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May 02

7  Electrons are emitted from a metal surface when it is illuminated with suitable electromagnetic
radiation.

(a) Name the effect described above.

(b) The variation with frequency fof the maximum kinetic energy E, of the emitted electrons
is shown in Fig. 7.1.
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Fig.7.1
Use Fig. 7.1 to determine
(i) the threshold frequency of the radiation,
threshold frequency = ..., Hz

(ii) a value for the Planck constant.

Planck constant = .......cccooeiiiiiiiiiiiicceees Js
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(c) On Fig.7.1, draw a line to show the variation with frequency f of the maximum Kinetic
energy E, of the emitted electrons for a second metal which has a lower work function
than that in (b). [2]
(d) The kinetic energy of the electrons is described as the maximum. Suggest why emitted

electrons are likely to have a range of values of kinetic energy for any one frequency of
the electromagnetic radiation.
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2 Fig.2.1 gives information on three lines observed in the emission spectrum of hydrogen

atoms.

wavelength/nm

photon energy /10719y

656

486

1880

3.03

Fig. 2.1

(a) Complete Fig. 2.1 by calculating the photon energy for the wavelength of 486 nm.

(2]

(b) Fig.2.2is a partially completed diagram to show energy levels of a hydrogen atom.

wavelength
of photon
=656 mm

3.03x107"°J

level L

Fig.2.2

energy above
level L

On Fig.2.2 draw one further labelled energy level, and complete the diagram with
arrows to show the energy changes for the other two wavelengths. [3]
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6 (a) Explain whatis meant by a photon of electromagnetic radiation,

. 12

(b) The photoelectric effect provides evidence for the particulate nature of electromagnetic
radligtion. State three experimental obgervations that support this conclusion,
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{c) Electromagnstic radiation of wavelength A and intensity I, when incident on a metal
surface, causes n electrons to be ejected per unit time. The maximum kinetic energy of
the electrons is £,

State and explain the effect, if any, on nand £, when

() the intensity is reduced to % I but the wavelength 1 is unchanged,

{if} the wavelength A is reduced but the intensity I'is not changed.

4
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State the significance of the Millikan experiment.

In the Millikan experiment, oil droplets were found to have the following charges.
1.56x107'°C
4.88x107'°C
1.64x107'°C
3.14x107°C
476 x107'°C

Use these data to determine a value for the elementary charge. Explain your working.
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7 A parallel beam of electrons, all travelling at the same speed, is incident normally on a

carbon film. The scattering of the electrons by the film is observed on a fluorescent screen,
as illustrated in Fig. 7.1.

glass envelope

/

fluorescent
carbon film screen
beam of
electrons
vacuum

Fig.7.1

(a) Assuming that the electrons behave as particles, predict what would be seen on the
screen.

(b) In this experiment, the electrons do not behave as patrticles.

Describe briefly the pattern that is actually observed on the screen. You may draw a
skefch if you wish.
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(c) The speed of the electrons is gradually increased.

State and explain what change, if any, is observed in the pattern on the screen.

Nov 06
7  The photoelectric effect may be summarised in terms of the word equation

photon energy = work function energy + maximum kinetic energy of emitted electrons.
(a) Explain
(i) whatis meant by a photon,

.............................................................................................................................. 2]

(ii) why most electrons are emitted with kinetic energy less than the maximum.
.............................................................................................................................. (2]
(b) Light of constant intensity is incident on a metal surface, causing electrons to be

emitted.

State and explain why the rate of emission of electrons changes as the frequency of the
incident light is increased.
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5 (a) (i) Explain what is meant by a photon.

(ii) Show that the photon energy of light of wavelength 350nm is 5.68 x 1071°J. 1]

(iii) State the value of the ratio

energy of photon of light of wavelength 700 nm
energy of photon of light of wavelength 350nm *

(b) Two beams of monochromatic light have similar intensities. The light in one beam has
wavelength 350 nm and the light in the other beam has wavelength 700 nm.

The two beams are incident separately on three different metal surfaces. The work
function of each of these surfaces is shown in Fig. 5.1.

metal work function / eV
tungsten 4.49
magnesium 3.68
potassium 2.26
Fig. 5.1

(i) Explain what is meant by the work function of the surface.
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(ii) State which combination, if any, of monochromatic light and metal surface could
give rise to photo-electric emission. Give a quantitative explanation of your answetr.
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(c) The procedure in (b) was repeated for three further oil droplets. The magnitude of
the charge on each of the droplets was found to be 3.2 x 107'°C, 6.4 x 107'°C and
3.2 x 10-19C.

Explain what value these data and your answer in (b)(ii) would suggest for the charge
on the electron.

(1]
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7 (a) State three pieces of evidence provided by the photoelectric effect for a particulate
nature of electromagnetic radiation.

2. ..
3. ..
[3]
(b) (i) Briefly describe the concept of a photon.
...[2]

(i) Explain how lines in the emission spectrum of gases at low pressure provide
evidence for discrete electron energy levels in atoms.

..[2]
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8 (a) Explain why, for the photoelectric effect, the existence of a threshold frequency and a
very short emission time provide evidence for the particulate nature of electromagnetic
radiation, as opposed to a wave theory.

. [4]
(b) State and explain two relations in which the Planck constant h is the constant of
proportionality.
2.

T





