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Abstract

　　　The　electric　current　from　a　photo－cell　increases　whep　a　very　his，h　frequency

oscillation　ef　a　’fe“r　volts　is　superposed　tipon　a　continuous　voltage．　This　peculiar

effect　depeRds　upon　the　intensity　ofi　illumination　and　the　frequency　of　the　oscillatory

voltage，　but　is　nearly　inclependent　of　the　te：nperatttre．　X’he　efl；ect　inay　be　explained

at　1．east　partiy　by　the　disturbances　of　the　negative　chargre　accuinulated　in　t’ront　of

the　cathode　of　g’he　cell．　Froin　th｛s　point　of　vie“’，　it　is　spgcr．ested　that　a　critical　frequency

of　the　electrons　in　the　ce］1　is　about　2T40　kilocycles　per　sec．

　　　　It　xvas　founcl　by　Shenstonei　that　the　photo－electric　current　from

a　plate　of　bismuth　or　of　other　metals　was　ternporarily　it）creased　by

the　passage　of　an　electric　current，　and　it　xvas　’attributed　by　hkn　to

an　orientation　of　the　clementckrxr　crx・rstals　of　the　metais．　lrlortonL”　as－

cribecl　the　effect　to　the　eniis　sion　of　gases　from　those　portions　of　the

apparatus’xvhich　xv・ere　“rai’ined　by　the　current　through　the　nietals．

1〈’ecently，　it　was　concludecl　by　X－Veber’］　that　the　“‘Shenstone　effect”

must　be　attributed　to　the　removal　of　occi　udcd　．o．．；ases　frorn　the　metals．

　　　　It　was　found　by　the　writer　that　the　current　from　a　photo－cell

also．　increa，　sed　xvhen　a　continuous　Nroltage　xvas　superposed　by　high

’£requency　oscillation　of　a　few　voits．　To　iRvestigate　tlnis　peculiar　effect，

an　apparatus　showR　in　li？ig．　i．　was　employed．　（1）　is　a　high　frequency

oscillatory　circuit　and　（／f）　a　photo－electric　circuit．　They　E　re　coupled

by　the　coils　Z二正and．乙か　　The（）scillatory　voltage　induced　｛．n　the　circuit

（1：Zり｛saltered　by　challging　the　coup玉iBg　and　｛t　is　vneasured　by　111ealls

of　一“・1［oullin’s　thermionic　voltmeter　1’r．，　xvliose　scale　is　cali．brated　£or　every

frequency　before　the　measurements　are　mcade．　A　ls　ca　micyoammeter，

匹二aclicect　current　voltmeter，　and．ノt’is　a　stretched　wire　potentiometer

of　．fi）o　ohnis　to　be　us　ed　for　the　fine　adj　ustment　of　tl｝e　continuous　Nrolta．cr．e

T．　A．　G．　Shenstone：　1’hil．　IVIiift．r．　41，　g16　（Eg：　i＞；　42，　sg6　〈1921），　45，　gi8　〈19．23）・
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1・・「t．　（Z／ノ）．is　an　electriC　circuit　for　l圭ght　source，　contain｛ng　a　gas－filled

tungstdn　lainp　L，，　ancl　a　voltmeter　T．’1　’III’he　li．crht　pasSe＄　thro’ugh　a

water－vessel　B　having　the　size　of　o．g　cm．　in　wiclth　and　i　2　cms．　in　length，

aBd　a　circu！ar　slit　．S’　t“　cms．　i．n　cJliameter　opening　at　a　wall　of　a　soft

iron　box　and　then　it　falls　oR　the　cathocle　P．　Consequently，　the　heat－

ing　of　the　cctthode　by　the　light　is　niostly　eliminated　by　the　water　ln

thel　vessel　B．；　and　the　stray　mag“netic　field　is　partly　screened　by　the

soft　iroB　box．

　　　　．A　voltage－current　curve　fdr　a　caesium　vacutim　photo－cell　（A，lazda

PCT－6s－V）　uSed　．in　most　of　the　experiments　is　shbwn　in　Fi．o．’．　2．　lt　was

obtained　by　v’arying　tl］e　continuous　voltagLTt　17t　without　applying　any　os－

cillatory　voltage，　when　the　cathode　IZ’　was　．illuminated　by　the　light　o£

constant　intensity　emittecl　from　a　60　w・att－lan’ip　piaced　at　a　cllstance　of

30cms．　from　the　cell．　ln　tine　figure，　the　abscissa　givres　the　corit2nuous

N，／olta．o．．’e　T71　in　volts，　and　the　ordf．ncate　the　current　z’ 潤@in　inicroamperes．

　　　　1－lowever，　xvhen　a　very　high　frequency　oscillatory　electromotive

foirce　V2　waS　sup’erpbsed　upon　tlie　continuous　voltage　ili，　the　photo－

electric　c“rrent　generally　differed　from　the　value　zb　corresponding’　to

the　ccase　employing　only　a　continuous　v　oltage　1・1　in　liig．　2．　Some

obsβrvatioηs　were　made　with　several　cons亡ant　colltinuous　vo！tages　T・「1，

by　v’arying　tlie　oscillatory　voltages　」・”2　1iaving　the　cong．　tant　wave－length

i40　ms．　ln　lr’i．g．．　r），　values　obtained　of　the　photo－electyic　current　i　are
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plotted　as　ordinate　against　the　correspondi．ng　valties　of　oscillatory　vol－

tage　VL，　as　abscissa．　1？rom　these　curves，　it　will　be　seen　that　at　first

the　current　i　increic　ses　zTp　to　a　maximum　ancl　then　begins　to　clecrease

gradually　wMi　thes　oscillatory　voltage　greater　ehan　about　r）　volts，　etnd

also　that　the　increase　of　the　current　is　much　more’mcnrl〈ed　in　the　case

of　the　continuous　voltag，．e　Vi＝　2s　volts，　thoug－h　as’ 翌奄撃戟@be，　menti．on．ed

lti．ter　on，　it　clepends　upon　the　intensity　of　illuniination．　”1’1iLe　pe，cviliatny

increase　xvas　not　liinitecl　to　tine　vacuuin　caesiuin　cell．　1’he　results

obtained　with　a　gas－fi］led　caesigtn　ce11　and　a　g’as一・filled　potassiuni　cell

were　found　to　g－ive　similar　curves，　though　th（”．）　effect　diflfered　more　or

less　ill　111a．O．’nitude・

　　　　As亡。　the　causcs　for　the　effect　descτibed　above，　i亡seelhs　almost

inconceivable　that　the　rectification　of　the　cell　is　the　cause　of　the　in－

crease　o£　the　photo－electric　current．　fXs　skc　wn　in　｝’一一”is，．　2，　the　portion

of　the　voltage－current　curve　which　corresponds　to　the　voltages　hi．gher

than　2s　volts　is　concave　towarcls　the　Pl－axis，　Thus，　if　the　photo－

electric’　cell　usecl　acts　simply　to　rectify，　the　currept　due　to　the　super一・

position　of　the　oscillatory　voltage　」7rL，　should　clecrease　rather　than　i　n－

crease，　as　i．s　revealed　by　the　right　kand　．part　of　the　curves　in　Fig．　c）．

　　　　INText，　．tLo　1〈now　the　effect　of　tempet’ature　upon　the　pc｝culiar　increase，

another　experiment　was　carriecl　out．　Tke　celi　was　placed　iB　a　closed

vessel　with　an　aiitomatic　re．crulating‘　heater　；　ancl　similar　observ．ations

were　repeatecl　at　variq．us　constanit　tempei－atures　rcanging　betxveeR　i　o”C

and　60“C，　and　also　iinder　controlled　conclitlons　whi／e　the　temperature

increased　or　decreasecl　at　a　rate　of　about　o．se b　per　min，　The　results

th．us　obtained　jndicated　that　there　was　iio　essential　diflfercnce　froni

the　case　slitox・vn　i　n　1一一ig，　s．　Further，　it　was　noticed　tlrLat　the．　ri＄e　of

photo－electric　current　tool〈　place　at　the　same　tinie　with　the　applicatioi’i

o£　liigliL　frequency　voltag’e．　From　these　results，　it　seoms　tilmost　certain

that　the　rise　of，temperature　is　not　the　primary　cause　of　the　effc．ct．

　　　　To　Iearn　whether　the　pec面ar　effect　depends　upon　thO　wavc－1ength

of　the　illuniinating　lig’ht　or　not，　experiments　siniilar　to　those　inacle

bofore　were　niade　by　filtering　the　light　with　XVratten　filters　placed　in

front　of　the　slit　S．　The　results　clid　not　indi．cate　any　distinct　connec一一

tion　betx・veen　the　wave－len．ogth　of　the　illuniinati．ng　lig．ht　and　the　peculiar

effect　under　consideration．　lt　xvas　fc）und，　however，　that　the　eflfect　de－

pended　tl．pon　the　continuous　voltag’e　1／t　etnd　the　inter｝sity　of　illun’iina－

tiOll．

　　　　To　investigatc　qualitatively　the　relation　between　the　peculiar　effect
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and　tlte　intensity　of　i．iluniination，　the　folloxving　measureine．nts　xvere

made．　The．　photo－electric　current　i－1，　obtaincd　xvith　a　constant　conti一

！｝uous＞ゆ1ta，ge呂i1ユcreases　with　the　intensity　of　i翫lmillation．　There－

gore，　by　1〈eeping　the　continuous　voltag’e　1／i　constant　the　photo一・electri．c

curre，nt　t’潤@due　to　］・”t’　was　made　to　vary　．by　chang’ing’　tlie　distance　be－

tween　the　lamp　and　the　photo－cei／；　and　for　different　values　of　i’ 潤@the

maximtnn　currents　2；，，　obtainecl　by　’superposin．（．r　various　oscillatory　vol－

tas）’es　V：　of　constant　frequency　to　L・”t　were　measured．　Some　of　tlte

results　obtainecl　with　oscillatory　voltages　having’　the．　wave－tlength　i　40　ms・

aro　plottecl　in　the．　curves　of　Fig．　4，　and　it　i．s　to　be　noticed　that　therL“

is　a　crcst　on　each　curve．　Tal〈e　the　curve　o£　Tt’t＝＝20”　V　as　an　example．

Fig’．　4・ ．
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The　value　（i］．，一ih）　beconics　rnaxinnun．　at　the　intensl．ty　of　illuini．n．xti．on

i’g＝：42　microampers　（d＝＝2g　cms．　for　the　60　watt－lqmp）？　the　increase－

rati6　at　the　crest　（z；，・，一ii，）’／ii）　being　7．sg・6．　1’lowever，　xvhe，n　thc　intensity

o£　lllumimation　becomes　greater　the　increase－ratio　reduces，　and　at　an

i．lluminatlon　strotis，er　than　i’ ?　＝＝　60　microampers　（cl　：　i　．s　cins．　for　the　same

lamp），　i．t　chang’es　into　neg’ative．

　　　　Since　tine　number　of　electrons　emitted　£roni　the　cathode　is　directly

proportional　to　the　intensity　of　the　Muininating　light，　as　ivas　ve．rifi’ k，sd

over　a　wide　range，　we　can　say　that　the　effect　under　consicleration　hasi

an　i．mportant　conriectioR　with　the　number　of　the　emittecl　electrons．

　　　　ILastly，　the　eflfect　of　the　±’requency　of　the　oscillatin．o．’　voltage　was

investig’ated．　ln　such　experiment　the　in；．　ensity　of　i11umination　ih　ancl
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the　COnt沁uOus　vQltage　レ「l　were　k．ept　COnStant；and　the　nlakimUm　CUr－

rents　zl，，　Obtained　by　appiying　vciriotis　oscillatory　voltage　1／o．　．haviAg’

diffet’ent　frequencies　x・Vere　mcasurecl．　The　results　obtained　cftre．　shown

in　the　curves’of　1”“ig．　s．　lt　is　to　be　noticed　tliat　the　peculiar　effect

（il，，一il｝）　generally　decreases　xvitla　tlie　increase　of　the　wave一一length　；　fot’

exainple．，　it　disappea’red　at　’，1　＝ioooms．　for　tho　curve　．tr，　and　that　a　maxi－

ni　uiii　appeare．d　in　each　ctirve　at　the　xvave－le．ng’tli　of　about　i　40　nas．　11”he
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restilts　obtained　with　the　other　photo－cell　also　were　found　to　give

sinii．lar　cvirvci．s．

　　　　1；rom　tlie　’Eacts　stated　above，　it　seems　probable　that　the　peculiar

inct－e．ase　of　the　plioto－current　is　at　least　partly　due　to　the　disturbance．s

caused　by　the　oscillafory　voltages　upon　the　neg’ative．　charge　accumulated

in　front　of　the　cathode　when　the　photo－electric　current　is　smaller　than

that　of　．saturation：　the　electrons　arriving　at　the　anode　wiil　become

more　ln　number　when　stich　accttmulated　n¢gative　eharg’e　is　disturbed

by　the　oscillatory　voltag）’e．．If　so，　the　peculiar　effact　should　be　more

remarl〈cable　at　the　oscillcktory　voltage　whose　frc；quericy　is　in　resonance



Effect　of　Hzg’　h　Fregi．tency　Oscillation　on　the　Photo－elecfric　Current　4　s

wi．th　that　of　the　electrons　and　the　criti．cal　frequency　of　the　c．iectrons

in　the’　cell　is．．£ound　to　be　about　2　i　40　kilocycles　（wave．一length　i　40　nis．）

in　the　pre．sent　case．　Aboiit　ten　years　att．’o，　Nlchols　and　Schellen．crt

pul）iished　a　paper　as　eo　the　p．　ropagation　of　radio　waves　and　conclucle．d

tliat　the　criticai　frequency　o£　the　eiectrons　in　the　air　was　i　400　1〈ilo－

cycles　（2　i　4　ms．）．　After　that，　Deutsch2　obsarved　that　tha　elcctrons　in

an　atmospheric　pressure　were　iti　resonance　with　’the　wave－leng．’th　of

about　f）ro　nis，　The　critical　wav・e．一Ieng’th　obtained　by　the　writer　is　shorte，r

than　that　of，Nichols　a’nd　Schelleng’，　but　lon．o．’er　than　that　of　Do．utsch．

　　　　The　fact　that　the　pecul；，ar　eflfect　i．s　not　marked　xvl’ic　n　the　initial

photo－electric　eurrent　zb　comes　near　to　the　saturation　current　may　be．

explained　simply　by　th．e．　scanty　a¢cumulation　of　the　negative　c．har．o．”e

in　’front　of　the　cathode．　’IFhe　dect’easc　oti　thc　v・a！ue　（i；．一il｝）　for　tho

stronge．r　illininination　niay　be　dtze．　to　the　fac，t　that　greater　oscillatory

voltatt．．＋e　is　necessary　to　disturb　the　accuniulate．d　neg’ativ・e　charge，　and

that　the　effc｝ct　of　the　rectification　becomes　predominant，

　　　　In　conclusi．on　the　xvriter’s　sincere．　thanks　are　due　to

X’oshida　for　the　i　nterest　he　has　tal〈e，n　iti　the　rese．arch．
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