1 A magnet is suspended vertically from a fixed point by means of a spring, as shown in
Fig.7.1.
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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 t 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 w, 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 t of the displacement d of the magnet. [2]



(c) Theresistor Rin Fig. 7.1 is replaced by a variable-frequency signal generator of constant
r.m.s. output voltage.

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

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

A of the oscillations of the magnet. [2]
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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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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.
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Fig. 3.1

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

angular frequency = .......ccccoceiiiiencee e rads™

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

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

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



3 The vibrations of a mass of 150g are simple harmonic. Fig.3.1 shows the variation with
displacement x of the kinetic energy E, of the mass.
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(@) 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),

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

(2]

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

angular freqUEeNCY = ......cccceeveeveeeieeeeieeeeeene, rads™ [3]



(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 = ... cm [2]



4 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

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.

(@) Show that, for a mass of 240g 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 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.

A

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 = ... 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.
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(@) (i) Define simple harmonic motion.

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

1"

The end of the strip is pulled downwards and then released. Fig. 4.3 shows the variation
with time t of the displacement y of the end of the strip.
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On Fig. 4.4, show the corresponding variation with time t of the potential energy Ep of
the vibrating system. [3]

The string supporting the mass breaks when the end of the strip is at its lowest point ir;
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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6 A vertical spring supports a mass, as shown in Fig. 4.1.

Fig. 4.1

The mass is displaced vertically then released. The variation with time t 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
y = yysinot.

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

PSSR
2 et eeeeeeeeeeeeaeeeeeeeeeeeeeeaaesseeeeeeeeeeeaaaateeeeeeeeeeaaannaeeeeeeeeeeaaaatreeeeeeeeaaaannreneneeaeaan
.................................................................................................................................... [2]

(b) Determine the angular frequency w of the oscillations.
angular frequenCy = ..o rad s~ [2]

(c) 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 1.5cm and then released.
On Fig. 4.2, sketch a graph to show the subsequent oscillations of the plasticine. [3]
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A tube, 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 liquid of density p, as shown in Fig. 4.1.

“liquid,

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

a=-—7y

where g is the acceleration of free fall.

(a) Define simple harmonic motion.

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

P B 2]
T 2n M -

[3]
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(c) Fig. 4.2 shows the variation with time t of the vertical displacement y of the tube in
another liquid.
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Fig. 4.2
(i) The tube has an external diameter of 2.4cm and is floating in a liquid of density

950 kg m3. Assuming the equation in (b), calculate the mass of the tube and its
contents.
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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\
RO N
O e N
L N
////sand/ ///////
S . I A
RO s
/////// KNS Eap AR
L T

Fig. 3.1

When the tube is at rest, the depth d of immersion of the base of the tube is 16cm.

The tube is displaced vertically and then released.
The variation with time t of the depth d of the base of the tube is shown in Fig. 3.2.
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(a) Use Fig. 3.2 to determine, for the oscillations of the tube,
(i) the amplitude,
amplitude = ..., cm [1]

(ii) the period.
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(b) (i) Calculate the vertical speed of the tube at a point where the depth dis 16.2cm.

(ii) The liquid in (b) is now cooled so that, although the density is unchanged, there is
friction between the liquid and the tube as it oscillates. 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 motion. [3]
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10 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 w of the oscillations,

(ii) the maximum acceleration, in ms™2, of the centre of the cone.

acceleration = ..........ccccoueeiiiiiiiieeeee, ms=2 [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.
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(c) (i) State the value of the displacement x at which the speed of the centre of the cone
is a maximum.

(ii) Calculate, in ms™, this maximum speed.
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11 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
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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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(a) Use Fig.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 4.0 Hz.

[6]
(b) (i) On Fig. 3.2, draw a line to represent the total energy of the oscillating mass. [1]

(i) After many oscillations, damping reduces the total energy of the mass to 1.0mdJ.
For the oscillations with reduced energy,

1. state the frequency,
frequeNCY = ... Hz
2. using the graph, or otherwise, state the amplitude.

amplitude =.....cooovvvveiiiiiieeeeeeeeeeeeeee cm [2]
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12 The needle of a sewing machine is made to oscillate 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 4.5Hz.
The cloth that is being sewn is positioned 8.0 mm 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
y = acoswt.

(i) Suggest the position of the point of the needle at time ¢t = 0.

.............................................................................................................................. [1]
(ii) Determine the values of

1. g4,

A= i mm [1]
2. o



(c) Calculate, for the point of the needle,

(i) its maximum speed,

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