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I Question 1

(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength A of the particle. State the name of
any other symbols used.

[2]
(ii) State the name given to the wavelength of the moving particle.
..................................................................................................................................... [1]
(c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10" ms™".
(2]
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(ii) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

WA = s nmemmmrmmmsmm s ms m [2]

[Total: 9]
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I Question 2

(a) Electromagnetic radiation of a single constant frequency is incident on a metal surface. This
causes an electron to be emitted.

Explain why the maximum kinetic energy of the electron is independent of the intensity of the
incident radiation.

............................................................................................................................................. [3]
(b) Ultraviolet radiation of wavelength 250 nm is incident on the surface of a sheet of zinc.
The maximum kinetic energy of the emitted electrons is 1.4eV.
Determine, in eV:
(i) the energy of a photon of the ultraviolet radiation
ENEIGY = ooiieeeeeieeeeeeee e e nannne eV [3]
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(ii) the work function energy of the surface of the zinc.

ETIEREN = i s i e eV [2]

9702 Physics e Unit 22: Quantum Physics e Question Paper Page 5 of 62


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

I Question 3

(a) State what is meant by a photon.

............................................................................................................................................. [2]
(b) A stationary nucleus of samarium-157 (125 Sm) emits a gamma-ray (y-ray) photon of energy
0.57 MeV.
Determine, for one y-ray photon:
(i) its wavelength
MRVEIEREIN S oo e s e m [2]
(ii) its momentum.
INBINEHDINTS . bt st St Ns [2]
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(c) (i) Using your answer to (b)(ii), determine the speed of the samarium-157 nucleus after
emission of the photon.

(ii) By reference to your answer in (c)(i), explain quantitatively why the speed of the
samarium-157 nucleus may be assumed to be negligible compared with the speed of the
photon.

[Total: 9]
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I Question 4

(a) State an experimental phenomenon that provides evidence for:

(i) the particulate nature of electromagnetic radiation

(ii) the wave nature of matter.

(b) A particle of matter moves with momentum p.

(i) State the equation that gives the effective wavelength A of the particle. State the name of
any other symbols used.

[2]
(ii) State the name given to the wavelength of the moving particle.
..................................................................................................................................... [1]
(c) Electrons are accelerated from rest through a potential difference (p.d.) of 4.8kV.
(i) Show that the final speed of the electrons is 4.1 x 10’ ms.
[2]
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(ii) Calculate the effective wavelength of a beam of electrons moving at the speed in (c)(i).

wavelength = . m [2]

[Total: 9]
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I Question 5

(a) State what is meant by:

(i) the photoelectric effect

(b) A polished calcium plate in a vacuum is investigated by illuminating the surface with light.

It is found that no photoelectric current is produced when the frequency of the light is less
than 6.93 x 10'4Hz.

(i) State the name of the frequency below which no photoelectric current is produced.
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(iii) Calculate the work function energy, in eV, of calcium.

work function energy = .......ccccceviviiiiiiiiiiiieee e, eV [2]

[Total: 9]
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I Question 6

(a) State the formula for the de Broglie wavelength 4 of a moving particle.

State the meaning of any other symbol used.

(b) Electrons accelerate through a potential difference, pass through a thin crystal and are then
incident on a fluorescent screen.

The pattern in Fig. 8.1 is observed on the fluorescent screen.

The pattern in Fig. 8.1 is observed on the fluorescent screen.

edge of screen

Fig. 8.1 not to scale

(i) State the name of the phenomenon shown by the electrons at the crystal.

..................................................................................................................................... [1]
(ii) State what this phenomenon shows about the nature of electrons.
..................................................................................................................................... [1]
(iii) Suggest why the thin crystal causes the phenomenon in (b)(i).
..................................................................................................................................... [1]
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(iv) The electron is accelerated through a different potential difference. The new pattern
observed on the screen is shown in Fig. 8.2.

edge of screen

Fig. 8.2 not to scale

State and explain the change that has been made to the potential difference to create
the pattern shown in Fig. 8.2.

[Total: 7]
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I Question 7

(a) (i) State whatis meant by nuclear binding energy.

(ii) On Fig. 8.1, sketch a line to show the variation with nucleon number A of the binding
energy per nucleon E of a nucleus.

A
E
0 T
0 250
A
Fig. 8.1
[2]
Fig. 8.1
[2]
(b) In one type of nuclear process, deuterium (%H) undergoes the reaction
2H + 2H —» 3He + [n.
(i) State the name of this type of nuclear process.
..................................................................................................................................... [1]

(ii) Explain, with reference to your line in (a)(ii), why this reaction results in the release of
energy.
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(c) Table 8.1 shows the masses of the particles involved in the reaction in (b).

Table 8.1
particle mass/u
an 1.008665
2H 2.014102
SHe 3.016029

Calculate the energy released when 1.00 mol of deuterium undergoes the reaction.

ENEITY = oot J [5]

[Total: 12]

9702 Physics e Unit 22: Quantum Physics e Question Paper Page 15 of 62


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

I Question 8

(a) State one piece of experimental evidence for:

(i) the particulate nature of electromagnetic radiation

(b) (i) Calculate the de Broglie wavelength A of an alpha-particle moving at a speed of
6.2 x 10’ ms™".

(ii) The speed v of the alpha-particle in (b)(i) is gradually reduced to zero.

On Fig. 8.1, sketch the variation with v of A.

A
A

0 6.2 vf107ms—1

Fig. 8.1
(2]
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(c) Suggest an explanation for why people are not observed to diffract when they walk through a
doorway.

[Total: 8]
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I Question 9

(a) State what is meant by the work function energy of a metal.

(b) Ultraviolet radiation of frequency 1.36 x 10'5Hz is incident, in a vacuum, on a metal surface.
The power of the radiation incident on the surface is 8.36 mW. Photoelectrons are emitted

with a maximum kinetic energy of 3.09 x 10719 J.

(i) Determine the number of photons incident on the surface per unit time.

nUMbEr Per UNIt tiME = ..o s~ [2]

(ii) Calculate the work function energy @ of the metal.
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(c) The frequency of the radiation incident on the surface in (b) is increased while the power
remains constant.

State and explain the effect of this change on:

(i) the maximum kinetic energy of the photoelectrons

(ii) the rate of emission of photoelectrons.

[Total: 10]
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I Question 10

(a) Fig. 9.1 shows the visible part of the emission spectrum from hydrogen gas in a laboratory on
the Earth. The numbers indicate the wavelength, in nm, represented by each line.

411 435 488 658

Fig. 9.1

(i) Explain how the emission spectrum provides evidence for the existence of discrete
energy levels for the electron in a hydrogen atom.

(ii) Fig. 9.2 shows five of the energy levels in the hydrogen atom. The wavelengths of
radiation shown in Fig. 9.1 relate to transitions to the —3.400eV level in Fig. 9.2.

—0.378eV
—0.544eV

—0.850eV

energy

—3.400eV

Fig. 9.2 (not to scale)
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Show that the energy level X is —1.51eV.

[3]

(b) The same part of the emission spectrum from hydrogen as in (a), observed in light from stars
in a distant galaxy, is shown in Fig. 9.3. The numbers indicate the wavelengths in nm.

429 454 209 686

Fig. 9.3
The spectrum shows the same pattern as Fig. 9.1 but with different wavelengths.

(i) State the name of the phenomenon that gives rise to the change in the wavelengths.

(ii) State what this phenomenon shows about the motion of the galaxy.

(iii) Use one of the lines in Fig. 9.1, and the corresponding line in Fig. 9.3, to determine the
speed of the distant galaxy relative to the observer.
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(c) The galaxy in (b) is known to be a distance of 5.7 x 1024 m from the Earth.

Use your answer in (b)(iii) to determine a value for the Hubble constant H,,.

[Total: 13]
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I Question 11

(a) A beam of white light passes through a cloud of cool gas. The spectrum of the transmitted
light is viewed and contains a number of dark lines.

Explain why these dark lines occur.

(b) Some energy levels for the electron in an isolated hydrogen atom are illustrated in Fig. 7.1.

T
3> 333>
1l mnn
w O

energy
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Table 7.1 shows the wavelengths of photons that are emitted in the transitions to n = 2 from
the other energy levels shown in Fig. 7.1.

Table 7.1

wavelength/nm
412
435
488
658

The energy associated with the energy level n =2 is —3.40¢eV.

Calculate the energy, in J, of energy level n = 3.

BNEIQY = oo a e J [3]

[Total: 7]
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I Question 12

(a) State what is meant by the de Broglie wavelength.

(b) Fig. 7.1 shows a glass tube in which electrons are accelerated through a high p.d. to form a

beam that is incident on a thin graphite crystal.

graphite crystal

filament
catho{e Eyode
I —
© E electron beam
_ + collimator
high p.d.

Fig. 7.1 (not to scale)

fluorescent

After passing through the graphite crystal, the electrons reach the fluorescent screen. The

screen glows where the electrons strike it.

9702 Physics e Unit 22: Quantum Physics e Question Paper

Page 25 of 62


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

Fig. 7.2 shows the fluorescent screen viewed end-on, from the right-hand side of Fig. 7.1.

Fig. 7.2

(i) State the name of the phenomenon demonstrated by the pattern shown in Fig. 7.2.

(c) The electrons in (b) are now accelerated through a greater potential difference between the
cathode and the anode.

9702 Physics e Unit 22: Quantum Physics e Question Paper Page 26 0f 62


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

(i) On Fig. 7.3, sketch the pattern that is now seen on the fluorescent screen in Fig. 7.1.

Fig. 7.3
[2]

(ii) Explain, with reference to de Broglie wavelength, the change in the pattern on the
fluorescent screen.

[Total: 9]
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I Question 13

Fig. 8.1 shows the lowest four energy levels of an electron in an isolated atom.

n=4
n=3
A n=2
increasing
energy
n=1

Fig. 8.1

Fig. 8.2 shows the lines in the emission spectrum of the atom that correspond to the transitions of
the electron fromn=3ton=1and fromn=4ton=1.
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increasing frequency
L

Fig. 8.2

(a) Explain, with reference to photons, why there is a single frequency of electromagnetic
radiation that corresponds to each of these transitions.

(b) (i) On Fig. 8.2, draw a line that corresponds to the transition of the electron fromn=2ton= 1.
Label this line A. [2]

(ii) On Fig. 8.2, draw a line that corresponds to the transition of the electron fromn=3ton=2.

Label this line B. [2]

(c) The frequency of radiation represented by line Ais f,.
The frequency of radiation represented by line B is fg.
The energy of the ground state (n = 1) is E,.

Determine an expression, in terms of f,, f, E, and the Planck constant h, for the energy E, of
the energy level n = 3.
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I Question 14

(a) Define mass defect.

............................................................................................................................................. [2]
(b) Table 9.1 shows the mass defects of three nuclei.
Table 9.1
nucleus mass defect/u
24 0.002388
H 0.009105
sHe 0.030377
The nuclear fusion process in a particular star is described by
2H + 3H — IHe + X
where X is a particle that has no mass defect.
(i) State the name of particle X.
..................................................................................................................................... [1]

(ii) Show that the energy released when one nucleus of ;He is formed in this fusion reaction
is 2.8 x 107124,

[3]
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(c) The starin (b) has a radius of 2.3 x 10°m and a luminosity of 1.4 x 1028 W.
All the energy released from the formation of 2He is radiated away from the star.
All the energy that is radiated from the star has been released in the formation of 2He

Determine:

(i) the mass of ;He produced per unit time by the fusion process

mass per unit time = ..o, kgs™! [3]

(ii) the surface temperature of the star.

temperature = ... K [2]

[Total: 11]
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I Question 15

(@) (i) Show thatthe momentum p of a photon of electromagnetic radiation with wavelength 1 is
given by

>

p:

where h is the Planck constant.

[2]

(ii) Use the expression in (a)(i) to show that a photon in free space that has a momentum of
9.5 x 10-28Ns is a photon of red light.

[1]
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(b) Abeam of red light of intensity 160 Wm™ is incident normally on a plane mirror, as shown in
Fig. 8.1. The momentum of each photon in the beam is 9.5 x 10728 N's.

plane mirror

-

Y

beam of red light,
intensity 160 W m—2

Fig. 8.1

All of the light is reflected by the mirror in the opposite direction to its original path.
The cross-sectional area of the beam is 2.5 x 108 m?2.

(i) Show that the number of photons incident on the mirror per unit time is 1.4 x 101951,

[2]
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(ii) Use the information in (b)(i) to determine the pressure exerted by the light beam on the
mirror.

PrESSUI = ..ot aee e ee e e eeeea e eee e Pa [3]

(c) The beam of red light in (b) is now replaced with a beam of blue light of the same intensity.

Suggest and explain whether the pressure exerted on the mirror by the beam of blue light is
less than, the same as, or greater than the pressure exerted by the beam of red light.

[Total: 10]
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I Question 16

(a) State what is meant by nuclear fusion.

(b) On Fig. 9.1, sketch the variation of binding energy per nucleon with nucleon number A for
values of A between 1 and 250.

A
binding energy
per nucleon
0 T
1 250
A
Fig. 9.1
[2]
(c) On your line in Fig. 9.1, label:
(i) a point X that could represent a nucleus that undergoes alpha-decay [1]
(i) a pointY that could represent a nucleus that undergoes nuclear fusion. [1]
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(d) A nucleus Z undergoes nuclear fission to form strontium-93 (%gSr) and xenon-139 (1§2Xe)
according to

1 93 139 1
on + Z —> 33Sr + '57Xe + 2n.

Table 9.1 shows the binding energies of the strontium-93 and xenon-139 nuclei.

Table 9.1
nucleus binding energy/J
ggSr 1.25 x 10710
1%3)(& 1.81 x 1010

The fission of 1.00mol of Z releases 1.77 x 10'3J of energy.

Determine the binding energy per nucleon, in MeV, of Z.

binding energy pernucleon = .............ccociii MeV [4]

[Total: 10]
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I Question 17

(a) State what is meant by a photon.

(b) When the surface of a metal plate is illuminated with electromagnetic radiation, electrons are
sometimes emitted from the metal.

(i) State the name of this phenomenon.

(b) When the surface of a metal plate is illuminated with electromagnetic radiation, electrons are
sometimes emitted from the metal.

(i) State the name of this phenomenon.

(ii) It is observed that this phenomenon occurs only when the frequency of the
electromagnetic radiation is greater than a certain minimum value, regardless of the
intensity of the radiation.

Explain how this observation provides evidence for the existence of photons.
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(c) Fig. 8.1 shows the variation of the maximum kinetic energy of the emitted electrons in (b) with
the frequency of the incident radiation.

A

maximum
kinetic energy

0 o
0 frequency

Fig. 8.1

State the name of the quantity represented by:

(i) the gradient of the line in Fig. 8.1
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I Question 18

(@) Aphoton has an energy of 3.11 x 10~12J.

Calculate the momentum of the photon.

momentum = Ns [2]
(b) Alaser beam has a power of 350mW. The light from the laser has a wavelength of 640 nm.

(i) Determine the number of photons emitted by the laser in a time of 1.0s.

NUMDET = e [2]
(ii) The laser beam is incident normally on a surface that absorbs all of the photons.
Show that the force F exerted on the surface by the laser beam is given by
P

F=—
Cc

where P is the power of the laser beam and c is the speed of light.

[2]
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(c) Light of a single wavelength is incident on the surface of different metals. The work function
energy of the metals is given in Table 7.1.

Table 7.1
metal work function energy/eV
tungsten 4.49
magnesium 3.68
potassium 2.26

(i) Explain the term threshold wavelength.

(ii) For the metals in Table 7.1, calculate the value of the largest threshold wavelength.

threshold wavelength = ... .. m [2]

[Total: 9]
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I Question 19

(a) State what is meant by the binding energy of a nucleus.

(b) A nucleus of uranium-235 absorbs a neutron and becomes unstable. It then undergoes a
fission reaction. One possible reaction is

235 4 1 142 90
goU + gh — 'gzXe + 335r + neutrons.

(i) Determine the number of neutrons produced in this fission reaction.

Calculate the energy released, in MeV, from the fission of one nucleus of uranium-235.

ENEIGY = oo MeV [2]
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I Question 20

(a) State what is meant by the binding energy of a nucleus.

............................................................................................................................................. [2]
(b) Table 9.1 shows the masses of two sub-atomic particles and a polonium-212 (zéfPo) nucleus.
Table 9.1
mass/u
proton 1.007276
neutron 1.008 665
polonium-212 nucleus 211.942749
For the polonium-212 nucleus, determine:
(i) the mass defect Am, inkg
AM = e kg [3]
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(i) the binding energy

bindingenergy = ... J [2]

(iii) the binding energy per nucleon.

binding energy per nucleon = ... J [1]
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(c) (i) On Fig. 9.1, sketch the variation with nucleon humber A of binding energy per nucleon
for values of A from 1 to 250.

A
binding energy
per nucleon
0 |
1 250
A
Fig. 9.1
[2]
(ii) Onvyour line in Fig. 9.1, draw an X to show the approximate position of polonium-212.
[1]

(iii) Polonium-212 is radioactive and undergoes alpha-decay.

Suggest and explain, with reference to Fig. 9.1, why the alpha-decay of polonium-212
results in a release of energy.

[Total: 13]
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I Question 21

A polished sheet of magnesium in a vacuum emits electrons when it is illuminated by ultraviolet
radiation.

(a) State the name of this phenomenon.

(b) For emission of electrons to occur, the frequency of the ultraviolet radiation must be at least
8.8 x 10" Hz.

(i) Calculate the work function energy of magnesium.

WOrK fuNCtion energy = .. ... J [2]

(ii) For ultraviolet radiation with a frequency of 11 x 10" Hz, calculate the maximum speed
of the emitted electrons.

MaxXimum SPEed = .......ocoovioimiieeeeeeeeeeeeeeeeeeee e ms~' [3]
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(c) The frequency f of the ultraviolet radiation incident on the magnesium sheet is varied between
8.0 x 10" Hz and 11 x 10"*Hz.

On Fig. 8.1, sketch the variation with f of the maximum kinetic energy E,,,, of the emitted
electrons. Use the space below for any working that you need.

2.0

1.5

-19
Eyyay/ 10719

1.0

0.5

8.0 8.5 9.0 9.5 10.0 10.5 11.0
f/10"4Hz

Fig. 8.1
[3]

[Total: 9]
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I Question 22

Electrons in a vacuum are accelerated from rest through a potential difference (p.d.) V to form a
beam. The electrons each have mass m and charge g.

The beam is incident on a graphite crystal that acts as a diffraction grating. After passing through
the crystal, the beam reaches a fluorescent screen. An interference pattern is observed on
this screen.

(a) Explain what this observation shows about the nature of electrons.

(b) Determine an expression, in terms of m, g and V, for the momentum p of an electron in
the beam.

(c) The p.d. through which the electrons are accelerated is now increased to a greater value.

Describe and explain the effect of this change on the interference pattern observed.
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(d) The electrons are now accelerated through different values of V, resulting in pairs of
corresponding values for p and the de Broglie wavelength A.

(i) On Fig. 9.1, sketch the variation of p with 17

A
p
DD -
1
A
Fig. 9.1
(2]
(ii) State the name of the quantity represented by the gradient of the line in Fig. 9.1.

..................................................................................................................................... [1]
[Total: 9]
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I Question 23

(a) State whatis meant by a photon.

(b) A laser emits red light of a single wavelength. The light is produced when electrons move
from a higher energy level to a lower energy level. The difference in energy between the
two levels is 1.96eV.

(i) Calculate the wavelength of the light.

wavelength = ... m [3]

(i) The power of the beam emitted by the laseris 1.0 x 1072 W.

Calculate the number of photons emitted per unit time by the laser.

number per unit ime = ...........cccoooiiieiie e s~ [1]
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(iii) The photons are incident normally on a surface. Half of the number of photons are
absorbed by the surface, and half are reflected.

Determine the average force exerted by the beam of photons on the surface.

average force = ... N [4]

[Total: 10]
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I Question 24

(a) State what is meant by the de Broglie wavelength.

............................................................................................................................................. [1]
(b) Calculate the de Broglie wavelength of an electron moving at a speed of 4.9 x 10’ ms™".
wavelength = ... m [2]
(c) State one similarity and one difference between an electron and a positron.
S]] a1 E= T 1Y OO USSP PPPTPPRUPPPTPP
Lo 113021 (=T Lot OSSPSR PTP PR UPPPTPP
[2]

(d) An electron moving at a speed of 4.9 x 10’ms~" collides with a positron that is travelling at
the same speed in the opposite direction. As a result of the collision, two gamma-ray photons
are produced.

(i) State the name of this type of reaction.

9702 Physics e Unit 22: Quantum Physics e Question Paper Page 51 of 62


https://examspath.com/

Waseem Ahmad | A Level Physics Teacher e Author, Practical Mastery: Paper 3 examspath.com

(iii) Explain why two gamma-ray photons are produced, rather than just one.

(iv) Show that the kinetic energy of the electron before the collision is 1.1 x 10~15J.

[1]

(v) Use the information in (d)(iv) to determine, to three significant figures, the wavelength
associated with the gamma radiation emitted in the collision.

wavelength = . m [3]

[Total: 13]
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I Question 25

(a) State what is meant by the photoelectric effect.

(b) The photoelectric effect is investigated in two stages using the circuit shown in Fig. 9.1.

metal plate

electromagnetic

radiation, frequency f .| N
. \‘

polished
metal plate

vacuum

O

n
&

Fig. 9.1

The polished metal plate Y is illuminated with electromagnetic radiation of frequency f and

constant power.
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In stage 1 of the investigation, frequency f is set to a constant value of 2.5 x 10'"°Hz. The
current I in the ammeter is varied by adjusting the potentiometer P. Fig. 9.2 shows the
variation of I with the voltmeter reading V. There is a value Vg of V at which the current just

falls to zero.

In stage 2 of the investigation, stage 1 is repeated for different values of frequency. As
frequency f is varied, the voltmeter reading Vg at which the current just falls to zero is

measured. Fig. 9.3 shows the variation of Vg with f.

4
I/mA
2 -
O h“
0 2 4 6
VIV
Fig. 9.2

VoIV

AN

N

2 3
f/10"15Hz

(i) Explain, with reference to photons, why Vg depends on the frequency of the incident

electromagnetic radiation.
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(ii) State three quantitative conclusions that can be drawn from the results in Fig. 9.2 and
Fig. 9.3. Use the space for any working.

1
2 ..
3 ..
i&
[Total: 8]
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I Question 26

(a) (i) Describe whatis meant by wave—particle duality.

(ii) State the relationship between the de Broglie wavelength A of a particle and its
momentum p. State the meaning of any other symbols that you use.

(b) A narrow beam of electrons, all with the same speed, is incident normally on a carbon film.
The electrons then move on to a fluorescent screen, as illustrated in Fig. 9.1.

(b) A narrow beam of electrons, all with the same speed, is incident normally on a carbon film.
The electrons then move on to a fluorescent screen, as illustrated in Fig. 9.1.

screen

carbon film

electron
beam

A4

Fig. 9.1

The apparatus is in a vacuum.
The pattern produced on the screen is shown in Fig. 9.2.
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Fig. 9.2 (not to scale)

(i) Explain why the pattern in Fig. 9.2 provides experimental evidence to indicate a wave
nature for the electrons.

..................................................................................................................................... [2]
(ii) The speed of the electrons is increased.
Suggest, with a reason, how this change affects the pattern observed on the screen.
..................................................................................................................................... [2]
[Total: 8]
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I Question 27

Fig. 8.1 shows the three lowest-frequency lines in the part of the emission spectrum for hydrogen
that relates to electron transitions to the ground state (level n = 1).

3.09 2.92 2.47

Fig. 8.1 (not to scale)
The numbers represent the frequencies, in 10'5Hz, associated with the spectral lines.
(a) Use the photon model of electromagnetic radiation to explain how the existence of spectral

lines in the emission spectrum provides evidence for discrete electron energy levels in the
hydrogen atom.
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(b) The energy of the ground state (level n = 1) in a hydrogen atom is —-13.6eV.

(i) Calculate the energy, in J, of the ground state.

T e J

(i) Show that the energy difference between levels n=1and n=2is 10.2eV.

[2]

(iii) Complete Table 8.1 to show the energy differences from the ground state, and the
energies of the levels up to n = 4, in the hydrogen atom. Use the space for any working.

Table 8.1
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level (ef?;?ﬁ ciif;ei;zr:}c':e energy/eV
n=4

n=3

n=2 10.2

n=1 0.0 -13.6
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[4]
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I Question 28

(a) State what is meant by the photoelectric effect.

(b) The photoelectric effect is investigated using two clean metal plates. One plate is made from
metal X and the other is made from metal Y.

Metal X has work function energy @. Metal Y has work function energy 2.
Metal X has threshold frequency F.

State expressions, in terms of either or both of @ and F, for

(i) the threshold frequency of metal Y

threshold frequency =

(ii) the Planck constant.

Planck constant =
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(c) The maximum kinetic energy E, of photoelectrons is determined for each of the plates in (b)
for different frequencies f of incident radiation.

On Fig. 9.1, sketch the variation of £, with ffor each plate. Label your lines X and Y to identify
which line relates to which plate.

P e e ity .
Ex i E |
o e  — fessessesee .
0 : ; :
0 F 2F 3F
: S
i 8 CUCEURNREE TN (e — l
R L1 — pciam i b ;
Fig. 9.1
[4]
[Total: 8]
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