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3 A small wooden block (cuboid) of mass m floats in water, as shown in Fig. 3.1.

wooden block mass m

water
density   ρ

Fig. 3.1

 The top face of the block is horizontal and has area A. The density of the water is ρ.

 (a) State the names of the two forces acting on the block when it is stationary.

 .............................................................................................................................................  [1]

 (b) The block is now displaced downwards as shown in Fig. 3.2 so that the surface of the water is 
higher up the block.

new position of
water surface

original position of
water surface

Fig. 3.2

  State and explain the direction of the resultant force acting on the wooden block in this 
position.

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

 .............................................................................................................................................  [1]
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 (c) The block in (b) is now released so that it oscillates vertically.

  The resultant force F acting on the block is given by

F = –Agρx

  where g is the gravitational field strength and x is the vertical displacement of the block from 
the equilibrium position.

  (i) Explain why the oscillations of the block are simple harmonic.

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

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

 .....................................................................................................................................  [2]

  (ii) Show that the angular frequency ω of the oscillations is given by

ω = 
Aρ g
m .

 [2]

Fis

proportionalfsitefficonstant

Theminus signshows thatthedirectionofforce isopposite
todisplacement

A W X
io F Ma

F ma

a
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 (d) The block is now placed in a liquid with a greater density. The block is displaced and released 
so that it oscillates vertically. The variation with displacement x of the acceleration a of the 
block is measured for the first half oscillation, as shown in Fig. 3.3.

0 0.01–0.01–0.02 0.02
x / m

a / m s–2

0

–1

–2

2

3

1

Fig. 3.3

  (i) Explain why the maximum negative displacement of the block is not equal to its maximum 
positive displacement.

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

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

 .....................................................................................................................................  [1]

  (ii) The mass of the block is 0.57 kg.

   Use Fig. 3.3 to determine the decrease ΔE in energy of the oscillation for the first half 
oscillation.

 E =  ....................................................... J [3]

 [Total: 10]

0.0223 Is
a W'x

23 0

0,0 m 115
WE 115

Thkisexrieningdamping from
viscousdrag

fi 42 0.57 115
0.027 8.3104 1070.01311ÉÉ

0.013115 407 10
3

8.3904 10 3
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4 A trolley on a track is attached by springs to fixed blocks X and Y, as shown in Fig. 4.1. The track 
contains many small holes through which air is blown vertically upwards. This results in the trolley 
resting on a cushion of air rather than being in direct contact with the track.

springs
L

trolley

holes trackfixed block

X Y

fixed block

Fig. 4.1

 The trolley is pulled to one side of its equilibrium position and then released so that it oscillates 
initially with simple harmonic motion. After a short time, the air blower is switched off. The variation 
with time t of the distance L of the trolley from block X is shown in Fig. 4.2.

0
10

15

20

25

L / cm

t / s

30

4 8 12 16 20 24

Fig. 4.2

 (a) Use Fig. 4.2 to determine:

  (i) the initial amplitude of the oscillations

 amplitude =  ...................................................  cm [1]

__

e

I
I
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4 A trolley on a track is attached by springs to fixed blocks X and Y, as shown in Fig. 4.1. The track 
contains many small holes through which air is blown vertically upwards. This results in the trolley 
resting on a cushion of air rather than being in direct contact with the track.

springs
L

trolley

holes trackfixed block

X Y

fixed block

Fig. 4.1

 The trolley is pulled to one side of its equilibrium position and then released so that it oscillates 
initially with simple harmonic motion. After a short time, the air blower is switched off. The variation 
with time t of the distance L of the trolley from block X is shown in Fig. 4.2.

0
10
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20

25

L / cm

t / s

30

4 8 12 16 20 24

Fig. 4.2

 (a) Use Fig. 4.2 to determine:

  (i) the initial amplitude of the oscillations

 amplitude =  ...................................................  cm [1]11
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  (ii) the angular frequency _ of the oscillations

� _ =  .............................................. rad s–1 [2]

  (iii) the maximum speed v0, in cm s–1, of the oscillating trolley.

 v0 =  ..............................................  cm s–1 [2]

 (b) Apart from the quantities in (a), describe what may be deduced from Fig. 4.2 about the motion 
of the trolley between time t = 0 and time t = 24 s. No calculations are required.

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

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

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

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

 .............................................................................................................................................  [3]

 (c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete 
oscillation.

–10

–5

0

5

v / cm s–1

10

0 L / cm5 10 15 20 25 30

Fig. 4.3
 [3]

 [Total: 11]

11
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  (ii) the angular frequency _ of the oscillations

� _ =  .............................................. rad s–1 [2]

  (iii) the maximum speed v0, in cm s–1, of the oscillating trolley.

 v0 =  ..............................................  cm s–1 [2]

 (b) Apart from the quantities in (a), describe what may be deduced from Fig. 4.2 about the motion 
of the trolley between time t = 0 and time t = 24 s. No calculations are required.

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

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

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

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

 .............................................................................................................................................  [3]

 (c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete 
oscillation.

–10

–5

0

5

v / cm s–1

10

0 L / cm5 10 15 20 25 30

Fig. 4.3
 [3]

 [Total: 11]
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  (ii) the angular frequency _ of the oscillations

� _ =  .............................................. rad s–1 [2]

  (iii) the maximum speed v0, in cm s–1, of the oscillating trolley.

 v0 =  ..............................................  cm s–1 [2]

 (b) Apart from the quantities in (a), describe what may be deduced from Fig. 4.2 about the motion 
of the trolley between time t = 0 and time t = 24 s. No calculations are required.

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

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

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

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

 .............................................................................................................................................  [3]

 (c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete 
oscillation.

–10

–5

0

5

v / cm s–1

10

0 L / cm5 10 15 20 25 30

Fig. 4.3
 [3]

 [Total: 11]
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3 A U-shaped tube contains some liquid. The liquid column in each half of the tube has length L, as 
shown in Fig. 3.1.

   

L L

Fig. 3.1                  Fig. 3.2

 The liquid columns are displaced vertically. The liquid then oscillates in the tube. The liquid levels 
are displaced from the equilibrium positions as shown in Fig. 3.2.

 The acceleration a of the liquid in the tube is related to the displacement x by the expression

a� �í� � £
¢� ¥
g
L
x

 where g is the acceleration of free fall.

 (a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic 
motion.

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

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

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

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

 .............................................................................................................................................  [3]

 (b) The length L of each liquid column is 18 cm.

  Determine the period T of the oscillations.

 T =  ......................................................  s [3]

x
x

1 42 PM 1 50 PM

I Titian
acceleration isproportional totheTsplacement

as gand I are constant The minus sign
showsthat acceleration and displacement
are inopposite directions
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3 A U-shaped tube contains some liquid. The liquid column in each half of the tube has length L, as 
shown in Fig. 3.1.

   

L L

Fig. 3.1                  Fig. 3.2

 The liquid columns are displaced vertically. The liquid then oscillates in the tube. The liquid levels 
are displaced from the equilibrium positions as shown in Fig. 3.2.

 The acceleration a of the liquid in the tube is related to the displacement x by the expression

a� �í� � £
¢� ¥
g
L
x

 where g is the acceleration of free fall.

 (a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic 
motion.

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

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

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

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

 .............................................................................................................................................  [3]

 (b) The length L of each liquid column is 18 cm.

  Determine the period T of the oscillations.

 T =  ......................................................  s [3]

x
x

9
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 (c) The oscillations of the liquid in the tube are damped.
  In any one complete cycle of the oscillations, the amplitude decreases by 6.0% of its value at 

the beginning of the oscillation.

  Determine the ratio

energy of oscillations after 3 cycles
initial energy of oscillations

 .

 ratio =  .........................................................  [3]

 [Total: 9]

IF
IF T

T Fu

w
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a

0.85

III
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I.biz is.iz.ia.e

II fish 0.61 0.64

flat 112mW'xo finalxo0.14 0.1411014
Amp 0.834Ea y

InitialAmp X
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3 A U-shaped tube contains some liquid. The liquid column in each half of the tube has length L, as 
shown in Fig. 3.1.

   

L L

Fig. 3.1                  Fig. 3.2

 The liquid columns are displaced vertically. The liquid then oscillates in the tube. The liquid levels 
are displaced from the equilibrium positions as shown in Fig. 3.2.

 The acceleration a of the liquid in the tube is related to the displacement x by the expression

a� �í� � £
¢� ¥
g
L
x

 where g is the acceleration of free fall.

 (a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic 
motion.

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

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

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

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

 .............................................................................................................................................  [3]

 (b) The length L of each liquid column is 18 cm.

  Determine the period T of the oscillations.

 T =  ......................................................  s [3]

x
x

ALT

A 22
ax

Acceleration is proportional to the displacement
Theminussignshows thattheacceleration is opposite
indirection to thedisplacement Gil is constant
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3 A U-shaped tube contains some liquid. The liquid column in each half of the tube has length L, as 
shown in Fig. 3.1.

   

L L

Fig. 3.1                  Fig. 3.2

 The liquid columns are displaced vertically. The liquid then oscillates in the tube. The liquid levels 
are displaced from the equilibrium positions as shown in Fig. 3.2.

 The acceleration a of the liquid in the tube is related to the displacement x by the expression

a� �í� � £
¢� ¥
g
L
x

 where g is the acceleration of free fall.

 (a) Explain how the expression shows that the liquid in the tube is undergoing simple harmonic 
motion.

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

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

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

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

 .............................................................................................................................................  [3]

 (b) The length L of each liquid column is 18 cm.

  Determine the period T of the oscillations.

 T =  ......................................................  s [3]

x
x

9
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 (c) The oscillations of the liquid in the tube are damped.
  In any one complete cycle of the oscillations, the amplitude decreases by 6.0% of its value at 

the beginning of the oscillation.

  Determine the ratio

energy of oscillations after 3 cycles
initial energy of oscillations

 .

 ratio =  .........................................................  [3]

 [Total: 9]

W't 94 545

W 7382rad 27 0.85T 277382

1 0.14 0.9410.14

Got Ima2 1,2
Amp 0.83 X

InitialAmp Xo

E xx

0.69
100 14 D D

c 5 11 5 1
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4 A pendulum consists of a bob (small metal sphere) attached to the end of a piece of string. The 
other end of the string is attached to a fixed point. The bob oscillates with small oscillations about 
its equilibrium position, as shown in Fig. 4.1.

L

x

string

bob

oscillations

equilibrium
position

Fig. 4.1 (not to scale)

 The length L of the pendulum, measured from the fixed point to the centre of the bob, is 1.24 m.

 The acceleration a of the bob varies with its displacement x from the equilibrium position as shown 
in Fig. 4.2.

–0.4

–0.2

0.2

0
0–0.02 0.02 0.04 0.06

x / m

a / m s–2

–0.04–0.06

0.4

Fig. 4.2

40.05.0.4

0,0

a WE
y m x

92 x
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 (a) State how Fig. 4.2 shows that the motion of the pendulum is simple harmonic.

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

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

 .............................................................................................................................................  [2]

 (b) (i) Use Fig. 4.2 to determine the angular frequency ω of the oscillations.

 ω =  .............................................. rad s–1 [2]

  (ii) The angular frequency ω is related to the length L of the pendulum by

ω  =  
L
k

   where k is a constant.

   Use your answer in (b)(i) to determine k. Give a unit with your answer.

 k =  .................................... unit .............. [2]

 (c) While the pendulum is oscillating, the length of the string is increased in such a way that the 
total energy of the oscillations remains constant.

  Suggest and explain the qualitative effect of this change on the amplitude of the oscillations.

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

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

 .............................................................................................................................................  [2]

 [Total: 8]

acceleration is proportional tothedisplacement Thenegative
gradientshows that acceleration isoppositetodisplacement
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3 (a) State, by reference to displacement, what is meant by simple harmonic motion.

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

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

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

 .............................................................................................................................................. [2]

 (b) A mass is undergoing oscillations in a vertical plane.

  The variation with displacement x of the acceleration a of the mass is shown in Fig. 3.1.

0
0

a

x

Fig. 3.1

  State two reasons why the motion of the mass is not simple harmonic.

1.  .............................................................................................................................................. 

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

2.  ..............................................................................................................................................

 ...................................................................................................................................................
[2]
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3 (a) State, by reference to displacement, what is meant by simple harmonic motion.

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

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

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

 .............................................................................................................................................. [2]

 (b) A mass is undergoing oscillations in a vertical plane.

  The variation with displacement x of the acceleration a of the mass is shown in Fig. 3.1.

0
0

a

x

Fig. 3.1

  State two reasons why the motion of the mass is not simple harmonic.

1.  .............................................................................................................................................. 

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

2.  ..............................................................................................................................................

 ...................................................................................................................................................
[2]

A W Z x

a x

Acceleration is proportionalbutopposite in direction
tothedisplacementof an object in simpleharmonicmotion

Thegraph isnot a straight line

Displacements oneithersideof themeanposition
are notequal
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 (c) A block of wood is floating in a liquid, as shown in Fig. 3.2.

oscillation
of block

liquid

block

Fig. 3.2

  The block is displaced vertically and then released.

  The variation with time t of the displacement y of the block from its equilibrium position is 
shown in Fig. 3.3.

0.40 0.8 1.2 1.6 2.0 2.4

2.0

1.5

1.0

0.5

0

–0.5

–1.0

–1.5

–2.0

t / s

y / cm

Fig. 3.3

  Use data from Fig. 3.3 to determine

  (i) the angular frequency t of the oscillations,

 t  =   ............................................. rad s−1  [2]
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 (c) A block of wood is floating in a liquid, as shown in Fig. 3.2.

oscillation
of block

liquid

block

Fig. 3.2

  The block is displaced vertically and then released.

  The variation with time t of the displacement y of the block from its equilibrium position is 
shown in Fig. 3.3.
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Fig. 3.3

  Use data from Fig. 3.3 to determine

  (i) the angular frequency t of the oscillations,

 t  =   ............................................. rad s−1  [2]9

9702/41/M/J/16© UCLES 2016 [Turn over

  (ii) the maximum vertical acceleration of the block.

 maximum acceleration  =   ...............................................  m s−2  [2]

  (iii) The block has mass 120 g.

   The oscillations of the block are damped. Calculate the loss in energy of the oscillations 
of the block during the first three complete periods of its oscillations.

 energy loss  =   ...................................................... J  [3]

[Total: 11]

W
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4 A metal block hangs vertically from one end of a spring. The other end of the spring is tied to a 
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1.

spring

block

pulley vibrator

Fig. 4.1

 (a) The vibrator is switched off.
  The metal block of mass 120 g is displaced vertically and then released. The variation with 

time t of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.

–3

–2

–1

0

1

2y / cm

3

0 0.2 0.4 0.6 0.8 1.0
W  / s

Fig. 4.2

  For the vibrations of the block, calculate

  (i) the angular frequency t,

 t  =   ............................................. rad s−1  [2]
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4 A metal block hangs vertically from one end of a spring. The other end of the spring is tied to a 
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1.

spring

block

pulley vibrator

Fig. 4.1

 (a) The vibrator is switched off.
  The metal block of mass 120 g is displaced vertically and then released. The variation with 

time t of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.
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Fig. 4.2

  For the vibrations of the block, calculate

  (i) the angular frequency t,

 t  =   ............................................. rad s−1  [2]9
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  (ii) the energy of the vibrations.

 energy  =   ...................................................... J  [2]

 (b) The vibrator is now switched on.

  The frequency of vibration is varied from 0.7f to 1.3f where f is the frequency of vibration of 
the block in (a).

  For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of 
vibration. Label this line A. [3]

0

amplitude

0.7I I 1.3I
frequency

Fig. 4.3

 (c) Some light feathers are now attached to the block in (b) to increase air resistance.

  The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of 
vibration is measured for each frequency.

  On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration. 
Label this line B. [2]

[Total: 9]

W
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  (ii) the energy of the vibrations.

 energy  =   ...................................................... J  [2]

 (b) The vibrator is now switched on.

  The frequency of vibration is varied from 0.7f to 1.3f where f is the frequency of vibration of 
the block in (a).

  For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of 
vibration. Label this line A. [3]

0

amplitude

0.7I I 1.3I
frequency

Fig. 4.3

 (c) Some light feathers are now attached to the block in (b) to increase air resistance.

  The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of 
vibration is measured for each frequency.

  On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration. 
Label this line B. [2]

[Total: 9]

9
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  (ii) the energy of the vibrations.

 energy  =   ...................................................... J  [2]

 (b) The vibrator is now switched on.

  The frequency of vibration is varied from 0.7f to 1.3f where f is the frequency of vibration of 
the block in (a).

  For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of 
vibration. Label this line A. [3]

0

amplitude

0.7I I 1.3I
frequency

Fig. 4.3

 (c) Some light feathers are now attached to the block in (b) to increase air resistance.

  The frequency of vibration is once again varied from 0.7f to 1.3f. The new amplitude of 
vibration is measured for each frequency.

  On Fig. 4.3, draw a line to show the variation with frequency of the amplitude of vibration. 
Label this line B. [2]

[Total: 9]
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3 (a) State what is meant by simple harmonic motion.

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

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

 .............................................................................................................................................  [2]

 (b) A trolley of mass m is held on a horizontal surface by means of two springs. One spring is 
attached to a fixed point P. The other spring is connected to an oscillator, as shown in Fig. 3.1.

P

spring springtrolley oscillator

Fig. 3.1

  The springs, each having spring constant k of 130 N mí�, are always extended.

  The oscillator is switched off. The trolley is displaced along the line of the springs and then 
released. The resulting oscillations of the trolley are simple harmonic.

  The acceleration a of the trolley is given by the expression

a� �í� 2k
m  x

  where x is the displacement of the trolley from its equilibrium position.

  The mass of the trolley is 840 g.

  Calculate the frequency f of oscillation of the trolley.

 f =  .................................................... Hz [3]

 ����£
¢����¥

11
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  (ii) The mass of the trolley is 250 g.

   Calculate the maximum acceleration a of the trolley.

 a =  ................................................ m s–2 [1] 

  (iii) Use your answer in (ii) to determine the period T of the subsequent oscillation.

 

 T =  ......................................................  s [3]

  (iv) The experiment is repeated with an initial displacement of the trolley of 2.4 cm.

   State and explain the effect, if any, this change has on the period of the oscillation of the 
trolley.

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

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

 .....................................................................................................................................  [2]

 [Total: 9]

it is a typeofoscillatory motionin whichacceleration
is proportionaltothedisplacementandbothare
in opposite directionstotheother
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3 (a) State what is meant by simple harmonic motion.

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

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

 .............................................................................................................................................  [2]

 (b) A trolley of mass m is held on a horizontal surface by means of two springs. One spring is 
attached to a fixed point P. The other spring is connected to an oscillator, as shown in Fig. 3.1.

P

spring springtrolley oscillator

Fig. 3.1

  The springs, each having spring constant k of 130 N mí�, are always extended.

  The oscillator is switched off. The trolley is displaced along the line of the springs and then 
released. The resulting oscillations of the trolley are simple harmonic.

  The acceleration a of the trolley is given by the expression

a� �í� 2k
m  x

  where x is the displacement of the trolley from its equilibrium position.

  The mass of the trolley is 840 g.

  Calculate the frequency f of oscillation of the trolley.

 f =  .................................................... Hz [3]
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 (c) The oscillator in (b) is switched on. The frequency of oscillation of the oscillator is varied, 
keeping its amplitude of oscillation constant.

  The amplitude of oscillation of the trolley is seen to vary. The amplitude is a maximum at the 
frequency calculated in (b).

  (i) State the name of the effect giving rise to this maximum.

 .....................................................................................................................................  [1]

  (ii) At any given frequency, the amplitude of oscillation of the trolley is constant.  

   Explain how this indicates that there are resistive forces opposing the motion of the 
trolley.

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

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

 .....................................................................................................................................  [2]

 [Total: 8]

Resonance

Tf therewere no resistiveforces the
amplitudeshouldhave increased sinceenergyis
providedbyoscillator However it is not increasing
so ResistiveForces are dissipatingenergy

9AmpaEnergy9
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3 (a) A body undergoes simple harmonic motion.

  The variation with displacement x of its velocity v is shown in Fig. 3.1.

0.1

0

– 0.1

– 0.02 0 0.02 0.04 0.06
x / m

v / m s–1

– 0.04– 0.06

– 0.2

– 0.3

– 0.4

0.2

0.3

0.4

Fig. 3.1

  (i) State the amplitude xo of the oscillations.

 xo =  .....................................................  m [1]

  (ii) Calculate the period T of the oscillations.

 T =  ......................................................  s [3]

  (iii) On Fig. 3.1, label with a P a point where the body has maximum potential energy.  [1]
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4 A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

mass

spring

Fig. 4.1

 The mass is oscillating vertically. The variation with displacement x of the acceleration a of the 
mass is shown in Fig. 4.2.
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Fig. 4.2

 (a) (i) State what is meant by the displacement of the mass on the spring.

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

 .....................................................................................................................................  [1]
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 (a) (i) State what is meant by the displacement of the mass on the spring.

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

 .....................................................................................................................................  [1]11
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  (ii) Suggest how Fig. 4.2 shows that the mass is not performing simple harmonic motion.

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

 .....................................................................................................................................  [1]

 (b) (i) The amplitude of oscillation of the mass may be changed.

   State the maximum amplitude x0 for which the oscillations are simple harmonic.

 x0 =  .................................................... cm [1]

  (ii) For the simple harmonic oscillations of the mass, use Fig. 4.2 to determine the frequency 
of the oscillations.

 frequency =  .................................................... Hz [3]

 (c) The maximum speed of the mass when oscillating with simple harmonic motion of amplitude 
x0 is v0.

  On Fig. 4.3, show the variation with displacement x of the velocity v of the mass for 
displacements from +x0 to –x0.

–x0 x0

v0

v

–v0

x
0

0

Fig. 4.3
 [2]

 [Total: 8]
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4 A dish is made from a section of a hollow glass sphere.

 The dish, fixed to a horizontal table, contains a small solid ball of mass 45 g, as shown in Fig. 4.1.  

C

ball
mass 45 g

surface 
of dish

x

Fig. 4.1

 The horizontal displacement of the ball from the centre C of the dish is x.

 Initially, the ball is held at rest with distance x = 3.0 cm.

 The ball is then released. The variation with time t of the horizontal displacement x of the ball from 
point C is shown in Fig. 4.2.
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Fig. 4.2

 The motion of the ball in the dish is simple harmonic with its acceleration a given by the expression

a = –(gR) x
 where g is the acceleration of free fall and R is a constant that depends on the dimensions of the 

dish and the ball.
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 (a) Use Fig. 4.2 to show that the angular frequency _ of oscillation of the ball in the dish is 
2.9 rad s–1.

 [1]

 (b) Use the information in (a) to:

  (i) determine R

 R =  .....................................................  m [2]

  (ii) calculate the speed of the ball as it passes over the centre C of the dish.

 speed =  ................................................ m s–1 [2]

 (c) Some moisture collects on the surface of the dish so that the motion of the ball becomes 
lightly damped.

  On the axes of Fig. 4.2, draw a line to show the lightly damped motion of the ball for the first 
5.0 s after the release of the ball. [3]

 [Total: 8]
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3 A bar magnet of mass 250 g is suspended from the free end of a spring, as illustrated in Fig. 3.1.

spring

magnet

coil

Fig. 3.1

 The magnet hangs so that one pole is near the centre of a coil of wire. 

 The coil is connected in series with a resistor and a switch. The switch is open.

 The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the 
coil. The other pole remains outside the coil.

 At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time 
t = 6.0 s, the switch in the circuit is closed.
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 The variation with time t of the vertical displacement y of the magnet is shown in Fig. 3.2.
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Fig. 3.2

 (a) For the oscillating magnet, use data from Fig. 3.2 to calculate, to two significant figures, 

  (i) the frequency f,

 f =  ....................................................  Hz [2]

  (ii) the energy of the oscillations during the time t = 0 to time t = 6.0 s.

 energy =  .......................................................  J [3]
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2 A bar magnet of mass 180 g is suspended from the free end of a spring, as illustrated in Fig. 2.1.
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Fig. 2.1

 The magnet hangs so that one pole is near the centre of a coil of wire.

 The coil is connected in series with a resistor and a switch. The switch is open.

 The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the 
coil. The other pole remains outside the coil.

 At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time 
t = 3.0 s, the switch in the circuit is closed.

 The variation with time t of the vertical displacement y of the magnet is shown in Fig. 2.2.
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 (a) Determine, to two significant figures, the frequency of oscillation of the magnet.

 frequency =  ....................................................  Hz [2]

 (b) State whether the closing of the switch gives rise to light, heavy or critical damping.

 ...............................................................................................................................................[1]

 (c) Calculate the change in the energy 2E of oscillation of the magnet between time t = 2.7 s and 
time t = 7.5 s. Explain your working.

 2E =  .......................................................  J [6]

 [Total: 9]
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