OSCILLATIONS
ecillal ;(:;'l\ﬁnolion :

Oscillatory motion is to and {ro about a mean position

Periodic motion:
Periodic motion is the one that repeats itself after equal interval of time.

Restoring force:
Restoring force opposes the change in shape or length of a body and is equal and opposite
to the applied force.

Simple Harmonic Motion:
A vibratory motion in which acceleration is directly proportional to displacement from

mean position and is always directed towards the mean position is known as SHM.
Characteristics
e a o -X
a is dircected towards mean position.

L]
e Time period is defined as time taken by vibrating body to complete its one vibration anc
denoted by T.
e Frequency is number of vibrations per second and denoted by f
f=1T ’
Its unit is Hz. others units arc vibrations/s. cycle/s, rev/sec
e Amplitude is maximum distance from mean position

e Angular frequency is o =21/T = ©=2nf
Phase is angle which specifics the displacement and direction of motion of the po1

[ ]
exccuting SHM i.e phase = 0 = wt
e Initial angle at t = 0 is called phase constant and denoted by ¢

e Instantancous displacement: X = X,Sinf

e Instantancous velocity: v=@©

e Instantancous acceleration: ¢ =-®’x
A Horizontal Mass-Spring System:
o TForspring. Hooke's law states that:
Stress oc strain

F=kx
where k = I'/x is called spring constant or force constant.
o ‘ k
* Vibrational angular frequency. @ = |—
n
. : . 2r m
* Time period of the mass: 7'=—=27x N
(1) (
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ntaneous displacement: X = %! iny [~

ki 2 2
=(x,-x )
m

e Insta

vy =X
+ [nstantancous velocity V=" | o
f mass attached to an elastic spring is SHM apg i

eriod: the vibratory motion O
m

—_—
-

k

e Timep

time period is T =27
Simple Pendulum: gid support by means of almog

i ari
It consists of a heavy point mass suspended from

eichtless and inextensible string. _ «. .
’ ;\“h:’gvibratory motion of the bob of simple pendulum 15 also SHM and its ttme period i
[
T=2n \/: .
g .
Frequency Time period length
2
Simple pendulum 1 Hz 1 sec 8;(5)m
Second’s pendulum 0.5 Hz 2 sec .99m
Energy Conservation in SHM:
1
e Maximum P.E is given as; P.E = Ekx(,2
. 1,
¢ Maximum K.E(at mean position) given as; K.E, ., = —2-kx“‘
e Total energy of system = %kr’
e Atany instant P.E: P.E = %kxz

Y’

. ] 2
At any instant K.E: K.E = Ekx,,z (l —X—,J
Free & Forced Oscillations:
e Oscillation of a system is called free oscillation if it oscillates without the interference of
an external force.
o Frequency of free oscillation is called natural fr
equency 0 Syste
Damped Oscillation: Jrequency of the system
* Damping is the process whereby e is dissi
nergy is Mot
shock absorber of a car ’ By 1 dissipated from oscillating system. ¢ "
Resonance:

Resonance is the speci

eson pecific response of a sy iodi i '

vibrating period of the systen{) system to a periodic force acting with the natural

Sharpness of Resonance: .
e Smaller the damping greater w

" illb :
* A heavily damped system has e the amplitude and more sharp will be the resonance.

a fairly flat resonance curve

CamScanner
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Oscillations

Crapter- T
S OPICAL MULTIPLE CHOICE QUESTIONS
W Simple Harmonic Motion

1)

yibratory motion is always under

(a) an applicd force
(¢) periodic force

Restoring force acts . .
(aytbwards mean position (b) away from mean position

(c) may be aor b (d) towards mean position if speed is fast
A bore or cavity is made in the carth which passes  object

by its centre as shown in the figure below. A body T~ m
o.f mass “m” is allowed to fell down towards centre

of carth duc to gravity from the point “A”. What is

truc about motion of mass “m”

(a) ball will stay at point “C”

(b) ball will emerge from point “B”

(¢) ball will come back from point “A™

wﬂ)all will start executing S.H.M about centre “C”.

Angular frequency is a characteristic of

(a) translatory motion '{»hﬁ:ircular motion
(¢) random motion (d) Linear motion
A body exccutes S.H.M between points “A™ & “B” such that it completes two and a half
rotations. What will be the distance and displacement covered by it in this time?

Hr)/zm clastic restoring force and inertia
(d) gravitational force

earth

B(extreme) O(mean position) A(extreme)
<+ —>
x() x()
(a) 10x,.2x, (b) 10x,.x,
¥ 10x,.0 (d) 0.10x,
Under the action of restoring force, the body accelerates and it overshoots the rest
position due to
(‘hﬁnerlia

(a) velocity
(¢) external force (d) equilibrium
In S.H.M, the acceleration of a body is directly proportional to
(a) applied force (b) amplitude
«¢) displacement (d) restoring force
Which of the following motions can’t be considered as S.H.M?
O

B 2

! C@‘
B A

(a) a scale placed in a cavity vibrating
(b) a simple pendulum
(Yan object “P” moving along a circular path with uniform speed

(d) none of these
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) SI unit of frequency is ) \
) ii))(]y'bration/sz (b) rad];m
ertz (d) ms ~ tension of b
0) A mass of 1kg is attached to a spring which produces an X c
0.1¢m. Its spring constant is ,
t4) 10000 N/m (h) 10 N/m
(¢) IN/m (d) 1000N/m
1) Which of the following is the waveform of S.H.M?
Y-axis \'--.‘nh.\'is
<] o
: — X-axis
# » X-axis |
t !
N N
(a) Y-;;‘is (b) Y-axis
/-axis Y-axis
\-:A\;\m T
"‘ FAWAY
/\ -axi » X-axis
L\ —— X-aXI$ )
| t \/
x| ]
v ‘ J' .
(©) Y-axis '(d)/ Y-axis
o . . :
12) The dimension of spring constan .
(a) [MLT] (h’)/lM'F_ 2)
(c) [ML~] (d) [MT]
13) TheS.I unit of time period
(a) S-l '(‘b/)‘s
(¢) s~ (d) Hertz
14) The dimension of frequency is
@17 ] () [77]
(C) [T] (d) [7-—1]
(15)  The l_)O(_i)' oscillates due to a
(2) frictional force (h)/restoring force

(¢) buovant force

(l'\ I{i"]n ﬂ\n-.‘
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/ . .
(16) The restoring force is given by ‘
(a) £ =& (b F = A
\
© F = :._‘. {ll)/l'f = =Ky
A
A spring of “*N™ turns in the figure. If the spring constant is *K* then Lo
s how does value of “K™ varies if “*N" are halved?
(a) becomes half Wy Becomes double N K
(¢) remains same (d) can’t be predicted
The unit of spring constant is
(18) - .
(a) Nm™ th)y Nm! " ¥
(c) Nm (d) Nm's
(190 The vatlue of inft_:lnmm.‘ous displacement is ZeT0 W hen the body is at
(a) extreme position ¢ mean position
(¢) between mean and extreme position (d) none of these
(20) The restoring force is directly proportional to displacement is called
(a) Joule™s law (by Hooke's law
(c) Stoke’s Law (d) Pascal Law
@21)  The unit of spring constant K is same as that of
(a) force (b) pressure
(¢) flow rate (B 3urface tension
(22) The acceleration of a body executing S.H.M i;dircc(l_\' proportional to
(a) amplitude ¢th) displacement
(c) frequency (d) time period
(23) The one complete round trip of an object in motion is called
(b) amplitude

(a) time period
(¢) frequency
)
SHM and Uniform Circular Motion
In the ficure an objeet “P™ is moving along circuiar path of

(d)/\'-i bration

(24)
radius * X, ". What will be the relation for maximum  having
| . . " \ : s L0 _/ uniform
velocity of projection of *P™ as N and at what point: v
(a) oX,.D (b) oX, . motion
X,-
oX,.0 (d) (n\/.\,,‘-.\’_()
L
(25) At what distance from mean position the enere) of vibrating body is half potential

and half kinetic (xo=amplitude)
. ‘
q) N0 b) =
(a)? ( )4

(Q)/i (d) \E.\',,
V2
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a’ and “x”
for 2

26 'hi y
(26)  Which of the following curves best illustrate the graph hetween

simple harmonic oscillator?

Y-axls e

a ] \
0
X-axis
axi — T — \ + \-aniy X-anis - o

=X X -x

-lll -a]

Y-uxis

(ﬂ) Y-axds (I)) y-axls

d

X-axis

N-nnls

N-mds ¢

|

(C) Y-axis ( v-atis
(27) In the figure shown what must be the cquation for instantancous

displacement of point “N” and initial phase?
(a) x=x,sinf,¢ = 0° (b) x=x,c080,¢ = 90°

(LY X= - X,5in0,¢ = 180° (d) x=-X,c0s0,¢ =270°

(28) By increasing the weights on a
oscillation would be
‘(#) increases (b) decreased
(¢) remain same (d) may increasc or decrease

(29) The acceleration o ymeter moving on a circle is

n oscillatory spring, the period of

f projection of a point on the di:
(a) —wx (b) —wx’
(,e’f —w’x (d) wx’

(30) Which of the followin
harmonic oscillator?
(a) x=x,cos0

(¢) X=-X,c0s0
The maximum displacement of a body execu

g equation can be for ‘nstantancous displacement for a simple

(b) x=-x,sin0
~(d/) all of these
ting SHM is represented by

(31)
(a) X ) Xo
(c) ot (d) xow
» . Phase
(32) The phase determine the state of motion of the
52)) :g:ét((:l;v pqm[t ' (b) translatory point
33 If a‘bodv spt(:r{]tq its motion i i dy ibratory point
phase i ) $ ion in a circular path from its extreme position its initial
8
o =
2 0
(¢) 7 /T—
(d) —
4
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hase angle 0=wt of a body performing SHM indicate
< S

Th : !
(34) ‘?fggth direction and displacement (b) only direcy
mni i : rection of di
(c) both magnitude and direction (d) none of these Isplacement

9 The expression for displacement x = X, sin (n)l - 90") is equal to
(a) x =X, sin ! ('h‘)/)’c =X, cOs af
(c) x =X, tan ot . (d) x=~x coser
g6 The angle &= ! exccuting SHM is known gg
litude [
(a) ampli (b) displacement

(cffhase (d) time period

. Horizontal Mass Spring System
(37) Ifamassis attached to an clastic spring then its maximum velocity v

m
m

k
@ v =x 1 @ [

(38) The angular frequency for a simple harmonic oscillator is

(a) w=\/% (b')/)(l)=\/’%

(c) w=2nf (d) all of these
(39) If four springs, each of spring constant K are connected in parallel then the

resultant spring constant is
(a) k (b) 2k

(c)4k (d) %
(40) A block of mass 0.1 kg is held between two rigid supports :
by two springs of force constants 8Nm™' and 2Nm'!. If the
block is displaced along the direction of length of the 2
springs, then the frequency of vibration is

(wﬁ—l-lz (b) 4 Hz
T T

(¢) StHz (d) 4nHz
(41)  The acceleration for a mass spring system at any instant is given by

(@) a= £m (b) a=—x
y m

X

\Loﬂl=—ix (d) a=—£m
X

m .
(42)  The time period of the mass spring system is given by
1 [m 1 [k
a) I's—.|— b) T=—,|—
@ 2r Nk ( ) 2r \'m

' k
Yf(hzn\/-’z (d)T=2rr\/:
k m
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(43)

(44)

(45)

Two identical springs, cach
connected in series ang parallel as shown in the
figure below, A mass *m™ is suspended from them.

The ratio of their frcqucncics of vertical oscillations
will be

(a)2:]

(b) 1:1
@12

(d)4:1
The cquation for the time period of vertical mass

of spring constant K, are

Spring system iST:er\‘/E. What will be the new time
4

. T=24]
. . . ; o onw here [ o
period if such mass-spring system is taken to mo _ \

I_ .I-
(a) T'=6T (b)1 i3
(¢) T'=+/6-T f'd)/rcmains same
=/6-

2 o . . L) e m in .
I'he instantancous displacement *x* of mass

b Ve [—1
*’6) X =x,sin E/ (b) x=x SN V7

\'m

&

' r=Xx COS, [—!
(¢) x=x, cos,|—t (d) x=ux co \/ A

\'m

Topick7.s

(46)

(47)

(48)

(49)

(50)

Simple Pendulum

‘onst: ' st be
keep time period of simple pendulum constant length mu
'(b »

T)()"dccrcuscd
(a) increased

[x

9

o~

‘mass spring system  given by

ass ‘m’ is

nains same (d) can’t be predicted
. 1 { < b I .
(T(l)n:t period of seconds pendulum on moon is p
2 sec

a) 1/3 scc
(l)« a (d) \/(—) sce
(c) > s¢ .
Length of seconds pendulum is .
(Jl) (0.996m (h) 0.992m
10,09 (d) 0.9m
%}:O;-cconds pendulum is taken to moon then its time period will
ercusc (b) dccrcus'c
(c) remains same (d) none of these
The restoring force acting on the hoh of simple pendulum of m
(a) Mg (b) mg Sing
(eyymg Sin0 (d) -mg Cos

A simple pendulum is S0cm Jong, 14y £y,

yl H%”’ (b) 0.5 11,
£ 0.70 1z (d) 0.65 11,

quency of vibration on the surface of the

CamScanner
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z3) Frequency of seconds pendulum is
(5- (a) 111z (b) 2112
(d) 0.9911z

() 0.5Hz
The time period of simple pendulum is dircctly proportional to

3)
(a) \/{’,1 : W\ﬁ

(3

_
© Ve (d) \/%

When a bob of simple pendulum is at extreme position then it has maximum

(a) K.E )) P.I;
(c) bothaand b . (d) no cnergy
(55) In vibratory motion of a simplc pendulum, the force |s responsible for
(a) mg cos0 (bymg sin0
(d) mg tan0

(c) mg
(56) At mean position, the simple pendulum has

(@ymaximum K.I* (b) maximum P.F

(c) zero K.E (d) minimum K.E
(57) A simple pendulum is shown in the figure. At which point tension in

the string will be maximum.

w/g (b) A

(0B (d) none of these
(58) The time period of simple pendulum depend upon

(a) length of pendulum (b) amplitude of pendulum

{eylength and gravity (d) mass of pendulum
(59) The component of weight mgsin® in simple pendulum is

(a) along the center (‘lﬁpcrpcndiculnr 1o string

(¢) along the string (d) none of these
(60)  For simple pendulum the value o is given by

(a) w= lb‘) (1) = \[% P

T , Frctonlew s and srins
(¢c) = (d) ==
Vad ’ Y,

(61)  The three bodies, represented as P,Q and R in the Fig.67

below each show simple harmonic motion. In which of these

systems will the period increase if the mass of the body

increases?

£ P only (b) Q onh

(e) P and Q only (d) Q and R only im[e) OR
(62) A girl is taking swing such that she was in sitting position.  { —

mass and simple

spring pendulum

| Fig, ()7|

Now if she stands up.on swing then the frequency of ride

will
\f{) Increase (b) decrease
(d) can’t be predicted

(¢) remains same

CamScanner
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(63) In simple pendulum the value of “g” can be calculatc;ifzby
~ 2 47l
g2t o) 8=
5‘ T:’ T
s 27t
© g= 2 @ g=""
T-
Enerqy Conservation in SHM
(64) Total encrgy of mass spring system is equal to
(a) (K.E) max (b) (P.E) max
(eyBotha & b (d) neither anor b
(65) In oscillation .
(a) P.E remains constant (b) K.E remains constant
(d) both P.E and K.E remains constant

(e total energy remains constant
(66)  Which of the following curves best illustrates the graph for K.E, P.E and T.E for 3

simple harmonic oscillator?
Y-uvxis Y-axis PE
K.E 1 ’
T P J -
ATE
T.E <
P.E K.E
N-uxis ‘ﬁ-"; X + X-arls X-axis o Py X-axis
) o o
(a) Yoavis (b) Y-ais
Y-anis I
. jl.l-.
P.E
IK.ll
N-anis + * X-axis
-k X
‘(c/\ \J i
(67) ln)mass spring syst m;l kd (d) none of these
‘ing system: the work done in displaci
¢ H cl ace ¢ .
@ p I ng the mass ‘m’ through x, is
2 7 (b) ;k\

(Qfé ke ? d) 1,
2

(68) The frequency of variation of K.E is

@f (b)/)/f

(©) 3/ @7
2
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Cwu"f"f,/? A ———

“‘\“

"‘I"

(“l)

(7Y

(74)

(75)

A Bt (he Bob of stvple powdabum v wt oxireme ponition the vilue of 15,1
Vilue o N [
“.' “‘“l\““””\ (h) :‘.'“. L) 'b
(0\‘”‘“'“'“'" o () nome af these
Ay et (e displneement b, then 11 08 it Instint s given |
¥ ghven by

' '4 y
TR AL () 1f oy

TPLy®
@ 18 A (W 10

T'he s inam ICE o s spreing wyrstem Iy

Sl
(0 N Ay by 1y

(©) KA () K1 h)
At nny instant the I ol vibenting masy spring system is piven hy
) ko l.*‘-:[' ‘,] (hy k.1 ! kx,

) . 2"

(¢) AL "A\,j[l ‘ )
. \

The totnl energy of mass spring system

() y oy f!}"‘1{| "J

%
i

N
() ), A, (h) ,l) 'y,

(¢) kv, (d) L/\'\'.‘:(l x }

P , X,
The variation of P and KL with displacement is essential for maintaining
(ny ohcillations (b) lincar motion
(¢) random motion () translatory motion
The periodic exchange of energy is a basic property of all
(1) rotational system (hyoleillatory system
(¢) translatory system (d) rotatory system

Free and Forced Oscillation

(70)

(77)

(78)

(79)

A body is said to be free vibration when it oscillates
(a) with interference ofan external foree (by#ithout interference of an external force
(¢) with interference ol an (rictional force  (dy without interference of an restoring force

The frequency of free vibration is known as
(b) simple frequency

(a) harmonic frequency
(¢)mgtural frequency (d) relative frequency
If a freely oscillating system is subjected to an external foree, then

(h) harmonic vibrations take place

(@) Toreed vibrations take place
(¢) [rictional force vibrations take place (d) all of these
Loud music is an example of

(b) free vibration

Yy Torced vibration
(¢) resonance (d) harmonic vibration

(%3 CamScanner
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Topic 7.8:

(80)

(81

(83)

(84)

(83)

(86)

(87)

Aarresonance

Resonance
The resonance occurs when the frequency of the applie
(a) harmonic frequency 4nﬂlri\ en har N
(¢) resonance (d) relative frequency

Ihe waves used is microwave oven has frequency
(h) 145MH

(:I) l:Ji(): H/
(¢) 1425 M7 i)y 2450 MI17

The wavelength of waves used in microwaves oven i
e} 1ot '(h’rllcm
o miere (d) 8em
In microwave oven, heating is produced by phenomenon oF
(h) harmomie \ |hr‘.n|un
cillation

(d) I})I'CC(I 0s .
of the applicd forceis 1o oneof

is equal to

d force
monic oscillator

non of

(¢) free oscaillation
Resonance occurs when the frequency
natural frequency

by equal (h) smaller

(¢) greater (d) none ol these
At resonance the transfer of energy is
(a) 7¢ro

(eymaximum

Tuning a radio is an example of

(h) minimuin
() nonc

by tlectrical resonance
(d) chemical resonance
and transmitting) are match,

() mechanical resonance
(¢) heating resonance
While tuning a radio whe
energy absorption is

n two frequencies (receiving

(b) minimum

(aa) 7zcr0
(d) nonc of these

(¢)maximum

Damped Oscillation

(88)

(89)

(90)

(91

(92)

cillations in which the amplitude decreases gradually with time is called

Such «
@ fesonance (b) harmonic oscillation
(¢) undamped oscillation Jdpdamped osciliation
The :llll.l)lillldt' of a vibrating body at resonance in vacuum is
«) miaN imum (b) infinite ‘
,kchnu}mnfm (d) none of these
Damping is the process whereby energy is
(a) gained ; _
terdissipated (b) remain same
(d) converted into other form of energy

?In«»;-k absorber of a car is an example of

a) free oscillations

o Bammed oselli (b) forced oscillations

For vibrati - | d . ‘ Hlati

(a) 1 .,r..'_lnz: system damping phenome | )“”d_dmlkd ellaton
a)mereasing the amplitude ltllwll)s "

) decreasing the amplitude

(c) decreasing 1
asing time perio
d
(d) increasing displacement

CamScanner
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Craptes 7
p e . TIPLE CHOICE QUESTIONS
(From Past Papers 2012-2017)
(Federal Board)

The instantaneous P.E of spring mass system is given by (FDR 2012)
1) 1, 2 " N
(@) PE= -é-kx (b) P.E 5 kv
1.2 1 )
::——k-x p.E:—k. -
:mple pendulum is 50.0 cm long. Its frequency of vibration at a place where £ =
() ;\8‘“ sljz is (FDR 2012)
40.70 Hz (b) 7Hz
(c) 6.2 Hz (d) 10Hz
R) The instantancous velocity of mass spring system is (FDR 2014)
/ xz X':'
‘3)/\':\'0"1—? (b) V=Vo\/;j;7

0
2

X" k x°
’=‘J1"—? d) v=—[1-=
(€) V=X X (d) . p

What is the total distance traveled by an object moving with simple harmonic
motion in a time equal to its time period, if it amplitude x,? (FDR 2015)

(a) zero (b) xo
(C) 2Xo ‘(/dﬁ)(o

a circle executes simple harmonic motion. Its

)

jecti article moving in
(5)  The projection of a partic t
time period “T” = ? (FDR 2015)
74
(a) = e
2r ®
(c) 27f (d) 27 ft
(6)  What is the length of a simple pendulum whose time period is one second? (FDR 201 6)
(a) 0.50 m ) 0.25 m
(c)2.00 m (d) 0.99 m

system placed on a smooth horizontal surface oscillating with

at displacement from the mean position its Kinetic energy is
(FDR 2016)

() For a mass spring
amplitude ‘xo’. At wh
equal to its elastic potential energy’

A (b) =
@ ;
© x, (d) ==

B A simple pendulum is moved from the Earth to the Moon. How goes it change ﬂ:.e
period of oscillation? (Acceleration due to gravity on moon=1.6ms™) (FDR 2017)

) The period is increased by factor J6 (b) The period is increased by factor four

(¢) The period is decreased by factor J6  (d) The period remains the same

CamScanner
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Lber -
/ e
S s SHORT QUESTIONS

o (Frqnl Textbook Excrcisc)
Name two characteristics of simple harmonijc motion,

7.1 istics of simple harmonij -
Ans: The char;acrtztrilon y directl;; ::?(])m()l:'lc mlouon arc as follows,
ccele ortiona ;
¢ /2 o P to the displacement from the mean position.
ation is always directed tow : 8
Acc’eler e Y ¥ . ard§ the mean position indicated by “~ sign.
o Total energy of particle executing SHM remain conserved [T.E=K.E +P.E]
72. Docs frequency depends on amplitude for harmonic ()scillafo;'s" . '
A'nS' we know that for simple pendulum: .
L |g
/= 27
And we know that for a mass attached to a spring,
1 |k
27 \m
This shows ll.ml the.i requency of harmonic oscillator is independent of amplitude.

73. Canwe realize an idcal simple pendulum?

Ans: No. we cannot realize an ideal simple pendulum. An ideal simple pendulum consists of
an inextensible weightless string attached with the heavy bob suspended from a
frictionless support. Since. we cannot have weightless string and also friction cannot be
eliminated. Therefore. we cannot realize an ideal simple pendulum.

74. What is the total distance traveled by an object moving with SHM in a time equal to
its period, if its amplitude is A?

Ans: We know that time period is the time to complete one round trip about
mean position. Therefore. in 1 time period. a body covers distance 4A,
where A is the amplitude of the body. :

75.  What happens to the period of a simple pendulum if its length is \tg A
doubled? What happens if the suspended mass is doubled? R -—

A A

Ans: We know that the time period of the simple pendulum is given by

T=27r\/z
g

If the length is doubled:

21
T'=27x |—
V&

T’:ﬁ 271-\/2
g

T'=\2T

This shows that the time period bec 1es
As time period of a simple pendulum 1s 1n
mass is doubled then the time period of simple

omes /2 times the initial time period. .
dependent of the mass of a bob, therefore, if the

pendulum remains same.
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n constant during i

7.6.

Ans

75ls

.
.

Ans:

.8.

Ans:

\ns:

resultant, whic

Does the acceleration of a simple harmonic

motion? Is the acceleration ever zero? Explain.

Acceleration of harmonic oscillator does not ré
the displacement from the mean position.
a o —Xx

e At mean position:
What is meant by phase angle? Does
and the driving force?

“The angle which specifies the displace
of motion of point executing S.HM.i
No, it does not define the angle between t
and the driving force. It is the angle between the

the reference line. Phase angle is 0 = ot, W
nstant of time.

he addition 0
monic?
ddition of two sim

x = 0. Therefore: a = 0

ment as well as

he maximum

frequency and t is any I

Under what conditions does t
h is also simple har
he a

Under the following conditions. t
monic.

resultant, which is also simple har
The two S.H.M are parallel.

They have samc frequency.
e difference.
Jeration is zero W
st?

o They have constant phas

Show that in SHM the acce
velocity is zero when the acceleration is greate

Acceleration is zero when velocity is greatest:

We know that:
a=-0°%

2 |2
p=@\Xo — 2

when, X = 0
a="0

And, Vv =@X0
Therefore, at mean posi
Velocity is zero when acceleration is greatest:

When, X = X0

a=-0 *’xo

i.e. acceleration is maximum
v=yx; -x°

Jox= X,

So,v=0

. at ext em iti i
/ Z(.r .

oscillator remai

main constant. It

it define angle betw

s called phase ang

rotating vec
here @ is @

f two simple ha

hen the velocity is grea

tion acceleration is zero and velocity is maximum.

s directly proportion]
cen maximum displacemep

the direction

le”

ngular
rmonic motions producea

ple harmonic motions producesa

test and the
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7.10

Ans:

7.11

Ans:

12
Ans:

713

\ns:

Crspter
/ \ : °
In relation to SHM, explam Oscillations

(i) y= A.\'i)?((l)f + ¢)
ii) a= —a)zx
Explanation of Equations y= ASin(a)t+¢)

[n this equation:

y = displacement, A= Amplitug

ot +P= thase angle, @ = Phase conztant
(”) a=- X .

a = Instantaneous acceleration

o= Angular frequency.
x = Displacement.

«_* sion shows that s e .
sign the acceleration 1S directed towards the mean positi
ition.

Explain the relation between tot
body oscillating with SHM. l energy, potential energy and kinetic energy for a

We know that:
1.,
(P.E.)max = ‘2‘ kx;

1.,
(K.E)max - E k X,

For any displacement x, the energvy j
Total energy =P.E+K.E gy 1s partly P.E and partly K.E Hence

2 2

Xo

2

= % Uj
This shows that total energy during S.H.M. remains constant
Describe some common phenomena in which resonance plays an important role?
(i) Suspension Bridge
The column of soldiers, while marching on a bridge of long span are advised to break
their steps. Their rhythmic march might set up oscillations of dangerously large

amplitude in the bridge structure.

(i) Tuning a Radio
Tuning a radio is the best example of electrical resonance. When we turn the knob of a

radio, to tune a station. we are changing the natural frequency of the electric circuit of the

receiver, to make it equal to the transmission frequency of the radio station. When the two

frequencies match, energy absorption is maximum and this is the only station we hear.

(ili) Micro Wave Oven

The waves produced in this type of oven have a wavelength of 12cm at a frequency of
2450MHz. At this frequency the waves are absorbed due to resonance by water and fat

molecules in the food, heating them up and so cooking the food. .
If a mass spring system is hung vertically and set into oscillations, why does the

motion eventually stop? -
In the vertical mass spring system. the motion eventually stops due to friction and drag
force, Energy is dissipated from the oscillating System, 1ts amplitude decreases gradually
and becomes smaller and eventually it stops.
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Ans:

2)

Ans:

\ns:

AR W NN RN T

Periodic Motion

1.  Such a motion which repeys :
equal intervals of time jg
periodic motion.

2. It takes place in circle

Oscillatory Motion
The kind of motion in which a body
maves to and fro about its means
position is called oscillatory motion
2. It does not take place in circle

What are the rules for combining springs in _ . .
a) series b) parallel combination. How 1t affects the time period of mag; SPriy
8

system?

Series combination: o .
When springs are combined in series combination then the strength of

springs or spring constant decreases and becomes less then minimum

value of “K” in combination.

The relation for equivalent spring constant will be;

1 11 1
+ —

4 keq kK, k, _
Due to this as “K” decreases so “T"" for mass-spring system increases.

Parallel combination:
When springs are combined in parallel combination then the strength or spring constan

increases and becomes greater than the maximum value of “K” in combintaion.
LU

tself iy
called

1.

K K K

1 1 : 3

The relation for equivalent spring constant is;
keq =k +k, +k,

As “K” increases so “T” of mass-spring system decreases.
Find the P.E of a mass attached to a spring at an amplitude of 10 cm, if k is 10 N/m

P.E=?

Xo = 10cm = —lg =0.1m
100
k=10.ﬂ
m
] 5
PE=—=kx;
2

=%(1o)(0.1)2

PE=0.05J
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/_ Oscillations
What is second pendulum and also write its

1 i .
() gecond Pendulum ength,, time period and frequency
AnS: dulum which complete one vibration ;
A pen 1bration in ;
Tig} S eriod 2 seconds tWo seconds is called a second’s pendulum -
Length 0.99m or 1 meter

Frequency 0.5 Hz

: what is free and forced oscillation?

(5)5. Free Oscillation

ADS: Oscillation of a system is called free osciljat
of an external force. e.g. simple pendulum w
vibrates freely with its natural frequency
pendulum.
Forced Oscillation

——

If freely osc1}lllat1ng. lslys'tem is subjected 1o an external force, then forced vibration will
take place, the oscillation PrOdUCe_d are called forced oscillation. The vibrations of a
factory floor caused by the running of heavy machinery is an example of forced

vibration. Another e_xample of forced vibration is loud music produced by sounding
wooden boards of strings instruments.

(6) State Basic conditions for frictionless system to execute S.H.M.
Ans:

ion if .it oscillates without the  interference
hen slightly displaced from its mean position
that depends only upon the length of the

(i) System must obey Hook’s Law
(ii) The system must have inertia
(iii) There must be elastic restoring force acting on the system
(iv)aec -X
(7)  What is the value of phase angle with reference to
(i) Complete revolution
(ii) Half the wave length
(iii) %4 the of a vibration
Ans: The phase angles are
For complete revolution 0 = 360"
For half the wavelength 0 =180"
For Y th of a vibration 6 =90"
8)  Prove graphically that frequency of variation of P.E for a S.H.M is twice than its
natural frequency.
Ans: As we know that the curve for x-t for a simple harmonic oscillator is

Y-axis
>

— X-aXis

1
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Oscillati

Now if w Q
e plot the graph for P.E & t for a simple harmonic oscillator then it m
Y

3

Y-axis

/ P.E
P.EI
0 3 —— —%X-axis
T T 3T N
4 2 4 1
l t

Y-axis
From Fig-1 & Fig-2 it is very clear that in a complete ti
whereas the same time P.E has tow waves. Which proves that fre

P.E is always twice than natural frequency of a harmonic oscillator.

(9)  Define resonance and give some examples, :
Ans: The phenomenon of resonance occurs when frequency of the applied force is equal to
natural frequency of vibration of force (driven)

For example;
° Tuning of radio is an example
e A swingis an example of mechanical resonance
o Heating and cooking of food by microwave oven
(10) How long must a simple pendulum be in order to have a period of one second?

me period X-t graph has one wy,
quency of variation

harmonic oscillator.

of electrical resonance

Ans: (=7
=1s
We know that
T=27r\F
g
, 0
T =4r —
g
TZ
(=£—
4
_ 9.8x(1)’
4(3.14)"
(=0.248m
(=25cm
d the valu

(11) In a mass-spring system, if force of 10N and displacement is 0.4 m. Fin

spring constant.
Ans: F= 10N

x=0.4m

k=?

We know that

F=kx
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(12)

Ans:

(13)

Ans:

(14)

Ans:

(15)

Ans:

(16)

Ans:

(17)

Ans;

h Oscillations

Crere— —

F

k
=

x
10

=6:‘4"‘

A spring of spring constant ‘K’ is cy¢ int ‘
be the spring constant of each part? = Soplecss ot Spaienggh, Ther Wil
By Hook's law
F=kx
L
x A » .
Since SPring Is cut into two pieces of equal length
)
So x =3

-

;
K[
F (2)

F=2(£)
X

k' =2k

Hence spring constant of each part will be 2k.

Which force actually provides the restoring force to the simple pendulum?

The vertical component of weight provides the restoring force which is directed towards
the mean position and it is actually responsible for the motion of simple pendulum.

Which physical quantity remains constant through out the oscillatory motion of

simple pendulum?
Only the acceleration due to gravity ‘g’ remains constant through out the simple

harmonic motion of the simple pendulum.
If a heavy and a lighter masses of same size are set into vibration which of them will

stop first?
The heavy ball is less affected by the air friction, so it is less damped then the lighter ball.

Hence the lighter ball will stop first due to dissipation of energy.
Why the soldiers are ordered to break their steps while crossing bridge?
The soldiers are ordered to break their steps while crossing the big bridge. because if the

frequency of their steps coincides with the natural frequency of bridge, the bridge may be
set into vibrations of large amplitude. Thus the bridge may collapse due to resonance.

What are damped oscillations? Describe its applications.
Such type of oscillations in which the amplitude decreases steadily with time are called

damped oscillation.

Application:

Shock absorber of a car is an example of damped oscillation which provides a damping
force to prevent excessive oscillation. If the shock absorbers are defective then the car

becomes bouncy and uncomfortable.
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—_— ) ; in .
Is the motion of 2 simple pendulum Isochronous? Explal with the amplitude, i

18 X : . . : t change . a
gns): Yes, if the time perlc_)d of harmonic o'sc1llator does n](:3 “he motion of simple pendulyp, k
motion is said to be isochronous motion. For exampit- :
isochronous since it is independent of its amplllflde- ency is 0.5 C.P.S (g=9.8 migy
(19) Calculate the length of a simple pendulum if its frequ

Ans: (=7
f=05¢cp.s

2=9.8 m/ s*

]
f=5=y

2 N (
taking squaring on both sides

» | &
/ —471'2(1J

( g e 9.8
C4n S 4(3.14) % (0.5)
(=0.99m

- 9
(23)  Writc any threc uses of simple pendulum?

: >1 1
Ans: (i) The valuc of g can be found by ?”"p,lc pL']glf'gl,] simple pendulum
. (ii) We can find the frequency of.v1brallr?gdb0 &
(iii) It may used to calculate the ime perio .d.o "
(24) How resonance is produced in tuning a radi : o When we tum the knob of a

: i0a] resonat
. 5 e o of electrical reson: it of th
g : io is the best example - > electric circuit of the
s Tux?lng at rai a station. we are changing the natural frequency o?h“ cation. When the two
un ’ . il o > 0S > v
radl(-)’:: to make it equal to the transmission frequency of the radi
receiver.

) ) ‘e s station we hear.
ies match, energy absorption is maximum and this is the only sta e
cles ’ - . . P ’ : 4 i
‘f:eqfleﬂ le pendulum is mounted in a cabin which can move up X
Slmp £ . ° N 4
(25) gravity What must be the equations for its time period if

(a) Cabin moves in cquilibrium.
(b)  Cabin accelerates upward.
(c) Cabin accelcrates downward.

The equation for time period of a simple pendulum mounted in a cabin 1s;
Ans:

[¢ .
T=2n 55—)(')

(a) Cabin moves in equilibrium:  As in equilibrium a=0 so eq (i) becomes T=2nJé

which shows that no change in time period will be observed in this case.

(b) Cabin accelerate upwards:  If cabin accelerate upwards then eq (i) will persist
and time period will decrease.

(¢) Cabin accelerate downwards: If cabin accelerates downwards then eq (1) will

[ :
become T=2r |— time period will increase
g-a
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Oscillations

27

Ans:

(28)

Ans:

(29)

Ans:

(30)
" Ans:

31)

Ans:

equency: It is the nu .
fred d)als vibrati mber of vibrations executed
expresse Talions per sec, or cycles per see }: by a body in one second and is
Or Hertz,

definitions of T and
The f show that the twq quantities are related by the equation f = 1
i

Definc phase ahgle,
The angle 6 = ot which : 8
\ R o flie displacement as well as the direction of motion of

the point executing S.H.M is known a

] S
WHEEIS fhc frequency of a second’s Dillllz:lslfi 2
Time period of second’s pendulum = T = 7 um?
Frequency of second’s pendulum = f =9 second

1

f: —

T
1

2
=(0.5 Hz
Define damping and resonance.

Damping:
Damping is a process whereby energy is dissipated from the oscillating system.

Resonance:
[he enormous increase in the amplitude of the harmonic oscillator when the time period

of the applied force becomes equal to the natural time period of harmonic oscillator is
called resonance. .

Wh'at are the Fonditions used, while calculating time period of simple pendulum?
While calculating time period of simple pendulum the following conditions are mention

as given below.

a. Angle should be very small

b. Neglecting the resistive forces

Draw a graph to discuss the effect of damping on the amplitudevofa vibrating body

What do you conclude?
Such oscillations in which the amplitude decreases steadily
with time are called damped oscillations. Describing the F\n ’\ﬂ n I rL
pendulum, this effect was completely BANANAN \
pendulum moves 1o and fro, then U\ U J

e bob and the tension in the it
notion (a) Undamped

<
<

Amplitude
=

motion of a simple
ignored. As the bob of the

in addition to the weight ol th
string, bob experiences viscous drag due to Its n e o
. " . . ig. (a
Thus simple harmonic motion 1S AN  Graph between amplitude and time
y

L3

)
-
e

through the air.
1dealization Fig. (a)

The amplitude of this motion gradually becomes smaller
and smaller because of friction and air resistance because
the encrgy of the oscillator is used up in doing work against

the resistive forces. Fig (b)

Amplitude
o

‘y° (b) w
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(From past Papers 2012-2017)
(Federal Board)

what happens t0 the period of a simple pendulym if its length is doubled?
oubled? What happens

()
ifthe suspended mass is doubled?
(FDR 2012)

@)
2

Compare expression of a = w*x with the rate of change in velocity (FDR 2013)

©)
“)

A Simple pendulum is 50.0 cm long. What will be its frequency of vibration at a place

where &= 9.8m/sec??
(FDR 2014)

A body of mass 4 kg is attached to a spring of spring constant 196N/m and set into

()
(FDR 2014)

vibrations what is its vibrational angular frequency?
(6) Draw a graph to discuss the effect of damping on the amplitude of a vibrating body. What
do you conclude? | (FDR 2015)

State Hooke’s law. Show that work done on a spring of spring constant *k’ is 1—Ioc2 when
2

(FDR 2016)

it is extended upto a displacement “x”.
cteristics of simple harmonic motion. Does Frequency depend on

)  Name two chara
onic oscillators? Also name some common phenomenon in which

amplitude for harm
| (FDR 2017)

resonance plays an important role.
m. What are the drawbacks of simple pendulum? Can simple

Define simple pendulu
_ (FDR 2017)

pendulum experiment be done inside a satellite?
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