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Preface 

The purpose of this thesiémis_to give a brief

;f ~acdddﬁt of some of the work done on photoelectric emission,

Some of the expérimental work done in connection

; _;?th this thesis 1s based on a very recently published

. book on "Phoﬁoelectric Cells and their Applications.(l)"
Kot 81l of the references listed in the bib-

liogrephy were used in writing this thesis; the reasson

for Including them is Ifor future reference due to the fact

that most of the rmaterisal written on the subject and

accounts of work done along that line are in the form

of magazine articles and report papers.,
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(1) A discussion at a joint meeting of the Physlcal and
< Optical Socleties, June 4 and 5, 1930,
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I Introduction |

| The_ﬁisible regidﬁ 6£?the eléctromagnéfi¢aspectrum
renges between 3900 A.U. (tidlét) and 7600 AU (red), 'Wavyes
that are shorter than-theééLdfé;the ultraviolef;and thosé

that are longer sre the infra red. As we go down the spectrum
Fe reach the X-rays, the gamma rays, and the cosmic rays,

The wavelength w and the frequency f are connected by the

relation,

Wheee c is the velocity of light end is epproximately equal

to three hundred thceusend kilometerds per second,

The ter: photoelectric action in its most genersl

- ogAse indicates 211 electrical effscts dus to thel &ction of

m

ielectroxagpetic wevee(l). Therefors phoitechemical =sction, .
-'fluorescenﬁe, phosghorescence, change of electrical resistence,.
the zeemanreffect, disgersion, chanze in the e.m.f. of certain
gél&é contalning fluorescent substanées ee elsctrolytes(g),

' rotation of the plare of polarization in an electric field,

and exission of electrons all come under the subject of

ﬁ%toelectric action, This thesis will treat photoelectric

emission only.

1) Stenley 4llen, Photoelectricity, second edition, P 1
2

) Ritchmyer, Introduction to Modern Physics, P 136




In the yearf188?(3)Hérﬁ3,ﬁdficed.that the:diéchérge
~across a spark gap tock place more easiiyxwhen light wﬁs _
‘allowed to'fall on the knobs then 'wrjienﬁ.-.- t_he';a-_apparatﬁs iwas'.ﬁf:- :
in the dark. A 1ittle later, Ebert(4) showsd fhat the @q&e
;mentioned effect was at the kathodes- In\theﬁyéa§¥lééé:ﬁ |
jélwacké(5} discovered that a negativsly charged body logses
its charge under the actlion of X~rays and that a neutral

Egﬁd insulated‘body would egquire a positive. charge under

;ihe action of X~-rays. .In 1889, Blster and Geitel(8) showed
:that meny of the electropesitive elements showed photoelectric
setivity. Sodium and potassium exhibited the-effect more

strongly then others,

Durinz the years follewing much weork was done
dlong thet lire, and the action wss investigeted in gases
under various pressures, in high vacuum, and the effectsof e
;tmperature,rintensitg, frequency, plane of polarization,
magnetic snd electric filelds upon the photoelsetric action

were studied,

B3) Stanley Allen, Photoelectricity, Second edition, P 2
5 (4) I " " 1] n it
( 5) " n i # 1 "
6 ) ! 1] 1t i " P 3




iI - Barly Investigationsiin-the Field¥'=‘
The great German Physicist, Hertz, while werking
tihh the discharge of: electricity between.knobs discovered

8 new phenomenon, mentioned on page 2 which after a. short
j;ima_ proved to be the underlying principle of M}r:f-‘_
& il . The discovery wes thls: when a dischergze

took place while the knobs were in the light, the spark
produced was 'longer thet when the knobezwere epelosed in

e dark chamber, After some experimentatioﬁ, it was found

; khat the source of light that conteined a large proportion

of ultraviolet rays hed a greater effect on the length of

~the spark than the visible pert of the spectrum., It was
observed(l) that the sction of the ultraviolet rays was more
effective when they illumlnated tke negative knob than when
 they 1lluminated the positive one, FHowsver he could not ., . ~
_ deczsively conclude that the reys hed no effect on the positive.-

- knob,

Srortly after the discovery of Hertz, another

remarkable effect of the actior ¢f light weas discoversd,

- A polished mestal Dlate was charged negatively and then

(1) An observation in Hertz's records
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1ight that contained a large proportion of ultraviolet rays
waa'allowed to fall on the plate. The eleetrescope'ﬁﬁht was
connected to the plate collapsed showing that the plate

T mednm .

was discharged, No effect of the 1ight on the surrounding
t he charged plate was detected and therefore it was concludeédr
that 1ight liberetes electrons from a negatively cherged

body and these electrons follow the lines of electrostatic

"foreetz).

The foregoing simple effect due to light may be
_eaeily shown by the following arfangement:

iight rich in ultraviolet rays ic allowed to Tall (Fig. 1)
from the source 8 on to the perforated plate A and then on
arpdlished plate(3) B that is connected to the negative
.terminal of the battery D through & galvanometer 3., As -

soon as 1luut falls on B , the galvanometer deflects. .-

(2) These two ciscoverles were made by Hallwacks
(3) Hallwacks found that zinc works well
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Zlectrons emitted from a plsate
under the action of light
follow the #=e lines of

electrostatic force. .

( Fiz. I )
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_;?III Sources of Light Used &n Expériments on Photoelectric Emission.
The source of light to be used in photoelectric

#iwork depends on the nature of the investigatiom,:the duretion

%-of the experiment, the conditlons under which the giperiment

35 to be carried out, the constancy.of the light, the

avelength and the intensity required.

A source thet hes been used for a long time
andwhich is very commonly employed at the present time lis
the quartz mercury lamp. This 1aﬁp gives very constant
illumination over long perlods of time. Due to the fact
la_that quertz hag a great absorbing power on short waves,: .
the shortest wavelength that this lamp could produce 1is
wboutt1849 A.U,

If a shorter wavelength than that produced by o
the mercubf lemp is desired, metallic arc lamps burning

n vacuum are very often used because in eddition to the

short waves they produce, their intensity is grest,

The short wavelength of the arc 1s sbout 1435 A.U,,the 1iron
rc¢l427 A,U., the copper arc 1925 A,U., and the carbon arc

£ 584 A, U.(1),

afl)Experimental results by lclennan and Long

f:
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If the experiments to be carried cut require’
.ahorter wavelength than the ones cited above, metsallic
dectrodes mey be operated in very high vacuum, .in which’
agse carbon produces wavelengths that ére'as short as 360,5
AJU., zinc 317,.5 A.U., iron 271.6 &U., silver 260 A.U. and
mickle 202 A.U.(2).,

Another scurce of light that will give relatively
-short wavelength 1s the electric dischagge through different
geses, The shortwavelength 1init of & dilscharge through

h ydrogen is 905 A.U. and tnat of helium is 510 A.U.{3).

In a very large nucber of investigstions in

photcelsetric work, & morochroxabtic source of licht is

I
ot

2in mst

m

peghirec, In thei cesze & car 1 or gas mey be
‘8xclted to radliation elther by heating to incendascence

s - ] . * oL :____ - =] P R O S T LR
in the case of 2 £0lid ¢ =7 an electric dissizr;: ia the

8852 0L & ghb,

wioget fIluoso nee o corriig Iiito zemeril nzs dor
procucing ensenetaatic s e Ly fllterdns out or sereening

{2) As found by Lilliken and Sewyer
(3) Investigations carried out by Lymsan
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§ the wavelengths that are not needed, The sdvantages of
_’Znsmg light filters are their simplicity, lack of adjustment

| end comparatively greater intensity.. The disadvantages are
twos- first, they are not sufficientlyfimﬁfoved'to be used

-.n the ultraviclet region end second, they do not give an
:bgolutely monochromatic light, In many instances solutions
may be used to transmit certaln wavelengths and gbsorb others.
The selective absorbing power varles inversely with the
itonﬁentration‘of the solution, .Methyl alcohol has an
%absorbtion band at 2350 A.U.(4), Cobalt chloride dissolved
in methyl alcohol trnsmits wavelengths between 2655"1600

:é.U. for a two normal solution(5). Silver that is 0.00002

ms. thick transmits well wavelengths as short as 1140 A.U.{6).

'The compound benzol transmits wavelengths down to 1900 A U.(7).

£ -
B

7)1 By Lewlis
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Before we start studying the different phases
Bf'%hé subject-ﬁftphotqéleptric_emisaigp;ﬁwamhahe to get
a?éﬁhﬁﬁtédgwith,some of 'the more 1mportéﬁtiﬁefh6d5-that
were and are still belng used for quantitative measurements.
Thé two quantities that arse fo be measured are the veloclity

‘and the number of electrons liberated.

One Bfrthe dommohest maﬁhodgpgpr'méasuring the
aximum velocitf.qf the emitted elecff;h is bj measuring
the'applied peositive potential that is neqesséry to draw

.Ehe electron back end prevent it from léaviﬁg the plate.

In figure € the positive side of the battery B is connected
to the plate Pp that is to be 1lluminated. If P; were negative
end Py positive, electrons would pass to P, and the galva-
nometer G would register some current. But by varylng the
positive potential of Py, we can know the veloclity of the
electrons trying to leave the plate P, under the action

of the source S. Let V be the potential difference necessary
to stop the electron that is trying to leave the plate

Py with a velocity of v,

§ Then if m is the mass and e the charge of the electron
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. therefore v=f&ve |

- = - .

(-3 v-:.'-._::'._- el i "
B ﬁ.-:-‘ 1.761 EIM.U.

then for one volt we get

v = 5.95 times 107 CmsS per sec,

( Fig. 2 )
certaln definite positlve potentlal should be applied
to the illuminated plate to stop the electron from escaping.,




The second method that 13 commonly employed

for measuring the velocity of the moving elsctron 1s by
deflecting tha electron by a strong magnetic field(B).

In figuare 5(5), the battery B keeps the plate Pl negatively
charged. The electrons emitted from Pl due to the agtion
of the source,é move to the plate Py and the current is
measured by the galvanometer G, If hoWever'a magnetic
field F is established peppendiculaf’td'the direction of
motion of the electrons, the elecffoné wi1l be. deflected,
and by varying the strength of the field, the électrons

may ve made to reach plate Ps_aﬁd fhe'galvanometer will

not register any current untill the key K 1is closed,

From the relative positions of plates P; and Pz the veloclity
of the electrons msy de determined becausp the radius of
the zrc descrived Ly the electrons is directly proportionsl
to the first power of the.velocity and inﬁersly proportionz
to the stréngth of ti:e magnetic field, Tnerefore the
quentities to Ye ueccured areé the strength of the field

and the radius of the sre described by the slectrons.,

{2) The method is dsvelopped by Schuster and Lenard
3} Arrangement due to Lenard
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( Figc 5 ) ] . ) .._\,\ N
glne radius of the arc described by &an electron zeving in
k8 magretic field of kmovn strength is a measure of its velocity,
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The principéilmethods uééé?forémeasuring the
pumber of electrons emitted are.fivefé)._-

‘1, ."vy the rate of drift of an electpéﬁeter needle,"

"by the ballistic méthod," _

"by measuring the potential across the terminals of

a high resistance in series with the cell,"

"by balencing the photoelectric current against a current
of known value."

"py a sensitive galvanometer."

Ficure # represents the cornections feor tsing
the firet method, C is the photoelectric cell, 2 tas battery,

G the electroneter.

C |

I

ihe rate of drift of the needle
is proportional to the current.

{ Fig. 4 }

" As classified by Allen,




The ballistic method consists in noting by the
electrometer the charge chuired by the cell in a certain

time during which the:cell should be under the sction of

light. - Then the drift of ths needle 1s observed in the
same time while the cell is not under the action of 1light.

The difference btetween the two readings 1s the required

ot S e ey b 1 et

'quantity.

Figurs 5 represents the comnections for using
the third method., C is the photoelectric cell, B the

-~ battery, R & high resistance of the order of lO11 ohirs,

~ G the guadrant elec¢trometer.,

—

The potentisl ascross a
resistaence of known value

1s proportional to the
current supplied by the cesll,




Méthod four conaisté in measuring ths curreQE
"generated by a photoelectric cell not directly but by
~comparison with a known current derived from a second

I tendard photoelectric cell operating undsr certaln definite

iconditions.

The fifth method consists in measuring the curraat
by & sensitive galvanometer as shown in figure 6 in which

C is the cell, B the battery, G the galvanometer.

The deflection of the galvanomster
is a measure of the photoslectric currsnt,

+
( Fig. 6 )

f the galvanometser is not sensitive encuzh to be deflzcted
by the current generated by the cell, the current may -e
‘amplifyed c&s shown in figure 7 in which C 1s the cell,

b & battery of 6 v, B a battery of about 14U v, G the zzl-

snometer, V the ampllifyer.
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( Fige 7 )
The photoelectric current amplifyed cculd be read by 2
galvanometer that is not very sensitive.
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'V Emission of Electrons in High Vacuum.

Every bit of matter is composed of particles

'&that are beyond the power: of our present day mlicroscopes.

- These minute particles are called molecules. Further,

these moleculés consist of still smaller particles that
are called atoms. Every atom is an independent solar
system conslsting of small particles called electrons

revdlving about a&n attractlng center consisting of particles

;- fhat are about 2000 times sas heavy as the electron,

The particles in the center are cslled protons.

Kegetive electricity consists of electrons znd positive

electricity of protcus,

Different atoms consist of different numbers of
electrons that should be eqaul to the protones and the
greater the number of protens that the body contsins

the greater its macs will be,

The presence of these e}ectrons is well proved
by tre fact thaf meny of the theories of absorpticn,
dispersion, scattering of.light, the zeeman effect, tas
sterk efiect, and some theories of polarization of 1lignt

are explained by assumihg their presence(l).

(1, These theories were explained by Johnston, Stcney,
Eelmholtz, Lorentz, Larmor, Thomson,




The presence of the electron is proved experi-
;mentally by kathode rays (2) which were found to produce
a shadow 1f a screen id interpoaed to producs heat on
hitting a body, and to be deflected in g magnetlc field
fany determinations wera ma@e g§;the mass and charge of

"Lithe electron, -The results obtained by different methods

were in very close agreement.{3)

At;the sanme timé tﬁgildéterminations of the
charge and mass of the electron were being carried out

8 celebrated experiment was beiﬁg performed(4). The result
. of the experiment was that negatively crarged bodies

are emitted In a high vacuum if a metal surface is
"illuminated by ultraviolet Paysy The apraratus used in

the expaeriﬁent is shown in figure;a and tie results

are plotted in figure g(5). The plate A wzs illuminated .
by the source 5, The electrons emitted passsd the opening
;B to the plate D, Wﬁen a magnetic field is sstablished
perpendicular to.the pletes D and C, the electrone followed

=

@ a curved path and reached C instead of U.

{2) Carried out by Varley and Crookes.

{3) Lost accurate deterwination by Killilsn, e = 1.592x10'20 T.
Average value of e/m = 1,761x10 to the minus 7 RB.i.U.

(4) By Lenard.

{6) allen, Photoelectricity, Second Edition., P Z0.
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g negatively charged plate qtruc}. by lizht emits
hat ney be deflected by & magnetle field
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el=ctrons
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.: T6 furtharuéést?fhé theory that.the discharge
1s a stream of electrbné'lef;

P & Poteneial of illuminated plate.

V4= Velooity of particle leaving the plate.

= Velocity acgquired 1n e1éctric field,

e = Charge of elsctron, m = Mass of electron,

then ' 1/2 m ( Veuvg ) = Pe

the radius of the curve described by the particle in a

fl magnetic field of strength H 1s;

R= v/H x m/e

et Hy = field strength due to one ampere in a coil,

C == current in coil.
then H= Hl C
and B/C = 1/2 H% R e/m = constent

assuming that’ v, is very small,
The spparatus of figure 8 was used to test the sbove re-

lation, the results are given in the following table(6).

b6) Allen, Photoelectricity, Second edition, P 32.

- | o
P c p/C o/m = P/c? .2/E%3° v = 2B/Z4R O
--.- - aa— 1’
607x10°% 0.65 124x10° 11,7x10¢ Go1zxn oo
438G " 1.78 iz " 11,2 " O,22 o
izego"" 2,94 148 " 11.8 * U.5¢ O
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VI Photoelectric Activeé Substancés.
| Many-attemptsihéve-been made to establish a

qﬁﬁntitatiﬁe relation: between the photoelectric activity

; 6f'§fsubé£ahceiand its ﬁhysical and chemical properties.

all of these attempts ha%e_been, more or:.less, fallures;
the reasons being that 1t is extremely difficult to ex.
periment with différent substances and yet keep the conw

ditions under which the experiments are carried out

*3;identicali& the seme, If it is deslired to compare the

- photoelectric properties of two substances, the following

points should be kept in mind:

1. the intensity of the socurce should be the sams ir both
cases,

2. the Source should be strictly moncchromatic for bota
substahnces,

S. the e,m.f. applied should be the same in maznitude

<, and cﬁaracter.

4, the degree of vacuum in both cells should be the same,

- Da the 1little ges that remains in tre cells after evacue-

tion should we of identical compceiticn,
6, the surface of the substahces undsr investigation

should be prepared and polished by identical methode,

A1l of the sbove mentioned conditiocns are very difficult

to fulfill; that is why very little progress has been

uccomplished along this line,
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By the photoelectric activity of & substance

13 meant the potential necessary to cause an elsctron

Bi: to leave the surface under the action of a source of light

of certain frequency. The smaller the potential the
greater the activity. I the potential is kept consfant,
it will be measured by the.frequeﬁcy necessary to cause
emission; the lewer the frequency the uors active the
substance will be,

’

Some substances emit electrons under the action
of sunlight, some necd ultraviolst rpys, others recuirs
X-rays. Some of the earlier detsrminstions gave the
following results which are in the order of decreasing
activity{l):

rulzicium

potassium
potageium-csodivim (8llo)
goCium

lithium

Gasnssium

thallium

The list, ip general, showe that ths mors electropositive

g (1) Carried qut by Elster and Geitel, Allen, P75
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‘ani element 1s, the greater its activity will be provided
. the determination is carrled out at atmospherlec pressurs

a3 1s the case above,

Two other classifications are the following(2):

1 2
eluminium alumihium
magnesigm _ . zinc
zine magnssium
tin tin
cadmium bismutn
lezd codoivm
bismuth lead
gold - cCopper
nickle ’ nickle
cobalt cobslt
copper ' silver
gllver ' z0ld
iron | iron

The foregoing resulite wars ctiainsd irn falr vacuam, snd tie

resulte are very diffzrant,

(2) Flirst determinaticn by Ramsay and Sperncar,
Seconddeterminaticn by Zerrmann,




H . G A : T = e

2 o
h The following ere results obtained in high
;' .acuum(S):
T 1 -
i copper copper
g brass gold
k zinc _ nickle
bismuth - brzes
pkatinum - : silve
nickle iron
iron _ slumiriuvm
gold magresium
sllver antizeny
zirc
less
/
gbove rosults are in remarkeble dicesre:msnt partly

Some of the mest dependebls reeults zre ziven
the following teble{4)}. The procedur: Iclloved wss to

lean the surface in vecuum by knife ed

i

Filrst determination by Ladenburg.
Second determination by Killikan ané Winchecter,
By Lillikan sand Winchester,
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+ potential in volts at 26°C
- measure of velocity of-
emlssion of electron

| 1,340
l.225
1,215
1,174

1.135

etallic elements znd inorgsnic corpounds,

Btested photoelectricallys

ime have ‘been retallic elewente, The next =ztep 1s to

tudy the behavicur of . some of the more importsnt ncn-

he following date(b) sives the photoelectric current

f some of the more important cormpcunds that have been

rate of
discharge
at 25°C

17.16
16,40

24,70.

235,80
25,10
24,00
11.00
04.90
04.00
0l.20

00.20

All the substences considersd up to the prssent

) Taken by Dima.

Bulletin of the liational Research Council, April, 121, ¥
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¥ ‘compound
[ high valency

Proro Ersorrio Emrssion

S AN

-2 s
current compound
low valency
10 _ Hg I.
22 Hg Cl1
70 _ Hg,0
12 : Hg(06H5002]
24 S Sn O
186 Sn 3
202 Fe ¢
1 re Clg
4300 CU.2 4]
10 Cu C1
1706 Fb 0
70 2i_ 0=
& L
48 1-1’12 05
In @

current

112

12

280
18

1220
1440

7200
26

144G0

50000

3200

50

110




_réﬁ_%ﬁé?f&fégoing tablefit may be noticed_ﬁh;t'when a
métélfcbmbiﬁés with & non-metal in two ways, that compound
n’ﬁhich“the metal has the lower falency hehowse the greater
) photoelectiic activity(6). While getting the data 6frthe
'é}brégoing table, Dima noticed that the photoelectric
;{Fatigue was greater 1id tﬁe compound in which the metal
Eéihd'h low valency than in the correspending compound in

k hich 1t had 2 higher valency. The explsnation given was
that the 11lumination changed the metal to a more stable
state of a higher valency with the exception of some
compounds in whichn csse Dima proved by the foilowing table

‘that the 1lluminetion caused & cherical rsduction:

metal chloride Tromide jodide

67 220 1200
31 o7 3000

Hglous) - 15 19 1400 i
Hg(ic) 5 14 230
200 430 750

The experirzental difficultiss that confronted
%ﬁvestigators proving the photoelectric activity of zases

d vapours were very great due to the fact that they were

) Bulletin of the Fational Research Council, April 1921, P 1Rz,
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Prnoro Ernrcrric Emission

VII Influence coi Zifferent Conditicns on Fiacteeleciric Zmission
A Irnfluerce of Frecuency and State of Folarization
One of tre eszrliest experiments carried out

the effect of wavelength or photoelectric

color of 1lignt rate ¢f lszlzsve of electriciy
£0Cian retzesivm rubisig
Tits TLLL Z.1 SE7.C
Blug Tl Ile2 Sl
viits 22,70 T2,¢ SETLT
wellel Cel JaE SIELT
wnits z1,¢ TZ.% CEEL.E
el St el : 24z 12240
viite Z1,¢ TEL,T TET LT
‘pJC: L.:’.- Q.l :-rl.{/
Fror <o ciov: Lools it orer e roPiesd shnat o sofiiis de tocs
wotivo{e) with ellow 1D oty votreeluxm wicl Tluz end rubiiios
With 7ellcy.
(1) Aller, Ilcteoligyricise, P 125,
(2 Wi<rin s rros i o o vitibls ¢ o zgoThum,




Prnoro Erecrric Emissiox

Ine cguwntivative results obtairecd by

Ladenbur;

oo

are given in the curves ¢f figure 10 in which A = safursticn

eurrent, B = energr of incident light, C = A/3 and 0X =

. 1 T ™o Py - 3 O L o *
wevelenztn{Z), Tic rotico /2 ic glven the nime spscific
4 Lt e e
photecelectric sctiviir.
-
[xn] T " - R - Lms -. £ B
To imccu ¢uv BN eleebren fncn s osurfics, thet

elzctrer rust. be supplied with encugh sunergy to Zive a

B P T S S, ] o T, - e - 4-Te -
veloelty larzs crcush to sllow the electron to leave the

-+ P A —r
surfecs, An eloctron once supplilea witlh encins eners:
- —~ve e S - 5 I = -
genrot romcin on iz illurincted plaie eni therefcere the

the velecll o o Ui slzeted zlegtron,
let U = the pesitive potentlal thet is resceczerr te [ust
FroventT en el.itren from flyinz oIf,
& & charse of 2n zlertiren,
™= zsss ¢l sn oslictrom. .
v = vzlocity acyuirel br elactron,
trex Te will e it szount of erersy with viich the elic-
tron Tret erer -
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Proro Erngcrric Emissiox

- 34 -

found{4) to be an increase in the velocity with & decrease
in wavelength, The results of the experiment are given in
the following table and plotted in figure 11,(E)

wavelength positive potential in volts
u u platinum copprer zinc

260 ' 1.078 1.01 C.685

k240 o5 1.16 0.7

<

and thz wilooliyr wes balem oup, It wos gugpecel Thei ther
were Llneir Jurncticrne of eccn oiiory Tut leter on o sxisrizens
provel{®) ti=st {le peximn erirIl, 1,2 ook vi, sr.l o Tot il
meziuor vologiuy de s lives» furmolicn of iz Irsoasney.

the Zinmetic <oergy of the electron and the wird surplied
to it ig Leen,

lx’r’—’z 3¢ 'e": = &
hut ve mile Lt n I - Wy = Ve
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Prnoro Erecrric EMIssion

where h = plankdt constant

f = ffequency of incicdent 1ight

wo= work done by electren in escaping from metal
therefore we can put 1/2 m v~ = hfew,

The above(7) equetion was proved(8) to be & direct result

of plank's r:distion formula end its valility was provex

In the sbeve formula w_ is very small zs compared to nf,

the stove zruasaticnr Decones &én ezsy nethod Ior mewsurin

1w o A W Lo N ahe - 3 Pl LR
emovnt ol zZnergy sind tanerefore thergexists & minimam

fregusncey velow vwhlch the electron wi

Fropcesed oy BEinsteir,
By Richerison. Eull:ti“ of te Teticnsl Zesgsarez Council,

LEOTL, uompton, aughes, Killiken,
Ltir oi tThe Netlcnel Reeearch Council,
Ap 1 1 l P ¢l,



Proro Eirrcrric Emission

- 37 -

To measure plankts constant we have only to measure

the velocliiy of the electron, and this 1z done by measuring
~ the photoelectric current with retarding and accelerating
li-fields. The results for different w%velenrth ere plotted
in figure 12(}).

If ve plot the frequency of the inecident light ageinst
\-

the meximur emicssion energies we come out with a straight

e plank's constant and

=3
jay
m
™
—
o
Lo
o
O
ty
&
£,
™
0
o
Ly 4
<!
$+]
3
o
3
H
4]
[£e]
o
o]
‘-f

Giscuscicon leeds ¢ t¢ the conclusion thst

the ernergy with whicn azn electreon lsaves an active surface
15 & linsar furcitien of thz2 frecucency and thet the magnitude
of the zhotoclectric threshold mey supply us with a means
for meesurirg ihs magnitude o

= ST | [ - o
the electrer znd ite nmolegule(lZ),

S¢ far the effect of thc Ireguency of the incident

[

ligkt hes Teen discussed not considering the ststs o

(4]

(12} The Fhitlosophiccl iagzazine, December 199z gi¢e3,
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Prnotro Errcrric Emissiox

The first plece cf work lJone azlong this line was by Zlster

Th

and CGeitel who used & liguid 2lloy of sodiur snd potassium

0O

for the ective substarnce and vhite plsne polarized 1ight

for the exéiting agent. The conclusion they drew from

thelr results given in the roll wing teple{l3) and plotted

r-In fizure 14, was tizat the photoelectric rurrent was 2

maxirur. when the plere of polerization vwee perpendiculsr
to the plane of incicence, end g wmirimum when the plernces
i_were perallely the railc

was sbout 1¢ to 1.

! C R e 2 S - 2 -l e .
anzle cf incidercs, ligznt zols
, 5.0
in dezrees. in plare o
¢ 25
Lo .8
o ~ -
hd LI I ] e
- . - S
-I_",a’ woe —:.H:

)
1 EN]
»

1
Cr
N = i

~-T
.

[
4%
[AH
I

E0 27.6 1.26
60 ESO{’ 1051

1Z2) Allexn, FrcotelizcTriznity, P2 122,
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Proro Erecrnic EMIssion

From the above table it is evident trat the maxirum value

ot
[0
jo

fof the current occurs at 60° when the light 1s 2o clariz
. an: angle of 90° te the plane &f inecidence, The formulsa

e

ggested for giving the relation between the photoelectric
3¢urrent I,and the angle a, between the plenes of Incidernce

Pand polarization was the followinz,

I =4 cos® a + 3 sin® =

%fhere A and B are constants,.
?3 ® conclusions that were drawn {rom the fore
:of work were the followings

.l. "jight polarized perpeniiculsr to tre plarns <7 irciisncs

causes tie griesion of uere{us to S0 tinzc 2g unlj

[14]

negative electrons than liznt polarized yparzilel
4 to the plane
- .
E2, "the maximum veloclties c¢f tiz slocirons ars 7ot
the same for Loto ypesiticms ¢f “rs planme ol ~cloizailon.,
"the number ¢ elsctrors wits = veloeclty Zzzs <han
the maxirum isg grezter 10 fne glissne of -colir zotlon
'+ - 3
p: is perpencdiculizr to thz znlerns o Lrncidsengs Thonm 17

it is parelici e thet lors,”

ra

T o L T T T




:bsorbe andithe.photde:ectric current’ is; 1ndependent of

”héfangle of 1ncidence i “the electric vector is at an

.le of 9G° vith the plane of incldence as shown in
curve DC but if the electric vector is parallel to the

lanéjbﬁ.ingidence, itjvgries.with the ‘angle of incidence

aﬁiéhpﬁﬁ:lﬁqcurve ABcfﬁﬁiﬁhiindicates that if the electric
éécfbf ié pﬁrallel to thé.planeof incidence, & maxizum
qurrenﬁlocuurs &t a wavelength of 400 u u, Tals phenocwcnon is
alled the selective photoelectric effect and differs

for different substences.
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Puoro Erecrrioc EMission

B .Influence of Intensity

A If light falls on the activse substance of a
pnotoelectric cell, it will liberate electrons whose velocity
depends on the frequency of the incident light, and when
electron receives enough energy from the incident light

§ ta overcome the attraction of the particles around, it has
leave the surfzce; therefors if the intensity of the

light is increased the excess energy goes Into increas:zing

the mumber of electrons that leave the surface,

Elster and Geitel investigated the relation
etwoen the intensity and the number of electrons emittzd
d found that the number of electrons varies directly

with the first power of the intensity.

A little after the work of Elster =znd Geltel,
Lenard reasoned that if the currert and intensity are in
direct proportion, their quotlent E/I = current/intensity

hould remain constent and on investigation he found that

In order to prove that inhe varistion is due
gto the change 1In the intensity of the light, Ladenburg

Imeasured the current against the voristion of the gangla-




huS-proving Lenard's reasoning,

g

ibhtmyer, having in mind to find whether the quotlent
.gf the current and intesity 1s a constant over a wilde
;?é§§é~of light intensity, messured the current very accus-
-S;étély and used a very wlde range of intensity. Fils results

are given in the following table(14) and plotted infighte 16:

:§.stance of illumination
arc from cell, in foot candles,
,10 00 19
§ 5.00 3¢
5 50 63
4,75 84
4,00 118
3.50 185

3400 210
2,50 304
2,85 75
2.00 475
1.75 620

1ncidence. The results he came out with were that the

current divided by the angle of incidence is & constant

photoelec. gurrent E/I
amperesxlQ
. 5.9 .210
Se7 220
12.5 278
16,4 280 |
2246 1 2EQ 3
31.4 +2EE
S3.8 250 ”
2.6 250
79.5 258
g7.5 «258
122.¢ +280
1€0.0 262

if14) Allen, Photelectricity, P 1lE7.
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; Béfore an electrdn.leavéa the surféce'of a8 pho~
*_oéiebtric active substance, 1t should absorb from the
q;dgptibeam?of light a quantlty of energy equal to

]

: q
?ihqrg;h.= plank!s constant,

- hig =.the freguency of the incident light,

herefore the total smount of energy absorbed by N electrons
111 be ) Q=N hf _

. This gﬁ%ntity of energy should be supplied by the beam
';Qf-light that contains an amount of energy equal to

éjwhere E = enerzy of the source incidsnt upon the substancs,
r T = absorption coefficilent,

g '
B therefore we can eguzate the energy supplied by the source

?ito that absorbsd by the electrones znd zet the useful ’

{;relation . =

B

Khif=

1=]

T {15)

158) Bulletin of the Hational Research Council,
October 1922, P &9,




" Pnoro Ewnsoreic. ExissioN,

i '-"--:'._' Lgacar

e -
Pabvablv s s 2

:  6” Irifluence of Pressure |

The electrons liberatedfrom a photoelectric Qétive
.:__Eiti‘zf':t‘;ﬁ_cie_f'_iﬁbvei in straight lines following the strain due to
_?thé aﬁﬁlied'electric field provided they'are”produced.in
f?#aéuum. If hoever the electrons are liberated under
ﬁ?ﬁ?éssure, the path and conduction of the current are
;gdifferent and are affected in many ways by the zes in’
.ithe_ceil. The .elsctrons after leaving the active surface

¥ become attached to the molecules of the gas thus forming
;fions that move with relatively samall velocities, If the
%ﬂliberated electrons zo out with a high veloclty, they very
ésoften produce ioneg b7 collision, and therefore increase
E?the conductivity of t-e zas, Z2efore cutlining the work
%fthat has been done slong that line it may be well to state

’ that the photoéiectric current 1is conducted in three ways:
1, "by the elctrone literated by the ultraviclet 2liznt."

2. "by the ilcns formed bylthe adhesion of -gaseous molecules
to these electrons.“ |

;_5. "by the ions produced by collision.”

Staletow, using an arce lamp for a source and
3 z P

8 ‘ _ :

§ two mstal plates the distance between which could bhe
ﬁfmeasured accurately, mesasured the photoelectric current

};against the potential ¢ifference applled for different




betweenf'heﬁp

1ates._iﬁ

"TheVSame'1nvest1gaéér{ﬁéésuréd the changes of

e current against the pressure keepina the potential

_difference constant, Eis results are given in figure 18,

me figure l@ we obsqrve_phgt%gthhetpressure 1s 1ncreased,

p to a certain maximum valﬁéf;ithe current inereases and

chen decreaseé. .The pressure at which the current is a

Lmaximum 1s called the"criticallﬁreéfure“ at that potential

difference., The value of:the eritical pressuremay be
determined from’the relstion,

¢ P 4/E =

-where P = critical pressure in mh of mercury.

d = distance between plates measured in cm,

12)

= applied difference of potential in volts.

;K= a constant. ' .

It was mentioned that in the presence of =z zas

& g

f the current is conducted in three ways, therefore if the
;pressure is decreased to the extent where the free path
of the electron becomes equal to the distance between the

léculed, no ions will be formed, and the conduction of the

[

urrent will depénd on the electrons alore., Therefore

Me expect the . Jprent to dec?6gg§5'
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Thetvarietion of the photoelectric current M)
1th potential difference depends net only on the pressure
fof the gas in the cell but also on the nature of the gas .
Ebecause the molecules of some gases: are different in pro=-
erties from those of anot er gas._ V&rley studied the"'
;verietion for air, carbon Qioxide_zand hydrooen.‘ His'e:

‘results are giveniin figure 2C.
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ﬁ'aI“caae over

."Thie was not '_."ound po e thel,

1ong range of temperature variation but that the photo-
}

electric current remains constant in value untill a tem

perature of BGO®A when tht;purrentgstarté"ih¢?e981n3

very rapidly, reaching afea}ﬁfafioﬁ poiﬁﬁ-af*a‘certain

temperature depending on the wavelength of the exciting

Warner(l6) using very ellaborate pleces of app-
aratus and under the most favorable conditions obtain ;a
very accurate readings of temperatures end photoelectric 7
gicurrents, hls recsults are plotted in figure 21 for three e

. different wavele gths. The same 1nvestigator measured the
current as effected oy wavelengtn for different tempereaturcs.
i These results sre plotted in figure 22 which shows that
the "long wave 1imit" did not change appreciably, so that

the 8lectrons escaped against the same work_function

for all temperatures,




g

s e

g Sigine wagunl sny

iy

b p ety v - —

i

e
fiingry

1%

il cfly g

i

1371
T

T
-

1T

T
T

T
1

iy

T

T

St

I

Tt
4
It
T

-

-
a8

H

| i
1T

TII

1

mad i

T

T

TR

PR N

T

N AR

-+

T

1

4+
L




ywan TT povy T  ammae: T T T 4 91 MY Yy pep— T T "
HEn Tt RSN VNI pm v b M A 1 T 33 1 T 4 H 1 L
1 12 - I 1 ] 14 B v ey bl he DRSS FREaN I EE T
T t b X 1 14 I I I H AR Frpa T
i T 4 ma t i
T
17 1Ty N 1§ B L 1 1
: Err T Y : oh omAMH dans 4 SpaniEn]
" 1 wh o i : s o
19 Ry 1= T
1 t T Mp
i 8 rueay e =1 Pt T it 1
Hr s bLnt b Hpet 21
1 u . pis 3 = !
=t
T . L] T T T
I 1 1 Ly 1 4T T T3 i 17
T i et ' L :
t Y T 1 T s  w——r Y
T T T 1 T T g B b T I H
AR 1 T I La B 1 T 1 I {ERAN T
M T - T + T iy 1T H
mm e Y T T T .
b o g ) B
’| 1 " 1 i pmi b L H il R Y s hinid iina piall
T i T L ) 1 Ly T HEDE P B hd ol e
1 i . 1 Tt namms T s
1w p peliod R I pr T
T T ry b H 'y I i
" S = ! oy ii =
¥ 4 h 1 1
" T LI T "
i i i LY AR Lmm + n i e
T T LR " T B R A
B M
I t " " ' z
T T 1 T :
| Y s t 1 l
I Ly e B } H = y
VR P 1T T m "
H T T
+f ; T . " : apas =
o T | Jul —~-
| TR T
T T oot -
T
e By
i
-~
i
1 "
HT By
By
m 3
HIw
HE
.
™
.y
T T
¥ T
A4 T
T pi
Tt
t
chay, Lo
-
b
™
T ~
T 1
-+
T
1
s ik
T
¥
+ rarn
11
‘ T
'I
e

T ——

+—
= T

e

E I
——

4 '
T H
- t

1 i
} !
T T
=
I
#
T

=i~

gl iy Ay

i

ud it )

I T
.
-

pi

r Fei
i g 1
s b =3
by f s i tatadas stz laiz i ;




 Proro Ernecrric EMIssioN

Nielson{l7) sﬁudied'thé Qériéfion of'the photo-
fjelectric current as affected by tempnrature up té 400°G.
%;The current was measured bjﬂgéte of deflection of an
;felectrometer. .;he sctive metal wes alumlnlum which,ﬁé;
;Eheated to a temperzture of 400°C and then cooled sléﬁiy
??:zé‘at definite intervzls after the cooling, éhe current
jIWas dotermined by the electrometer and the temperature by
;fa thermpcouple. . The results of the experiment show that
?;the current remains constant,for wavelenzgth=2537 A.U.,

rztaire

"

L vet ween the teripe Geelt with, namely, 1002 and

F-400%C({18), The resulte tre glven in the following table:

current., Time in min, 2fter currant,

??Time in min., after
cooling 1= started,

E coolin~ is started,

B
el S M

i “‘

A

- 110 £8.20 120 28,13
111 25,18 121 25012
112 2E.25 122 28,15
113 55,14 123 £8.10
114 £8,11° - 124 28,13
115 £8,13 125 £8,15
118 £8,12 126 28,10
117 28,15 127 £8,20
118 28,15 128 28.12
119 28.14 129 28,14

(17} The Pnyfical ievmen, uanuary 1925, P 20,

18) L1

.1_‘

-
4
A

P 39.




Proto ErscTrio: EMission -

E Influence of Electric'and Magnetic Fielda'-- &

I ‘Influence of electric Fields
Up tc the present time, we have seen that the

Fintensity of 1llumination affecte ﬁhe number of electrons
;;leaving the active surface, tpegfrequency.of thacincident_
‘fitght affects the veloclty of the electrone, pressure affects
the velocity-and the number of electfons leaving the surface,
heat has no effect untill a_tempereture of 800° A is

}ireached when the current goes up very rapidly reabhing a

i point of saturaticn,

Now we want to see what the effects of electric

Efand magnetic fields ares on the photoelectric current.

é’k thorough investigsztion of the subjeet was carried out

.' by 7. S. Huxford(1S). The tube he used was a heater .
;}type radio tube number A-IV, He applied 2 certsin | L
t%éaccelerating potentizl and measured the photoelectric current
?against the wavelength snd repeatsd the messurements

t;for the same range of wavelength for differsnt acceleratingz

E potentials, His results are plotted in figzure 23,

gUsing the above tube, fuxford measured the frequency at
;which emission starts as he varied the applied accelerating

_felectric field, He found that the threshold frequency

i(lgj The Physical Review, Augugf_l, 1931, P 379,
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' decreases as 1s-shown'1nlfigufe_24. Th1§ is to be e#ﬁecﬁéd
because before an electron leaves the:#ﬁrface it shbuld;-
?:p69688 a certain amoﬁnt-of kinetic enefgj;'and the'maéﬁ]f
;“6f the electron being constent, théﬁ'tﬁgfﬁelocity fhéﬁgié.
'apéngd to supply the eleétron.withméhsugﬁ:kinetic:éﬁéﬁé;bm_
. determined, Therefore if the applied potential 1is

low, we shall have to depend upon a.high.frequency to

accelerate the, electron, whereas if the accelerating,

b potential iz high, the frequency required will be a little

lower,

Lawrence and Linford(204 using adcelerating electric
iifields as high as 63000 volts per cm. obtained 2 somewhat
;;quantitative relation between the accelerating field applied
ksﬁnd the threshold fregquency, They used a potassium cell |

of emall dimensions. The cell wes baked at 500°C for

12 hours: Their results are given in figure 25 which

ﬂéhows the relation betweén the frequency and the photo-

electric current per unit light intensity for different

.igcéelerating fields.

Eihe potentials used in determining the curves of figure

’25 were;

g (203 The Physicsl Review, Augustl, 1930, P 482,

-
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Proto Erecrric EMission

AL

g ‘.‘-‘\_-E_

Curve - - o Voltsiper cm,

A - 63100
B 36200
- c 221200 -
D | 15800
N B 9000
F 3100
¢ o 1000
H | 260
I 0

f The important result that the investigators drew from
k. this plece of work was that "the shift in the threshold
Eifrequency was not proportionai to the strengkh of the

P rield, but to the square of the field,"

The sbove relation between the shift of the
'E¥threshold freéuency end the electric field may be resached
;ﬂby the following cimple reasbning(2l):

E 1ot x = the distence of the eletron from the surface.

| Ei= field produced by elebtron.

: e = charge of electron,

%;then : B, = = e/(2x)° = - e/4x° (1)

;the potential of the field would be

E (21) The Physical Review, August 1, 1930, P 490,




3 % | o | _
3 ) _ 4.2
F Vv, & . ,[ By dx = ..)f'L e dx/4x” = ~ e/4x 2
if B, = applied external accelerating field
i then the potential due to this field at a distance x would be
: -~ : .
Vg = = Eg x
ther efore the potential resulting from the two flelds would be
N V= - e/dx - By x {3)

to find the maximum potential we eguate the derivative

of (3) to zero and get

~dv/ax = E= - o/4x° + E_ 3 0

/2
3 x(max.) = 1/2 {e/B;) ()
E? substituting (4) in (3) we get
1/2 1/2 1/2
- V(max,) = - o/t 2(Ex/e) - Eg/2(e/Eq) = - (e Ey) {(5)

If equatios(5) 1s pliotied, 1f would gilve us curves that

are cimiler to those of figure 25,
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2 Influence of Kagnetic Flelds

The electrons present in an atom may be divided
iiinto 6 classes(22). |

‘ifl. Nuﬁléér electrons,

¥ 2. Free or cunductivity electrons.,

?_5. Dispegsional or emission electrons.

4, Valency elcctrons.,

E-S. Photoelectric electrofgsy

¥'6. Revolving electrons.{present onlj in magnetic substances).
; Some scientists believe that the dispersion and valency

}' electrons are identical, but ther is not any conclusive

¥ proof to suppert thst view,

It is very well known that the photoelectric
and the revolving or magretic electrons are the szaus
3 because the magnetic and phgtoelectric propertiés ol zn
+ elementdepenc on iis chemical state of combination, arna
i-therefore if vwe suppose that photoelectric and magnetic
? electrons in = fc:fomagnetic substance are to be idsntilisd
% by the valency elsctrons , them 1t mighﬁ?%Xpected that
%jmagnetizing & subestance might- have an effect on its

f}photoelectric properties,

22(22} J. He J. Poole, Pnilosophical lKagasine,
] September 1921, P 339,




glit‘migﬁf.bhgstated.théﬁffﬁsiéﬁggéstiohs'of the origin
f?of'the.photoelectric eledtrbn have been given:
?Ll;ﬁgTheiphotoelectronsis diberated from the nucleus,
_':;_fﬁhe-photoelectfonis a]freé;or conductivity electron,
i The first suggestion is s remote possibility because the
; only substances found to ejéct electrons from the nucleus
E'are radioactive substances and then the velocity is so

1 great that changing conditions have almost no effect
5 9931titAnother thing‘that disproves the first possibility
is that in all cases observed where an electron leaves

il the nucleus, therghes been detected a change in inz aztouic
] welght which is accompanied by a change in the chemicsl

and physical propertises of the substahce,

“he support of the second possibility is that
the photoelectric activity of an element hes a connsctilion
with its chemieal properties, that is "the morec clhemicolly
i electropositive the elément is, the more active it is
| photoelectrically.” The objectlon to this possibilits
is that no comnection hes been detected between the
photoeleétric activity of a substance and its electrical
.;'conductivity; and change of temperature which iz mown %o
. affect electrical conductivity appreciably, was found to
have no effect{within certéin limits)} on the photoel;ctric

electron emitted from a metal in a vacuum.
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Proro Evrcrric EMission

VIIT Patigue cue to Photoelectric Emission
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A fact thst nes &lweys been sssociete
Photoelectric emiscsicn is & change in the sensitivity

of the puotoelectricelly active subszince with tiue.

he greater majority of investigators in thic T
-\".

that there is no change in sensitivity if the zctive

substarce is placed 1z 2 very high vecuum, Zut il The

gtance 1s under pres:sure, many things z=ffect Tz zens

L P P ERre FoRN - =L [ %
such fhinge as the sizse of thie veegsl, ite shzye, the
- o P . LR £
s e 1 . e i~ - A s - == =
pregcoare Qb tie ze Anzize, the mature of 4 =8, Tz
o - - + e -
inzrziisnte in the c:ze, tlln chiemIczl

activity of tng sctivs subcstance, tne way T7e £otive

3 - o - = o 3 — - - - X -~
suhevances 1s prepared, tos time tihst Lnze zlevecd aoim
i - - hx - Tt . T — - - -
tne preraration snd tre use of tIe sculivs suvstances,
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A phenomencn thzet i
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is eonetring very cifficult tefind sn exploinevicr to,
L3 5T L J - o T -~ P -
especlai_y 1i the iomin: T0 e cbserveld or zZessurtld, gtuch
- - - . = ]
us current or pressurs, ls very emsll,
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Proro Enscrric Emissiox

cnemical change such &s oxidation of the surfsce{l).

|
>

phyeical changes of *the metel iteclf, =zs,for example,

roughening of the surfaces{f).

jarl

. . - st 4 I R B T A nd
3. a1 cisctrical chainzs in thz Tforgmution ¢f i zlectriczl

Jouble leyer(Z).

-'-‘"\
T
4, A change in the surfece T1lm of sos, or in the gse
cocluded in tiie not=i{4).
Kreusler investigceted the effect ¢l Zisnt on
vhotcelesctric fotizue and czme to ths reeuvlt izt fatigue

depsrds on the sctlon of the Ccliraviclexr rarsz om the suriso:

Lo b e ha R O PUR L I . [ - U B i P T
cf the IzsthoGe znd that fari-ue 1e proporticn:=l to the
- . P N » ] ES - - - 5
curzticr eof the 1lluxminstion, Lis resulite srz ziver in

I mLamvELs
inl‘:ial ;._;- i -_C-:_
after € zin, 1In daransse’ 1.5 i
eftzr & nin, in 1izgss 1,5 it
effter € 2in, in Jarinecs 1.2¢ i
after 5 ~in. in li‘:;...ﬁu 1'(.’2. ”

- |
-
c‘:

after 5 min, in Garoiess,

after 6 xin. in

i._l
s
Gy
[}
)
cl
O
-
r
n

(1) riorlerch
(2) allen

(2 Lensrd
{4) nallweche




Prnoto Ernrcrric EMmissriox

tellwechs, &8s 8 result of an experirent vwhore
reuslts ars given in the folleowing tuable came to the con-
clusicn that the percentage of fatigue does not depend on
the illuminetion:

percentage Ietiguae

in 1ight 4 75 =8 TE
in derkness 44 £1 g ~4

ct
(S
':q
L]
o
4
'.J-
[ -
[
o
Ne
AV
ct
[N
O
=
[ N
]
Fi
[
]
v
Ly
[}
i
i
h
|
r
1)

kany experimsnte were periormzld I¢ “igcover Uiz

relsticn ksitwsen thne sire of the conbuining vereeel znd

fatigue. The rssulvs sre zetonlclhilingly comtrsiictory
to one znotner oDuit the Lelisf st thno prooert Tioz leTozgi
" the rots gt which Tutiocus rrocesds dimintines it dhe
size of {nz corntairing veszesl''(3),
Lydrogen Lee ne silset An produeins Jrtlas
In ezrteln meitzls but has o streng sflzet on 7ire,
Qzone snd chlorine wohiVe &8 nTvorofen CQEE TUt a7 VEDY
strerg elifsctes in preduatins fatisus Lo sems matile,
Schwelcler, rezllwachs, Ssizsyice #ni Allen,

Sl PG e ——— e .
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Allen: found, experimentslly, the relsztion

-4 .

between the time after the metzl was polished

the decay of the current fellows an exponentiz

a view that was supported by Schweidler., The result
. .
Allen sre given in rizure 6.
Robinson, J., investigated the fetizuz of
and alluminium polished by steel and plsced in = very
rizh vecuws(€). His results Tor zine arye ziven inm U
following tavle anc plottel in fijws 27,
oy = o
frech elzctrode. electrode aiter being zitctr ELCET
SXposel tTo Iiznt ior wein oset Icl
£ min, a2t + 10 volte, £ omir + Y6 v,
time charge tion CoATSE Tims CIErsE
30 <0 e €3 Ie oz
60 T4 £¢ Ta e c¢
o0 79 2y T T €4
120 7S 120 =10 ik Te
150 sl 154 T4
'-‘,ZC. v
210 Te
(8) The Philosophic:l ilsazezine, Februsry 1912, ¢ LEF
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Proro Eusorric Emssion.

esults with zinc shoﬁ that theefresﬁ-electrode and
"that exposed to light but maintained at 8 positive po-:
_of 10 volts did not-show any fatigue or 1n other

orde-that ‘the rate of chargina was the same. On the other

t zero potential, 1t showed = decrease in the rate of
harging proving that the metal wes fatigued,

ot nien'& results for aluminium are the. following. They

L Are plotted in figure 28,

fffeeh;electrode fatigued electrode recovered elec,

when ‘the electrode was expoeed to ultraviolet light o

efter an sxposure of after rsst of
S5 minutes 5 rinutes,
charge time charge - time charge
1786 15 23 15 176
201 20 56 30 206
220 45 - 101 45 218
230 €0 114 &0 224
241 O 13¢ €0 250
254 120 - 145 120 261
2€0 180 1e6 o 1s0 | ze9
271 240 : 178 240 274
271 200 196 300 274
2271 Z€0 208 360 278
420 215 420 278
480 224 480 280
540 2038 600 2886
€60 £35
€EQ . R39

720 245
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The results obtained by different experimenters
ars out of egreement and sometimes contradictory, that
s because enough work has not petibeencdone along this
line of photoelectric emission, and the :ittle that has
ﬁgg? done is not guantitative at all, therefore it is not
yet definitely decided zs to what the causes of photo-

electric fatigue =re,
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50 - Lo
IX Theories of Photoelectric Emission

Inspite of all the experimental work that has
j been done to-studyithe behaviour of photoelectrically
”gﬁctive substances and discover the different laws that
govérn them, not much 1s known about the cause of
icyﬁhotoelectric emission and a satisfactory explanation
thet may be pit in the form of & law has not yet been
reached. Not one of &1l the different theories and ex-
planations forewarded by the great physicists accounts
completely for tie phenomenon, Ivery one-of the theories
explains sore cone or more phases of the phenomenon ana
fails to explizin cthers, The tenderncy at the present time
is to support the theory that explains more things avout
the subjset ard feo 1y end group the differnt simpler

explanatiorns uncer one blg zeneralisstion.

Up te tne present time ro explanation hss
been sble to prove the nature of the slectrons emitted
by the action of light., The greater part of the suz:cstlons
etzte that tiie wwivelectric electrons zre of the zame
nature as txs conductivity electrons that is electrons
to which the electrical onductivity of wmetals is due,
One support cf the ghéve view is the i‘ollovfing: the
{ light incidernt on a surface consists of an electric and
a magnatic victor at right angles t§ ezch other. The

speed of the conductivity electrons may be increased

by the action of the electric vector to such an exztent




;.. PEoTo Ergoreio Burssion

againet this explanation thers sre two drawbacks: the first
‘;.is that in a high vacuum, the photoelectric.current is
%'Independent'of~the temperature, a fact that the above
explanation does not account fory the second ls that '
experiments show that the photoelectric current is,

over some- range, independent of the intensity of the light.

’

4 - .
- The fact that an electron leszvinga surface

requires a certain amount of energy necds an exﬁlanation.
One explanation may De; the astom under the ecticn of light
bacomés unstable and therefore ejects éleétrons that

are supplled by energy {rom the inciaent light thru

the atom and therefore the action may te grouped under
redicactivity, This view does not acccunt fo¥ the fact
that the energy involved in radiocsasctivityls Iindependen

of externsl agenciss,

A second explanation of the rhenomenon is

afforded by recsonance between the incic

4]

nt light and

the electron that is assumed to have o dzfinite period

of vibration., The enerzy of the incident 1ight increases
;jthe amplitude of vibration of the electron and therefore
'?'its velocity. When the electron ecgqulres encugh kinetic
energy , it overcomes the attraction of tne surface

E and goes off, The great difflculty that this hypothesis

k- has to meetis this: the velocity of trhe vibrating

S oA L Am——— L




Proro Enrorric EMigsion

i:éiectrcn”iﬁcreases untill the energy is great enough

l to overcome the attraction of the surface, therefore

fL;he electron should leave with a velocity of zero, But

; the fact that the eleciron leaves the surface Wwith a re-

4;asonab1y large velocity shows -that 1t acquired that velocity
‘gaging the last half vibration, a ressoning which throws

. the above theory off its feet due to the fact that half

T?‘a vibration of the incident light is known not to contain

» an amount of energy largze enough to give the ordinary

} escaping electron that velocity.

Einstein, usinz the ides of the cnﬂr:y of
E.plank's guanta put a kinetig energy theory on mathematical
bases, If m represents the mass of the electron and v tae
the velocity of:the electron after it escapes, then ‘
1/2 m v° ' =
will represent the kinetle enzrzy of tne electron,
b The aboyve emount of energy should be egusl to
L f-p
where!. h = planxk!'s constant,
.f = the freguency of the incidexnt lizht,
s r

& and P = the energy the electron lecgses in overcoming

the sttresction of the surfacs,

—
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Experiment 3 July 6, 1932,
Object- To study the effect of different parts

of the spectrum on the activity of sodium,

© Appsrstus- { Fig, 33 ) _ s
??\R- Arc lamp as source, 250 watts. |

L- Lens to produce aéproximate pdrallé;-rays.
G- Diffraction grating, 14460 lines/inch,

C- High vscuum sodium cell, .

S~ Spectrum, length 30 cms.

V- Voltage supply, 110 volts.

K= EKew,

D.,K.~ Darping key.

G Galvenometer, Sensi.- 0.0024 microamp./mm at 1 m,
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- 94w

Dato-
Deflection due to dark current at 110 volts = 31,5

- 'co%br totalgﬁef. . \gﬁlldégk current'_:
“ red 36,07 4,57
%T?x\orange 37435 : 5.85
; yellow Z8,12 6,62

green 55,07 3457

blue ' 33,45 1,95

indigo 55.4 0.9

violet &5,17 2,67

white &0 : 2845

BEesultc~ The effect of different parts of the spectr um

upon sodiun in decreasing order zre:

indiro
violst .
green

blue




. Pamoro: Ereorrio: Exissio

Object- To study the effect of chenge of temper-
e~ ature upon the activity of & photoelectric

substance,

nppératus- ( Pig. 34 )

8- Source, incandescent lamp, 220 watts,

C- High vactum sodium cell,

T« Thermometer,

G- Gelvanometer, sen.- 0,0024 microamp./mm at 1 ﬁ.
Y= Yey.

D.K.~ Demping key.

V- Source of e,m.f., - 10 volts.

W- Jlater,

E= Bumsen burner.

O e

Experiment 4 July 10, 1932,

2t
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Data-

A
tempeTrature

in °C
u_;zg
37
~ 40
47
51
54,5
58
6245
66,5
69
71.5

7645
79,5

B
deflection

27.5
26.8
28.2
28

Results- Plotted in ( Fig. 35 )

Proro Erecrrioc Emission

C
temperature
in °A

302
310

313

320

324
327.5
331
335.5
339.5
342
344,5
346
349,5
552, 5
358
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Experiment 5 - © July 17, 1932
Object~ To study the Bffoct of the state of mage
netization of iron and its photoelectric

Eoe e

activity.

nppargtus- ( Fig. 36 )

K- Keys,

D.K.- Damping ksys,

B Baftery of 2 volts,

Gy Galvanometer in series with photoelectric cell,

P~ magnetic pole, areal? squere cms, distance
between poles £ Ems, polished by file then
sand paper,

ot Electromagnet.

I- Pasper insulation between pole and yoke to
prevent short cercult,

Sl' Source of e, n., f.-to magnet coil,

3« Source of inciden£ light , arc lemp, 12 cus
from pole, &t an angle of 45° to line joining poles,

M.8,- Legrnetic standard, 100 turns, 33900 lines,

E~ Exploring coil, 21 furns,

G,.= Galvanometer to compare-currents in exploring

2
¢oll and in cell of magnetic standard..
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at /77
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SEr.
5\£5hw4uyév

( Fig. 326 )




ﬁﬁte-

The “strength of the magnatic field was measurnda

-by comparing the deflections produced by an

Mi€exploring coil of 21 turns and the magnetic |

Tstandard of 160" turns and 53900 lines'that gave

a deflection of 28.4 .cms,

The leakage current in this.case.wgs due to the
increasing voltage applied to the cdil of the
magnet ,even though the coil was insulated from
the poles, When I touched the coil of the
magnet, the galvanometer decreased its dsflec-
tion showing that the leakage current was due

to the voltage applfed to the coil,

Data- The megnetic standard of 100 turns and 33200 lines
gave a deflection of 28.4 cnms.
A B C D 7
def, due GeT. due  ledkage figla net def,
to expl. to photo. current strength due to photo.
coil, + + leakege at wol, = ) current,
1000 oh, current. applied, 33900x10Q0A
X284
2 2 2.3 113680 .2
4,5 6425 5.95 69682 .2
5 9.5 9.25 26946 o15
6.5 10,5 10.35 £8420 25
10,5 11,5 11,3 25578 '3
20 13.7 13.5 113268 o3
Results-

Plotted in { Fig. 37 )
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TN - Are laﬁp:as source, 260 watts.
I~ Lens to produce approximately parallel rays,
G.R=- Diffraction grating, 14460 lines / inch.
C- High vacuum sodium cell,
3- Spectrum, 8¢ cms, from grating,
G- Galvenometer, sen.- 0.0024 microamp./mm 8t 1 m,
V- Voltmeter,

P= Potentiometer,







Theory and procedure~ ..

If mw is the mass of - the electron and v 1ts velocity |
when it leaves thégéﬁrfach;'then its_kiﬁéti@ieppfgy
will be f C1/2 myR | | . f?
This kinétic-energy is supplied by the incident light
of frequency f, so that

| 1/2 mv® & hf
Jf we apply to the plate a positive potential V
large enough to draw the electrons back and
therefore stop the current, then we have to supply
an amount of energy equael to the kinetik energy
of the electron, The energy we have to supply
is Ve, where e is the charge of the electron.
Therefore 1/2 mv2 = Ve
Equating the above two equatlions we get

‘ | hfi= Ve
s¢o that h= Ve/f
& 1s known, |
V is the positive potential in e.,m.u.necessary to
decrease the deflection to zero,
f is the frequency of the incident lightwhich in
this'case will be the freguency of A part of the

r

spectrum,




A zero deflection can never be obtained due to the

'-1eakage current at the var'ing potential applied

f“therefore the thing that was'done was tg asure tha

dark currentat different potentials and obtain tha

curve of { Fig., 39 ), then the cell was put 1n"the

" beam of light and a certain positive potentlal applied;

now to get no photoeleectrib current does nct meap
getting no deflection, but getting a deflection that
is equal to that produced by the dark current at the
potential applied,

Therefore the thing to do isto apply a certain
positive potentisl to the actlve substance, tnen_
determine frnm-curve 39 the deflection due tn.fhe dark
current at that potentlal; if the deflection comes

out to bt the same, that measns, thereis no photo-
electric .current, if not another voltage should be

tried,
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ﬂ.é,

applieaipotential in: volta.g defl€ction dus to

. s
Py e T .

dark current.

#

Taes
w05

5415

3485

.é,

6425
67
7426

- 7.95

Detew ( Plan s Constant )

s B c
color freguency + pot., to
by produce no
- eurrent,
yellow 2.%%86x10 ;2.volts
0.0000575 «2%X10 to the
O e.me
violet 2.9986x1010
LO0005S .36 volts
W36X10 to the
€ e.M.i.
=27

Resultis- Averasge h = 6,198x10

D
h = Ve/f

2210%%1 ., 592 GOLUETS

1020x2.9986x1

h= 6.000x10°°°

9
+S6X10 x1.59x.000053

0;6

10902, 0026x10

h = 6,299x1¢

-2

10




Experiment 9 : ‘July 30, 1932

Object- To study the relation betwgen’time and the activity
{if' - of a photoelectrically activélhﬁbStance when in

' vacuum and under & negative potential,
™~
apparatus~ ( Fig. 40 )
S- Source of light, incandescent lamp, 220 watts, 60 cms,

:%“ from cell, ‘ |
C~ High vecuum sodium cell,
K- Key,
D.K.- Damping key.
G- dslvanometer, sen,0.,0024 microemp./mm et 1 m,
Vw a.,m,f, supply, 65 volts.

a watch,




230

Y

San, 0027‘“/””"“

a/;r_»r
el
e | + Y -

( Fig. 490 )




Data~

A

G e o ) ﬂﬁ._;;.; L 'ffﬁﬂfﬁié
© o time in min.aftep i deflection,
- .6611 was- exposed . b R

‘t0 light. |
= N - o
5 o

10

15 ,

20

25

30

40

50

60

Results-~ Plotted if ( Fig. 41 )

e

41.95
42.3
40,2

41,2

41.5

- 40,7

40,4

40,7

41
41,2
41,5
41,8
21
40,7
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Data-

Experiment 8

of a photoelectrically

vecuur and under 0 potentlal.

was used,

s

A
time after cell
wes exposed.

Auguét 4, 1932.__

Object- To study the relation between time and the ectivity

active subatance when in

apparatus- Seme as ( Fig. 40 ) but no source of e.,m.f,

B
deflection.

0
5

105
120
125
180
175
15

Results- Plotted in ( Fig, 42 }

28,5
2345
£3.5
25.6
2345
23,45
2340
2247
24,4
21,9
£1.05
22 .8
18.4
17.9
€1.05

20.7
2l.4
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- Puoro Exrgorric Emission

.Experiment 5 August 14, 1932,
Cbject- To study the relation between time and the
activity of a photoelectrically active substance
whén under diiferent pressures and at a negetive

potential,

Apparetus- ( Fige 45 )

S- Source of light, inceandescent lemp, Z(0 wztts at 10 cms,
from socurce.

C- home made brass protoslectric cell,

K~ Key.

D.K.- Danping ey,

b}

Ve scource of e,n.f. 23 volts,

el

G- Galvenometer, scen, 0.GU24 microamp./ms at 1 =,

A& weteh,

T O
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Experiment 10 August 20, 1932,
Objeet= Teo.study the relation Letween tice and the activity
of & puotoclectrically active sutstence wisn under

cssure arnt et e peotentiel of zero,

sure 42 but no sourcs of euar.f. was usc

% =
L2 T i~ P | el b R S R
CIS EZUTIT Lo LS LT CTION .

WES CLlIOEC

C.' .4

= A
z 24

Ty
L]

L]
n

(0
9

e
=

ek

Resulte- Plotisdin { Fig., 48 )
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Experiment 11 Auzust 26, 193z,

Oblect-

To study the releation tetween the pressure

end ithe current proecuced by a photoelectrically
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Experiment 11 Auzust 26, 1932,
Cbject- To study the relation between the cressure
and the currsnt produced by a photoelectrically

active substince.

aoparetus— Same s ( Tig. 43 ), the e f.-used was ZZ2 vy

Detz~ Deflection due to dark current = 1,5

2 Tl
il 7ed
E’cf‘ 7.7
Q0.3 Tal
e -
“v {
CES Tl
< TG
47,z z
5—105 7.:{:
5845 Z
£5 )
T E 2 F
4 S
102 14,2

tee Flotted in ( Fig. 46 )
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