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4.1 Oscillations

Question Paper

Course DPIB Physics
Section 4. Waves
Topic 4.1 Oscillations
Difficulty Medium

Time allowed: 80

Score: /61

Percentage: /100
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Questionla
Apendulumundergoes small-angle oscillations.

(a)

Outline the equation that defines simple harmonic motion.

[3marks]

Question1b

(b)
Sketch a graph torepresent the changein amplitude, X, against time forone swing of the pendulum. Start the time at zero

seconds.

[2 marks]

Questionlc
The time period of 10 oscillations is foundto be12.0 s.

(©)

Determine the frequency when the bobis 1.0 cm from its equilibrium position.

[2 marks]
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Question1d
The student wants to double the frequency of the pendulum swing. The time period, T of a simple pendulum s given by the
equation:

where Lis the length of the stringand gis the acceleration due to gravity

(d)
Deduce the change which would achieve this.

[4 marks]
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Question 2a
(a)

State and explain whether the motion of the objects in graphs I, Il andlll are simple harmonic oscillations

Displacement

Acceleration

Graph 1
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Graph 2

Displacement

Displacement

Graph 3

[6]
[6 marks]
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Question 2b
(b)
Explain why, in practice, a freely oscillating pendulum cannot maintain a constant amplitude.
(2]
[2 marks]
Question 2¢
The motion of an object undergoing SHM is shown in the graph below.
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(c)
Forthis oscillator, determine:
(i)
The amplitude, A.
(1
(i)
Theperiod, T.
(1
(iii)
The frequency, f.
(1l
[3marks]
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Question 2d

(d)
Using the graph from part(c), state a time in seconds when the object performing SHM has:

(i)
Maximum positive velocity.

(1
(if)
Maximum negative acceleration.

(1
(i)
Maximum potential energy.

(1]
[3marks]

Question 3a
Aballof mass 44 gona 25 cm string oscillating in simple harmonic motion obeys the following equation:

a= —a)2X

(a)
Demonstrate mathematically that the graph of this equation is a downward sloping straight line that goes through the origin.
(3]

[3marks]
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Question 3b
The graph below shows the acceleration, a, as a function of displacement, x, of the ball on the string.

1
a/ms "

+10

5
I ; » X/m

-10 +

The angularspeed, o, inrad s, is related to the frequency, f, of the oscillation by the following equation:
o = 2nf

(b)
Fortheball on the string, determine the period, T, of the oscillation.
(3]

[3marks]
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Question 3¢
Theballis heldin position Xand then let go. The ball oscillates in simple harmonic motion.

(c)

Explain the changein acceleration as the ball on the string moves through half an oscillation from position X.
You can assume the ballis moving at position X.

(4]
[4 marks]
Question 3d
(d)
Describe the energy transfers occurring as the ball on the string completes half an oscillation from position X.
[3]
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[3marks]

Question 4a
Asmooth glass marbleis held at the edge of a bowl and released. The marble rolls up and down the sides of the bowl| with
simple harmonic motion.

The magnitude of the restoring force which returns the marble to equilibrium s given by:

mgx

R

Where x is the displacement at a given time, and is theradius of the bowl.

Y

(a)

Outline why the oscillations can be described as simple harmonic motion.

[3marks]
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Question 4b
(b)
Describe the energy changes during the simple harmonic motion of the marble.
[3marks]
Question4c
As the marbleis releasedit has potential energy of 15 uJ. The mass of the marbleis 3 g.
(c)
Calculate the velocity of the marble at the equilibrium position.
[2 marks]

Question 4d

(d)
Sketch a graph torepresent the kinetic, potential and total energy of the motion of the marble, assuming no energy is
dissipatedas heat. Clearly label any important values on the graph.

\

[3marks]

Page 10 of 14

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question 5a

An objectis attachedto alight springandset on a frictionless surface. Itis allowed to oscillate horizontally. Position 2 shows
the equilibrium point.

1000000000009004

[ J S

1 2
a)
(i) Sketchagraph of acceleration against displacement for this motion.
[2]
(i)  Onyourgraph, mark positions 1,2 and 3 according to the diagram.
(1]
[3marks]
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Question 5b

The mass begins its motion from position Tand completes a full oscillation.

0000000090900990

(b)
(i) Sketch a graph of velocity against time to show this.
(2]
(ii) Onyourgraph, add labels to show points 1,2 and 3

(2]

[4 marks]

Page 12 of 14

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question 5¢
At the point marked Y on the graph, the potential energy of the blockis Ep. The block has mass m, and the maximum velocity it
achieves is Vpax.

\%

(c)

Determine an equation forthe potential energy at the point marked X.
Giveyouranswerin terms of vy, VXand m.

[3marks]
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Question 5d
The graph shows how the displacement x of the mass varies with time t.
x/cm
2
1 -
0 | T | T 1t/s
2 4 6 8 10
14
-2 -

(d)
Determine the frequency of the oscillations.

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

Page 14 of 14

[2 marks]


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

