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Abstract.

The behavior of a fine wire placed axzially in
& cylindrical anodo is inveostigatede.

A brief account is given of the more recont
literature dealing with the subject.

A quartz tube which hgs been found particularly
suitable and convenlent is described. As 1% is not
possible to outgas the ends of the filament and the
supporté, these parts have been shiclded from the
field.

The ususl source of high potential consisting
of transformer, rectifier and condensers 1s used.

A description 1s given of a method for measur-
ing potentials from a few volts up to 25000 volts.
Use is made of a galvenomeber and series resistance,
and it is thought that the range can be extendod to
at least 100,000 volise.

viith hecat treated wires results are obtained in
good agreement with earlier work, but it i1s shown that
with such wires an apprecilable currcent is obtained
only after a break has occurred in the surface of the
wire. The resulting characteristic depcends only on
the power avallable during the break and is shown to
obey the empirical equation:
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Mlcrophotographs are presented which makes
it plausible that the potential gradient may
exceed 40 million volts/cm without producing
currents in excess of 10~10amperes and that the
gradient is probably 108 volts/cm or more when

reasonably large currente are obtained.

Vith untreated wires a "loop phenomenon'.
18 described which is thought to be due to posi-
tive ions from the anode. Heating the tube in an
‘electric furnace is shown to have a great influence
on the emigsion in this cass. Microphotographs show
that the diameterlof such a wire decreases with
use.

Vith thoroughly outgased wires the emission
18 not changed when the tube 1s submerged in liquid

' o

alr, and the heating of the filament up to 1400 K

increases the emission only a few percent.
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Introduction.

The prcesent investipation was undertalien as
a continuavion of the work carried out at this
1
Institute by illikan and Eyring. )A comprehen-
sive treatment of thc history of the problem will
be found in their paper and is thercfore omitted
here .
2)
At about the same time Gossling published
the results of a long and careful investigatlon
o’ the same subject, carried out in the labora-~
tory of the General Electric Company of England.
His fesults and conclusions were in good qualita~
tive agreement with those of HNillikan and Eyring,
all observations being guite similar.
Some of the voints which appeared to be defi-
nitely settled as a resuvlt of these and earlier

experiments are:

l. The emission from cold metals is governed
oy the strength of the field at the surface, as is

to be exrected, and not by the appiied poﬁential.

l) Ro A» I-Til]i}{&n &: Ca F‘. E:[Tin{’;, P‘ll:‘/rSo ReVo 27
51, (1926).

2) B. S. Gossling, Phil. Mag. Vol. 1 609, (1926).



2. Imicsion occurs at a potential gradient, as
calculated from the geomotry of the field, which
is smaller than predicted by Schottky's theory by
a factor of tho order of 100.

3. The emission 1is practically Independent of the

-

pressure below about 10 nmm Hge.

4. The emission 1s nearly independent of the temp-
erature of the metal up to about 1000° XK. Beyond
this tenmperature cold emission and thermal emission

are not independente.

5. Local irregularitics and impurities play an
Important role in the phenomenon and are perhaps
able to account for the apparent dlscrepancy bew

tvieen the experimental results and the theory.

Since the publication of the papers referred
to a great amount of work has been done on the
problen by many investigators, experimental as well

as theoretical.

3)  Schottky,Zeits. f. Phys. 14, 80, (1923.)



The abovo results have been confirmed in all
cases wilth the cxception that del Rogsario *) cone
cludes that cold emlssion is a gas phcnomenon, but
later obtains rcsults in high vacuo which are in
good agrecment with those of other observers. Iow-
ever, from this work, which scems to have been per-
formed with the utmost care, he concludes that the
emission is determined, not by the gradient at the
surface, but by the potential applied. This is in
direct opposition to the conclusion reached by all
other observers and is obviously erroneous since it
is possible to obtain just as large currents with a
few hundred volts applied to sharp points close t0-
gether as with several hundred thousand volts applied
between surfaces of large radii of curvature and suit-
able separation.

Vith apparatus built for another purpose at
this Institute a current of a few milliamperes was
obtained between 7.6 ¢m srheres 2 cm apart when over

6)
500,000 volts were applied.

4) C. del Rosario, Jour. Frank. Inst. 203,243, 1927.

5 ) u u Y] 4 14 L 205 s 10:7) , 1928 .

6) C.C.Lauritsen and R. D. Bennett



An cxamination of how de¢l Rosario reaches this
erroncous conclusion will make cleér just where the
fallacy lilcs.

By treating wircs of different diameters until
they all give the same cmission at a given poten=~
tial he obtains nearly identical results for all the .
wires.

This is in no way surprising, for,as all obser-

ers have noted, the currcnt-voltage curve may be
shifted within very wide limits by sultable treat~
ment of the wire.

The conclusion to be rcached by this and other
cxperiments is simply that the emission originates
from one or a few spots, probably éharp points, and
when the btreatment has produced identical conéitions,
i1.c., the same gradient, at points on the several
wires, the current-voltage curves can be expected
to be the same for all the wires, regardless of the
diameter of the wire.

It simply means that the true voltage gradient
is not the one calculated from the measured diameter
of the wire,,but is to be determined from the actual
point recponsible for the emission. That this grad-
ient may be at least ten_times as great 43 the aver-

age value over the surface is made plausible by micro-



photographs prescented in the prescny paper. On tho
basis ol thesc plctures Oppcnhoimer/)has cstimated
that the voltapge gradient must cxceed 40 million
volt/cm at some point before the emission becomes
sufficisnt to be measured.

N.A.De BruyncB)in continuing the work of Goss-
ling confirms previous results and states that his
results are not consistent with del Rosario's first
theory. In addition he tgsts the effect df varlious
impurities. He observes a small decrecase when hy=-
drogen is present and a large but temporary increase
wnen the surface is ﬁoated with barium. A similar
increase was obtained by Gossling with sodium nitrate
and during the present investigation with pure so-
dium and magnesium.

Pieréolg)presents results on the effect of
outgasing and current conditioning in good agree=
ient with earllier work. In addition he shows that
suomerging the tube in liquid ailr has no noticeable
influence on the behavior. This is in agreement with
results obtained here end incidently published in
the same issue.lO) |
7) J.R.Oppenheimer, Proc.Nat.fAc. 14,365, 1928.

8) ‘N.A.Dc Bruyne, Phil,Hag. 5,574, 1928.
9) R.J.Plersol, Phys. Rev. 31,441,1928.
10) C.C.Laurtisen & R.A.M1illikan, Phys.Rev.31,914,1928.



Some of the results of t?e present investigation
11
have alrcady been prescnted in particular the em=-
pirical relation between fileld-current and voltage

gradient: - b

-

I=Ce \Y
12)
wnlch was simultanecously published by Oppenheimer
but derived independently and from theorétical con-
sideréﬁions.based on the energy required to ionize
the metal atoms in the emitting surface.

The same equation was later derived in a some-
vhat different manner by Fowler and Nordheim.ls}

iuch of the data published by other oObservers
has been plotvted and found to it the equation. Une
fortunately the range over which measurements are
given is usually too small to be of much value for
this purpose. The equation was tested in a paper by
Eyring, llackeown and Millikan,l4)and Wés found to
it their experimental results as well as could be
~expected.

An intercsting trecatment based on Sommerfeld's
application of Fermi's statistics is given by Houston.lS)
11) R.A.i1likan & C.C.Lauritsen,Proc.lat.Ac.14,45,1928.
12) J.R.Oppenheiner,Phys.Rev. 31,431,1928.

13) R.H.FPowler.& L.lordheim,Proc.Roy.Soc.A 119,173,1928.
14) C.F.Eyring,S.S.Hackeown & R.A.M1llikan,Phys.Rev.31,900,
1928.

15) W.Houston, Zeit. f. Phys. 47,33,1928.



This treatment brincg oubt partilcularly the relatlve
importahoe of the cold emisslion and the thermal emis-
sion at wvarious temperatures and is shown to account,
satisfactorlily for this phase of the results of Milli-

kan and Eyringe.

A theoretical treatment by Richardsoﬁ>leads to
an equation éontaining V% in the denominator of the
exponent instead of V. This equation does not cone
form with the experimental data as well as the one

containing V.
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Apparatus.
The Tubc..

Throurhout the present work thne metal under in-
vestigation was in the form of a fine wire, usually
tungstcn-.0012 to 0016 cm in diameter, placed at the
axis of a cylindrical anode. Platinum wires and mono=
crystalline tungsten wires werec also used. The general
behavior was the same for all of these. Several different
tubes and modifications were used, but only the one which
vvas most satisfactory will be described here. The con-
struction of this tube, which was bullt entirely of quartz
is shown by figs 1 and 2. The fine wire is held between
two copper support wires to which it is fastened by pinch-
ing. These support wires are in turn mounted by being
pressed firmly into a narrow hook, formed in the tungsten
scal-in wires. The seal=-in wires are mounted in step-
seals and are sufficiently long and flexible to exert a
slight tension on the fine wire.

The support wires are surrounded by a tubular qguartz
extension from each end of the tude. These extcecnsions serve
not only to center the wire in the anode, but due .to the
charge which they collect they act also as electrostatic
shields for the support wires and the ends of the wire
under test. This last point is of grcat importance if
reliable information on the effect of outgasing is to be

obtaired, for it is obviously not possible to heat
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the ends of the wire to the sane temperature as the

central portiones This cnd-cffcet is due to the heat

conduction of the supports, and is well lnown in thermi-

onic work where it may readily be eliminated or correcct-

ed for. In tho case of field currcnts this difficulty

has generally been overlooked, but is here much morec ser-
lous because practically the total emission may originate
from a single spot any place on the wire. If this spot
happens to be close to one end it is clear that heat treat-
ment of the central portion of the wire may not produce the
expected results. The present method has been found very
effective in overcoming this difficulty. il

As is evident from the sketch the construction is
such that it is a very simple matter to change the wire
wnen required. The two small extensions on the tube are
blown out and the hooks forced open. The filament assem-
bly can then be lifted out, and a new one put in its place;,
the whole operation taking but a few minutes. As more than
thirty different wires have becn used in this investigation
it will be realized that this convenience is a matter of
some importance.,
The anode consists of a tantalum c¢ylinder 1.6 cm in

diameter and 2.5 cm long, supported from a side tube. The
side tube conbtains a guardring, (not shown) which can be

grounded. This, however, was found to be unnecessary.



The tube was ucced on the punps, the pressure being
-5
maintained at 10 mam lig or less as moasured by an lonlza-

tlon gauge.

Source of Potential.

A maximum potcntlal of 22000 volts was obtained by
means of a 50 cycle transformer and a kenetron tubc., Fig.3d
shows the connections,and figs.4 and 5 show general views
Aof the apparatus.

one -
qu/microfarad condensers inseries were placed across

the output, and connection to the filament of the tube was
made through a protective resistance of about .5 megohms,
consisting of é glass tube about 1 meter long and filled
with vater. This resistance 1s necessary in order to limit
the current when a ¢ rater breaks in the wire (see later).
If the protective resistance 1s omitted, such a broak causes
the wire to evaporate instantly provided sufficient power

is available.

The nccessary batteries, meters and rheostats for hecat-
ing the filament were mounted on a support which was insu-
lated for 25000 volts. Thils apparatus may be seen below the

tuwbe in fig. 4.

Measuring Equipnent.

Up to 15000 volts the potential could be mcasured by
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means of an clcctrostatic voltmeter which was first care-
fully calibrated.

Beyond this potential a galvonomcter was used in scrics
with a resistance of about 1000 megohms. This resistance
consisted of a glass tube 2 cm in diameter and about 1 m
long with large platinum electrodes and containing a nmix-
ture of about 90y xylol and 10¥¢ alcohol. As the resistance
of such a mixture varies greatly with the temperature, the
tube was provided with a narrow extension at the upper end.

A scale was placed behind this extension on which the volu-~
metric expansion could be read. A shunt Across the measu-
ring apparatus was calibrated diréctly in terms of this scale,
so that sma2ll changes during a run could be compensated for
conveniently. The measuring apparatus consisted of a galvan-
ometer of medium sensitivity'and an Ayrton shunt. The appara-
tus was adjusted to give full deflectlon for 250 volts. This
range vas carcfully calibrated by mecans of batteries, and same
point was checked before and after cach run. By moving up two
steps on the Ayrton shunt the range was thus 25000 volts. This
range was checlted up to 16000 volts against the electrostatic
voltmeter., This method was found to be entirecly satisfactory
vhen checked continuously against a known battery potential

of about 150 volts. It was actually used over the whole range fyom
a few volts up to 22000 volts and could no doubt be used to at

least 1C0O000 velts,



The fileld currcnt wug mcasurcd by means of o second
galvanomcter with an Ayrion shunt and a Ravson hultimecter
botih connccted bc?goen thozanode and ground. The range
used was f{rom lO~* to 10- amperes. Some measurements
were made below this range on a tilted leafl electrometer,

but thnis method was less satisfactory and somewhat unre-

liable due to the irregularities in the currente.

Results.

Owing to the fact that the enlssion originates in one
or nore minute spots of more or less obscure physical char-
acteriibﬁiskgifficult, if not impossible, to obtain experi-
mentally any accurate quantitative.relation Eetween the cur-
rent density and the field strength. Although several huh~
dred runs have been made it seems useless to present more
than a few of the most characteristic results, for in all
cases two important factors remain unknown. Those are, 1)
the constant with which the potential is to be multiplied to
obtain the actual potential grddient at the emitting point
and 2) the area of the emitting surface.

The importanCe of these two factors 1s so great, that
any attempt to detvermine the effect of other experimental
conditions such as size of wire etc. seems quite hopeless
at least with present methods.

‘Thcrc are, however, some characteristic features which

are worthy of consideration, and the influcnce of certailn



chanses wmay be deteriined with cowe degrcee of reliabllity
provided that 1t 1s pogssidle to restore the oripginal con-

-

ok

¥

ions in order to asceritain that the two above mentioncd

factors nave not becn disturbhed in the mecantinic.

Emission from ilcat Treated Vires.

The simplcest case to deal with is that in which the
outgasing of the tube and anode as well as of the cathode
has been carricd as far as practicable. In this case the
phenomena obscrved arc consistently the same and it is
possivle to obtain a reasonable explanation of what is going
on. As the oubtgasing has to be done with some care, it is
pcrhaps not amiss to describe. the method which has been
found to be most convenilent.

.

s first thoroughly cleancd

[R5

Vhen a new tube is used, it
in the usual manner and evacuated and heated for several hours
at 500°C or morc. The anode is then heatced Lo a white hent
by means of an inducvion furnace until no nore gas is evolved.

Tt is advisable to do this before the filament is introduced

t 1s apt to be damaged in the proccss. After the filament

o)
[
RN

is introduced the baking is rcpeated and the surface layer of

.
S 1S

e

gac which has accumulated is wemoved by bombardmcent. T
1most readily accomplisiied by gradually incrcasing the anodo
potential without heating the filament. Usually 100CO to 15000
volts produccs cnough current to make the anode uniformly

)

wnite not. It is Important not to outpgas the wire first
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no currcnt is again obtainced wntil 20,000 volts 1s cxcecded;
a nev "breal™ occurs, and the wole process may be repeated
almost Indefinitely.

As already mentioned, the curve shown consists of two
portions. This is usually but not alviays the case. Occaslon-
ally there is no break in the 1line, and in a few cases there
were two or nore brealis. This 1s thought to be explainable
by considering that the emission originates from two or more
spots, a straight portion on the curve corresponding to each
point. At the lower potential all of the emission is from
the smallest, sharpest point, where the potential=-gradient
factor is large ( b small), and the area small (C small).
'Then as the potential is increased a point is reached where
the emission from a larger, more rounded point predominates.

The two or more curves are of course additive, but oving
to the logarithmic scale and the géncral lack of precision
the natvre of the curve at the bend can not disclose this.

It is reasonably certvain that the violent increase in
cvrrent described above is due to a mechanical break in the
surfece of the wire. This is rendered plausible by the fact
that old wires, i.c. wires which have gonec through the above
described cycle a greatv number of times look pitted and scar-
red when viecwed under a microséope. Pigd.7 and 8 show %wo
such wires magnified about 400 times. On such an old wire
there are points where the field is at least ten times as great

as the average. For the average ficld we have for a 0016 cm wire:
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F= \
R
r log x

1

181V

Vhere: r = radlus of wire, R = radius of anode, V &
potential.

With 22,000 volts applied thils gives an average
potential over the surface of 4 million volts/om.

When it is remembered that this is still the condition
under which we obtain the small and perhaps uncextain
current corresponding to the left branch of fig. 6, it
is reasonable to assert that the gradient is consider-
ably greater at the points responsible for the emission
giving the right branch of thec same figure.

Perhaps even more convincing is the evidence pre-
sented in fig. 9. This wire had been used only a few
times and was removed from the tube intact. The pic-
ture was taken at the point of the wire where the emis-
sion last observed originated.  This was judged by the
position of the hot spot on the anode. It doecs not seem
unlikely that the potential gradient at the shablpest

point exceeds 100 million volts/cm.

Emission from Untreated Vires.

This case 1s considerably more complicated duo to the
still greater uncertainty as to the condition of the

surface. As has been shown by many observers, large
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curronts arc obtained at very low potential at firost,
but with continued usc the curve shifts towards hipgh-
cr potential 1.e. to the left in the present plots,

and simultaneously the slope incrcases. This is wvhat
would happen if the emlisslon originates from very sharp
points wnich were gradually torn off or rounded down.

A phenomenon which has often been observed with un-
treated, but never with treated wires, is showm in fig.l10.
The curve is accurately reproducible and the currents
corresponding to the upper curve were remarkably constant
even-over periods of many hours. The curve is obltained
by maintaining ﬁhe.potential constant for several min-
utes before the current reading is taken. At the higher
potentials the current becomes more and more unsteady
until finally at some critical potential it begins to
increase steadily but very slowly. In the course of an
hour or more the current again becomes steady but at a
value which may be several hundred times greater than
before.

Decreasing the potential from this point produces
the upper curve in fig. 10s The curve in this part of
the cycle 1is, as already mentiloned, exceptionally steady.
In one case a feading, close to the lower end of this
curve, remaincd constant for 36 hours, the potential be-
ing on continuously during this time.

If however, the potential is decrcascd below a
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certalin critical valuc, then the current decrecacscs
very slowly until the original value for this point
has been rcachcd.

The process 1s repcatable In ivs general features,
although the curves uswally shift somewvhat, onc way or
the other.

It was suspected that the conditlon of the anode
played some part in producing this loop, particularly
since the current at the critical polnts is very nearly
sufficient to produce a red hot spot on the anode, :and
thus positive ions might well be liberated.

To test this idea, the whole tube was placed in an
electric furnace and the temperature gradually increased
to abouéVSOOOC while the potential was kept constant. It
vias fouﬂd that from the lower curve in fig. 10 the cur-
rent increased with the temperature and decrecased again
wnen the temperature was lovered, provided that the
current had not in the meantime exceeded a certain vale
ue. If the current was permitted to exceed this value,
it would increase, lrrespective of the temperature, and
become steady in the néighborhood of the upper curve in
fig. 10.

A slignt decrease in currcnt was obtained when con-
ditions corresponded to this upper part of the cycle and

the tube vias heated as before.



That these changes arce not duc to the incrcascd

temperature of the {ilament produced by the furnace

1, 2)
is clear from the work of many investigators, and
has been checked repecatedly in the present vork. Thus
in fig. 11 the increase in cvrrent with temperature up
to about 1400°K amounts to only a few percent. Fig. 12
shows that submerging the tube in liquid air has no
effect. One is therefore forced to the conclusion that
either positive lons or gas from the anode are respon-
sible for this cycle, which reminds one strongly of a
similar phenomenon, well known in thermionic work.

It is evident that this phase ooﬁld be invesitgated
more satisfactorily with apparatus designed so that the
anode temperature could be independently controlled over
a wide range.,

Figs. 13 and 14 show two filaments made from the
same pilece of vunpgsten wire and both taken with the
same magnification. The one shown in fig. 1% was thor-
oughly outgased before any potential was applied. The
surface has a mirrorlike smoothness, except for a few
cracks like the one shown. The filament shown in fig.
14 was not outgased, but currents of several milliamp-
cres was drawvn from it for many hours. As will be seen
the diameter has beon reduced by about 407 in a very

uniform manner.
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Tho nmaterial thugs removed no doubt carrics o smoll

part of the currcent, but most of it ultinmately finda its
vay to the walls of The tube, where it forms a mlinute
layer, glving the walls a blue-violet tint. Thaot the dia-
meter remains so uniform leads one to think that the mat-
erial is torn off vhere the field is greatest 1. e. the

high spots are continually removed.

Appecarance of the Tube.,

When a new wire is first put into use and the poten-
tial gradually increased until the current is of the order
of 10~ amperes, there is usually a very large number of
blue spots on the walls of the tube, often covering quite
uniformly the whole section above and below the anode.

YVitth continued vse the spots become fewer in num-
ber and it 1s not uncommon to see a single large bright
blue spot on the wall.

Such a spot is usually eliptical as is to be expect-
ed from the form of the field, and while it wvaries in in-
tensity, .1t rcmains often in.the same place. IPigs. 16
and 17 are typlcal of such spots. They are photographs
of the tube shown in fig. 15. The filament in this tube
vas about 3 em longer then the anode, and for this rcason

the spots often occurred on the glass rather than on the
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The location of such a spot 1g determined by a
local condition on the surface of the wire. This was
clcarly shovn in scveral cascs whefo the wire was
riounted in such a way that the static charses on the
supporting tubces could cause it to rotate through an
angle of as much as 180° when the potentlal was changed.
“hen such a rotation took place the spot or spots would
move ﬁhrough the same angle.

Such a blue spot is due to fluorescence causcd by
bombardment by the clectrons from the filament. These
clectroneg arec apparcntly relflected in all directions and
cause ar nluc glow all over the inside wall of the tube
except in places where the wall 1s shielded by some
metallic obstaéle such as the cathode or anode.

In figs. 16 and 17 can be seen clearly how the elec-
trons are deflected around the cathode gilving rise to a
Bshadow®. Somewhat less clearly may be seen bthe contract-

' of the anode. The clectron beams are also

ed “shadou!
strongly deflected by a magnetic field.
then the electron beam or cone strikoes the inside of

the ranode a blue spot is scen on the surface of the metal.

=]

his is probably due to a surface Jayer of oxilde or other

1

mpurity. If in this casc the potential 1s further in-
creased, then the anode becomes red hot wherc the blue

spot 1s, but the blue can still be seen clearly.



'reouently oright spceclts looliins 11keo wvmhltce hot
particles are scen in and around the bluc spots on the
anode.

The spectrum of a bright blue spot on the wall was
photographed using a Hilger spectrograph A small slit

vas uscd, and the exposure was 24 hours. The sSpectrum

e
[ ]
e}
Q

ntinuous, showing no lincs or bands of any kind.
All lenses and prism as well as the tube uvsed in this
case were quartz, and the spectrum could therefore bhe
photographed to a considerable distance into the ultra-
violet.

he plate was slightly blackened to somewhat below

T
o
A

In conclusion I wish to thank Dr. R. A. Hillikon
for suggesting the problem and for the interest he has

taken in the work.



APPENDIX.



Cine of

tihe cmission as a function of the applicd ficld "PY viz:
)
4 w
= c e 4
vhere "A" and "b" arc constants for a 4siven set of conditions.
As already nentieconed thils cuperimental rrlab¢on vas publiched
in .1923 and an indconendent thcoretical derivation by
2) :
Oppenheimer  appeared a2t the same time and anotihicr shortly
3)
aiter Dy Fovler and 1l Since unen the equation has
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a7 prove norce savisfoactory. In view of loter cxpore

a

*1

iments it appears Lilely that "bY 13 not conastant over

a wide range, bubt varics with "IV and "F" in a manncr

similar to that given by Schottlky's relation.
4

) 5)
Recently Phaorte and de Brujne the runge of "F" is

nach greater tnan has been investigated beforc. Iiis
vorlk is of great intorcst, not only on account of this
great range in "FY but because of tho extremely consis-
tent neasurenments. The work scems to have been carried
out with the ntmost care and constitutes a most beau-
tiful confirmation of Schottky's equation up to ficld
of more than 10 volts/cm for ali the wires tested with

onec e: poptxon. This wire wnich was 010 cm tungsten
6

ral

; with Ticlds of less than .5 x 10

;
ot
¢

save nornal resu
VOlt°/Cu. Above this value the cmission incrcased much
more rapidly with the field at all temperatures from
203 to 1944°,

de Bruyne rccognized this as the emission from a very
small irrcpgularity on the surface of the wire where the
ficld is nmwuch greater than the average field. Tho only
rcason wny he did not obtain this offect with the other

q

vires is that he did not apply a sulficiently strong ficld
to producc the roquwrod irrﬂﬂular*t7 This is prcciscly
e EOET Ty - s .

onC UI7PRC of sowrce that we have always usced in oy work

on ficld emission. jith well oub ﬂaSOd tungsten wire 1t

wsually roguirces a ficld of 4 lO volts/cm or nmorec vo

Jir.I.Phorto,Zeit. O Phys. 40,46,1028.

.A.de Druyne, Proc. Rov.Soc.

oo

0,423,1028,



conlarity which appecars to be an actual hreak
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on tiic surface. I6 Js very ecsential that the current be

.

limited vy 2 resistance in the circuit or by the povrer ount-
xut since otnervige the wire explodes. The shape of the
final crater thus ontalned depends on the current wiiich is
permaitted to flow and it is therefore possible to vroduce
points having any desired decree of sharpness within rather
wide limits. These points are not always stable and are
Jliltely to change or disappear completely at high tenpera-

tures.
6)

In a later paper de Bruyne nakes a further study of the
emission from the point refcrred to above. He considers only
the emission Tor fields greaber than .5 x 10 volts/cn aver-
age. In This roglon nhe assumcd tha®t the Schotily eguation
holds for tnc cmission from the whole surface. Ilc therefore
extrapolates the current for 1owar fields and subbructs the
value thus obtained alt a given higher field from the meas-
ured currcnt. The difference must then be the emission
from the irrcgularity wvnerc the field is much greater than
tire averagse.

He then plots the lop of th's enission against and

L]

obtains a straight line. Ior any given tenmperature this

@ ==

is in perfect agrecment with our cnuation
b

TF

i = A ¢

and 1s what we have Invarianly found.

sut hwe seos a sten furtiher and attenpls o show thiat tho
-
U), M I T METRON . ~ e PRMEER o) [Pl FHadhel e \
el prvrme ) Coabliiin 1l Soc. wL,008,1028,
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curve oobituined i THTs wanmer L thie goase abt ol touapera-

“

turcs,  le.c. bhat the icld onisgsion is complebtely inac-

~

.

pendent of teuperaturc.  This is not in accord withh our
vorlkk. It is truc that the temperaturc dependence is very

srmall and as Wilililkan and Byring werce the first to show

L

it is almost noslingible below 100 O; but that does not pro-
duce a morc rapid increase abt higher temperatures. Ib scems
rcasonable {rom therrectical considerations that a tempera-

ture dependence cxists and all of our data indicates that 1t

P

docs cxist and incrcascs with Gemperature and inversely with
the {icld.

A carerful analysis of de Bruyne's data from ghich he ob-
tains. the valucs plotted on page 519 of his note)Will show
that suchh a temperature dependence is at least likely. It
mast be remenbered that thic currents plotted are diifcrences
wnich in most casecs arc an exvrencly small Iraction of the
total currcnt so that for this rcason alone no high order of
precision is possidble. ‘Then in addition the‘point from vnlch
tiils small fraction ofigimatos is a very uncertain and un-
étable source .

This igc not in any woy construcd as a criticism of de BLruynec's
sccunique Tor no once lnovs bebtter than do we the difficulties
involved in working with such a source. e have obtained a
large amount of data which is very similar to that shoun in

. A .
K e o ~ - 1 r - . :
fig. 6 of dec Drupnrs paner out we have invariably failed to

obtain results which were sufficicntly reproduciblce to warranb

trecafiing them as vrocision smcasurerent. That the sane wccer-

.
o

[vEe)

=

B E e et e e . . .
neies cuaist in de Druonc's data appears likely from his



As an ciiemple conparing the curves 18 and 19 onc
cerbainly sevs tihe lnpressi-n that some change has taken
placc boiween v two scis of readings and it is not
lilicly Crat curve 18 could be reproduced ailter 19 had

been tulicns A smaller chonge in tvhe opposite dircction

.

is probable between 17 and 18. All of the curves are

uscd in the plot of log 1 =-l. There is only one at highor

)

teuperature (1944 and here the emiscslon from the poliant

is only Trom 1 to 10j of the mcasurcd currcnt.

4]

This leaves only tnrece curves, viz.,19, 20 and 21 which
can rcasonably be ascumed to have any relation to each
otrer and FTor these therce 1s indication of an increase

PO R § EN
WALCO vern

neroture.  If we include 18 in the set the in-

creasc is suvdlll greater, bubt this is probably not justi-

ficd ac showmn above.

The equation - b
.. ¥
i=Ce

secms to be well verified as does also Schottky's equation
~ 6
Tor ficlds lcss than 10 Hut it is not possiblic to decide

'

1

neteen vhe several cquations whicih have beon proposed for

the intermediate range until mmch better experimental

©



