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SIMPLE HARMONIC MOTION
SUB-TOPIC 13.1

Sub-topic 13.1  ·  19 questions  ·  124 marks  ·  lowest tariff first
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3	 A playground swing completes 24 oscillations in 1 minute.

	 Which of the following is the frequency of the oscillations?

		  A	 0.042 Hz

		  B	 0.40 Hz

		  C	 2.5 Hz

		  D	 24 Hz

(Total for Question 3 = 1 mark)

4	 Which of the following is not a similarity between gravitational fields and electric fields?

		  A	 For a point charge or point mass, the field follows the inverse square law.

		  B	 For a point charge or point mass, the field is radial.

		  C	 Both fields act at a distance.

		  D	 Both fields act on all particles.

(Total for Question 4 = 1 mark)

5	 A data book contains the following information for ethanol.

	 latent heat of fusion = 109 kJ kg–1

	 latent heat of vaporisation = 838 kJ kg–1

	 545 J is transferred from a sample of ethanol when it condenses.

	 Which of the following shows how to calculate the mass of ethanol that condenses?

		  A	 545 ÷ 109 000

		  B	 545 ÷ 838 000

		  C	 109 000 ÷ 545

		  D	 838 000 ÷ 545

(Total for Question 5 = 1 mark)
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8 The graph shows how the displacement of a simple harmonic oscillator varies with time.

D
is

pl
ac

em
en

t
Time

 Which of the following graphs shows how velocity varies with time for the same 
oscillator, over the same time period?
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(Total for Question 8 = 1 mark)
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6	 A proton can be considered to be both a point charge and a point mass. There is an 
electric field and a gravitational field associated with the proton. 

	 Which of the following statements about the fields is not correct? 

	 A	 Field strength is a vector.

	 B	 Potential is always less than 0.

	 C	 Potential is proportional to 
1

distance from proton

	 D	 Field strength is proportional to 
1

(distance from proton)2

(Total for Question 6 = 1 mark)

7	 A pendulum of length l with a bob of mass m oscillates with frequency f.

	 What is the frequency of a pendulum of length 4l with a bob of mass 2m?

	 A	 4 f

	 B	 2 f

	 C	 f

	 D	 f
2

(Total for Question 7 = 1 mark)

8	 Which of the following lenses would produce a real image of an object placed 15 cm 
away from the lens?

	 A	 converging, focal length = 10 cm

	 B	 converging, focal length = 20 cm

	 C	 diverging, focal length = 10 cm

	 D	 diverging, focal length = 20 cm

(Total for Question 8 = 1 mark)
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9	 A mass is suspended from a spring and allowed to come to equilibrium.
	 The mass is displaced vertically and moves with simple harmonic motion.
	 The graph shows how the resultant force on the mass varies with time.

Force

Time

	 Which of the following graphs shows how the velocity v of the mass varies with time t 
over the same time interval?
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	 D	

(Total for Question 9 = 1 mark)
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9	 A mass is suspended from a spring and displaced vertically. The mass performs simple 
harmonic motion.

	 The graph shows how the acceleration of the mass varies with time over one oscillation.

Acceleration

Time

	 Which of the following graphs shows how the velocity v of the mass varies with time t 
over the same time interval?

	

v

t

	

v

t

	 A	 B

	

v
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v
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	 C	 D

	 A	

	 B	

	 C	

	 D	

(Total for Question 9 = 1 mark)
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11	 A simple pendulum consisting of a thread and a bob is set up next to a horizontal rod.

	 The bob is displaced to the left and released.  When the bob reaches the equilibrium 
position the thread strikes the horizontal rod.  For half of the cycle, only the lower part 
of the pendulum moves.

	 The diagram shows the swing of the pendulum.

rod

bob

thread

	 The diagram below shows the dimensions of the pendulum.

67 cm

24 cm
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	 Determine the frequency of the oscillations of the pendulum.
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(Total for Question 11 = 4 marks)
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4	 The diagram shows a metronome, which includes an inverted pendulum, used by 
musicians to set a tempo.  The pendulum oscillates with simple harmonic motion and 
makes a loud click at regular intervals.

pendulum

(Source: Getty Images)

	 A faulty metronome stopped making a clicking noise.  A student tried to check the 
accuracy of the period T of the metronome, using a stopwatch.  The student timed the 
pendulum as it moved from one extreme of the oscillation to the other.

	 Explain how the procedure used by the student to determine T could have 
been improved.
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13	 A student measured the deflection of a mass attached to the end of a thin strip of metal. 
The strip was clamped to a bench at one end as shown.

mass

clamp

deflection

	 The student varied the force on the end of the strip by changing the mass attached.

	 The deflection was measured each time when the mass was in its equilibrium position.

	 The student obtained the following graph of deflection against force.

Fo
rc
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	 (a)	 State why the mass will oscillate with simple harmonic motion when it is displaced 
slightly from its equilibrium position and released.

(2)
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	 (b)	The student then investigated the oscillations of the mass on the metal strip. The 
student fixed different numbers of 10 g masses to the end of the metal strip.

		  The student noticed that the smaller the mass the higher the frequency of the 
oscillations. He estimated that the maximum number of oscillations he could count 
was two per second. He decided that the smallest mass he should use was 50 g.

		  Determine whether 50 g is the smallest mass he should use.

		  You may assume that the system acts in the same way as a mass on a spring.
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(Total for Question 13 = 7 marks)
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3	 A student carried out an experiment with a pendulum hung from a fixed support.  The 
fixed support was a distance h above floor level as shown.

h

d

fixed support

string

bob

floor

	 As the student was unable to measure the length of the pendulum directly, she measured 
the distance d from the bob to the floor.

	 (a)	 To determine the period T of the pendulum, the student used the following method:

			   •	 release the bob from its highest position and start a stopwatch
			   •	 stop the stopwatch when the bob reaches the same position again.

		  Criticise the student’s method for measuring the period.
(2)
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	 (b)	The student used her data to plot a graph of T 2 against d as shown below.

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
8.0

9.0

10.0

11.0

12.0

13.0

14.0

d / m

T 2 / s2

		  Determine a value for the acceleration due to gravity g.
(5)
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4	 A student set up a “seconds pendulum”.  This is a simple pendulum for which the time 
taken to move from the bob’s highest position on one side to its highest position on the 
opposite side is 1.00 s.

metre rule
L

bob

	 (a)	 Calculate the length L required for the pendulum to be a “seconds pendulum”.
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	 (c)	 Another student suggested that the uncertainty in the measurement of the time period of 
the pendulum could be reduced by using a light gate and a data logger.  The data logger 
would record the time between successive interruptions of the light beam.  Both the 
data logger and the stopwatch have a resolution of 0.01 s.

data logger

		  Comment on the student’s suggestion of using a data logger rather than a stopwatch.
(4)
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(Total for Question 4 = 8 marks)
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5 A student is using a simple pendulum to determine a value for the acceleration of free fall g.

l

 (a) She measures the length l of the pendulum four times with a metre rule and records 
the following values.

l  / cm

l1 l2 l3 l4
85.5 86.0 87.5 85.5

  She calculates the mean length lm of the pendulum using the following method:

l
m

= + + + =85 5 86 0 87 5 85 5

4
86

. . . .
.1 cm

  (i) Calculate a more accurate value for lm.
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  (ii) Determine the time period of the oscillations of this pendulum, using your 
calculated value for lm.
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 (b) She sets the pendulum into oscillations with small amplitude and uses a stopwatch to 
determine the time period. 

A
O

B

  The student releases the pendulum at A and simultaneously starts the stopwatch.  She 
measures the time taken for 5 oscillations and divides the value by 5.  She repeats the 
procedure twice and calculates a mean time period.

  Explain two modifications to the student’s method that would improve the value 
obtained for the time period.
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11 The International Space Station (ISS) is in a low Earth orbit.  Astronauts in ISS have an 
apparent weight of zero.  In order to determine their mass, the astronauts must secure 
themselves to a platform which is set into oscillation and moves with simple harmonic 
motion.

 (a) Explain why the astronauts in the ISS have an apparent weight of zero.
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 (b) State what is meant by simple harmonic motion.
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 (c) Describe how, using a stopwatch and a ruler, the following quantities could be 
determined for the oscillating platform:

  (i) the frequency of oscillation
(2)
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  (ii) the maximum speed of the platform.
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 (d) The platform continues to move with simple harmonic motion at the same frequency, 
but its amplitude is doubled.

  Explain how the maximum kinetic energy of the platform will change.
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  

16	 On the International Space Station (ISS), astronauts measure their mass once a month 
using a Body Mass Measurement Device (BMMD). 

	 The BMMD is constructed from a large spring attached to the floor of the ISS, with a 
platform and handles attached to the spring. The spring is compressed and the astronaut 
puts his body onto the platform and holds onto the handles, as shown. 

astronaut

platform

handles

spring inside cover

(Source: https://www.nasa.gov/content/nasa-astronaut-rick-mastracchio-3)

	 The spring is released and the astronaut and platform oscillate with simple 
harmonic motion.

	 An astronaut used the BMMD. The frequency of oscillation was 0.34 Hz.

	 (a)	 Determine the mass of the astronaut.

		  spring constant = 350 N m–1

		  mass of platform = 5.7 kg
(4)
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	 (b)	The distance between the upper and lower points of the first oscillation is 0.29 m.

		  (i)	 Calculate the magnitude of the maximum acceleration of the astronaut. 
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Magnitude of maximum acceleration = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Calculate the speed of the astronaut 3.5 s after the start of the oscillations.
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(Total for Question 16 = 10 marks)
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  *P74470A01032*

5	 A student used springs to attach a trolley between two fixed supports, as shown.

trolley
fixed support fixed support

spring

	 When displaced horizontally, the trolley oscillated with simple harmonic motion.

	 To determine the time period T of oscillation of the trolley, the student displaced the 
trolley from its equilibrium position and released it. As she released the trolley, she 
started a stopwatch. She stopped the stopwatch when the trolley had returned to its 
starting point.

	 (a)	 Explain how the procedure used by the student to determine T could have 
been improved.

(6)
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  *P74470A01132*

	 (b)	The mass of the trolley was M. The student added a small mass m to the trolley and 
determined the new value of T. She repeated the procedure for a range of values 
of m.

		  She plotted a graph of T 2 against m.

		  Explain how she could use her graph to determine a value for M.
(4)
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9	 A cantilever is a beam fixed at one end. 

	 A student made a cantilever by clamping a metre rule to a bench and attached a mass M 
at the free end, as shown. 

clamp

bench

metre rule

M

	 The student displaced the free end through a small distance. When the free end was 
released, the cantilever oscillated with simple harmonic motion of period T.

	 (a)	 The student measured the time for 5 oscillations with an electronic stopwatch. 
This was repeated twice.

		  (i)	 Explain one modification to the apparatus which would improve the accuracy of 
the data the student obtained. 
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		  (ii)	 Explain one modification to the student’s method which would reduce the 
percentage uncertainty in her measurement of T.
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  

	 (b)	 The length of the metre rule overhanging the bench was L. The period of oscillation 
T is related to L, M and the Young modulus E of the wood of the metre rule by 
the expression

T 2 µ MLE
3

		  The student repeated the timing measurements for a half‑metre rule. 

		  The half‑metre rule had the same added mass M, width and thickness as the 
metre rule. 

		  The metre rule was made from wood of Young modulus E1 , and the half‑metre rule 
was made from wood of Young modulus E2 .

		  The student collected the following data.

Time for 5 oscillations

Young modulus L / m t1 / s t2 / s t3 / s

Metre rule E1 0.95 14.69 14.64 14.76

Half‑metre rule E2 0.45 5.33 5.40 5.24

		  The table below gives the Young modulus values of various types of wood.

Type of wood Cedar Spruce Pine

Young modulus / GPa 7.7 9.6 10.1
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		  Deduce the type of wood each rule is made from.
(6)
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  

20	 A garden ornament consists of a metal flamingo suspended from a spring as shown. 
The spring is hung from a support using the hook.

flamingo

hook

spring

	 (a)	 The mass of the flamingo is 65 g. When the flamingo is suspended vertically the 
spring extends by 8.5 cm.

		  The flamingo is pulled downwards by a small extra displacement and then released. 
The flamingo undergoes simple harmonic motion vertically.

		  The instructions state that the flamingo will oscillate with a frequency of 2.5 Hz.

		  Deduce whether this statement is correct.
(5)
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  

	 (b)	After being set into vertical oscillation, the flamingo comes to rest after a short time.

		  Explain why the flamingo comes to rest.
(2)
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	 (c)	 In a slight breeze the flamingo swings from side to side and behaves as a 
simple pendulum.

		  (i)	 Show that the period of oscillation of the flamingo pendulum is about 2.2 s.

			   pendulum length = 1.25 m
(2)
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		  (ii)	 The amplitude of oscillation of the flamingo pendulum is 7.5 cm.

			   Calculate the maximum velocity of the flamingo pendulum.
(3)
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7 A trolley is attached to the ends of two springs as shown.  When displaced from its 
equilibrium position, the trolley moves with simple harmonic motion.

bench

trolley springspring

 (a) A student has a stopwatch and metre rule available.

  (i) Explain the procedure that the student should follow to make an accurate 
determination of the time period T of the trolley.
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  (ii) Describe how the student should use her value of T to determine the maximum 
speed of the trolley.
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 (b) Another student suggests that a more accurate value for T could be obtained by using 
a position sensor and data logger.

  Comment on this suggestion.
(1)
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 (c) The student displaces the trolley a greater distance from the equilibrium position, so the 
amplitude of oscillation is doubled.  The trolley still moves with simple harmonic motion.

  Explain how the maximum kinetic energy of the trolley will change.
(3)
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(Total for Question 7 = 13 marks)
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5	 A damped mass-spring system is driven into oscillation. The graph shows the amplitude 
of oscillation as the driving frequency is varied.
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Driving frequency

	 The damping is decreased. 

	 Which row of the table describes what happens to the maximum amplitude of oscillation 
and the driving frequency at which this occurs?

Maximum amplitude Frequency at which 
maximum amplitude occurs

	 A decreases decreases

	 B decreases increases

	 C increases decreases

	 D increases increases

(Total for Question 5 = 1 mark)
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9	 An object oscillates with simple harmonic motion. The object has kinetic energy Ek and 
displacement x.

	 Which of the following graphs shows the variation of Ek with x for the object?

0 x

Ek

0 x

Ek

	 	 	 A	 	 	 	 B

0 x 0 x

EkEk

	 	 	 C	 	 	 	 D

(Total for Question 9 = 1 mark)
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  

5	 X and Y are identical stars. When viewed from Earth the intensity of star X is four times 
the intensity of star Y.

	 Which of the following explanations is possible?

	 A	 X is twice as far away as Y.

	 B	 X is four times as far away as Y.

	 C	 Y is twice as far away as X.

	 D	 Y is four times as far away as X.

(Total for Question 5 = 1 mark)

6	 A trolley is attached to two springs and set into horizontal oscillation, as shown.

trolley

direction of oscillation

clamp

spring

stand

bench

	 The kinetic energy of the trolley is Ek, and the potential energy of the trolley is Ep.

	 Which row of the table is correct?

	 A	

	 B	

	 C	

	 D	  

(Total for Question 6 = 1 mark)

Trolley at equilibrium position Trolley at maximum displacement

Ek is a maximum Ep is minimum

Ek is a maximum Ep is a maximum

Ek is zero Ep is a maximum

Ek is zero Ep is minimum
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  *P74470A02232*

10	 A ‘jumperoo’ is a harness, suspended by a vertical spring, into which a baby can 
be placed, as shown.

	 The jumperoo is adjusted so that the baby’s feet are a few centimetres above the floor. 
If the baby is then displaced downwards and released, he oscillates vertically.

	 (a)	 The graph shows how the acceleration a of the baby depends upon the displacement 
x of the baby from its equilibrium position.

20

15

10

  5

1 2 3 4 50

–5

–10

–15

–20

–4–5 –3 –2 –1

a / cm s–2

x / cm
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  *P74470A02332*

		  For safety reasons, it is suggested that the maximum velocity of the baby should not 
exceed 0.5 m s–1.

		  Assess whether it is safe for the baby to oscillate in the jumperoo with an amplitude 
of 22 cm.

(3)
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	 (b)	The amplitude of the oscillations quickly decreases, so the baby has to push down 
on the floor to maintain the oscillations.

		  When the baby pushes at a particular frequency, the amplitude of oscillation 
increases to a maximum.

		  A baby of greater mass is placed in the jumperoo.

		  This baby pushes on the floor at a frequency that produces a maximum amplitude 
of oscillation.

		  Explain how this frequency compares with the frequency of pushing of the 
original baby.

		  A calculation is not necessary.
(3)
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16 The diagram shows two identical pendulums, A and B, side by side with a rubber band 
placed over both strings.

                                                              

rubber band

A B

 Pendulum A is displaced and starts to oscillate.  As pendulum A oscillates, pendulum B 
starts to oscillate with the same time period, its amplitude increasing as the amplitude of 
pendulum A decreases.  At one stage pendulum A is no longer oscillating and pendulum 
B has its maximum amplitude.  Then pendulum A starts to oscillate again with increasing 
amplitude, as the amplitude of pendulum B decreases.

 The apparatus is adjusted so that the pendulums do not have the same length as each 
other.  When the first pendulum is set into oscillation, the second pendulum starts to 
oscillate, but with very small amplitude; the first pendulum does not stop oscillating.

  *(a) Explain this behaviour.
(6)
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 (b) The graph shows how the displacement of each pendulum varies with time at one 
stage in the motion.

D
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  (i) State the phase relationship between the two pendulums.
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A Level Paper 2  ·  June 2024  ·  Q15  ·  10 marks ANSWER  ›13.2  Energy in SHM, Damping and Resonance

46

*P74469A01428*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

14

  

15	 A student wound a piece of string around the head of an electric toothbrush. The student  
attached a small mass to the other end of the string, as shown in Photograph 1.

head

mass

string

toothbrush

Photograph 1

	 The toothbrush was switched on and the head started to vibrate. The student rotated 
the toothbrush slowly to unwind the string. At a particular length, large vibrations were 
observed on the string. The string formed a loop, as shown in Photograph 2.

loop

Photograph 2
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	 (a)	 Explain how the vibrations of the toothbrush head caused the loop to form. 
(5)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



A Level Paper 2  ·  June 2024  ·  Q15  ·  10 marks ANSWER  ›13.2  Energy in SHM, Damping and Resonance

48

*P74469A01628*

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
 		

D
O

 N
O

T W
RITE IN

 TH
IS A

REA
						





D

O
 N

O
T W

RITE IN
 TH

IS A
REA D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 		
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

						





D
O

 N
O

T 
W

RI
TE

 IN
 T

H
IS

 A
RE

A

16

  

	 (b)	The student continued to unwind the string and the loop disappeared. When the 
length of the unwound string was twice that shown in Photograph 2 two loops were 
seen. Three loops were seen when the unwound length was three times that shown 
in Photograph 2 and so on.

		  Determine the frequency of vibration of the toothbrush head.

		  unwound length of string with 4 loops = 0.69 m
		  mass on string = 0.010 kg
		  mass per unit length of string = 9.1 × 10–4 kg m–1

(5)
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(Total for Question 15 = 10 marks)
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  

16	 The suspension system in a car includes a spring attached to each wheel as shown.

(Source: © Macrovector/Shutterstock)

	 The car, of mass 1100 kg, is stationary. Each spring is compressed by 152 mm due 
to a quarter of the weight of the car. Each spring is well within both the limit of 
proportionality and the elastic limit.

	 (a)	 State what is meant by within the elastic limit.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (b)	 (i)	 Show that the stiffness of each spring is about 18 000 N m–1.
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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		  (ii)	 A force is applied to the car which results in a further small compression of each 
spring. The force is then removed, and the body of the car oscillates with simple 
harmonic motion.

			   Determine the frequency of the oscillations.
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Frequency = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (c)	 State the conditions for simple harmonic motion.
(2)
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  

	 (d)	 The oscillations are heavily damped by a piston in the suspension system. The 
piston moves within a cylinder filled with oil, as shown. The oil has a high viscosity.

to car

oil

piston

		  Explain why using oil of high viscosity will produce heavy damping.
(3)
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 16 = 12 marks)
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  

6	 A student investigated the horizontal oscillations of a trolley between two springs, using 
the apparatus shown.

stand

trolley

bench

clamp

spring direction of oscillation

	 The student displaced the trolley from its equilibrium position. She then released 
the trolley and started a stopwatch. She stopped the stopwatch when the trolley had 
completed one oscillation.

	 (a)	 Describe how the method used by the student could be improved to determine a 
more accurate value of the time period.

(4)
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	 (b)	 The student displaced the trolley 6.0 cm from the equilibrium position. 
She recorded the velocity of the oscillating trolley using a sensor connected to a 
data logger.

		  The output from the data logger is shown below.

		  The time-base of the data logger output was set to 250 ms div–1.

		  Determine the maximum velocity of the trolley.
(5)
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Maximum velocity of trolley = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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16

  

	 (c)	 The student modified the apparatus so that the trolley was driven into oscillation by 
a vibrator, as shown. 

		  A sensor connected to a data logger recorded the amplitude A of the oscillations.

stand

trolley

bench

clamp

vibratorspring direction of oscillation

		  The graph shows how A varied as the student increased the frequency f of the oscillations.
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		  (i)	 Explain the shape of the graph.
(4)
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		  (ii)	 Determine the effective spring constant k of the oscillating trolley system.

			   mass of trolley = 0.87 kg
(2)
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(Total for Question 6 = 15 marks)
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9	 A simple loudspeaker consists of a cone, a coil of wire and a magnet. The cone and coil 
are attached to each other and are free to move. An alternating current in the coil causes 
the cone to oscillate. The loudspeaker is mounted in a wooden box. A cross-section 
through the loudspeaker is shown.

cone

coil

magnet

	 A student made the following observations:

		  •	 when an alternating potential difference (p.d.) is applied to the coil, the cone 
oscillates  

		  •	 the frequency of oscillation is the same as the frequency of the p.d. 

		  •	 at particular frequencies, the box vibrates with a large amplitude.

	 *(a)	 Explain these observations.
(6)
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*P61866A02336* Turn over     

	

	

	 (b)	The student connected a signal generator to the loudspeaker, and placed the 
loudspeaker near to one end of a long tube containing sand.  The student adjusted the 
signal generator until the sand collected in small heaps as shown.

tube

heaps of sand

loudspeaker

		  (i)	 Explain why the sand collects in heaps.
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		  (ii)	 The student determined the distance d between the centres of adjacent heaps.

			   Describe the procedure she should follow to determine an accurate value for d.
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		  (iii)	 Assess whether the experimental data is consistent with a value for the speed of 
sound of 340 m s−1.

			   signal generator frequency = 3.25 kHz.

			   d = 5.1 cm
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(Total for Question 9 = 16 marks)
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10	 A student made a simple pendulum by connecting a paper cone to a piece of string. 
She attached the pendulum to a clamp as shown.

clamp stand

paper cone

string

	 (a)	 (i)	 The student displaced the pendulum through a small angle so that it oscillated. 
She determined the time period T as 2.50 s.

			   Calculate the length of the pendulum.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Length of pendulum = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 Explain why the amplitude of oscillation of the pendulum did not stay constant.
(3)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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28

  

	 (b)	 The student recorded how the amplitude of oscillation varied over time. 

		  (i)	 It is suggested that the relationship between amplitude A and time t is 

A A e
kt
T�

�

0

			   where A0 is the initial amplitude of the oscillation and k is a constant.

			   Explain why a graph of ln A against t would give a straight line.
(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  (ii)	 The table shows the student’s data.

t / s A / cm

2.5 17.6

5.0 14.3

7.5 11.6

10.0 9.4

12.5 7.6

			   Plot a graph of ln A against t on the grid opposite. Use the additional column to 
show your processed data.

(5)

		  (iii)	 Determine values for A0 and k.
(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A0 = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

k = .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(Total for Question 10 = 16 marks)
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9PH0 02 PHYSICS A level PAPER 2 1706 
  

Question 
Number 

Answer Mark 

1 C - polarisation    1 
 Incorrect Answers: 

A – diffraction is exhibited by sound waves 
B – interference is exhibited by sound waves 
D – refraction is exhibited by sound waves 

 

2 B – 4 cm 1 
 Incorrect Answers: 

Correct method: 
1. force on one spring is 20 N ÷ 2 = 10 N,  
2. spring constant k = 10 N ÷ 8 cm = 1.25 N cm−1,  
3. extension = 5 N ÷ 1.25 N cm−1  = 4 cm 
 
A – 2 cm, omits step 1 
C – 8 cm, applies 10 N in step 3 
D – 16 cm, applies 20 N in step 3 

 

3 B – 0.40 Hz 1 
 Incorrect Answers: 

Correct method:  f = 24 ÷ 60 s = 0.40 Hz 
 
A – uses 1 minute ÷ 24 
C – uses 60 s ÷ 24 
D – uses 24 ÷ 1 minute 

 

4 D    Both fields act on all particles. 1 
 Incorrect Answers: 

A – this is a similarity 
B – this is a similarity 
C – this is a similarity 

 

  

9PH0 02 PHYSICS A level PAPER 2 1706 
  

Question 
Number 

Answer Mark 

1 C - polarisation    1 
 Incorrect Answers: 

A – diffraction is exhibited by sound waves 
B – interference is exhibited by sound waves 
D – refraction is exhibited by sound waves 

 

2 B – 4 cm 1 
 Incorrect Answers: 

Correct method: 
1. force on one spring is 20 N ÷ 2 = 10 N,  
2. spring constant k = 10 N ÷ 8 cm = 1.25 N cm−1,  
3. extension = 5 N ÷ 1.25 N cm−1  = 4 cm 
 
A – 2 cm, omits step 1 
C – 8 cm, applies 10 N in step 3 
D – 16 cm, applies 20 N in step 3 

 

3 B – 0.40 Hz 1 
 Incorrect Answers: 

Correct method:  f = 24 ÷ 60 s = 0.40 Hz 
 
A – uses 1 minute ÷ 24 
C – uses 60 s ÷ 24 
D – uses 24 ÷ 1 minute 

 

4 D    Both fields act on all particles. 1 
 Incorrect Answers: 

A – this is a similarity 
B – this is a similarity 
C – this is a similarity 
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7 The only correct answer is C emitting an alpha particle decreases the nucleon number by 4 and decreases the proton 
number by 2 
 
A is not correct because emitting an alpha particle decreases the nucleon number by 4 and decreases the proton 
number by 2, but here the nucleon number has been increased by 2 and the proton number has been increased by 4 
B is not correct because emitting an alpha particle decreases the nucleon number by 4 and decreases the proton 
number by 2, but here the nucleon number has been increased by 4 and the proton number has been increased by 2 
D is not correct because emitting an alpha particle decreases the nucleon number by 4 and decreases the proton 
number by 2, but here the nucleon number has been decreased by 2 and the proton number has been decreased by 4 

 1 

8 The only correct answer is D because velocity is equal to the gradient of the displacement-time graph 
 
A is not correct because velocity is equal to the gradient of the displacement-time graph, but here velocity is shown as 
proportional to −1 times the displacement 
B is not correct because velocity is equal to the gradient of the displacement-time graph, but here velocity is shown as 
−1 times the gradient 
C is not correct because velocity is equal to the gradient of the displacement-time graph, but here velocity is shown as 
proportional to the displacement 
 

 1 

9 The only correct answer is D because magnification is numerically equal to image distance divided by object distance 
 
A is not correct because magnification is numerically equal to image distance divided by object distance, but this is 
focal length divided by object distance 
B is not correct because magnification is numerically equal to image distance divided by object distance, but this is 
object distance divided by image distance 
C is not correct because magnification is numerically equal to image distance divided by object distance, but this is 
object distance divided by focal length 

 1 
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7 C The only correct answer is C: luminosity is proportional to temperature4 which means a 16-fold increase, and 

luminosity is proportional to area, which is proportional to diameter2, and so means a 4-fold decrease, so there is a 4-

fold increase overall 

A is not the correct answer because this only accounts for the decrease due to decreasing diameter 

B is not the correct answer because this is the answer obtained if the power applied to temperature is 2 instead of 4 

D is not the correct answer because the effect of area is not included 

1 

8 B The only correct answer is B: Upthrust is density of fluid × volume of object × g 

A is not the correct answer because density of object has been used, so this is the gravitational force acting on the 

object 

C is not the correct answer because this is the resultant force 

D is not the correct answer because this is the mean of the magnitude of the forces in A and B 

1 

9 D The only correct answer is D: potential is proportional to 1/x 

A is not correct because electric fields do not cause a force on uncharged particles 

B is not correct because the force caused by gravitational field has only ever been shown to be attractive 

C is not correct because field strength is inversely proportional to x2 

1 

10 D The only correct answer is D: velocity is maximum when displacement is zero, and vice versa, and has positive and 

negative values since the direction reverses 

A is not correct because this shows maximum velocity when it should be minimum and vice versa 

B is not correct because this shows maximum velocity when it should be minimum and vice versa 

C is not correct because this does not show the change in direction of velocity during an oscillation 

1 

(Total for Multiple Choice Questions = 10 marks) 
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7 D The only correct answer is D because the frequency is inversely proportional to the square root of length and 
independent of the mass, so if length is quadrupled, frequency is halved to f/2 
A is not the correct answer because it is 4f 
B is not the correct answer because it is 2f 
C is not the correct answer because it is f 

1 

8 A The only correct answer is A because a real image is produced at a distance of 30 cm from the lens 
B is not the correct answer because the object distance is less than the focal length so the image is virtual 
C is not the correct answer because diverging lenses produce virtual images with real objects 
D is not the correct answer because diverging lenses produce virtual images with real objects 

1 

9 B The only correct answer is B because the y axis is luminosity and the x axis shows temperature decreasing 
A is not the correct answer because the y axis is luminosity but the x axis shows temperature increasing 
C is not the correct answer because the x axis is luminosity and the y axis is luminosity 
D is not the correct answer because the x axis is luminosity and the y axis is luminosity 

1 

10 C The only correct answer is C because the corrected count rate at 30 cm is 40 counts per minute, the corrected rate at 
twice the distance is a quarter of this value, which is 10 counts per minute, and adding the background gives the value 
of 34 
A is not the correct answer because it is 16 
C is not the correct answer because it is 32 
D is not the correct answer because it is 44 

1 

(Total for Multiple Choice Questions = 10 marks) 
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Question 
Number Answer Mark 

1 The only correct answer is A because detail is improved by both decreasing pulse length and decreasing wavelength 
B increasing wavelength decrease detail 
C increasing pulse length decrease detail 
D increasing pulse length and increasing wavelength both decrease detail 

1 

2 The only correct answer is C because 10 cm is more than the focal length from a converging lens 
A diverging lenses do not form real images from real objects 
B diverging lenses do not form real images from real objects 
D an object at less than the focal length from a converging lens will form a virtual image 

1 

3 The only correct answer is A because the extension is doubled and the force for each spring is the same and k = F/x 1 
4 The only correct answer is C because each spring is extended by the same amount so each stores the same energy so the total is 

doubled 
1 

5 The only correct answer is B because x = Fl/EA where F = mg so x = mgl/EA = 24 × 9.81 × 1.5
1.8 × 1011 × 3.1 × 10−6

 1 

6 The only correct answer is D because there is relative motion of the objects away from each other so the wavelength is increased 
by the Doppler effect so the observed frequency is decreased 
A there is relative motion of the objects towards each other so the wavelength is decreased by the Doppler effect so the observed 
frequency is increased 
B there is no relative motion for the objects so there is no observed change in wavelength or frequency 
C there is relative motion of the objects towards each other so the wavelength is decreased by the Doppler effect so the observed 
frequency is increased 

1 

7 The only correct answer is C because wave nature would predict a greater emission rate with a greater incident power 
A because instantaneous emission is only predicted by particle nature 
B because dependence of maximum kinetic energy on frequency is only predicted by particle nature 
D because minimum frequency for emission is only predicted by particle nature 

1 

8 The only correct answer is B because mg = GMm/r2 so acceleration of free fall is proportional to mass / diameter2 = 
g(M/9)/(D/2)2 = 9.81 × 4

9
 

1 

9 The only correct answer is B because acceleration is proportional to force, so the acceleration graph would have the shape of the 
force graph. The acceleration at the start is zero, so the velocity graph must have an initial gradient of zero. For the acceleration 
to be positive in the first quarter cycle the velocity must be increasing.  This graph has an initial gradient of zero and increasing 
velocity. 

1 

  

Question 
Number Answer Mark 

1 The only correct answer is A because detail is improved by both decreasing pulse length and decreasing wavelength 
B increasing wavelength decrease detail 
C increasing pulse length decrease detail 
D increasing pulse length and increasing wavelength both decrease detail 

1 

2 The only correct answer is C because 10 cm is more than the focal length from a converging lens 
A diverging lenses do not form real images from real objects 
B diverging lenses do not form real images from real objects 
D an object at less than the focal length from a converging lens will form a virtual image 

1 

3 The only correct answer is A because the extension is doubled and the force for each spring is the same and k = F/x 1 
4 The only correct answer is C because each spring is extended by the same amount so each stores the same energy so the total is 

doubled 
1 

5 The only correct answer is B because x = Fl/EA where F = mg so x = mgl/EA = 24 × 9.81 × 1.5
1.8 × 1011 × 3.1 × 10−6

 1 

6 The only correct answer is D because there is relative motion of the objects away from each other so the wavelength is increased 
by the Doppler effect so the observed frequency is decreased 
A there is relative motion of the objects towards each other so the wavelength is decreased by the Doppler effect so the observed 
frequency is increased 
B there is no relative motion for the objects so there is no observed change in wavelength or frequency 
C there is relative motion of the objects towards each other so the wavelength is decreased by the Doppler effect so the observed 
frequency is increased 

1 

7 The only correct answer is C because wave nature would predict a greater emission rate with a greater incident power 
A because instantaneous emission is only predicted by particle nature 
B because dependence of maximum kinetic energy on frequency is only predicted by particle nature 
D because minimum frequency for emission is only predicted by particle nature 

1 

8 The only correct answer is B because mg = GMm/r2 so acceleration of free fall is proportional to mass / diameter2 = 
g(M/9)/(D/2)2 = 9.81 × 4

9
 

1 

9 The only correct answer is B because acceleration is proportional to force, so the acceleration graph would have the shape of the 
force graph. The acceleration at the start is zero, so the velocity graph must have an initial gradient of zero. For the acceleration 
to be positive in the first quarter cycle the velocity must be increasing.  This graph has an initial gradient of zero and increasing 
velocity. 

1 

A the initial gradient is not zero 
C the initial gradient is not zero 
D the velocity in the first quarter cycle is decreasing  

10 
The only correct answer is C because decreasing the mass on the hanger decreases the tension in the string and, since v =�𝑇𝑇

𝜇𝜇
 , 

decreases the speed of waves on the string. 𝜆𝜆 = v/f so the wavelength is shorter and a whole wavelength could fit in the original 
length 
A the wavelength at the original frequency is unchanged, so decreasing the length will not allow a whole wavelength 
B decreasing the frequency will increase the wavelength, since wave speed is unchanged, so this will not allow a whole 
wavelength 

D since v =�𝑇𝑇
𝜇𝜇

 , decreasing the mass per unit length will increase the wave speed, increasing the wavelength at the original 

frequency, so this will not allow a whole wavelength 

1 

(Total for Multiple Choice Questions = 10 marks) 
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8 The only correct answer is D 
A is not correct because elastic strain energy is equal to ½F2/k 
B is not correct because elastic strain energy is equal to ½F2/k 
C is not correct because elastic strain energy is equal to ½F2/k  

1 

9 The only correct answer is B 
A is not correct because the initial gradient is not zero. The acceleration at the start is zero, so the velocity graph must have an 
initial gradient of zero 
C is not correct because the initial gradient is not zero 
D is not correct because the velocity in the first quarter cycle is decreasing 

1 

10 The only correct answer is D 
A is not correct because doubling the force and the length whilst halving the diameter leads to an increase by a factor of 16 
B is not correct because doubling the force and the length whilst halving the diameter leads to an increase by a factor of 16 
C is not correct because doubling the force and the length whilst halving the diameter leads to an increase by a factor of 16 

1 

(Total for Multiple Choice Questions = 10 marks) 
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(Total for Question 11 = 4 marks) 

 
 
  

Question 
Number 

  
Acceptable answers 

   
Additional guidance Mark 

11 
• Use of T = 2π√(l/g) 

• Apply factor of 2 correctly for 2 half cycles 

• Use of f = 1/T 

• f = 0.68 Hz 
 
 

(1) 

(1) 

(1) 

(1) 

 

 

Example of calculation 
T = 2π√(l/g) 
T = 2π√(0.43 / 9.81) 
= 1.32 s 
T = 2π√(0.67 / 9.81) 
= 1.64 s 
T = (1.32 s + 1.64 s) / 2 = 1.48 s 
f = 1 / 1.48 s = 0.68 Hz 

4 
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Question 
Number Acceptable Answer  Additional Guidance Mark 

4 • Time a number of (complete) oscillations and divide this time 
by the number of (complete) oscillations 

• This increases the total time recorded 
Or this reduces the effect of reaction time 
(Dependent on MP1) 

• Time from the mid-point of the oscillation 

• Use a marker to identify the mid-point of the oscillation 
Or pendulum is travelling fastest at the mid-point  

• Each method reduces the (percentage) uncertainty (in the value 
for T) 

 
(1) 

 

(1) 

 
(1) 

 
(1) 

 
(1) 

Allow: 

MP1:Use a light gate with a data logger 
 Or video oscillation and play back frame by frame 

MP2: this reduces the effect of reaction time 
(Dependent on MP1) 

 
MP3: accept equilibrium point for mid-point 

 

 

MP5: can’t be awarded on its own. 

 
 
 
 
 
 
 
 
 
 
 
5 

(Total for Question 4 = 5 marks) 

  

Question 
Number Acceptable Answer  Additional Guidance Mark 

4 • Time a number of (complete) oscillations and divide this time 
by the number of (complete) oscillations 

• This increases the total time recorded 
Or this reduces the effect of reaction time 
(Dependent on MP1) 

• Time from the mid-point of the oscillation 

• Use a marker to identify the mid-point of the oscillation 
Or pendulum is travelling fastest at the mid-point  

• Each method reduces the (percentage) uncertainty (in the value 
for T) 

 
(1) 

 

(1) 

 
(1) 

 
(1) 

 
(1) 

Allow: 

MP1:Use a light gate with a data logger 
 Or video oscillation and play back frame by frame 

MP2: this reduces the effect of reaction time 
(Dependent on MP1) 

 
MP3: accept equilibrium point for mid-point 

 

 

MP5: can’t be awarded on its own. 

 
 
 
 
 
 
 
 
 
 
 
5 

(Total for Question 4 = 5 marks) 
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(Total for Question 13 = 7 marks) 

 

 

Question 
Number 

  
Acceptable answers 

   
Additional guidance Mark 

13 (a) 
 

� because the (resultant) force is (directly) proportional to 
displacement from equilibrium position   

� force is in the opposite direction to displacement  
or force is (always) acting towards the equilibrium 
position 

 
 
(1) 
 
 
 
(1) 

  
 
 
 

 
 

2 

13 (b) 
• use of graph to find gradient = k (= F/x) 

• use of T = 1/f 

• use of T = 2π�𝑚𝑚
𝑘𝑘

 

• m = 0.05 (kg) 

or k using 50 g and 2 Hz = 7.9 (N m-1)  

or f using 50 g and k from graph = 2.0 (Hz)  

or T using 50 g and k from graph = 0.50 (s)  

• Comparison and correct conclusion 
(dependent on MP4) 

(1) 
 
(1) 
 
(1) 
 
 
 
 
 
 
(1) 
 
(1) 
 

Example of calculation 
 
k = 0.55 N / 0.07 m 
= 7.86 N m-1 
T = ½ = 0.5 s 

0.5 s = 2π� 𝑚𝑚
7.86 N m−1 

 

 
 m = 0.050 kg (0.0498 kg) 
 
A smaller mass means a shorter period, so smaller than 
0.05 kg would be a higher frequency than 2 Hz, so 50 g is 
smallest mass. 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

5 
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(Total for Question 3 = 7 marks) 

Question 
Number Acceptable Answer Additional Guidance Mark 

3(a) Any TWO from: 

• Should have used (a fiducial mark as) a reference 
point 

• Should have timed from the equilibrium position  
of the bob 
Or Shouldn’t time from the maximum displaced 
position  of the bob 

• Only timed one oscillation 
Or should have times more than one oscillation 

• Should have allowed the pendulum to swing to 
and fro a few times before starting to time (as the 
first swing may be different from the others) 

 

 

(1) 

 

 

(1) 

 

(1) 

 

(1) 

 
 
 
 
 
Accept centre/vertical/undisplaced position for equilibrium 
position 

 
 
 
 
 
 
 
 
 
 
 
 

2 

3(b) • Determination of gradient 

• Re-arrangement of 𝑇𝑇 = 2𝜋𝜋� 𝑙𝑙
𝑔𝑔
  

• Algebra to show 𝑇𝑇2 = − 4𝜋𝜋2

𝑔𝑔
𝑑𝑑 + 4𝜋𝜋2

𝑔𝑔
ℎ 

• Gradient = (−) 4𝜋𝜋2

𝑔𝑔
 

• g = 9.6 m s−2 [accept 9.5 → 9.7 m s−2] 

(1) 

(1) 

 

(1) 

 

(1) 

(1) 

𝑇𝑇2 =
4𝜋𝜋2

𝑔𝑔
𝑙𝑙 

𝑇𝑇2 =
4𝜋𝜋2

𝑔𝑔
(ℎ − 𝑑𝑑) 

𝑇𝑇2 = −
4𝜋𝜋2

𝑔𝑔
𝑑𝑑 +  

4𝜋𝜋2

𝑔𝑔
ℎ 

 
Example of calculation 

gradient =
(12.1 − 9.2) s2

(0.00 − 0.70) m
= −4.1 s2m−1 

∴ 𝑔𝑔 =
4𝜋𝜋2

4.1 s2m−1 = 9.6 m s−2 
 

 
 
 
 
 
 
 
 

5 

 

(Total for Question 3 = 7 marks) 

Question 
Number Acceptable Answer Additional Guidance Mark 

3(a) Any TWO from: 

• Should have used (a fiducial mark as) a reference 
point 

• Should have timed from the equilibrium position  
of the bob 
Or Shouldn’t time from the maximum displaced 
position  of the bob 

• Only timed one oscillation 
Or should have times more than one oscillation 

• Should have allowed the pendulum to swing to 
and fro a few times before starting to time (as the 
first swing may be different from the others) 

 

 

(1) 

 

 

(1) 

 

(1) 

 

(1) 

 
 
 
 
 
Accept centre/vertical/undisplaced position for equilibrium 
position 

 
 
 
 
 
 
 
 
 
 
 
 

2 

3(b) • Determination of gradient 

• Re-arrangement of 𝑇𝑇 = 2𝜋𝜋� 𝑙𝑙
𝑔𝑔
  

• Algebra to show 𝑇𝑇2 = − 4𝜋𝜋2

𝑔𝑔
𝑑𝑑 + 4𝜋𝜋2

𝑔𝑔
ℎ 

• Gradient = (−) 4𝜋𝜋2

𝑔𝑔
 

• g = 9.6 m s−2 [accept 9.5 → 9.7 m s−2] 

(1) 

(1) 

 

(1) 

 

(1) 

(1) 

𝑇𝑇2 =
4𝜋𝜋2

𝑔𝑔
𝑙𝑙 

𝑇𝑇2 =
4𝜋𝜋2

𝑔𝑔
(ℎ − 𝑑𝑑) 

𝑇𝑇2 = −
4𝜋𝜋2

𝑔𝑔
𝑑𝑑 +  

4𝜋𝜋2

𝑔𝑔
ℎ 

 
Example of calculation 

gradient =
(12.1 − 9.2) s2

(0.00 − 0.70) m
= −4.1 s2m−1 

∴ 𝑔𝑔 =
4𝜋𝜋2

4.1 s2m−1 = 9.6 m s−2 
 

 
 
 
 
 
 
 
 

5 
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Question 
Number 

Acceptable Answer  Additional Guidance Mark 

4(a) 
 Use of 

g
LT 2  

 L = 0.994 m 

 
(1) 

 
(1) 

Example of calculation: 

 
m0.994

4π
sm9.81s2.00

2

22







L  

 
 
 

2 
4(b) 

A description that makes reference to the following points: 

 Record nT (where n is at least 5) and divide by n (to find T) 
 

 Time oscillations from equilibrium position of bob using a 
(fiducial) marker  
Or repeats timings for multiple oscillations and calculate mean 

 
 
 
 

(1) 
 
 

 
(1) 

  
 
 
 
 
 
 
 
 

2 
4(c) 

 Using the stopwatch there would be reaction time  
 

 The uncertainty in the measurement of the time is larger with the 
stopwatch than with the data logger. 
 

 Timing multiple swings (with stopwatch) reduces %U 
 

 Light gates are difficult to use with a pendulum bob.  

 
(1) 
 

 
(1) 
 
(1) 
 
(1) 

 
 
 
 
MP2 dependent on MP1 
 

 
 

 
 
 
 
 
 
 

4 

(Total for Question 4 = 8 marks) 

 

Question 
Number 

Acceptable Answer  Additional Guidance Mark 

4(a) 
 Use of 

g
LT 2  

 L = 0.994 m 

 
(1) 

 
(1) 

Example of calculation: 

 
m0.994

4π
sm9.81s2.00

2

22







L  

 
 
 

2 
4(b) 

A description that makes reference to the following points: 

 Record nT (where n is at least 5) and divide by n (to find T) 
 

 Time oscillations from equilibrium position of bob using a 
(fiducial) marker  
Or repeats timings for multiple oscillations and calculate mean 

 
 
 
 

(1) 
 
 

 
(1) 

  
 
 
 
 
 
 
 
 

2 
4(c) 

 Using the stopwatch there would be reaction time  
 

 The uncertainty in the measurement of the time is larger with the 
stopwatch than with the data logger. 
 

 Timing multiple swings (with stopwatch) reduces %U 
 

 Light gates are difficult to use with a pendulum bob.  

 
(1) 
 

 
(1) 
 
(1) 
 
(1) 

 
 
 
 
MP2 dependent on MP1 
 

 
 

 
 
 
 
 
 
 

4 

(Total for Question 4 = 8 marks) 
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Question 
Number  Acceptable Answer  Additional Guidance  Mark 

5(a)(i)   discards value for l3  

 ݈௠=85.7 ሺcmሻ  

(1) 

(1) 

 
 
MP2: answer to 1 d.p. only 
 
Example of calculation 

݈௠ൌ
85.5൅86.0൅85.5

3 ൌ85.7	cm 

 

 
 
2 

5(a)(ii) 
 Use of ܶ ൌ ටℓߨ2

௚
 

 ܶൌ1.86 s 

(1) 

 

(1) 

ECF from (i) 
MP2: accept T = 1.9 s 
 
Example of calculation 

ܶ ൌ ඨߨ2
ℓ
݃
ൌ 2π	ൈඨ

0.857	m
9.81	m s‐2

ൌ1.86	s 

 
 
 
2 

5(b) Max 4 from 2 out of 3 pairs 

 The student should let the pendulum swing back and 
to before starting the stopwatch. 

 The first swing may be affected by the student 
pushing the bob as they release it 
 

 The student should use a (fiducial) marker at O 
 Easier to determine when it passes O  

 
 Time more oscillations 
 A longer time reduces (%) uncertainty (in T) 

 
 

 
(1) 

 
(1) 

 
 

(1) 
(1) 

 
 

(1) 
(1) 

For each pair, the second marking point is 
dependent on the first marking point 
 
 
 
 
 
 
MP4: Accept the pendulum travelling fastest when 
it passes O 

 
 
 
 
 
 
 
 

 
 
 
 
4 

(Total for Question 5 = 8 marks) 

   

Question 
Number  Acceptable Answer  Additional Guidance  Mark 

5(a)(i)   discards value for l3  

 ݈௠=85.7 ሺcmሻ  

(1) 

(1) 

 
 
MP2: answer to 1 d.p. only 
 
Example of calculation 

݈௠ൌ
85.5൅86.0൅85.5

3 ൌ85.7	cm 

 

 
 
2 

5(a)(ii) 
 Use of ܶ ൌ ටℓߨ2

௚
 

 ܶൌ1.86 s 

(1) 

 

(1) 

ECF from (i) 
MP2: accept T = 1.9 s 
 
Example of calculation 

ܶ ൌ ඨߨ2
ℓ
݃
ൌ 2π	ൈඨ

0.857	m
9.81	m s‐2

ൌ1.86	s 

 
 
 
2 

5(b) Max 4 from 2 out of 3 pairs 

 The student should let the pendulum swing back and 
to before starting the stopwatch. 

 The first swing may be affected by the student 
pushing the bob as they release it 
 

 The student should use a (fiducial) marker at O 
 Easier to determine when it passes O  

 
 Time more oscillations 
 A longer time reduces (%) uncertainty (in T) 

 
 

 
(1) 

 
(1) 

 
 

(1) 
(1) 

 
 

(1) 
(1) 

For each pair, the second marking point is 
dependent on the first marking point 
 
 
 
 
 
 
MP4: Accept the pendulum travelling fastest when 
it passes O 

 
 
 
 
 
 
 
 

 
 
 
 
4 

(Total for Question 5 = 8 marks) 
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Question 
Number  Acceptable Answer  Additional Guidance  Mark 

11(a)  An explanation that makes reference to the following: 
 

 The astronauts are in free fall in the space craft 
Or The acceleration of the astronauts and the space 
station are the same 

 

 So there is no contact/reaction force acting on them

 
 
 

(1) 
 

(1) 

 
For MP2, accept a statement that the gravitational 
force (weight) is the only force acting upon them Or 
all of their weight is used to provide the centripetal 
force /acceleration 

 
 
 
 
 
 
 
 

2 

11(b) The acceleration (of the platform) is: 
 (directly) proportional to displacement from equilibrium 

position   
 (always) acting towards the equilibrium position 

Or the idea that acceleration is in the opposite direction 
to displacement 
 

[An equation with symbols defined correctly is a valid response 
for both marks. e.g  or ] 

 
 
 

(1) 
 
 

(1) 
 

 

Accept towards undisplaced point/fixed point/central 
point for equilibrium position. 
Accept a definition in terms of the force 
i.e. the (resultant) force (on the platform) is: 

 (directly) proportional to displacement from 
equilibrium position 

 (always) acting towards the equilibrium 
position Or the idea that force is in the 
opposite direction to displacement 

 
 
 
 
 
 
2 

11(c)(i)  (Use the stopwatch to) time a large number of 
oscillations to determine the time period 

 

 Calculate the frequency using ݂ ൌ ଵ
்
 

 
(1) 

 
(1) 

MP1: At least 5 oscillations required  
 
 
2 

11(c)(ii)  (Use the metre rule to) measure the max displacement of 
the platform (from the equilibrium position) 

 

 Calculate the maximum speed using ݒmax ൌ  maxݔ݂ߨ2

 
(1) 

 
(1) 

 

MP2: allow use of  ݒmax ൌ
ଶ஠
்
 maxݔ

 
 
 
2 

11(d) An explanation that makes reference to the following: 
 

 ܧ௞ ൌ
ଵ
ଶ
maxݒ	܌ܖ܉	ଶݒ݉ ൌ   maxݔ݂ߨ2

 

 Max kinetic energy is quadrupled  

 
(1) 

 
(1) 

  
 
 
2 

 (Total for Question 11 = 10 marks) 

   

xa  xF 

Question 
Number  Acceptable Answer  Additional Guidance  Mark 

11(a)  An explanation that makes reference to the following: 
 

 The astronauts are in free fall in the space craft 
Or The acceleration of the astronauts and the space 
station are the same 

 

 So there is no contact/reaction force acting on them

 
 
 

(1) 
 

(1) 

 
For MP2, accept a statement that the gravitational 
force (weight) is the only force acting upon them Or 
all of their weight is used to provide the centripetal 
force /acceleration 

 
 
 
 
 
 
 
 

2 

11(b) The acceleration (of the platform) is: 
 (directly) proportional to displacement from equilibrium 

position   
 (always) acting towards the equilibrium position 

Or the idea that acceleration is in the opposite direction 
to displacement 
 

[An equation with symbols defined correctly is a valid response 
for both marks. e.g  or ] 

 
 
 

(1) 
 
 

(1) 
 

 

Accept towards undisplaced point/fixed point/central 
point for equilibrium position. 
Accept a definition in terms of the force 
i.e. the (resultant) force (on the platform) is: 

 (directly) proportional to displacement from 
equilibrium position 

 (always) acting towards the equilibrium 
position Or the idea that force is in the 
opposite direction to displacement 

 
 
 
 
 
 
2 

11(c)(i)  (Use the stopwatch to) time a large number of 
oscillations to determine the time period 

 

 Calculate the frequency using ݂ ൌ ଵ
்
 

 
(1) 

 
(1) 

MP1: At least 5 oscillations required  
 
 
2 

11(c)(ii)  (Use the metre rule to) measure the max displacement of 
the platform (from the equilibrium position) 

 

 Calculate the maximum speed using ݒmax ൌ  maxݔ݂ߨ2

 
(1) 

 
(1) 

 

MP2: allow use of  ݒmax ൌ
ଶ஠
்
 maxݔ

 
 
 
2 

11(d) An explanation that makes reference to the following: 
 

 ܧ௞ ൌ
ଵ
ଶ
maxݒ	܌ܖ܉	ଶݒ݉ ൌ   maxݔ݂ߨ2

 

 Max kinetic energy is quadrupled  

 
(1) 

 
(1) 

  
 
 
2 

 (Total for Question 11 = 10 marks) 

   

xa  xF 
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 (Total for Question 16 = 10 marks) 

  

Question 
Number Acceptable answers Additional guidance Mark 

16(a) • Use of f = 1 / T 
 

• Use of T = 2π √ (m/k) 
 
• Correct for mass of platform 
 
• Mass of astronaut = 71 kg 

(1) 
 
(1) 
 
(1) 
 
(1) 
 

Example of calculation 
T = 1 / 0.34 Hz = 2.94 s 
2.94 s = 2π  √ (m/ 350 N m−1) 
m = 76.6 kg 
mass of astronaut = 76.6 kg − 5.7 kg 
= 70.9 kg 
 

 
 
 
 
 
 

4 

16(b)(i) • Determine amplitude 
 

• Use of  = 2 f 
 
• Use of max a = (–) 2A 
 
• Max acceleration = 0.66 m s−2 
 

(1) 
 
(1) 
 
(1) 
 
(1) 
 

Example of calculation 
Amplitude = 0.29 m / 2 = 0.145 m 
 = 2 × 0.34 Hz = 2.14 rad s−1 
max a = (2.14 rad s−1)2 × 0.145 m 
= 0.66 m s−2 

 

 

 
 
 
 
 
 

4 

16(b)(ii) • Use of v = (–) A sin t  
 

• Speed = 0.29 m s−1 (ecf for  and A from (b)(i)) 

(1) 
 
(1) 

Example of calculation 
v = 0.145× 2.14  s−1  sin ((2.14  s−1 × 3.5 s) radian) 
= 0.145× 2.14  s−1  sin ((2.14  s−1 × 3.5 s) × 360° / 2) 
Speed = 0.29 m s−1 

 

 
 

2 
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Question 
Number 

Acceptable Answer  Additional Guidance Mark 

5(a) • Time a number of (complete) oscillations calculate a mean 
time period 
 

• This reduces the effect of random error (dependent on MP1) 
 

• Allow oscillation to settle before starting to time. 
 

• Use a (fiducial) marker (so easier to see when trolley passes 
a point) 

 
• Use the mid-point of the oscillation (for timing),  

 
• Trolley is travelling fastest at mid-point, so effect of 

reaction time is reduced. 

 
(1) 

 
(1) 

 
(1) 

 
 

(1) 
 

(1) 
 

(1) 

Accept description of how to determine a mean – 
don’t need to see the word “mean” 
 
Accept reaction time for random error, also accept 
reference to reducing percentage uncertainty 
 
 
 
 
 
 
Accept equilibrium/undisplaced position 
 
For MP6 allow use a datalogger to eliminate effect 
of reaction time [not dependent upon MP5] 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
6 

5(b) • Substitutes into equation for mass on spring to give  

𝑇 = 2π√
 𝑀 + 𝑚

𝑘
 

 
• 𝑇2 =

4π2

𝑘
𝑚 +

4π2𝑀

𝑘
 

 
• Identify gradient as 42/k (and calculate a value for k) 

 
• Identify y-intercept as 42M/k (and calculate a value for M) 

 
 

(1) 
 

 
(1) 

 
 

(1) 
 

(1) 
 

   
 
 
 
 
 
 
 
 
 
4 

(Total for Question 5 = 10 marks)  

Question 
Number 

Acceptable Answer  Additional Guidance Mark 

5(a) • Time a number of (complete) oscillations calculate a mean 
time period 
 

• This reduces the effect of random error (dependent on MP1) 
 

• Allow oscillation to settle before starting to time. 
 

• Use a (fiducial) marker (so easier to see when trolley passes 
a point) 

 
• Use the mid-point of the oscillation (for timing),  

 
• Trolley is travelling fastest at mid-point, so effect of 

reaction time is reduced. 

 
(1) 

 
(1) 

 
(1) 

 
 

(1) 
 

(1) 
 

(1) 

Accept description of how to determine a mean – 
don’t need to see the word “mean” 
 
Accept reaction time for random error, also accept 
reference to reducing percentage uncertainty 
 
 
 
 
 
 
Accept equilibrium/undisplaced position 
 
For MP6 allow use a datalogger to eliminate effect 
of reaction time [not dependent upon MP5] 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
6 

5(b) • Substitutes into equation for mass on spring to give  

𝑇 = 2π√
 𝑀 + 𝑚

𝑘
 

 
• 𝑇2 =

4π2

𝑘
𝑚 +

4π2𝑀

𝑘
 

 
• Identify gradient as 42/k (and calculate a value for k) 

 
• Identify y-intercept as 42M/k (and calculate a value for M) 

 
 

(1) 
 

 
(1) 

 
 

(1) 
 

(1) 
 

   
 
 
 
 
 
 
 
 
 
4 

(Total for Question 5 = 10 marks)  
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Question 
Number Acceptable Answer Additional Guidance Mark 

9(a)(i) An explanation that makes reference to the following points: 
 
• Use a (fiducial) marker 

 
• Placed at the equilibrium position (of cantilever) 

 
• (This will reduce timing errors) as end of cantilever is 

moving fastest at the equilibrium position 
 

 
 

(1) 
 

(1) 
 
 

(1) 

 
 
 

 
 
 
 
 
 
 
3 

9(a)(ii) An explanation that makes reference to the following points: 
 
• Time a larger number of oscillations 

 
• This will increase the total time recorded  

 
 

(1) 
 

(1) 

 
 
 
 

 
 
 
 
2 
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9(b) • Calculation of average time (period) 
 

• Use of 𝑇𝑇2 ∝ 𝑀𝑀𝐿𝐿3

𝐸𝐸
 

 
• Calculates 𝐸𝐸1

𝐸𝐸2
 

 
 
• Calculates 𝐸𝐸spruce

𝐸𝐸cedar
 

 
• 𝐸𝐸1

𝐸𝐸2
 =1.22 and  𝐸𝐸spruce

𝐸𝐸cedar
 = 1.25  

 
• As 1.22 is close to 1.25, the metre rule must be made 

from spruce and half-metre rule from cedar 
Or Conclusion based on comparison of calculated values 
from using calculated ratio 

 
 

 
 
 
 

 

(1) 
 

(1) 
 
 

(1) 
 
 
 

(1) 
 
 

(1) 
 
 
 
 

(1) 

Example of calculation 

𝑇𝑇1 =
14.69 s + 14.64 s + 14.76 s)/3

5
= 2.94 s 

 

𝑇𝑇2 =
5.33 s + 5.40 s + 5.24 s)/3

5
= 1.06 s 

 

�
𝑇𝑇1
𝑇𝑇2
�
2

= �
𝐿𝐿1
𝐿𝐿2
�
3

×
𝐸𝐸2
𝐸𝐸1

     ∴
𝐸𝐸1
𝐸𝐸2

= �
𝐿𝐿1
𝐿𝐿2
�
3

× �
𝑇𝑇2
𝑇𝑇1
�
2

 

 

∴
𝐸𝐸1
𝐸𝐸2

= �
0.95 m
0.45 m

�
3

× �
1.06 s
2.94 s

�
2

= 1.22 

 
𝐸𝐸spruce
𝐸𝐸cedar

=
9.6 GPa
7.7 GPa

= 1.25 

 
 
Alternative MP4 and MP5 

• Calculates Ecedar ×
𝐸𝐸1
𝐸𝐸2

= Espruce
  

•  𝐸𝐸1
𝐸𝐸2

 =1.22 and Espruce
 = 9.5 (or Ecedar = 7.9) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6 

(Total for Question 9 = 11 marks) 
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(Total for Question 20 = 12 marks)  

Question 
Number 

  
Acceptable answers 

   
Additional guidance Mark 

20 (a) • Use of W = mg 
• Use of ∆𝐹𝐹 = 𝑘𝑘∆𝑥𝑥 

• Use of 𝑇𝑇 = 2π�𝑚𝑚
𝑘𝑘

 

• Use of 𝑓𝑓 = 1
𝑇𝑇
 

• f = 1.7 (Hz), so claim is incorrect. 

(1) 
(1) 
 
(1) 
(1) 
(1) 

Example of calculation: 
 

𝑘𝑘 =
65 × 10−3kg × 9.81 N kg−1 

0.085 m
= 7.50 N m−1 

𝑇𝑇 = 2π�
65 × 10−3 kg
7.50 N m−1 = 0.585 s 

𝑓𝑓 =
1
𝑇𝑇

=
1

0.585 s
= 1.71 Hz 

 

5 

20 (b) • There is damping 
Or resistive forces act on the flamingo 
 

• Energy is removed from the oscillating system (and the 
amplitude decreases) 

 
(1) 
 
 
(1) 
 

 2 

20 (c)(i) 
• Use of 𝑇𝑇 = 2π�ℓ

𝑔𝑔
 

• T = 2.24 (s) (at least 3 sf) 

(1) 
 
(1) 

Example of calculation: 
 

𝑇𝑇 = 2π�
1.25 m

9.81 m s−2
= 2.24 s 

 

2 

20 (c)(ii) • Use of 𝜔𝜔 = 2π
𝑇𝑇

 

• Use of 𝑣𝑣 = −𝐴𝐴𝐴𝐴 sin𝜔𝜔𝜔𝜔 
• v = 0.21 m s−1 (ecf from (i)) 

(1) 
 
(1) 
(1) 

Example of calculation: 
 

𝜔𝜔 =
2π

2.24 s
= 2.80 rad s−1 

𝑣𝑣 = −7.5 × 10−2m × 2.80 s−1 × 1 = 0.210 m s−1 
 

3 
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Question 

Number 

  

Acceptable answers 

   

 

Additional guidance Mark 

16(a) • Determine period, T 

• Use of T = 2π√(l/g) 

• Subtracts radius of mass 

• Length of wire = 10.3 (m) 

 

(1) 

(1) 
 

(1) 

(1) 

 

 

Example of calculation 

T = 52.2 s / 8 

= 6.53 s 

6.53 s = 2π√(l/9.81 N kg−1) 

Length of pendulum to centre of mass = 10.6 m 

Length of wire = 10.6 m − 0.3 m 

= 10.3 m 

 

 

 

 

 

 

4 

16 (b)(i) • Use of (breaking) stress = F/A 

• Use of A = π r2 

• Diameter = 1.06 mm and choose 1.22 mm because 

it is the thinnest wire with stress lower than the 

breaking stress 

(1) 
 

(1) 

 

 

(1) 

Example of calculation 

For max stress, 3.10 × 108 N m−2 = 28 kg × 9.81 N kg−1/A 

A = 8.86 × 10-7 m2 

8.86 × 10-7 m2 = π r2 

r = 5.3 × 10-4 m 

diameter = 1.06 mm 

 

 

 

 

 

3 

16 (b)(ii) • Use of stress = F/A and A = π r2 (ecf for radius 

from (b)(i)) 

• Use of Young modulus = stress / strain  

and strain = Δx/x 

• Extension =1.3 cm  

 

(1) 

 
 

(1) 

(1) 

Allow ecf for radius of wire chosen in part (b)(i), but not 

for the calculated radius or area 

 

Example of calculation 

stress = 28 kg × 9.81 N kg−1/ π (1.22 × 10-3 m / 2) 2 

strain = 2.34 × 108 Pa / 200 GPa = 0.00117 

extension = 0.00117 × 11.2 m = 0.0132 m 

 

 

 

 

 

3 
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16 (c) • There is (damping due to) air resistance and this 

(damping) force is the same for both (since they 

have the same shape, area and speed initially) 

• For large mass the force due to air resistance 

produces a smaller negative acceleration since a = 

F/m 

• The speed will decrease less for each swing, so 

there is less effect on the amplitude 

Or It will take longer for the (maximum) speed to 

decrease (to zero) so the pendulum will oscillate for 

a longer time 

 

OR 

• There is air resistance and the force is the same for 

both 

• The work done by air resistance per swing is the 

same for both masses  

• Initially the larger mass has greater quantity of 

energy shared between its kinetic and potential 

energy stores, so the proportion of KE transferred 

to the thermal energy store of the sphere and the 

surroundings is less per swing, so there is less effect 

on the amplitude 

Or Larger mass has greater total energy so fraction 

dissipated per swing is smaller so the pendulum 

will oscillate for a longer time 

 

 

 

(1) 

 

 

(1) 

 

 

 

 

 

 

(1) 

 

 

 

 

 

(1) 

 

(1) 

 

 

 

 

 

 

 

 

 

 

(1) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 
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(Total for Question 17 = 13 marks) 

 

 

OR 

 There is air resistance and this force is the same for 

both 

• For both masses the change in momentum per 

swing is the same 

• The larger mass has greater initial momentum so it 

will take longer for the (maximum) momentum to 

decrease (to zero) so the pendulum will oscillate for 

a longer time 

 

 

 

 

(1) 

 

(1) 

 

 

 

 

(1) 
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Question 

Number Acceptable Answer Additional Guidance Mark 

7(a)(i) An explanation that makes reference to the following points: 

 

• Time n oscillations and divide by n, where n is a large 

number 

 

• Increasing the time (measured) reduces the uncertainty 

(in T) 

 

• Repeat timing and calculate a mean 

 

• Use a (fiducial) marker to indicate the reference position 

 

• Use equilibrium position as reference position 

 

• The trolley is moving fastest at this point so the 

uncertainty in starting/stopping the stopwatch is least 

 

 

 

(1) 

 

 

(1) 

 

(1) 

 

(1) 

 

(1) 

 

 

(1) 

 

 

 

 

Where n ≥ 5 

 

 

 

 

 

 

 

 

 

For equilibrium allow centre/undisplaced 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 

7(a)(ii) • Use ω = 2π/T (to calculate a value for ω) 

Or use 𝜔 = 2𝜋𝑓 with f = 1/T 

 

• Measure the maximum displacement of the trolley from 

the equilibrium position (with the metre rule) 

 

• Use vmax = ω A (to calculate a value for the maximum 

velocity of the trolley) 

 

(1) 

 

 

(1) 

 

 

(1) 

 
 
 
 

For equilibrium allow centre/undisplaced 

[accept initial displacement for maximum 

displacement] 

 

 

 

 

 

 

 

3 

  

Question 

Number Acceptable Answer Additional Guidance Mark 

7(a)(i) An explanation that makes reference to the following points: 

 

• Time n oscillations and divide by n, where n is a large 

number 

 

• Increasing the time (measured) reduces the uncertainty 

(in T) 

 

• Repeat timing and calculate a mean 

 

• Use a (fiducial) marker to indicate the reference position 

 

• Use equilibrium position as reference position 

 

• The trolley is moving fastest at this point so the 

uncertainty in starting/stopping the stopwatch is least 

 

 

 

(1) 

 

 

(1) 

 

(1) 

 

(1) 

 

(1) 

 

 

(1) 

 

 

 

 

Where n ≥ 5 

 

 

 

 

 

 

 

 

 

For equilibrium allow centre/undisplaced 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 

7(a)(ii) • Use ω = 2π/T (to calculate a value for ω) 

Or use 𝜔 = 2𝜋𝑓 with f = 1/T 

 

• Measure the maximum displacement of the trolley from 

the equilibrium position (with the metre rule) 

 

• Use vmax = ω A (to calculate a value for the maximum 

velocity of the trolley) 

 

(1) 

 

 

(1) 

 

 

(1) 

 
 
 
 

For equilibrium allow centre/undisplaced 

[accept initial displacement for maximum 

displacement] 

 

 

 

 

 

 

 

3 
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7(b) • (The sensor and data logger) eliminates reaction time  

 Or data logger will not necessarily record the time with 

 any greater resolution 

 

 

(1) 

  

 

1 

7(c) An explanation that makes reference to the following points: 

 

• vmax = ω A and ω constant 

• If A doubles, then vmax doubles 

• Hence max Ek will quadruple, 

 since 𝐸k =
1

2
𝑚𝑣2[dependent upon MP2] 

OR 

• ∆𝐸el =
1

2
𝐹∆𝑥 and ∆𝐹 = 𝑘∆𝑥 

• ∆𝐸el ∝ (∆𝑥)2 since k is constant 

• Hence max Ek will quadruple, 

since max Ek = max ΔEel (dependent upon MP2) 

 

 

(1) 

 

(1) 

 

 

(1) 

 

 

(1) 

 

(1) 

 

 

(1) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 

(Total for Question 7 = 13 marks) 
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Question 
Number 

Acceptable 
answer   Additional guidance Mark 

1 B The only correct answer is B because m is the SI unit for length. 
A is not correct because C is not a base unit 
C is not correct because g is not a base unit 
D is not correct because °C is not a base unit 

1 

2 C The only correct answer is C because X is a smaller nucleus for which the binding energy per nucleon could increase 
through a process of fusion and Y is a larger nucleus for which the binding energy per nucleon could increase through 
a process of fission 
A I not correct because it states fission for both X and Y 
B is not correct because the processes are reversed 
D is not correct because it states fusion for both X and Y 

1 

3 C The only correct answer is C because for the original spring F = kx so x = F/k, so E = ½ Fx = ½ F2/k. For 2F and 2k 
the epe is E × 22 / 2 = 2E 
A is not correct because it is E/2 
B is not correct because it is E 
A is not correct because it is 8E 

1 

4 C The only correct answer is C because the correct method for a nearby star is parallax, for a nearby galaxy is standard 
candle and for a very distant galaxy is red shift 
A is not correct because only the nearby star method is correct 
B is not correct because only the nearby galaxy method is correct 
D is not correct because none of the methods are correct 

1 

5 D The only correct answer is D because when damping is decreased maximum amplitude increases and the frequency at 
which it occurs increases 
A is not correct because it states that they both decrease 
B is not correct because it states that the maximum amplitude decreases 
C is not correct because it states that the frequency decreases 

1 

6 B The only correct answer is B because the electric field is always positive except at infinity, when it is zero 
A is not the correct choice because the statement is correct 
C is not the correct choice because the statement is correct 
D is not the correct choice because the statement is correct 

1 

 

Question 
Number 

Acceptable 
answer   Additional guidance Mark 

1 B The only correct answer is B because m is the SI unit for length. 
A is not correct because C is not a base unit 
C is not correct because g is not a base unit 
D is not correct because °C is not a base unit 

1 

2 C The only correct answer is C because X is a smaller nucleus for which the binding energy per nucleon could increase 
through a process of fusion and Y is a larger nucleus for which the binding energy per nucleon could increase through 
a process of fission 
A I not correct because it states fission for both X and Y 
B is not correct because the processes are reversed 
D is not correct because it states fusion for both X and Y 

1 

3 C The only correct answer is C because for the original spring F = kx so x = F/k, so E = ½ Fx = ½ F2/k. For 2F and 2k 
the epe is E × 22 / 2 = 2E 
A is not correct because it is E/2 
B is not correct because it is E 
A is not correct because it is 8E 

1 

4 C The only correct answer is C because the correct method for a nearby star is parallax, for a nearby galaxy is standard 
candle and for a very distant galaxy is red shift 
A is not correct because only the nearby star method is correct 
B is not correct because only the nearby galaxy method is correct 
D is not correct because none of the methods are correct 

1 

5 D The only correct answer is D because when damping is decreased maximum amplitude increases and the frequency at 
which it occurs increases 
A is not correct because it states that they both decrease 
B is not correct because it states that the maximum amplitude decreases 
C is not correct because it states that the frequency decreases 

1 

6 B The only correct answer is B because the electric field is always positive except at infinity, when it is zero 
A is not the correct choice because the statement is correct 
C is not the correct choice because the statement is correct 
D is not the correct choice because the statement is correct 

1 
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C is not correct as the corresponding maxima must be V or Z 
and only V is represented by the answer option B 
D is not correct as the corresponding maxima must be V or Z 
and only V is represented by the answer option B 
 

7 The only correct answer is C 
A is not correct as 𝑡 =

1

𝜆
× ln

𝑁0

𝑁
 and 𝑁0= 1 

B is not correct as 𝑡 =
1

𝜆
× ln

𝑁0

𝑁
 and 𝑁0= 1 

D is not correct as 𝑡 =
1

𝜆
× ln

𝑁0

𝑁
 and 𝑁0= 1 

 

 1 

8 The only correct answer is C 
A is not correct as there is total internal reflection at the first 
surface as c = 42o 
B is not correct as there is total internal reflection at the first 
surface as c = 42o 
D is not correct as the angle of incidence is equal to the angle 
of reflection for internal reflection 
 

 1 

9 The only correct answer is B 
A is not correct as Ek = 0 when x = amplitude 
C is not correct as Ek is a scalar quantity 
D is not correct as Ek is a scalar quantity 
 

 1 

10 The only correct answer is A 
B is not correct as the open window section of film will be 
dark and the lead window section of film will be white 
C is not correct as the open window section of film will be 
dark and the lead window section of film will be white 
D is not correct as the open window section of film will be 
dark and the lead window section of film will be white 
 

 1 

(Total for Multiple Choice Questions = 10 marks) 
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Question 
Number Answer Mark 

1 The only correct answer is B, kg m s–2 1 
 A is not correct because these are the base units of force 

C is not correct because N is not a base unit 
D is not correct because Pa is not a base unit 
 

 

2 The only correct answer is C, photoelectric effect 1 
 A is not correct because this is a wave effect 

B is not correct because this is a wave effect 
D is not correct because this is a wave effect 
 

 

3 The only correct answer is B, when θ is greater than c, then no light is transmitted. 1 
 A is not correct because all light is reflected 

C is not correct because some light is reflected 
D is not correct because some light is transmitted 
 

 

4 The only correct answer is A, a closed universe 
because a closed universe reaches a maximum size and then contracts 
B is not correct because scientists do not define a ‘critical universe’ 
C is not correct because a flat universe reaches a maximum size 
D is not correct because an open universe keeps expanding forever 
 

1 

5 The only correct answer is C, Y is twice as far away as X. 
A is not correct because I = L

4πx2 and L is the same for each star 

B is not correct because I = L
4πx2 and L is the same for each star 

D is not correct because I = L
4πx2 and L is the same for each star 

 

1 

6 The only correct answer is B, Ek is a maximum and Ep is a maximum 1 
 A is not correct because Ep is a maximum when displacement is a maximum 

C is not correct because Ek is a maximum at the equilibrium position 
D is not correct because Ek is a maximum at the equilibrium position, and Ep is a maximum when displacement is a 
maximum 
  

 

 
Question 
Number Answer Mark 

1 The only correct answer is B, kg m s–2 1 
 A is not correct because these are the base units of force 

C is not correct because N is not a base unit 
D is not correct because Pa is not a base unit 
 

 

2 The only correct answer is C, photoelectric effect 1 
 A is not correct because this is a wave effect 

B is not correct because this is a wave effect 
D is not correct because this is a wave effect 
 

 

3 The only correct answer is B, when θ is greater than c, then no light is transmitted. 1 
 A is not correct because all light is reflected 

C is not correct because some light is reflected 
D is not correct because some light is transmitted 
 

 

4 The only correct answer is A, a closed universe 
because a closed universe reaches a maximum size and then contracts 
B is not correct because scientists do not define a ‘critical universe’ 
C is not correct because a flat universe reaches a maximum size 
D is not correct because an open universe keeps expanding forever 
 

1 

5 The only correct answer is C, Y is twice as far away as X. 
A is not correct because I = L

4πx2 and L is the same for each star 

B is not correct because I = L
4πx2 and L is the same for each star 

D is not correct because I = L
4πx2 and L is the same for each star 

 

1 

6 The only correct answer is B, Ek is a maximum and Ep is a maximum 1 
 A is not correct because Ep is a maximum when displacement is a maximum 

C is not correct because Ek is a maximum at the equilibrium position 
D is not correct because Ek is a maximum at the equilibrium position, and Ep is a maximum when displacement is a 
maximum 
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Question 

Number 

  

Acceptable answers 

   

Additional guidance Mark 

*13 
This question assesses a student’s ability to show a coherent and 

logically structured answer with linkages and fully-sustained 

reasoning.  

Marks are awarded for indicative content and for how the answer 

is structured and shows lines of reasoning.  

 

The following table shows how the marks should be awarded for  

indicative content. 

 
Number of 

indicative 

marking 

points seen 

in answer 

Number of 

marks awarded 

for indicative 

marking points 

Max linkage 

mark available 

Max final 

mark 

6 4 2 6 

5 3 2 5 

4 3 1 4 

3 2 1 3 

2 2 0 2 

1 1 0 1 

0 0 0 0 

 
The following table shows how the marks should be awarded for 

structure and lines of reasoning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Guidance on how the mark scheme should be applied: The mark 

for indicative content should be added to the mark for lines of 

reasoning. For example, an answer with five indicative marking 

points which is partially structured with some linkages and lines 

of reasoning scores 4 marks (3 marks for indicative content and 

1 mark for partial structure and some linkages and lines of 

reasoning). If there are no linkages between points, the same 

five indicative marking points would yield an overall score of 3 

marks (3 marks for indicative content and no marks for 

linkages). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 
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(Total for Question 13 = 6 marks) 

 Number of 

marks awarded 

for structure of 

answer and 

sustained line of 

reasoning  

Answer shows a coherent and logical 

structure with linkages and fully 

sustained lines of reasoning 

demonstrated throughout 

2 

Answer is partially structured with 

some linkages and lines of reasoning 

1 

Answer has no linkages between 

points and is unstructured 

0 

 

Indicative content 

• 720 Hz is the natural frequency of the bowl 

• The generator/hand causes forced/driven oscillations 

• When they don’t match the natural frequency they are quiet 

because little/less energy is transferred 

• The loudness (at 720 Hz) is because of resonance 

• (Resonance occurs when) the driving frequency is 

equal/similar to the natural frequency 

• (When resonance occurs) there is maximum transfer of 

energy so the amplitude is maximum 

Or (When resonance occurs) there is maximum transfer of 

energy so the amplitude increases 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Do not accept ‘resonant frequency’ for ‘natural frequency’ 
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Question 
Number 

Acceptable Answer Additional Guidance Mark 

10(a) • Use of 𝑎 = (−)𝜔2𝑥 
 

• Use of 𝑣 = 𝜔𝐴 sin 𝜔𝑡 
 

• vmax = 0.44 m s−1, so it is safe to oscillate at this amplitude  
 

(1) 
 

(1) 
 

 
(1) 

 
 
 
 
 
No need to see 0.44 m s−1 < 0.5 m s−1, as conclusion 
includes credit for the correct value of v. 
 
Example of calculation 

𝜔 = √
20.0 cm s−2

5.0 cm
= 2.0 s−1 

𝑣max = 2.0 s−1 × 0.22 m = 0.44 m s−1 
 

 
 
 
 

 
3 

10(b) An explanation that makes reference to the following points: 
 

• The (pushing) frequency must match the natural 
frequency 

• The time period of oscillation increases, as 𝑇 = 2π√
𝑚

𝑘
 

 
• So the frequency of pushing must decrease 

[dependent upon MP2] 
 

 
 
 

(1) 
 

(1) 
 

(1) 

  
 
 
 
 
 
 
3 

(Total for Question 10 = 6 marks) 

 

  

Question 
Number 

Acceptable Answer Additional Guidance Mark 

10(a) • Use of 𝑎 = (−)𝜔2𝑥 
 

• Use of 𝑣 = 𝜔𝐴 sin 𝜔𝑡 
 

• vmax = 0.44 m s−1, so it is safe to oscillate at this amplitude  
 

(1) 
 

(1) 
 

 
(1) 

 
 
 
 
 
No need to see 0.44 m s−1 < 0.5 m s−1, as conclusion 
includes credit for the correct value of v. 
 
Example of calculation 

𝜔 = √
20.0 cm s−2

5.0 cm
= 2.0 s−1 

𝑣max = 2.0 s−1 × 0.22 m = 0.44 m s−1 
 

 
 
 
 

 
3 

10(b) An explanation that makes reference to the following points: 
 

• The (pushing) frequency must match the natural 
frequency 

• The time period of oscillation increases, as 𝑇 = 2π√
𝑚

𝑘
 

 
• So the frequency of pushing must decrease 

[dependent upon MP2] 
 

 
 
 

(1) 
 

(1) 
 

(1) 

  
 
 
 
 
 
 
3 

(Total for Question 10 = 6 marks) 
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Question 
Number 

Acceptable Answers Additional Guidance Mark 

*16(a) 
This question assesses a student’s ability to show a coherent and logically 
structured answer with linkages and fully-sustained reasoning.  

Marks are awarded for indicative content and for how the answer is structured 
and shows lines of reasoning.  
 
The following table shows how the marks should be awarded for indicative 
content. 

Number of 
indicative 
marking 
points seen 
in answer 

Number of 
marks awarded 
for indicative 
marking points 

Max linkage 
mark available 

Max final 
mark 

6 4 2 6 

5 3 2 5 

4 3 1 4 

3 2 1 3 

2 2 0 2 

1 1 0 1 

0 0 0 0 

 
The following table shows how the marks should be awarded for structure and 
lines of reasoning. 
 
 

Guidance on how the mark scheme should be applied: The 
mark for indicative content should be added to the mark for 
lines of reasoning. For example, an answer with five 
indicative marking points which is partially structured with 
some linkages and lines of reasoning scores 4 marks (3 marks 
for indicative content and 1 mark for partial structure and 
some linkages and lines of reasoning). If there are no linkages 
between points, the same five indicative marking points would 
yield an overall score of 3 marks (3 marks for indicative 
content and no marks for linkages). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 
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Indicati
ve 
content 


he 
pendulums 
have the 
same 
length, so 
they have 
the same 
time 
period/freq
uency 


he first 
pendulum 

causes forced oscillations of the second pendulum 
 The driving frequency equals the natural frequency 
 Resonance occurs, so there is maximum transfer of energy so the 

amplitude increases until all energy is transferred 
 The second pendulum then acts as a driver for the first pendulum 

Or the process repeats with energy transfer from B to A 
 When the lengths differ the driving frequency is not the natural 

frequency of the second pendulum so little energy transfer occurs  

 Number of 
marks awarded 
for structure of 
answer and 
sustained line of 
reasoning  

Answer shows a coherent and logical 
structure with linkages and fully 
sustained lines of reasoning 
demonstrated throughout 

2 

Answer is partially structured with 
some linkages and lines of reasoning 

1 

Answer has no linkages between 
points and is unstructured 

0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16(b)(i)  Pendulum A is π/2 ahead of pendulum B (1)  1 
16(b)(ii)  T = 1.2 s from graph 

 Use of T = 2π√(l/g) 
 l = 0.36 m 

 

(1) 
(1) 
(1) 

T = 3.0 s / 2.5 oscillations 
1.2 s = 2π√(l/9.81 N kg−1) 
l = 0.36 m 
 

3 

              (Total for Question 16 = 10 marks 
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Question 
Number Acceptable answers Additional guidance Mark 

15(a) EITHER 
• Waves are produced by the toothbrush and reflected (at the mass) 

 
• Waves meet and superpose 
 
• Constructive interference takes place where the waves are in phase  

Or 
Destructive interference takes place where the waves are in antiphase 

 
• The string vibrates at the centre with maximum amplitude, forming 

an antinode in the centre 
Or 
The string here has zero/minimum amplitude, forming nodes at the 
ends 

 
• Creating a standing/stationary wave 
 
OR 
• The toothbrush causes the string to vibrate at its natural frequency 

 
• There is a maximum/efficient transfer of energy from the toothbrush 

to the string 
 

• Resonance occurs 
 
• The string vibrates at the centre with maximum amplitude, forming 

an antinode in the centre 
 

• Creating a standing/stationary wave 
 

 
(1) 
 
(1) 
 
 
(1) 
 
 
 
(1) 
 
 
 
 
(1) 
 
 
(1) 
 
(1) 
 
 
(1) 
 
(1) 
 
 
(1) 
 

Accept answer in terms of multiple ‘loops’ 
 
 
 
Accept reference to phase difference in terms of 
2π, or 0 (radians) 
 
Accept reference to phase difference in terms of 
π (radians) 
Do not credit out of phase 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5 
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(Total for Question 15 = 10 marks) 

  

15(b) • Use of W = mg 
 

• Use of v = √(T/𝜇) 
 
• Determination of wavelength 
 
• Use of v = f𝜆 
 
• f  = 30 Hz 
 

(1) 
 
(1) 
 
(1) 
 
(1) 
 
(1) 
 

Example of calculation 
T = 0.010 kg × 9.81 N kg−1 = 0.0981 N 
v = √(0.0981 N / 9.1 × 10−4 kg m−1) = 10.4 m s−1 
𝜆 = 0.69 m / 2 = 0.345 m 
f =  10.4 m s−1 / 0.345 m 
= 30 Hz 

 
 

 
 
 
 
 
 

5 
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Question 
Number Acceptable answers Additional guidance Mark 

16(a) 
 
 

• (Within the elastic limit,) if the load is removed the 
specimen/spring will return to its original shape / length 
Or above the elastic limit the specimen remains permanently 
deformed if the load is removed 

 
 
 

(1) 
 

Or the converse for each  
 
 

1 

16(b)(i) 
 
 

• Use of W = mg 
 
• Use of F = kx 

 
• k = 17700 (N m−1 ) 

(1) 
 

(1) 
 

(1) 

 Example of calculation: 
 
275 kg × 9.81 N  kg−1 = 2700 N 
2700 N = 𝑘 × 0.152 m 
k = 17 748 N m−1 

 
 
 
 

3 
16(b)(ii) 
 
 
 

 

• Use of 𝑇 = 2π√
𝑚

𝑘
 

 
• Use of 𝑓 = 1/𝑇 
 
• f = 1.3 Hz  

(ecf from (b)(i))  

(1) 
 
 

(1) 
 
(1) 

Example of calculation: 

𝑇 = 2π√
1100 kg

4 × 17 700 N m−1
 

f = 1 / 0.783 s 
f = 1.28 Hz 
 

 
 
 
 
 

3 

16(c) 
 
 

• (Resultant) force/acceleration is proportional to the 
displacement from the equilibrium position 

 
• (Resultant) force/acceleration is in the opposite direction to the 

displacement 
Or (resultant) force/acceleration is always directed towards the 
equilibrium position 

 
(1) 

 
 
 
 
(1) 

  
 
 
 
 

 
2 

16(d) 
 
 
 
 

An explanation that makes reference to the following points: 
 
• High viscosity oil will mean a large resistive force applied to the 

oscillations  
 
• (When piston moves) a large amount of work will be done 
 
• (Heavy damping so) energy of oscillation is quickly dissipated 

to the oil 
 

 
 

(1) 
 
 

(1) 
 
 

(1) 
 

 
 
May refer to to 𝐹 = 6π𝜂𝑟𝑣 

 
 

Mar refer to ∆𝑊 = 𝐹∆𝑠 

 
 
 
 
 
 
 

3 

(Total for Question 16 = 12 marks)  
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Question 
Number 

Acceptable Answer Additional Guidance Mark 

6(a) • Time a number of (complete) oscillations and divide this time 
by the number of (complete) oscillations 
 

• Repeat measurement (of time) and determine a mean value 
 
• Use a (fiducial) marker (so easier to see when trolley passes a 

particular point) 
 
• Time from the mid-point of the oscillation 

Or Wait for oscillation to settle before starting to time 
 

 
(1) 

 
(1) 
 
 
(1) 

 
 

(1) 

[Allow 1 mark for reference to using light gates and 
a data logger if no other marks awarded] 
 

 
 
 
 
 
 
 
 
 
4 

6(b) • T read from oscilloscope trace 
 

• Use of time-base setting 
 
• Use of  = 2 / T 

Or Use of f = 1/T 
 
• Use of 𝑣 = (−)𝐴𝜔 sin 𝜔𝑡 

 
• v = 0.75 m s−1 

 

(1) 
 

(1) 
 
 

(1) 
 

(1) 
 

(1) 

 
 
 
 
 
 
 
Use of 𝜔 = 2π𝑓 
 
 
Example of calculation 
𝑇 = 2 div × 250 ms div−1 = 500 ms 

𝜔 =
2π

0.50 s
= 12.6 rad 𝑠−1 

 
𝑣 = 6.0 × 10−2 × 12.6 rad s−1 = 0.754 m s−1 

 
 
 
 
 
 
 
 
5 
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6(c)(i) An explanation that makes reference to the following points: 
 
• (As the frequency is increased) the amplitude increases to a 

maximum at a frequency of 2 Hz (and then decreases) 
 

• This is the natural frequency (of oscillation) of the trolley 
 
• When the vibrator drives the trolley at its natural frequency 

there is a maximum transfer of energy (from the vibrator to 
the trolley) 

 
• This is resonance 

 

 
 
 

(1) 
 

(1) 
 
 
 

(1) 
 

(1) 

  
 
 
 
 
 
 
 
 
 
 
4 

6(c)(ii) 
• Use of 𝑇 = 2π√

𝑚

𝑘
 

 
• k = 140 N m−1 

 
(1) 

 
(1) 

Example of calculation 

0.5 s =  2π × √
0.87 kg

𝑘
 

∴ 𝑘 =
4π2 × 0.87 kg

(0.5 s)2
= 137 N m−1 

 

 
 
 
2 

(Total for Question 6 = 15 marks)  
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Question 
Number Acceptable Answer Additional Guidance Mark 

9(a) 

 
Indicative content: 

IC1 Alternating p.d. causes an alternating current in the coil 
IC2 Current carrying conductor in a magnetic field 

experiences a force 
IC3 Current is alternating, so force changes direction with 

current (same frequency) 
Or the alternating current drives the cone at the 
frequency of the p.d. 

IC4 The loudspeaker forces the box into oscillation 
IC5 (At certain frequencies) the frequency of oscillation 

equals the natural frequency of oscillation of the air in 
the box 

IC6 Maximum energy is transferred and the amplitude of 
vibration of the box increases 

IC points IC mark Max linkage mark  Max final mark 

6 4 2 6 
5 3 2 5 
4 3 1 4 
3 2 1 3 
2 2 0 2 
1 1 0 1 
0 0 0 0 

 
 
 

 
Alternative to first 3 indicative content points: 

IC1 Current in coil causes a magnetic field 
IC2 Current is alternating so field changes 

direction with current (same frequency) 
IC3 Field interacts with permanent magnet's 

field so coil experiences oscillating force 
 
 
 
 
 

IC6 Resonance occurs and the amplitude of 
vibration of the box increases 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6 

  

 

Question 
Number Acceptable Answer Additional Guidance Mark 

9(a) 

 
Indicative content: 

IC1 Alternating p.d. causes an alternating current in the coil 
IC2 Current carrying conductor in a magnetic field 

experiences a force 
IC3 Current is alternating, so force changes direction with 

current (same frequency) 
Or the alternating current drives the cone at the 
frequency of the p.d. 

IC4 The loudspeaker forces the box into oscillation 
IC5 (At certain frequencies) the frequency of oscillation 

equals the natural frequency of oscillation of the air in 
the box 

IC6 Maximum energy is transferred and the amplitude of 
vibration of the box increases 

IC points IC mark Max linkage mark  Max final mark 

6 4 2 6 
5 3 2 5 
4 3 1 4 
3 2 1 3 
2 2 0 2 
1 1 0 1 
0 0 0 0 

 
 
 

 
Alternative to first 3 indicative content points: 

IC1 Current in coil causes a magnetic field 
IC2 Current is alternating so field changes 

direction with current (same frequency) 
IC3 Field interacts with permanent magnet's 

field so coil experiences oscillating force 
 
 
 
 
 

IC6 Resonance occurs and the amplitude of 
vibration of the box increases 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6 
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9(b)(i) • A standing wave is set up in the tube 
Or interference (of sound waves) takes place in the 
tube 

• Where constructive interference occurs the amplitude 
is a maximum 
Or at antinodes the amplitude is a maximum 

• Where destructive interference occurs the amplitude is 
a minimum 
Or at nodes the amplitude is zero/minimum 

• Sand is displaced from points of max amplitude to 
points of min amplitude 
Or sand is displaced from antinodes to nodes  

 

(1) 
 

 

(1) 
 

 

(1) 

 

(1) 

 
  

 
 
 
 
 
 
 
 
4 

9(b)(ii) • Measure over at least 3 heaps 

• Divide by the number of gaps between the heaps  

• Repeat measurement and calculate average  

 (1) 

(1) 

(1) 

 
i.e at least 2 gaps 

 
 
 
 

3 
9(b)(iii) 

• Use of 𝑑𝑑 = 𝜆𝜆
2
 

• Use of 𝑣𝑣 = 𝑓𝑓𝑓𝑓 
• v = 330 (m s−1) and a comment on consistency with 

340 m s−1 

(1) 
(1) 
(1) 

 
 
Example of calculation: 
𝜆𝜆 = 2𝑑𝑑 = 2 × 5.1 × 10-2 m = 0.102 m 
𝑣𝑣 = 3.25 ×103 Hz × 0.102 m = 332 m s-1 

3 

(Total for Question 9 = 16 marks) 
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Question 
Number 

Acceptable Answer Additional Guidance Mark 

10(a)(i) 
• Use of 𝑇 = 2π√

ℓ

𝑔
 

 
• ℓ  = 1.55 m 

 

 
(1) 
 

(1) 

Example of calculation 

ℓ =
(2.50 s)2 × 9.81 m s−2

4π2
= 1.55 m 

 

 
 
 
2 

10(a)(ii) An explanation that makes reference to the following points: 
 
• Resistive forces act on the pendulum 

Or The oscillation is damped 
 
• Work is done against the resistive/damping forces 
 
• So the energy and amplitude of the oscillation/pendulum 

decreases  

 
 
 

(1) 
 

(1) 
 

(1) 

 
 
 
 
 
 
 
Accept “energy is transferred from the 

system” for “energy decreases” 
 

 
 
 
 

 
 
 
3 

10(b)(i) An explanation that makes reference to the following points: 
 
• Shows expansion ln(𝐴) = − (

𝑘

𝑇
) 𝑡 + ln 𝐴0 

• Compares with y = mx + c and states/indicates that gradient is 
−

𝑘

𝑇
 (which is a constant) 

 
OR 
• Shows expansion ln(𝐴) = ln 𝐴0 − (

𝑘

𝑇
) 𝑡 

• Compares with y = c + mx and states/indicates that gradient is 
−

𝑘

𝑇
 (which is a constant) 

 

 
 

(1) 
 

(1) 
 
 
 

(1) 
 

(1) 

  
 
 
 
 
 
 
 
 
 
 
2 
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10(b)(ii) • Ln values correct and all to 2 decimal places 
Or Ln values correct and all to 3 decimal places 
 

• Labels and unit 
 

• Scales 
 

• Plots 
 

• Line of best fit 
 

 
(1) 

 
(1) 

 
(1) 

 
(1) 

 
(1) 

 
t / s A / cm ln (A/cm) ln (A/cm) 
2.5 17.6 2.868 2.87 
5.0 14.3 2.660 2.66 
7.5 11.6 2.451 2.45 
10.0 9.4 2.241 2.24 
12.5 7.6 2.028 2.03 

 

 
 
 
 
 
 
 
 
5 

10(b)(iii) • Inverse ln of intercept determined 
 
• A0 = 22 cm to 2 or 3 sf 

[Allow answers that round to 21 cm or 22 cm] 
 
• Gradient determined using large triangle 

 
• k = 0.21 to 2 or 3 sf [Answers must round to 0.21] 

 

(1) 
 

(1) 
 
 

(1) 
 
(1) 

Only withhold mark for incorrect s.f. once in 
this part 
 
 
Example of calculation 

grad =
(3.08 − 2.00)

(0 − 12.9) s
= −0.0837 s−1 

𝑘 = 0.0837 s−1 × 2.50 s = 0.209 
ln 𝐴0 = 3.08 
𝐴0 = e3.08 = 21.8 cm 

 
 
 
 

 
 
 

 
4 

(Total for Question 10 = 16 marks) 



MARK SCHEME  ·  A Level Paper 3  ·  June 2023  ·  Q10 ‹  QUESTION13.2  Energy in SHM, Damping and Resonance

103

 
 

   


