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The Dependence of the Energy Distribution_in Field

Emission upon the Geometry df the Colleoting Surface

Intfoduction

' 1
Field currents are the emigsion of electrons from

a cold source., The emission is effected by an intense
electric field. The investigation of SPark potentials and
spark lengths led to the discovery of field currents. Re Vo
Woodzin 1897 obtained field emission While endeavouring to
produce an intense X-ray source. Aﬁ first there was un-
certainty as to the nature of the carriers of the eleotriéitye
{insleygoontended that the carriers came neither from the
gas in the chamber nor the metal in the elecgrodes; HoWever
it was almost immediately shown by ﬁobbs4 that, at ?ofentials
lower than the minimum spark potential of the gas in question,
the carriers of the elcotrioityvcame from the metal end ngt
the gas. For incandescent metals, however, J. J. 'Ifhomsond
had previously shown in 1899 that the carriers were electrons.
Later work by Millikan and EyringS‘led to an

empirical field current equation

1. also known as c¢old emission, autoelectronic emission.

2. Re Wo Wood, Phys Rev. 5, 1, 1897,

S. C. Kinsley, Phil, Mag. 2, 692, 1905,

4, G, M. Hobbs, Phil. Mag. 10, 617, 1905.

5. J¢ J, Thomson, Phil. Mag. 48, 547, 1899.

6. Re Ao Millikan and C. F. Eyring, Phy. Rev., 27, 51, 1926.
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i = Ce (F o ! ()

‘ where L is the'field current
| Fois the field computed geometricaliy
C and b are‘COns¢ants of any particular
sufface.i | - ’ ;
The ‘linear relationship between log i and /F is readily
seen by exper:‘Ldnr.verrt{..7

A theoretical relatlon, based oI Quantum Mechanlcs

Cand- the Ferml Dlrac dlstrloutlon of electons in tﬂe metal

8
has been computed by Fowler and Nordhelm.
o : Y% .
, F ~2.98107w )F
J = 155" (’6)m, | vy - (2)
‘where '¢W ; emlssionfCurrenu in amperes per .,
squaTe cme
F electric field in volts.per om.- ,

‘éonsidergd uniform.
W work function in electron volts
y
4 \E . ) -
,W = 3.78 10 (5@)2 is the reduction in

height of an image force potential

barrier due to an 1mpressed field F.

¢ is an elliptic functlon of Af - shown

graphlcally in referenoe 7.

 From (2) and values of P iit‘oan be shown that for relatively

small values of F, log J varies linearly with F. For

o , , . o
- large values of F, however, of the order of 10 volts/cm the

7. J.E.Henderson and R.K.Dahlstrom, Phy.Rev.,5,55,1939.Fig.4.

8. R.:H; Fowler, L. ﬁoraheim,‘Proc. Roy. Soc. A;ilQ,P.lVS,
1928, : o - :
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linear relation beoomeé only approximate. Equation (2) is
oomputed for 0° 4. ‘here is much work now being underiaken
- to ascertain the temperature dependence of field currentzzlo
To a'close approximation it appears that they are independent
of temperature. |
The fields reguired for cold emission are of the
ordér of loévolts/om. These are conslderably less than those
required for appreciable emission according to classical
theory, for, according to Sohottky;% the Tield strength must
be of the order of lOe'volts/cm in order that the ilmage force
may lower the potential barrier enough to allow a measurable

number of electrons to leave the metal. However, according

to wave mechanics, the electron has a finite probability of

penetrating the potential barrier when the applied field has
8

reduced the width of the latter sufficiently. This requires

Tfields of the order observed. The emission of the electrons
from the metal is, therefore, a function of their velocity
distribution within the metal and the transmission coefficient

of the potential barrier.

 For a simple triangular potential berrier the trans-
‘ ‘ 12
mission: coefficient is given by:

—Bw (5)

3. G. M, Flemning and J. E., Henderson, Phy° Rev. 10,58,1940,
10. W. B. Nottinghem, Phy. Rev., 10, 58, 1940.
1l, B. W. Muller, Zeit. F. Physik, Page 734, Vol.1l02, 1936.

il @

12, . R. Abbott and J. E. Henderson, Phy. Rev. 1, 56, 193%9.
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in Whioh W is%%ork ﬁunctidnkof the electron

 F is the electric fisld

B s a numerical oonstant

nIntegratlon of (5) over the entlre raﬁge of the energies of
“tne eleotrons'and al1 values of the field over the emltt;ng
aTea glves the total current. ‘Thé measured'field emiSsion
kShould therefore be given by L= 6/’ NONﬁDCW)dNV (&)
where hMW>Jwvls the number of electrons, having klnetlo‘
 energy correspondlng to their normal veloelty conponents
betveen W and D-+dw 5 whlch 1mD1née 1nternally on unlt area
‘of the surface in unlt time and D(W) is the transmission
coefficient; a function‘Of ﬁhe‘poﬁeﬁtial bérrier{/ The”assump-

tion of mhe Ferﬁi—Dirac statistics leads: to values of N(W) and.

o
\

BN

Voll'oge
FIG.L THEORETICAL AND OBSERVED DISTRIBUTIONS

B

Relative- Number

j‘che assumptlon of a plane surfaoe and a s1mple trlangular
barrier o values of P(w) Whence a theox etlcal distribution
vourve of normal energles ig obtained closely resembling those
found by experimenﬁ s llihere are homever two cases of

deviation. Tirstly, there is a less rapid drop to zero on .



both sides of the max1mum than theory predlcts. This is ‘
illustrated in Fig. l where the steeper curve represents the
theoretioal dlstribution of normal velocities and the more
gradual curve with dlsplaeed maximum typifies the curve ob-

tained experimentally. Secondly, examination of the shift'

in maximum as a function of the field strength has led to -
-6 - 2
computed values of the emitting area of the order of 10 cm.,

13
which is mudh too small to account for the observed anlssion.By

These dev1ations may-: be ‘due to :
ki)‘Failure of the Fermi-Dirac Statistics to describe
: ;’correctly the velocity distributlon in metals. :

- 2) Assumption of a simple triangular potential barrler.,

~,3T Assumption of a'

lan”°surface.

o 4) Geometry of the electrodes.

- The Nature of the Present]Problem

&

The present discussion deals with 3) and 4). 1In

considering 3) it 1s to be noted that an error in predlcting

| the emitting area may be due to the assumption of a plane

emltting surface. Calculated field strength is less by a

factor of from lO - lOO than that required by theory to pro-

'duce observed emission. This 1ndlcates a magnlfication of

kffield intensity due to small irregularlties (points) on the

surface. The field currents from these points will give an

energy distribution curve whose maximum will be at the maxi-

mum energy of the electrons.

13. K. V. Mackenzie and J. E. Henderson, Phy. Rev.56,857,1939.




For the case of a hemispherical surface this is

ylndloated in ‘the Lollovvlng WaY e

' Tne number of'electrons/unlu volume, whose velocities, regard-

k less of direction, lie between V and V+ dV is given by:

fr(malﬂ?)vzdv : , o ;
e AL, e | O (4)

‘ wh‘erré € ‘ivs the ki’netié' energy of the electron _

and ,ufk i’s‘a oonsfaljit dependi’ngon the total number’ of“ele‘o»
| trdns/unit:vol,'

The numb’ei‘ of electrons/unlt time which otrlke an area r OLW

with veloolty v oos 6 normal to the surface due to those

- electrons whose Velomtles 11e be‘cween V and. V+ adV_ and botween

the cones 6 and 9+0{«9 is given by:

e ey

'rr’ho total eleotron emlssnon from the surface of g sphere of

;f 5

£

] | RN | ;
@)
Fie.2 FERMI DIRAC DISTRIBUTION

-~ unit radius is expressed as:t

o aw 7% Ve B -
/ /9_,A_o‘ ~’—é—MgM9f(V)%V'D(VM9)d90LW
. W) =0 =0 = . : o




’where D(V cos 6. ) is the transmisSion coefficient and u is

the energy of the electron.

#
1

Trcnsmiss"ion Coefficient

E nerqgy '
- Fie3”

—

‘This\to’ta’l*emission,f i.,e.,f‘the\ totalrnunn)er cf electrons with
’_kvelocities betWeenV and V =+ 4V which leave the sphere/unit time,
assuming D(Vn) Cleczvnz. where V 1is the normal veloci‘ty,
"no’w becomes My '\ | |

‘/V' Eg f'v)a(v/c z:me ma D(Vwa’)de e
o= afe —f)f(v)ofv_“ T

| , Equation (7) is the product of £(V)dV and 2 T8in e cos @ D(ves)ds
‘Both these factors 1ncrease with velocity as shown in Figs.‘
2 and 3. Therefore (7) most certainly reaches its maximum

at maximum velocity of the electrons.

In ccns'i‘defring 4) above it is possible that dis- c
tribution curves may fail to show such an abrupt increase due

to the geometry of the electrodes. This may not allow a




proper measurement of "normal energies™, since the %ariation
in direction of emission leads to velocity components at
angles other than O to the'field and thus these may indicate
electrons of too low velocities. |

Research on electrode geometry should therefore
serve the following purposes;

1) It would show whether or not the shift in maximum
was a spurious effect and if so it.WOuld remove the
discrepancy in area célculations@

2) The predicted sharp qutéoff in the disfribution curve,
ir obtained experimentally, would allow a good measure-
ment of the work function of the collecting metal.l4

The following investigétors havé varied the source and its
geometry: |
15
’Eyring, Mackeown and Millikan wused tungsten,
platinum and nickel points of varying bluntness.
‘ 11 ' ¢
Muller worked with a tungsten point coated with

successively thicker layers of absorbed barium, magnesium

and caesium,
7

Henderson and Dahlstrém mounted a cylindrical grid
and plate coaxislly With a Tine wire tungsten Tilament.

The purposé‘of the present investigation is to
observe whether, with conditions constant at the point source;_s3
there is a variation in measured energy distribution of field

electrons accompanying progressive changes in the geometricel

l4. W,H.Goss and J.H.Henderson, Phy.Rev.56,857,1939.

19. Eyring, Mackeewr and Millikan, Phy.Rev. 31, 900, 1923.




'design of theagrid Or/and plate° and whether under optimum
~conditions the observed energy distribution approaches the
theoretical dlstrlbution with a sufficlently sharp cut off
to provide a better me thod of’determinlng'the work function

of collecting metals.

"Apparatus and Emperimental Procedure

Attalnment of a Vacuum

The pumping system‘conSists of a’fOre-pumpkand
an 0il diffasion,pump. The former;’a Ceneo Hyvac, produces
an optimum pressure of lO')mn.~Hg as measured by an oil:
,Meieodwgauge. The,latter is a‘twe-stage‘threencompartment
,fractiOnating o0il diffusion~pump nsing Apieson'A o0il. Thek |
heat applied to each boiler was adjusted to prevent decomp081-
’;tlon which, for Apieson oils, ocecurs above 300° ¢ 16 Small
nlokel cyllnders and nlckel gauze were immersed in the oil
of the boilers to prevent violent bubbling.l6 The two ”
aSpirator tubes were wrapped with asbestos pulp whlch caked ,
to form a thermal insulator. This prevents excessive
'condensatlon of the oil vapours before they reach the nozzle.
It was found. that thenmnersion of a portlon of the system in
a dry ice ether freezing mlxture gave as good vacuum conditions
as a carbon'trap'eooled'by the mixture. The freezing‘mixture
at -77o Coe reduces the vapour pressure of the Apiezon A to at
least 2 x 10~ 8 mm. Charcoal was not used |

The tube,~ionization gauge and cold‘trap are baked

out in an asbestos oven built upﬂaround them of 1% inch

16. T. A. Becker ami E. K. Jaycox, Rev. Sc. Inst. 2,773,1931.
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asbestOs board. Four porcelain conical heaters in parallelr
on variable D C. permit temperatures up to 500 C. to be used
 in the baking? The apparatus is usually baked from 24 to

u48 hours at a~temperature between 400-500Q C. Duringkthe
interval between cutting off the;oven’and immersing the trap
in the freezing mixture, oil vapour is eondensed in an'
auxiliary recess trap filled with dry 1ce,’thus preventing
‘p the vapour pressure in the tube from rising. k

The metal parts of the tube and gauge are now
degassed by an induction heater. The process of baking and .
‘dega331ng is repeated till the pressure is as low as possible
-=~(2 - 3) x 107 8mm Hg as measured by an ionization gauge."
When the system is well degassed a stop cock between fore
'and diffusion pumps is closed and the gases and vapours
pumped into two twoeliter reservoirs for a month or more

: Without bullding up the fore pressure more than a few microns.

#
Cod

"‘MeasurementiOf the”Vacuum

 The ionigation gauge used is- the standard triode

type.' The tungsten filament .005" in diameter is one loop

1nch in length the grid %+ 3" mandrel of .01n diameter tungsten

‘wire, the plate ,005" nickel sheet in the form of a cylinder
of ll" in length. . By trial it was found that plate current

varied‘linearly with grid Current~e at leastkup4to Ig 15 m.a.

Pressure is measured with Ig 2 m. a. For this the pressure
in mm. of Hg is calculated to be ten times the plate current

in amperes.




| Fic 4. Gauce CircuiT

The circuit;is~shownvin"Fig. 4. The filaﬁent:is,
heafed on the 6 - lz‘Vo;t,rangefof‘a'table‘transformer A
‘the grid is 155 V positive and the plate 45 volts negative
‘relative to theufiiament; *The'galvonometer, B, used to
‘measure the plate ourrent W1ll be descrlbed later. = The
: dega351ng of the fllament is accompllshed by applying some
”12 volts aoeross it for 30 minutes. kmhe,grld WaS‘degassed
'slmllarly by heatlng to a red glow for from,a half to one‘
‘hour. The plate was degassed u81ng an 1nductlon heater.
Even after oons1derable dega331ng, it was. found that the
pressure 1n1t1ally reooraed when the fllament was heated was

»of uhe order of 10~ =7

mm. He. However, within a mlnute or -
two the gas evolved from the fllament is pumped out and Bhe
‘reading returns to theinormal (8 = 38) = lO mm° Hg. Care

"must‘then‘be_taken‘to~alloW the £ilament to heet'for'a'few~

minutes before readings are made.
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The Expérimehtal;Tube

'First Gonstruotion'

The experlmental tube initially construeted is

shown in Flg. 5A. Thls was of “the 51mplest poss1ble des1gn

and con31sted of a tungsten point, heated by bombardment from

,aksepqrate co;lkfllament, an aocelerating grid and a col-

lecting platebw The dégassiﬁg of the‘poinf by bombardméht ‘

- Fied TUBE ELECTRODES

proved unsatisfactory due to itSAmiﬂuheness as 8 target end
 the formation of a retarding electroa cloud around i%. This

design was therefore'abandoned;

‘Sechd‘Gonstruction:

fThe‘first attemptfto construct a fine pointkwas
With a .65 mm diameter tungsteh rod, meohanioally sharpéned
on-a grind stone tlll 1t was some 5 x 10”7 =& DML . in breadthe.
It was now dlpped in m@lten Nalo and etohéd,down following
the method described by Muller,; ‘Initial'irregularities in
the pointkproduCed,by the mechaniecal sharpening seemed
’unlikely‘to bé removed. ‘To hasten the étchingvthe pointkWas

dipped in NalO, crystals and held in an oxygen flame, The



action was now very rapid and pits were eaten into the
.,f,G,u;agsten’° These on further treatment could not be removed.
Finally a much finer tungsten wire of .15 mm diemeter was
tapered by dipping in the NalOs. The latter was heated only
moderately so as to prevent the pitting encountered in the
previous ti‘ials° The point was viewed periodically under
a 900 power oil immersion microscope until it had a radius
of curvature of less than :LO"3 mm in two mutually pérpendi~
cular planes. However it was very difficult to remove it
from the oil on the slide without damaging it. The point
finally used in the ﬁube was (5 = 10) x 10-% mm radius,
tapered very evenly‘and showed no irregularities. It was
spotwelded to the tuﬁgsten lead from the seal.

Degassing was accomplished by conduction. 4
second lead was clipped over the lead to the point and a
variable voltage,applied across the c¢losed cirocult thqs formed.
The point is then heated by conduction to a dull red for
from a half to one hour.

The protection of the point is very importante.
There must be no discharge from it dr it is immediately
destroyed and, under a microscope, is seen %o bertwiste& and
turned into a blunt mass. Tor this reason a Tesla coil,
when used for finding leeks, must never be brought near the
leads to any of the tube electrodes. Should the point ever be
left "floating™ while a potential is applied to the accelera-
ting grid, subsequent grounding will cause a sudden flow

of current and destroy it.
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'The accelerating grid was a circular disk, two cm.
in diameter, made of Ni gauze, 12 strands of .35 mm, diameter'
wire to the cm. Separation from the point was .8 mm.

,Thefsuppressor grid was of similar de81gn and

'separatedgfrom the accelerating grid by l.},cm.k These two

grids~and,the’filamentfwere all mounted from a four press '

~ seal at one‘end ofkthe\tube; The lead from the accelerating

grid was completely enclosed in a glass rod sealed to the

~ tube thus minimizing paras1tic currents.

The plate was led from the other end of the tube.

It was a clrcular disk of 2 1-cm., diameter made of 35 IHm.

/,Nl plate° Around its periphery was Spot welded a Ni w1re to

“give it rigidity and to remove any sharp edges liable to pro—e

duce high fields.
All the electrodes were degassed by means of an o

1nducticn heater. The metal parts were heated to a dull red

t1ill the erids and plate became Very polished and clean.

Third Construction -

; The electrodes are shown in Fig. 5C. The charact-
eristics of the point were as nearly as possible the same as
for Fig. SB. The accelerating grid consisted of a circular
ring of Ni wire of about 6 mm° inner diameter mounted
approximately 8 mm. from.the point. Theksuppressor grid;

1.3 cm. from;the former grid, consisted of three concentric

'Ni rings spotwelded as shown into a rigid frame by two :

,’mutually perpendicular Ni wires. The plate, 1 mm. from this

| grid, was the same as in the previous tube. From the geometry
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it~is seen that all electrons from the point passing ina |

Sbralgnt line through the acceleratwng grld would strlke the

plate. | |
The;prooess of baking and degassing Wasrsimilarrtd

that of the previous tube.

‘The High Potential Source

. The potentlal applied to. the’ aooeleratlng grid was
‘suleled by a Ds b. source conSurucned by Dr. W. Goss “to
produoerfrom.o to 20,000 volts. The,essentials of the

circuit are shown in Fig. 6. The filament of the rectifier

=
E . F
. YD
= i

Fio6. HIGH POTENTIAL- SOURGE

':tube is heéted by two oil immersiomn transformers, A{ connect= =
ed in . parallel. kihe high voltage 1is ploduced by a ZO,QOO
volt Thordarson transformér, B, whose primgry voltage is
controlled By a variac. The‘voltage applied $o the
/accelerating grid bf the tube *is oalculafed from the difect'
éurrenﬁ, measured by the milliamgmeter D, floWing through
the resistance G.‘ CkOOnsists of 24 I.R;G. resistors‘of o4
'megohms eaoh,kenolosed in glass tokprecent oreepége. The |
‘resistors Were‘accurate‘to within 5%. |

The ripple in the voltagerwas minimized by two
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0O u.f.d. condensers E and F. The awourt of. the rlpple

can be calculated using & relation of Fortescue,

. o _lL. a4+ 26
C~ oA Tam
where C, oapaCity:f here 1 u.f.d.,

,ID,W are miximum ourrents and voltages

8= Mm'%? , of maximum value 1.
T is the frequency of the A.Ce
o is the fractional voltage changes

The ripp;e,dﬂﬂ is then only a fractlon of & percent of the
 applied Voltage._ Thls is well within %he accuracy of;the

experiment.

Tube Measuring Cirouits
: Circuits for the measurement of fleld current and

plate ourrent are given in Fig. 7.

G
T2 ey

- _SUPPRESSOR
GRID

PLATE

o

T A,,,'H,,,,‘__ : Fro7

MEASURING CJRCUIT

1

‘The field current from the point is directed either'
immediately to ground when the switch A is up, or through the

galvanometer C to ground when the swiﬁoh A is down. When a

17. High- Voltage Physics, Methuen s Lonographs on Phj810al
Subjectse
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high potential is applied to the grid the point must not be
left floating even for as long as the interval between
breaking the upper circuit at & and making the lower one.
Hore than one point has been ruined in ﬁhis way by the
resulting surge of current. This is averted by keeping the
upper circult closed till the lower one is made; then break-
ing the upper circuit.

The galvanometer C’is a lLeeds and Northrup 2500b -~
sensitivity of .0005 microamperes. Its critical damping
resistanoe is 10000 ohms. It is almost critically damped by
the Ayrfon shunt B whose resistances 3, 7, U, V, W are
1, 10, 100, 1000, 10000 ohms respectively. ¥hen switch 1
is closed the maximum current flows through the galvanometer.
When switch 2, 3,‘4 or 5 is closed thé current through the
galvanometer is diminished by a Tactor of 10, 100, 1000 or
10000 respeotifrelye The currents are read by the deflection
’of the image of a cross hailr on a 50 cm. translucent scale,

The cross halr 1s a strand of wire fastened in front of the

source of light and held one meter from the galvanometer.

A 1- diopter lens was fixed to the galvanometer face so as to
focus the cross halr on the scale, also one meter away. This
device engbled the measurement of currenits ranging between
.th LI, g e “lo ey r ..5 R
e limits of 5 x 10 and 5 x 10 amperes.

This same galvanometer was used also to measure
the pressure indicated by the lonization gauge.

The plate current 1s meassured similarly by galvan-

ometer F, Leeds and Northrup 2500F, of critical damping
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resistance 22000 ohms. This is supplied by the Ayrton
shunt E of construction similar to B but whose resistances
ére 2, 20, 200, 2000, 20000 ohms. Both galvanometers were
calibrated before making any measurements. Plate bias is
supplied by H, 4 storage batteries. The éotual voltage of
the plate relative %o the point, read by the voltmeter G,
is controlled by two resistors as showm.

This allows the measurement of plate current at
any desired plate voltage. |

Data dnd Discussion of Results

Measurements to date have been taken only from

~the two tubes illustratéd in Fig. 5B and C.

Results using Tube 58

The pressure was 2 x lO“stmm* by the ionization

3 mm. when

gauge. The point had a radius of curvature of 107
it was mbunted, There is no: attempt to estluate the changes
in size and form Which it may subsequently heve undergone,
It was noticed that, asiSLGustmary with emission from a
1

point, : the field current often changed, increased or de-
creased by a factor sometimes as high as tens The formation
and destruction of minute irregularities on the point at
which the fields would be greater, would account for large
¢hanges in current. There 1is a tendency, however, upon

repeated use, to wear down these microscopic irregularities,

to reduce the field and resulting emission.  The best results



are obtained if the Tield is 1n1t1ally brought to its
maximum value, allowed to remain steady for an hour or more,
th@n decreased as ourrent measurements are taken‘

Another dlfflculty in teking measurements was
uhat the ourrent, even when. falrly constant on the average,
‘was_contlnuously sw;nglng up and down,'ohanging by a factor
'upato'three. 7anh value finally used was the average of
some 20 readlngs of alternate maxina and mlnlma of the :
current swings. This would stllljlead~to an approximate value
of the current as it was impossible to weight the readings
at all._)Ih,view of these variations it was aifficult to

take a rellable set of readlnas. The graph of one such

set is glven in Flg; 8o ,Here‘the field current is plotted

! : ) bis: 9]
i s 16.8 i .
L o6 or Figlo CURRENT AS [ 1 Constant applied:voitsi=1300 V.

A Futerion oF | i/ FreLo
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aS‘a fraction of theé reciprooal of the applied Voltage. No
attémpt isamade to~e3timate the fields at the sources of
emission forathe radii of curvature of the emitting irre@uim
arltles are undetermined. it is tharefore assuned that,
| during such time aS these irregularities remain unchanged, the
field varies 1inearly as the appliédffield. - Fig. 8 then

also gives the variation of field current as a function of the
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of the field.

The relation between plate current and plate voltage
is shown in Fige. 9. The collector comprised both the pléte
énd suppressor grid since these were connected -externally.
Theoretically, as indicated in the introduction, the curve
shou}d rise most steeply at the lowest voltage effective in
producing a current. This voltage should be the work
function of the collector. The slope of Fig.9, however,
increases throughout the range of measurement. At least
two possible explanations may be offered.

,.Firstly, only the slig?gest impurity on the metal

surface, according to Nottingham only a fraction of a

monomolecular layer is necéssary, will change the work

18
function considerably. For example, according to Reimann

a monomolecular layer of thorium, of work function 3.38
@lectron volts, on tungsten, of Worklfunotion 4,84 electron
volté&, changes the work Tfunction of %he emitter to 2,63
electron volts, Although the metal was cleaned as much as
'possible by baking and degassing it seems quite likely that
0il vapours and gas pressure below g x lO“Bmm, HBg would be
effective in changing the work functione. |
Secondly,\as mentvioned in the introduction, if the

electrons do not}strike the plane Tield of the collector at
O°angle, then their normal energy components will be less than
“their true energles., Since their ﬁormal energles are the

measured quantities, the electrons will, therefore, have an

18. A. L. Reimann, Thermonic Emissions, p.l2,15.
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,naprafent"~energy too lowe. Gonsequently, higher plate
kivoltageS'Wiil‘be requiréd to colleot ﬁhem. The maximum Wduld
7then,shift*to higher applied pdtenﬁials and the‘nbrmal
énérgy distributionﬁourve Wouid be distorted. It is, of
courée, impossible tokSay Whether’ﬁhis "geometry effect™
‘isf@esponSiblejfor the slope of the curve of Fig. 9§’hoﬁévef,

it appears that some such distorting factor exists.

Results using Tube 5C .
| The pfessﬁre was (3 - 4) x‘lO"8 mm‘Hg{
On the assumptlon agaln that the fleld at an emlttlng
source whose form remains conotant durlng the measurements,‘
is proportlonal to the applled voltage, the varlatlon of
field ourrent with fleld is again shown in Fig. lO.‘ A1L

,reaalngs Were made in order of decrea81ng applied Voltage.

4
FiG:10 -
Log of field:current as'a
o] HaV function of-the becipriocal: |-
' of ithe figld :
-
S
302
N
) «
‘ \\ .
s i \ g
8 . 8 o I 2 - 138 %
L 0%/ velts, K/fields -

The current was then much steadier then in the previous
tube and at any one applied voltage remains steady almost

indefinitely.
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Figure 11 shows the relation between plate current
and~plate voltage, the collsctor as before consisting of plate
and suppréssdr'grid connected externally. With conétant
voltage on both accelerating grid and,plate it was quitek
' evidént that field end plate currents varied together. There-
'fore gredt cére‘was taken that readings Wefe‘made~only when

“the grid current was at a predetermined value 2.7 x 10~° amps.,

) ao . LIRS ‘ i '»M“a A s
. ' : . j k . \ ' FiG.12

/ \ Slope of Curve of
26}

n
]

] Fig. 1 as a function
/ : N Jof VE

G. 11
Ag=|27x 1078 amps.

R A S R o R N S I VRN | T 5 6 a2 B
liate Volts . b ) Plate Volts

ipxio™® amps.

3

J L
Alpxi07®amps. .
|

A‘humber of trials were made Wifh different values for the
fieid énd it was found that the pla%e current, plate voltagei
curve inkéach case varied as in Fig. 1l. Thié oﬁrve has
been differentiatedbaﬁd the slope as‘a functioniof the voltage
is Shown in Fig., 12. Prom this it can bé seen that the

. maximum number of electrons were collected with plate volteage
’abput‘8;15e» The shape of the curve agrees fairly well with
that bf Fig.l. However the electrons would appear to have
been collected in an enérgy region some 3 volts’lower than
they ought to'héve been; the work function for Ni beihg

: , o019 ;
given by C. W. Fox and R. M. Bowie @&s 5.03 £.05 electron

19. Reimann Thermionic Emission, p. 89.
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volts.,
The same distorting factors cited in the discussion

of the results of tube 5B are equally applicable here.

Conclusion

'In conclusion it can be stated that although
insufficient data is available to say just how much effect
the plate geometry may have in distorﬁing the normel energy
distributibn curve, nevertheless there dbes appear t0 be
some distortion due to the plane fields so far applied.
Conditions fequisite for the measurement of work functions
by the most suitable electrode geometry have certainly notb

yet Dbeen obtained.
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