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Oscillations
May 02
4 (a) () Define simple harmaonic motion.

(I} On the axes of Fig. 4.1, sketch the variation with displacement x of the acceleration
a of a particle undergoing simple harmonic motion.

(4]
Fig. 4.1

(b) A strip of metal is clamped to the edge of a bench and a mass is hung from its free end
as shown in Fig. 4.2.

metal strip
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The end of the strip is pulled downwards and then released. Fig. 4.3 shows the variation
with time t of the displacemeant y of the end of the strip.
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Fig. 4.4

On Fig. 4.4, show the corresponding variation with time f of the potential energy E of
the vibrating system. [3]

{c) The string supporting the mass breaks when the end of the strip is at its lowest point in
an oscillation. Suggest what change, if any, will occur in the period and amplitude of the
subsequent motion of the end of the strip.
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Nov 02

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

mass oscillation
of mass

Fig. 3.1

The mass is pulled downwards and then released. The wariation with time | of the
displacement y of the mass is shown in Fig. 2.2,
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(a) Use information from Fig. 3.2

(I} to explain why the graph suggests that the oscillations are undamped,
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() to calculate the angular frequency of the oscillations,

angular FreqUENCY = . e rad s~

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

(b} (I) Determine the resonant frequency f, of the mass-spring system.

() The student finds that if short impulsive forces of frequency #f, are impressed on

the mass-spring system, a large amplitude of oscillation is obtained. Explain this
observation.
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May 03

A peak on the graph appears at frequency f,.

(a) Explain why there is a peak at frequency £,
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Nov 03
2 (a) The defining equation of simple harmonic motion (s

a=—ofx

{i} Identify the symbels in the equation,

(i) State the significance of the negative (=) sign in the equation,

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

in Fig. 2.1.
spring trolley
fixad
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Fig. 2.1

When the trolley is in equilibrium, the exdension of each spring is e.

The trollay 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 (s given by

F=2kx

2]
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{if) The trolley fs then released. Show that the acceleration a of the trolley is given by

—2kx
m

gH=

(2]
{ii) Tha mass m of the trolley is 9009 and the spring constant k is 120N m™. By

comparing your answer 1o (a)i} and the equation in (b){ii). dstermine the
frequency of oscillation of the trolley.

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

(c) Suggest why the trclley in (b) provides a simple medel for the motion of an atom in a
crystal,
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May 04
4 Avertical spring supports a mass, as shown in Fig. 4.1.

Fig. 4.1

The mass is displaced vertically then releasad. The variation with time { of the displacement
¥ from its mean position is shown in Fig. 4.2.

+2
yicm
+1 . T
i
ri i
Fi kY
G 7 Fi f
0.2 0.4 119 0.6 I8 1.OTTH 1.2 FIT .4 0T
) Fi k! H r'l
. . mun /5
K
=1 7 e
¥
-2
Flg. 4.2

B LCLES 2004 AF0204MIU04



PhysicsAndMathsTutor.com
A student claims that the motion of the mass may be representad by the aquation

¥ = Ksinot.

(a) Give two reasons why the use of this equation is inappropriate.
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(b) Determina the angular frequency o of the oscillations.
angular freqUency = .. rad =1 [2]

(€} The mass is a lump of plasticina. 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]
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3 The vibrations of a mass of 1509 are simple harmonic. Fig. 3.1 shows the variation with
displacement x of the kinetic energy £, of the mass.
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Fig. 3.1

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

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

() the total energy of the vibrations (label this line T).
[2]

(b} Calculate the angular frequency of the vibrations of the mass.

angular freqUEBNCY = .. s asens rads= [2]
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(€} The oscillations are now subject to damping.

(I} Explain what is meant by damping.

(I} The mass loses 20% of its vibrational enargy. Use Fig. 3.1 to determine the new
amplitude of oscillation. Explain your working.

amplituda = ..o cm [2]
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May 05
4  Atube, closed at one end, has a constant area of cross-section A. Some lead shot is placed
in the wbe so that the tube floats vertically in a liquid 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 wvertical
acceleration a of the tube is relatad to its vertical displacement y by the exprassion

_ A9

a=-~L5 Y,

where g is the acceleration of free fall.

(a) Define simple harmonic motion.

...................................................................................................................................... 2]
{h} Show that the tube is DETTOI’FI"IIHQ simple harmonic motion with a TFEQUEI"IC:\«' fgiven D}'
1 [Ag
T2ny M
[3]
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{c} Fig. 4.2 shows the variation with time 1 of the vertical displacement y of the tube in
anather liquid.

¥iem

Fig. 4.2

(I} The tube has an external diameter of 2.4cm and is floating in a liguid of density
950 kg m™2. Assuming the equation in (b), calculate the mass of the tube and its
contents.

() State what feature of Fig. 4.2 indicates that the oscillations are damped.
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Nov 05

4 The centre of the cone of a loudspeaker is oscillating with simple harmonic motion of
frequency 1400 Hz and amplitude 0.080 mim.
{a) Calculate, to two significant figures,

{I} the angular frequency w of the oscillations,

0= coieirieieieiieeaineeeeeeennn ., T ST [2]

() the maximum acceleration, in ms—=, of the centre of the cone.

acceleration = .................ocooieiee . MSTE [2]

(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.

a4

(2]

Fig. 4.1
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w

{(c) (I} State the value of the displacement x at which the speed of the centre of the cone
is a maximum.

N= i MM [1]

() cCalculate, in ms=1, this maximum speed.

speed = oo ST [2]
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4 A piston moves vertically up and down in a cylinder, as illustrated in Fig. 4.1.

pivot ] i

piston —__|

Fig. 4.1

The piston is connectad 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.

MUIMBEr = .. cneeen

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

oscillation of the piston.

frEqQUENCY = .o e e
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(1]

Hz [1]
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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
far the piston of

(I} the linear speed,

speed = .....cccoeeeeiieeeee .S [2]

()} the acceleration.

acceleration = ........cooeeviiieiiiininnn.. M2 [2]
{(¢) ©On Fig. 4.1, mark a position of the pivot P for the piston to have

(I) maximum speed (mark this position S), [1]

(I}  maximum acceleration (mark this position A). [1]
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Nov 06

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

mass \
oscillator g

“-\K\\‘

——

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 2409 and springs with spring constant 3.0Ncm™!, the
frequency of vibration of the mass is approximately 8 Hz.

[4]
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(b} The oscillator is switched on and the frequency Fof vibration is gradually increased. The
amplitude of vibration of the oscillator is constant.

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

i

Fig. 3.2
State

(I} the name of the phenomenon illustrated in Fig. 3.2,

(i} the frequency f; at which maximum amplitude occurs.
frequency = .ooovevieiiceiecieiannnan.. HZ [1]
(e} Suggest and explain how the apparatus in Fig. 2.1 could be modified to make the paak

on Fig 3.2 flatter, without significantly changing the frequency fy at which the peak
DCCUrS.
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May 07
7 A magnet is suspended vertically from a fixed point by means of a spring, as shown in
Fig.7.1.

____-spring

coil

faWaWals Walla

Fig.7.1

One end of the magnet hangs inside a coil of wire. The coil 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 f of the vertical displacement d of the magnet from

its equilibrium position.
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(i) State and explain, by reference to electromagnetic induction, the nature of the
oscillations of the magnet.

(i) Calculate the angular frequency «,, of the oscillations.

(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 f of the displacement d of the magnet. [2]
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(c) Theresistor Rin Fig.7.1 is replaced by a variable-frequency signal generator of constant
r.m.s. output voltage.

The angular frequency o of the generator is gradually increased from about 0.7, to
about 1.3, where a, is the angular frequency calculated in (a)(if).

(i) On the axes of Fig. 7.3, sketch a graph to show the variation with @ of the amplitude

A of the oscillations of the magnet. [2]
A
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Fig.7.3

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

(iii) Briefly describe one situation where the phenomenon named in (ii) is useful and
one situation where it should be avoided.
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Nov 07
3 A spring is hung from a fixed point. A mass of 1309 is hung from the free end of the spring,

as shown in Fig. 3.1.

__—spring
| —mass 130g
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

energy of the mass.
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