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

ball
mass M

fixed /

point \
7/

oscillator

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 t of the displacement x of the ball is shown in Fig. 4.2.
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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

=)

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

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

(ii) Use your answer in (i) to determine the value of k.
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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 0.7w to 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.

A

0.7w 1.0w 1.3w
angular frequency

Fig. 4.3
(2]

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

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

[Total: 10]
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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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Fig. 3.1
(i) State the amplitude x, of the oscillations.
Xg = crereerereesiee e 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) A bar magnet is suspended from the free end of a spring, as shown in Fig. 3.2.

spring

magnet
\
coil \

= |

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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3 Acylindrical tube, sealed at one end, has cross-sectional area A and contains some sand.
The total mass of the tube and the sand is M.

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

tube
cross-sectional

area A \

sand o
liquid
—  density p

equilibrium position :________‘.__{_"_
of base of tube

Fig. 3.1
The tube is pushed a short distance into the liquid and then released.

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

(ii) 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

_ @)
2= (409),

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

(i) Determine the angular frequency w 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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4 Adish 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 45¢g of dish

S\ SE—

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

=-{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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(@) Use Fig. 4.2 to show that the angular frequency w 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]
(ii) calculate the speed of the ball as it passes over the centre C of the dish.
SPEEA = .ot 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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3 Abar magnet of mass 2509 is suspended from the free end of a spring, as illustrated in Fig. 3.1.

7

spring

magnet \

coil

D000 FaWaVWaWaWa
“AVAVA A AVAS A A" )

Fig. 3.1
The magnet hangs so that one pole is near the centre of a coil of wire.
The coil is connected in series with a resistor and a switch. The switch is open.

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

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t=6.0s, the switch in the circuit is closed.
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The variation with time t of the vertical displacement y of the magnet is shown in Fig. 3.2.
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Fig. 3.2
(a) For the oscillating magnet, use data from Fig. 3.2 to calculate, to two significant figures,

(i) the frequency f,

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

EBNEIGY = i J [3]
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3 Aspring 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
\ oy

Fig. 3.1

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

The variation with time t of the length L of the spring is shown in Fig. 3.2.
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Fig. 3.2
(a) State:
(i) one time at which the mass is moving with maximum speed
time = . s [1]
(ii) one time at which the spring has maximum elastic potential energy.
time = . 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

(i) the maximum speed

Maximum SPEEd = .......ccceveureeeieeeeeeeeeee e ms~! [2]

(iii) the magnitude of the maximum acceleration.

maximum acceleration = .........ccoooiiiiiiiiie ms [2]
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(c) The mass M is now suspended from two springs, each identical to that in Fig. 3.1, as shown
in Fig. 3.3.

mass M I
\

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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3 (a) (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.

clamp

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=-(—=)x
<ML3>
where L is the effective length of the metal strip and cis 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 = 65¢cm and a load of mass M = 240g, the frequency of
oscillation is 3.2Hz.
Calculate the constant c.

C o s kgm3s2[3]

[Total: 8]
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4 A U-tube contains liquid, as shown in Fig. 4.1.

(
|
1
|
|
T
1
1
1
1
1
DX
—
|
1
|
1
1
1
1
1
1
|

liquid

7

(
C

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

29
a ——(—!>x
where g is the acceleration of free fall.

(@) Show that the liquid column undergoes simple harmonic motion.

(2]
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(b) The variation with time t of the displacement x is shown in Fig. 4.3.
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\ / / 1
\ / t/s
/ / \
\ /
-1.0 L
\
\ / /
/
/
—2.0
Fig. 4.3
Use data from Fig. 4.3 to determine the length L of the liquid column.
L= m [3]
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(c) The oscillations shown in Fig. 4.3 are damped.

(i) Suggest one cause of this damping.

....................................................................................................................................... [1]
(i) Calculate the ratio
total energy of oscillations after 1.5 complete oscillations
total initial energy of oscillations
ratio= ..o [2]

[Total: 8]
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4 (a) State two conditions necessary for a mass to be undergoing simple harmonic motion.

(b) A trolley of mass 9504 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.
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Fig. 4.2
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(i) 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 m may be assumed to be given by the expression

=2

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

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

[Total: 10]
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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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l/cm 16
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14 \ y

13 A .

12

t/s

Fig. 4.2
(a) Use Fig. 4.2to

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

(iii) show that the maximum speed of the mass is 0.42ms™1.

[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.

0.5
HH
T T
0.4
\//ms-lm
0.3
HH
T
0.2
HH
T T
0.1
|
0
4 -3 ) -1 0 1 2 3 4
_0_1‘ x/cm
HH
[TTTT
-0.2
HH
RREN
-0.3
HH
T
-0.4
HA1
[TT 1]
-0.5
Fig. 4.3 3]

[Total: 8]
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4 A metal block hangs vertically from one end of a spring. The other end of the spring is tied to a
thread that passes over a pulley and is attached to a vibrator, as shown in Fig. 4.1.

pulley ——  vibrator

spring

block ———

Fig. 4.1

(@) The vibrator is switched off.
The metal block of mass 1209 is displaced vertically and then released. The variation with
time t of the displacement y of the block from its equilibrium position is shown in Fig. 4.2.

3

ylcm 2 <

-1 / \ / t/s

Fig. 4.2
For the vibrations of the block, calculate

(i) the angular frequency w,

© UCLES 2016 9702/42/M/J/16



(i) the energy of the vibrations.

(T 01T (0 )Y J [2]
(b) The vibrator is now switched on.

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

For the block, complete Fig. 4.3 to show the variation with frequency of the amplitude of

vibration. Label this line A. [3]
A
amplitude
0
0.7f f 1.3f
frequency
Fig. 4.3

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

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

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

[Total: 9]
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