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073.733 Planck’s Constant Apparatus

This unit provides a simpla damonstration of the Phote-Electric Efsct and 4 way to produca a reasonabla valua for
Planck’s Canstant.

Background Information & Other Equipment Required

The photoomissive cell mounted I the unit has a spectral response batwean 185 ta 650 nanomatres, 20 is ideal {dr uss
with visible and near ultra-violot light. The unit requires an Instrument which can maasure the very small currents (of
the ordar of picocamps) protucad by the emission of photo-slectrons from the Casesium-Antimeny cathede in tha lube
8.9. UNILAB Picoammater (017.020), Microamplifier (002.601), Electrometer and d.c. amplifier (003.813) or the Mini d.c.
Eloctomater (003.814). A screened laad (BNG to 4mm plugs) is included to eonnect the BNC sockst on the unit 1o the.

currant measuring instrumant. This helps 1o reduca fluctuations in the reading dus to stray capachance effects as
chjects (hands elc) are moved arcund the equipment when in uze. .

As photons are abiscrbed by tha atoms of the cathode material alectrons are amitted with a maximum kinetic energy
which Is proprotional 1o the frequency of tha incident photons. The current through the tuba can be reduced by a
revarse ‘backing-off voltage provided by an internal PP3 8V battery and a 20K mufti-tum patentiomster.  The backing-

. off voltage can be measurad using a high-impedance voltmeter connectad across the red and black 4mm sockets on tha

unit's front panel. ‘Any digital voltmeter is normally sultable, 8.g. UNILAB Easy-Read Metsr (523.001) with 20V d.c.
Atachment (523.002),

35mm slides containing filters can ba placed over tha cell window on the front panal so that photons of frequencles
within & reasonably narmow rangs are incident on the eathede. With visile light from ardinary roem lighting, the set of &
Calour Filters (070.001) produces rad, orange, yellow/green, green/blus, blua and viclet light. The set of 3 Namow Band
Filtars (011.713) are designed to ba used with a mefcury discharge lamp, and pass a namrow range of vravelangths
around the yellow, groen and blue lines of tho mercury spectrum. (The filters used ara Mord numbars 808 or 203, 807

and 808.) The range of wavalongths passed by the filters, and the reciprocals of thasa wavelangths, are marked on
each glide.

Experimental Setup

Arrange both the picoammeater and the voltmater towards the roar of the experiment. Kaep hands and othar objects’
away from the screaned cable. With the tubo switched off and tha input to tha picoammeter shoited, select tha 300pA .
range and zero the picoammelar, Remove the short from the picoammaeter’s input,

1 Using Vislbla Light and Coleur Fliters (070.001)

Place a filter un the call window, switch on the backing-off voltage and reduce it fo zero, Observe the langa current
flowlng through the photoemissive cell. Gradually increasa the backing-off voltage until the tube curfent is just zero,
Note the size of the backing-off volage required to achisva this and the wavelangth of tha light passed by tha fitter.
Repeat for all & filters.-

2 Using a Marcury Discharge Tuba and Narrow Band Fllters (011.713)

Parform tha same exparimant as abovs, hut in a darkened room. It [s conveniant to arrange the marcury lamp shining

down vertically onto the window of the cell frem o height of 10-20mm. The lamp should be clamped In aratort stand so
that it can be swung out of tha way whan changing fiters,

marcury
vapour lamp -
(if used)
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600 viclet 380 2.60 o7
Marcury lines, 8087203 Hg yellow 577 1.73 D.43
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Theory _ i
The maximum KE of photo-electrons Emax =V whare e = charge on an electron

V = backing-off p.d, for zero current

Also, Emayx=hf-W, wheré h o Planck’s constant

t = fraquency of incident photon
W, = work function (constant for

tha cathoda matarial)
Thus, eV =hi-W,

Thus, V = h"‘ x 1 - constant
. *
So a plot of V against 1/A should give a straight lino whosa gradient = he's,

Thus, h =8 , gradient
c

From the gradionts of the two best-fit stralght lines above, values for Planck's eonstant can ba shown to ba:
_ using colour fitars he30x1034 Jg
using narrow-band filters hed7x1034 )¢

it will be readily appreciated that tha mere nearly the light used is monochromatic, the lower the overall arror in the
experiment. Experiments using spectra and narrow-band filters will therefore give results closer to the accepted value.

Maintenance

Nota that the posilion of the internal battery is indicated on the front panal, Ta raplace the PP3 battary, remova tha 3
fixing seraws and tho end panal. The unit draws approximately 0.5mA, and so the battery should give roughly 10 days

continuous use and therefore conslderably larger F care is taken to switch ofl the unit atthe end of each exparimantal
session.
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