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31.	 A coil of wire rotates at a constant angular speed w  in a uniform magnetic field.

The variation with time of the emf in the coil is shown.

10

−10

0
1.0 2.0 3.0 4.0

time / msV / V

The angular speed is changed to 3
4
w .

What is the amplitude of the emf and the time period for the variation of the emf in the coil after 
the change?

Amplitude of emf / V Time period / ms

A. 13 0.60

B. 13 1.1

C.   7.5 0.60

D.   7.5 1.1

32.	 An ion X contains the following particles:

•	 53 protons

•	 89 neutrons

•	 54 electrons.

What is the nuclear notation for X?

A.	 53
142 X

B.	 53
89 X

C.	 54
143 X

D.	 54
107 X

– 20 – 2225 – 6707

33.	 What is the variation with nucleon number of the density of nuclei?

A. nuclear
density

nucleon
number

0
0

B.
nuclear
density

nucleon
number

0
0

C. nuclear
density

nucleon
number

0
0

D. nuclear
density

nucleon
number

0
0

34.	 A photoelectron is emitted when a photon of energy E is incident on a metal surface. 

The work function of the surface is F.

What is the maximum possible speed of the photoelectron as it leaves the surface?

A.	
2 E
m
�� ��
e

B.	 E
m
��

e

C.	 E
m h
��

e

D.	
2 E
m h
�� ��
e
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33.	 In the Geiger–Marsden–Rutherford experiment, alpha particles were accelerated through a 
potential difference of 7.7 MV and incident on a thin foil of gold. The proton number of gold is 79.

What is the distance of closest approach?

A.	 158
7 7 106

ke
. ×

B.	 158
7 7 10

2

6

ke
. ×

C.	 79
7 7 106

ke
. ×

D.	 79
7 7 10

2

6

ke
. ×

34.	 In two experiments X and Y measurements were made of the kinetic energies Ek of photoelectrons 
emitted when light is incident on two different metal surfaces.

The graph shows the variation of Ek with frequency f  of the incident photons for both surfaces.

Ek

X Y

f

It can be deduced that in experiment Y…

A.	 the surface has a smaller work function than the surface in experiment X.

B.	 the surface has a larger work function than the surface in experiment X.

C.	 the intensity of the incident light is less than in experiment X.

D.	 the intensity of the incident light is more than in experiment X.
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33.	 The nucleus of an element X has radius R and density ρ. 

The nucleon number of an element Y is 8 times that of X. 

What is the radius and density of the nucleus of Y?

Radius of nucleus of Y Density of nucleus of Y

A. 8R 8ρ

B. 2R 8ρ

C. 8R ρ

D. 2R ρ

34.	 Which of the following expressions gives the de Broglie wavelength, in metres, of a tennis ball of 
mass 0.06 kg and kinetic energy 3 J?

A.	 h
3

B.	 h
0 6.

C.	 h
0 6 2.� �

D.	 h
0 06.

35.	 Thorium-232 ( 90
232Th ) is an unstable nuclide. It decays by emitting an alpha particle followed by a 

beta minus (β−) particle.

What is the number of protons and neutrons in the final nuclide?

Number of protons Number of neutrons

A. 87 139

B. 87 141

C. 89 139

D. 89 141
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5.	 (a)	 A stationary isotope of 88Ra (Radium) decays into Rn (Radon) and an alpha particle. 

(i)	 Identify the proton number of Rn.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

The following data are available:

Atomic mass of Ra = 226.02540 u
Atomic mass of Rn = 222.01757 u

Mass of α = 4.00260 u

(ii)	 Show that the energy released in this decay is about 5 MeV.� [2]
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(iii)	 Show that about 98 % of the energy released is carried by the alpha particle.� [2]
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(This question continues on the following page)
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(Question 5 continued)

(b)	 In an experiment performed by Geiger, Marsden and Rutherford to investigate the 
atomic structure, alpha particles were directed into a thin metal foil.

(i)	 Describe two observations of this experiment.� [2]
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(ii)	 Outline how the experiment was interpreted.� [2]
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(iii)	 In this experiment, 79
197Au  (gold) foil was used. 

Calculate the distance of closest approach for alpha particles of 4.8 MeV in  
head-on scattering.� [3]
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(Question 5 continued)

(iv)	 Calculate  
radius of Au nucleus

radius of Al  aluminium  nu
79
197

13
27 ccleus

 
.� [2]
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6.	 An electric circuit is used to investigate the photoelectric effect.

A beam of light from a laser of variable wavelength λ and constant intensity I is used to 
illuminate a curved metallic electrode E. Another electrode, C, is near E. Both electrodes 
are in vacuum. For each λ tuned in the laser, the voltage across CE is raised. The minimum 
voltage Vs that shows no current in the ammeter is recorded.

diagram not to scale

A

C
E

beam of light

The graph shows the variation of Vs with λ. 

Vs

wavelength     / 10−7 m

0 1 2 3 4 5

(This question continues on the following page)
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31.	 The graph shows how the magnetic flux linked through a conducting coil varies with time. The coil 
has only one turn.
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What is the maximum emf induced in the coil?

A.	 0.40 V

B.	 1.0 V

C.	 2.0 V

D.	 4.0 V

32.	 Which claim about the structure of the atom is falsified by the results of  
the Geiger–Marsden–Rutherford experiment?

A.	 The nucleus is only made up of positively charged particles.

B.	 The electrons in the atom move in orbits of fixed radius.

C.	 The positive charge occupies all of the atom’s volume.

D.	 The electrons in the atom have continuous energy.

– 20 – 8825 – 6707

33.	 Some energy levels for a hydrogen atom are shown.

diagram not to scale

n = 3

n = 1

n = 2X
Y

What is energy absorbed in transition X
energy absorbed in transitioon Y

?

A.	 32
27

B.	 3
2

C.	 2

D.	 9
4

34.	 Monochromatic electromagnetic radiation is incident on a metal surface. Three observations about 
the electrons emitted from the surface are:

I.	 The maximum energy of the electrons does not depend on radiation intensity.

II.	 The number of electrons emitted in a unit time increases with radiation intensity.

III.	 No electrons are emitted when the frequency of radiation is less than a threshold value.

Which observations are inconsistent with the wave model of electromagnetic radiation?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III
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33.	 Three statements are made about emission and absorption spectra.

I.	 They provide information on the chemical composition of substances.

II.	 They provide evidence for mass-energy equivalence.

III.	 They arise from transitioning electrons between energy levels. 

Which of the statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

34.	 For which of the following atoms would the Bohr model apply, if one electron was removed from 
the atom?

A.	 11
22Na

B.	 3
5Li

C.	 92
235U

D.	 2
4He

35.	 A photon scatters off an electron at an angle θ, as shown. The shift in the photon wavelength after 

scattering is h
m ce2

.

electron

θ
incident photon

scattered
photon

 

What is correct about the frequency of the photon after scattering and θ ?

Frequency θ

A. increases 30°

B. increases 60°

C. decreases 30°

D. decreases 60°
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33.	 Three statements are made about emission and absorption spectra.

I.	 They provide information on the chemical composition of substances.

II.	 They provide evidence for mass-energy equivalence.

III.	 They arise from transitioning electrons between energy levels. 

Which of the statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

34.	 For which of the following atoms would the Bohr model apply, if one electron was removed from 
the atom?

A.	 11
22Na

B.	 3
5Li

C.	 92
235U

D.	 2
4He

35.	 A photon scatters off an electron at an angle θ, as shown. The shift in the photon wavelength after 

scattering is h
m ce2

.

electron

θ
incident photon

scattered
photon

 

What is correct about the frequency of the photon after scattering and θ ?

Frequency θ

A. increases 30°

B. increases 60°

C. decreases 30°

D. decreases 60°
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33.	 What is the sequence for the evolution of a main sequence star of about 2 solar masses?

A.	 Red super giant	 →  supernova	 →  neutron star

B.	 Red giant	 →  planetary nebula	 →  white dwarf

C.	 Red giant	 →  supernova	 →  white dwarf

D.	 Red super giant	 →  planetary nebula	 →  neutron star

34.	 The diagram shows the emission spectrum of an atom.

increasing wavelength

Which of the following atomic energy level models can produce this spectrum?

increasing
 energy

A. B. C. D.

35.	 A photon of wavelength λ scatters off an electron at rest. The scattered photon has wavelength λ′.

What is the fraction of the incident photon energy that gets transferred to the electron?

A.	 λ
λ′

B.	
′λ
λ

C.	
′ −λ λ
λ

D.	
′ −
′

λ λ
λ
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38.	 The energy of the nth level of hydrogen is given by -E
n

0
2 . What is the frequency of the photon 

emitted in the transition from n = 4 to n = 2?

A.	 1
16

0×
E
h

B.	 3
16

0×
E
h

C.	 1
4

0×
E
h

D.	 3
4

0×
E
h

39.	 Monochromatic light of frequency  f 1 is incident on the surface of a metal. The stopping voltage for 
this light is V1. When the frequency of the radiation is changed to  f 2, the stopping voltage is V2.

What is the quantity V V2 1

2 1

-
-f f

 equal to?

A.	  h

B.	 h
e

C.	 h
c

D.	 hc
e

40.	 An alpha particle (2
4He) of initial energy 5.5 MeV moves towards the centre of a nucleus of  

gold‑197 ( 79
197 Au).

What is the distance of closest approach of the alpha particle?

A.	 1.0 × 10-13 m

B.	 4.1 × 10-14 m

C.	 2.1 × 10-14 m

D.	 6.6 × 10-33 m

�
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38.	 The energy of the nth level of hydrogen is given by -E
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39.	 Monochromatic light of frequency  f 1 is incident on the surface of a metal. The stopping voltage for 
this light is V1. When the frequency of the radiation is changed to  f 2, the stopping voltage is V2.

What is the quantity V V2 1
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 equal to?

A.	  h

B.	 h
e

C.	 h
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D.	 hc
e

40.	 An alpha particle (2
4He) of initial energy 5.5 MeV moves towards the centre of a nucleus of  

gold‑197 ( 79
197 Au).

What is the distance of closest approach of the alpha particle?

A.	 1.0 × 10-13 m

B.	 4.1 × 10-14 m

C.	 2.1 × 10-14 m

D.	 6.6 × 10-33 m
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