A2 Level Physics

Chapter 13 — Oscillations
13.1.2 Simple Harmonic Motion
Worked Examples
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Simple Harmonic Motion Summary

Exam Style Question 1

(a) An object is oscillating with simple harmonic motion. Place a tick (v') in
the box against each true statement that applies to the acceleration of
the object.

The acceleration ...

... isin the opposite direction to the displacement.
... is directly proportional to the amplitude squared.
... increases as the displacement decreases.

... increases as the speed of the object decreases

b) The graph in Fig. 3.1 shows the variation of the velocity v of the object
with time t.

Using the graph, determine

(i) the frequency of the motion

(ii) the amplitude of the motion

(iii) the maximum acceleration of the object.
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Simple Harmonic Motion Summary

Exam Style Question 1

(a)An object is oscillating with simple harmonic motion. Place a tick (V)
in the box against each true statement that applies to the acceleration of
the object.

The acceleration ...

v' is in the opposite direction to the displacement.

... is directly proportional to the amplitude squared.

... increases as the displacement decreases.

v" increases as the speed of the object decreases

b) The graph in Fig. 3.1 shows the variation of the velocity v of the object
with time t.

Using the graph, determine

(i) the frequency of the motion

Usef=%

1
— _—_—083H
f=12 \

(ii) the amplitude of the motion

Use Vpax = (21f) A and rearrange for A:
4 = Ymax _ (0.08ms™1)

_ — = 0.015
2nf  21(0.833 ... Hz) m

(iii) the maximum acceleration of the object.

Use aqy = 2nf)? A
gy = [27(0.833 ... H2)]2(0.0152 ... m)
Amax = 0.42 ms™?2
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Simple Harmonic Motion Summary

Exam Style Question 2

The speaker shown below is used to produce the bass notes in a music system.

The cone moves with simple harmonic motion and it emits a single-frequency
sound of 100 Hz. When it is producing a loud sound, the cone moves through a
maximum distance of 2.0 mm.
The equation that mathematically describes the displacement of the cone is

x = 1.0 X 1073 cos 628 t.
a) Show that the data for this speaker lead to the numbers in the equation above.
b) Calculate
(i)  the maximum acceleration of the cone
(i) the maximum speed of the cone
c) On the grid below sketch the acceleration-time graph for two cycles of vibration

of this speaker cone used under these conditions. Add suitable numerical scales to
the two axes.

Acceleration

Time
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Simple Harmonic Motion Summary

Exam Style Question 2

a) Show that the data for this speaker lead to the numbers in the

equation above.
Equation for shmis x = A cos wt
We just need to find A and w with the data that is given to us in the
question.
We know that the maximum distance is 2.0 mm, so that is the distance
from the crest to the trough so the amplitude is:
2.0 mm

2
Therefore the amplitude (4) is 1.0mm or 1.0 X 103 m
We know f = 100 Hz so:

w = 2nf = 2n(100 Hz)
~ w=628.3185..=628rad s ! or 6.28 X 10% rad s~?!

amplitude, A = = 1.0mm

b) Calculate
(i) the maximum acceleration of the cone
Usea = w? A
a=(628rad s™1)? (1 x1073m)
a=394ms?

(ii) the maximum speed of the cone
Usev=wA
v=(628rad s™1)(1x 1073 m)
v=0.63ms!
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Simple Harmonic Motion Summary

Exam Style Question 2

The speaker shown below is used to produce the bass notes in a music system.

The cone moves with simple harmonic motion and it emits a single-frequency
sound of 100 Hz. When it is producing a loud sound, the cone moves through a
maximum distance of 2.0 mm.
The equation that mathematically describes the displacement of the cone is

x = 1.0 X 1073 cos628¢t.
a) Show that the data for this speaker lead to the numbers in the equation above.
b) Calculate
(i)  the maximum acceleration of the cone
(i) the maximum speed of the cone
c) On the grid below sketch the acceleration-time graph for two cycles of vibration
of this speaker cone used under these conditions. Add suitable numerical scales to

the two axes.

Acceleration

Time
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Simple Harmonic Motion Summary

Exam Style Question 2

¢) On the grid below sketch the acceleration-time graph for two cycles of
vibration of this speaker cone used under these conditions. Add suitable
numerical scales to the two axes.

First we need to find the time period so use:
1 1
=—=—-—=001s=10
f T 100 Hz ST AUmS

We already know the amplitude (or the maximum acceleration) to be:
Amax = 394 m s~2

Acceleration

394

/\ Time
\/ ms \fms
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Simple Harmonic Motion Summary Simple Harmonic Motion Summary

Exam Style Question 3 Exam Style Question 3

(a) State two conditions concerning the acceleration of an oscillating object that must (a)State two conditions concerning the acceleration of an oscillating
apply for simple harmonic motion. object that must apply for simple harmonic motion.

(b) Fig. 3.1 shows how the potential energy, in mJ, of a simple harmonic oscillator varies 1) Acceleration is directly proportional to the displacement from the

with displacement. equilibrium position.

2) Acceleration is always directed towards the equilibrium.

energy/mJ

(b)On Fig. 3.1 sketch graphs to show the variation of

(i) kinetic energy of the oscillator with displacement — label this graph K,
(ii) the total energy of the oscillator with displacement - label this graph
T.

energy/mJ
20

1

I
I

T
T
1
i
[

T L T T 1
-0.05 -0.04 —0.03 -0.02 <001 0 001 002 003 004 005
displacement/m

Fig. 3.1

On Fig. 3.1 sketch graphs to show the variation of

(i) kinetic energy of the oscillator with displacement — label this graph K,

(ii) the total energy of the oscillator with displacement — label this graph T.

\

. . , HHH
(c) Use Fig. 3.1 to determine ~0.05 0.04 —0.03 -0.02 001 0 001 002 003 004 005
displacement/m

(i) the amplitude of the oscillations

(i) the maximum speed of the oscillator of mass 0.12 kg

(iii) the frequency of the oscillations.
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Simple Harmonic Motion Summary

Exam Style Question 3

(a) State two conditions concerning the acceleration of an oscillating object that must
apply for simple harmonic motion.

(b) Fig. 3.1 shows how the potential energy, in mJ, of a simple harmonic oscillator varies
with displacement.

energy/mJ
20

T L T T 1
-0.05 -0.04 —0.03 -0.02 <001 0 001 002 003 004 005
displacement/m

Fig. 3.1
On Fig. 3.1 sketch graphs to show the variation of
(i) kinetic energy of the oscillator with displacement — label this graph K,
(i) the total energy of the oscillator with displacement — label this graph T.
(c) Use Fig. 3.1 to determine
(i) the amplitude of the oscillations
(i) the maximum speed of the oscillator of mass 0.12 kg

(iii) the frequency of the oscillations.
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Simple Harmonic Motion Summary

Exam Style Question 3

(c) Use Fig. 3.1 to determine
(i) the amplitude of the oscillations

A=0.04m

(ii) the maximum speed of the oscillator of mass 0.12 kg

1
Use KE = Emvz and rearrange for v

18 x 1073 ]
(%) (0.12 kg)

=0.54772..=055ms™!

(iii) the frequency of the oscillations.

Use Vqr = 21tf) A

_ Umax 05477 .ms™" 21793 . =221
TomA T 2m(0.04m) TR Tecnz
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Simple Harmonic Motion Summary

Exam Style Question 4
(a) Define simple harmonic motion.

(b) (i) A 120 g mass performs simple harmonic motion when suspended
from a spring that has a spring constant of 3.9 N m™. Calculate the period
T.

(ii) The simple harmonic motion is started by displacing the mass 15 cm
from its equilibrium position and then releasing it. Calculate the maximum
speed of the mass.

(iii) Calculate the maximum acceleration of the mass.

(iv) The 120 g mass is replaced by a wooden block. When the block
performs simple harmonic motion the period is 1.4 s. Calculate the mass of
the block.
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Simple Harmonic Motion Summary

Exam Style Question 4

(a)Define simple harmonic motion.

An oscillation in which the acceleration of an object is:

1)Directly proportional to its displacement from its equilibrium position, and
2)Always in the opposite direction to the displacement.

(b) (i) Calculate the period T.

UseT=27T\/E
k

f (0.120 kg)
T =2m m =1.10s

(ii) Calculate the maximum speed of the mass.
Use Umax = (21f)xo
But first calculate f:

1 1

7= 11021 0907 Hz

f =
Now sub f to find vy,
Vmax = [27(0.907 ... Hz)](0.15 m)
Vmax = 0.86ms™!

(i) Calculate the maximum acceleration of the mass.
Use Gmax = (Zﬂf)zxo
Amax = [2m(0.907 ... Hz)]2(0.15 m)
Amax = 49 ms~2
(iv) Calculate the mass of the block.
We know that T o« /m
T = kym
T 1.10 s
=—=————=3.17
vm /0120 kg
T =(3.175..)ym

ok

Rearrange for m:

A A C L SO
m= <(3.175 )) - <(3.175 )) R
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Simple Harmonic Motion Summary

Exam Style Question 5

Fig. 3.1 shows a metal plate attached to the end of a spiral spring. The end A of the spring is
fixed to a rigid clamp. The plate is pulled down by a small amount and released. The plate
performs simple harmonic motion in a vertical plane at a natural frequency of 8 Hz and the
spring remains in tension at all times.

a “tlamp

spring—" 2

Fig.3.4

(a) (i) On Fig. 3.2 sketch an acceleration a against displacement x graph for the motion of
the metal plate. You are not reauired to give values on the axes.

Fig. 3.2

(i) Explain how your graph could be used to determine the frequency of oscillation of the
metal plate.

(b) Fig. 3.3 shows the variation of the vertical velocity v of the plate with time t ata
frequency of 8 Hz.

Use the graph to determine
(i)  the amplitude of the motion
ii) the maximum vertical acceleration of the plate.
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Simple Harmonic Motion Summary

Exam Style Question 5

(a)((i) On Fig. 3.2 sketch an acceleration a against displacement x graph for the
motion of the metal plate. You are not required to give values on the axes.
We know that F = —kx where k = constant and F = ma
~ma=—kx
k

a=——x
m

ax—x
Therefore we would see a straight line graph going through the origin whilst
having a negative gradient:

Fig.3.2

(ii) Explain how your graph could be used to determine the frequency of
oscillation of the metal plate.
Remember: a = —(2nf)? x

a
_a_ 2
= @nf)
But from the graph we know: —% = gradient
~ gradient = (2nf)?

J gradient = 2nf

JJ gradient

21

f=
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Simple Harmonic Motion Summary Simple Harmonic Motion Summary

Exam Style Question 5 Exam Style Question 5

Fig. 3.1 shows a metal plate attached to the end of a spiral spring. The end A of the spring is (b) Use the graph to determine
fixed to a rigid clamp. The plate is pulled down by a small amount and released. The plate (i) the amplitude of the motion
performs simple harmonic motion in a vertical plane at a natural frequency of 8 Hz and the
spring remains in tension at all times.

- Use Vpax = (21f) A and rearrange for A
Vmax 0.09ms™?!

A= - = 179049 ...x 1073
2nf  2n(8 Hz) m

A=18x%x10"3m

g

Fig.3.4

(a) (i) On Fig. 3.2 sketch an acceleration a against displacement x graph for the motion of
the metal plate. You are not reauired to give values on the axes. (ii) the maximum vertical acceleration of the plate.

Use ayqr = 2rf)% A
Amax = [2m(8 Hz) 1?(1.790 ... x 1073 m)
Ay = 4.5ms™2

Fig. 3.2

(i) Explain how your graph could be used to determine the frequency of oscillation of the
metal plate.

(b) Fig. 3.3 shows the variation of the vertical velocity v of the plate with time t ata
frequency of 8 Hz.

Use the graph to determine
(i)  the amplitude of the motion

ii) the maximum vertical acceleration of the plate.
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Simple Harmonic Motion Summary

Exam Style Question 6

(a) A simple pendulum is given a small displacement from its
equilibrium position and performs simple harmonic motion.

State what is meant by simple harmonic motion.

(b) (i) Calculate the frequency of the oscillations of a simple pendulum
of length 984 mm.

(i) Calculate the acceleration of the bob of the simple pendulum when
the displacement from the equilibrium position is 42 mm.
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Simple Harmonic Motion Summary

Exam Style Question 6

(a) State what is meant by simple harmonic motion.
An oscillation in which the acceleration of an object is:

1) Directly proportional to its displacement from its equilibrium
position, and
2) Always in the opposite direction to the displacement.

(b) (i) Calculate the frequency of the oscillations of a simple pendulum of

length 984 mm.
=2 984X10_3m—19899
4T 98 1ims2z o0

Now use f = %to find the frequency
1

f == 15899 5

UseTzZn\F
g

=0.503 Hz

(ii) Calculate the acceleration of the bob of the simple pendulum when
the displacement from the equilibrium position is 42 mm.

Usea = (2rf)? x
a = [2m(0.502 ... Hz]?(42 x 1073 m)
a=042ms"?
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For more revision notes, tutorials and worked
examples please visit www.tutorpacks.co.uk.

Please see ’13.1.1 Simple Harmonic Motion
notes’ pack for revision notes.
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