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3
INTRODUGTEON
In Hay of 1933 an unexpectedly larga varigtion in %he sen=
gitivity of =2 photoeell construched from an ordinary light bulb
was pbserved. The photocell was insensitive to the radiation
from a ecarben arc unless the anode {bungsten filament) was heat~

ed by & minimun potential drop of thirby volts. Ab highor filae

- ment potential drops large currents {plus or minus) flowed

from the cathode to the anodes the enly illumination of the sur=-
Tace being from the hot Ffilament, Illumination of the cell by
the carbon are at these higha? filament potentizl drops increase
ed the current flowlng from the cathede to the anode by amounts
that were much larger than the current due te illuminabion by
the eérban.arﬁ_aﬁ the minimum patential;

Investigabtion of this phenemén&n'was undertalken as a pro=
Ject for a Masters*® Thesis in.ﬁngiﬁaering Physics at Eentaﬁé

State Collsgs.
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DESCRIPTION OF PHOROCELL
Gonstrugtion _ |
The photocell was constructed from a 60 wabt,inside frost=
od,gas filled,second grade,G.E. light bulb. A platinum wive
was sealed through the wall of the ¢ell to make cﬂntagﬁ-wiﬁh
the ﬁhﬁtoeiegﬁrin surface. An approximate cross $&&ﬁi@ﬁ of the
cell is shown in Fig. 1. The glaﬂs-waé pérﬁialiy gleare&,fag
about 0.75 centimeter around the platinum wire due bto. the éea1¢
ing process. o | ) | |
' Aﬁmnspheric gases were admitted to the cell . during the in-
sertion of the platinum lead. Although 0,32 gram of magnesium ‘
ribbon was introduced inte the cell for use as a getter of res-
idual géses it was mot found feasible to flash tha;magnesium&
The vaguum asge@biy;cgnsistgd pf & gla#g gondensation pump
1using'butyl»pthaliate,baaked by a,motar‘dr;ven Genco oil pump.
The cell was génneeted.ﬁolthe,pgmps fg?lﬁwemty four hours. Dup-
ing this time the walls of the cell were heated to just belew
the melting point by the direct application of the blue flame
of é Bunsen burner for 4 fifteen minute intervals,in an abbeupt
to free the walls of the cell of occluded gasses..
Beth before and after sealing aff the appiicatlaﬁ af a
75,000 volt pgtential from a Gengo~spark Q@il failed tciprgduge
a visible discharge through ths‘qellu This indieaﬁed.ﬁhe'pres~

sure within the oell to be not higher than the order of 10~%




millimeters of mercuryn'

The 1ntroduetion of the metallic surface inte the cell was
agecomplished by eTectrolysis through the glass walls. 4 molsen
mixture of hglx sodlum and half pobassium nitrates Waa used as
the slectrolyte. The mebtallis laver deposited around the pla-
tinum conbact wire was quite transparent to daylight.

Visual specitroscopic inspection of the flame spectrum of
the deposited mebal showed it %e be sodium. The spectroscops
used had sufflcient power to show Gledrly the red lines of
calcium in a flame spestrum producsed from a lf Galelum nitrate
solution. It was not Ffelt that this was entirely satisfactory
but served to give one reason to feel thatb very little potassg-
ium or magnesium was present in the metai of the cathode.
Treatment After CGompletion

As mentiened‘nnﬁsr'”Gemsﬁracticﬁ” the pressure in the new- |
ly evacuated cell was esbimated te be éat highe? than 10~% mille
' imeters of mercury, After about 50 hours of experimental use
the amplicatian of a 50, OOO volt potential from the spark eoil
caused a dim blue dischmrge through the eell thus lndicating &
pressufe in the cell es%ﬁmated to be of the order of 10~9 mill-

imeters of marcury.7
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FXPERIMENTAL METHODS

Barly in the course of the experimental work it beéame
apparent that the photoelectric sensitivity of the cell was
-somewhat dependent on the immediate usagé of the cell prier bo
the tseking of data. Apparently the passage of a thermionie
:cprrent (e1ectrégs ?rom fi;amegt ta gensit;ve surface} deefeaaa
ad the éensitiviﬁy of the cell, the passage of photeelectric
current produced the opposite effect. This effect was small
'ebmpared_with the effect of filament pobential drop upon the
sensibivity.

Iin Qfder to check these minor variations in the éensitin
ity énd if possible to cqnnecf the cause of them with the major
dependence of the sensitivity on the filament potential drop,
attempts were made to regulate the sensitivity of the cell by
varyling the conditions of cell operation befere and during the
“taking of data. 'This was done bﬁ arranging the passage of
small thermionie or large photaeleetr&a currents through the
cell before starting to take a set of data and maintaining
these conditions of operation between the taking of suceessivs
data, ’

A study was also made of the variation of the current th-
rough the ¢ell with potentials of varying sign applied to the
cathode. The electrical connections used in obtaining current
data are shown in Figure 2,

The arc used was formed betwesen the Zips of plain, 3 inch,
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carbon sticks, and drew a current of 12 smperess A tungsten
filament lamp operating at 110 velbts, burning magnesium and a

flaéhlight were all tried as light sources for 1lluminating the

cell bub proved to be ineffsetive.
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 EXPERIMENTAL DATA

A study of the phoktoslecitric sensitivity of the pholbo-
ecell as a function of the filament polential drop is shown
by the data plotted in Fig. 3. In abtaining the data for Fig.
% an attempt was made to determine the effect of pagsing small
currents of the order of 10“? ampere ihrough the csll between
.the taking of succg&siweldataa.Experimgﬁtal_data taken in this
manner were obltained im the inbterval between taking the data
for ecurve 2 and later the data for curve l.

For a given filament potential drop the sensitivity of
the cell was less in the!éet of data shown in curve 1 than
for curve &. At a €0 volt filament pobential drop the ratio of
the currents Ig/l was 2.5/1. _ i

4 study of the pholoelectric sensitivity of the cell as a
Punction of the filament potential drep with different poltent-
ials applied to the cathode is sheown by the data plotted in
Fige 4. In obtaining the data for Fige« 4 an attempt was made
to ﬁetarm§me the 9ffeat af_pa&sing';argﬁ aurreﬁts aversging
52107 ampere through the cell baﬁweén‘tha taking ef suecesss
ive datas. _

Phe data for curves L and 2 were ebtained in this meanner
at the béginning of the run,bhen afber several sebts of &gtg
were taken in a similar manner the data for curves S and 4
were cbtained. Finally theugeli was again operated under gon-

ditions corresponding to those for curve 1.




1x

The effeet of applying plus 6.25 volts to the cathode in
obﬁaiming‘the data for curves 3 and 4 was &0 cause ﬁhe g&ssage‘
of currsnt from anode te nakhode uwntil = filament potextial
'drap of B9 volts was v aached, The current TGV@FSG&,&L this
value of the filament potential drop and at the maximom fila-
‘ment petential drop of 65 wvolbs the current values Fop CUPVEs ¢
3 and 4 were about half the values for curves 1 and 2., QCurve
5 was not of the same shape as @urve I-but the vurrent values
For egrfesyenﬁiﬁg'filaﬁent potential araps,were clessly the
same indicating that'thé sénsitivity ef the cell hadiﬁ@en,mainﬁ‘
talned. , |

In obtaining the data for Figure 4° patenﬁiais of epﬁesite
sign were applied to the eathode whils running the cell asg be- -
fore in sn attempt t0~da?ermine the effect of an electrostatic
field on the passage of ﬁurrent %hrough.éhe cells: Curve 1 show-
8 data taken with -48.3 volts apylied.to:the cathode., The our-
rent was small until s filément potential drop of 58 volts was
reached then it very rapidly rose to values that were neailg 50
times the current through the cell withoub any app}ied_elec?r@»
static field. (Ses curve 2,Fig. 3 and curve 1, Fig. 4}. Rever=
sing the applied eleschrostatic field also had the effect of rev«
er31ng the current at all- valuas of  the filam@nt petertial drop
useds, The current flew f?ﬁm anode to cathode in this case did

not rise abruptly as in curve 1 but more nearly approached a
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Figure 3. Decrease of photoelectric sensitivity
with the passage of small currents.



13
TABLE 1
January 28, 1934

Cell Current - Filament Potential Data for Fig. 3.

Filament Potential Cell Current
In Volts In Amperes x 10'"'?
0 0.00
30 0.00
40 0.06
50 0.45
55 0.96
60 8.50
O volts to cathode. Arc off. 9:18-9:25
0 0.00
50 - 0.06
35 - 0.06
40 0.00
50 0.12
55 0.32
60 3.40

0O volts to cathode. Arc off. 10:40-10:50
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Table 11.
February 4, 1934
Cell Current - Filament Potential Data For Fig. 4.

Filament Potential In Amperes x 10-7

In Volts Cell Current
55 4.85
60 0.94
50 0.27
40 0.07
35 - 0.07
30 - 0.02
0 0.00

O volts to cathode. Arc off. 31i30-3:;37
65 5.60
60 1.55
50 0.47
40 0.10
30 0.03
0 0.00

0 volts to cathode. Arc on. 3:37-3:50
65 2.94
60 1.01
58 - 1.08
50 - 1.69
45 - 1.55
40 - 1.35
30 - 0.27
0 0.00

of 6.250 volts to cathode. Arc off. 4:50-5:25

65 4.19
60 1.55
58 0.94
50 1.62
45 1.55
40 1.35
30 0.20
0 0.00

+ 6.250 volts to cathode Arc on . 4:50-5:25
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Table 11 Continued
Filament Potential 1 Cell Current
In Volts In Amperes x 10~?
65 4.72
60 3.17
50 0.20
40 0.07
30 0.07
0] 0.00

0 volts to cathode Arc off. 5:25-5:-45
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~linear dependence on the filament potential drop. The maximum
current value raéehed waz slightly less than % the correspond-
_iﬁg cﬁrreﬁt value for curve 1. _
_ _.Tﬁe résisﬁances of the lamp filé@enﬁ at varicus {iTament
~p¢tenf;al dxéps were utilizéd‘ts galculate theltemperature of
fﬁe-filgment for any given voltage drop in the:ﬁangg ﬁsed,é
Thé~p19$ted curve of filament potential drop agéigst,filament
temperature may be found in the apéendixa The té@peraturés
cprresp@ndiﬂg to the working ﬁéﬁge‘of voltage (30-60 volts)
ran from 1350°K to 1880°K.

The sodium in the ph§t03611 had at r9om temperature a
_vaper preésure of 6.8 x 10f$ millimeters of mergurgﬂé By use
of Langmuirs modification of the Saha equation,the temperature
at which the tungsteh :ilament'wquld ionize every‘scéium‘ataﬁ
that feliiupgn it was ealpglated to be 94Q0342 This meaﬁt that
apy—gphancemant‘af”the electron emission dus te a thin layer
'@f:sodium on the tungsten_ﬁurface would oqcur an1yw&§ltempera
atures which were at least 400°C below the minimum working
' temperéture°1 Accordingly the thermionic emission frém,the
filament threughout the working range of temperatures was that
charactéristic of tungsten. '

It should be noted here tha%veveﬁ with minus 90 volts ap~
lied bo the cathode,there was no defectable current (with the

instrument used) passing from the ¢athode to the anode,when -
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Table 111

Cell Current - Filament Potential Data For Fig. 4»

Filament Potential Cell Current
In Volta In Amperes x 10"/
50.0 0.00
40.0 0.03
50.0 0.13
55.0 0.26
58.0 0.42
61.8 189.10
65.0 349.50
70.0 414.00

- 48.3 volts to cathode. Arc. off. 4:15-4:30

25.0 - 0.25
27.5 - 0.83
30.0 - 2.69
32.5 - 7.05
35.0 - 16.67
40.0 - 30.10
50.0 - 51.30
55.0 - 64.10
60.0 - 83.30
70.0 - 96.10

4- 48_.3 volts to cathode Arc off. 4:33-4:47
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the cell was illominated by the carbor are and with O velts
impresseé aerogs the filament. | _
. The presence in the cell of the active phetoelectric de~
sonsitizing agent,oxygen at pré&gur&s far greaber then pavmi§3u'
ible when working with comparabively clesn alkeli metal Sﬁrf&éu

es is certaim. . {Sve "Iveatment After Completion”,page 5)
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PBISCHEEBI0H

Two physiaal.hyéc%hESQE are herg offprzd do sxplimin the
phenomenon described in the "IHPRODUCIION™.

1. The phenomenon may be ezsplalued by a changs in the
photoslectric sensikivity of the sodium surfase whick is due
C hoy
. s The §gﬁlnﬂeﬁ oxygen which ig a knowm gh@t&@l&%tfiﬁ

desensitizer belng periially driven off of the surface

by heat ensrgy transmitteﬁ'fram'ths net Pilaments by

gas conduction and eanvéeﬁien;s
B. The cecluded oxygen being partially driven off of
the surface by the aboorpbion of the emergy of & cupr-
rent of electrons from the hot fileowent.

2. The photosleatric sensitivity of the surface remaing
gonstant &Eﬁ.%hﬁ~§ﬁeﬁﬁﬁﬁnan may be explalimed in berms of The
ionization of the gas ceused by phoboslecizons being attrasted
t¢ the posliive end of the filawent.

A more extended statement of the first h?gé%h@ais is as
Follows., Ab the minipum working temperaiure of 13BOCK the
gaseous transmisslion of heat from th@.filam@a% becongs large
enough to drive off sufficlent of the osoluded exygen to allow
the sodlum surfacs to respond photosleebrically Lo the light
sourees used; L.a. the carben érc and ths heated filamenkt. As

the filsment tempernture rises the sodium surfacs sxpericn-
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ces a corrésponding rise in temperature and inecreasé in photo-
électric sensitivity. This process comtinues until at a fila%
ment potential drop ef 59 yélﬁs'(where the surves of Figuras—
3 and 4 turn sharply upward) the sodium surface which is come-
paratively well freed oflaxygen begins a copious.emission of
electrons,resulting in a large increase in the cﬁrrént from
cathode to anode..

The B part of the first hypathgsis substitutes the elsact-~
ron current ﬁroﬁ the hot filament for gas conduction and con-
vection as the methqd o@‘transmiftimg the heat which drives
off the occluded oxygen. o

Under £he gecend hypothesis;that_af.constant photoelect-
rie‘sensiﬁivity,thg namber of pheoteelectrons reaching the fil-
ament is nggiigible kil the filameﬁt potential drop (which
is equal to the eleétrasﬁaﬁic field across the cell) reaches
the minimum working potential of 30 volts. From the 30 volt
minimum up %o 59 volts the electron current from the cathode
?p the gnad@ gradually Bises with the‘elegtrgératic fleld bet-
ween the sedium surféée and the plus end of the filamant; A%
59 volbs filament potential drop the electrans.begin‘to be
attracted te the filament with veloelties sufficient to ionlze
the gas molecules with whieh they collide. This lenization
process amplifies the photoelectrie current to an sxbtent that
accounts for the sharp upturn of the curves at 59 valts&

The suppesition that the photoelsetric semsitivity is con—




23
stant is refuted by the fellowing data. As mentioned under
“EXPERIMENTA@ ﬁ%ﬁA“ on pagé 17 no detecteble current was obsers
ved upon iliuminatién of the c¢ell by the carben are with O vole-
ta impressgd fiiament‘pgﬁéﬁtial, even though g minas 9¢ volks
was applied to the cathode. If the photoelectric sensitivity

were constamt the response bo iilumina%iun'with‘anrappliedxpotw-

-ential of this magnitude should be greater than the difference

between the currents af:eurves 1 and 2 of Pigure 4 at the max=-
iﬁnm4werking_potential of 65 volts. This does not prove to be
the case. _

The supposiﬁion that a sudden imﬂre&se‘in the photoelectr-

i¢ sensitivity of thse sa&zum,surface eccurs at a filamaﬂt pote

ential drop of 59 volts (sees curve X Figurss 3 and 4) is highly
‘lmprebablea This Improbability is perhaps best shown by inspece
ting curve 1 of Plgure 4%, With a potential of 48.3 volts ap-

plied so as bo make the total slectrostatic field.pnlling_eleeté"

rons from the eathode to the plus end of the anode‘eqaal to 107.
3'velts$ the cnrrent véry rapidiy increases, The inﬂTEuSB is so
rapid, in Tact, that at 60 volts filament potential droyg tha
surrent from the cathods to the anmode has iﬂereaseé to 238 times
tﬁe current at 58 volts, An increase in the cell current of

Lhis magnituﬁe-with such 2 small 1ncrease 1n,ﬁhe filament poten~

tial drep is expl&inable oniy on a basis ef ionlzatianos

Perhapa & ecembination of the two hypotheses will explain

the pheﬁomeneﬁ.and still be backed by the experimental ev1déncea




) 24

At O volts filamenk paﬁentia1 drap'the‘ce11 is phétaeleetrieally
insensitive to the lighit from the carbom are regardless af_épﬁ
plied fields of the magnitude used. - AL the miﬂimum'ﬁarking
pptshﬁial of 2Q volts the heatxﬁﬁsrgy'of the filament is By one .
ef ‘the means mentioned un&ér-A_and B ﬁraﬁsferrad<tp the sodivm
surface at g rate fash eneﬁgh to drive off the oceluded mxyg&n
in an smount Eaffiﬁient to;pefmit.the sodium surface to réspend
jphotoelectrigally to either the carbom gy or bhe lighf ffam

the filamante This lazst statement is ap?arentzy ia‘aﬁcofdaﬁﬁe‘
with the data of curves 1 and 2 ef‘?igura 4 at %hﬁwminimﬂmfmerka'
ing poténtiaia ”As The ‘Tilament patential drop inqréaées thé—
photoelectrie sensitiviﬁy‘ﬂr‘thé cell ingroases by sméll a@auﬁfg,
Thé ingrease in the glectrostatic field betwoen the cathode and
the plus énd sf'the Filament @ermiﬁs a greaber proportion §£ the
inereased number oprhD%agleatrens;emiﬁteﬁ‘from.thg.surfacejﬁa
flow to the filawmentb. -Thié statement is #pparently in accord=
anze with the gradual increase of ﬁurrent through the: eell ag
shown by the data plﬁtteé in curves 1 and > of Flg. 4, betwesen
‘ths.@;nimum potegntial qffthirty'velﬁs and the polnt of shawp
current upturn at 59 volts filameﬁ% potential difference. 4%

the polnt af‘sharpvup%urn-the\photaeEesfr@nﬁ begin to attaiﬁ
speeds aided by the electrestatic field agross tha call thaet

P

anable them to donize the gases 1n.the call and so account for

-~

the amplification of the current.

There are still ether experimehtal faats o be explained |
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by the combinabtion hypotlieais. Can the variation in the sensit-
;vitj of the cell for a gi?en filament.paﬁentialﬂﬁ?op {ses curves

1 and 2 of Figure 3 ana'éufves 1 and 5 of Figure 4} be properly
.‘explained? When sﬁall'euyﬁénﬁs‘pass through the aeli betweén;the‘ -
‘taking of successive sété of data as in the case of the cuvves
of Figafe-s perhaps the exygan.redeposits each time. After an
imltial rapid changs at the hibher-filamenﬁ patentlal drop the
remcval of the oeelude& oxygen slows up to the ax%ent that the
galvanamater gives the impression of a aonstant feaéing'which is
_ ﬁonsiﬁerably'less than the irue reading,whieh might be obtained
by waiting a few minutese Phis might give reduced sensmtivity
in comparison with a Surf&ca which is kept comparatively clean
of oxygen between the taking of successive sets of data by the
"malnteﬁadce of hlgh filament potentizl drops betwsen readingso
' $he downturn of curves % and 4 of Pigure 4 and curve 2 of Fig-
ure 47 indicates that ﬁh@ vgfy censiderablé.ele@trémig emigsion
of thefﬁot filament will, if given & chance, flow as a current
to the sodium ﬁurfacéa é

I£ therefore sscems féiélj safe to say that a éoﬁbihation

hypothesis of gas 1onizat¢on;due to photeelectrons mmving aprogs
the aell under the influence of the electrostatic field, and 21
change of sensitlvity of the_sodlum.surf&ee dus to a IQSS of oe¢=
cluded oxygen from gas conduction and convection of bhe heat

from the filament does satisfactorily explain the phenomencn,
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APPENDIX
GALYV ANOURTER CALIBRATION FOR TABLE 1, FIG: B+ ..
| _ " amzary 28 1934
1s 5&42’? vol’w applied threugh 2@ 2008
ohms g:mi 0.0% shunt giva—j& an aversgs
deflection of 12.025 centimeters.
Sensitivity is 6,415 % 102 amporves
per millimeter. '
ﬁalvanﬁmete? catlbration for Table 2, E‘igﬂ 4%
February 4, 1034
1.54427 volts *thra&gh 20,000 ohmg
. and 0.0% shunt gives sn average deflection
| of 11&.5' continebers. .
| Sensitivity is 8.74 x= 107 ampeves per
millimeter, ‘ | _
Galvanometer c¢alibration for Table 5, Fig. 4¢

Bame as Table 1.
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