SIMPLE HARMONIC MOTION
A Level Physics 9702

MJ23/42/Q4
1 A small steel sphere is oscillating vertically on the end of a spring, as shown in Fig. 4.1.

Z

steel sphere
oscillations

Fig. 4.1

The velocity v of the sphere varies with displacement x from its equilibrium position according to

v=£09.7+/(11.6—x2)
where vis in cms1 and x is in cm.

(@) (i) Calculate the frequency of the oscillations.

MEQUENCY'™ iumeanamamnmsmnsavssvasisvimessiaiinsss Hz [2]

(ii) Show that the amplitude of the oscillations is 3.4 cm.

[1]

(iii) Calculate the maximum acceleration a, of the sphere.
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(b) On Fig. 4.2, sketch the variation with x of the acceleration a of the sphere.

I2 a,
[
|
a

—2a,

Fig. 4.2
(3]

(c) Describe, without calculation, the interchange between the potential energy and the kinetic
energy of the oscillations.

[Total: 11]
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2 Anobject is suspended from a vertical spring as shown in Fig. 3.1. FM23/42/Q3

spring

object
oscillation

Fig. 3.1

The object is displaced vertically and then released so that it oscillates, undergoing simple
harmonic motion.

Fig. 3.2 shows the variation with displacement x of the energy E of the oscillations.

7.0 T
I
e
P
T 0 7
4 7 6.0 < 2
7 N
d f
\ / N J
d N
\ 5.0 N
/
\ /
4.0 ]
\ 7 AN
/ | g
\ E/mJ /
|
|
|
N\ 3.0 f
\
y R
J
2.0 X
A\
\ y,
\ A\
N 1.0 7
I A
N
| N 7
I \
] B "--...3 = " 1
-1.6 -1.2 -0.8 -0.4 0 04 0.8 1.2 1.6
x/cm
Fig. 3.2

Cyrus Ishaq @

ISL, BLL, BCCG, LGS, Roots IVY P5

H
(>) +923008471504 CYRUS



The kinetic energy, the potential energy and the total energy of the oscillations are each
represented by one of the lines P, Q and R.

(a) State the energy that is represented by each of the lines P, Q and R.

o
G s e S S S e
O RSOTS TP PRTSRSP
[2]
(b) The object has a mass of 130g.
Determine the period of the oscillations.
PERHOA = oo e s [4]
(c) (i) State the cause of damping.
..................................................................................................................................... [1]

(ii) A light card is attached to the object. The object is displaced with the same initial
amplitude and then released. During each complete oscillation the total energy of the
system decreases by 8.0% of the total energy at the start of that oscillation.

Determine the decrease in total energy, in mJ, of the system by the end of the first 6
complete oscillations.

energy 108t = o mJ [2]
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(iii) State, with a reason, the type of damping that the card introduces into the system.

[Total: 10]

3 Fig. 4.1 shows the variation with time t of the height h above the ground of an object of mass 36 kg

that is undergoing vertical simple harmonic motion. ON22/42/Q4
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Fig. 4.1

(a) For the oscillations of the object:

(i) determine the amplitude x,, in cm

(i) show that the angular frequency wis 1.6rads™!

(2]

(iii) determine the total energy E.
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(b) On Fig. 4.2, sketch the variation with h of the kinetic energy E, of the object.
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Fig. 4.2
[4]
[Total: 10]
4  An object is suspended from a spring that is attached to a fixed point as shown in Fig. 3.1.
ON22/41/Q3
fixed point
spring
A
oscillations

— — — —|— — — equilibrium position

Fig. 3.1
The object oscillates vertically with simple harmonic motion about its equilibrium position.

(a) State the defining equation for simple harmonic motion. Identify the meaning of each of the
symbols used to represent physical quantities.
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(b) The variation with displacement x from the equilibrium position of the velocity v of the object
is shown in Fig. 3.2.
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Fig. 3.2
The variation with x of the potential energy E, of the oscillations of the object is shown in
Fig. 3.3.
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Use Fig. 3.2 and Fig. 3.3 to:
(i) determine the amplitude x, of the oscillations
0y s A S A m [1]
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(ii) show that the angular frequency of the oscillations is 1.7 rads™"

(2]
(iii) determine the mass M of the object.
(c) The oscillations of the object are now lightly damped.
(i) State what is meant by damping.
- [2]

(ii) Assume that the damping does not change the angular frequency of the oscillations.

On Fig. 3.2, sketch the variation with x of v when the amplitude of the oscillations
is 0.060m. [2]

[Total: 11]
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5 (a) State whatis meant by resonance. MJ22/42/Q4

(b) Fig. 4.1 shows a heavy pendulum and a light pendulum, both suspended from the same
piece of string. This string is secured at each end to fixed points.

fixed points 7

string

heavy pendulum light pendulum

Fig. 4.1
Both pendulums have the same natural frequency.
The heavy pendulum is set oscillating perpendicular to the plane of the diagram. As it

oscillates, it causes the light pendulum to oscillate.

Fig. 4.2 shows the variation with time ¢ of the displacements of the two pendulums for three

oscillations.
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Cyrus Ishaq
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The variation with t of the displacement x of the light pendulum is given by
x=0.25sin5.0mt
where x is in centimetres and { is in seconds.

(i) Calculate the period T of the oscillations.

(ii) On Fig. 4.2, label both of the axes with the correct scales. Use the space below for any
additional working that you need.

[2]

(iii) Determine the magnitude of the phase difference ¢ between the oscillations of the light
and heavy pendulums. Give a unit with your answer.

[Total: 8]
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MJ22/41/Q4

6 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.
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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.
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(a) State how Fig. 4.2 shows that the motion of the pendulum is simple harmonic.

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

(ii) The angular frequency w is related to the length L of the pendulum by
_ k
o = t

L
where k is a constant.

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

(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.

ISL, BLL, BCCG, LGS, Roots IVY P5
+923008471504

[Total: 8]
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A small wooden block (cuboid) of mass m floats in water, as shown in Fig. 3.1.  FM22/42/Q3

wooden block mass m

water
density p

Fig. 3.1
The top face of the block is horizontal and has area A. The density of the water is p.

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

(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

7

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

Cyrus Ishaq
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The resultant force F acting on the block is given by
F=—-Agpx

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 w of the oscillations is given by
a) - _g
\/ "
[2]
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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.
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Fig. 3.3

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

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

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

[Total: 10]
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8 (a

(b)

rus Ishaa
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The defining equation of simple harmonic motion is F/M/21/42/Q4
a=— wx.
State the significance of the minus (-) sign in the equation.

Atrolley rests on a bench. Two identical stretched springs are attached to the trolley as shown
in Fig. 4.1. The other end of each spring is attached to a fixed support.

support support

/ bench
spring

\

trolley spring

Fig. 4.1

The unstretched length of each spring is 12.0cm. The spring constant of each spring is
8.0Nm~". When the trolley is in equilibrium the length of each spring is 18.0cm.

The trolley is displaced 4.8 cm to one side and then released. Assume that resistive forces on
the trolley are negligible.

(i) Show that the resultant force on the trolley at the moment of release is 0.77 N.

[2]
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(ii) The mass of the trolley is 250g.

Calculate the maximum acceleration a of the trolley.

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

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

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

[Total: 9]
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M/1/21/42/Q3
9 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.
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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

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.
Ishag
, ISL, LGS, Learning Alliance) TS v m s o e ey S SR s [3]
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(c)

Cyrus Ishaq
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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

[Total: 9]
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10 (a) State whatis meant by simple harmonic motion. M/1/21/43/Q3

(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.

spring trolley spring oscillator

—CO—)

Fig. 3.1
The springs, each having spring constant k of 130N m™1, 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=- (%)x
m
where x is the displacement of the trolley from its equilibrium position.
The mass of the trolley is 840g.

Calculate the frequency f of oscillation of the trolley.
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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.

(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]
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0/N/20/43/Q3

11 A pendulum consists of a metal sphere P suspended from a fixed point by means of a thread, as

illustrated in Fig. 3.1.

metal sphere P

TR

\ thread

I :
I X 1

Fig. 3.1

The centre of gravity of sphere P is a distance L from the fixed point.

The sphere is pulled to one side and then released so that it oscillates. The sphere may be
assumed to oscillate with simple harmonic motion.

(a) State what is meant by simple harmonic motion.

(b) The variation of the velocity v of sphere P with the displacement x from its mean position is

shown in Fig. 3.2.
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Use Fig. 3.2 to determine the frequency f of the oscillations of sphere P.

(c) The period T of the oscillations of sphere P is given by the expression

-y

where g is the acceleration of free fall.

Use your answer in (b) to determine the length L.

(d) Another pendulum consists of a sphere Q suspended by a thread. Spheres P and Q are
identical. The thread attached to sphere Q is longer than the thread attached to sphere P.

Sphere Q is displaced and then released. The oscillations of sphere Q have the same
amplitude as the oscillations of sphere P.

On Fig. 3.2, sketch the variation of the velocity v with displacement x for sphere Q. [2]

[Total: 9]
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0/N/19/43/Q4
12 A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

spring

mass

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 whatis meant by the displacement of the mass on the spring.

W e A R R R R

L, LGS, Learning A"iance) ........................................................................................................................ G

Cyrus Ishaq G 24

ISL, BLL, BCCG, LGS, Roots IVY P5

H
(>) +923008471504 CYRUS



(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 x, for which the oscillations are simple harmonic.
N2 momsesu oo oo e AR R A AR cm [1]

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

TFEHUENEY/S! wonrneransrensrrnennramns Hz [3]

(c) The maximum speed of the mass when oscillating with simple harmonic motion of amplitude
X, is V.
0™ Yo

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

|
v
VO
0
T X 0 X,
X
Fig. 4.3
aq o1
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13 Asimple pendulum consists of a metal sphere suspended from a fixed point by means of a thread,

as illustrated in Fig. 3.1. 0/N/20/42/Q3

\ thread
L.

sphere
mass 94.0g

Fig. 3.1 (not to scale)

The sphere of mass 94.0g is displaced to one side through a horizontal distance of 12.7cm. The
centre of gravity of the sphere rises vertically by 0.90cm.

The sphere is released so that it oscillates. The sphere may be assumed to oscillate with simple
harmonic motion.

(a) State what is meant by simple harmonic motion.

(b) (i) State the kinetic energy of the sphere when the sphere returns to the displaced position
shown in Fig. 3.1.

Kinetic energy = ..o J [1]

(i) Calculate the total energy E; of the oscillations.
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(iii) Use your answer in (ii) to show that the angular frequency @ of the oscillations of the
pendulum is 3.3rads™".

[2]
(c) The period T of oscillation of the pendulum is given by the expression
T=2xn (E)
9
where g is the acceleration of free fall and L is the length of the pendulum.
Use data from (b) to determine L.

L= sompmemvsmaassressuspesmes m [3]
[Total: 10]
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14
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(a) State two conditions necessary for a mass to be undergoing simple harmonic motion.

(b) A trolley of mass 9509 is held on a horizontal surface by means of two springs attached to
fixed points P and Q, as shown in Fig. 4.1.

trolley

mass 9509 spring

Fig. 4.1
The springs, each having a spring constant k of 220N m™', are always extended.

The trolley is displaced along the line of the springs and then released.
The variation with time t of the displacement x of the trolley is shown in Fig. 4.2.
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() 1. State and explain whether the oscillations of the trolley are heavily damped, critically
damped or lightly damped.

2. Suggest the cause of the damping.

(ii) The acceleration aof the trolley of mass mmay be assumed to be given by the expression

s

1. Calculate the angular frequency w of the oscillations of the trolley.

2. Determine the time t, shown on Fig. 4.2.

[Total: 10]
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M/1/18/41/Q2
15 A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

sand
o s plate
dlrgcthn of i I /
oscillations
| oscillator
Fig. 2.1

Some sand is sprinkled on to the plate.

The variation with displacement y of the acceleration a of the sand on the plate is shown in

Fig. 2.2.
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Fig. 2.2
(a) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic
motion.
FUSIShAQ e
Ms
ECG’ |SL’ LGS’ Learning A”iance) .................................. Snsasmsse b S L L e L L e EREEEE e L [2]
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(b)

Cyrus Ishaq
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(ii) Calculate the frequency of oscillation of the sand.

frequency = ... Hz [2]

The amplitude of oscillation of the plate is gradually increased beyond 8mm. The frequency
is constant.

At one amplitude, the sand is seen to lose contact with the plate.
For the plate when the sand first loses contact with the plate,

(i) state the position of the plate,

....................................................................................................................................... [1]
(ii) calculate the amplitude of oscillation.

amplitude = mammnmaamsnrmssss mm [3]

[Total: 8]
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M/1/16/41/Q3
16 (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.
A
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Fig. 3.1
State two reasons why the motion of the mass is not simple harmonic.
T sumwsmssmsrusmssmss st S S S T S S
D o T T R D S L T S T S S U S S S G e

(2]
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(¢) A block of wood is floating in a liquid, as shown in Fig. 3.2. Fage: |

oscillation
block } of block
s N N G
——— - ——— — — — -liquid- —
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 w of the oscillations,

1

LGS, Learning Alliance) e sweenmssasenereanas rads™ [2]

cAa - P
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(ii) the maximum vertical acceleration of the block.

maximum acceleration = ..., ms—=2 [2]
(iii) The block has mass 120g.

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 l0SS = i J [3]

[Total: 11]
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17

A U-tube contains liquid, as shown in Fig. 3.1. 0/N/18/43/Q3

x|
liquid_ Y[ | o — S P T

l I
E i - _liquid
| L ]
! I
! I
! I

Fig. 3.1 Fig. 3.2

The total length of the column of liquid in the tube is L.

The column of liquid is displaced so that the change in height of the liquid in each arm of the
U-tube is x, as shown in Fig. 3.2.

The liquid in the U-tube then oscillates with simple harmonic motion such that the acceleration a of
the column is given by the expression
29
a=—(—"—|x
(&)

(a) Calculate the period T of oscillation of the liquid column for a column length L of 19.0cm.

where g is the acceleration of free fall.
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(b) The variation with time t of the displacement x is shown in Fig. 3.3.

+2.0
\
x/cm
\
+1.0 \ f 3 AN
\ I \ N
J \
/ \

\

\ \

\ i \ |

/ /
0 - -
0 \ / 7, \ / 2T \ / 3
i | t 1
1 I \ I
Ji ¥
\ / \ /
\ I /
i I/
-1.0 A 3 £
\,
\ I
\ J
-2.0
Fig. 3.3

The period of oscillation of the liquid column of mass 18.0gis T.
The oscillations are damped.

(i) Suggest one cause of the damping.

(ii) Calculate the loss in total energy of the oscillations during the first 2.5 periods of the
oscillations.

energy loSS = ... J[3]
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0/N/17/43/Q2
18 (a) State, by reference to simple harmonic motion, what is meant by angular frequency.

(b) Athin metal strip is clamped at one end so that it is horizontal.
Aload of mass M is attached to its free end. The load causes a displacement s of the end of
the strip, as shown in Fig. 2.1.

clamp

ild

Fig. 2.1

The load is displaced vertically and then released. The load oscillates.
The variation with the acceleration a of the displacement s of the load is shown in Fig. 2.2.

Vi

7

yd

yd

10 08 06 04 02 %0 02 04 06 08 1.0

a/ms2

Fig. 2.2
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(i) Use Fig. 2.2 to determine
1. the displacement of the load before it is made to oscillate,
displacement = s nnnmnnannnnnmsas cm
2. the amplitude of the oscillations of the load.

aAmMpItUde™ icennanmnnnnnninnnna cm

(if) Show that the load is undergoing simple harmonic motion.

..................................................................................................................................... [3]
(iii) Calculate the frequency of oscillation of the load.
freqUency'=" commerannuramnma e Hz [3]
[Total: 9]
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M/i/19/42/Q3

19 Aspring is hung vertically from a fixed point. Amass M is hung from the other end of the spring, as

illustrated in Fig. 3.1.

spring

massM\ Y.

Fig. 3.1

The mass is displaced downwards and then released. The subsequent motion of the mass is

simple harmonic.

The variation with time t of the length L of the spring is shown in Fig. 3.2.

16
L/icm
14
1 l" \\ J"r \
\ I’ \ I ‘\
12
\ | \
1 ] \ I 1
A ! | \ I

10 Vi J

8

0 0.2 0.4 0.6 0.8 1.0
t/'s
Fig. 3.2
(a) State:
(i) one time at which the mass is moving with maximum speed
MG = wevnnvansnrnnarsmnrra e s [1]
(ii) one time at which the spring has maximum elastic potential energy.
bl T, s [1]
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(b) Use data from Fig. 3.2 to determine, for the motion of the mass:

(i) the angular frequency w

= s rads™' [2]

(ii) the maximum speed

EEKITAEEN SPERH = e mmmm e ms™! [2]

(ifi) the magnitude of the maximum acceleration.

PRSI ACERISraNON S oo ms2 [2]
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(c) The mass M is now suspended from two springs, each identical to that in Fig. 3.1, as shown
in Fig. 3.3.

mass M [
\

Fig. 3.3

Suggest and explain the change, if any, in the period of oscillation of the mass. A numerical
answer is not required.

..[2]
[Total: 10]
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F/M/19/42/Q3
20 Acylindrical tube, sealed at one end, has cross-sectional area A and contains some sand.
The total mass of the tube and the sand is M.

The tube floats upright in a liquid of density p, as illustrated in Fig. 3.1.

tube
cross-sectional
area A
sand
liquid
——  density p

equilibrium positionv k
of base of tube

L
e

Fig. 3.1

The tube is pushed a short distance into the liquid and then released.

(a) (i) State the two forces that act on the tube immediately after its release.

(i) State and explain the direction of the resultant force acting on the tube immediately after
its release.

(b) The acceleration a of the tube is given by the expression

a=—(29)

where x is the vertical displacement of the tube from its equilibrium position.

Use the expression to explain why the tube undergoes simple harmonic oscillations in the
liquid.

Cyrus Ishaq G 42

ISL, BLL, BCCG, LGS, Roots IVY P5

(>) +923008471504



(c) For a tube having cross-sectional area A of 4.5cm? and a total mass M of 0.17 kg, the period
of oscillation of the tube is 1.3s.

(i) Determine the angular frequency w of the oscillations.

ST rads™! [2]

(ii) Use your answer in (i) and the expression in (b) to determine the density p of the liquid in
which the tube is floating.

[Total: 10]
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A cylinder and piston, used in a car engine, are illustrated in Fig. 3.1. 0O/N/10/43/Q3
cylinder
—
- D
A B
ﬂ p—\““ piston
Fig. 3.1

The vertical motion of the piston in the cylinder is assumed to be simple harmonic.
The top surface of the piston is at AB when it is at its lowest position; it is at CD when at its
highest position, as marked in Fig. 3.1.
(a) The displacement d of the piston may be represented by the equation
d=-4.0 cos(220t)

where dis measured in centimetres.

(i) State the distance between the lowest position AB and the highest position CD of
the top surface of the piston.

distance = s cm [1]
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(ii) Determine the number of oscillations made per second by the piston.

(iii) On Fig. 3.1, draw a line to represent the top surface of the piston in the position
where the speed of the piston is maximum. [1]

(iv) Calculate the maximum speed of the piston.
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(b) The engine of a car has several cylinders. Three of these cylinders are shown

in Fig. 3.2.

X Y z
Cp---------- o\ | -1 | | [
A B | [ f----------4 0 b e

Fig. 3.2

X is the same cylinder and piston as in Fig. 3.1.

Y and Z are two further cylinders, with the lowest and the highest positions of the top
surface of each piston indicated.

The pistons in the cylinders each have the same frequency of oscillation, but they are
not in phase.

At a particular instant in time, the position of the top of the piston in cylinder X is as
shown.

(i) IncylinderY, the oscillations of the piston lead those of the piston in cylinder X by a
phase angle of 120° (%n rad).
Complete the diagram of cylinderY, for this instant, by drawing

1. aline to show the top surface of the piston, [1]

2. an arrow to show the direction of movement of the piston. [1]
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ON 2023/41/Q4
22 Aheavy metal sphere of mass 0.81kg is suspended from a string. The sphere is undergoing small
oscillations from side to side, as shown in Fig. 4.1.

i3
"
[
[}
i
'l
- ' ‘,
string Y
1 1
i 1
Y
P
b
Y
heavy sphere, i \
mass 0.81kg j e
~ I 1
o
h_" ~=7

oscillations
Fig. 4.1
The oscillations of the sphere may be considered to be simple harmonic with amplitude 0.036m
and period 3.0s.

(a) State what is meant by simple harmonic motion

(2]
(b) Calculate:

(i) the angular frequency of the oscillations

angular frequency =

.............................................. rads~! [2]
[ ]
Ish G
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(c)

Cyrus Ishaq
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(ii) the total energy of the oscillations.

total energy = ..., J [2]
The suspended sphere is now lowered into water. The sphere is given a sideways
displacement of +0.036 m from its equilibrium position and is then released at time ¢ = 0.
The water causes the motion of the sphere to be critically damped.

On Fig. 4.2, sketch the variation of the displacement x of the sphere from its equilibrium
position with t from¢t=0to {=6.0s.

0.04

x/m

0.02

-0.02

Fig. 4.2
[3]

[Total: 9]
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March 2024/42/Q3

2 A small object of mass 24 g rests on a platform. The platform is attached to an oscillator, as shown

in Fig. 3.1.
I:l iobjecl
platform

"~ oscillator

Fig. 3.1
The oscillator moves the platform up and down.

(@) The total energy of the oscillations of the object is 2.2 x 1074 J.
In one oscillation the object travels a total distance of 14 mm.

Calculate the angular frequency w of the oscillations.

(b) The frequency of the oscillator is fixed, and the amplitude of the oscillations is gradually
increased.

(i) Calculate the maximum amplitude of the oscillations so the object does not lose contact
with the platform.

amplitude = ..., m [2]

(ii) The amplitude of the oscillations is increased so it is greater than the value in (b)(i).

State and explain the position in an oscillation where the object first loses contact with
the platform.
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MJ 24/41/Q4

24 (a) State whatis meant by resonance.

(b) A small ball is held in place using a stretched string. One end of the string is fixed to a wall
and the other end is attached to a vibration generator, as shown in Fig. 4.1.

ball
vibration wall
generator /
7
Z
string
Fig. 4.1

Initially, the vibration generator is switched off.

A student displaces the ball vertically and then releases it. Fig. 4.2 shows the variation of the
displacement of the ball with time after it is released.

A
displacement
/
. =
\ / N
/ N Vi
O f ’ 'I
0 #410.1 2 0 0.4 TN 0.5 0.6
/ time/s /]
I
\\
y L““‘l
Fig. 4.2
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(i) State the name of the phenomenon illustrated by the decrease in the amplitude of the
oscillations in Fig. 4.2.

..................................................................................................................................... [1]
(ii) Explain the decrease with time of the amplitude of the oscillations of the ball.
..................................................................................................................................... [2]
(iii) Determine the frequency of the oscillations of the ball.
frequency = ..., Hz [1]

(c) The vibration generator in (b) is switched on and its frequency f of vibration is gradually
increased from 0 to 10Hz.

On Fig. 4.3, sketch the variation with f of the amplitude of the oscillations of the ball.
A

amplitude

0 2.5 5.0 7.5 10.0
fIHz

Fig. 4.3
[2]

[Total: 8]
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MJ 2024/42/Q4
25 Ablock of mass m oscillates vertically on a spring, as shown in Fig. 4.1.

Z i’
spring
block
oscillations |--------- SRRl EEEEEEE
\ equilibrium position
Fig. 4.1

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

2A

yi

yi

of

-3Y -2Y -Y 0F Y 2Y HH xHH13Y

y 4

2A "~

Fig. 4.2
The amplitude of the oscillations is 3Y and the maximum acceleration is 2A.

(a) Explain how Fig. 4.2 shows that the oscillations of the block are simple harmonic.

Cyrus Ishaq G 52

ISL, BLL, BCCG, LGS, Roots IVY P5

H
(>) +923008471504 CYRUS



(b) Deduce expressions, in terms of some or all of m, A and Y, for:

(i) the angular frequency w of the oscillations

0= i [1]
(ii) the maximum speed v, of the oscillations

V) = coreeeeeieimee e e [2]
(iii) the energy E of the oscillations.

E = e [2]

(c) The period of the oscillations is 0.75s and the value of 3Yis 1.8cm.

Determine an expression for x in terms of time f, where x is in cm and t is in seconds.

[Total: 9]
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Question Answer Marks
1 @0 | o=2rf c1
f=9.7/2n A1
=15Hz

(a)(i) | amplitude =V(11.6) =3.4cm A1
a)(iii) | a0 = w?x0 c1
=9.72x34x 102 A1

=3.2ms2
(b) sketch: straight line through the origin with negative gradient B1
line with negative gradient passing through (+3.4, —ao) and (-3.4, +ao) B1
line withends atx=+3.4cmanda=ta B1
(c) sum of potential energy and kinetic energy is constant B1
at maximum displacement, kinetic energy is zero B1

:tr maximum displacement, potential energy is maximum

at zero displacement, kinetic energy is maximum B1

:{zero displacement, potential energy is minimum

Question Answer Marks
22 (a) P: total energy B2
Q: potential energy
R: kinetic energy
(b) E="Yma?xe®> or E= Yamve®> and Vo= wXo c1
6.4x10° = %) x0.130x o x0.015? c1

(a? = 438)

(w=20.9)

T=2nlw c1
=2n/20.9 A1
=0.30s

(c)(i) resistive forces B1
(c)(ii) |0.92° c1
decrease in energy = 6.4 — (6.4 x 0.92°) A1
=25mJ
(c)(iii) light damping because the amplitude of oscillations gradually reduces B1
fi;ht damping because the system still oscillates
‘ Question Answer Marks
3 [a)i) |x=8.0cm A1
a)ii) | o=2n/T Cc1
=2n/4.0=1.6rads™’ A1
@)(iii) | E = Yamw?xo? Cc1
=% x 36 x 1.62 x 0.0802 c1
=0.29J A1
t(b) dome-shaped curve, starting and ending at Ex = 0 B1
maximum Ex shown as 0.29 J B1
position of peak shown at h = 10.0cm B1
line intercepts h-axis ath=2.0cm and at h=18.0cm B1
[ ]
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Question Answer Marks
4 B(a) a=-wx M1
a = acceleration, x = displacement from equilibrium position and @ = angular frequency A1
b)i) |Xx=0.12m A1
b)(ii) | v=aV(x? - x2) c1
two (x, v) pairs correctly read from Fig. 3.2 (one may be (xo, 0) or value of xo from (i))
e.g. 0.20 = @\(0.122 - 0) leading to @ = 1.7 rad s~ A1
b)) | E = %aMa?x0? c1
0.050 = % x M x 1.67% x 0.122 A1
M=25kg
or
(Ex)max = Y2Mvo? (c1)
0.050 = %2 M x 0.202 (A1)
M=25kg
c)(i) loss of (total) energy (of system) B1
due to resistive forces B1
c)(ii) | closed loop surrounding the origin with maximum x at + 0.060 m passing through v = 0 B1
maximum velocity shown as +0.10 m s~ passing through x = 0 B1
Question Answer Marks
5 Ha) oscillations (of object) at maximum amplitude B1
when driving frequency equals natural frequency (of object) B1
b)i) |T=2nlw c1
=2n/5.0n A1
=040s
b)(ii) | displacement scale labelled —1.0, —0.5, (0), 0.5, 1.0 on the 2 cm tick marks B1
t scale labelled 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 on the 2 cm tick marks B1
b)(ii) |¢=2rAt/T c1
=2nx0.10/0.40 or 2n x 0.30/0.40
‘ =16rad or 4.7 rad A1
' Question Answer Marks
6 (a) straight line through origin shows that a is proportional to x B1
negative gradient shows that a is in opposite direction to x B1
b)()) | a0 = w2x0 c1
or
a=-w
or
«? = — gradient
» =(0.40/0.050) A1
=2.8rads™’
b)(ii) = w2 c1
=2.82x124
=9.7ms2 A1
(c) (increasing L causes) » to decrease M1
:rrlergy (= Y2 maPxo?) = Y2 mkxo?/ L (and L increases)
: so amplitude increases A1
L]
55
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Question Answer Marks
7 B(a) upthrust, weight B1
B(b) upthrust greater than weight so (resultant force is) upwards B1
c)(i) | A, gand pall constant so F o< x B1
minus sign means F and x are in opposite directions B1
o) | _F . __.  Adpx m
(a=—so)a=(-)~%
s0 ?=2% hence o = AR A1
m m
d)(i) | damping due to viscous forces B1
ai) | E=) %mwzxoz c1
a? = (-) gradient c1
(E=) Joma?(x - x,°) A
:% xo.57x(2-%_020 )(0.0202 —0.016?)
=4.7x10°J
8 (a) acceleration and displacement are in opposite directions
(b)(i) F =kx
=8.0x(0.060 - 0.048) or 8.0x(0.060 +0.048)
or 8.0x0.012 or 8.0x0.108
XF =(8.0x0.012)-(8.0x0.108)=0.77TN
or
XF =0.864-0.096=0.77TN
b)) | _F
m
_0.77
T 0.25
=3.1ms™
(b)iii) a=- a’x
= , a1
0.048
w=8.04
T=2nlow
T=2r/8.04
=0.78s
[b)(iv) [ (resultant) force halved and distance halved

same T

56



(a) acceleration in opposite direction to displacement shown by — sign
g/ L is constant
(so) acceleration is (directly) proportional to displacement
(b) @#=glL
w=2rlT
or
w=2nf and f=1/T
(2n/ T =9.81/0.18
T=0.85s
(c) energy = Xp?
(after 3 cycles,) amplitude = (0.94)°xo
=0.83x0
ratio final energy / initial energy = 0.832
=0.69
10 |a) acceleration (directly) proportional to displacement
acceleration is in opposite direction to displacement
(b) @ =2kim and @=2nf
(2nf)? = (2 x 130)/0.84
f=28Hz
(e)(i) resonance
(c)(ii) | oscillator supplies energy (continuously)
energy of trolley constant so energy must be dissipated
3v?thout loss of energy the amplitude would continuously increase
Cyrusishaa 1o 811, B, LGS, Roots IVY PS
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(a)

acceleration (directly) proportional to displacement

acceleration in opposite direction to displacement
or

acceleration (directed) towards equilibrium position

(b)

v= alx?— x%)* and @=2nf
or
Vo = Xow and @ = 2nf

substitution of any correct point from graph, e.g. for x = 0:

0.25=2nfx 8.8 x 102

f=045Hz

)

1/0.45=2r x (L/9.81)*

L=12m

d)

ellipse about the origin with same intercepts on x-axis

ellipse about the origin crossing v-axis inside original loop

12

(a)(i)

distance from a (reference) point in a given direction

a)(ii)

line is not straight or gradient is not constant

(b)(i)

0.85-0.90cm

(b)(ii)

= —(2nf)P x

eg.1.2=4x2xf2x(0.90x 10-2)

f=18Hz

r

c)

complete circle/ellipse enclosing the origin

closed shape passing through (0, +v;) and (+xp, 0)
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13 |a) acceleration (directly) proportional to displacement
acceleration is in opposite direction to displacement
:::ceieration is (directed) towards a fixed point
(b)(i) zero
(b)(ii) | Eris maximum potential energy = mgh
Er =94 x102x9.81x0.90x 102
=8.3x103J
b)iii) | Emax=Yamve® and vo = wxo
gm = Yam{wxo)?
83x10P=%xM x 103 x a2 x (12.7 x 10-2)2
...leading to = 3.3 rad s’
(c) T=2nlw
2r/3.3 = 2n x (L/9.81)*
L=0.90m
14 |a) acceleration proportional to displacement
acceleration directed towards fixed point
:il;;placement and acceleration in opposite directions
(b)(i) 1. amplitude decreases gradually so light damping
g;cillations continue so light damping
2. loss of energy
due to friction in wheels
or
due to friction between wheels and surface (during slipping)
:t:e to air resistance (on trolley)
(b)i)1. | & =2kim
= (2 x 230)/0.950
@ =22rads”
b)i2. ([T =2n/ew
T =(2x/22)=0.286s
time =15T
=043s
Cyruslshaa ) 811, Becg, LGS, Roots IVY P5
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15 fa)i

straight line through origin indicates acceleration « displacement

negative gradient shows acceleration and displacement are in opposite directions

(a)ii)

a=-afy and w=2nf

4.5=(2n x f)* x8.0 x 10~ (or other valid read-off)

f=38Hz

(b))

maximum displacement upwards/above rest/above the equilibrium position

b)(ii)

(just leaves plate when) acceleration = 9.81ms™

9.81=(2n x 3.8 x o
or
9.81 =563 x y,

amplitude =17 mm

16 (a)

(b)

(c)

Cyrus Ishaq
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(iii) AE

acceleration/force proportional to displacement (from fixed point)

acceleration/force and displacement in opposite directions

maximum displacements/accelerations are different

graph is curved/not a straight line

() @®=21/Tand T = 08s

® =T79rads™

(i) a = ()P x

=7.85"x1.5x 107

=0.93ms?or0.94 ms™

Ye ma? (xo° — X°)

Y x 120 x 107 x 7.85% x {(1.5 x 10%? - (0.9 x 1072)?%)

53x10%J
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17 |a of =2g/L Faas
T=2nle
o =(2x9.81)/0.19
o =102(rads™)
T =2x/10.2
=0.62s
'b)(i) e.g. viscosity of liquid/friction within the liquid/viscous drag/friction between walls of tube and liquid
b)(ii) | (maximum) KE = Yamv,® and v, = aixg
:rlergy = Vamafxo®
change =% x 18 x 107 x 103 x [(2.0 x 107%)? = (0.95 x107%)]
=29x10"J
18 a) (angular frequency =) 2r x frequency or 2r/period
(b)(i) 1. displacement =2.0cm
2. amplitude = 1.5cm
(b))ii) reference to displacement of oscillations or displacement from equilibrium position or displacement from 2.0 cm
straight line indicates acceleration « displacement
negative gradient shows acceleration and displacement are in opposite directions
(b)iii) | & =(-)1/gradient or & = (-)Aa/As or a = (-)e’x and correct value of x
=e.g. (1.8/0.03) or (0.9/0.015) or (1.2/0.02) etc. or 0.9 = & x 0.015
=60
f =60/2n
=1.2Hz
.
Cyruslshaa ) 811, Becg, LGS, Roots IVY P5 'Q 61
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19 tayi) 0.10s or 0.30s or 0.50s or 0.70s or 0.90s

(a)(ii) 0 or 0.40s or 0.80s

(b)i) |@ =2n/T

=2n/0.40
=16rads™'

(b)(ii) |wvo = axo

=15.7 x 2.5 x 1072

=0.39ms"!

or

tangent drawn at steepest part and working to show attempted calculation of gradient

leading to vo = 0.39ms™" (allow £ 0.175 ms")

(b)(iii) | a0 = @?x0

a =(15.72x 25 x 10?)

=6.2ms™
or
a = aVp
a =15.7x0.39
=6.2ms™
(c) period is shorter/lower
Any one from:

» greater spring constant/stiffness

» (restoring) force is greater (for any given extension)

* acceleration is greater (for any given extension)

* greater energy/maximum speed (for a given amplitude)

Cyrus Ishaq @
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20

a)(i) mention of upthrust and weight

(a)(ii) upthrust is greater than the weight

(resultant force is) upwards

(b) A, p, g and M are constant

either acceleration « — displacement

or acceleration o displacement and (- sign indicates) a and x in opposite directions

(c)i) | either @=2n/Torw=2afandf=1/T

® =2n/13
=4.8rads!

(e)(ii) of =Apg/m

4832=(4.5x10"% x px 9.81)/0.17

2=900 kgm-3

21 |(a) (i) 8.0cm

(ii) 2=f =220
f=35 (condone unit)
(iii) line drawn mid-way between AB and CD (allow £2 mm)
(iv) v=wa
=220x4.0
=880cms’
(b) (i) 1. line drawn 3 cm above AB (allow £2 mm)
2. arrow pointing upwards
(ii) 1. line drawn 3 cm above AB (allow £2 mm)
2. arrow pointing downwards

(ii) v =oV(@®-x)
=220 x V(4.0 - 2.0)
=760 cms™
(incorrect value for x, 0/2 marks)

22 (a) (motion in which) acceleration is (directly) proportional to displacement B1
(motion in which): B1
acceleration is (always) in the opposite direction to displacement
:::celeration is (always) directed towards a fixed point

4b)(i) |o=2n/T ct
® =2n/3.0 A1
=21rads™
4(b)(ii) | E = YamaPxo? c1
=1 x 0.81 x 2.1% x 0.0362 A1
=23x102%J
4(c) sketch: line starting at (0, 0.036) and not reaching x = + 0.036 m at any other time B1
smooth curve, with no sudden changes in gradient, showing continuously decreasing magnitude of x from B1
maximum displacement at t = 0 to final displacement of zero where the gradient is also zero
displacement reaches final value of zero between t = 0.75s and t = 3.0 s at the latest B1
.
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23 @) | E=Y% maPxe? c1
22x10%="x24 x 103 x (14 x 103/4)? x o? c1
o= 39 rads™’ A1

3(b)(i) | use of acceleration = 9.81 ms2 c1

Xo=9.81/392

=6.4x 102 m A1

3(b)(ii) | at top of oscillation B1

any one point from: B1

where the downward acceleration first exceeds free-fall acceleration

where the greatest downwards acceleration occurs

where the resultant force is the maximum downwards

where the contact force is a minimum

24 a) oscillation (of object) at maximum amplitude B1
when driving frequency = natural frequency (of system) B1

4(b)(i) light damping B1

4(b)(ii) | oscillations (of ball) lose energy B1

(due to) resistive forces (acting on ball) B1
4(b)(iii) | frequency =1/0.25 A1
=4.0Hz
4(c) curve showing a maximum amplitude at a single non-zero frequency B1
single maximum amplitude shown at 4.0 Hz B1
| 25 (a) straight line through the origin shows that a is proportional to x B1
negative gradient shows that a and x are (always) in opposite directions B1
4b)i) |a =-w’x A1
o =(2A/3Y)

4(b)ii) |vo = wxo c1
=3Yx(2A/3Y) A1
=(BAY)

4(b)iii) | E =Y%maPxe? c1
=%mx (2A/3Y) x (3Y)? A1
=3mAY

4(c) w =2nlT C1
(=2n/0.75)
x=1.8sin (8.41) A1
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