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NZIP 2008
QUESTION ONE: THE PHOTO-ELECTRIC EFFECT

(a)  Describe what is meant by the term “photoelectric effect’. f
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(b) In a photo-emissive cell, explain the effect on the photoelectrons released, if the intensity
of the light incident u En the emitter plate is increased.
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(c)  The diagram shows the metallic element coating of the emission plate in a photo-
emissive cell illuminated with light of wavelength 3.65 x 10" m

Speed of light, ¢ = 3.00 x 108 ms™
Planck’s constant, h =6.626 x 1024 J s

Charge of an electron, e = 1.60 x '°C
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(ii)

(iii)

1eN

Calculate the frequency of the incident light. Give your ‘answer to the appropriate
number of significant figures.
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Calculate the energy of a photon in the incident light. 4 oo t:.r;n--l"«a.dq3 ovn.“'s
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energy = S.HS x IO Cgs f\

The maximum kinetic energy of the photoelectrons emitted is 1.60 x 107"° J. Show

that the work function of the emitter is 3.85 x 10™'° J. Convert this value to electron-
volts.
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(d)  Light of wavelength 4.35 x 107 m is now shown on to the emitter. Calculate the cut-
off voltage for this wavelength. I ¢
(6 €26 x 10 s $00x 10 ) ~(s. Wo.'uo:r
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(e)

Describe the modification that would have to be done to the circuit shown in the
diagram if the cut-off potential calculated in (d) is to be applied. Explain your answer.
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NZIP 2007
QUESTION ONE: THE PHOTO-ELECTRIC EFFECT

A photoelectric cell has emitter plate made from an unknown metal. To identify the metal a
photo-electric experiment is being carried out to find the work function of the metal.

Initially, red light with a frequency of 5.0 X 10" Hz was shone on to the emitter plate but no
photo-electrons were emitted.

(a) Calculate the energy of a photon of red light. Give your answer to the correct
number of significant figures. :

E it
= (c63 x 10 ") (50410 He)
2.0 o 10"y A/cprre.r.:" \lo.\ue
energy = 23« 0 3- (25 f\
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(b) /Site what this energy value tells you about the work function of the metal.

¢ work W‘"’l""" of#z M&Jﬂ/ is qreavzer "We ene/‘q]
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To calculate the work function of the emitter plate metal, the light used must cause
electrons to be emitted and their kinetic energy must be known. The following experimental

arrangement was used to find the kinetic energy of the emitted electrons when UV light of :5: L

frequency of 7.5 x 10" Hz was shone on to the emitter plate.

: UV light
® . &

X

(v)
K
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()  When the voltage is set at 0.80 V no current can be detected. Show that the electric
potential energy gained by the emitted electrons, as they travel from the emitter
plate to the collector plate, is 1.3 x 107'° J.
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(d)  Explain how this arrangement allows the kinetic energy of the electrons to be found.
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(e) Calculate the work function of the emitter plate metal.

L\f e ¢ 4 E,( P‘_/ Corre.c” ‘ror'wxu\e\ oud Su-LSk'L‘*OV.';.'
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NZIP 2006

QUESTION TWO: THE PHOTOELECTRIC EFFECT

(a) Dzjibe what photoelectric effect is.
k

A/ emission o elzc ng ‘&m meA/Suf‘ ce S
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A photocell with a caesium metal coating on the cathode is ‘used to study the relationship
between the retarding (stopping) voltage and varying frequency. Light of varying
frequencies is shone on to the caesium-coated cathode and the corresponding retarding
voltages are recorded.

Light filter allowing photons
of frequency, f, to pass

@°
3

4 (a curved plate
Photons\ | 2 g : S -Mtha

Variable retarding Very sensitive ammeter
voltage, V

The graph on the following page shows the relationship between the retarding voltages and
the frequencies of light for caesium metal.
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Photocell Retarding Voltage versus Fnlter Freque
2.0 :

15

1.0

Retarding Voltage (V)

(b)  Use the graph above to obtain a value for the work function of caesium metal in

Joules. . T
GM "L._ G 'wof_‘l'- i ‘ﬁDﬁCJ\.QVl % '}L-L !j -axis
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A barium-coated cathode now replaces the caesium-coated cathode and the experiment is
repeated. The metal barium has a work function of 2.5 eV.

(c)  On the above graph draw a line to show relationship between the retarding voltage
and the varying frequency of light for barium metal. -

(d)  From the above graph calculate the threshold frequency for caesium metal.

rrou-\ "'LQ pL\ ‘&.l. ‘KMZWU -ﬁiom ﬁ;
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 Frequency = (5 010 1} X lO H
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(e) Explain what happens when a photon of frequency bél
the surface of th ihotocell with the caesium-coated met
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Describe what would happen if light of the same frequency but double the intensity was
zfme ontothep otocell with the caesium-coated metal. Give reasons for /our answer.
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NZIP 2005 : : S0
QUESTION TWO: usces

Visible Light Photons

The diagram shows the hot filament of a light bulb emitting photons.

(a) Describe a photon.

( E o w\onoch‘oma. Y - (Stnqlr_ ‘ﬁ'e?mg‘ or wq\pejg,‘q#\)
QM»\'I'\JM of Ql&‘,*bmqm)\‘; mmq

(b) Explain why red photons have a different energy size to blue photons, by making |
reference to Planck’s law. A 7L

B/ Plonclét Lavs shies that Ha eneryy of o photon 15
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Photoemissive Cell

.V‘
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(c)  The diagram shows green photons of energy 3.72 x 107'° J bombardmg the metallic

element coatlng of a photo-emissive cell. This coating has a work function equal to
318 x0T .

(i) Calculate the maximum kinetic energy of an electron emitted from the cathode.
EX = ﬁ \ \
-9 —q
:(3-'?% (e 3’) — (316 % 10 3.-\

e 0:Serl0 5 A/ correct valua

(i) Calculate the wave!ength of a green photon (speed of electromagnetic energy
¢ =3.00 x 10% m s-1, Planck's constant h = 6.626 x 104 J s).

E-hf - f= E‘l’/\,\
) = (371210 3’)/(6 626 <10 °7, )
A/ = 9-6142 A IOW H= ‘Creq,\eu.m\ correct

: C/:f : lC‘S'OOx !Og )/(5 CI1L2 x IO H%\ M/W\\d wor“l"ﬂ ¥
: { 35.£)

Vo u-i,_-:.
= 53425, 10~ g =5.%4 % [0 ws

(iii) Discuss what happens if the Ilghtsource is exchanged for another which emits
red photons of energy size 2.92 x 10™° J.
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