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23.	 A suitable material for use as a moderator in a nuclear reactor is... 

A.	 cadmium.

B.	 concrete.

C.	 uranium-238.

D.	 water.

24.	 In a simple model of a nuclear reactor, four neutrons are emitted per fission on average.

The average number of neutrons absorbed by the control rods is Nc per fission. 

The average number of neutrons that are lost through the walls of the reactor is N1 per fission.

Any remaining neutrons induce further fissions.

What are possible values for Nc and N1 for the reactor to maintain a steady reaction?

Nc N1

A. 1 1

B. 1 3

C. 2 1

D. 2 2

25.	 A star has a parallax angle of 1 × 10-2 arc-second at the orbit of the Earth.

What is the distance from the Sun to the star?

A.	 0.01 pc

B.	 0.02 pc

C.	 50 pc

D.	 100 pc
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22.	 A fusion reaction of one nucleus of hydrogen-2 and one nucleus of hydrogen-3 converts a mass 
of 0.024 u into energy. A fission reaction of one nucleus of uranium-235 converts a mass of 0.48 u 
into energy.

What is energy released per unit mass of hydrogen
energy released peer unit mass of uranium

?

A.	 0.050

B.	 0.426

C.	 2.35

D.	 20.0

23.	 Three statements about gamma radiation are:

I.	 It travels faster than beta radiation in a vacuum.

II.	 It has a greater penetration ability than beta radiation.

III.	 It has a greater ionizing ability than beta radiation.

Which statements are correct?

A.	 I and II only

B.	 I and III only

C.	 II and III only

D.	 I, II and III

24.	 The moderator in a nuclear power station…

A.	 increases the proportion of U-235 in the fuel source.

B.	 transfers internal energy from the reactor to the turbines.

C.	 allows operators to regulate the rate of power production.

D.	 decreases the kinetic energy of neutrons in the reactor.
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25.	 Stars X and Y have the same surface temperature. Star X has a radius R and is a distance d from 

Earth. The distance of star Y from Earth is d
2

. The apparent brightness of Y is double that of X.

What is the radius of star Y?

A.	 R
2

B.	 2
2

R

C.	  R

D.	  2R

�
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8.	 Star X has a surface temperature T, luminosity L and radius R.

The luminosity of star Y is 4L and the surface temperature is 2T.

What is the radius of star Y?

A.	 R
2

B.	 R
2

C.	 2R

D.	 4R

9.	 A student makes three statements about Earth’s albedo.

I.	 It varies daily.

II.	 It depends on latitude.

III.	 It depends on cloud formation.

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
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25.	 The HR diagram shows two stars, X and Y.

surface temperature
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m
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os

ity
 

X

Y

Three statements are made about star X and star Y.

I.	 Star X is hotter than star Y.

II.	 Star X has a larger radius than star Y.

III.	 Star X is more luminous than star Y.

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
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5.	 The following data are available for the Sun when it entered the main sequence.

Mass = 2.0 × 1030 kg
Radius = 7.0 × 108 m

Surface temperature = 5800 K
Core temperature = 1.5 × 107 K

Core density = 1.6 × 105 kg m-3

(a)	 (i)	� State and explain which of the above features make nuclear fusion in the 
Sun possible.� [3]

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

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

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

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

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

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

(ii)	 Outline how the Sun maintains its equilibrium state.� [2]
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(Question 5 continued)

(b)	 The following sequence of nuclear fusion reactions takes place in the Sun.

Stage H H H e
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The nuclear mass of 1
1H is 1.007276 u and that of 1

2H is 2.013550 u. Estimate the 
energy released in stage 1 of these reactions.� [2]
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(Question 5 continued)

(c)	 The Sun will leave the main sequence when it has converted 10 % of its hydrogen 
mass into helium. The total energy released in the reactions in (b) is 4.3 × 10-12 J. 
The current luminosity of the Sun is 3.8 × 1026 W. When the Sun entered the main 
sequence its hydrogen mass was 1.5 × 1030 kg.

(i)	 Show that the Sun will stay on the main sequence for about 8 × 109 years.� [3]
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(ii)	 State one assumption that was made in getting the answer to (c)(i).� [1]
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(iii)	 Estimate the total mass lost by the Sun in this time.� [2]
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(d)	 The surface temperature of the Sun is 5800 K. Determine the peak wavelength in the 
Sun’s spectrum.� [2]
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(Question 5 continued)

(e)	 The Sun rotates about its axis. P is a point on the Sun’s equator.

 

to Earth

P

R

A particular spectral line of hydrogen from a laboratory source has wavelength 
656.2797 nm. The same spectral line emitted from P has wavelength 656.2753 nm 
when measured on Earth.

(i)	 Explain this observation.� [2]
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(ii)	 Calculate the period of revolution of the Sun.� [3]
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25.	 The stellar parallax method involves a measurement of...

A.	 the peak wavelength of radiation from a star.

B.	 the frequency shift of the lines in a stellar spectrum.

C.	 the position of a star in the sky at different times of year.

D.	 the intensity of radiation from a star at different wavelengths.
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23.	 Which two components of a nuclear power station are primarily responsible for ensuring that a 
controlled chain reaction is maintained?

A.	 Control rods and heat exchangers

B.	 Moderators and shielding

C.	 Shielding and heat exchangers

D.	 Moderators and control rods

24.	 The Sun and positions of four stars A, B, C and D are plotted on the grid of a Hertzsprung–Russell 
(HR) diagram. Which star is a white dwarf? 
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25.	 A star is found to have a parallax angle of 0.25 arc-seconds. What is the distance to the star in 
light years?

A.	 4.0

B.	 13

C.	 6.0 × 1011

D.	 38 × 1015

�
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23.	 Which two components of a nuclear power station are primarily responsible for ensuring that a 
controlled chain reaction is maintained?

A.	 Control rods and heat exchangers

B.	 Moderators and shielding

C.	 Shielding and heat exchangers

D.	 Moderators and control rods

24.	 The Sun and positions of four stars A, B, C and D are plotted on the grid of a Hertzsprung–Russell 
(HR) diagram. Which star is a white dwarf? 
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25.	 A star is found to have a parallax angle of 0.25 arc-seconds. What is the distance to the star in 
light years?

A.	 4.0

B.	 13

C.	 6.0 × 1011

D.	 38 × 1015
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2.	 A student investigates whether the Stefan–Boltzmann law, L = 4π σ R 2T 4, applies to stars.

L = luminosity of the star, in W

σ = Stefan–Boltzmann constant 

R = radius of the star, in m

T = surface temperature of the star, in K

To verify the law, they obtain values from databases and manipulate the data as shown.

Star L R T L
R2 log( L

R2 ) log(T )

10 Lacertae 3.92 × 1031 5.75 × 109 3.62 × 104 1.19 × 1012 12.1 4.56

σ-Orionis A 1.60 × 1031 3.90 × 109 3.49 × 104 1.05 × 1012 12.0 4.54

σ-Orionis B 6.08 × 1030 3.48 × 109 2.91 × 104 5.02 × 1011 11.7 4.46

Polaris B 1.50 × 1027 9.60 × 108 6.90 × 103 9.21

α-Centauri A 5.77 × 1026 8.49 × 108 5.79 × 103 8.00 × 108 8.90 3.76

α-Centauri B 1.92 × 1026 5.97 × 108 5.26 × 103 5.39 × 108 8.73 3.72

ε-Indi 8.08 × 1025 4.95 × 108 4.65 × 103 3.30 × 108 8.52 3.67

Sun 3.85 × 1026 6.96 × 108 5.78 × 103 7.95 × 108 8.90 3.76

(a)	 Complete the table with the missing values for Polaris B.� [2]

(This question continues on the following page)
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(Question 2 continued)

The student plots the variation with log T of log ( L
R2 ) and draws the line of best fit.

0

−10

10

20

2 4 6
log T

log (L/R 2)

The student uses a GDC (graphical display calculator) to determine the equation of the line 
of best fit as y = 3.99 x − 6.15.

(b)	 Explain how the gradient of the line of best fit relates to the Stefan–Boltzmann law.� [2]
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(Question 2 continued)

(c)	 Calculate the Stefan–Boltzmann constant obtained in this investigation.� [2]
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(d)	 Outline a conclusion for the investigation.� [1]
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(e)	 Suggest a possible improvement of the investigation, related to the range of the 
surface temperatures of the stars selected.� [1]
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9.	 Star X has a luminosity L and an apparent brightness b. Star X is at a distance d from Earth.

Star Y has the same apparent brightness as X but is four times more luminous.

What is the distance of Star Y from Earth?

A.	  4d

B.	  2d

C.	 d
2

D.	 d
4

10.	 Four identical resistors, each of resistance R, are connected as shown.

P

Q

What is the effective resistance between P and Q?

A.	 3
4
R

B.	  R

C.	 4
3
R

D.	  4R
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20.	 A positive point charge of magnitude 1.0 mC and a point charge q are separated by a distance d.

d d

electron 1.0 µC q

An electron is placed at a distance d from the +1.0 mC charge. The electric force on the electron 
is zero.

What is q ?

A.	 -4.0 mC

B.	 -2.0 mC

C.	 2.0 mC

D.	 4.0 mC

21.	 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

22.	 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.
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25.	 The Hertzsprung–Russell diagram shows two stars, X and Y.

luminosity

40 000 10 000 2500
temperature / K

X Y

What is radius of X
radius of Y

?

A.	 1
16

B.	 1
4

C.	  4

D.	  16

�



Physics SL | Paper 1A | Specimen 2025 | Q25 | 1 marks

Apollo | Original source crop | 21



Physics SL | Paper 1A | Specimen 2025 | Q25 | 1 marks

Apollo | Original source crop | 22



Physics SL | Paper 2 | Specimen 2025 | Q5 | 6 marks

Apollo | Original source crop | 23

– 10 – 0000 – 6506

/4/PHYSI/SP2/ENG/TZ0/XX

5.	 The star δ  Vel A is a main sequence star that has a black-body spectrum as shown.

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

 / 10−6 mλ

relative
intensity

(a)	 Show that the surface temperature of δ  Vel A is about 9000 K.� [1]

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

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

(b)	 The apparent brightness of δ  Vel A is 2.2 × 10-9 W m-2  and it is 6.2 × 1014 km from Earth.

Estimate the radius of δ  Vel A.� [3]
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(This question continues on the following page)
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Turn over

(Question 5 continued)

(c)	 The radius of the Sun, R


, is 7.0 × 105 km.

Sketch, on the Hertzsprung-Russell diagram, the position of δ  Vel A.� [2]

0.01 R


0.1 R


1 R


10 R


100 R


1000 R


0.001 R


luminosity

temperature / K
40 000 20 000 10 000 5000 2500

20EP11



Physics SL | Paper 2 | Specimen 2025 | Q5 | 6 marks

Apollo | Original source crop | 25

Please do not write on this page.

Answers written on this page  
will not be marked.

– 12 – 0000 – 6506

/4/PHYSI/SP2/ENG/TZ0/XX

20EP12



Physics SL | Paper 2 | Specimen 2025 | Q5 | 6 marks

Apollo | Original source crop | 26

– 13 – 0000 – 6506

/4/PHYSI/SP2/ENG/TZ0/XX

Turn over

6.	 Small pieces of solid paraffin with a total mass of 30 g at a temperature of 42 °C are mixed 
with 150 g of liquid paraffin at a temperature of 240 °C. The mixture is stirred until an 
equilibrium temperature is reached.

The following data for paraffin are available:

Specific heat capacity of solid paraffin = 0.7 kJ kg-1 K-1

Specific heat capacity of liquid paraffin = 2.13 kJ kg-1 K-1 

Specific latent heat of fusion of paraffin = 220 kJ kg-1

Melting point of paraffin = 47 °C

(a)	 Calculate the theoretical equilibrium temperature of the mixture.� [3]
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(b)	 When the experiment was carried out, the equilibrium temperature of the mixture was 
found to be different from the theoretical value.

Suggest the reason for this difference.� [2]
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