 1 is the saturation electronic current collected by the
anode from a unit area of the filament heated to the absolute tempe-
rature, Ts A is a constant, found by Dushman to be theoretically
the same for all metals;K is Boltzmann's constant and pis 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 Dushmens, or by the
use of Fermi-Dirac statistics by Sommerteld, the right hand side of
the above equation has to be multiplied by a transmission iactor,s
(1-r}, where r is the ccefticient for electrons incident
perpendicularly on the surface of the metal, This r is the external
coefficient in the case of theory and the internal one in
that of Sommerfeld. However, it does occur. But, es has been shown

by Becker and Brittein , since all avilable evidence seems to show

that the reflection coefficient is less than 0.1 and since the values
of A are usually not accurate to within 10%, the reflection coeffi-

cnt

cient is neglected and the emission eauation is, for all practical
purposes, taken as above thereby introducing a certain emount of
uncertainty in the value of the work function obtained.

Next, the determination of 1 involves some difficulties.
When the filament is subjected to the intensive heat treatment tor
degassing purposes, it gets unevenly eve porated and its surface gets
pitted. The srea of the emitting surface, with its hills and deles,
Is not easy of an accurrte determination. Thens on account of the
uneven cross-section of the filement,whose nzeture of surface even may4 2

get changed on account of erystallisation occuring during



the heating, the emission may vary from point to point. #rom the

point of view of collection by the enode elso uncertainties occur,
Although the guard rings minimise the effect of the potential
gradient along the filament due to the heating current during
emission measurements, there is no single potential diiterence
hetween the anode and even the central portion of the tilament and

large variations,due to the unevenness of the tilement,may arise
in the potential difference between, the eollector and the emitter.
This results in an uneven thermionic collection by the anode, The

unevenness of the filement preduces ditticulties in the correction
for Lead losses and for Schottky effects also. The last-named
effect needs further discussion as its measurement does not

require merely a knowledge of the potential difrerence between

the anode and the filement.
5 7

In the correction for Shottky effect, 5, the constant of

proportionality in the equation

log i - log i 1 1,9¢5(8V

hes to be calculated from the electrode geometry by electrostatic
laws. But, although some special CASES, Cees a heated straight
filament surrounded by a coaxial cylindrical anode, have heen

studied theoretically, the general investigation of the space-.
charge effect for any given disposition of the eleztroces,such «as

might occur in any ectual experiment, is extremely difficult.
Even in the simple case, mentioned above, the theoretical inves-

tigationg as pursued by Langmuir ¢ Langmuir and Blodgett and

others, could give a solution only for the particular. cause of the

velocity of electron emission peing zero- an assumption quite un-

related to facts since the electrons are emitted with a Mexwellia

ic 1 10 5 T

3 4

velocity distribution. Hence, the value of the saturation current
for a zero field at the emitter, i , cannot be determined with

any certainty.
The measurement of T is equally uncertain. Jue to the uneven

cross-7ection of the filament, the heating current varies from

point to point and there is no single temperature of the filament

Further, since the radiation emitted by the metal has to be cho-

sen for the measurement of temperatures by the Optical Fyrometers

&-+-
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heat treatment vary from sample to sample and, in theconditions of

in an otherwise closed eylindrical cavity made in a rod of graphite

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 a new method of determining

Thermbonic Constants developed in the Physics Laboratory of the Uni-

versity of Allahabad. It will be seen that it eliminates the various

defects, enumerated above, in the usual Richardson type of experi-

ments.

A.S. Bhatnagar has determined the Thermionic Work bunction of

Graphite from the rate of effusion of electrons through a tiny hole

which could be heated electrically in Vacuum to various high tempera-

tures.
It ig obvious that, for any given temperature, the electron

gas produced in the graphite cavity will attain a saturation pre-

ssure in equilibrium 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 effused electrons are collected by a Haraday

Cylinder with a limiting diaphragm of radius 9 r, placedsd, distance

awev from the effusion hole of area, Ss the saturation currents, i »

has been shown by B.N. Srivastava to be given by
6

€s 2
p=

05

10

where, ps is the equilibrium pressure of the electrons within the

cavitysé, is the electronic charge, and k end T have thevusual

significance,
The effect of the space charge on the electronic current:

also experimentally verified by them.

Applying the Clausius-CRapeyron equation to the equilibrium

vapour pressure of a monatomic gas» the electronic gas pressure

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

retically by B.N. Srivastava and A.S. Bhatnagar and the conclusion
3

within the cavity is given by
CG 5/2 $/kT

poe being the Work function.

Whences
- & Lyelog KT
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Substituting the value of psgiven before, we get
2 2

i '(20mk) red
log log e+e log <-125

10 2 kT 10 10 10 é5 2

3

ccccccccceccecee( 1)i
so that, as usual, if the experimental values ot log ---= are

10 2

T

1
plotted against those of _ 9 the velue ot the work tunction,

can be determined from the slope of the curve.

Considering the spin of the electrons, since according to

Sackur and Tetrode,
_

)
3/2 5/2 3/2

2 (20 k m

3

2 2
+d 2( 2K)

3/2 3

2 310 10 <s
2

22 td
2 2

mk €5r
log .-

1¢ 3 2 2

4nemk h
But A . the well-knownonstant

3
h

equationjas derived from Thermodynamical considerations by Dushman.

10 ° 4°+d™
Hence, the above is equal to log A

(1) becomes 2
or

log e - log A
1c 2 kT 10 10 2 2

(2)log

from which, knowingf, A can be calculated. r-pd
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It was thought that the work function of metals
4

determined by noting the increase in the saturation pressure
if the metal were introduced in the graphite cavity, provided the

the pressure of the electron gas due to the metal in that case Be

would be higher than due to grephite alone, there should be an

excess 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

temperatures at which an appreciable electronic ettusion 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 Faraday cylinder BExeivex

and are given below:

Za- DREHR SHRED B EER ae Bre Fan wenrnae eer 2 & @

Metal
point. in electron e measurable extra effusionMelting Work Function Temperature in at vrhich

volts. current was due.

Geo'cttCios=<=s='saSSC

2.Strontium 800 C ar oe 520 C

3.Magnesium 651 C 2.4 600° C

4,Titanium 1715 C 3.9 1090 ©

5.Zirconiumi930 C 4e1 1150

6.Silver 9610 4.7 1300 C

Along with the above, MgO also was tried.

appreciable effusion current began occuring at about te. "

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

of the tiny effusion hole, when heated, the effusion current

evidence, whatsoever, of any extra electronic pressure being

With graphite alone wor function: 4.8 e.v.) an
fa so C

It was foun
d), though after eac experimentarn metal introduced

began at about the same \ Cc, This showed that there wes no

developed within the graphite cavety due to the metal of lower

work function introduced within "ne cavity. The graphite surtace

of the cavity would not allow any increase in the equilibrium

pressure appropriate to; thettemperature. Tht-e-phenomenon-need,
t
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In the light of the above results it wes decided to make

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 attected by the

presence of any foreign surface like that ot Grephite. The experi-
mentel details are described below,

Experimenta] Arrgngement.

(a) The Molvbdenum Tube.

A apectroscopically pure cylindrical rod of Molybdénunm,

about 8 ems. in length, was bored throughout its length so as to
provided

form tube. This tube at each end with tightly fitting
solids while theplugg of the same metal. One of the plugs was

other, facing the Faraday cylinder, wes hollow and had a central
hole of diameter 0.724 mms « It was through this hole that the

electrons, produced within the cavity of the Molybdenum tube when

heated, effused out to the Faraday cylinder. The overall length of

the Molybdenum tube, thus prepared, was 8.5 cms. end the outer

diameter 8,5 mms. (Sites.
The inner surface of the Molybdenum tube was cleaned of ell

greasy metter with carbon tetrachloride after which a new emitting

surface was rroduced by etching the metal with dilute HCl.

This Molybdenum tube was heated in vacuum by being enclosed

within,but insulated py quartz ljfrom, a graphite turnace tube throug:

which a heavy electrical current could be sent from a trensformer(e,
Lest the molybdenum tube should acquire a positive potential due

the emission of electrons from its surface, the end heving the

effusion hole and facing the Faraday cylinder was earthed by means

of a molybdenum wire which could not only stand any high tempera-
prada

tures,but could also avoid the production of any Contact Potentials

between the Molybdenum tube and earthing wire itself. The flow of

effused electrons was thus made regular between the hole and the

Faraday cylinder without the occurence of any extraneous electric

fields.

Diet gEe
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(pb) The Graphite Furnace Tube,,

The furnace tube of Acheson graphite was altogether 14.7

cms. long and was made by boring a hole 1 % ema in diemater, in
a cylindrical rod of grephite 1" in diameter. Leaving a length
of 6 cms. at one end and of 1.7 cms. at the other to act as

collars, the middle portion of about 7 cms. wes thinned so that

its well had a thickness of only 2 mm. and acted as the furnace

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

of 1.2 cms. The inner diameter of the collars wes 1.3 ome,c

in

¥feura 6

The collars at the ends were held tight between holes of

corresponding size in graphite blocks, which themselves were

tightly clamped to. water cooled plates p and p of copper which

transformer. Since a heating current of the order of 50C to

1,CCO 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 tne blocks and tne collars had

to be verv good indeed if arcing and the consequent fluctuations
in the galvanometer deflections and the far more serious conse-

quences of the pitting of the surface of the copper plates; wer
were

to be avoided. Hence, in order to improve the contacts, copper

foils were introduced between the various contacting surtaces.

Care was also taken that when tightly clamped between the gra-

1 2
from ~acted as electrodes for the heavy heating current

phite blocks on the copper aloctraden, the furnace tube rested

in a horizontal position so that there was no uneven strain

anywhere on the furnaee tube resulting in its fracture.

Figure 4 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 about

1 cm. so as to allow for the expansion of the Molybdenum cylin.
der, which had an external diameter of 8.5 mms. only. They we

kept in the collars near the ends of the furnace portion of t
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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 SPst 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 later 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 little beyond the fused quartz rings so that no ..
complications from the production of any electrostatic charges

may arise.
(c) The Furnace and Vacupm Chamber.

The furnace worked in vacuum and was originally set up by

Saha and tanaon? for their studies on Thermal Ionisation. Subse-

quently some minor changes were effected to suit the present

investigations.
Briefly, the chamber consists of a water-cooled eylindri-

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

which close the open ends of the drum (Figures 2 and 3) when the

furnace is working. The drum and the plates ere all verthcally
mounted on a horizontal lathe bed. The axis of the drum 4lso

Theis horizontal

framework of cast iron tightened to the bed by the supports

SS. The vertical plate ,C, was permanently joined 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 necescary 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 pata rubber was put between the
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areas of contact, care befng taken that no portion of the rubber

protected into the chamber to give off any vapourg altheugh, &

Since the plates B and C and the dremj'were water. cooled, there. wast

no chance of the gasket ever getting hot enough to give off any

ases.
Figure 3 gives a vertical section of the vacuum chamber. Thep

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 annulark

tubes, t, which are insulated trom 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 carrying
°

the copper plate p was earthed. It is on these plates p and p

that the graphite blocks, which in their central cylindrical
nd

holes tightly carry the turnace tube, are clamped by means of

nuts and bolts passing through the slots. The surfaces pf the

Plates p and P were machined and made accurately smooth so that
the graphite

rap

blocks could make as intimate an electrical contact

with them ag possible and there may 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

length of tombac tubing, each of which, in turn, was connectet
a carefully ground conical mouthpiece to a four stage mercury

diffusion pump manufactured by Messrs. #. Leybold Nachfolger he

The coupling between the tombac tubings and B were, as in the q

of that between the tubes t and B, were vacuum tight, (+ig.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 the Pt-Pt 10 % Rhnddum Thermocoup16

as well as a copper lead to theGottre of thedade
Haraday cylinder.

(Fig.3). On one of the heating current electrodes,t, Viz.» the

one earthed, was fixed a clamp which bore the fused quartz sheath

29

9

of the thermojunction of the thermocouple. The ends of the wires

of the couple which emerged out ot the ebonite plug were connec-.

ted to a 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 enabled the temperature of the furnace to be measured (vig. oe
The plate C, which also was water cooled, had a hole which serve

as a means of communication between the Vacuum chamber and a Vacuum

gauge.

(a) The Hegting_Arrangement.
The water cooled electrodes, t, carrying the copper plates

Pp and Pp on which the graphite furnace was clamped, were connectec

by thick stranded copper leads to a low tension transformer of

capacity 12 KW, and fed by a current from an A.U. generator worked

off 250 volts D.C. mains. This transformer had five ranges so that

the temperature of the furnace could be regulated both vy adjusting

the generator as well as by varying the range of the transformer.

The voltage across the electrodes could be thus varied between 1 anda

7 volts so that a heating current of several hundreds of amperes

could be sent through the furnace producing temperatures above 1850.

C. But these temperatures were not exactly reproducible as neither

the settings of the generator nor of the transformer were capable

of fine adiustments.

As has been shown in Fig. 2» the electrode,t, carrying the

copper plate p a
on which the end of the Molybdenum cylinder having

2
the effusion hole lay 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 fhe end plug having the

which alsoeffusion hole was earthed simply by being clamped to p

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

the Faraday cylinder so that they also were automatically carthed
th,

(e) The Electrica] Cireutt for meraurine the Thermioni¢c Current.

The electrical circuit for the measurement of the thermioni

current is given in Fig.4.
The galvanometer was a Leeds & Northrup instrument and a

universal shunt was used to vary the sensitiveness, which, for

different ratios of the shunt is given below:

he

1 9

2



Shunt ratio 1 1/10 1/30 1/3001/3 1/100

Galvanometer
sensitqvity
in 10° amps/ 1.7 5.8 17.4 52.4 196 755
mm of deflec
tion,

(f)

(g)

Pegassing 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 to mms., a heavy heating
current used to be vassed for hours during the day to degass the

chamber and, more particularly, the graphite and the Molybdenum

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 value of the

work function of Molybdenum, which fluctuated from day to Gays

acquired a steady value.

Measurement of the Temperature.

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 mnix 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 tused quartz

rings, the radiations within the cavity were practically those ofa

Black Body and it was not unreasonable to suppose that the tempera

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 Ft-

Pt 10% Rh Thermocouple was inserted so that the junction was held

at the centre of the Molybdenum tube. The thermogunmkk 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 graphite furnace tube.
The following gives the two temperatures:

Temperature of the inner Temperature of the outer
surface of the Molybdenum eurfaee of the graphite
tube as given by the Pt- furnace tube as read by
Pt-10% Rh Thermocouple. the Optical Pyrometer,

975 C 980 C
1260 C 126C°
1440 C 1435°C
1500 C 1500° C

Considering that the least change in temperature that could be

read by the Optical Pyrometer was 5 Ce, the agreement between the

readings of the two instrument muy be taken to be very satistactor,
and Hence the Optical Pyrometer alone was used in the investiga-
tions to measure the temperature of the turnace and, therefore, of

the emitting surface of the Molybdenum tube.

The cailbration chart of the Pt-Ft 10% Kh thermocouple wad beer

tested previously by determinations of the melting points of 4inc

and of Na€1 and was found to be accurate.

(h) Effect of fused Guartz rings.
Before any measurements on Molybdenum could be taken it was

necessary to determine whether the two rings of fused quartz,on

which the Molybdenum tube rested within the graphite furnace,
tm fidRn 1

themselves jany thermionic eurrent. Hence,) t rings wi thous

were kept in position in the collars of4

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 1640 C for

about an hour there was no appreciable thermionic current received

by the Faraday Cylinder. The temperature of the ring was only 2600

which must have been due to the fact that the temperature of the

collars even near the furnace was not allowed to rise by the thick

\ graphite blocks which were in intimate contact with the water

cooled thick copner plates p andp. This comparatively low
1 2

temperature of the rings also explains the absence of any emissiona

from them.
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Incidentally, the above blank experiment established the

absence of any appreciable amount of spurious thermionic currents

reaching the Faraday Cylinder, whose diaphragm was too small to

admit any tons other then/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 0.4°6 cms.

2, The skstunce radius, r , of the effusion hole of the

Molybdenum tube was 0.0362 cms.

3 The distance between the effusion hole and the edge of the

graphite collar after the Motpeitenum tube had been put on

fused quartz rings within the furnace, as described petore.m

was measured. It was 1.3 cms.

The Molyhd2num tube,thus enclosed within the graphite tube,

was
carefully0in

the hole in the graphite blocks and the whole

kept on copper foils on the plates p and
Po.

The bed plate of

the Faraday Cylinder was placed below p and iron bolts passing

vertically through appropriate holes tn the graphite blocks and

heidxhignhtxhyxneansxetxnuks the slots in p » when tightened by

nuts below p , held not only the graphite furnace but also the

Faraday cylinder
yde

in position. One end of the molybdenum wire

having been previously tightly wound betwee round the depression

between the Molybdenum tube and the Molybdenum plug with tne

the effusion
es o

hole, the bed plate and the outer cover with the ..-

diaphragm of the Faraday cylinder were all automatically earthed

since the electrode, t, carrying the plate p Wes. ear thea vy a

copper wire gotdered from outside the vacuum chamber. Care Wag

taken that the wire did not anywhere come in the path of the

effused electrons between the effusion hole and the diaphragm

of the Faraday cylinder. The effusion hole and the-eentre-of the

those

2

52

hole, the other end was clamped to by inserting iteffusion

between D the the Lybdenum plug with

2

diaphragm were 83+ the seme? height. All these operations were
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very delicate lest the etfusion hole should change its position
with respect to the edge of the Graphite furnace tube.

The distance between the edge of the collar and the diapheagm
of the Faraday cylinder was measured. Che total distance between

the effusion hole and the centre of the diaphragm 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 seal the

vacuum chamber against the atmosphere.

Weter having been started to flow through A, B, ©, and ty,

4

and the backing pump and then the two Mercury Diftusion Fumps

having produced the necessary vacuum, a heeting current was sent

through the furnace. The temperature of the graphite was gradually
)

raised to over 1850 C at which it was kept tor about an hour. then

the temperature was reduced to about 1650 © when measurements on

the thermionic currents were begun. An interval of about 15 minute;

sufficed for the temperature of the furnace to become steady artes

every reduction in the heating current.
Positive as well as negative voltages upto about 4 volts

in steps of 0.2 volts were applied on the central electrode of

the Faraday cylinder. Usually saturation currents were found to

occur at about 5 voltg on the central electrode. headings of the

gulvanometer were thus obtained to determine the saturation

values of the emission currents for various temperatures from

about 1650 C to the lowest at which any appreciable thermionic

current was found. Usually the thermionic positive currents were

negligible in comparison with the electronic currents.

Atter 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

nump was closed so as to preserve the vacuum in the furnace cham-

her till the furnace was 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 tunction of Molybdenum varied from dey to day. It was only
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when the values of the work function hed become steady that it was

concluded that the process of degassing was completed,
That the pxagess 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 a steady

working days e 1 fell on the same 3+reight line. The slope of the
line gave the value of the Work Function and the intercept enabled
the constant A to be calculated.
Observations.

The creervations taken on ditferent days of the galvanometer

2
value, the values of log i / T plotted against 1 I for various

deflections for various temperatures and for different voltages
applied on the Faraday Cylinder are given belows A grephy of

9
log i / T against 1/T for all the days during which the ubove

observations were taken is also given.
Vine fe mn Te gry den IE rede Ye dey

om Ute x
AG. Wea bNan 2.4 .
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Results.
The following values of¢ were thus obtained:

1 9 5 Mean01 3 4

4,231 4.236%1,.239 4.232 ,4234 4.23 e.v.

The values of A ford = 4.23 e.v. for various temperatures

are given below:

Mean 241 ampe cm /deg

1. 2 q 3 4 6 fTemp.
1 1650 1600 1550 1500 1450 1400 1350 9

A 2838 {' 237 ! 239 240 244 241244
2 2

In this connection it must be stated that whereas the

values of the Thermionic Work Function obtained on difterent

occasions are relieble, those of the constantaaxexn A are not s0.

This is because the distance between the effusion hole of the

Molybdenum cylinder and the edge of the graphite furnace tube,

which had been measured prior to the fixing ot the furnace on the

copper plated p and p was found changed when the furnace was bn,

unclamped from the plates and could not, therefore, be verified.

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 size larger than that of the

diameter of the cylinder which was, theretore, liable to be

displaced during the process of not only fixing xhe or removing

the furnace but also of clamping or unclamping the earthing wire.

Discussion,
The Thermionic work function of Molybdenum was first

determined by I. Langmuir, who tound the value ot in iichardsong

T equation to be 50,000, corresponding to equal to 4.08 e.Vv.

Later on he found the value of the function to be 4.05 CeVe

Probably the difference in the temperature scales used and in the

surfaces account for this divergence. Stoekle obtained a value

1 2

18

12.

corresponding to 4.29 e.V.» but as he could not degass the metal

properly, the values obtained were irregular and veried trom

condition to condition and were not very reliable. Amongst the



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

loss of heat due to the emission of the 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 propors

tional to the change in the resistance of the tilament, determ{naa
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, Rowe, #wald and hidner

hde4

and by Lwikker,
k

who worked under good vacuum conditions. The

Values obtained by these workers- 4.744 and 4.38 e.v. respectively-
are in good agreement with eachother end undoubtedly represent
the best values heretofore obtained tor outgassed metal. However,

Dushman reported that great abfficulty was encountered in elimina-

ting the last traces of oxide from the Molybdenum specimens so

thet completely consistent values of the thermionic emission were

never obtained.

Mertin studgied the photoelectric properties of Molyhdenum

during outgassing and found that after 150 hours of heating at

temperatures upto 1700 K the work function reached an apparantly
stable value of 3.2 e.¥., while the value of the thermionic work

function for the same specimen was 3.48 é.v. While these two

values are in fair agreement with eachother, the large discrepancy

between these values and those obtained by Dushman and Zwixker

carried out in this case et high enough temperatures to eliminate

all impurities,

Decidedly the bes determinations on Molybdenum were made

vy DuBridge and Roehr, who studied the photoelectric and thermio-

nic emission fer pure Molybdenum during a prolonged process of

outgassing by heat treatment at temperatures upto 2100 o. In a

seeled off tube with a vacuum well below 10 mmse an equilibrium

condition was reached which was not changed by further treetment

upto 1600 hours. Photoelectric curves teken at room temperatureg

we
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1 6

led Dushman to suggest that the heat treatment had not been
1 7.

and at 940 K and enalysed by Fowler's method yielded ge true work

function fbr the outgassed Molybdenum of 4.15 © ©.C2 volts. Ther-

wionic data for the same specimen also yielded a work function of



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

the work function obtained by Martin was the degassing of the

specimen for an insufficient time and at an insufficiently hégh

temperature was proved by DuBridge and RKhohr as they also got

values of the same order as those reported by Martin during their

early stages of heating. Similarly, they found thet meny of their
specimens did show a work function of the order of 4.4 volts

obtained by Dushman and his coworkers enu also by 4wikxer, but

those of the samples which stood a more prolonged heat treatment

gave the lower value of 4.15 so that tue Value may be

taxen to be characteristic of a very gas state of Molybdenum He

It is possible that the prolonged heating causes a microscopic

recrystallisation of the surfuce which results in @ slight reuuc-

tion of the work function.

Some equally reliable work seems to be that of AeJe nea'n

who in the course of his investigations on the effect of tempera-

ture on the emission of electron field currents trom Molybdenum

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.V. was obtained by H. #reitag and #-
hrugere

at a vacuum

of 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 traction of

ot

advanced vacuum technique and degassing have yielded values near

and Wright Shave found the value of the electron work function to

be A.17, 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

Groverae

he present investigations by an altogether difterent method

from those pursued by any of the previous workers on the metal.
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Electron Work Function of Molybdenum.

Investigator Year A 2 2Work function
in e@Ve in amps/om/qeg.

DuBridge &
Roehr 1932 4.15

9 Ahearn 1933 4.32

Freitag &
Kruger 1935 4.83

4. Kruger &

Stabenow 1935 4.40

5. Wahlin &
Reynolds 1935 4.1"

6 + 1996 SI
Groover 1937 4.2

8. Wright 1941 4.2 55 for sérip and 115 for
round filament.

9
Present
worka 1949 4.23 241

necked& eee
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Summary ¢

By measuring the electronic current effusing out through a

small hole in an otherw*se clesed chamber cf Folytdenum heated in
cu m, n a graphie the electronic work function of thee fu

metal was found to be 4.23 e.v. The constant A, which could not be

determined to an equal certainty, was found to be 241 amp. Jom. deg.
This method ha§ several advantages over the usual thermionic ones

based on that of Richerdson. It avoids the uncer&ainties in the

value of the reflection coefficient occuring in the theoretically
derived thermionic emission equation. Being dependent on the eftu-
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 ts complete-

ly enclosed n +713 graphite furnace tubes 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. {fhe temperature of the emitter

could be determined by means of an Optical Pyrometer without ahe

help of any temperature scale of the metal under investigation.
Hvaporation of the metal or any changes in the surface did not

affect the temperature. As all the fittings in. the Vacuym 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 effect did not occur. The

lead loss corrections also were avoided. The value of the contants

of the emitting surface. {The method avoids the major defects of the

F -

& was capable ofenw ation without any measurement of the area

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

mination of the thermionic constants of refractory metals.
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THE THERMIONIC WORK FUNCTION

OF THON.

+

Introduction.
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 vacuun to different temperatures the

thermionic constants of the metal could be determined. The present

report gives the results obtained with Iron investigated in the same

way. iron is of interest from the point of view of the transitionsH
that occur at various temperatures from one form to another. the

measurements under report were confined to the d and the ¥Y forms- mostl;

the former,

Preneration of the Emitting Surface.

A cylindrical tube with a tightly fitting plug at each end

wero 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 mm. 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 surtace 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 fina--

lly washed away with akkuke hot distilled water. This tube was then

dried and carefully put in the previously degassed graphite furnace

tube on fused quartz rings and the vacuum chamber assembled as

already described in the earlier paper.

The degassing of the iron cylinder was a problem. Altkcuga

iron melts at 1530 Cy it softens at a much lower temperature, Hence

the cylinder safken sagged and short circuited the furnace tube. A

4

heavy electric current from the furnace would then flow through the

iron which would get melted and ruin not only the graphite furnace
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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 planes on its surface on

passing from the y to thef form, H.B. Wahlin also remarks that"each

time the filament passed through the A point, it warped and with

the specimen." In the light of the above experience it was decidéa te

do the major part of degassing the fren cy 7inder at temperatures less

than 850 C and to degass at higher temperatures only for very short

durations until the value of tke 41 work function of the iron

attained a steady value. It thus took several weeks to prepare the

specimen for observations.
When the sample had been degassed, the usual practice was

to raise the temperature to about 750 C in about an hour. The tempera-

ture was then sent up to about 1500 C and the readings of the thermio-

nie 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

9

3
repeated transitions twisted sufficiently to short circuit portions ot

Seo y aere given belows

He
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Calculations.
In the paper on the determination of the thermionic work tunc-

tion of Molybdenum the following equation has been developed:
9

9i /Tlog «=e 102 log or
10 KT 1¢ ic r@

where & jis the saturation electronic current collected by the
Q

day cylinder having a diaphragm of radius r; T is the ebsolute tem-

perature of the Iron cylinder under investigation; 2

charges? is the work function; A is the constant in #ichardson's T

emission equation; S is the area of the etfusion hole; » is Boltz-

mann's Constant; and d is the distance between the eftusion hole and

the diaphragm of the Faraday Cylinder.

Hence, if a graph of log is plotted against the
1c «

values of 1/T, the work function, will be given by
16

2

In the following, data for log i, and 1/T have been

A 6.4343
Co VeThe intercept on the lo a axig L371 £10 BCC

the 1/T xisThe intercept on

ic
taken from observations taken on ditferent days which have all been

plotted on one graph:

Intercept on the log log Intercept on i/!* 1/1 8

axis 10! 10 axig in units of in
' 4¢ "Ge Ve

1 $8686 = $ C8791 0.7807 ' 6.032 - 5.706 100326 14,78

§.7100 - 5 3427 0.3673 1 5,924 - 5.771 '0.153 '4.769

4470 9 4.77§-66°8 5510 C.1178 5.837 .5.788 OeC493

Mean value of 4.76
CeVe

Taking the above value off#, r= C.426 cms.y d=1.3 cmse, und

the radius of the effusion hole-0.075i cms., the tollowing values

were found for A vat aitferent temperatures:

\
Temperature of Iron A in amp/ cm / deg

1° 1490 706.9
1465 697.1

3° 1440 708.6
4 1415 695.2

-1370 719.4

in C --

No particular effect of transition from theYto the § form

could be discernible in the present investigations.
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Discussion.
The earliest attempt to measure the thermionic work tunction

of iron was made by Jentzch, who found it to be 4.04 e.v. H. Hamer

found the limiting wave length for the photoelectric effect from a

sand papered comercial sample of iron under ordinary conditions to

pejz3050 © 5ch,In the next paper. he published he finds this limit to

be at 28704408, which would correspond to a work function of 4.3 Ce Ve

In this work he. took more care and exhausted his cell of air by means

of a Gaede Mercury pump. SeCe Roy determined the value from photoelec-

sample of iron found the photoelectric threshold at):3150. But in a

more careful work using clean surfaces of iron of the highest purity

and in vacuum of the order of 10 mms. he finds the limit to be at }
3155 corresponding to a work function of 3.91 voltse

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 vous

respectively, obtained by them are those that, according to Cardwell,

would correspond to the early stages of a long outgassing process and

cannot ve said to be characteristic of the well outgassed material.

The first really reliable determination seems to be that of

Cardwell 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 4,7340.07 €.Ve He found the photoelectric sensitivi4

ty of his specimen to be considerably less after cooling suddenly

than after cooling slowly from above 1180 k ( 4 - transition 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. Thef andA fornss which are stable below 1180 A are pody-

3 4

5

6

7

tric emission to be 4.2 e.v Similarly, Gob. Welgch using a pure

8

centred cubic crystals.
The corresponding thermionic properties of iron above and

9

below the - Y transition point have been studied by Siljieholm He

found the Richardson line to consist of two parallel parts with @

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 pexrtect

y GeNe Glasoe
agreement with the value obtained photoelectrically ie)



Ne

who has used Fowler's method to determine the photoelectric work

function of electrolytic iron outgassed for several hundreds of
8

hours at temperatures upto 1220 K in a vacuum of the order of 10 mms

GAApee also determined the contact potential difference between

specimens of electrolytic iron and nickel and found it to be 0.21#

0.01 volts. The photoelectric long wave length limit of tne same

specimens and under identical 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 limits of error of the photeelectric measurements.

W. Distler and G- Monch found 4.04 volts for the value of

the thermionic work function of iron. 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 careful work of Cardwell and Glasoe must be

added that of H.B. Wahlin
1

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 3.10° mms was kept. The temperature of

the filament was raised slowly to a final degassing Value of 1250 14

during several davse Care was taken that the temperature did not

at any time fall below the A point - Ytransition). After a

stable condition had been reached, and the thermionic data taken,

the temperature was lowered into thef region and the heating conti-

nued, When a steady state had again 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

11

8

3

average of the results for 4 filaments which showed no appreciable

temperature gradients is

velowf-Ytransi4 tion: $. 4,748 10.06 §
A=26 amp./ cm" deg

2
amp/ cm qeg.2

2
e

Ve

above 4,21+ 0.06 Co



The values of the Work Function of Iron obtained by ditterent
;

workers have been listed below. Those which appear to be particularly
reliable heve been marked with an asterisk,

1. Jentsch Thermionic 1908 4.04 a

2, Hammer Photoelec- 1924 4.72
tric.

3. Roy +3 1926 4.2

A, Welch .9 1928 391
5. Cardwell 99 1928 4,.72*(%iron)-

6. Siljeholm Thermionic 1931 4.77*(55 99)-

7. Galsoe Photoelec-
tric & Contact
Potential 1931 4.77%

8. Distler & Thermi onic 1933 4.04

transi
tion.)

an

6

A inYear Work ¥Func-Invstigators
Method tion in e.v. amp/Cm™~Deg

9 2

Monch
9. Wahlin 99 1942 4.48*(below

b-Y 26

4.21 (above

transi
tion)

10. Present works 1949 4.76 (She
Y)

ws
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WOhn UNCTION

OF GRAPHITE,

Although it was from an incandescent fliament of carbon that in
1883 Edison first observed the effect known after him, the data about

1

the thermionic constants of Carbon are neither consistent nor satis-
tactory. This may be as much due to the lack of the use of by the

earlier workers of the modern technique of degassing under high vacuun
readily

as to the fact that carbon/disintegrates and makes the surface of the

emitter pitted under an intensive heat treatment, Hence a roughness
factor comes in and introduces a certain amount of unceratinty not

only in the area of the emitter but also upon the nature of the sur-
face as the compactness of the mass of the sample may change. Thus tou

52

the constants A and in Richardson's equation, Langmuir obtained the

value pA#z5.10 amp/ em /deg andp22.54 CeVes where p represents
~4 2

the roughness factor. Such values are altogether too small and it is
3

that the surface used was not quite clean. warlier, aichardson
4

had obtained 6.48 e.v. for the value of whereas Jeininger had

obtained 4.48 e.v. for it. But these two workers had not degassed the
5

emitter nor used any high vacuum. In 1916 Langmuir obteined 3.88 and

then 3.94 e.v. for No value for A was given in the first works but
632

in the latyer one, Langmuir's value for pA was 5.93 amp/omAeg which
6

4g much nearer the expected order of magnitude. At about the same

time Lester from the latent heat of evaporation of electrons trom:
7

the graphite surface calculated the work function to be 4.5

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.
Keglising the value of a rigorous heat treatment in high vacuur
8

Reiman subected his graphite filament to a prolonged pre-heat'ng .

2
and obtained 4.34 e.v. for the work function and 30 amp/ om/deg for

of diamond and graphite
9

A, Harlier, SC. Roy ha found 4.82 €.V. for
to

from the total photo electric effects» while K. Hamer from the same

tome He oven f.. lal,547 it
method found pe 4.72 e Baset, by

fre hes determined the work tuncti}Bhat agar
1%.

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



Librium with the emitting graphite surtace at 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.V.

The work under report is a continuation of the investiga-
tions on work function by the method adopted in the papers on

Molybdenum'and Iron, In essence the method is that of Bhatnagar.

A hollow cylinder of endef under investigution was

provided with a solid plug of the same material at one end and

a similar hollow plug with a thin wall having a central ettusion

hole of radius 0.0502 cms. at the other. This cylinder was> as.

befare, put inside a graphite furnace tube. The end with the

-golid plug was insulated from the furnace tube by means of a

fused quartz ring, while the other end was slightly raised by

keeping a piece of graphite between the cylinder end and the

furnace tube. The cylinder was thus made horizontal and the end

with the effusion hole also automatically earthed. the etfusion ho "

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 were the

same ag in the previous papers.

This investigation was undertaken to act as a check on

the method adopted in the previous work,

The observations taken on 5 different occasions after

the degassing was complete are reproduced below!) Tie HR,Cent
T

3,4 €, aS
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Calculations.
In the paper on Molybdenum the following equation hes been

3

develered:

log i -

kT 1C 1c ry qd*

where £ is the seturation ehectronic current collected. by the
O

Faraday Cylircer having a diaphragm of redius r3 T ig the absolute
temperature of the Graphite cylinder under investigetions Pethe
work function A is the constant in wichardson's emission equation
Sa the crea of the effusion hole; dis the distance between the

a

effusion hole and the diaphregm, and & is Boltzmann's Lonstant,€ by

10
values of 1/t, the work function, 4 » will be given by

is plotted against theHence, if a graph of log

16

The intercept on the
The the log axis . 1.371K10BK 300 eee

In the followings data for Log-end nave been taken trom
be T*

observations taken on different deys wei have all been plottedo

on one graph.

q
Intercept on the log Intercevt on

inaxis fo Slog be exis in units
4

1. 423799 - 1.3218 ' 5,561 - 5.018 ' 0.643' 4,8310551

§-9648 4c877 0,8771 ' 5.546 - 5.1€7 ' 0.389" 4,848

$1277 «C.8C43 ' 5.531 - 5.200 ' C.351' 4,829ee FlCd 0 ol oO O 8

4 $8627 - $2054 06573 ' £.5C0 .5.228 C.272' 4.748

7 0.2439 5,426 - 5.326 ' C.100' 4.84¢

§.2769 0.4900 ' 5.470 - 5.269 ' 0.201" 4,83€

$-3115 6.4215 5.4655 -5.282 ' ©.173' 4.635o>
)

tA Cn on
)

Be 1

5T420 #000 @.490 ' 5.584 - 5.CCC ' C.584' 4,€2€

Value o1
in e.v. 4.83

The data marked with an * were obtained directly trom the "raph.

Taking the above value off» re 0.426 cms.» d=1.5 cms, and

the radius of the effusion hole a CeC5C2 ems., the tollowing values

of A were obtained for different temperatures of the emitter:

a 1 39
*

3g 5 Mean
°CTemn.in 1680 1625 Fe 1525

de 72,2 68 68 72 74 7



fe $ following table summarises the values of the thermionicAd,
4

cAstants as found by different workers. The values that seem to be

eliable are marked with an asterisk.

Investigators Year Method A in amp... work fune-
2 2 tion in

cm
t q

XXXXKKXKXXERLEXXTHRKMEGALEXKXARSKEAKK XXXXXXXXXQZ5ZXXX

2. Richardson 1903 Thermionic 6.48

2 Deininger 1908 Thermionic 4.48
~4

3. Langmuir 1913 Thermionic A 5. 10 2.5

&. 1916 Thermionic A 5.93.x& 3.88
3.94

4. Lester 1916 Latent hest
of evapora-
tion.

Ketmanx Hamer 9¢ Photoelectric
S.C. Roy Photoelectric

Retman 1938 Thermionic

4.5

4.5.

6. 1926 4.82%

36 4,34*

Bhatnagar Thermionic8. 1944 4,84

Present work Thermionic
Braun aut Pusch 447 Therhernnd 39

10. 1949 170 4.834
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