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11. SimpLE HARMONIC MOTION

Simple Harmonic Motion (SHM) is an example of oscillating or periodic motion.

Hooke’s Law: For an elastic string or spring the < ! Pe— 5 —>
restoring force is directly proportional to the [ i e
displacement (extension/compression). Foom
I: Unstretched length (natural length)
F =—-ks = ma=—ks s: Displacement (Extension/compression)

—_k . =[x
a=—-f<s=a= coswhereco_\/;.

The negative sign indicates that the restoring force is always in the opposite direction to the
displacement.

k: Elastic constant. It’s unit is N m=. It’s value depends on the material and the geometry of the
spring.

A

For a vertical spring/string: T =mg =kd = k =3

DeriniTioN: Hooke’s Law states that for an
elastic string or spring the restoring force is
directly proportional to the displacement.

mg

Motion under the influence of the type of force described by Hooke’s law is called SHM and its
equation is:

a: Acceleration (m s32)

a=-ms s: Displacement (m)
o : Constant
DerFiNITIONS R r r 1
1 C=' 1
A B
End point Centre End point

SHM: Motion in a path in which the acceleration is proportional to the displacement of the
mass from the equilibrium position and is in the opposite direction.

Displacement, s: The directed distance of an object from the equilibrium position [centre, C]
Amplitude, r: The maximum distance from the centre. [|AC| = |CB| =]

Period, P: The time for a complete cycle. [Time to go from A to C to B and back to a again]

Frequency, f: The number of cycles per second.
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The periodic time, P, is the time for the motion to undergo a complete cycle.

P: Periodic Time (s)
1 2
P=—=—1 f: Frequency (Hz)
o : Angular velocity (rad s™)

The maximum displacement is called the amplitude, r. Consider an object oscillating from A to B
about its equilibrium position C. Its maximum velocity is at C and its velocity is zero at A and B.
However, its acceleration in a maximum at A and B because the maximum force is acting on the
object. Its acceleration is zero at C because the force acting on the object is zero.

b — —
A 9 B
End point Centre End point
S —r 0
v 0 Ve, = F® 0
a: a o°r 0 a o’r
Max. — Max. —
F: Fyp = Mo’r 0 Fu = Mo’r

Example: A particle is undergoing SHM. If its acceleration is 8 cm st at 2 cm find

(@) o, (b) P, (c) maximum acceleration, (d) maximum speed if its amplitude is 4 cm.
SoLuTION

a=8cms™=0-08ms™ (8 a=w’s=0-08=wn’x0-02
s=2cm=0-02m Lo=2
r=4cm=004m (b)y P=%2Z=2=gr5s

(€) ayy =®r=4x0-04=0-16ms™
(d) Vyy =r®=0-04x2=0-08ms™

Example: A particle of mass 300 g executes SHM on the end of an elastic string with a
period of 20 s. Find the elastic constant.

SoLuTION
m=3009g=0-3 kg P=20s=2t— gp=a— [k
P=20s ¢ oo
n? Kk
100 0-3
2
k=23 5 954107 Nm
100
e e e e ey |
I EverRYDAY EXAMPLES oOF SHM |
I A pendulum consists of a point mass (the bob) suspended by a light string. It oscillates |
I inavertical plane under the force of gravity. |
I An oscillating spring. |
I The prongs of a vibrating tuning fork. |
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NUMERICAL PROBLEMS

1. Acceleration of a particle under SHM is
2 m s when its displacement is 10 cm.
Find its period.

2. The acceleration of a particle under SHM
is 2:5 m s2 when its displacement is 15 cm.
What is its period?

3. A particle executes SHM of period 2 s.
What is its acceleration when 20 cm from
the equilibrium position?

4. A body executes SHM with an amplitude
of 200 mm. The maximum force is
0-064 N. Calculate the maximum speed
and the period if its mass is 200 g.

5. A particle moves with SHM of amplitude
0-05 m and a period of 12 s. Find
(a) the maximum speed,

(b) the maximum acceleration.

6. A particle undergoing SHM of amplitude
0-04 m and period 10 s. Find
(a) the maximum speed,

(b) the maximum acceleration.

7. Abob of a simple pendulum undergoes
SHM with amplitude 16 cm and period 4 s.
The mass is 0-4 kg. Find
(a) maximum speed,

(b) maximum Kinetic energy.

8. A simple pendulum moves with SHM of
amplitude 8 cm and period 2 s. Its mass is
0-5 kg. Find
(a) the maximum speed,

(b) the maximum Kinetic energy.

9. A particle executes SHM of period 3 s.
What is its acceleration when 20 cm from
its equilibrium position?

10. A body of mass 400 g undergoes SHM

with amplitude 40 mm. The maximum
force is 0-08 N. Find

(a) maximum speed,

(b) period.

11. A spring is extended 4 cm when a 4 kg
mass is hung from it. Find the elastic
constant if g = 9:8 m s,

12. A particle undergoing SHM of amplitude
has a frequency of 2 Hz. Find
(a) period,
(b) acceleration when 3 cm from centre.
13. A spring oscillates with amplitude 3-2 cm.
If the elastic constant is 240 N m and
mass is 0-4 kg find
(@) o,
(b) P,
(c) acceleration at 2 cm from the centre.
14. A spring of elastic constant 10 N m= has a
500 g load hanging from it. Find the
periodic time. Find the extension of the
spring. If it is pulled down 15 cm below
this position and released from rest, how
long does it take to reach the equilibrium
position again?

(9=9-8ms?

15. A particle executes SHM and passes a
particular point with acceleration 4 m s at
intervals of 2 s and 6 s alternately.
Calculate the displacement of this point
from the equilibrium rest position.

« ¥ o

———————————————»—<«}

t=0s P

16. A particle executes SHM with a frequency
of 40 Hz. What is its period?

17. A spring has an elastic constant of
12 N m~. What mass would be suspended
to give a period of 7s.

2
18. For a string/spring show that P? = 4ﬂk m.
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ANSWERS
14s

1.

2. 154s

3. 0246 ms?

4, 025ms?5s

5. 0026 ms? 00137 ms?
6. (a)0-:025ms?, (b) 0-0158 m s

7. () 0-25m s, (b) 0-0125J

8. (a)0-25m s, (b) 0-0156 J

9. 0876 ms?

10. (@) 0:09 ms¥, (b) 285

11. 980 N m

12. (@) 055,473 ms>

13. (a) 18:7s%, (b) 0-336's, (C) 7 m s2
14. 1-45,0-49m, 0:35s

15. 6:5m

16. 0-025s

17. 3kg
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