Physics
By

Lalit Sharma

Class:10+1
Unit: X

Topic: Oscil_lati'ons and Waves

Unit X: Oscillations and Waves

Periodic motion - time period, frequency, displacement as a function of time. Periodic fun.ctiOns.
Simple har;nonic motion (S.H.M) and its equation; phase; oscillations of a spring-restoring force
and force constant; energy in S.H.M. Kinetic and potential energies; simple pendulum derivation
of expression for its time period. Free, forced and damped oscillations (qualitative idea_;, only),
resonance. Wave motion. Transverse and longitudinal waves, speed of wave motion.
Displacement relation for a progressive wave. Principle of superposition of waves, reflection of

waves, standing waves in strings and organ pipes, fundamental mode and harmonics, Beats,

Doppler effect.
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Topic/Question
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10.

Unit 10-A (Oscillations)

Discuss following with examples:
a) Periodic, non-periodic motion
b) Oscillatory, non-oscillatory motion.
c) SHM, non-SHM

a) A particle oscillates between two planes with angle of inclinationg. State its

type of motion.
Is It
i) Periodic?
ii) Oscillatory?
iit) Non-SHM?
b) A tunnelis made along diameter of earth. -

A partidle is released from one end.
Is It

i) Periodic?
ii) Oscillatory?
iii) Non-SHM?

a} A particle moves in a circle in anti-clockwise direction. Plot displacement of
shadow on y axis v/s time graph.
b) Define:
i) Time period
ii) Frequency
i1} Angular Frequency
iv) Displacement
Explain using angular speed, w — 30%/sec.

Find expression for
a) Displacement
b) Velocity
¢) Acceleration of a particle under SHM. Also plot graphs.

Prove that oscillations of spring mass arrangement is SHM. Find time period of
the same. |

Plot Potential Energy, Kinetic Energy, Total Energy graph for spring mass
oscillation.

Find K., for

a) Two springs in parallel

b) Two springs in series

c) Mass sandwiched spring )

b)

Prove oscillations of a pendulum are SHM. Find its Time Period.

a) Whatis un-damped and damped oscillation.
b) Free, forced and resonant oscillation.

Find time period of Liquid in U-Tube,

Find time period of Floating objects.
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Q.1

Discuss following with examples:

1) Periodic, non-periodic motion
b) Oscillatory, non-oscillatory motion.
¢} SHM, non-SHM

Ans,

a) Periodic Motion:

ieriodh; motionofab
Fele

Ex 1.
Ex 2.

Non-Periodic:

203

ody is that mptiog fr. Lhich

Z3beabs 113000 ofler Bxed ini

The revolution of Earth around t
Rotation of Earth about its own axis.

Motion which is not repeated after a- fixed
interval of time.

b) Oscillatory Motion:

: Oscillatory or Vibrating motion is that motion in
which a body moves to and fro or back and
forth repeatedly about a fixed point {mean
position) in a definite interval of time.

Ex 1.

Ex 2.

c) SHM:

Small marble left inside a pot. It rolls to
and fro about its mean position.

Pendulum rhoving to and fro.

It is oscillatory motion in which

Acc. = -(Const) displacement

is valid, is called SHM.

Ex 1.

Non-SHM:

For spring mass arrangement

F =-kx
Mo =-kx
k
N
Acc = -(Const) displacement

Motion in which acc = -(Const) displacement is
not valid, is called Non-SHM.

MOTION
I
| {
Non-Periodic ‘Periodic
' I
| ]
Oscillatory Non-Oscillatory
Sun. o tpea I }
SHM {1 Non-SHM

mean position

11/Ch 10/ Unit 10A/Q1 /
Periodic Oscillatory And SHM
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Qz.a) A particle oscillates between two planes with angle of
inclination 6. State its type of motion,
Is It
i) Periodic? .
ii) Oscillatory? ¢

gsing_ B
ili) Non-SHM?

b) A tunnelis made along diameter of earth, o
A particle is released from one end.
gcos@
Is it “
i) Periodic?
ii) Oscillatory?
ili) Non-SHM?

Ans.a) Because, acc is not proportional to diSpIacément.

Acc. fromAB .=gsing@
And AC =g sin 6 [but direction opposite]

Acc is not proportional to dkplammtegt. So, motion is
periodic, oscillatory but not SHM.

Note:
For a pendulum,

If angle is small - SHM
If angle is large — Non-SHM

b) As per theory of gravitation, acceleration is directly
proportional to displacement i.e.

E{ z(%_)ij :

s 'y
When particle is to right of centre C, acc. is towards left.
When particle is to left of centre C, acc. is towards right.

GM\ .
So, acc =- (F . displacement

i.e. acc = - (constant).displacement

So, motion of ball inside el is S.H.M. Can you

find the time period of the same. Try at the end of this
chapter.

#1/Ch 10/ Unit 10A/Q2/
Examples Of Oscillatory Motion
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Q3. a) A particle moves in a circle in anti-clockwise direction. Plot
displacement of shadow on y axis vfs time graph,

b) Define;
i) Time period i) Frequency
ihi) Angular Frequency iv) Displacement

Explain using w - 309/sec.

Ans,
a)
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i) Time Period:
It is the least interval of time after which the periodic motion of a body repeats
itself. .
In the given example, time period is 12 seconds i.e. 12 seconds to complete one
round (360°)
ii) Frequency:
Itis defi

ne as the number of periodic motions executed by body per second.
In the given example, frequency is-liz-

iii) Angular Frequency:

Angular frequency of a body executing periodic motion is equal to the product
of frequency of the body with factor 2. '

1 T, (30
Example; Angular frequency = 25 7" [s_ﬁH] i.e, (_.
Jec

s sec

iv) Displacement:

Itis the distance of the particle from the mean position at an
Example: After 6 seconds, displacement’ = 2r (diameter)

I. =Asin wit
displaceiment 47 y

Y

y instant of time.

Displacernent Of Shadow SHM - .
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Q4. Find expression for
a) Displacement
b) Velocity

€} Acceleration of a particle under SHM. Also plot graphs.

Ans.  a) Displacement:

b) Velocity: .
v =40)
de
_ dAsinwt)
- —————
Cde

= d(ﬂnaﬂ) p .
A w cos wt [———d?—] = cos wt, (w)

" Here (A w) = max. velodity (U,,,,,)
=Aw V1 —sinZgt

¢) Acceleration:

d
acce. =—(L)
de

_4d(A © coswt)
== 47
dt

=Aw (-0 sin wt)

acc  =-w?(Asin wt) *_G)

Here (w?4) = max. acc. a,,,

0.7ty —0
ALy |

acc  =-(Const) displacement .

Cendition for SHM

4

!

Y=A sin wt

|

R ——p
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)

&[]
!
o

+1/Ch 10/ Unit 10A/Q4/
Displacement Velocity And

Acceleration OFf Particle In SHM

t—>



Dd
<D
~

Qs. a) Prove that oscillations of SPring mass arrangement is SHM,

Find time period of the same.

b} Plot Potential Energy, Kinetic Energy, Total Energy graph
for spring mass oscillation.

K=10 ¥/,
Ans. 3a) Spring — Mass: : F=-10x
Fe o x y I
E =k x
_ma =-kx s

a)
"

k
- (—— ' b 4
k x f
acc =-{—) displacement \@

L DRI (e

i
{Equation for SHM) +F
For SHM 3
acc  =-@® (displacement) “@) N =
compare and @ 1
wt =k

e

[] HI
J)n] H(®]
-

ol

-
1]
N
Y
r

X

b)i) Potential Energy:
P.E. =3kx? —0 ¥

P.E, = -21- k (A sinwr)?

EE, = G kAz) sin? m{ \@ :E L
max. value 1 %{:{# - "

P. Emar=1 kA2

Mass Arrs Agemeny
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[
ii) Kinetic Energy:
K.E, = % my? {

=3 m oV =27
KE; =ima? (42 —x2)

=loekr2 .2
=g (42— x2)

K.E, "'%k (4? "xzj

K. Emax=zlkA2, whenx =0

K.Em{,l:D,wi_mnx:-_{_—A

KB =2k(4 —[Asinwt]?) L
2

1 .
=EkA2 - kA? sin? oot

=2 KkA? (1-sin? wt)

.f_.---... mecsamuen————

lK-Et =§kA2coszcut

»l
[l

- e -

iii) Total Energy: 1 A
T'EI :P-Ex'l'K.EI

aip.z . 1 2_.2 Y
=jkx tok(At—x%)

T.E, =P.E +K.E, —0)

1 . 1
=EkA2 sin? ot + EkAz cos? wt

)

T.E

- _-.....--..-....-.{

1142 (o X—p
=7 kA% (sin? wt + cos? wt)

Total Energy remains same.
It is independent of time (t) and displacement (x).
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Q6.

Ans.a)

200

Find K, for
a) Ywo springs in parallel
! g y I #1/Ch 10/ Unit 10A Q6 /
b) Two springs in series

Springs In Parallel And In Serles
c) Mass sandwiched spring

Springs in Parallel:

mg

1]

Frl +Frz

mg kix + kpx

for equivalent spring-

mg = F

Mg = keq x

.from @ and @

keq ¥ = kypr+ k,x-

b)

keq = k1+kz_

Springs in Series:

¥ =xp+ Xz [F = k.x)

>
2

e R K

keq ki kg

c)

L

Mass sandwiched spring:

-

qu = k)t k, ,

i
!

—p
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Qz, Prove oscill

ations of a pendulum are SHM. Find Its Time
Period,

Ans,  Step 1
Displace the particle from its mean position,
Step 2;

Check:~+ If particle has tendenc
position, its oscillatory.

Step 3;

Find restoring force OR restoring torque. mg sing tries
to bring the particle back to mean position.

y to come back to mean

i

Tres  =-{mgsing) /- \@

lx =-mgsing /

m ™ = - mg sing

lj =(%).sino No.tSHIVi|\®

Step4: . ; -,
Apply limits

f

0 - small sinf@ = g

i -® —0
'

angularace = -(const) displacement
So, it is SHM

Step s:
Compare with standard SHM equation

acc =-@? {displacement) \@

z =£
« l

4,
Y

41/Ch 10/ Unit 10A/Q7/
Time Period Of Pendulum

e e
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I
Q8. a) What Is un-damped and damped oscillations, E
b) Free, forced and resonant oscillations, E
' T " H
SE— '
Ans.a)  Un-damped Osclllations: f“ A -,4___“.__,., il
' | i ‘g
l ' '
‘Osclltation in which amplitude remalns constant with ! "_—j?-,
time'. ; 'Lf el
ldeal spring-mass arrangement shown n figure. : jf"?
Oscillations with constant amplitude A - ‘5
! -

F o=-kx

Damped Oscillaﬂoni’ ,

‘Oscillation in which amplitude changes (decreases) due
to dissipative force (like friction)'.

=

Tf'-—-"'-' - - ] -

b A

- -
-

(=]

)

[J

=]
suojje|sQ padweq

L L L L T T eap——
-.-jl;ij-
e L R .

F =-kx -bv

b) i)free Oscillation:

Oscillation in which an object oscillates with its
naturai frequency is called Free Oscillation. -

[
g
&

100 H,

Example: A table oscillates with 10074, Tuning fork
oscillates with frequency 2004,

ii) Forced Oscillation:

"The oscillation in which the driver forces the
driven to oscillates with its frequencies but not

with its natural frequency.

Example: When a vibrating tuning fork is kept in contact
with the table, the table also oscillates with 200 H,
same frequency as that of fork. Table is under

the forced osclllation by the driver i.e. fork.

200 H,
iii) Resonant Oscillation:
Oscillation in which natural frequency of both
the driver and driven is same. Amplitude is high
in this case.
Example: Both table and tuning fork oscillate with 2001,
200 1,
200 H,

+1/Ch 10/ Unit 10A/ as/
Damped Oscillation Free forced
- And Resonant Oscillation
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Q9. Find time period of Liquid in U-Tube,
Ans, Fes  =wtof liquid 2y -
=-(A2y)pg
Mass(a)=-(2Ap g) y

2
a =-(%azg),
mass

| - (29)y

Compare it with standard equation

acc  =-(w?) displacement
T _ E_E
@ L
2
0 - [2E
L

Q10.  Find time period of Floating object.

Ans. Fes  =extra up thrust

=-(Ayp)g

Mass(a)=-(Ap g)y

+1/Ch 10/ Unit 10A/Q9/
Time Period Liquid In U-Tube

2 --(Aeg), o~

m Liquid, p

compare it with standard equation

ace  =-(w?) displacement
1 =2 [-—'E—
\

Apg

++1/Ch 10/ Unit 10A/Qlo/
Time Period Of Floating Object
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