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162 CHAPTER 5. OSCILLATIONS

83.9702 _m21 qp 42 Q: 4
(@) The defining equation of simple harmonic motion is
a=—wx.

State the significance of the minus (-) sign in the equation.

(b) Adtrolley 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
. ! 18.0cm
AN i
/ bench trolle
spring y 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]

STEMUP.CO.UK


https://stemup.co.uk

163
(ii) The mass of the trolley is 250¢.

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 2.4 cm.

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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84.9702_s21_qp_43 Q: 3

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

(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

P /
—(O0—C(

Fig. 3.1
The springs, each having spring constant k of 130N m™", 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 ascillation 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.

(if) 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.

[Total: 8]
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85.9702_s20_qp_41 Q: 3

The piston in the cylinder of a car engine moves in the cylinder with simple harmonic motion.
The piston moves between a position of maximum height in the cylinder to a position of minimum
height, as illustrated in Fig. 3.1.

cylinder cylinder

piston

piston

maximum height minimum height

Fig. 3.1
The distance moved by the piston between the positions shown in Fig. 3.1 is 9.8cm.
The mass of the piston is 640g.
At one particular speed of the engine, the piston completes 2700 oscillations in 1.0 minute.
(a) For the oscillations of the piston in the cylinder, determine:

(i) the amplitude

amplitude = ... cm [1]
(ii) the frequency
freqUeNCY = o Hz [1]
(iii) the maximum speed
MaxXimum SPEed = ........cocoioeeeeeeeoeeeeeeeeeeeeen ms~! [2]

STEMUP.CO.UK


https://stemup.co.uk

167

(iv) the speed when the top of the piston is 2.3 cm below its maximum height.

(b) The acceleration of the piston varies.

Determine the resultant force on the piston that gives rise to its maximum acceleration.

[Total: 9]
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86. 9702_s20_qp_43 Q: 3

The piston in the cylinder of a car engine moves in the cylinder with simple harmonic motion.
The piston moves between a position of maximum height in the cylinder to a position of minimum
height, as illustrated in Fig. 3.1.

cylinder cylinder

piston

piston

maximum height minimum height

Fig. 3.1
The distance moved by the piston between the positions shown in Fig. 3.1 is 9.8cm.
The mass of the piston is 640g.
At one particular speed of the engine, the piston completes 2700 oscillations in 1.0 minute.
(a) For the oscillations of the piston in the cylinder, determine:

(i) the amplitude

amplitude = ..., cm [1]
(ii) the frequency
freqUeNCY = o Hz [1]
(iii) the maximum speed
Maximum SPeed = ........cocoooeeeoeeeeeeeeeeeeeee ms~! [2]
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(iv) the speed when the top of the piston is 2.3 cm below its maximum height.

(b) The acceleration of the piston varies.

Determine the resultant force on the piston that gives rise to its maximum acceleration.

[Total: 9]
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87.9702 _ml19 qp 42 Q:3

A cylindrical 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 position -7 i ;X
of base of tube

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

o=-(52)

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

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

(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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88.9702_ w19 qgp 41 Q: 4

A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

I

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.

_”

I’

P
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-1.5

Fig. 4.2

(@ (i) State whatis meant by the displacement of the mass on the spring.
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(i) 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.
X = e cm [1]

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

freqUENCY = ..o Hz [3]

(c) The maximum speed of the mass when oscillating with simple harmaonic motion of amplitude
Xy 1S V.

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

v
v()
0
T —x 110 X,
] X
Fig. 4.3
[2]
[Total: 8]
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89.9702 w19 qp 43 Q: 4

A mass is suspended vertically from a fixed point by means of a spring, as illustrated in Fig. 4.1.

-,

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

(@) (i) State whatis meant by the displacement of the mass on the spring.
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(i) 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.
X = e cm [1]

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

freqUENCY = ..o Hz [3]

(c) The maximum speed of the mass when oscillating with simple harmaonic motion of amplitude
Xy 1S V.

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

v
v()
0
T —x 110 X,
] X
Fig. 4.3
[2]
[Total: 8]
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90. 9702 _s18 qp 41 Q:2
A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

L / plate
dlre_ctlo_n of 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

(@) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic
motion.
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(if) Calculate the frequency of oscillation of the sand.

freqUENCY = oo Hz [2]

(b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. 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,

(ii) calculate the amplitude of oscillation.

amplitude = ... mm [3]

[Total: 8]
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91. 9702 _s18 qp 43 Q:2
A metal plate is made to vibrate vertically by means of an oscillator, as shown in Fig. 2.1.

L / plate
dlre_ctlo_n of 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

(@) (i) Use Fig. 2.2 to show how it can be deduced that the sand is undergoing simple harmonic
motion.
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(if) Calculate the frequency of oscillation of the sand.

freqUENCY = oo Hz [2]

(b) The amplitude of oscillation of the plate is gradually increased beyond 8 mm. 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,

(ii) calculate the amplitude of oscillation.

amplitude = ... mm [3]

[Total: 8]
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92. 9702 w18 qgp 41 Q:2

Some energy changes that take place during the cycle PQRP are shown in Fig. 2.2.

change P - Q | change Q — R | changeR — P
thermal energy transferred to gas/J +97.0 0
work doneongas/d | e -42.5 +37.0
increase in internal energy of gas/J | oo | s | e,
Fig. 2.2

(i) State the total change in internal energy of the gas during the complete cycle PQRP.
Explain your answer.

....................................................................................................................................... [2]
(ii) On Fig. 2.2, complete the energy changes for the gas during
1. the change P — Q,
2. the change Q — R,
3. thechange R — P.
[5]
[Total: 9]
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A U-tube contains liquid, as shown in Fig. 3.1.

liquid "T
|
|
|
|
|
|
|
|
\

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

{2

(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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93.9702_ w17 qgp_ 41 Q:2

(a) State, by reference to simple harmonic motion, what is meant by angular frequency.

(b) A thin metal strip is clamped at one end so that it is horizontal.

A load 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\

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.
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alms2

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 = ... cm
2. the amplitude of the oscillations of the load.

amPpPlitude = .. cm

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

(iii) Calculate the frequency of oscillation of the load.

frequUeNCY = ..o Hz [3]

[Total: 9]
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94.9702_ w17 qp_ 42 Q:3

(@) (i) Define the radian.

(b) A thin metal strip, clamped horizontally at one end, has a load of mass M attached to its free
end, as shown in Fig. 3.1.

clam p\

oscillation
of load

Fig. 3.1

The metal strip bends, as shown in Fig. 3.1.
When the free end of the strip is displaced vertically and then released, the mass oscillates in
a vertical plane.

Theory predicts that the variation of the acceleration a of the oscillating load with the
displacement x from its equilibrium position is given by

c
a = - () *
where L is the effective length of the metal strip and ¢ is a positive constant.

(i) Explain how the expression shows that the load is undergoing simple harmonic motion.
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(ii) For a metal strip of length L = 65cm and a load of mass M = 240¢g, the frequency of

oscillation is 3.2 Hz.
Calculate the constant c.

C T e kgm3s—2 [3]

[Total: 8]
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95. 9702 w17 qp 43 Q: 2

(a) State, by reference to simple harmonic motion, what is meant by angular frequency.

(b) A thin metal strip is clamped at one end so that it is horizontal.

A load 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\

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.
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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 = ... cm
2. the amplitude of the oscillations of the load.

amPpPlitude = .. cm

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

(iii) Calculate the frequency of oscillation of the load.

frequUeNCY = ..o Hz [3]

[Total: 9]
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96. 9702 w16 qp 41 Q: 3

To demonstrate simple harmonic motion, a student attaches a trolley to two similar stretched
springs, as shown in Fig. 3.1.

spring trolley

Fig. 3.1
The trolley has mass mof 810g.

The trolley is displaced along the line of the two springs and then released. The subsequent
acceleration a of the trolley is given by the expression

_2kx
m

where the spring constant k for each of the springs is 64Nm~' and x is the displacement of the
trolley.

(@) Show that the frequency of oscillation of the trolley is 2.0 Hz.

(b) The maximum displacement of the trolley is 1.6cm.
Calculate the maximum speed of the trolley.
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(c) The mass of the trolley is increased. The initial displacement of the trolley remains unchanged.

Suggest the change, if any, that occurs in the frequency and in the maximum speed of the
oscillations of the trolley.

L1 =20 [0 T=] ooy PSSR

MAXIMIUM SPEEA. .o e e e e e e e e e e e e s e e st an b e s eeeeeeeaaaes e sentbasbesasseeaeesanssassrnnrnnes

[2]

[Total: 7]
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97.9702_wl6 _qp 42 Q: 4

A mass hangs vertically from a fixed point by means of a spring, as shown in Fig. 4.1.

spring

mass ---

\

Fig. 4.1

The mass is displaced vertically and then released. The subsequent oscillations of the mass are
simple harmonic.

The variation with time t of the length [ of the spring is shown in Fig. 4.2.

18
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16 y

l/ecm

15 N

14 y,

13

12

t/'s

Fig. 4.2
(@) UseFig.4.2to

(i) state two values of tat which the mass is moving downwards with maximum speed,
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(i) determine, for these oscillations, the angular frequency w,

(ili) show that the maximum speed of the mass is 0.42ms™".

(2]

(b) Use data from Fig. 4.2 and (a)(iii) to sketch, on the axes of Fig. 4.3, the variation with
displacement x from the equilibrium position of the velocity v of the mass.
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Fig. 4.3 (3]
[Total: 8]
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98.9702 w16 qp 43 Q: 3

To demonstrate simple harmonic motion, a student attaches a trolley to two similar stretched
springs, as shown in Fig. 3.1.

spring trolley

Fig. 3.1
The trolley has mass mof 810g.

The trolley is displaced along the line of the two springs and then released. The subsequent
acceleration a of the trolley is given by the expression

_2kx
m

where the spring constant k for each of the springs is 64Nm~' and x is the displacement of the
trolley.

(@) Show that the frequency of oscillation of the trolley is 2.0 Hz.

(b) The maximum displacement of the trolley is 1.6cm.
Calculate the maximum speed of the trolley.
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(c) The mass of the trolley is increased. The initial displacement of the trolley remains unchanged.

Suggest the change, if any, that occurs in the frequency and in the maximum speed of the
oscillations of the trolley.

L1 =20 [0 T=] ooy PSSR

MAXIMIUM SPEEA. .o e e e e e e e e e e e e s e e st an b e s eeeeeeeaaaes e sentbasbesasseeaeesanssassrnnrnnes

[2]

[Total: 7]
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99. 9702 w21 qp 42 Q: 4

Atrolley on a smooth surface is attached by springs to fixed blocks as shown in Fig. 4.1.

springs

trolley

\ (L) - - )

fixed block smooth surface fixed block

Fig. 4.1

The trolley oscillates horizontally about its equilibrium position with an amplitude of 12cm. Fig. 4.2
shows the variation of the acceleration a of the trolley with displacement x from its equilibrium
position. Friction between the trolley and the surface can be assumed to be negligible.

70.8

pd

7

yd

o

-0.8
Fig. 4.2

(a) Describe the features of the line in Fig. 4.2 that demonstrate that the motion of the trolley is
simple harmonic.
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(b) Use Fig. 4.2 to determine the period T of the oscillations of the trolley.

(c) (i) On the line of the graph of Fig. 4.2, label with the letter P one point where the kinetic
energy of the trolley is zero. [1]

(ii) On the line of the graph of Fig. 4.2, label with the letter Q an approximate position of one
point where the kinetic energy of the trolley is equal to the potential energy stored in the
springs. [1]
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100. 9702 _s19 qp 42 Q: 3

A spring is hung vertically from a fixed point. A mass M is hung from the other end of the spring, as
illustrated in Fig. 3.1.

spring

mass M
\ 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 ¢ of the length L of the spring is shown in Fig. 3.2.

16
L/cm
14 7 \
\
f \
12
\ I \ I \
/
I/
I o
A / \ ]/ \ /
J
10 \ f /
8
0 0.2 0.4 0.6 0.8 1.0
t/'s
Fig. 3.2
(@) State:
(i) one time at which the mass is moving with maximum speed
HME = e, 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

(if) the maximum speed

MaXiMUM SPEEU = ......oieieiieeeeeeeeeeee . ms~' [2]

(ifi) the magnitude of the maximum acceleration.

maximum acceleration = ..., ms—2 [2]
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(c) The mass M is how 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.

[Total: 10]
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101. 9702_ml17 qp_ 42 Q: 3

A uniform beam is clamped at one end. A metal block of mass m is fixed to the other end of the
beam causing it to bend, as shown in Fig.3.1.

beam metal block

mass m equilibrium position

camp 7Tl -,

displaced position

Fig.3.1

The block is given a small vertical displacement and then released so that it oscillates with simple
harmonic motion.

The acceleration a of the block is given by the expression
k

a :_EX

where k is a constant for the beam and x is the vertical displacement of the block from its
equilibrium position.

(@) Explain how it can be deduced from the expression that the block moves with simple harmonic
motion.

(b) For the beam, k = 4.0kgs—=. Show that the angular frequency w of the oscillations is given by
the expression

[2]
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(c) The initial amplitude of the oscillation of the block is 3.0cm.

Use the expression in (b) to determine the maximum kinetic energy of the oscillations.

maximum kinetic energy =

(d) Over a certain interval of time, the maximum kinetic energy of the oscillations in (c¢) is reduced
by 50%. It may be assumed that there is negligible change in the angular frequency of the
oscillations.

Determine the amplitude of oscillation.

amplitude = ..., m [2]

(e) Permanent magnets are now positioned so that the metal block oscillates between the poles,
as shown in Fig. 3.2.

metal
block

beam

permanent
magnets

Fig.3.2

The block is made to oscillate with the same initial amplitude as in (¢). Use energy conservation
to explain why the energy of the oscillations decreases more rapidly than in (d).

[Total: 12]
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102. 9702_m16 qp 42 Q:4

An object of mass 80g oscillates with simple harmonic motion. The variation with time t of the
displacement x of the object is shown in Fig. 4.1.

2.0
x/cm K 7
1.0 \ ]
/
0 \ + \
0 0.1 0.2 0.3 4 0.5
t/s]
_1 .0 /| ‘\
N
AN v N /
-2.0
Fig. 4.1
(@) Use Fig. 4.1 to determine the amplitude and the period of the oscillations.
amplitude = .o, cm
PEHOO = i s

'b) Use Fig. 4.1 and your answers in (a) to calculate the kinetic energy of the object at time
t=0.19s.

KiNetic Nergy = ...ccocvvveeeieiiie v e J [3]

[Total: 4]
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103. 9702 _s21 qp 41 Q: 3

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

(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

P /
—(O0—C(

Fig. 3.1
The springs, each having spring constant k of 130N m™", 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 ascillation 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.

(if) 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.

[Total: 8]
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104. 9702_s21 _qp_42 Q: 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.

S | 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

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.

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

Determine the period T of the oscillations.
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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

[Total: 9]
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CHAPTER 5. OSCILLATIONS
Atrolley 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

trolley

/
/
— () — (D
e

fixed block

J—1 Y

holes

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 f of the distance L of the trolley from block X is shown in Fig. 4.2.

30
L/cm
25
\
\ / \\ / \ ] \ Py
\ I 1 I \ [ \ y
\\ / \
\
20— e e e e e N
| \ I I N\
\"I
\ ]/
f \ I \ T
\ I/ \ I \ I
\ 1/ \1/ \
15
10
0 4 8 12 16 20 24
t/s
Fig. 4.2
(a) Use Fig. 4.2 to determine:
(i) the initial amplitude of the oscillations
amplitude = ..o, cm [1]
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(ii) the angular frequency w of the oscillations

0T oo rads™1 [2]

(iii) the maximum speed v,, in cm s~1, of the oscillating trolley.

Vg = et cms™! [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.

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

10

v/iecms™

(&)

-10

Fig. 4.3
(3]

[Total: 11]
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209
Atrolley 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
3 : trolley
‘ ./
/
x () —— M— v
L R, A N /
\
fixed block holes

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 f of the distance L of the trolley from block X is shown in Fig. 4.2.

30
L/cm
25
\ \
A A
\ JI TR / \ ] \ Py
\ I 1 I \ [ \ y
\\ / \
\
20— e e e e e e N
| \ I I N\
\’I
\ ]/
f \ I \ T
\ I/ \ I \ I
\ 1/ \1/ \
15
10
0 4 8 12 16 20 24
t/s
Fig. 4.2
(a) Use Fig. 4.2 to determine:
(i) the initial amplitude of the oscillations
amplitude = ..o cm [1]
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(ii) the angular frequency w of the oscillations

0T oo rads™! [2]

(iii) the maximum speed v,, in cms™, of the oscillating trolley.

Vg = oot cms™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.

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

10

viems™!

-10

Fig. 4.3
[3]

[Total: 11]
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107. 9702_s20 _qp_42 Q: 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 45g, as shown in Fig. 4.1.

ball surface
mass 459 of dish

N SRR

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 = 3.0cm.

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.

[
~
——

==
~
T~

el

=

[
[
[
[
[
[
i
[
j
[
[
[

T~
= |
T~

Fig. 4.2

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

o=-{3)

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
2.9rads™.

(1]
(b) Use the information in (a) to:
(i) determine R
R = e m [2]
(if) calculate the speed of the ball as it passes over the centre C of the dish.
SPEEA = ..o ms~' [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

5.0s after the release of the ball. [3]
[Total: 8]
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108. 9702 _s19 qp 41 Q: 3

A hollow tube, sealed at one end, has a cross-sectional area A of 24 cm?.
The tube contains sand so that the total mass M of the tube and sand is 0.23kg.

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

= tubearea
of cross-section A

o L
Ep— B ——
— — — ] [ liquid, density p
h e =
7_7_7_7_ /—‘_‘\_7—__7_7_
_____________ % sand
Fig. 3.1

The depth of the bottom of the tube below the liquid surface is h.

The tube is displaced vertically and then released. The variation with time ¢ of the depth A is shown
in Fig. 3.2.

8
hicm
6 N /7 N / N
/ N\
J
F
4 \ / \\. / \
7/ \
\ /' '\ / \
\ ./ \. /
V.4 N /
2
0
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
t/'s
Fig. 3.2
(@) Determine:
(i) the amplitude, in metres, of the oscillations
amplitude = ... m [1]
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(i) the frequency of oscillation of the tube in the liquid

freqUeNCY = ..o e Hz [2]

(iii) the acceleration of the tube when his a maximum.

acceleration = .......ocooccoeeeeeeeeeee e ms=2 [2]
(b) The frequency f of oscillation of the tube is given by the expression
_1 (APQ)
- 2n M
where g is the acceleration of free fall.

Calculate the density p of the liquid in which the tube is floating.

(c) The oscillations illustrated in Fig. 3.2 are undamped. In practice, the liquid does cause light
damping.

On Fig. 3.2, draw a line to show light damping of the oscillations for time t=0to time t=1.4s.

[3]

[Total: 10]
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109. 9702_s19_qp_43 Q: 3

A hollow tube, sealed at one end, has a cross-sectional area A of 24 cm2.
The tube contains sand so that the total mass M of the tube and sand is 0.23kg.

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

-
\_____/__\_tube, area .
of cross-section A
L
N B e —
3 - - - liquid, density p
N //——————\\77_,‘77777

The depth of the bottom of the tube below the liquid surface is h.

217

The tube is displaced vertically and then released. The variation with time t of the depth A is shown

in Fig. 3.2.

h/cm

8

(@) Determine:

/
/ N\
J
/
\ / \ /[
F i \
/I A\
\ /' '\ / \
/ N\
\ ./ \. 4
AN /
0.2 04 0.6 0.8 1.0 1.2 1.4
t/'s
Fig. 3.2
(i) the amplitude, in metres, of the oscillations
amplitude = s

STEMUP.CO.UK


https://stemup.co.uk

219

(i) the frequency of oscillation of the tube in the liquid

freqUeNCY = ..o e Hz [2]

(iii) the acceleration of the tube when his a maximum.

acceleration = .......ocoocooeeeeeeeeee e ms—2 [2]
(b) The frequency f of oscillation of the tube is given by the expression
_1 (Apg)
- 2n M
where g is the acceleration of free fall.

Calculate the density p of the liquid in which the tube is floating.

(c) The oscillations illustrated in Fig. 3.2 are undamped. In practice, the liquid does cause light
damping.

On Fig. 3.2, draw a line to show light damping of the oscillations for time t=0to time t=1.4s.

[3]

[Total: 10]
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110. 9702_w19 _qp 42 Q: 4

A ball of mass Mis held on a horizontal surface by two identical extended springs, as illustrated in
Fig. 4.1.

ball

mass M oscillator

fixed / /
point \j /

Fig. 4.1
One spring is attached to a fixed point. The other spring is attached to an oscillator.

The oscillator is switched off. The ball is displaced sideways along the axis of the springs and is
then released. The variation with time f of the displacement x of the ball is shown in Fig. 4.2.

15
x/cm
104\ AN
' - / \ CAN
054\ o /- .\‘.\ 2t
SR \ [N
0+—— ] N EmmES vEmE
0— 041108 1\ 1 2ffl 1.8 \ff_2 O—/+——24
-05 ‘\\ 1 \ II’ A 7/ t/s
\ / ]
—1.0 A\
\\
—1.5
Fig. 4.2

(a) State:
(i) what is meant by damping

(ii) the evidence provided by Fig. 4.2 that the motion of the ball is damped.
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(b) The acceleration a and the displacement x of the ball are related by the expression

o3

where k is the spring constant of one of the springs.
The mass M of the ball is 1.2kg.

() Use data from Fig. 4.2 to determine the angular frequency w of the oscillations of the
ball.

(i) Use your answer in (i) to determine the value of k.

221
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(c) The oscillator is switched on. The amplitude of oscillation of the oscillator is constant.

The angular frequency of the oscillations is gradually increased from 0.7 wto 1.3w, where w is
the angular frequency calculated in (b)(i).

(i) On the axes of Fig. 4.3, show the variation with angular frequency of the amplitude A of
oscillation of the ball.

[

0 T T r
0.7w 1.0w 13w

angular frequency

Fig. 4.3
(2]

(i) Some sand is now sprinkled on the horizontal surface.
The angular frequency of the oscillations is again gradually increased from 0.7 t0 1.3w.

State two changes that occur to the line you have drawn on Fig. 4.3.

[Total: 10]
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111. 9702_ml8 qp 42 Q: 4

(@) Explain what is meant by the natural frequency of vibration of a system.

(b) Ablock of metal is fixed to one end of a vertical spring. The other end of the spring is attached
to an oscillator, as shown in Fig. 4.1.

oscillator/

spring

Fig. 4.1
The amplitude of oscillation of the oscillator is constant.

The variation of the amplitude x, of the oscillations of the block with frequency f of the
oscillations is shown in Fig. 4.2.

A

Fig. 4.2
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(i) Name the effect shown in Fig. 4.2.

....................................................................................................................................... [1]
(i) State and explain whether the block is undergoing damped oscillations.
....................................................................................................................................... 2]
(c) State one example in which the effect shown in Fig. 4.2 is useful.
............................................................................................................................................... [1]
[Total: 5]
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112. 9702 _s18 qp 42 Q: 4
(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 230N 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.

7N
X ya N
| A
\ pd N
\ pd hY
7
y
/
\
Ji /
/ \ /
/ \
: g
0 / : t
J
Vi
/
\
\
\
/ ‘ F
/
] /’
P
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 a of the trolley of mass mmay be assumed to be given by the expression

o=-(2e

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

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

[Total: 10]



https://stemup.co.uk

227

113. 9702_w18 qp 41 Q:3

(b) The variation with time t of the displacement x is shown in Fig. 3.3.

+2.0
\
x/cm \
\
\
+1.0H4 ot TN
i \ \ M
I \ / \
7 \
|
| |
| | Y i Y 7
/ \ /
0
0 \ / 1 / 2T A\ / 3T -
\ f t 1
/
\ AY 7/
| \ /
\ 1
_10 \ I el
N/
\ /
\\HW/A
N
-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.

....................................................................................................................................... 1]

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

ENEIGY [0SS = ..o J [3]

[Total: 7]
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114. 9702_ w18 qp_ 42 Q: 4

A U-tube contains liquid, as shown in Fig. 4.1.

wae 11 i ----- | X

”_._______/__.-_
-
.

Fig. 4.1 Fig. 4.2
The total length of the liquid column is L.

The column of liquid is displaced so that the change in height of the liquid level from the equilibrium
position in each arm of the U-tube is x, as shown in Fig. 4.2.

The liquid in the U-tube then oscillates such that its acceleration a is given by the expression

o~ )

where g is the acceleration of free fall.

(@) Show that the liquid column undergoes simple harmonic motion.
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(b) The variation with time ¢ of the displacement x is shown in Fig. 4.3.

+2.0
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x/cm
\
\
+1.0 f 3 AN
‘l | i
\
\
\ J
\ / \ \
0 J
0 0.2 0.5 \"-0.75 1.0 1.25 1.50
B e e R e R A B R BN R A VR R AN
\ / t/s
| i \
1
-1.0 £
\
J
/
—2.0
Fig. 4.3

Use data from Fig. 4.3 to determine the length L of the liquid column.
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(c) The oscillations shown in Fig. 4.3 are damped.

(i) Suggest one cause of this damping.

....................................................................................................................................... 1]
(ii) Calculate the ratio
total energy of oscillations after 1.5 complete oscillations
total initial energy of oscillations
Fatio = ..o [2]
[Total: 8]
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115. 9702_ w18 qp 43 Q: 3

A U-tube contains liquid, as shown in Fig. 3.1.

bt —

liquid "T
: " _liquid
|
|
|
|
|
|

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
a=-{2)x

L
where g is the acceleration of free fall.

(@) Calculate the period T of oscillation of the liquid column for a column length L of 19.0cm.
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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 A AN
\ / \ \ ™
/ \ / \
/ \
\
\ /
\ I \ f \
/ \ Vi
0
0 \ | T \ / 2T \ / 3T
\ | t 1
/|
\ \ /
| AY /
\ | /
-1.0 3 / -
N[/
\ |
\ i
-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.
....................................................................................................................................... [1]
(i) Calculate the loss in total energy of the oscillations during the first 2.5 periods of the
oscillations.
ENEIGY [0SS = e J [3]
[Total: 7]
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116. 9702 _s17 qp 41 Q:2
A bar magnet of mass 180g is suspended from the free end of a spring, as illustrated in Fig. 2.1.

7

spring

magnet \

coil q 3 P
9 b
\ b

g
g

A

v

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 = 3.0s, 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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Fig. 2.2
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(@) Determine, to two significant figures, the frequency of oscillation of the magnet.

freqQUENCY = ..o Hz [2]

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

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

[Total: 9]
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117. 9702 _s17_qp 43 Q:2
A bar magnet of mass 180g is suspended from the free end of a spring, as illustrated in Fig. 2.1.

7

spring

magnet \

coil q 3 P
9 b
\ b

g
g

A

v

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 = 3.0s, 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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(@) Determine, to two significant figures, the frequency of oscillation of the magnet.

freqQUENCY = ..o Hz [2]

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

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

[Total: 9]
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3  An aluminium sheet is suspended from an oscillator by means of a spring, as illustrated in
Fig.3.1.

__—oscillator

?‘;\"\\__.
spring —____
P
aluminium
sheet
o electromagnet
Fig. 3.1

An electromagnet is placed a short distance from the centre of the aluminium sheet.

The electromagnet is switched off and the frequency f of oscillation of the oscillator is
gradually increased from a low value. The variation with frequency f of the amplitude a of
vibration of the sheet is shown in Fig. 3.2.

~ ¥
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A peak on the graph appears at frequency f,.

(a) Explain why there is a peak at frequency f,.

P |
{b) The electromagnet is now swilched on and the frequency of the oscillator is again
gradually increased from a low value. On Fig. 3.2, draw a line to show the variation with

frequency f of the amplitude a of vibration of the sheet. [3]

{c) The frequency of the oscillator is now maintained at a constant value. The amplitude of
vibration is found to decrease when the current in the electromagnet is switched on.

Use the laws of electromagnetic induction to explain this observation.

Q2.
4 A vertical spring supports a mass, as shown in Fig. 4.1.

/(H///!/J///If(//////lﬁ!/-///

— I

fe’_’“\
P

Fig. 4.1

The mass is displaced vertically then released. The variation with time ¢ of the displacement
y from its mean position is shown in Fig. 4 2.
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A student claims that the motion of the mass may be represented by the equation
¥ = ygsinat.

(a) Give two reasons why the use of this equation is inappropriate.

1.
2.
- [2]
(b) Determine the angular frequency o of the oscillations.
angularfrequency = . rads' [2]

(e) The mass is a lump of plasticine. The plasticine is now flattened so that its surface area

is increased. The mass of the lump remains constant and the large surface area is
horizontal.

The plasticine is displaced downwards by 1.5 cm and then released.
On Fig. 4.2, sketch a graph to show the subsequent oscillations of the plasticine. [3]

Q3.
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4  Atube, closed at one end, has a constant area of cross-section A. Some lead shot is placed
in the tube so that the tube floats vertically in a liguid of density p, as shown in Fig. 4.1.

_tube, area of
" cross-section A

™ lead shot

Fig. 4.1

The total mass of the tube and its contents is M.
When the tube is given a small vertical displacement and then released, the vertical
acceleration a of the tube is related to its vertical displacement y by the expression

__Apg
== v

where g is the acceleration of free fall.

{a) Define simple harmonic motion.

2]
{b) Show that the tube is performing simple harmonic motion with a frequency f given by

; 1 [Apg

"IV ™
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(¢) Fig. 4.2 shows the variation with time t of the vertical displacement y of the tube in
another liquid.

yfcm

D — | ' ! BENE e

-3

Fig. 4.2

(i) The tube has an external diameter of 2.4 cm and is floating in a liquid of density
950 kgm=3. Assuming the equation in (b), calculate the mass of the tube and its
contents.

mass= _._.......oooooooeeeee........ kg [3]

(i) State what feature of Fig. 4.2 indicates that the oscillations are damped.

L

Q4.
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4 A piston moves vertically up and down in a cylinder, as illustrated in Fig. 4.1.

- cylinder
X t "--’f
Vo
~_
i % /9 ?
Y
pivat P
_—wheel
Fig.4.1

The piston is connected to a wheel by means of a rod that is pivoted at the piston and at the
wheel. As the piston moves up and down, the wheel is made to rotate.

(a) (i) State the number of oscillations made by the piston during one complete rotation of
the wheel.

number=___ ... [1

(ii) The wheel makes 2400 revolutions per minute. Determine the frequency of
oscillation of the piston.

frequency = ............................ Hz [1]

STEMUP.CO.UK
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(b} The amplitude of the oscillations of the piston is 42 mm.

Assuming that these oscillations are simple harmonic, calculate the maximum values
for the piston of

(i) the linear speed,

speed=.............ccccceeee..oms™ [2]

(ii} the acceleration.

acceleration= __...._......................ms2[2]

(e} ©On Fig.4.1, mark a position of the pivot P for the piston to have

(i) maximum speed (mark this position 5), 1]

(ii) maximum acceleration (mark this position A). [1]

Q5.
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7 A magnet is suspended vertically from a fixed point by means of a spring, as shown in
Fig. 7.1.

____-spring

T —

coil —

P

Fig. 7.1

One end of the magnet hangs inside a coil of wire. The coll is connected in series with a
resistor R.

{a) The magnet is displaced vertically a small distance D and then released.
Fig. 7.2 shows the variation with time  of the vertical displacement d of the magnet from
its equilibrium position.

&
+D
d AN
I
I ! =
7 i) p
£ & < o
DU 0.2 0.4+% 0.6 0.8 1.0 1.2 1.4
A == =1
I
p P tisi
ri i s =
/
_D "
Fig.7.2
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(i) State and explain, by reference to electromagnetic induction, the nature of the
oscillations of the magnet.

5]

(ii) Calculate the angular frequency a, of the oscillations.

Wy = e Tads™! 2]

(b) The resistance of the resistor R is increased.
The magnet is again displaced a vertical distance D and released.
{On Fig. 7.2, sketch the variation with time { of the displacement d of the magnet. [2]

STEMUP.CO.UK
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{¢} TheresistorRin Fig. 7.1 is replaced by a variable-frequency signal generator of constant

(iii)

r.m.s. output voltage.

The angular frequency w of the generator is gradually increased from about 0.7 w, to
about 1.3a,, where ay is the angular frequency calculated in (a){ii).

(i) Onthe axes of Fig. 7.3, skeich a graph to show the vanation with w of the amplitude

A of the oscillations of the magnet. 2]
A
A
07 1.0 13
g Uiy . i L
Fig. 7.3

(ii) State the name of the phenomenon illustrated in the graph of Fig. 7.3.

-1

Briefly describe one situation where the phenomenon named in (ii) is useful and
one situation where it should be avoided.

WSEMIE. i o e e e e R L R LT e L

L2
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3 A tube, closed at one end, has a uniform area of cross-section. The tube contains some

sand so that the tube floats upright in a liquid, as shown in Fig. 3.1.
tube____
,//{/_/_‘//(/ / //////
///Ilqmd//, //////
d
/ // P v / e // /s e
sand e
// a 3 7= / s s ;
s ’ / . ” /
ol . e
/ / / / ______ e A , .
& - o P g - PR /
Fig. 3.1
When the tube is at rest, the depth o of immersion of the base of the tube is 16cm.
The tube is displaced vertically and then released.
The variation with time ¢ of the depth d of the base of the tube is shown in Fig. 3.2.
17
d/cm
" i
Fi i kY
i 1 i A\l ! \
i
/! \ I i /! i1
I ¥ i Y f 1
16 f
i T i I ] i I
f \ I ¥ I |
I
Fi 3 i A Fi Y
7 7 Y
p‘ M ] M | P | ]
15
1] 1.0 20 30
t/s
Fig. 3.2
(a) Use Fig. 3.2 to determine, for the oscillations of the tube,
(i) the amplitude,
amplitude = . cm [1]
(ii) the period.
period= .. s [1]
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(b) (i) Calculate the vertical speed of the tube at a point where the depth dis 16.2cm.

(ii) State one other depth d where the speed will be equal to that calculated in (i).

(e) (i) Explain whatis meant by damping.

(ii) The liguid in (b) is now cooled so that, although the density is unchanged, there is
friction between the liquid and the tube as it ascillates. Having been displaced, the
tube completes approximately 10 oscillations before coming to rest.

On Fig. 3.2, draw a line to show the variation with time t of depth d for the first 2.5s
of the motian. [3]

Q7.
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3 (a) State what is meant by
(i) oscilfations,

.............................................................................................................................. [1
(ii) free oscillations,

______________________________________________________________________________________________________________________________ [
(iii) simple harmonic motion.

______________________________________________________________________________________________________________________________ [2]

(b) Two inclined planes RA and LA each have the same constant gradient. They meet at
their lower edges, as shown in Fig. 3.1

ball

A e
Fig. 3.1

A small ball moves from rest down plane RA and then rises up plane LA. It then moves
down plane LA and rises up plane RA to its original height. The motion repeats itself.

State and explain whether the motion of the ball is simple harmonic.

Q8.
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2 Along strip of springy steel is clamped at one end so that the strip is vertical. A mass of 659
is attached to the free end of the strip, as shown in Fig. 2.1.

e

: mass
springy 659
steel

clam
s

Fig. 2.1

The mass is pulled to one side and then released. The variation with time ¢ of the horizontal
displacement of the mass is shown in Fig. 2.2.

2
displacement -
fem n
»] i
Al Fi LY Fi N
Fi
i) 7
i i [\,
L1 J
F I 1
03 0.1 0.2 03 0.4 0.5 0.6 0.7
5 ] 1 tls
[
3 K}
I Fi
[\
—1 T
kY
-2
Fig. 2.2

The mass undergoes damped simple harmonic motion.

(a) (i) Explainwhatis meant by damping.

Use
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(i) Suggest, with a reason, whether the damping is light, critical or heavy. For
Evaminers
Use

(b) (i) Use Fig. 2.2 to determine the frequency of vibration of the mass.

frequency = . Hz [1]

(ii) Hence show that the initial energy stored in the steel strip before the mass is
released is approximately 3.2m.J.

[2]
(c) After eight complete oscillations of the mass, the amplitude of vibration is reduced from

1.5cm to 1.1cm. State and explain whether, after a further eight complete oscillations,
the amplitude will be 0.7 cm.

QO.
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3

(a) Define simple harmonic motion.

(b) A tube, sealed at one end, has a total mass m and a uniform area of cross-section A.
The tube floats upright in a liquid of density p with length L submerged, as shown in

Fig. 3.1a.
tube
w
~ liquid % %//
?ensntyp >
e

Fig. 3.1a Fig. 3.1b

The tube is displaced vertically and then released. The tube oscillates vertically in the
liquid.
At one time, the displacement is x, as shown in Fig. 3.1b.

Theory shows that the acceleration a of the tube is given by the expression

A
Lgx-
m

STEMUP.CO.UK
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(i) Explain how it can be deduced from the expression that the tube is moving with
simple harmonic motion.

(ii) The tube, of area of cross-section 4_5-::r|12, is floating in water of density
1.0 = 103kgm—.

Calculate the mass of the tube that would give rise to oscillations of frequency 1.5 Hz.

Q10.

4 A small metal ball is suspended from a fixed point by means of a string, as shown in Fig_4.1.

(AP S A

string —_

Fig. 4.1

The ball is pulled a small distance to one side and then released. The variation with time t of
the horizontal displacement x of the ball i1s shown in Fig. 4.2.

STEMUP.CO.UK
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Fig. 4.2

The motion of the ball is simple harmonic.

(a) Use data from Fig. 4.2 to determine the horizontal acceleration of the ball for a
displacement x of 2.0cm.

acceleration =
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(k) The maximum kinetic energy of the ball is E. £

On the axes of Fig. 4.3, sketch a graph to show the variation with time ¢ of the kinetic |Ean
energy of the ball for the first 1.0s of its motion. u
kinetic
energy
Ex
0
0 02 0.4 0.6 0.8H¢/s++1.0
Fig. 4.3
[3]

Q11.
2 A ball of mass 37 g is held between two fixed points A and B by two stretched helical springs, =
as shown in Fig. 2.1. Exam
L
ball
mass 379
A ﬁ&iiiﬁﬂﬂﬂﬁﬂ,mQﬂﬂﬂﬂ?aiﬁiﬂ,—‘ B
Fig. 2.1

The ball oscillates along the line AB with simple harmonic motion of frequency 3.5Hz and
amplitude 2 8cm.

(a) Show that the total energy of the oscillations 1s 7.0mJ.



https://stemup.co.uk

(b) At two points in the oscillation of the ball, its kinetic energy is equal to the potential
energy stored in the springs.
Calculate the magnitude of the displacement at which this occurs.

displacement = ... cm [3]

(c) On the axes of Fig. 2.2 and using your answers in (a) and (b), sketch a graph to show
the variation with displacement x of

(i) the total energy of the system (label this line T), [n
(ii) the kinetic energy of the ball (label this line K), [2]
(iii) the potential energy stored in the springs (label this line P). 2]

a8
&)
energy
fmd
4
2
0
-3 -2 -1 0 1 2 3
xfcm
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(d) The arrangement in Fig. 2.1 is now rotated through 90° so that the line AB is vertical
and the ball oscillates in a vertical plane.

Suggest one form of energy, other than those in (¢), that must be taken into consideration
when plotting new graphs to show energy changes with displacement.

Q12.
3 Aball is held between two fixed points A and B by means of two stretched springs, as shown
in Fig. 3.1.
B
AT bt T2
Fig. 3.1

The ball is free to oscillate along the straight line AB. The springs remain stretched and the
mation of the ball Is simple harmanic.

The variation with time t of the displacement x of the ball from its equilibrium position is
shown in Fig. 3.2.

2.0
x/cm
L} i Al I L} Fi Y\
1 I 1) 1 1 I i
P i ] i ] \ i t
]
T f y 7 i ]
1 [ 1 [} 1 N
J f i i T
i
]
0 - - ! ] ; i
0 ! 0207 0414 0.6 0.8 1.0/ sF1.2
.
]
i i T i ]
1 T 1 T 1 T
) 1 )
-1.0 i ] i ] i
! 7 \ ] 1 7
YR 7 VMY
20

Fig. 3.2

Examine
LUise
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(a) (i) Use Fig. 3.2 to determine, for the oscillations of the ball,
1. the amplitude,
amplitude = . cm [1]
2. the frequency.
frequUencY = Hz [2]

(ii) Show that the maximum acceleration of the ball is 52ms2

(2]

(b) Use your answers in (a) to plot, on the axes of Fig. 3.3, the variation with displacement x
of the acceleration a of the ball.

STEMUP.CO.UK
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aims=2j)

D -

0 x/102m
Fig. 3.3 [2]
(c) Calculate the displacement of the ball at which its kinetic energy is equal to one half of For
the maximum kinetic energy. Examin
Lise
displacement = . cm [3]

Q13.
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3

A mass of 789 is suspended from a fixed point by means of a spring, as illustrated in Fig. 3.1.

spring

mass
_______________ , fia
w/ g
Fig. 3.1

The stationary mass is pulled vertically downwards through a distance of 2.1cm and then
released.
The mass is observed to perform simple harmonic motion with a period of 0.69s.

(a) The mass is released at time t=0.
For the oscillations of the mass,

(i) calculate the angular frequency w,

(ii) determine numerical equations for the variation with time f of

1. the displacement x in cm,

STEMUP.CO.UK
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(b) Calculate the total energy of oscillation of the mass.

eNergy = o) [2]

Q14.

3 A student sets out to investigate the oscillation of a mass suspended from the free end of a
spring, as illustrated in Fig. 3.1.

spring

oscillation

mass
of mass

Fig.3.1

STEMUP.CO.UK
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The mass is pulled downwards and then released. The variation with time t of the
displacement y of the mass is shown in Fig. 3.2

yem

Fig.3.2

(a) Use information from Fig. 3.2

(i) to explain why the graph suggests that the oscillations are undamped,

(ii) to calculate the angular frequency of the oscillations,

angular frequUency = ......ccccceeeeveeeeeceeeees e, rad 871

(iii) to determine the maximum speed of the oscillating mass.

SPEEA = .oiieiieeeeee e ST

(6]

STEMUP.CO.UK
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(b) (i) Determine the resonant frequency f, of the mass-spring system.

Q15.

2

L PP SRR, , -

(i) The student finds that if short impulsive forces of frequency %fa are impressed on
the mass-spring system, a large amplitude of oscillation is obtained. Explain this
observation.

[3]
(a) The defining equation of simple harmonic motion is
a=—wx
(i) Identify the symbaols in the equation.
Bl e e i e S T e e T R R e T S e T S T i e T B
OF oo e B e T Tt T S L e T e T e et T s T et T i T
W1 e T e T T T T i D et T Lt T et i et T el
(ii) State the significance of the negative (—) sign in the equation.
[31

(b) A frictionless trolley of mass m is held on a horizontal surface by means of two similar
springs, each of spring constant k. The springs are attached to fixed points as illustrated
inFig. 2.1.

spring trol
o, - point
Fig. 2.1

STEMUP.CO.UK
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When the trolley is in equilibrium, the extension of each spring is e.

The trolley is then displaced a small distance x to the right along the axis of the springs.
Both springs remain extended.

(i) Show that the magnitude F of the restoring force acting on the trolley is given by

F=2kx

(2]

(ii) The trolley is then released. Show that the acceleration a of the trolley is given by

—2kx
a= :

m

(2]

STEMUP.CO.UK
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(iiiy The mass m of the trolley is 900g and the spring constant k is 120Nm~!. By
comparing your answer to (a)(i) and the equation in (b)(ii), determine the
frequency of oscillation of the trolley.

frequency = ... Hz [3]
(c) Suggest why the trolley in (b) provides a simple model for the motion of an atom in a
crystal.
_____________________________________________________________________________________________________________________________________ [2]
Q16.
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The vibrations of a mass of 150qg are simple harmonic. Fig.3.1 shows the variation with
displacement x of the kinetic energy E, of the mass.

4
L)
P
1 i ¥
TN
1
¥ LIS )
i
Fi &)
il
Fi|
HOH
N
i
F,
ri Ay
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g
Fi
Fi [\
i 1
H L
-6 -4 -2 0 2
x/cm
Fig.3.1

{a) On Fig.3.1, draw lines to represent the variation with displacement x of

(i) the potential energy of the vibrating mass (label this line P),

(i) the total energy of the vibrations (label this line T).

{b) Calculate the angular frequency of the vibrations of the mass.

angular frequency = ... rads™! [3]
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(c) The oscillations are now subject to damping.

(i) Explain what is meant by damping.

(ii) The mass loses 20% of its vibrational energy. Use Fig. 3.1 to determine the new
amplitude of oscillation. Explain your working.

amplitude = e cm [2]

Q17.

4  The centre of the cone of a loudspeaker Is oscillating with simple harmonic motion of
frequency 1400 Hz and amplitude 0.080 mm.

{a) Calculate, to two significant figures,

(i) the angular frequency m of the oscillations,

O oo rads™! [2]

(ii) the maximum acceleration, in ms‘z, of the centre of the cone.

acceleration= ... ms2 [2]

STEMUP.CO.UK
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(b) On the axes of Fig. 4.1, sketch a graph to show the variation with displacement x of the
acceleration a of the centre of the cone.
al
0
0 X
[2]
Fig. 4.1

(c) (i) State the value of the displacement x at which the speed of the centre of the cone
is @ maximum.

(ii) Calculate, inm 5‘1, this maximum speed.

Q18.
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3  Two vertical springs, each having spring constant &, support a mass. The lower spring is
attached to an oscillator as shown in Fig. 3.1.

mass

N

oscillator _
T

Fig.3.1
The oscillator is switched off. The mass is displaced vertically and then released so that it
vibrates. During these vibrations, the springs are always extended. The vertical acceleration
a of the mass m is given by the expression

ma = —2kx,

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

(a) Show that, for a mass of 240g and springs with spring constant 3.0Ncm-1, the
frequency of vibration of the mass is approximately 8 Hz.

STEMUP.CO.UK
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(b) The oscillator is switched on and the frequency f of vibration is gradually increased. The
amplitude of vibration of the oscillator is constant.

Fig. 3.2 shows the variation with f of the amplitude A of vibration of the mass.

Fig. 3.2

State

(i) the name of the phenomenon illustrated in Fig. 3.2,

(ii) the frequency f; at which maximum amplitude occurs.

frequency = ... Hz [1]

(c) Suggest and explain how the apparatus in Fig. 3.1 could be modified to make the peak

on Fig. 3.2 flatter, without significantly changing the frequency f; at which the peak
OCCUrs.

Q19.

STEMUP.CO.UK



https://stemup.co.uk

3

A spring is hung from a fixed point. A mass of 13049 is hung from the free end of the spring,

as shown in Fig. 3.1.

__—-spring

| _—mass 1309

Fig. 3.1

The mass Is pulled downwards from its equilibrium position through a small distance d and is

released. The mass undergoes simple harmonic motion.
Fig. 3.2 shows the variation with displacement x from the equilibrium position of the kinetic

use

energy of the mass.

30
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Fig. 3.2
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{a) UseFig.3.2to

(i) determine the distance d through which the mass was displaced initially,

(ii) show that the frequency of oscillation of the mass is approximately 4 0Hz.

[6]
(b) (i) OnFig. 3.2, draw a line to represent the total energy of the oscillating mass. [1
(ii) After many oscillations, damping reduces the total energy of the mass to 1.0mJ.
For the oscillations with reduced energy,
1. state the frequency,
frequency = . Hz
2. using the graph, or otherwise, state the amplitude.
amplitude = cm [2]

Q20.
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3 The needle of a sewing machine is made to ascillate vertically through a total distance of
22mm, as shown in Fig. 3.1.

22mm needle at its
maximum height

cloth

Fig. 3.1
The oscillations are simple harmonic with a frequency of 4 GHz.
The cloth that is being sewn is positioned 8 0mm below the point of the needle when the
needle is at its maximum height.

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

______________________________________________________________________________________________________________________________________ [2]
(b) The displacement y of the point of the needle may be represented by the equation
¥ =acosmt
(i) Suggest the position of the point of the needle at time t = 0.
______________________________________________________________________________________________________________________________ [1]
(ii) Determine the values of
1. a,
T mm [1]
2. w.
0= rads=1[2]

STEMUP.CO.UK
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(c) Calculate, for the point of the needle,

(i) its maximum speed,

(ii) its speed as it moves downwards through the cloth.

Q21.
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4  The variation with time t of the displacement x of the cone of a loudspeaker is shown in

Fig.4.1.
0.3
x/mm
0.2 Ear Ll
7 K
0.1
0
07021704170 800871 0T 1 2TF1 4101 6
t/ms
—-0.1
% Fi
-0.3
Fig. 4.1

{a) Use Fig. 4.1 to determine, for these oscillations,
(i) the amplitude,

amplitude =

(ii) the frequency.

frequency =
(b) State two times at which

(i) the speed of the cone is maximum,

(ii) the acceleration of the cone is maximum.

Examiner
Lise
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(c) The effective mass of the cone is 2.59.

Use your answers in (a) to determine the maximum kinetic energy of the cone.

kineticenergy = ... J [3]
(d) The loudspeaker must be designed so that resonance of the cone is avoided.

(i) State what is meant by resonance.

(i) State and briefly explain one other situation in which resonance should be
avoided.

Q22.
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3 The variation with displacement x of the acceleration a of the centre of the cone of a
loudspeaker is shown in Fig. 3.1.

{a) State the two features of Fig. 3.1 that show that the motion of the cone is simple
harmonic.

{b) Use data from Fig. 3.1 to determine the frequency, in hertz, of vibration of the cone.

frequency = .. Hz [3]

Evaminer
Lise
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(c) The frequency of vibration of the cone is now reduced to one half of that calculated
in (b).

The amplitude of vibration remains unchanged.

On the axes of Fig. 3.1, draw a line to represent the variation with displacement x of the
acceleration a of the centre of the loudspeaker cone.

Q23.

3 A student sets up the apparatus illustrated in Fig. 3.1 in order to investigate the oscillations of
a metal cube suspended on a spring.

pulley — _
- " variable-frequency

oscillator

!
thread
spring ————_

metal

cube T

Fig. 3.1

The amplitude of the vibrations produced by the oscillator is constant.

The variation with frequency of the amplitude of the oscillations of the metal cube is shown
inFig. 3.2,

STEMUP.CO.UK
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20

2 o
15 / ™
Fi
amplitude ; 3
fmm
10
A \\
|
7 N
5 N
0
2 4 6 8 10
frequency /Hz
Fig. 3.2

(a) (i) State the phenomenon illustrated in Fig. 3.2,

(ii) For the maximum amplitude of vibration, state the magnitudes of the amplitude and
the frequency.

amplitude = . mm

Il
.
M

frequency =
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(b) The oscillations of the metal cube of mass 150g may be assumed to be simple

: Far
harmonic. Examinert
Use your answers in (a)(ii) to determine, for the metal cube, Use

(i) its maximum acceleration,

acceleration = ms=2 [3]

(ii) the maximum resultant force on the cube.

(c) Some very light feathers are attached to the top surface of the cube so that the feathers
extend outwards, beyond the vertical sides of the cube.
The investigation is now repeated.
On Fig. 3.2, draw a line to show the new variation with frequency of the amplitude of
vibration for frequencies between 2Hz and 10Hz. [2]

Q24.
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3

A cylinder and piston, used in a car engine, are illustrated in Fig. 3.1.

cylinder
1
- D
A B
ﬂ ﬂm“ 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 d is 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 = el cm [1]

STEMUP.CO.UK
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(i)

(iii)

(iv)

Determine the number of oscillations made per second by the piston.

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. [

Calculate the maximum speed of the piston.

STEMUP.CO.UK
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(b) The engine of a car has several cylinders. Three of these cylinders are shown For

in Fig. 3.2 Examiners
Lse
X Y z
e --------- s [ - 0 - - -
A 2 NN PR B ——

Fig. 3.2

X 15 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 pistan lead those of the piston in cylinder X by a
phase angle of 120° (311: rad).
Complete the diagram of cylinder, for this instant, by drawing
1. a line 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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(ii)

(iif)

Q25.

In cylinder Z, the oscillations of the piston lead those of the piston in cylinder X by a
phase angle of 240° (%n rad).

Complete the diagram of cylinder Z, for this instant, by drawing
1. a line to show the top surface of the piston, [1]
2. an arrow to show the direction of movement of the piston. n

For the piston in cylinderY, calculate its speed for this instant.

3 A bar magnet is suspended from the free end of a helical spring, as illustrated in Fig. 3.1.

helical -——_
spring

magnet—_

I —
I -
|
\ 1
g=T |
[: ——ea—
E__._
S

Fig. 3.1

L 0000000

coil

One pole of the magnet is situated in a coil of wire. The cail is connected in series with a
switch and a resistor. The switch is open.

The magnet is displaced vertically and then released. As the magnet passes through its rest
position, a timer is started. The variation with time t of the vertical displacement y of the
magnet from its rest position is shown in Fig. 3.2

STEMUP.CO.UK
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At time f = 4.05s, the switch is closed.

{a) UseFig.32to

(i) state the evidence for the magnet to be undergoing free oscillations during the
periodt =0toft=4.0s,

______________________________________________________________________________________________________________________________ [1]
(ii) state, with a reason, whether the damping after time { = 4.0s is light, critical or
heawvy,
______________________________________________________________________________________________________________________________ [2]
(iii) determine the natural frequency of vibration of the magnet on the spring.
frequency = . Hz [2]

Q26.

Examiners
Use
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3 (a) Define simple harmanic motion.

(b) A horizontal plate is vibrating vertically, as shown in Fig. 3.1.

cube,
mass 5.8g

_ o _ plate
vertical oscillations —

frequency 4 5Hz -

Fig. 3.1

The plate undergoes simple harmonic motion with a frequency of 4.5Hz and
amplitude 3.0mm.

A metal cube of mass 5.8qg rests on the plate.

Calculate, for the cube, the energy of oscillation.

energy =
(¢) The amplitude of oscillation of the plate in (b) is gradually increased. The frequency
remains constant.
At one particular amplitude, the cube just loses contact momentarily with the plate.

(i) State the position of the plate in its oscillation at the point when the cube loses
contact.

STEMUP.CO.UK
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(ii) Calculate this amplitude of oscillation.

amplitude = m [2]

Q27.

4 Aball is held between two fixed points A and B by means of two stretched springs, as shown
inFig. 4.1

ball

Fig. 4.1

The ball is free to oscillate horizontally along the line AB. During the oscillations, the springs
remain stretched and do not exceed their limits of proportionality.

The variation of the acceleration a of the ball with its displacement x from its equilibrium
position Is shown in Fig. 4 2.

Examiners
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(a) State and explain the features of Fig. 4.2 that indicate that the motion of the ball is

simple harmonic. Exami

______________________________________________________________________________________________________________________________________ [4]
(b) Use Fig. 4.2 to determine, for the oscillations of the ball,
(i) the amplitude,
amplitude = . cm [1]
(ii) the frequency.
frequency = . Hz [3]

{¢) The arrangement in Fig. 4.1 is now rotated through 90° so that the line AB is vertical.
The ball now oscillates in a vertical plane.

Suggest one reason why the oscillations may no longer be simple harmonic.

Q28.

STEMUP.CO.UK
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2 A small frictionless trolley is attached to a fixed point A by means of a spring. A second
spring is used to attach the trolley to a variable frequency oscillator, as shown in Fig. 2.1.

trolley variable frequency

1) PN e

Fig. 2.1

Baoth springs remain extended within the limit of proportionality.

/ oscillator

Initially, the oscillator is switched off. The trolley is displaced horizontally along the line joining

the two springs and is then released.

The variation with time ¢ of the velocity v of the trolley is shown in Fig. 2.2

e
4

Fig.2.2
(a) (i) Using Fig. 2.2, state two different times at which
1. the displacement of the trolley is zero,
time=___ . s and time
2. the acceleration in one direction is maximum.

time = . s and time
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(ii) Determine the frequency of oscillation of the tralley.

frequency = .. Hz [2]

(iii) The variation with time of the displacement of the trolley is sinusoidal. The variation
with time of the velocity of the trolley is also sinusoidal.

State the phase difference between the displacement and the velocity.

phase difference = ... [1]

(b) The oscillator is now switched on. The amplitude of vibration of the oscillator is constant.
The frequency f of vibration of the oscillator is varied.
The trolley is forced to oscillate by means of vibrations of the oscillator.
The variation with f of the amplitude a; of the oscillations of the trolley is shown in
Fig.2.3.
[}
9y

Y

Fig. 2.3

By reference fo your answer in (a), state the approximate frequency at which the
amplitude is maximum.

TEeqQUENCY = e Hz [1]

(c) The amplitude of the oscillations in (b) may be reduced without changing significantly

the frequency at which the amplitude is a maximum. State how this may be done and
give a reason for your answer.
You may draw on Fig. 2.1 if you wish.

STEMUP.CO.UK
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Q29.

3 A metal ball is suspended from a fixed point by means of a string, as illustrated in Fig. 3.1.

string —

ball

The ball is given a small displacement and then released. The variation with time t of the

Fig. 3.1

displacement x of the ball is shown in Fig. 3.2.

20
x/cm T
1.0 :
Fi A i
3 H
Fi
D i \ Ilf
0 04 08 |2 16
\ t/s I
Fi ]
Fi A 7
—1.0
2.0
Fig. 3.2

(a) (i)

State two times at which the speed of the ball is a maximum.



https://stemup.co.uk

(ii) Show that the maximum speed of the ball is approximately 0. 08m 571

(]
(b) The variation with displacement x of the potential energy £, of the oscillations of the For
ball is shown in Fig. 3.3. Examiner’s
Use
T 25
i:él Fi
iV i
M
[y i
i 20 i
\ energy/m.J i
A ]/
N 15 7
Fi
N J
LY Fi
10
) /
5
> =B= 3
-15 —1.0 -05 0 0.5 1.0 15
x/cm
Fig. 3.3
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(i) On the axes of Fig. 3.3, sketch a graph to show the variation with displacement x of
the kinetic energy of the ball. [2]

(ii) The amplitude of the oscillations reduces over a long period of time.
After many oscillations, the amplitude of the oscillations is 0.60cm.

Use Fig. 3.3 to determine the total energy of the oscillations of the ball for oscillations
of amplitude 0.60cm. Explain your working.

energy = . J [2]

Q30.

4 A student investigates the energy changes of a mass oscillating on a vertical spring, as shown in
Fig.4.1.

spring—

mass—__ I

Fig.4.1

STEMUP.CO.UK
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The student draws a graph of the variation with displacement x of energy E of the oscillation, as
shown in Fig.4.2.

-15 -1.0 -0.5 0 0.5 1.0 1.5
x/em

Fig.4.2

(a) State whether the energy E represents the total energy, the potential energy or the kinetic
energy of the oscillations.

(b) The student repeats the investigation but with a smaller amplitude. The maximum value of E
is now found to be 1.8mJ.

Use Fig. 4.2 to determine the change in the amplitude. Explain your working.

change in amplitude = ... cm [3]

Q31.
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4 (a) State what is meant by simple harmonic motion.

- [2

(b) A small ball rests at point P on a curved track of radius r, as shown in Fig. 4.1.

curved track,
radius r

Fig. 4.1

The ball is moved a small distance to one side and is then released. The horizontal
displacement x of the ball is related to its acceleration a towards P by the expression

a=-%
r

where g is the acceleration of free fall.

(i) Show that the ball undergoes simple harmonic motion.

.. [2]
(ii) The radius r of curvature of the track is 28cm.

Determine the time interval r between the ball passing point P and then returning to
point P.

STEMUP.CO.UK
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(c) The variation with time t of the displacement x of the ball in (b) is shown in Fig. 4.2.

o
|
v

Fig. 4.2

Some moisture now forms on the track, causing the ball to come to rest after approximately
15 oscillations.

On the axes of Fig. 4.2, sketch the variation with time t of the displacement x of the ball for

the first two periods after the moisture has formed. Assume the moisture forms at time t = 0.
(3]

Q32.
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1  Alight spring is suspended from a fixed point. A bar magnet is attached to the end of the spring,
as shown in Fig. 1.1.

spring

| __——bar magnet

——cardboard cup

Fig.1.1

In order to shield the magnet from draughts, a cardboard cup is placed around the magnet but
does not touch it.

The magnet is displaced vertically and then released. The variation with time t of the vertical
displacement y of the magnet is shown in Fig. 1.2.

20
ylem S Fany v
\L A A
10
A" Fi Al Fi
L
Y A\ Fi
Fi

0

0 X 0.1 0.2f 0.3 0.4 0.5,1_r 21 0.6

A Al 1110
Fi
1 0 AN J '\,‘ i

-2.0

Fig.1.2
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The mass of the magnet is 130g.
(a) For the oscillations of the magnet, use Fig. 1.2 to

(i) determine the angular frequency w,

BRSO (- e I~ sl 1)

(ii) show that the maximum kinetic energy of the oscillating magnet is 6.4mJ.

2]

(b) The cardboard cup is now replaced with a cup made of aluminium foil.
During 10 complete oscillations of the magnet, the amplitude of vibration is seen to decrease
to 0.75cm from that shown in Fig. 1.2. The change in angular frequency is negligible.

(i) Use Faraday’s law of electromagnetic induction to explain why the amplitude of the
oscillations decreases.

. [3]

STEMUP.CO.UK
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(ii) Show that the loss in energy of the oscillating magnet is 4.8mdJ.

(2]
(c) The mass of the aluminium cup in (b) is 6.2g. The specific heat capacity of aluminium is
910Jkg~ K.
The energy in (b)(ii) is transferred to the cup as thermal energy.
Calculate the mean rise in temperature of the cup.
lemperatiine rise: = wesinenmnmisninsniasse K [2]

Q33.

STEMUP.CO.UK
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4

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

.12

(b) A trolley is attached to two extended springs, as shown in Fig. 4.1.

spring trolley

Fig. 4.1

The ftrolley is displaced along the line joining the two springs and is then released. At one
point in the motion, a stopwatch is started. The variation with time t of the velocity v of the
trolley is shown in Fig. 4.2.

/
N F
v
i
\
LY I
\ J \
00 \H 0.5 1.0 1.5\ 20
; Tt/ sTLS
L J 1
J L
LY i A\
\
y N
Fig. 4.2

The motion of the trolley is simple harmonic.

(i) State one time at which the trolley is moving through the equilibrium position and also
state the next time that it moves through this position.

a8 @Nd eS8 [1])
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(i) The amplitude of vibration of the trolley is 3.2cm.
Determine

1. the maximum speed v, of the trolley,

Wi usstostonsaisimsiiasess GIS (3]

2. the displacement of the trolley for a speed of Yav,,.

displacement = ... €M [2]

() Use your answers in (b) to sketch, on the axes of Fig. 4.3, a graph to show the variation with
displacement x of the velocity v of the trolley.

a=
v
0 PH
-4 -2 0 2T x/cm4
Fig. 4.3

[2]
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Oscillations - 2020 A2

1. Nov/2020/Paper_41/No.3

A pendulum consists of a metal sphere P suspended from a fixed point by means of a thread, as
illustrated in Fig. 3.1.

i thread

-

metal sphere P

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.

............................................................................................................................................. 2]

(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

L
T=2 «/(—j
"\\g

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]

2
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2,

Nov/2020/Paper_42/No.3
A simple pendulum consists of a metal sphere suspended from a fixed point by means of a thread,
as illustrated in Fig. 3.1.

] 1
;\ thread
! .
i
i
L -

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 = . ... J [1]

(if) Calculate the total energy E; of the oscillations.

STEMUP.CO.UK
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(iii) Use your answer in (ii) to show that the angular frequency w 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=2n (E)
g
where g is the acceleration of free fall and L is the length of the pendulum.
Use data from (b) to determine L.

L= m [3]
[Total: 10]

4
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3. June/2020/Paper_41/No.3

The piston in the cylinder of a car engine moves in the cylinder with simple harmonic motion.
The piston moves between a position of maximum height in the cylinder to a position of minimum
height, as illustrated in Fig. 3.1.

cylinder cylinder

piston

piston

maximum height minimum height

Fig. 3.1
The distance moved by the piston between the positions shown in Fig. 3.1 is 9.8cm.
The mass of the piston is 640g.
At one particular speed of the engine, the piston completes 2700 oscillations in 1.0 minute.
(a) For the oscillations of the piston in the cylinder, determine:

(i) the amplitude

amplitude = . cm [1]
(ii) the frequency

freqUeNCY = ..o Hz [1]

5
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(iii) the maximum speed

maximum speed = ... ms~ [2]

(iv) the speed when the top of the piston is 2.3 cm below its maximum height.

(b) The acceleration of the piston varies.

Determine the resultant force on the piston that gives rise to its maximum acceleration.

[Total: 9]

6
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4. June/2020/Paper_42/No.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 459, as shown in Fig. 4.1.

ball surface
mass 45¢g of dish

|

l

l

l
—e
C

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 = 3.0cm.

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
=_{9
a=~{g)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
29rads™".

(1]
(b) Use the information in (a) to:
(i) determine R
R o= m [2]
(ii) calculate the speed of the ball as it passes over the centre C of the dish.
SPEEA = ..o ms™ [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
5.0s after the release of the ball. [3]
[Total: 8]
8
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5.

March/2020/Paper_42/No.3
(a) Abody undergoes simple harmonic motion.

The variation with displacement x of its velocity v is shown in Fig. 3.1.
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==04 =
Fig. 3.1
(i) State the amplitude x, of the oscillations.
X = et m [1]
(ii) Calculate the period T of the oscillations.
T o e 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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(b) Abar magnet is suspended from the free end of a spring, as shown in Fig. 3.2.

spring

magnet
\

- B

Fig. 3.2

One pole of the magnet is situated in a coil of wire. The coil is connected in series with a
switch and a resistor. The switch is open.

The magnet is displaced vertically and then released. The magnet oscillates with simple
harmonic motion.

(i) State Faraday’s law of electromagnetic induction.

[Total: 10]
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Oscillations - 2021 A2

1. Nov/2021/Paper_41/No.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.

(AU

(I

(0
iaiiiiaJiJJJJ)

springs

trolley

/

(000000000000
'ﬁLLLhﬂUJLﬁL“

fixed block

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

holes

Fig. 4.1

with time t of the distance L of the trolley from block X is shown in Fig. 4.2.

fixed block

30
L/cm
25
i J 1N TN 1 o
1 TN JTT N \ AN
1
20N N
T 1 [ 1 I
N
- .
Ay
TN ] I \
1 I T AT
15
10
0 16 20
t/'s
Fig. 4.2

24
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(a) Use Fig. 4.2 to determine:

(i) the initial amplitude of the oscillations

amplitude = ...............iieeeieeeeeeo €M [1]

(i) the angular frequency w of the oscillations

OF oereeeeeieeeeereeeeeeeeeeeseeseeeeennen Fad 871 2]

(iii) the maximum speed v, in cms™, of the oscillating trolley.

V) = ereereseeeeseneenss e senseaenens CMST [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.

2
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(c) On Fig. 4.3, sketch the variation with L of the velocity v of the trolley for its first complete
oscillation.

10

viems™!

Fig. 4.3
(3]

[Total: 11]
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2.

Nov/2021/Paper_42/No.4

A trolley on a smooth surface is attached by springs to fixed blocks as shown in Fig. 4.1.

springs

trolley

—

WAL
N0

1 ~ ~

ﬁxed block smooth surface fixed block

Fig. 4.1

The trolley oscillates horizontally about its equilibrium position with an amplitude of 12cm. Fig. 4.2
shows the variation of the acceleration a of the trolley with displacement x from its equilibrium
position. Friction between the trolley and the surface can be assumed to be negligible.

L T 11T |OI8
i HEEEEN!
y a/ms—
RS 0.4
-12 -8 -4 0 4 8 12
n x/eml
—0.4 —
0.8 a
Fig. 4.2

(a) Describe the features of the line in Fig. 4.2 that demonstrate that the motion of the trolley is
simple harmonic.
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(b) Use Fig. 4.2 to determine the period T of the oscillations of the trolley.

() ()

(ii)

On the line of the graph of Fig. 4.2, label with the letter P one point where the kinetic
energy of the trolley is zero. [1]

On the line of the graph of Fig. 4.2, label with the letter Q an approximate position of one
point where the kinetic energy of the trolley is equal to the potential energy stored in the

springs. [1]

[Total: 7]

5
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3. June/2021/Paper_41/No.3
(a) State what is meant by simple harmonic motion.

(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

P /
—(O—(

Fig. 3.1
The springs, each having spring constant k of 130Nm™", 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

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.

6
STEMUP.CO.UK


https://stemup.co.uk

(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.

[Total: 8]

June/2021/Paper_42/No.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.

R ——

B Y A
|
|
|
|
|
[
|

————— i —

Fig. 3.1 Fig. 3.2

7
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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.

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

Determine the period T of the oscillations.

8
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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

[Total: 9]

9
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5.

March/2021/Paper_42/No.4
(a) The defining equation of simple harmonic motion is

a=-— w?x.

State the significance of the minus (—) sign in the equation.

(b) 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

i 18.0cm

s
\
. / bench trolley \ -
spring 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]

10
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(ii) The mass of the trolley is 250g.

Calculate the maximum acceleration a of the trolley.

(iiif) 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 2.4 cm.

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

[Total: 9]

11
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Oscillations - 2023 A2 Physics 9702

1. Nov/2023/Paper_9702/41/No.4

A heavy 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.

string

heavy sphere,
mass 0.81kg

oscillations

Fig. 4.1

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

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

(b) Calculate:

(i) the angular frequency of the oscillations

angular frequency = ..., rads™! [2]

1
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(ii) the total energy of the oscillations.

total energy = ..o J [2]
(c) 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 t = 6.0s.

0.04

x/m

0.02

tis

-0.02

-0.04

Fig. 4.2
[3]

[Total: 9]
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2,

June/2023/Paper_9702/42/No.4

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

Z

spring

steel sphere
oscillations

Fig. 4.1

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

v=%29.7+(11.6 — x2)
where vis in cms™" and x is in cm.

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

frequency = ... Hz [2]

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

(1

(iif) 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.

Fig. 4.2
[3]

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

. [3]
[Total: 11]
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3. March/2023/Paper_9702/42/No.3
An object is suspended from a vertical spring as shown in Fig. 3.1.

spring

object
e — oscillation

Fig. 3.1

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

5
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Fig. 3.2 shows the variation with displacement x of the energy E of the oscillations.

7.0

s

Jf

"

3
w4+

L

1~

»

Y

-

‘F

-1.6

-1.2

Fig. 3.2

0.4

0.8

1.2
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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.

(2]

(b) The object has a mass of 130g.
Determine the period of the oscillations.

-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 lost = ... M 2]

7
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(iii) State, with a reason, the type of damping that the card introduces into the system.

- [1]

[Total: 10]
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