Chapter 7 (Physics 1 Year) Oscillations

OSCILLATIONS

Q # 1. What do you know about the oscillatory/vibréory motion?
Ans. To and fro motion of a body about a fixed pointadled the vibratory or oscillatory motion.
Q # 2. State the Hook’s law.
Ans. For an object attached to an elastic spring, thplatement of the object from mean position iectly
proportional to the applied force.
If an object of massn attached to an elastic spring, then the displaoemeproduced in the objeg&by the
application of force" is described as:

F =kx %\
Where Kk is the spring constant. 6

Q # 3. Define following b/\/\

e Simple Harmonic Motion

« Restoring Force Q
Ans. Restoring Force %
The force that brings back the oscillatory objemiv its mean position is called the
restoring force. This restoring forég is equal and opposite tQ lied force withim elastic limit of the

spring. (y

F, = —kx
wherek is the spring constant ands the displaceme&é oscillatory object friksrmean position.
Simple Harmonic Motion "\\

It is a type of vibratory motion in w the aceedtion of the body is proportional to displacement
and is directed towards its mean positio@/\athi}mﬁty it is described as:

o

a X —x
Wherea andx are the accelera:':()&d displacement of thelamy object from mean position. The —ve sign

indicates that acceleration object is deddbwards the mean position.
Q # 4. Show that an ttached to a horizontahass spring system executes simple harmonic motion
Ans. Consider a @f mass is attached to a spring of spring constaig executing the oscillatory motion.

The restoring x’ctmg on the object can be int by using expression:

--------------- Q)
L 4
%acceleratiora produced in the body of mass due to restoring force can be calculated using

Q aw of motion. =
e
F=ma ----mmoee- (2) (a) Ty ‘}’

) ) AAAANAN AN ,
Comparing equation (1) and (2), we get: . .
—kx = ma x=0

| F,=0
k (b) Y ) ’;‘
a=——x _:_ .
m
orax —x F,o !
|
This shows that acceleration of the oscillatingeabjis -l
i | .

directly proportional to displacement and also &eredion is directed et

x=0
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Chapter 7 (Physics 1 Year) Oscillations

towards the mean position. Thus the object attadbed mass

spring system executes simple harmonic motion. /° \
Q # 5. Define the terms for an object executing siphe / o= ]
harmonic motion. ,’ =

* Vibration —i—

« Instantaneous Displacement ‘\ “T

. \ ~
e Amplitude \
\\ Motion -
. Time Period of paper .

¢ Frequency %‘y
e Angular Frequency 6
Ans. Vibration /\
A vibration means one completer round trip of theyin motion. /\
Instantaneous Displacement b
When a body is vibrating, its displacement from tinean position cl@e with time. The value of its
distance from mean position at any instant of tisnenown as instantan%ﬂs’?isplacement.
Amplitude
The maximum value of displacement of vibratory bWean position is known as amplitude.
Time Period

It is the time required to complete one vibration. ‘b)
Frequency .

The number of vibrations executed b’N\)ody in seeond is called frequency. It is measured in
Hertz. The frequency and the time perio@ of v76rating body is related by the relation:
1
f=7 (b
Angular Frequency

If T is the time perio@ body executing simpegmonic motion, its angular frequenoywill be:

w=2—n=2n %
I\Q

T
Angular a&lcyu is basically a characteristic of circular motidtere it has been introduce in to

compare SHM" circular motion.
Q # 6. Derive-the expression of displacement, velgcand acceleration for an object executing SHM by

consi uniform circular motion.
@Con&der a point P moves in a circle of raduys with uniform angular frequency = ?" it can be

visualized that when the point P moves along thheleciof radiusx,, its projection (point N) execute simple
harmonic motion on the diameter DE of the circle.

Thus the expression of displacement, velocity atekleration for the object executing SHM can be
derived using the analogy between the uniform trcmotion of point P and SHM of point N on the igter
of the circle.
Displacement

It is the distance of projection of point N frometinean position O and any instant.
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Chapter 7 (Physics 1 Year) Oscillations

As from figure, it can be seen that
20,0P = £NPO =6

If x, is the amplitude and is the displacement at any instant. Then froangie NOP, we have

. ON
sinf = =—==—
OP xg
X =xp8inf = ----m-eo-m-m- 1)
Velocity

If the point P is moving in a circle of radiag with uniform angular velocity, then the ta%ntial
velocity of point P will be: Ay
UP = xo w %\/
We want to find out the expression of velocity fimint N, which is executing S ?ﬁe velocity of N
is actually the component of velocity in the direction parallel to the diameter AT can write the
velocity v of point N as:

v = vp sin(90 — 0) = vp cos O Q\’

V=2XywcoSO  -----m--mm-- (2) Ar..._’
4
As from equation (1), we have: Q
. _ X Q
sinf = xo ,& )
2_.2 \ Pl |
cosf =+v1—sin?0 = ’1—%= x‘%;zxz =§ »”~ N
x3 x X ,I
Putting this value in equation (2), we get: . 4
> _t
x3—x2 \ ] 0
v=xow| = wy/x& — x? ?“y \\
0
\
. . . . . . . \
This is the expression of velocity 6@19 objeceaxing simple ‘\\

harmonic motion.
Acceleration

When the poit%\{@ves in a circle of radiygs the it will have an acceleration  ap = x, w? that
will be directed to % e center of the circle.

We want toifind out the expression of acceleratibpoint N, that is executing SHM at the diameter
the circle. \’ ‘

1 be seen from the figure that the accelemati of point N is the vertical component of

ac &Qmp along the diameter DE.

a= apsinf = x, w?sinf --------- 3)
As from equation (1):

. X
sinf = —
X0

Therefore the equation (3) will become:

2 X
a= Xogw x—
0

a= w’x

Comparing the case of displacement and acceleratior
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Chapter 7 (Physics 1 Year) Oscillations

can be seen that the direction of displacementamugtleration are opposite to each other. Consigldtie
direction ofx as reference, the acceleration will be represdnyed

a= —w?x - 4)
Q # 7. What do know about the term phase?
Ans. The angled which specifies the displacement as well as tihection of motion of the point executing
SHM is known as phase.
Explanation

The displacement and velocityv of the body executing SHM can be determined bpgisiquations:
x = xosinf and v = x, w cos 0, respectively. These equations indicates the B ,\
displacement and velocity of simple harmonic oatilf are determine by the D

P

angle 6. This anglef is obtained when the SHM is related with circule
Pinitial
motion. It is the angle which the rotating radiuB @akes withx — axis at x| et ‘

any instant. If the body starts its motion from mgsition, its phase at this 0,

point would be 0. Similarly at the extreme posifiita phase would b’ga

Initial Phase Concept : p
In general at = 0, the rotating radius can make any anglevi E
x —axis as shown in the figure. In time t, the radiugsild rotate b (3 So now the radius OP will make an
angle(wt + ¢) with 00;. The displacemer@N = x at inst rliéu uld be given by:
x = xg sin(wt + ¢)
Now the phase angle 5= wt + ¢p. Att =0,6 = ¢ Sog¢is the initial phase.
Special Case x

If initial phase¢p = - the expression of d&zment will become:
X =X sm(wt +90°) = x, cos
This equation describes the SHI\@he object Wisiarts its motion from extreme position.

Q # 8. Derive the expression ngular frequencyime period, displacement and velocity for the cse of
horizontal mass spring sy

Ans. Consider a bod wass m is attached to a s@snghown in the figure. The acceleration of theedkhis
described by th@a

as D e (1)

m

The accel fon of the object executing SHM isdbed as: i
o Gl (2) (a) Yy

|
&I WA AP /.'41 S\~ m
CQ ng equation (1) and (2), we have: AAAALA “:" - X

r—,\’—’l
x=0

!
, , (b) -
Time Period -

The time period of simple harmonic oscillator (SH®) I
described as: FoooXe 0
2n (c) i

T=— - =l

: X
X |4—|
X=

Written and composed by: Prof. Muhammad Ali Malik. (Phil. Physics), Govt. Degree College, Naushera



Chapter 7 (Physics 1 Year) Oscillations

2n m
=>T=—=2n\/i
k k

5

Instantaneous Displacement
The instantaneous displacementf SHO is described by the formula:

X = X, Sin @
. : k
x = xg sin(wt) = x, sin \/;t
Instantaneous Velocity & \
The instantaneous velocityof SHO is described by the formula: %
v= wfxT—%2 6

—v= [fog- b/\/\
== [(1-5) © N\

The velocity of SHO become maximum at mean positios 0. If v, is the“&e.%ty of SHO at mean position,

then: Qr)
k ;\é,ﬁ
vy = xo\/; x
>

Thus, equation (3) will become:
x?2 . @
= 1— x_§ "\\

Q # 9. Find out the expression of time period of&iple pendulum.
Ans. Consider a simple pendulum whici@nsists of bfalass m is suspended from a rigid support byiagstr
of length L as shown in the figure. @

We want to find out t pression of time periad this
simple pendulum.
When the ?@%plaeed from its mean positicwubh a

e

d, it starts to and fro motion abouarme

._____”___37.

small anglef an
position. The wei Mg of the object can be restln two rectangular
componelﬁn‘g}ﬁs 6 andmgsin 8. It is clear from the figure that the

component .the weightg cos 8 will balance the tension in the string . x m
T@oring force acting on the object will be: a ,,.,:L;;i,l 0
F = —mgsin@ ’ | mgcos 6
when thed is very small, thesin 6 ~ 6. Thus, mg
F=-mgl - (1)
According to Newton’s % law of motion,
F = ma ----------- (2
Comparing (1) and (2), we get:
ma = —mg0
=a=—-g0 - (3)
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Chapter 7 (Physics 1 Year) Oscillations

The relationship between the arc lengthnd angular displacemefits described by the formula:
x =10

wherel is the length of string.

0 x
=0=-
l

Putting value of in eqation (3), we get:

a=—%x ----------- (4)

The acceleration of the object executing SHM isdbed as:
a= —wix e 5) rx\
Comparing equation (4) and (5), we have: ¢§%)

Time Period

.- A
&

The time period of simple harmonic oscillator (SH®described as:
21 A‘Q

T=— e
¢ Q-
T = 2”\/: ‘\%‘}
This expression shows that the time period ndulum depends only on the length of the
pendulum and the acceleration due to gravity. |h|(jep nt of mass.
Q # 10. Prove that the law of conservation of e satlsfled for an object executing SHM.

Statement Y
The total energy of the object e%uting SHM remaionstant.

Proof @

Consider a vibrating mass spriﬂ@ystem. When thesnm is pulled slowly, the spring is stretchedaby
amountx, against the elasti oring force.

Derivation of Expressi .E.

According to Hoo s@v
< >'kx0

When disge ent=0 force=0
When di

0+k 1
AVel '&s forcef = == = ~kx,

The work done in displacing the mass m througfs:

L 4
ementx, force =kx,

1 1,
This work appears as elastic potential energy nhgpHence

1 2
P.E:EkxO

This equation gives the maximum P.E at the extrpasition. Thus
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Chapter 7 (Physics 1 Year) Oscillations

2

P.Emax = kxO

2
At any instant t, if the displacement is x, theR.Rat that instant is given by:
P.E = L hx?
. = 2 X

Derivation of Expression for P.E.
The velocity at any instant t is described as:

v= /%(xg —x2)

Hence the K.E. at that instant is A \
1 1 [k Cb
K.E.=§mv2=§m[a(x§—x2)] 6

K.E.=%k(x§—x2) b/\/\
\

Total Energy (T. E,) of Horizontal Mass Spring System at Mean Position

&)
1 1
— a2 — — &
P.Ey =k’ = k(0) = 0 Q
1 1 1
K.E,=-k(xt—x*)=-k(x2—-0) =—-kx? ’%V'}
2 2 2 \
T.Ey = P.Ey +K.Ey = 0+ kad = 2kad —--wrmticr a
Total Energy (T. E,) of Horizontal Mass Spring Sys t Extreme Positn
At mean positionx = x,. Therefore "\\
e

1 2
P.Ez =EkxO

1 1
K.E, = 2 k(e —x?) = Zk( XDx3) =0
T.E, = P.Ey + K.E, = ~k%% + 0 = 2kx? --eeemem- )

2

At mean positionx = 0. Therefore

Total Energy (T. E3) of HorﬁMass Spring System at any instant
The total energy of th@@ss spring system at agtamt of time is described as the sum of poteatiatgy and
kinetic energy at Q’stant. The P.E and K.BHD at any instant of time is:

P.Q(: x?
L 4
1
3= Ek(xé —x?)

'Q@E

I I T S N R T S
T.E3=P.E3+K.E3=Ekx +§k(x0—x ):Ekx +§kx0—§kx

T

T.Ey = zkx} — -weeeeees ®3)

Hence from equations (1), (2) and (3), the totargn of the vibrating mass-spring system is coristan
When the kinetic energy of the mass is maximum pibtential energy of mass-spring system will bezand
vice versa. The variation of P.E and K.E with disgiment is essential for maintaining oscillatiohkis

periodic exchange of energy is a basic propersllaiscillatory systems.
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Chapter 7 (Physics 1 Year) Oscillations

Q # 11. Differentiate among free and forced oscilteons.
Free Oscillations

A body is said to be executing free vibrations witerscillates without the interference of an ertdr
force. For example, a simple pendulum when sligtibplaced from its mean position vibrates freelthvits
natural frequency that depends only upon the leafjfendulum.
Forced Oscillations

If an oscillating system is subjected to an extepesiodic force, then forced vibrations will tagtace.
For example, the mass of a vibrating pendulunmrisktrepeatedly, the forced vibrations are producg&
Q # 12. What do you know about driven harmonic ostiator. r\
Ans. A physical system undergoing forced vibrationkriswn as driven harmonic oscillator. %
Q # 13. Define the term resonance. Also describewfeexamples of resonance phenc}»f\in occurring in
daily life. /\
Ans. When the frequency of the applied force is eqaahe natural frequency% le harmonic osalat

the amplitude of the motion may become extraorditenge. This phenomeno@'c led resonance.
&)
% ~

Explanation

Consider a horizontal rod AB is supporte

by two stringsS; andS,. Three pairs of pendulums S, S,
aa’, bb’ andcc’ are suspended to this rod. If one ¢ A
these pendulums, say c, is displaced from its me
position, then its resultant oscillatory motion sesl )
slight disturbance motion in rod AB. This cau i

pendulum ¢’ to oscillate back with steadily

increasing amplitude. However, the amplitude of tl

other pendulums remains small. Théb*:rease of 1 k b’

amplitude of pendulumc’ is to effect of

resonance, because the pe{@as well as theaha

L]
&
frequencies of penduu@é’ are equal.
Mechanical Reso a,@,

A SWLQ \he good example of mechanical resonaticis like a pendulum with a single natural

r the case of swing

frequency epe}dikng on its length. If a serieseglifar pushes are given to the swing, its motionteEabuilt up
enormo Fpushes are given irregularly, théngvwill hardly vibrate.
M i& soldiers on bridge
Q The column of soldiers, while marching on a bridgéong span is advised to break their steps. Their
rhythmic march might set up oscillation of dangesiguarge amplitude in the bridge structure.
Electrical Resonance in Tuning of a Radio

Tuning of a radio is the best example of electiieabnance. When we turn the knob of a radio,re tu
a station, we are changing the natural frequencelettrical circuit of receiver, to make it equal the
transmission frequency of the radio station. WHen tivo frequencies match, energy absorption is maxi

and this is the only station we hear.

Q)
O
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Cooking of a Food in Microwave Oven
Another good example of resonance is the heatidgcanking of food very efficiently and evenly by
microwave oxen. The waxes produced in this typexeih have a frequency of 2450 MHz. At this frequetie
waves are absorbed due to resonance by water tambliacules in the food.
Q # 14. Define the term damping.
Ans. Damping is the process whereby energy is dissigiaten the oscillating system.
Q # 15. Write a note on damped oscillations?
Ans. The oscillation in which the amplitude decreageadily with time .

are called damped oscillations.

Explanation A} _Ae ™=

In everyday life, the motion of any microscopic teys is

<
accompanied by frictional effects. For the cas&ldM, the amplitude j \ N

1 .~ .
of simple harmonic oscillator gradually becomes lEamand smaller. ! ] | \[ \V :
The energy of oscillator is used up in doing wogdaiast the resistive \; ‘

forces.

An application of damped oscillations is the shablkorber of{ -
a car which provides a damping force to prevente%r}

oscillations. ’\\ A
Q # 16. What do you understand by sharpness in reBaSe%‘
Ans. At resonance, the amplitude of the oscillator very large.

A
If the amplitude decreases rapidly at a frequedigghtty different

# il =0
1 'ndamped
|

_Small b
L

Q # 17. Describe the effect of dam

from the resonant frequency, the resonance iﬁﬁmp.
@ on resonanand its

Large b
sharpness.

Ans. Smaller the damping, gr will be the amplitude more

sharp will be the resonance: eavily dampecdesydias a fairly flat @, @

reason curve as is sh in an amplitude frequgremyh.

0 D ———

‘ — ‘ -
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EXERCISE SHORT QUESTIONS

Q # 1. Name the two characteristics of simple harnmic motion?
Ans. The characteristics of SHM are
i. Acceleration of the body is directly proportionalthe displacement and is always directed towards
mean position:
aag—X
ii. Total energy of the particle eecuting SHM remaioisserve \
E., = K.E.+PE.=cong. :

Q # 2. Does frequency depend on the amplitude fomhmonic oscillator? ¢§b
Ans. No, frequency of the oscillator is independenthaf amplitude of oscillation: /\/\

1 [k

f=—"/|—
2mr\m \
The above expression shows that the frequencyrafdrac osciIIaL&;@s not depend upon its

amplitude. It only depend on its mass and springstamt. Q <
Q # 3. Can we realize an ideal simple pendulum? ’
%endulum should consist of a heavy but

Ans. No, we can't realize an ideal simple pendulum. daail siﬁq@
small metallic bob suspended from a frictionleg&drsupp t@»means of long, weighless and inesitda
string. These conditions are impossible to attainature: ideal simple pendulum can'’t be redlize

Q # 4. What is total distance travelled by an ob@)vmg with SHM in a time equal to its period, ifits

amplitude is A? 2.,«
Ans. The total distance travelled by ab object’'movinthv@HM in its time period is 4A, where A is amptit
of viberation.

Q # 5. What happens to period le pendulum its length is doubled? What happens if the
suspended mass is doubled@
Ans. The time period of thééi ple pendulum is

T=2m

| &Q
Al
Wherel i%ng}of simple pendulum ar is gravitational constant.

Case 1@. y

ngth is Doubled
Q&If the length of simple pendulum is doubled, thiea time periodl ' will be:

]

T'=1.4T

So if the length of the simple pendulum is doubtlédn its time period increase by 1.41 times dfahi
time period.
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Case 2: If Mass is Doubled

If the mass of bob of simple pendulum is doublbedntthere is no effect on time period, because the
period is independent of the mass of simple pemdulu
Q # 6. Does the acceleration of simple harmonic akator remains constant during its motion? Is the
acceleration ever zero? Explain.

Ans. No, the acceleration does not remain constant.atherationa of simple harmonic oscillator is given by

a = —constantx

Or
aa X ‘\

This means that acceleration is proportional todisplacement and is always dwect% ards mean

position. The acccleration becomes zero at meaitigro{ X = 0) and acceleration beco ximum at

extreme position
Q # 7. What is meant by phase angle? Does it definagle between maX|mum @ement and the
driving force? f‘L_
Ans. The anglef which specifies the displacement as well as th\ec%aﬁj motion of the point executing
SHM is known as phase.
It does not define angle between maximum displac@d'ﬁriving force. It is the angle that the
rotating radius makes with the reference direction.
Q # 8. Under what condition does the addition of te si %rmonic motions produce a resultant,
which is also simple harmonic?

Ans. Addition of two simple harmonic motio r(ﬁ}e aukant, which is also simple harmonic, if the
following conditions are fulfilled: r‘%

d@parallel

have same frequency

e Simple harmonic motion shou

e Simple harmonic motion
e Simple harmonic moti
Q # 9. Show that in SHM,

when the acceleratioﬁ\@reatest?

ould have constant phdferehce

ccleration is zero wén the velocity is greatest and the velocity is zer

Ans. The expres velocity and acceleration obihd@y executing SHM are as follow:

A,
a=-

.&&) / - X2
AQ& position, where x=0
a=-wtx=-a?(0) =0

V:w\/XOZ—XZ :w\/xoz_ozzmzwxo

At extreme position, where x=%

a=—wX=—wX,

:C(”XOZ—XOZ =aw(0)=0
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Q # 10. In relation to SHM, explain the equation:

y = Asin(w +¢)
a=-a’x
Ans.

i) y=Asin(t +¢)
In this expression:
Y =Instantaneous displacement

A=Amplitude
@ = Initial Phase A \

at = Angle subtended in time t ¢§%)

(i) a=-aw’x

a = Acceleration b/\

W=Angular Frequency
X =Instantaneous displacement
Q # 11. Explain the relation between the total engy, Potential energy a;'c’i“@tic energy for a body

oscillating with SHM. Q’:}

E.. = PE.+K.E.
2 . #

S A N

Total energy of a body executing SHM rem@‘zﬁihe frictional forces are absent. When the
P.E. is maximum, then the K.E. of the system i}pT nce the total energy of the system is dqubk
maximum P.E. of the system.

But when the body is at mean sitig'ﬁle P.Eeis and the K.E. is maximum and hence the total
energy of the system is equal to the %um KfEh® system.
Q # 12. Describe some common menon in whichsomance plays an important role.

Ans. There are some commw omenon in which the aesemlays an important role such that:

* Inradio sets
* In microwaveﬁ&
+  Musical sl@ nts

I
Q#13.Ina rrfgé»rmg system is hung verticalpnd set into oscillations, why does the motion everally

stop? \

Ans. If th Ss spring system is hung vertically artdrge oscillation, the motion eventually stops dae

f% air resistance and some other damfairgps.

o° e %o%

g
S *Q/ s

District [<hushab

4
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