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UNIT 8 e
OSCILLATIONS AND WAVE MOTION

_ 8:1. OscILLATION

Objective Type Questions

ultiple Choice Questions :
MWV,—Q——S :M_o-vn_,mca of a seconds pendulum is : Agcanh C mecod |
(a) 1 second (b) 2 sccond (c) u.mcooE.u .A& _an._m&m >
(ii) A particle is executing simple harmonic motion of ampl ]
total energy is proportional to :

Ity

1
(a) A (b) A? () YA L,

¥
(i) If a particle exceuting simple harmonic Ec:.wa is at distance x from
its mean position, then its potential energy will be :
I 1

g 2 12
maw’x” (b) ;mw 4
b) 2

() -

(d) 0. i

(iv) Time period of simple pendulum does not depend upon :
(a) Length (b) Mass :
(¢) Acceleration duc to gravity (¢) None ofw.o,v.c.
(v) In simple harmenic motion, the constant termis :
(a) Restoring force (b) \M.EE::%
(c) Kinetic energy (a) T _Ec-ﬁoﬁo.a. W
(vi) The formula of the velocity for simple harmonic motion s -

(MP 2010}
\ 2
@) v=aya’ -y (b) v= N - a

(©) v=aa’ -y’ @ v= ea,

Ans. (i) (b), (i) (b), (iid) (a), (iv) (b), (v) (d), (vi) (b)-

(B) Match the following In simple harmonic motion :

(©) W maw* (A% — x*)

2

L Column ‘A’ Column ‘B’
foibe
(i) Displacement () (a) e .M |
(ii) Velocity (v) (b) —a’y
(i11) Acceleration (o) (c) 2. =

@ oy -y
(v) Frequency (v) (e) 4 sin wt.
Ans. (i) (e), (i1) (d), (iii) (b), (iv) (c), (v) (a).
(C) State True or False :
(i) In periodic motion, the path of object is always along a straight line.
(MP 2012)

(iv) Time-period (T)

(i) Every oscillatory or vibratory motion is periodic.
(iii) The motion of moon around the earth is simple harmonic motion.

: (MP 2009 Set A)
(iv) When the particle passes through mean position, then its acceleration is

ER.
(v) When the displacement of the particle is maximum, then its acceleration
18 also maximum.

(vi) The periodic time of second’s pendulum is one second.  (MP 2010)
Ans. (i) False, (ii) True, (iii) False, (iv) True, (v) True, (vi) False.
(D) Fill in the blanks :
(1) In presence of damping forces, the amplitude of oscillations of a body is
(MP 2009 Set B)

(11) In simple harmonic motion its total ENCTEY 1 Su B
(iii) The restoring force setup per unit extension in the spring is called ........ ;
(iv) When a body oscillates on both sides of its mean position in a straight
line, then this kind of motion is called ............... 174

(v) The time period of second pendulum is ............ warseiS@cond.

(MP 2009 Set B, 10, 12)
(vi) The periodic time of simple pendulum does not depend upon ..., .
(M 2010)

Ans. (i) decreases, (ii) constant, (iii) spring constant (Force constant),

_ W) simple harmonic motion, (v) two, (vi) mass.

(E) Give one word/one statement :
(i) Simple harmonic motion is based on the conservation of whicl physical

Alantity ?

Ans. Mechanical energy.

(i1) In which position of motion of a simple pendulum the tension is max imum
Ans. In mean position.

(iif) Write formula for the total energy of a particle in simple harmonie mo

Ans. Total energy - .N_..Sxm:“..
(iv) Write formula for time-period of a simple pendulum,
o /
Ans, T=27x |—.
g



(v) On increasing the length of a spring, what is the effect on its time-period *
. Ans. Its time-period increases.
Very Short Answer Type Questions "
Q. 1. Define time period, frequency and amplitude of S.H.M. :
Ans. Time period : The time taken by an oscillating body to complete 0
oscillation is called time period.
Frequency : The number of oscillations in one second is called frequency
Amplitude : The maximum displacement of a particle about its mean pa
tion is called amplitude.
Q. 2. Where do the K.E. and P.E. of a particle exccuting S.H.M. ha
maximum and minimum value ? i
Ans. The P.E. is maximum at extreme position and minimum at mean p
tion. The K_.E. is maximum at mean position and minimum at extreme position. :
Q). 3. Define spring constant and write its S.I. unit and dimensional fo§

mula.

5. H.M.

o - . 7 A
Ans. Spring constant : The force required to clengate or compress a %..:J

through unit length is called spring constant. 1
Unit : S.1 unit of spring constant is Nm . *
Dimensional formula : _Z:,:._. » Jis ___ ﬂ

Q. 4. Why the length of simple pendulum is measured upto the centre ol
the bob ? 3
Ans. The centre of gravity of spherical bob lics at its centre. The weight & f
the body acts at the centre of gravity. Therefore the effective lenght is measutil
upto centre of the bob. - ,

Q. 5. Can the time period of a pendulum be one day ? y

Ans. No, the maximum time period of a simple pendulum of infinite Es;‘, _
is 84-6 minute. » |

Q. 6. What is the reason that the frequency of oscillation clocks neuo‘,
on the rise and fall of mercury level in the thermometer ?

Ans. If the mercury level increases, it shows that temperature has increasil
and the decrease in mercury level shows a decrease in temperature. Due w i

T Y,

crease in temperature, the length of pendulum increases and 7' o JI . So time 1
riod m_m.w increases. Hence clock runs slow i.e., the frequency of oscillation ¢
creases. But with decrease in temperature, length decreases and s¢ time nci
decreases. Hence clock runs fast i.e. , frequency of oscillation increases. b |

Q. 7. The pendulum clock cannot be used in artificial satellite. Why

Ans. In an artificial satellite, the bodics are in the state of weightlessne
Hence acceleration due to gravity becomes zero. Thus the time period beco
infinite. Therefore it cannot be used in the satellite.

lhe velocity maximum and minimum ?

Short Answer Type Questions

Q. 1. Derive an expression for the dis

. Or
Find an expression for the displacement of S.H.M

Ans. Let XYX'Y' is 1 I
Y'is a circle whose centre is O and radius a. A particle is

placement of a particle executing

moving with uniform angular speed @ on the circle

Letatz= icle 1s at in ti
t=0, the particle is at X and in time t,itis at P. A perpendicular PN is

drawn on YOY 'from P and N is foot of the perpendicular.

The particle takes ¢ second to subtend an POX =0

i
/ Y
or . 0= wt N P
Let the displacement ON = y, ;
In ANPO,
B £
. ON f s oo
sinNpo = ZN i ° -
OP
But, ZNPO=/POX=0=wt
sinwt =2
a '
or y=asinwt ¢

MEM wwu Em. required expression for the displacement of S.H.M.
- 2. Derive an expression for the velocity executing mi.?—. When is

Ans. E : g (MP 2009 Set D)
S. Expression for velocity : Let XYY"y is a circle of centre O and radius

| A particle is movin i i
- par g on the circle with . o
pirticle is at X and after ¢ sec, it 1s at P T

Let at point P, the veloci y
: ocity of the particle is v alo
el ng th 3
Now, velocity v is resolved into two parts : g the tangent at P

3 vsin 0, parallel along to PN and
(i1) v cos @, perpendicular to PN.

Si ; A
nmmv v cos @is parallel to the direction of motion of foot of the perpendicu-

el
1 = -
4

2

. Velocity of N,u=vcos@

= Vcos wt,

or i
u=vyl1-sin’ wt,

2

St 2
ssin” @t +cos” wt =1)

or u=v,f1-| 2 .
1l . (o y=asinmr)



i)
¥

P v cosl
0} '

m«

or

: =y -y, (-v=a0) 0 X
This is the required expression. X' 2 —
Case 1. If y = 0, then, we get 1

v=ov4* -0 =04 .
.. Velocity will be maximum at mean position. .
Case 2. If y = 4, then, we get v

<H€3Ho ._

- Velocity will be minimum at the nxs.oa_n @%MM%”.m < paricie s
Q i ression for the acceler
Q. 3. Derive the exp

i i inimum. (V.1lm
S.H.M. Find where the acceleration is maximum and minimu |

: s jation
: have by displacement equation, 0
fins: Ve y=Asin(@t + ¢) Aﬂ

If the acceleration is a, then we have
ke
(= e = | ——

At nodedadt
L .mm;i:fi;.& ‘ "
dt | dt
3 WH\MEoomAS (+9)]
dt N
a=—Aw’sin(@!+ ¢) . .
or
, o [from eqn, a:_
But, sin(@!+¢) = e, ;
-. Eqn. (2) becames, -
ml\k&ﬁ%\ﬂl%@ ..Gu
s ” :

This is the required expression.
Case 1. If y =0, then by eqn. (3),

a=0 ; S
i ¢. At the mean position the acceleration will be zero
Case 2.1f y = 4, then

j.e., minimuin,

QH.I&QN\M

it] ion i imum.
[ ¢ Al extreme position the acceleration is max

& |

¢ T.z_:oz.

Q. 4. Derive the expression for the time period and frequency of a
particle executing S.H.M. (MP 2009 Set C, V, Imp)
Ans. Now, we have the magnitude of acceleration is given by

a =’y
a
o
a Acceleration
or st i
y Displacement
Nowid T W.m e U_.mc_moo_s.oi
_ w Acceleration
Again, we know that frequency,
ikl
H T
1 | Acceleration
=

2\ Displacement

Q.5. What do you mean by simple harmonic motion ? What are
racteristics ?

Ans. When a particle moves to and fro about a p
lhat the acceleration of the particle at any point is directly proportional to ity

lisplacement and always directed towards the mean position, then the motion of
lhe particle is called simple harmonic motion.

Characteristics of S.H.M. : (i) The motion is periodic.

(ii) The particle moves to and fro about a point in a straight line,

(iii) The acceleration is directly proportional to the displacement from the
lican position.

(iv) The acceleration is always directed towards the mean position,
long Answer Type Questions (MP 2009 Set B)

Q. 1. Prove that the motion of simple pendulum is S.11.M, for

its cha-
(MP 2009 Set A, 10, 13)
oint in a straight line such

small
implitude. Find the expression for its time period.
Or
Deduce an expression for the time period of simple pendulum
/
[ =27z |—. (MP 2011)
g

Ans. Motion of simple pendulum : et mass of the bob ol simple pendulum
' mand its effective length is 7,8 is the point of suspension and O is the mean
Suppose, at any instant, the bob is at Psuch that displacement OP =

()SP = 0. Thus, in this position, the forces acting on pendulum are :
(i) tension 7 of the thread, along PS direction.

= ¥ and



(ii) mg, weight of bob acting vertically downwards. ¢
Force mg is resolved into two components : :
(i) mgcos 6, along SP direction and
(ii) mgsind, perpendicular to SP.
Now, the force mgcos O balances the tension force
T and mgsin@ is restoring force.
Restoring force, F = —mgsin 0

The negative sign shows that is in opposite
direction to displacement.
Now, if @ is small and measured in radians i.e.,

&

sinf= 0
F=-mg0 ol
Arc v
= =
e Radius !
y !
F =-mg. m . b
[f the acceleration is a, then by Newton’s sccond law,
F=ma

From eqns. (1) and (2), we get
y
ma=mmg

/

g
a=—=.y
or ‘ ;)

As g and [ are constants, then
aoc -y
Hence, the acceleration is dircctly proportional to the displacement and

directed towards the mean position.

Expression for the time period : We know that for a particle ex¢

S.HM,,
a=—w'y
From eqns. (3) and (5), we get
: —oty=-Eiy o 0P =E
l l
: 8 T
or il McammmH MQINI.M ok
¥ } / 27 g
=tz %
b4

['1in 18 the required expression.

Q. 2. Define oscillation and also write about the types of oscillation
L : (MP 2011
| >=M. %me_:ﬂag : When an object moves to and from about its mean woﬂmom
or up and down about its mean position) th i ion is illati
P p ) then this motion is called oscillations or
Types of Oscillations :
L 1. Free Oscillations : When a body is displaced from its mean position and
_ __‘r,: released, .Em body executes harmonic motion. If the external force does not
_.,__.ro.ﬁ the motion of the body then each body vibrates with a definite mnma:nno%
['his is called natural frequency and such oscillations are called “Free oscillations »
9 Nmrcwicma Omnm_ﬁ_w»:o:m : When a body oscillates with decreasing amplitude
¢ to the presence of damping force then the oscillations of th
“lamped oscillations”. : o b om:aa.
1 u Forced Ome:._snci : When a body under the influence of an external
_.,_:oaﬁ force, oscillations with a constant amplitude and a frequency equal to that
ol the periodic force, then the oscillations of the body are called forced oscillations
Numerical Problem .
| Q. 1. ,.EE time-period of a particle executing S.H.M. is 3 second. Cal-
(ulate the time after ¢ = 0, that its displacement be half of its amplitude
Solution : Formula : y = asin ot : . :

But w=27/T

< ok

So y=asin—t
) i3

Given : T'= 3 second, y = a/3

Substituting these value in formula,

a S
SN =
b 3
or sin—— = — : o
3 2 or m_Bh%w = m:qhmu
2
or i L
3 6
b , i = second
: 4 ' Ans.
8:2. WAvVE MoOTION

Ihjective Type Questions
A.>v Multiple Choice Questions :
(i) Two sources of frequency f; and f; will have beat frequency :

@Jh-Ji  ® fi-f ©20f-4) @ (#-7).



