Champlain College - St-Lambert! Physics 203-NYC

Lab #8
The Photoelectric Effect

1. Objectives

To showthat the enegy of photoelectronslependn the frequencyof the incidentlight
and to determine Planckébnstant.

2. Theory

The apparatusonsistsof a phototubein which photoelectricemissioncanoccur Thetube
is connectedo a variable DC voltagesource.Light from a mercurysourceis allowedto
shinethrougha window of the phototubeandfalls on a semi-cylindercoatedwith potas
sium.This is calledthe emitter. Along the axis of the emitteris a wire calledthe collector.
Whenthe collectoris madea few volts positive with respectto the emitter electronsthat
areemittedareattractedto it andwill returnto the collectorvia an externalwire (seecir-
cuit diagram), thus creatingp@otocurrent.

The photocurrents very small and mustbe amplified by a few thousandimes beforeit
canbemeasuredby the multimeter Thereis voltagecontrolknobwhich allowsyouto vary
the voltage betweenthe emitter and the collector As you turn the knob clockwise, you
makethe collectormore negative thusrepelling more electronsbeforethey canreachthe
collector At onepoint, youwill reacha pointwhereall the photoelectronsrerepelledbe
fore they canreachthe collector This pointis calledthe stopping voltage. The work done
by this stoppingvoltagewill decreas¢he maximumkinetic enegy of the electrondeaving
the emitterThe maximum kinetic engy of a photoelectron is given by:

EVstop = Kmax = hfl !
hf ¢

Yson="

wheree=1.6! 10 " C is the chage of oneelectron,Vsiop the stoppingvoltage(in Volts),

h= 6.626! 10 3 Js planck&constantf the frequencyof incidentlight, and! , the work

function of the emitter This equationsshowsthatif the work functionis greaterthanthe
incident photorg3enegy, the electron cannot escape from the metal.

In this experimentyou will measurehe stoppingvoltageaslight of differentfrequencies
fall onthe phototube Coloredfilters selectfrequenciegrom the mercuryspectrumemitted
by an intense mercury lamp.

Filter  [Wavelength
V-058 579.1 nm
V-054 546.1 nm
V-Y43 435.8 nm
UV-39 385.5 nm
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Schematics of the Planck!s constant apparatus.
3. Procedure

a) Connectthe + (red) andb (black) voltmeterleadsto the + and b terminalsmarkedon the
front of the apparatus. Set the voltmeter to DZVoIts.

b) Do the same thing for the microammetan multimeter set to read DCARO0 'A.

c) Turnthefilter wheelsothatthe desiredfilter coversthe window of the phototubeThenput
the mercury lamp in front of the filter wheel and turn it on.

d) Make sure that the voltage dial is set to OFF andthenturn on the powerby flipping the
switchto ON. Therewill usuallybe areadingon the microammeterSetthe microammeter
to zeroby turning the zeroadjustdial until it reads0. This stepeliminatescurrentdueto
electrical OnoiseO.

e) Turn the photocellvoltagedial to the ON positionandturn the voltage up fully. Record
the current,which could vary between0 and-0.5!A. This is the reverse current, which
arisesfrom photonliberatingelectronsrom the collector The meterreadsthis currentonly
when all the photoelectrons from the emitter have been stopped.

f) Now reducethe voltageuntil you geta readingof a few microampsThis is the photocus
rent,Very gently, increasehe voltageagainuntil the currentreadsthereversecurrent;do it
gently, the currentwill go downto zeroandkeepgoing until you JUSTbeginto get the
reversecurrent.Only thencanyou be surethat all the photoelectronfiavebeenstopped.
Be careful, itQeasy to overshoot and get to@éaa value for the stopping voltage.

g) Repeatthe previousstepthree(3) more times. Recordthe stoppingvoltagefor eachtrial
and calculate the mean and the standard deviation of the mean.

h) Repeat this procedure for each of the other 3 filters.

4. Analysis
a) Plot a graphof the stoppingvoltagevs frequencyand from the slopedeterminePlanck®
constant.
b) What does the y-intercept represent?
¢) What does the x-intercept represent?
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