Oscilation
CHAPTER - 13 A

Points to remember
PERIODIC MOTION

A motion that repeats itself at regular inter-
vals of time is called periodic motion.

e.g. (i) Revolution of earth around sun in its
orbit.
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Periodic function

Those mathematical functions which repeat
their value after a fixed interval.

e.g. sine, cosine, tan, sec, cosec, cot
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Time Period

The minimum time interval after which a mo-
tion repeats itself.e.g. (i) time period for rev-
olution of earth= 365.25 days (ii) For trigono-
metric functions =2n
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Oscillation or Vibrations

A to and fro motion or a periodic and bound-
ed motion is known as oscillations or vibra-
tions

Every oscillatory motion is periodic, but every
periodic motion need not be oscillatory. e.g.
Circular motion is a periodic motion, but it is
not oscillatory.

SIeeT AT HTeT
ey BT & FrieT 3ma-die T 3madt afa Fi
aieleT AT YT & 9 H AT AT gl

Ucdeh alelel I 3Tl gldl g, olfhel Ucdeh
3Mad Afd FT Ereereld 8l 39eds o8 & |
S gaeR afd TR 3madt aifd g, ofde ag

arotrerefier 71T & |
Harmonic function:

A periodic and bounded mathematical func-
tion is known as harmonic function.

e.g. sine and cosine
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Simple harmonic motion

Simple harmonic motion is the simplest form
of oscillatory motion.

Def. The oscillatory motion in which restoring
force acting on the particle is directly propor-
tional to the displacement and always direct-
ed towards the mean position.

Equation of SHM y=Asin(wt+®) x=Acos(wt+?)

Here y or x = displacement at any time A=
amplitude

wt+@ = phase
w = angular frequency

¢ = phase constant (or phase angle)or initial
phase or epoch i.e. phase at t=0

Some definitions

quantities definitions formula

(i) Frequency (v)|The number of repetitions|v = 1/T unit: s-1 or

that occur per unit time. |hertz (Hz)

(i) Displacement|lt refers to changele.g. For an oscillating
(x ory) with  time of  any|simple pendulum,

physical property underfthe angle from the
consideration. vertical.

y = A sin (ot + o).

(iii) Amplitude(A)| It is a positive constant

which represents the
magnitude of the
maximum  displacement
of the particle from its
mean_position.

(iv) Phase It describes the state

of motion (position and
direction) at a given
time.
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Acceleration
In SHM, the acceleration is proportional to

the displacement and is always directed to-
wards the mean position.

a = -w%

FORCE

F=ma

F=-ky Here k= mw?

Simple harmonic motion is the motion execut-
ed by a particle subject to a force, which is
proportional to the displacement of the par-

ticle and is directed towards the mean posi-
tion.
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Energy of simple harmonic oscillator

A particle executing simple harmonic motion
has kinetic and potential energies, both vary-
ing between the limits, zero and maximum.

E= %kA2
(1) Average Value of Kinetic Energy,<K>=(%)
kA?

(2) Average Value of Potential Energy
<U>=(Y%)kA?
(3) Total energy remains constant.

(4) Frequency of K and U is double of SHM
whereas frequency of E=0

(5) Potential energy U(t), kinetic energy K(t)
and the total energy E as functions of
time t.

(6) Potential energy U(x), kinetic energy K(x)
and the total energy E as functions of
position X .

Phase Relation Between
Velocity And Acceleration

The phase difference between (a)Displacement
and velocity = /2

(b) Velocity and Acceleration = /2
(c) Acceleration and displacement =n
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Simple Pendulum

Displacement,

SIENE

“ A system of a small massive body suspended
by a light, inextensible string from a rigid
( fixed ) support and capable of oscillating
in one vertical plane is known as a simple

pendulum.”
] ] Displacement
Time period T = 274/ oo
Acceleration

L
2n4/g
Oscillations of a loaded spring
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MULTIPLE CHOICE QUESTIONS:
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What is the time period of a pendulum that
completes 10 oscillations in 20 seconds?
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a. 1 second b. 2 seconds
c. 10 seconds d. 0.5 seconds

Which of the following quantities remains
constant for a simple harmonic oscillator?

a. Velocity b. Frequency

c. Amplitude d. Displacement
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If the frequency of a wave is 50 Hz, what is
its time period?
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a. 50 s b. 002 s

c. 0.05 s d. 200 s

In simple harmonic motion, what is the
relationship between displacement and time?

a. Linear b. Exponential

¢.  Quadratic d. Inverse
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What is the Sl unit of frequency?
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a. Hertz (Hz) b.
c. Newton (N) d.

Joule (J)
Pascal (Pa)

If the amplitude of a pendulum is doubled,
what happens to its time period?

a. It remains the same
b. It becomes half

c. It doubles

d. It becomes four times

Which of the following motions is an example
of periodic motion?

Oscillation of a pendulum

Straight-line motion

Free fall of an object

Rolling of a ball
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If the frequency of a wave is 60 Hz, what

is its wavelength if the wave speed is 180
m/s?
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a. 30m b.
c. 36m d.

Which of the following equations represents
simple harmonic motion?
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a. y=2x+5 b vy = 3sin(2nt)
C. y=ex d y=x2

What is the relationship between frequency
and the time period of a wave?

a. Inverse proportion

b. Direct proportion

c. No relationship

d. Exponential relationship



