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I!!l Unit.11.... 25

Oscillations

Vibratory motion:

Vibratory or oscillatory motion is that type of motion which repeats itself after a defini\\
interval of time. The vibrating body moves to and fro about a fixed point and completes each
vibration in equal interval. %
Simple harmonic motion: K

Q: What are the characteristics (or conditions) of simple ha
motion?
Ans: A body executing simple harmonic motion shows following char@ristics:

1. Its motion is vibratory or oscillatory. @
2. Some restoring force acts on the vibrating system.
3. Acceleration of the body executing simple harmonigm HM is directly

proportional to its displacement “x’ and always directed toWNards its mean position

i.e.
The negative sign shows that acceleration ‘@&0 body execution SHM is always
directed towards its mean position.

(Or we can say that direction of acceleration % \ ys opposite to the direction of
itirl X’

displacement “x”, displacement is measur: e mean position on either side. When
the body is moving away from the mea " is increasing or displacement “x” will
be positive but velocity of the body wilNdechkease, in other words, its acceleration “a” will
be negative i.e. negative “a” is aggj h®& direction of motion, in this case it is towards the
mean position. These observati that acceleration “a” will always be directed
towards the mean position, whethé§the body moves towards or away from the mean
position).

4. Energy of the §§§e cillates between kinetic energy and potential energy but

the total energy remain tant, provided there is no energy loss due to external or
internal frictional forges (§ych as those due to roughness of surfaces in contact, cohesive or
adhesive force b% e surfaces, shape of bodies, air resistance etc.).

S.H.M circular motion:

Q%h point (or a particle) “P” is moving with a constant angular
speed e circumference of a circle of radius “x.”.

Ean expression for instantaneous displacement “x” of its projection
Q,

ing along the diameter.
ns. Consider a point “P” moving along a circular path of radius “x” with a constant

“, \”

angular speed “”. It's projection along the diameter AB of the circular path is point “Q”.
The circular path may be considered as a part of our reference circle. As point “P” moves
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along the circular path its projection Q moves to and fro along the diameter of circle about
point C. Hence motion of point P is circular or angular and that of Q is vibratory.

Point C is the center of the circle for P but since Q vibrates about this point,
therefore, it is the mean position for Q.

Instantaneous displacement “x”.

Instantaneous displacement of Q is its distance from
the mean position C at that instant on either side.

Let x be the instantaneous displacement
. Hence in triangle CPQ:

Cos6=_CQ
CP

Cos 0= x >
Xo

X0’ is the maximum displacement of Q on either side of mean position, it {qlled
amplitude of vibration.

'é This formula shows that when x = £ xo (equal to radius of Wle) when the

angle is 0° or 180° i.e. when Q is at B or at A. Under this condition its ement is
maximum and is equal {0 xo.
e Hence the amplitude of the vibrating point Q is ( to the radius of the
circle).
Q.No.2: For a body, executing S.H.M, at whic lS its displacement:

from its mean or equilibrium position, hence |t is

(1) Minimum at its mean position (=

(2) Maximum at its extreme osmon % me positions its displacement is called
amplitude of vibration.

Acceleration of Q at ar%l ant:

(1) Minimum (2) Maxim
Ans: The displacement of a vibrating body, on@ side, at any instant, is measured

Acceleration of Q at any in s the component of acceleration of P at that instant
parallel to diameter of the circle. h&acceleration of P is

always directed towards the ? nd is known as centripetal acceleration, given by:
adp = YV

Where vp is the V%ude of linear velocity of P (also
called its tangentlal lochy, because it is along the tangent to

the circle at a nt). But vp = x o.
$§ ap = )602 ®% = X0 2
Resolvi 0 components we get:
onent of ap parallel to the diameter =apCos 6
onent of ap perpendicular to the diameter = ap Sin 6
But acceleration of Q = component of ap parallel to diameter.
a=-apCosH

Negative sign shows that the acceleration of Q is always directed towards the mean
position.
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=—x ®?Cos 0 (since ap = xo ®?)

Since o represents the constant angular speed of P, therefore,® 2 is constant,

hence:

It shows that at any instant the acceleration of Q is directly proportional to
displacement and always directed towards it's mean position, which proves that the motion
of the projection point Q is simple harmonic (SHM). :

Z . . .
'\ From the above formula we can see that the acceleration of Q is maximum w%

displacement is maximum. Displacement of Q is maximum when it is at one of its gxt
positions. Hence acceleration of Q is maximum at its extreme positions i.e. whegﬁs atA

But xo Cos 6= x

or at B. At these points it's velocity changes rapidly. Maximum acceleration of by:
dmax. = — Xo 2
Q.No.3: If body executes S.H.M, is its acceleration unifor@
Ans: Acceleration of a body executing S.H.M is not uniform, b@ the magnitude
of its acceleration continuously changes and at any instant depe its displacement
x . Acceleration of the body is maximum at extreme positiongan 0 at the mean
position. During the vibratory motion of the body, at every tWg acceleration is directed
towards the mean position.
Q.No.4: For a body, executing S.H.M, at w point is its acceleration:
(1) Minimum (2) Maxj %
i

Ans: The acceleration of a body, executlng S. ven by:

The displacement “x” of the body will b at extreme positions, although it’s

velocity will be minimum but it will havi imum acceleration (Its velocity will be
changing rapidly). Hence:
p

(1) Minimum acceleration osition (= 0). Here its displacement is zero.
(2) Maximum acceleraLon ts extreme posmons Here its displacement is
maximum.

Hence acceleration of the V|brat|ng S e maximum when “x” is maximum.

body executing S.H. M moves towards it's mean position

direction of a os cceleration is same as the direction of motlon of a body. Since in

i %ﬁ moving towards the mean position, therefore, the direction of

i ipalso be towards the mean position.

ilarly, when the body is moving away from the mean position, it's velocity
IR other words, now it has negative acceleration (called retardation or
n). Direction of negative acceleration is opposite to the direction of motion. Since
ase the body is moving away from the mean position, therefore, the direction of
acceleration will be towards the mean position.

o We have seen that acceleration of a body executing S.H.M is always directed
towards it's mean position.
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Q.No.5: A point (or a particle) “P” is moving with a uniform speed along
the circumference of a circle of radius “xo”.

Derive expressions for instantaneous and maximum speeds (‘v and
Umax.) Of its projection Q vibrating along the diameter.

Ans. Instantaneous speed of O:

Point P has two types of velocities, angular or circular velocity ® and linear
velocity. Linear velocity of P is along the tangent to the circle at a given point and its

magnitude is vp. At any instant velocity of Q is the component of linear velocity of P parallel
to the diameter.

Magnitude of component of vp parallel to diameter
v =vp Cos (90°-6)
But speed of Q = component of vp parallel to diameter.
: speed of Q =v =vp Cos (90° - 0)
But Cos (90°-0)=Sin 6
v =Vvp Sin 6
Or V =X ® Sin 6 (Since vp = x0 ®)
But Sin20+ Cos?60=1
Sino=v1-Cos20 P

and Cos 0= From trigonometry:
Cos (a + B) = Cos a. Cos B — Sin o Sin B

X
Xo
Sing=/1- Where o and B are any two angles, then
X2 Ifa=90° & =0 Then

Cos(90°- 0)=Cos 90°Cos 0+Sin 90°Sin6

o — H O=
Vaxe® [1-— xz But Cos90°=0 & S!n90 1
\ Cos (90°-0)=Sin 0
Oor Vv=xoo x2= 22 *‘;
Xo2
@d

Hence the instantaneous f Q is given by.

o gor

Maximum sp% of O:

Speed of mum when it is passing through its mean position where it's

displacement nce it's maximum speed vmax. is given by:
Vmax. = Xo — 0

@ speed of P, hence maximum speed vmax. of Q is equal to the speed vp of P.
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Minimum speed of O:
Speed of Q is minimum (= 0) when it is at one of its extreme positions where x = +xo.
Hence:

V=N x?— X (but x = + xo)

v= oV (T

1]
o

V=0V X2 — Xo? Y,
Relation between v and Umax.:

Instantaneous speed of Q is given by: ®\\
V=X / 1 - X2 K
Xo? &O

But Vmax. = X0 ®
Hence the instantaneous and maximum speeds of Q are related t@

[v - vmaxf_— ] 5\\

Time period. ~\~
Q.No.6: A point (or a particle) “P” is movi ith a uniform speed along

the circumference of a circle of radius “x
Derive an expression for time peri 6 of its projection Q, vibrating
along the diameter.
Ans. Time taken by a vibra{j
one vibration is ¢

Angular speed “o” of point P at C
®=0
t%

Where “0” is the ang cement of point P in during time t.
Time in which P co? one revolution Q will complete one vibration.
But the angular digpla ent of P at the center of its circular path willbe 6=2n

ter of its circular path is given by:

radian at the end of one tion and t = T during this time vibrating point Q would have
completed on vibraitgp. Hence T is also the time period for Q;
w=27 Hence
T
Horizgn otion under elastic restoring force:

g at is motion under elastic restoring force?
hen a body placed on a frictionless horizontal surface connected at the end of

and released then the body vibrates about its position of equilibrium.
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Note that in this case the spring is parallel to the horizontal surface. Weight of the
body is balanced by normal reaction of the surface. If friction between the vibrating body
and the horizontal surface on which it vibrates is assumed to be negligible then the only
unbalanced force acting on the body is the force
exerted by the spring due to its elasticity. This force / Equilibrium position \
tends to restore the original conditions of the body i.e. it

tends to bring the body back to its original position. It is
called elastic restoring force.

'é Vibratory motion of the body is simple
harmonic, because the acceleration produced in the
body, due to the elastic restoring force of the spring, is
directly proportional to its displacement and is always
directed towards its equilibrium (or mean) position

'é This type of vibratory motion of the body under
position of equilibrium under the influence of elastic

restoring force of the spring is called motion under 5 i
elastic restoring force. ; .
0.No.2: What is elastic restoring force? s\\ P :/

Ans: |t is a force due to elasticity of the spring that
tends to restore the original conditions, i.e. it tends bring the yilkratihg body back to its original
position, hence it is called elastic restoring force.

Q.No.3: What is elastic constant or force f£opstant of a spring?

Ans: |t is the force required to produce unit el opin the spring.

Spring constant k = F/x.
Its value depends upon the elastic pr N the spring. Its value is high for hard

springs, as they require large force to elon vice versa.

Q.No.4: What is the unit of spg'%e tant?

Ans: Since spring constant is F/x, tAgref®se, its S.I unitis N/m or N m™™.

Q.No.5: A body on a smoo, ontal surface performs vibratory
motion under the influenc tic restoring force.
Prove that its motjgn isN\simple harmonic.
Ans: Consider a bodxr%s ‘m’ attached to the end of a light and elastic spring, the
other end of the spring g attaséd to a wall. To displace the body from its equilibrium
position through some e ‘x force required, according to Hook’s law is given by:
V FApp. o X

FApp. =k x
e constant of proportionality and represents the spring constant (It
to produce unit elongation in the spring, its value depends upon the
elasti rties of the spring). As the body is pulled by applying the above force due
{ spring will also exert an equal and opposite force. Force exerted by the
s to restore the original conditions (i.e. it tends to bring the body back to its
position). It is called elastic restoring force, given by:
Felast. = — K x

Wher i
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If now the applied force is removed, the elastic restoring force becomes unbalanced,
body under the action of unbalanced force vibrates about its mean position, with some
acceleration.

If ‘a’is the acceleration produced in the vibrating body, then according second law of
motion:

Felast = m a
Therefore, ma=-kx
= - Lx
m
‘k/m’ is constant for a given spring and a body of given mass, hence:
ao—Xx

'é This relation shows that acceleration ‘a’ of the body vibrating under the @\

influence of elastic restoring force is directly proportional to the displacement and js alwdys
directed towards its mean position. Hence motion of the vibrating body is sir@'ﬂonic.

'é Note that weight of the body is balanced by upward reaction of t rface on

which it is kept. @
%)

Time period: &'

Q.No. 1: Derive a formula for time period of a bo ting S.H.M under

elastic restoring force?
Ans: Time period of a vibrating body is the time in whi pletes one vibration.
f

Acceleration of a projection point along the diame a neference circle is given by:

a=-m?
But acceleration of a body executing simple @IC motion under the influence of

elastic restoring force is given by: % k x
m

Comparing the two relations we get:AO
®2= k. R o= /K

m m
Time period of a projectio@nt xecuting S.H.M along the diameter of a reference
circle is given by: 27

N 0
On substituting k/m we get:
Where “m” is he body and “k” is the elastic constant of material of the spring.
Q.No.2: O JSactors does the time period of a body executing S.H.M
under elas®i toring force of a given spring depend?
Ans: efiod (time taken to complete one vibration) depends upon mass “m” of the
body an the spring constant “k” of the spring. If mass of the body is increased its

slo own and takes a longer time to complete a vibration. But for large value of “k” the

tim% also increases, it means that on increasing mass (taking a heavier body) it
value Jf “T” is small.

'é Time period of a body executing S.H.M under the influence of elastic restoring
force for a given spring is directly proportional to the square root of its mass.
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Energy:

Q.No.1: What happens to energy of a body executing S.H.M under the
influence of elastic restoring force?

Ans: Energy of the vibrating system continuously changes its form from K.E to P.E and
vice versa. In other words, at any instant the total energy possessed by the vibrating
system will be partially in the form of K.E and partially in the form of P.E and the total
energy will be equal to the sum of K.E and P.E at that instant. The total energy remains
constant if there are no energy losses due to frictional forces.

Potential energy of the system vibrating under elastic restoring force at any instant is

given by: P.E=3kx2
Similarly, its K.E at any instant is given by: \\
KE = 3 k (xc? — x?) Q
Hence the total energy of the system executing S.H.M under the |nf|uence tic

restoring force at any instant will be: E=PE+KE O
E=3kx?+ 3k (x? - x?) 5\

‘k’ is the spring constant, ‘x is displacement of the vibrati @at any instant and
‘X0’ is the amplitude of vibration (maximum displacementz. rg

stic restoring force for a

'é Hence energy of a system executing S.H.M

given spring depends upon the amplitude of vibrations .

Q.No.2: Show that energy of a body ex@lg simple harmonic motion
under the influence of elastic restoring otally in the form of K.E at
its mean position. Q

Ans: At any position potential energy y
under elastic restoring force is given by:

But at the mean position displa

Therefore, at the mean positiQn:

But at any position kinetic
elastic restoring force is given by:
3K (302 — x?)

Therefore, at the m®a ition (x 0) K. E is given by:

executing simple harmonic motion
k x?
tof the body is zero i.e. x= 0

ofa body executing simple harmonic motion under

k (x?—02)
2 [ on
But 2 k total energy of the vibrating body. Therefore,
K.E = Total energy................. )

m equations (i) and (ii) we conclude that the energy of the body executing
S. H afly in the form of K.E it does not have any P.E at the mean position.



Rawala’s new physics notes for XI 11

0Q.No.3: Show that energy of a body executing simple harmonic motion
under the influence of elastic restoring force is totally in the form of P.E at
extreme positions.

Ans: At any position kinetic energy of a body executing simple harmonic motion
under elastic restoring force is given by:  K.E = 3k (x0? — x?)

But at extreme positions (x = £ x) K.E is given by:

: KE =3 k {x0? — (£ x0) 2}

KE =3k x? -3k x0?

KE=0 (x=xo0)
Potential energy of a body executing simple harmonic motion under elastic restorgg
force is given by: P.E =3k x? '\
At extreme positions (x = £ xo) @
Hence, P.E = 3 K xo? (x = xo) xd
But 3 K xo? is the total energy, hence P.E of the vibrating system is maxig@ is
equal to the total energy of the body. Hence energy is totally in the form poted™energy
(P/E) at the extreme position whereas it's K.E is zero.
Interconversion of K.E and P.E: %
Energy of a body executing simple harmonic motion conti% changes its form
from P.E to K.E and vice versa. Energy of a vibrating body a m position is totally

kinetic (here its velocity is maximum) but at extreme posi &nergy is totally potential
(here its velocity is zero for a fraction of a second) but displa ent of the body from its
mean position will be maximum (potential energy of t ibraffon body depends upon its

displacement from the mean position). At any oth itigh its energy is partially kinetic
and partially potential (velocity is between zero azd m’xmum)).

It the vibrating system is free of frictio Xs then at any instant its total energy
will be equal to the sum of its K.E and P.E %« tant such that its total energy remains

constant.

'é Note that if the system is frigti ss then it’'s energy will remain constant
throughout its vibratory motion, it constantly changes its form from K.E to P.E and
vice versa such that it's total enerdg always remains constant.

'é If there are frictionq present then a part of energy of the system will be used

to do work against fricti s g result of which energy of the system will decrease in each
vibration, due to which aNgplitude of vibration will decrease in each vibration. Ultimately the
system will come_to en its energy is totally used up in doing work against friction.
This type of osgil are called damped oscillations.

Motion r elastic restoring force: (Vertically)
M a light body of mass “m” suspended at the end of a light elastic spring
o%?ﬁ

whoseg nd is attached to a rigid support. The suspended body comes to rest at its
eq @ position at point “O” after stretching the spring a little due to its weight.

If the body is now pulled down vertically through distance “y,” to a point “A” then as
soon as we start pulling the body downward, due to elasticity spring starts exerting reaction
force upward. Force exerted by the spring is called elastic restoring force. This force
tends to bring the body back to its equilibrium position i.e. it tends to restore original
conditions. If the body is now released, it will move upward with some acceleration under
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the action of this force, its velocity increases as it moves up until it crosses its equilibrium
position where its velocity becomes maximum. The body will continue moving upward but
as soon as it crosses the equilibrium position, the spring will start compressing, hence the
spring will now exert elastic restoring force against the direction of motion of the body, due
to which velocity of the body starts decreasing, after covering same distance “y.” above
the equilibrium position body comes to rest at point “B”. Compressed spring now pushes
the body which moves back with increasing velocity. This process repeats itself again and
again several times and we will see the body vibrating up and down about its position of
equilibrium, between points “A” and “B”. Distance “y,” from point A to O or from O to B is
amplitude of vibration. Point “O” is the mean position for the vibrating body. Motion of

the body is vibratory or oscillatory. %
N /Y

It can be shown that acceleration “a” of the vibrating body at any instant is give
ac—y
Where “y” is the displacement of the body at any instant. From this equatiq@ we
conclude that the acceleration “a” of the body at any instant is directly propogti its
vertical displacement “y” and is always directed towards its mean position, wWi§j hows

that motion of the vibrating body is simple harmonic motion (SHM). @

Equilibrium position

4
e

Time period:
0. Give the formula for ti rtod of a body executing S.H.M in vertical
g

i
direction under elastic resQ orce?
Ans: Time period of a vipsating®ody is the time in which it completes one vibration.
Time period of a boq uting S.H.M in vertical direction is given by:

< [A

Where “m” of the suspended body and “k” is the spring constant.
Q.No.1: at factors does the time period of a body executing S.H.M

er elastic restoring force depend?

Ans: period depends upon mass “m” of the body and upon the spring constant “k”
of { rRg. If mass of the body is increased its time period also increases, it means
th n Thcreasing mass (taking a heavier body) it slows down and takes a longer time to
complete a vibration, actually time period “T” is directly proportional to v'm. But for large

value of “k” the value of “T” is small. Time period T is inversely proportional to Vk.
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Simple pendulum:

Q.No.1: What is an ideal simple pendulum?

Ans: An ideal simple pendulum consists of a point mass suspended with the help of a
weightless, inextensible and flexible string whose other end is attached to a rigid and non-
yielding support.

€ It means that length of the string with which the point mass is suspended must
not change as the pendulum vibrates, similarly the support must be rigid so that it should
not vibrate along with the pendulum. In the laboratory the center of gravity of a small
spherical metallic bob can be used to replace the heavy point mass.

Q.No.2: What is the type of motion executed by a simple pendulum?

Ans: If bob of the pendulum is displaced from its equilibrium position and allowed t \
move freely then it performs to and fro motion. This vibratory motion of a simple pen
for small ngular displacement is simple harmonic or in other words, motion of agim

pendulum is S.H.M when it's amplitude of vibrations is small.
%btde is

Q.No.3: Prove that motion of a simple pendulum for small a
simple harmonic S.H.M?

Ans. In order to prove that motion of simple pendulum is S.H.M we v\@:d its
acceleration. To find it's acceleration first of all we will have to find t anced force
acting on it.

At any displaced position, forces acting on the bob are:

(1) It's weight “W” acting vertically downward. \
(2) Tension “T” in string acting along the string.
I

On resolving “W” into components parallel and perpe%ar o the string we get:

Component of “W” parallel to the string Cos 0

Component of “W” perpendicular to the strigg Sin6

Since the bob does not move parallel x g, therefore, tension “T” in the string
force acting on the bob is “W Sin 6, this
ition (unbalanced force always produces
acceleration in its own direction). UndeNthe ®ction of this force the pendulum performs to
and fro motion (This force is also tz to¥ing force, as it tends to bring the bob back to its

is balanced by “W Cos 6”. Hence the unb

force is always directed towards the p

original mean position).
Unbalanced forgg = Sin6
a 777774

?\
&
& |
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'é The negative sign shows that the unbalanced force is always directed towards

the mean position. According to second law of motion:
Unbalanced force =m a

ma=-WSino
ma=-mgSin6
a=-gSind

For small values of “0” measured in radians, or in other words, for small
amplitude of vibration of the pendulum
Sin6=06
But 0 = x
L
Where “x” is the instantaneous displacement of the bob from its mean positlor%
)-

“L"is Iength of the pendulum (measured from the point of suspension to center of.

=_g)LC &O

For a given pendulum, at a given location g/L is constant,

ao—XxX
' The above relation shows that the acceleration of as@endulum at any

instant is directly proportional to its displacement at that inst ﬁ% always directed
towards it's mean position, hence motion of a simple pen small amplitude is
simple harmonic.

Q.No.4: When is the tension in a string of ndulum maximum?

Ans: Tension in the string of a simple pendulupris imum when the vibrating
pendulum passes through its equilibrium or me osilion. At this point the tension in the
string will be equal to weight of bob of the pe%

t

The magnitude of tension in the strin ndulum periodically changes as the
pendulum vibrates and “6” changes acco o'the following relation:
Cos 0
When the angular displace f e bob “0” is zero, that happens when the
pendulum is passing through itsQ sition, the tension in the string will be maximum
speNded bob T=W (Cos 0°=1).

 for time period of a simple pendulum, and show
ass and material of its bob.
e pendulum is S.H.M when its amplitude is small, under this
given by:
=-gx
L
But eO¥ation for acceleration of a point executing S.H.M along the diameter of a
referen i(C® is given by:

and is equal to weight of the
Q.No.5: Derive a fo
that it is independ
Ans: Motion of a SI
condition its acceler

=—w’x
paring the above two equations, we get:
0?= g
L

o=/_q
v L
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Time period of a body executing S.H.M is the time in which it completes one
vibration. Time period of a point executing S.H.M along the diameter of a reference circle
can be used to calculate time period of a pendulum by replacing “o” by v g/L in the
following equation;

T=2n
o
T=_2nmn
v glL

T=2nE %

At a given location time period of a simple pendulum is directly proportional to%
hence if length of the pendulum is increased its time period also increases accordig testhe
above relation. From the above formula we can also see that the time period o&

pendulum is independent of mass and material of its bob.

ple

'é Note that the motion of a simple pendulum is S.H.M as Io@s “9” is small
or the amplitude of its vibrations is small. g&

Also o =V g/L for a simple pendulum executing S.H.M (or
an inelastic string executing S.H.M).

o =VK/m for a body attached at the end of an el Nring executing S.H.M.
Second’s pendulum:
Q.No.6: What is second’s pendulum? %
n

Ans: A pendulum whose time period is “2 sefo Is called second’s pendulum.
(This pendulum will take 1 sec. to move from one e e # the other).

Q.No.7: What is the frequency of x’s pendulum?

Ans: Frequency of a vibrating body is ughber of vibrations completed in one
second. Relation between time period ¢ requency “f is:

s suspended with

Since time period of a secon endulum is 2 seconds hence its frequency is 0.5 hertz.
1
\

=%1 =0.5hertz
ik
and its length “L” w ‘g =9.8 m/s?"is 0.99 m.
Q.No.8: What wil
the surface of th
Ans: Time pe€'

planet is giv :

e difference in the length of a second’s pendulum on
h and that on the surface of moon?
of a simple pendulum executing S.H.M on the surface of any

T=2n ’ L
g
% re ‘g’ is the acceleration due to gravity on the surface of a planet. For second’s
pendqlu

T = 2 second on any planet.
The value of “g” on the surface of moon is less (about 1.63 m/s?) than the average value
of “g” on the surface of the earth (about 9.8 m/s?), The length of second’s pendulum on

earth is 0.99 m and on moon it is about 0.166 m.
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In other words, length of second’s pendulum will be lesser on moon than on the
earth.

Q.No.9: What will be the length of a second’s pendulum on the surface of
Jupiter where the value of ‘g’ is about 2.63 times the value of ‘g’ on the
earth (i.e. gs = 2.63 ge)?

Ans: Time period ‘T’ of a simple pendulum executing S.H.M on the surface of any

planet is given by:
: T=2n /L
9

Where ‘g’ is the acceleration due to gravity on the surface of a planet. For second’s

pendulum T = 2 second on any planet. (\
The value of “g” on the surface of Jupiter is about 2.63 times the value of ‘g’ on th \

surface of the earth i.e. gu = 2.63 ge. ?b
Hence, 2=2n L

2.63 ge Q\OK
Hence, 2=2n / L

2.63x9.8
Therefore,

'é Length of second’s pendulum on the surface of Jupiter, W\, 61 m.
Q.No.10: For simple harmonic motion will th eriod change or not,
by doubling the mass of the bob attached to:
(a) Elastic spring. b) Inelastic string.
Ans: (a) The time period of a bob attached to
under elastic restoring force) is given by:

in. (2011 Karachi Board)
spring executing S.H.M (motion

' This formula shows thaN e of the bob attached to an elastic spring and
executing S.H.M for a given spri creases if mass of the bob is increased and
vice versa.

' Hence if mas¥ o ob is doubled its time period will increase by V2 V2 times.

(b) The time perlod b attached to an inelastic string (a simple pendulum)
executing S.H.M | -
'4 . . .
\TI'@Ia shows that the time period of the bob attached to an_inelastic string

ulum) and executing S.H.M at a given location is independent of mass
. Hence if mass of the bob is increased time period of the pendulum
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Natural time period and natural frequency:
Q.No.1: What is natural time period of a vibrating body?
Ans: The time period with which a body vibrates in the absence of external forces is
known as its natural time period.
Hence a body which is capable to vibrate always vibrates with certain fixed time
period. This time period is called natural time period of the body.
Simple pendulum of a given length (constant L) at a given location (constant g)
always vibrates with a fixed time period which is known as its natural time period.
Q.No.2: What is natural frequency of a body?
Ans: Number of vibrations completed by a vibrating body in one second is known as,its
frequency. (For waves it is the number of waves passing through a point in one second\
Since frequency is equal to the reciprocal of its time period, hence a body which %
w

vibrate will always vibrate with a fixed frequency and a fixed time period. In othe s,
it will always complete the same number of vibrations in one second. This freq is
called natural frequency of the body.
Resonance: @

Q.No.3: What is resonance?

Ans: When natural frequency of a body capable of vnbratlng %atches with the

amplitude. This phenomenon is known as resonance.

All receivers, such as T.V, radio set, mobile phone s etc. work on the
principle of resonance. These receivers have a tunin cuit.Jn these tuning circuits the
frequency of electrical oscillations is matched with th ency of incoming signal. When
the two frequencies match the receiver starts resgondigtg®As a result of which we hear

frequency of an external periodic force then the body starts wK ith increasing

sound and see picture. \
Free vibrator/oscillator:(OR ide ibrator)

An ideal vibrator/oscillator is that in wh| naI forces are not present. If frictional forces
are present then a part of energy of the vi system will be wasted in doing work against the
frictional forces.

lum is that in which a point mass is suspended with

For example, (1) an ideal si
the help of an |nextenS|bIe wemh@ string whose other end is fixed to a rigid support (a support
which does vibrate along with vibra§ing mass). A real pendulum has a metallic bob suspended
by a string attached to a sup, %ntre of gravity of the bob can be considered as point mass and
surface of the bob must b nd well-polished to minimize air resistance but viscous air drag
remains, which is one of t ors to dissipate energy. Energy dissipated can, therefore be
minimized but cannofe m3de exactly zero.

(2) A body
between the vibgatl
between adja

S.H.M under the action of elastic restoring force must have no friction
y and the surface on which it vibrates and also there must be no friction
s of the spring. In reality friction between the lower surface of the vibrating

body and t e on which it vibrates can be minimized but cannot be eliminated completely.

I e 9f an ideal vibrator energy of the vibrating system will remain constant. Since
ener: IBfating system depends upon its amplitude of vibrations, therefore for an ideal vibrator
its itydle of vibrations will remain constant.

Damped vibrations/oscillations:

In a real pendulum, or in a body vibrating under the action of an elastic restoring force or in
general, in any real vibrating system, dissipating forces are always present. These dissipating
forces (frictional forces) can be minimized but cannot be completely eliminated. As a result of
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which part of energy of the vibrating system decreases. This lost energy is used to do work against
frictional forces. Due to decrease in energy of the system amplitude of the vibrating system
decreases. Hence vibrations gradually die out and the vibrating system ultimately stops. Vibrations
of this type are called damped vibrations or damped oscillations.

Damping of a vibrating system can be eliminated by supplying the energy lost during each
vibration.

For example, in case of a child taking swings, parent give a little push to keep the amplitude
of the swing constant. During each push actually they supply energy lost in doing work to overcome
dissipating forces.

Q- factor:
Q-factor may be defined as the ratio of energy stored to energy lost per oscillation.

Q = Energy stored \
Energy lost \
OR Q = Estored @
Elost
Q-factor is a dimensionless quantity. (since it a ratio of two similar quanti®
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Section-A Multiple-Choice Questions MCQOs:

Q.No. 1I: Two simple pendulums A and B with
same lengths, and equal amplitude of
vibrations but the mass of A is twice the mass
of B, their periods are Ta and Ts and energies
are Ea and Eg respectively. Choose the correct
statement:

(A)Ta=Tsand En>Eg (B) Ta<Teand Ea> Es
(C)TA >Te and Ea < Es (D) Ta=Te and Ea<Ep
Q.No.2: In order to double the period of a
simple pendulum:

(A\) Its length should be doubled.

(B) Its length should be quadrupled.

(C) Its mass should be doubled.

(D) Its mass should be quadrupled.
Q.No.3: A simple harmonic oscillator has
amplitude A and time period “t”. lts maximum
speed is:

(A)4A  (B)2A (C)4zA

t t t
Q.No.4: A spring attached by a load of
weight W is vibrating with a period T. If the
spring is divided in four equal parts and the
same load is suspended from one of these
parts, the new time period is:

AT (B)2T (C)T

4 2

(D) 2z A
t

(D)4T
¢

K\
X
%@non

Q.No.5: The total energy of a particle
executing simple harmonic motion is
proportional to:
(A) Frequency of oscillati
(B) Maximum velocity of
(C) Amplitude of mo
(D) Square of amplit

Q.No.6: A child swingi ing in
sitting position, stands u n the time

period of the swing%

(A) Increa (B) decrease.
( € same.
(

C) remdy

D)jn es if the child is tall and
child is short.

oy oscillates at the angular

‘wd” of the driving force, then the

jons are called:
(A)Forced oscillations.(B)Coupled oscillations,
(C) Free oscillations.(D)Maintained oscillations

decrea

Q.No.8: A simple harmonic oscillator with a
natural frequency “on” is forced to oscillate
with a driving frequency “wd4”. The resonance
occurred when:

(A) “oN< od” (B) “oN> @d”

(C) “on= ©d" (D) “oN= od”
Q.No.9: In vehicles, shock absorber
reduces jerks

(A) The shock absorber is an
application of damped oscillations. \\
(B) Damping effect is due to th
fractional loss of energy. e@
(C) Shock absorbers in veh8
reduce jerk. B
Q.No. 10: A heavily damped s

fairly flat resonance curve@;n
(A) An accelera e graph.

(B) An am equency graph.

(C) Velogity = graph
(D) Di a&r— time graph.
Q.No.11: ﬂ'%m of a vibrating simple
pendulyms is sddenly detached from the
strin %nean position, it's path will be:
(2005 Karachi Board)
..\Q) a straightline  (B) a circle.
(C) A parabola. (D) a hyperbola.
&0.12: which of the following exhibit
simple harmonic motion.
(2010 Karachi Board)
(A) A hanging spring supporting a weight.
(B) The balance of a wheel.
(C) The wheel of an automobile.
(D) The spring of a violin.
Q.No.13: Sin 0 = 9 if 6 is specifically less
than: (2012 Karachi Board)
(A) 15°. (B) 10°. (C) 5°. (D)1 radian.
Q.No. 14: Time period of a simple pendulum
depends upon: (2013 Karachi Board)
(A)mass (B)length (C)Acceleration due to gravity
(D) Both length and acceleration due to gravity
0.No.15: If mass of bob of a simple
pendulum is doubled, its time period will:
(2014 Karachi board)
(A) be doubled. (B)becomes triple

(C) remains the same. (D) halved.
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0Q.No. 16: For oscillatory motion of a simple
pendulum, restoring force is:
(2022 Karachi Board)
(A)mg sin6 (B)mg cosb (C) mg tan6 (D) mg
Q.No.17: A particle is executing simple
harmonic motion, particle has maximum
velocity when it is:
(2025 Karachi Board)
(A) At maximum displacement.
(B) At equilibrium position.
(C) At half amplitude.
(D) At one quarter amplitude.
Q.No. 18: In mass spring oscillator, if the
attached mass is doubled, the time period
will be: (2026 Karachi Board)
(A)T. (B)2T.(C)V2T. (D)T/V2.
Answers:

20

>

)

(~ (1) (A) Ta=Ts and Ea> Eg
(2) (B) Its length should be quadrupled.
(3)(D) 2n A/t
4)(C)T/2
(5) (D) Square of amplitude of motion.
(6) (B) decrease.
(7) (A) Forced oscillations.
(8) (C) “on= wd”
(9) (D) All of these.

due to gravity”

8) (C)V2T.

(10) (B)An amplitude-frequency grarirc

(11) (C) A para

(12) (C) Th m
(13) (C)&°.

(14) (D &Iength and acceleration

S

4
f an automobile.

C)remains the same.

) (
@A) mg sino.
‘ (} (B) At equilibrium position.
~\

~N

=
Q\?\
S
O
$?“
QX‘

-
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Numericals:

Q.No. 1: The period of oscillation of an
object in an ideal spring and mass system
is 0.50s and the amplitude is 5.0 cm.

What is the speed at the equilibrium
point? and the acceleration at the point
of maximum extension of the spring?
Data:

Time period T=0.50s
Amplitude Xo =5.0 cm.= 0.05m
Speed at equilibrium v =?

Acceleration at maximum extension a =?
Solution:

Time period (in this case time to
complete one stitch)
T = time to complete N stitches

Total number of stitches N
T=9 =0.375s.
24

Speed of any body executing simple
harmonic motion is maximum when it is
passing through its mean position while

coming from extreme position (in this cai\

highest point), it is given by:
Vinax. = 211 Xo = 2 1 x 0.0042 @

Speed of a body executing SHM is T 0.375
maximum while passing through its Vmax. = 0.070 m/s = 7.
equilibrium position and is given by: ¢Maximum speed of edle is
V=271 x=2x3.142 x0.05 0.07 m/s or 7.0 cm./s. %1
T 0.5 Q.No.3: An ideal spri ith spring
|v=0.6283 m/s)JOR|v=62.83 cm./s] |constant of 15 N/ pended
Acceleration of a body executing vertically. A bod ass 0.60 kg. is

SHM is max. at its max. displacement
position and is given by:
Amax.= — 02 Xo where o = 2rn
T
Negative sign shows that acceleration

of the body is always directed towards its

equilibrium position. Magnitude of amax is:
- amax = (21 / T)? x 0.05|amaex = 7.9 m/s
Q.No.2: A sewing machine needle
with a rapid vibratory motion, lik

As it sews a seam. Suppose t
moves 8.4 mm from its highes its

lowest position and it ma 24 stitches
in 9.0 s. What is the ma eedle

le

speed?

Data:
Distance hetwgenpfighest & lowest
points =8.4 mm.
Num itches N =24
Ti for 24 stitches t=9.0s.

needle speed  Vmax. =7

Sol
litude “xo” of vibrating needle ‘A’

is the Wistance between the highest & lowest
points, X =8.4 mm.=4.2mm =0.0042 m

attached to etched spring and
released.
What is the extension of the

the speed is maximum?
hat is the maximum speed?

Spring constant k=15 N/m.
Mass of suspended body m = 0.6 kg.
(a) Extension of spring Xo =7
(b) Maximum speed Vmax. =?
Solution:
(a) Extension force F = k xo
mg =k x (F =mg weight of body)
Xo=mg=0.6x9.8=0.392 m.
K 15
(b) Maximum speed is given by:
Vmax. = L Xo
m

Vmax.= 1_5 x 0.392
\ 0.6

Vmax= V25 x 0.392 = 5 x 0.392

Vmax.=1.96 m/s or 2 m/s.

€ Extension is 0.392 m and
maximum speed is 1.96 m/s or 2 m/s.

2
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Q.No.4: A body is suspended vertically
from an ideal spring of spring constant
2.5 N/m. The spring is initially in its
relaxed position. The body is then
released and oscillates about its
equilibrium position. The motion is
described by

y = (4.0 cm) sin [(0.70 rad/s) t ].

What is the maximum kinetic
energy of the body.
Data:

Spring constant k=2.5N/m.

Maximum kinetic energy of body K.E= ?

Motion of body described by

y = (4.0 cm) sin [(0.70 rad/s) t ].
Amplitude of oscillations xo = 4.0 cm. = 0.04 m
Solution:

Maximum kinetic energy of the
vibrating body is given by:

K.Emax. = % K x0?

K.Emax. = 5 x 2.5 x (0.04)2 = 0.002 J.

®<Maximum kinetic energy of the
vibrating body is 0.002 J or 2 mJ. (milli joules)
Q.No.5: The period of oscillation of a
simple pendulum does not depend on
mass of the bob. By contrast the period
of a mass-spring system does depend orc

mass. Explain the apparent contradiction.
Solution:

Time period of oscillations of @ gifdgle
pendulum is given by:
T=2n ’L
9
Time period of osciffa of a mass

attached to an elastic s

dto T/E Ms given by:
&

These s show that:
% Ata ation (for given “g”) time
period “T” le pendulum depends upon
its lengti\ QU T’it is independent of its mass

“m” But
e period “T” of a mass-spring
system¥epends upon mass “m” of the vibrating

body and upon spring constant “K” of the

22

Q.No.6: What is the period of a simple
pendulum of a 6.0 kg mass oscillating on
a 4.0 m long string?

Data:

Mass of pendulum m = 6.0 kg.

Length of string L=4.0m.

Time period T=2?
Solution:

Time period of oscillations of a
pendulum is given by:

T=2n’L
g
T ZTE'i
9.8

T?=4nr? 4 =16.113

9.8
T=+16.1136 =

€ Time period of the

4.04>.
um is 4.01 s.
Q.No. 7: A pendujugft ngth 75 cm and

squaring both :

Imass 2.5 kg swings with a mechanical I ( commented [HR1]:

energy of 0.§quhat is the amplitude?
Data:
gth & pendulum L =75 cm.= 0.75 m
% of pendulum m = 2.5 kg.
gy of pendulum E=0.015J
plitude of pendulum Xo =7

tion:

Amplitude “xo” of vibrations of the
pendulum in terms of its energy can be
found using formula for energy of mass-
spring system (as both execute SHM).
Energy “E” of a vibrating system is given by: -

E =3 Kxo? e (1)

But comparing formula for “T” of a
simple pendulum with a formula for “T” for
mass-spring system we find that:

m =/L
K Vg
Squaring both sides and re-arranging
we get:
K=mg =2.5x9.8=32.67 N/m.
L 0.75

Substituting the values of known quantities
in equation (i) we get:
0.015 = 5 x 32.67 x xo?

spring.
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x?=2x0.015 =9.1827x10~*
32.67
Xo=9.1827x10~4=0.030 m. or 3.0 cm

€ Amplitude “xo” of vibrating
pendulum is 0.030 m. or 3.0 cm.
Q.No.8: A pendulum of length “L1” has a
period of T1=0.950 s. length of the
pendulum is adjusted to a new value “L2”
such that T2=1.00 s.

What is the ratio L2/L1
Data:

Time period of pendulum T1=0.95 s

(of length L1 before adjustment)

Time period of pendulum T2=1.00 s

(of length L2 after adjustment)

Ratio of lengths Lo/L1 =72
Solution:
Time period of pendulum before adjustment:

T1=27c’ L1
g

Time period of pendulum after adjustment:

T2=2n’ L2
g

Dividing T2 by T4,
To=2%|_L2

N g
Ti=2=|_Li

<)
T =[ L2
T4 L1

Squaring both sides we

o0&

L =T
L1 T4?
L2 = (1.0)2 =__ 1812108
L+ (0.95)% O.
€ The ratio of leggths{L2/L1) is 1.108.
Q.No.9: Calculage t ngth of second’s

ace of moon where
gravity is 0.167 times
s surface.
(1995 Karachi Board)

pendulum on
acceleratio
that on th

Da E
Acciératio
moon

n due to gravity on the surface of
gm =0.167 g
Time period of second’s pendulum T=2 sec.

Length of second’s pendulum on Moon L=?

23

Solution:
Time period on the surface of moon is given by
T=2n[L_
‘/ Jm
27

OR 2 L
0.167x g
Squaring both sides we get:
4=4n? L
0.167x 9.8
L

1.6366

4=4n2

AN

L= 4x1.6366 [L
4 72
€:Length of second’s pendu
surface of moon is 0.166 m
Q.No. 10: Calculate the length\o

second’s pendulum at a e where
g=10 m/s2. (19 achi Board)
Data: &

Time pe 'odssg cond’s pendulum

T =2 sec.
due to gravity g =10m/s?

gth &f second’s pendulum L="?
Sol :
Tiile 5 d of a simple pendulum is given

g\ T=2nE

=0.166 m =1

on the
.6 cm.

Acc

2=2n F
10
Squaring both sides we get:
4=4n2 L OR L =4x10
10 4 72

'éLength of second’s pendulum is 1.01 m.
orl01 cm. at a place where g =10 m/s2.
Q.No.11: A body of 0.5 kg. attached to a
spring is displaced from its equilibrium
position and released. If the spring
constant is 50 N/m, find:

(i) Time period.  (ii) The frequency.
(1998 Karachi Board)

Data:
Mass of the body m = 0.5 kg
Force constant K =50 N/m
(i) Time period T=?
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(i1) Frequency f=?
Solution:

(?) Time period of oscillations of a
mass attached to an elastic spring is given
by:

Q.No.12: Find the Iength of second’s
pendulum on planet Jupiter where the
value of ‘g’ is 2.63 times the value of ‘g’
on the surface of the earth.
(2000 Karachi Board)

Data:

Length of the pendulum L =?

Time period of second’s pendulum T=2s

Acceleration due to gravity gs=2.63ge
Solution:

Time period of a pendulum on the
surface of Juplter is given by:

L squaring both si A
2

2.63 x 9.8
L=4x263x9.8
\

the surface of Jupit

0O.No. 13:A bod 0.5 kg. is attached
to the end of ng placed on a smooth

horizontal t d is performing SHM.
Fj acceleration of the body
it |splacement of 0.6 m. The
ant of the spring is 150 N/m.
(2001 Karachi Board)
Data:
Mass of the body m = 0.5 kg.
Acceleration of the body a="7?

24

x=0.6m
K= 150 N/m.

Displacement
Spring constant
Solution:
Acceleration of a body attached to a
spring executing SHM is given:
a =—K x where negative sign shows
m that ‘a’ is always towards
the mean position. Hence the magnitude of
acceleration is given by:
a= Kx=150x0.6 |a= 180 m/52
m 0.5
Q.No. 14: Compute the acceleratio
to gravity on the surface of the mo

@
where a simple pendulum 1.5 m

makes 100 vibrations in 60 @
(2002 Ka Board)

Data:
Length of the pe @ L=1.5m
Number of yib =100
Time takeng\ =605 sec.

Timepﬂ&d T=605=6.05s
100

10n due to gravity on the

ce of moon gm =7

celeration due to gravity on the
of moon is given by:

T=2nIL
Jm

Squaring both sides we get:

T2=4r2 |
Jm
(6.052=412x1.5
Jm
gm=_4n2x15 = 59.218
(6.052  36.6025

(gm = 1.618 m/57)

Q.No.15: A mass at the end of a spring
oscillates with a simple harmonic motion
with a period of 0.40 sec. Find the
acceleration when the displacement is
4.0 cm. (2003 Karachi Board)
Data:

Time period

Displacement

Acceleration

T =0.40 sec.
x=40cm=0.04m
a="?
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Solution:

K
Squaring both sides we get:
(0.40)2=472 m

K
0.16=4712 m
K
m =0.16
K 4n2
But F=ma=Kx
m=_x
K a
0.16=412 x
a
a=4n?xx =4n12x0.04
0.16 0.16

[a =9.87 m/s2.]
Q.No. 16: The period of vibration of a
body of mass 25 gm. attached to a spring,
vibrating on a smooth horizontal surface,
when it is displaced 10 cm to the right of
its extreme position, is 1.57 sec. and the
velocity at the end of the displacement is
0.4 m/s. Determine the (a) spring constant
(b)Total energy and (c) amplitude.
(2004 Karachi Board) c

Data:
Mass of body m =25gm =0.0

Displacement x=10 cm=040
Time period T=1.5
Velocity v = 0.2/s

Spring constant
Total energy

Amplitude
Solution:

Time periqd ss attached to an
elastic spring g S.H.M is given by:

T=2 squaring both sides
m
K
B7)2=4120.025
K
K =4n12x0.025
(1.57)2

r XI 25

Energy of the system at any instant is
partially K.E and partially P.E, hence:
Total energy E = K.E + P.E
E=2mv2+3Kx?2
= $x 0.025%(0.4)%+ % x0.4x%(0.1)2
E =2x10% + 2x1073
®:Energy of the system is 4x10-3J.
But E =% Kk xo?
4x1073 = $ x 0.4 xo?
Xo? = 4x10°x 2 = 0.02 \\
0.4 @
o [x0=0.1414 m.)

& Amplitude of oscillatio 14 m
Q.No.17: A body of mass 3
attached to an elastic sppigg i
performing SHM. Its v, is 0.4 m/s

when the displac i 8 cm. towards
right. If the sprinsggstant is 0.4 Nm-,
al

Calculate: (i \ ergy. (ii) The
amplitude otion
(2008,2000,1995,93 Karachi Board)
Mb

Data:
m = 32 gm.= 0.032 kg

Qelocity
O\ isplacement x=8 cm. =0.08m

v=0.4m/s
3
Spring constant K=0.4Nm™'
(i) Total energy E=?
(i) The amplitude of motion xo= ?
Solution:

Total energy of mass attached to an
elastic spring and executing SHM is given
by:

E=KE+PE=%mv?+3Kx?
% x 0.032x (0.4)? + 5 x 0.4 x (0.08)?
=2.56x107% + 1.28x1073
o (E_=3.84x10 3 J]
But Total energy E = % kxo?
3.84x107% = § x0.4x xo?
Xo? = 2 x3.84x107% =0.0192
0.4
[x.=0.1386 m |
nsis 0.1386m.

- x=v0.0192
€< The amplitude of vibratio

®:<Spring constant is 0.4 N/m.
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Q.No.17: A sonometer wire of length 1m,
when plucked at the center, vibrates with
a frequency of 256 Hz.
Calculate the wavelength and the
speed of the waves in the wire.
(2009, 2005 Karachi Board)

Data:
Length of the wire L=1m
Frequency f=256 Hz
Wave length of wave A=?
Speed of waves v="7?

Solution:

When a wire is plucked from its center
it vibrates with the fundamental frequency,
forming one loop. Hence wave length of the
wave formed in it:

A=2L=2x1 A
Similarly speed of wave:

V= Fa =256 0 2
Q.No.18: A string 2 m long and a mass of
0.004 kg. is stretched horizontally by
passing one of its ends over a pulley and
the string is attached with one kg. mass
to it vertically.

Find the speed of the transverse
wave on the string and the frequency of
the fundamental and fifth harmonic at c

which the string vibrates.

(2010,02,03 Karachi Ban:k
Data:

Length of the string

Mass of the string
Mass suspended

m 0;
1
Speed of the wave

kg
kg
V=7
Fundamental fre e\%f, ?
Frequency of the%armonicfs =?
Solution: N\

2m

m
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€:Speed of the transverse waves on

the string is 70 m/s.
Fundamental frequency is given by:

fi= V.
2L

fi=70  [fi = 17.5 Hertz|
2x2

®Fundamental frequency is 17.5 Hertz.
Frequency for n segments is given by:
fa=n_V_ or fs=5x_70

N

|5 = 87.5 Hertz)
(Or fs =5 fi = 5x17.5 = 87.5 Hertz)
'fFrequency for 5™ harmonic is 87,
Q.No. 19: A simple pendul
4 vibrations in 8 seconds on
of the earth. Find the ti
surface of the moon
acceleration due
that on the earth.

(201 0,09,%&9 3Karachi Board)
e taken for4 vib. t=8 sec.

ertz.
letes
surface
riod on the
he
y is one sixth of

Data:

%period onearthTe=8 s=2s.
G “

me period on moon Tm = ?
Acceleration due to gravity on moon
gm = 1/6 ge
Solution:
Time period of a pendulum on the
surface of earth is given by:
Te=2n _L
Je
2 /_L
9.8
Squaring both sides we get:
4=47_L L=4x9.8=0.99m
9.8 4 72
Time period on the surface of the moon:

Tm=2 73/_T

gm
m=2n[099 OR Tm=2r[0.99
116 ge 1.633
Tm=2mx0.7785

OR 2

Speed of verse wave on a
string is giv Vg

= Since T = Mg
gL =/1x9.8x2
% m 0.004

=/19.6 =+4900

0.004
V = 70 m/s
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€ Time period of the given pendulum
on the surface of moon is 4.89 sec.
Q.No.20: A string 1 m long and of mass
0.004 kg. is stretched with a force.
Calculate the force if the speed of
the wave in the string is 140 m/s.

(2012 Karachi Board)
Data:
Length of the string L=1m.
Mass of the string m = 0.004 kg
Speed of the wave V =140 m/s

Stretching force = tension in the string
T=7
Solution:

27

Squaring both sides we get:

T2=4n2 x
g
x= T2g
4 n?
4 72

The spring will be shorter by 0.062 m
after the oscillating suspended body has
been removed from it.

Q.No.22: A 100 cm long string vibra &Q
4 loops at 50 Hz. The linear density
string is 4x10~* gram./cm.

Calculate the tension in tlﬁtring.

Speed of a wave in a string is given by: (2017 Ka oard)
V= /L Data:
140 _Ir_n . Length =100cm=1m
=/L Frequency =50 Hz.
] v 0.004 Number of c@ =4
Squaring both23|des, we get: Linear dens i = 4x10~ g/lem
(140" = _T __ =4 &x 00 kg/m=4x10-5kg/m
0.004 1000
19600=_T sio T=?
0.004 Sol %
T =19600 x 0.004 |T= 78.4 NJsSirfe ™4 f1
Q.No.21: A body hanging from a spring \ =f4/4=50/4=12.5Hz.
is set into motion and the period of C" f=1 [T
oscillation is found to be 0.5 sec. After a 2 L- E
the body has come to rest, it is rem 125= 1 T
How much shorter will the spring e, 2%1 / 4x10-5
when it comes to rest. ; ;
25= T both sid t
(2015, 2013, 02 Karac@oard) oo anng beth sides, we g
Data: (252=_T
Time period § T=05s. %105
Decrease In len x=? T=625x4x10° (T=0.025N
7801““;”' . Alternate method:
orce congta

(

k=F 5

But the ti of the oscillating body
attache ring is given by:
Q% =2n/m
k
Theretore, T=2xn[_m
m g/ x
T=2n[ x

Speed v of waves is given by:
v=Af=05x50=25m/s
But speed of stationary waves in a
stretched string is given by:

v='i vixp=T
n

T =(25)2x 4 x10°5
T=625x4x10° T =0.025 N

®:Tension in the string is 0.025 N.
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0.No.23: A 15 kg. block is suspended by
a spring of spring constant 5x103 N/m.
Calculate the frequency of
vibrations of the block displaced from its
equilibrium position and then released.
(2018 Karachi Board)

=2
Solution:
Time period of the vibrating block:

T=2n/i T=2n[ 15
k 5x103
f=1_,5><103
2rN 15
f=18.26
21

Data:

m=15kg. k=5x103N/m.

=2.91 Hz.
0Q.No.24: A string 2 m long and of mass
0.004 kg. is stretched horizontally by passing
one end over a pulley and attaching a 1 kg
mass to it.

Find the speed of transverse wave on
the string and the frequency of the second

harmonic. (2019, 2016 Karachi Board)
Data:
Length of the string L=2m
Mass of the string m = 0.004 kg
Mass suspended M =1Kkg

Speed of the wave
Frequency of the second harmoni
Solution:

Speed of the transverse wa
is given by:
V=|TL Si = Mg

m
V=,MgL=
m

V= 19.6e% 0
JW
®:Sp he transverse waves on
the strin @%@
Frequ@dor n segments is given by:
nV o f£=2x_70
2L 2x2

f2 = 35 Hertz

®:Frequency for second harmonic is
35 Hertz.
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0Q.No.25: A mass at the end of spring

oscillates with a period of 0.4 sec. Find the

acceleration when displacement is 6 cm.
(2019, 2003 Karachi Board)

Data:
Time period T=0.4 sec.
Displacement x=6cm=0.06m
Acceleration a=?
Solution:
T=2n[_m
K
Squaring both sides we get: \\
0.4)2=472m 0.16=4n21®
K K
m =0.16 é
K 4n2 &
But F=ma=Kx
m-x &

a= or a= 4n2x0.06
. 0.16
= 14.80 m/s2.
D.M0:26sA body of mass 5 gram

dillates as a simple pendulum. Calculate
:&me period of the pendulum if its length
? .2m. (2025 Karachi Board)
ata:
Mass of the body m
Length of the pendulum L
Time period T
Solution:
Time period of a simple pendulum is
independent of its mass, it is given by:

T=2n L=2n[ 1.2
9.8

9
Squaring both sides we get:

T2=4 nzﬁ =4.834
9.8
T=+4.834=2.198 sec.

gm.
2m

5
1
?
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