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Resnick, Halliday, Krane

Q.1 Define simple harmonic motion. Write down its equation of motion
and solve for displacement, hence calculate its time period, velocity,
acceleration and energy? (PU.2007,2011,2014, SU. 2014)
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SIMPLE HARMONIC MOTION

The to and fro motion of a body in which acceleration is directly proportional 10
the displacement and always directed towards mean position is called simple harmonic
motion. The body executing simple harmonic motion is called simple harmonic
oscillator. o

EXAMPLES
©®  The motion of simple pendulum is SHM.
® The motion of spring mass system is SHM.

SIMPLE HARMONIC OSCILLATOR

Consider a block of mass m is attached with one end of a Sp_ring. The other e of
spring is fixed to a support. The bloc}c is free to move to and fro over a fﬁcﬁonleﬁs

horizontal surface as shown in fig. i '

MEAN POSITION

The position x =0

when block is at rest is called'mean_position'bé‘:ausé.sp TR
e g SRR
not exerting any no force on the blogk. : ring§
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RESTORING FORCE
h \0\\ 'h?‘i‘!\ axomal ! roe on the 0“\\\ towands ﬂkh( \\h[Lh OXte
rough distance x NealONIROMIE position). The spring exerts a foree on the U the
NI pasition when applicd force is removad. blogk ru\ &
\1‘
This foree s oqual in magnitnde o the appliad foree by Opposi
\.nud \r\ﬁﬂ ll)l‘(‘(‘ ar h‘\ll\l‘lhn force, T 1;\\\,.
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VIBRATORY MOTION

The block moves towards mean position under spring force. It £ets maximun
velocity when reaches at mean position  and does not stop there due to ineria by
CONUNURS t0 move towards extreme posiion(B). The velocity of block becomes zer &
extreme position(B) due to restoring force.

The acceleration is directed from extreme position(B) to mean position becaus
velocity of block is going to decrease when block is mov ing from mean position @

extreme position(B).
Now block moves from extreme position(B) towards mean position due to sprf:
force. The \LIC‘LIl\ of block increases irom B towards mean pOSlllOn and bt‘CO'ni‘
maximum when reaches at mean position. The acceleration is again directed %
sitio?
mean position. In this way acceleration of block is always directed towards mean pos

during its to and fro motion.

. EQUATION OF MOTION _
: LY
The block attached with spring having spring constant k takes to ﬂﬂd fro

‘ under restoring force F given as | 0
F = —kx 1
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alive SN means lcslmln[._, force ¥ and dhpl,u,gnu,m X are dlways in

¢ nepd
ll:r"v“”" Now apply Newton's second law of motion
l‘ "
‘pO‘" o= ma
)
I’ e (2)
‘ = ']] "—T ----- 2
dt

compare ¢4 (1) and eq (2)

dx
m =57 - kx
dt
8]
____‘,d'.‘('l -k‘\' = ()
dt m’

This 15 called equation of motion of simple harmonic oscillator.

LOCITY OF ll/\RM()Nl( OSCILLATOR
The LL]UdllOﬂ of motion of simple harmonic oscillator is

dx k. o_
T m* T Tk
d (dx) + - 0 " m
dV
dt +ox = 0
dVdx -
d_taéerzx = 0
av 2
de = —@m X
vdv = ~@? x dx
Iiegrating on both sides i
[Vvdv = -o° fxdx.
T2 o
5 = -0 (2) + C
V2 = —e?xi+2C . aeee-- (3)

‘Whe |
mon tre C s integration constant. Its value can be determined by initial boundary
¢ Velocity V = 0 when x = xm ;
. (0) =L gy X m + ZC*.T": '
IO S gt
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2,2 2
V2 = (!)"(X m= X )
The velocity of harmonic oscillator is

2 2
V = i(o\/(.\"m—x )

MAXIMUM VELOCITY

The velocity of harmonic oscillator IS maximum at mean posttion(x = )

Vnm\' = tw \](xzm—o)

/ k
Vnm\ = &Xm n—]

MINIMUM VELOCITY

The velocity of harmonjc oscillator is minimum at extreme position(x = x,)

N 3
Vimin = 0 (X'm = x%m)

me = 0

DISPLACEMENT OF HARMONIC OSCILLATOR
The velocity of harmonje oscillator is

a = roed, x?)
™ e .

dx '
iz 5 = odt NP
V0 = x3) VO, - O
Integrate opy both sideg

Integrate on both sides
X

= = . . X | .

o) = avs [ () g

; Where ¢ is integration constant Where ¢ is integration constant .
X ! antas
= = X
= Cos(at+¢)

—
X
=

X, = Sin(ot + ¢)

Xm Cos(wt + 0) X = Xnu Sin(ot + )

- The eq X = xm Cos(at + ¢) js ¢

he displacement of simple harmopj, oscillator ¥

motion starts from extreme position The eq x = the displaceme?

simple harmonic oscillator when
consider motion is started from extre

= Xm Sin(ot + ¢) is

Here we °.

e position.
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Put this value in eq(3) ,

(0
"l
otion starts from mean positiop,_ Shal
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