Simple Harmonic Motion ﬂ—
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SIMPLE HARMONIC MOTION

3.1

3.2

3.3

PERIODIC MOTION

When a body or a moving particle repeats its motion along a definite path after regular interval of time,
its motion is said to be Periodic Motion and interval of time is called time period or harmonic motion
period (T). The path of periodic motion may be linear, circular, elliptical or any other curve. For
example, rotation of earth about the sun.

OSCILLATORY MOTION

‘To and Fro’ type of motion is called an Oscillatory Motion. It need not be periodic and need not have
fixed extreme positions. For example, motion of pendulum of a wall clock.

The oscillatory motions in which energy is conserved are also periodic.

The force / torque (directed towards equilibrium point) acting in oscillatory motion is called restoring
force / torque.

Damped oscillations are those in which energy is consumed due to some resistive forces and hence
total mechanical energy decreases.

SIMPLE HARMONIC MOTION

If the restoring force/ torque acting on the body in oscillatory motion is directly proportional to the
displacement of body/particle and is always directed towards equilibrium position then the motion is
called simple Harmonic Motion (SHM). It is the simplest (easy to analyze) form of oscillatory motion.

TYPES OF SHM
(8 Linear SHM : When a particle undergoes to and fro motion about an equilibrium position, along a
straight line. A and B are extreme positions. M is mean position. AM = MB = Amplitude
M
Ae——e—oB
(b) Angular SHM : When a body/particle is free to rotate oscillate about a given axis on a curved path.
EQUATION OF SIMPLE HARMONIC MOTION (SHM) :
The necessary and sufficient condition for SHM is F = — kx
where k = positive constant for a SHM = Force constant
x = displacement from mean position.

d’x
or m—— =-—
dt
d?x _ k : : :
= — + —x=0 [differential equation of SHM]
dz ~ m

2
= d—X+o)2x:0 Wherem:F
dt? m

It's solutionis  x = A sin (ot + ¢)

CHARACTERISTICS OF SHM

Note : In the figure shown, path of the particle is on a straight line.
equilibrium extreme
extreme I position I position
:position | !

1
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(a) Displacement - It is defined as the distance of the particle from the mean position at that instant.

Displacement in SHM at time t is given by x = A sin (ot + ¢)

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : US0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Simple Harmonic Motion ﬂ—

(b) Amplitude : It is the maximum value of displacement of the particle from its equilibrium position.
Amplitude = % [distance between extreme points or positions]
It depends on energy of the system.

(c) Angular Frequency (@) : ® = 2_|_—n = 2xnf and its unit is rad/sec.

(d) Frequency (f) : Number of oscillations completed in unit time interval is called frequency of

1. ﬁ, its units is sec~! or Hz.

T 2n

(e) Time period (T) : Smallest time interval after which the oscillatory motion gets repeated is called

time period, T = 2n = 21:\/E

Solved 5x:m;é&¢k

oscillations, f=

2

Example 1. For a particle performing SHM, equation of mation is given as 3—;( + 4x = 0. Find the time period.
t
2
Solution : d—;( =—4x o’ =4 ®w=2
dt
. . 2
Time period; T=— ==

i

(f) Phase : The physical quantity which represents the state of motion of particle (eg. its position and
direction of motion at any instant).
The argument (wt + ¢) of sinusoidal function is called instantaneous phase of the motion.
(g) Phase constant (¢) : Constant ¢ in equation of SHM is called phase constant or initial phase. It
depends on initial position and direction of velocity.
(h) Velocity(v) : Velocity at an instant is the rate of change of particle’s position w.r.t time at that
instant.
Let the displacement from mean position is given by
x=Asin (ot + ¢)
_ dx d

Velocity, v= — = —| Asin(wt
y A dt[ (ot +9¢)]

v = Ao cos (ot + ) or, v= oJAZ —x?

At mean position (x = 0), velocity is maximum.
Vmax = 0A

At extreme position (x = A), velocity is minimum.
Vmin = Z€I0

GRAPH OF SPEED (v) VS DISPLACEMENT (x):

vZ X

V2 + @2x2 = @2A? 5 2+—2=1
o A A

Speed (V)
(0)
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Simple Harmonic Motion ﬂ—
GRAPH WOULD BE AN ELLIPSE
(i) Acceleration : Acceleration at an instant is the rate of change of particle’s velocity w.r.t. time at

that instant.

Acceleration, a= av = i[Aco cos(wt + 0)]

dt dt
a=- w?Asin (ot + ¢)
a=- o’
Note
® Negative sign shows that acceleration is always directed towards the mean position.
At mean position (x = 0), acceleration is minimum.
amin = Z€ro

At extreme position (x = A), acceleration is maximum.

Amax = @A
ta
R o’A
; A
L X
—A '
Al Y
GRAPH OF ACCELERATION (A) VS DISPLACEMENT (x)
a=—- mX
Example 2. The equation of particle executing simple harmonic motion is x = (5 m) sin |:(TCSl)t+g:| . Write

down the amplitude, time period and maximum speed. Also find the velocity att =1 s.
Solution : Comparing with equation x = A sin (ot + 3),

we see that the amplitude = 5 m,

The maximum speed =A® =5m x 51 =51 m/s.
. . dx
The velocity at time t = ot = A® cos (ot + J)

At t=1s,

v=(5m) (x s cos [n+§} =— 5711 m/s.
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Example 3.

Solution :

Example 4.

Solution :

Example 5.

Solution :

A particle executing simple harmonic motion has angular frequency 6.28 s and amplitude
10 cm. Find (a) the time period, (b) the maximum speed, (c) the maximum acceleration, (d) the
speed when the displacement is 6 cm from the mean position, (e) the speed at t = 1/6 s
assuming that the motion starts from rest at t = 0.

(&) Time period = 2n = 2r
® 6.28

(b) Maximum speed = Aw = (0.1 m) (6.28 s1) = 0.628 m/s.
(c) Maximum acceleration = Aw?
= (0.1 m) (6.28 s1)2=4 m/s2.

s=1s.

(d) v=o VA*=%* =(6.28 5) |/(10cm)? —(6cm)? = 50.2 cm/s.

(e) Att=0,the velocity is zero i.e., the particle is at an extreme. The equation for displacement
may be written as
X = A cosot.
The velocity is v=— A o sin ot.

At t= %s, v=—(0.1m) (6.28 s7) sin (%j

= (- 0.628 m/s) sin g = 54.4 cm/s.

A particle starts from mean position and moves towards positive extreme as shown. Find the
equation of the SHM. Amplitude of SHM is A.

t=0
—>
-A 0 A
General equation of SHM can be written as x = A sin (ot + ¢)
Att=0,x=0
0=Asing 0=0,7 ¢ [0,27)

Also; att=0,v=+ve
Ao cosd = +ve

or, $=0

Hence, if the particle is at mean position at t = 0 and is moving towards +ve extreme, then the

equation of SHM is given by x = A sinot

Similarly

for

Al
o

N\ —

d=m A
equation of SHM is x = A sin(ot + )

or, x=-Asinot

Note :

® |f mean position is not at the origin, then we can replace x by x — xo and the eqn.
becomes x — xo = A sin (ot + ¢), where xo is the position co-ordinate of the mean
position.

=)
>

A particle is performing SHM of amplitude “A” and time period “T”. Find the time taken by the
particle to go from 0 to A/2.

Let equation of SHM be x = A sin ot

whenx=0,t=0

whenx =A/2; A/2=Asin ot

or sinot=1/2 ot=mn/6
2—nt =7/6 t=T/12
T

Hence, time taken is T/12, where T is time period of SHM.
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Simple Harmonic Motion ﬂ—

Example 6. A particle of mass 2 kg is moving on a straight line under the action of force F = (8 — 2x) N. Itis

released at rest from x =6 m.

(a) Is the particle moving simple harmonically.
(b) Find the equilibrium position of the particle.
(c) Write the equation of motion of the particle.
(d) Find the time period of SHM.

Solution : F=8-2x or F=-2(x-4)

at equilibrium position F =0
= X =4 is equilibrium position
Hence the motion of particle is SHM with force constant 2 and equilibrium position x = 4.
(a) Yes, motion is SHM.
(b) Equilibrium position is x = 4
v=0

0 x=4 x=6
(c) Atx =6 m, particle is at rest i.e. it is one of the extreme position
Hence amplitude is A = 2 m and initially particle is at the extreme position.
Equation of SHM can be written as

X —4 =2 cos ot, wherem:\/Kz\/Zzl
m 2

i.,e. x=4+2cost

(d) Time period, T = 2 27 sec.
(0]

SHM AS A PROJECTION OF UNIFORM CIRCULAR MOTION
Consider a particle moving on a circle of radius A with
a constant angular speed ® as shown in figure.
Suppose the particle is on the top of the circle (Y-axis)
at t = 0. The radius OP makes an angle 6 = ot with the
Y-axis at time t. Drop a perpendicular PQ on X-axis.
The components of position vector, velocity vector and
acceleration vector at time t on the X-axis are

X(t) = A sin ot

Vx(t) = Ao cos ot

ax(t) = — ®?A sin ot
Above equations show that the foot of perpendicular Q
executes a simple harmonic motion on the X-axis. The

amplitude is A and angular frequency is .
Similarly the foot of perpendicular on Y-axis will also execute SHM of amplitude A and angular

frequency o [y(t) = A cos wt]. The phases of the two simple harmonic motions differ by /2.

GRAPHICAL REPRESENTATION OF DISPLACEMENT, VELOCITY & ACCELERATION IN
SHM

X(t)

Displacement, X = A sin ot
Velocity, V= Ao cos ot = A sin (ot + g) or v=JAZ-x% o
Acceleration, a=- w?’Asinot = w?Asin(ot+m) or a=-— o’X
Note: ® v=oVAZ =X

a=-— X

These relations are true for any equation of x.
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Simple Harmonic Motion

I
1. All the three quantities displacement,

same period.
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2. The velocity amplitude is o times the displacement amplitude (Vmax = ®A).
3. The acceleration amplitude is w?times the displacement amplitude (amax = w?A).

4. In SHM, the velocity is ahead of displacement by a phase angle of g

5. In SHM, the acceleration is ahead of velocity by a phase angle of g

time, t T/4 T/2 3T/4
displacement, x A 0 —-A 0
Velocity, v Aw 0 - Ao 0 Ao
acceleration, a — w?A 0 o*A 0
X 5T/4 3T/2

velocity and acceleration vary harmonically with time, having

6. ENERGY OF SHM
6.1 Kinetic Energy (KE)

% mv? = % mo? (A2 — x?) = %k (A% — x?) (as a function of x)
= %m A2@? cos? (ot + 0) = % KA?Z cos? (ot + 0) (as a function of t)
KEmax = 1 : _ 1

max = SKAZ (KE), ;= il

Frequency of KE = 2 x (frequency of SHM)

6.2 Potential Energy (PE)

%sz (as a function of x) = % kAZ sin? (ot + 0) (as a function of time)

6.3 Total Mechanical Energy (TME)

Total mechanical energy = Kinetic energy + Potential energy = %k(A2 -

Hence total mechanical energy is constant in SHM.

6.4 Graphical Variation of energy of particle in SHM.
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Simple Harmonic Motion ﬂ—

Example 7.

Solution :

Solved Examples

A particle of mass 0.50 kg executes a simple harmonic motion under a force F = — (50 N/m)x.
If it crosses the centre of oscillation with a speed of 10 m/s, find the amplitude of the motion.
The kinetic energy of the particle when it is at the centre of oscillation is

1

E= > mv2 = % (0.50 kg) (10 m/s)? =25 J.
The potential energy is zero here. At the maximum displacement x = A, the speed is zero and
hence the kinetic energy is zero. The potential energy here is %kAZ. As there is no loss of
energy,

% kA2=25]

The force on the particle is given by

F = — (50 N/m)x.
Thus, the spring constant is k = 50 N/m.
Equation (i) gives

% (50 N/m) A2=25J or, A=1m.

7. SPRING-MASS SYSTEM

/

ooogooooo 7
1) 2 m T=2n. /M
77777777777/ /7 k

smooth surface
2 Sk T=2n |2
k
m

(3) If spring has mass ms then

: 7 m = //m+ms/3

Z Z

m
m+—=

T=2n 3

————— Solued Evamples

Example 8.

Solution :

A particle of mass 200 g executes a simple harmonic motion. The restoring force is provided by
a spring of spring constant 80 N/m. Find the time period.

-3
The time period is T = 2n\E = op [209X107K9 _ 5 005s=031s.
K 80 N/m
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Simple Harmonic Motion ﬂ—

Example 9.

Solution :

Example 10.

Solution :

Example 11.

The friction coefficient between the two blocks shown in figure is p and the horizontal plane is
smooth. (a) If the system is slightly displaced and released, find the time period. (b) Find the
magnitude of the frictional force between the blocks when the displacement from the mean
position is x. (c) What can be the maximum amplitude if the upper block does not slip relative to
the lower block ?

y
——TETE— M
T T T T TTITITTITITIT
(a) For small amplitude, the two blocks oscillate together. The angular frequency is

®= f K and so the time period T = 27 /Mer.
M+m k

(b) The acceleration of the blocks at displacement x from the mean position is

5 [—kxj
a=—X=
M+m

The resultant force on the upper block is, therefore, ma = (I\_/Imkxj
+m

ALV

This force is provided by the friction of the lower block. Hence, the magnitude of the

mk|x|j

frictional force is
+m

(c) Maximum force of friction required for simple harmonic motion of the upper block is

+m
at the extreme positions. But the maximum frictional force can only be p mg. Hence

mk A N o pu(M+m)g

M+m k

A block of mass m is suspended from the ceiling of a stationary elevator through a spring of
spring constant k and suddenly, the cable breaks and the elevator starts falling freely. Show
that block now executes a simple harmonic motion of amplitude mg/k in the elevator.

When the elevator is stationary, the spring is stretched to support the
block. If the extension is X, the tension is kx which should balance the
weight of the block.

Thus, x = mg/k. As the cable breaks, the elevator starts falling with
acceleration ‘g’. We shall work in the frame of reference of the
elevator. Then we have to use a pseudo force mg upward on the
block. This force will ‘balance’ the weight.

Thus, the block is subjected to a net force kx by the spring when it is at a distance x from the
position of unstretched spring. Hence, its motion in the elevator is simple harmonic with its
mean position corresponding to the unstretched spring. Initially, the spring is stretched by
x = mg/k, where the velocity of the block (with respect to the elevator) is zero. Thus, the
amplitude of the resulting simple harmonic motion is mg/k.

The left block in figure collides inelastically with the right block and sticks to it. Find the
amplitude of the resulting simple harmonic motion.

Vv
—

m m k
—000000—]

i

[T
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Simple Harmonic Motion ﬂ—

Solution :

Example 12.

Solution :

Assuming the collision to last for a small interval only, we can apply the principle of conservation of

. LoV
momentum. The common velocity after the collision is 7

2
L 1 \Y; 1
The kinetic energy = = (2m) | — | = = mv2.
9y =5 (2m) (zj 2

This is also the total energy of vibration as the spring is unstretched at this moment. If the

amplitude is A, the total energy can also be written as % kAZ?. Thus,

L kA2 = 1 mv2, giving A = ;ﬂ V.
2 4 2k

Two blocks of mass mi1 and mz are connected with a «— (=X —»

spring of natural length | and spring constant k. The > k
system is lying on a smooth horizontal surface. Initially m, /%LQQQQQQQQD_QJ m,
spring is compressed by Xxo as shown in figure. / /

(d
Show that the two blocks will perform SHM about their equilibrium position. Also (a) find the
time period, (b) find amplitude of each block and (c) length of spring as a function of time.

(@)

(b)

()

Here both the blocks will be in equilibrium at BP. . ¢, EP
the same time when spring is in its natural k
length. Let EP1 and EP:> be equilibrium m, 10000000000 F Zm,
positions of block A and B as shown in 4 Z
figure.
Let at any time during oscillations, blocks « EP. EP,
are at a distance of xa and xz from their <> % < :r
equilibrium positions. As no external force is m, 10000000000 4 /m
acting on the spring block system N / :
(M1 + M2)A Xem = MaXa — M2x2 =0 or MiX1 = M2X2
For 1st particle, force equation can be written as
d®x m
k(X1 + x2) = —my 21 or, K(x1 + —=X1) = — mas
dt m,
k(m; +m k(m; +m
or, ay = XM tMy) - @2 = KMy £m;)
m;m
Hence, T =21 | —+2— = Zﬂ\/E
k(m; + m,) K
_ m1m2 . .
where p = ———=— which is known as reduced mass Ans (a)

(my+my)
Similarly time period of 2nd particle can be found. Both will be having the same time period.

Let the amplitude of blocks be A1 and Aa.
miA1 = m2A2

By energy conservation; %k(Al +A2)? = %k X0? or, A1+ A2 =Xo

m
or, A1+ A2=xo or, Ar+ —L A1 =xo
m;

m,X - m; X
—270 Similarly, Ap= —10
Consider equilibrium position of 1st particle as EP < . » EP
origin, i.e. x = 0. x co-ordinate of particles can be k
written as m 710000000000

1
X1 = Aicoset  and X2 = { — A2cos ot
Hence, length of spring at time t can be written as; x=0

length = x2 — x1= ¢ — (A1 + A2)coswt

or, A1 =

®
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Solved Examples

Example 13. The system is in equilibrium and at rest. Now mass m: is removed from mz. Find the time

period and amplitude of resultant motion. Spring constant is K.
Ji

ml
m
(my +my)g
K

Solution : Initial extension in the spring x =

Now, if we remove ma equilibrium position (E.P.) of mz will be % below natural length of

spring.

N.L---;

At the initial position, since velocity is zero i.e. it is the extreme position.

Hence Amplitude = %

Time period = 2n f%

Since only block of mass mz is oscillating

8. COMBINATION OF SPRINGS
8.1 Series Combination :
Total displacement x = X1 + X2
Tension in both springs = ki X1 = k2 x2 K, k,
Equivalent spring constant in series combination Keq is given by : m

Ukeq = 1/ki + Uk = T=2n |
Keg

Note :
® In series combination, tension is same in all the springs & extension will be different. (If k is same
then deformation is also same)
® In series combination, extension of springs will be reciprocal of its spring constant.
® Spring constant of spring is reciprocal of its natural length
k oc 1/¢
kili=kal2=kats
e Ifaspringis cutin ‘n’ pieces then spring constant of one piece will be nk.

8.2 Parallel combination :
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Simple Harmonic Motion

————— Solued Evamples

Example 14.
Solution : (a) Force Method :
in spring is Xo.
kxo = mg

s

Extension is same for both springs but force acting will be different.
Force acting on the system = F

F=—(kix+kax) =

keq:kl+k2 =

F=—(kitk2)Xx = F=—KegX

T=2n |
Keq

METHOD’S TO DETERMINE TIME PERIOD, ANGULAR FREQUENCY IN S.H.M.

(a) Force/torque method
(b) Energy method

Let in equilibrium position of the block, extension

Now if we displace the block by x in the downward
direction, net force on the block towards mean

position is

F = k(x + Xo) — mg = kx using (1)
Hence the net force is acting towards mean

position and is also proportional to x.

The string, the spring and the pulley shown in figure are light. Find the time period of the mass m.

Natural length
Equilibrium position

So, the particle will perform S.H.M. and its time period would be T = 2x E

(b) Energy Method :
Let gravitational potential energy is to be zero at the level of the block when spring is in its

natural length.

Now at a distance x below that level, let speed of the block be v.
Since total mechanical energy is conserved in S.H.M.

- mgx + %kx2 + %mv2 = constant

Differentiating w.r.t. time, we get
—mgv + kxv+mva=0
where a is acceleration.

mg

F=ma=-kx+mg or F=-k(x-—

k

mg

This shows that for the motion, force constant is k and equilibrium position is x = o

So, the particle will perform S.H.M. and its time period would be T = ZnE
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10. SIMPLE PENDULUM

If a heavy point mass is suspended by a weightless, inextensible i
and perfectly flexible string from a rigid support, then this -
arrangement is called a simple pendulum .’ ! 0 \/
4
7 |
Time period of a simple pendulum T =2xn é ‘¢ |
S~ . 1 _ -
- -
(some times we can take g = n? for making calculation simple)
Note :
e [f angular amplitude of simple pendulum is more, then time period
2
T= 27:\/Z [1+ f—gj (Not in JEE, For other exams)
9

where 6o is in radians.
General formula for time period of simple pendulum when 7 is comparable to radius of Earth R.

where, R = Radius of the earth

Time period of simple pendulum of infinite length is maximum and is given by : T = ZnF = 84.6 min
g

(Where R is radius of earth)

Time period of seconds pendulum is 2 sec and £ = 0.993 m.

Simple pendulum performs angular S.H.M. but due to small angular displacement, it is considered
as linear S.H.M.

If time period of clock based on simple pendulum increases then clock will be slow but if time period
decrease then clock will be fast.

If g remains constant & A/ is change in length, then A?Txloo :% %xloo

If £ remain constant & Ag is change in acceleration then, A?T x100 = —% A9 x100

g
If A/ is change in length & Ag is change in acceleration due to gravity then,

AT 100=|1A0 1491 100
T 2

Solved Examples

Example 15 A simple pendulum of length 40 cm oscillates with an angular amplitude of 0.04 rad. Find

Solution :

(a) the time period, (b) the linear amplitude of the bob, (c) the speed of the bob when the string
makes 0.02 rad with the vertical and (d) the angular acceleration when the bob is in momentary
rest. Take g = 10 m/s2.

2
(&) The angular frequency is o = Jg/ﬁ = 1(())mT/s =5gst
Am
the time period is 2n = 2—T[1 =1.26 s.
® 5s”

(b) Linear amplitude =40 cm x 0.04 = 1.6 cm
(c) Angular speed at displacement 0.02 rad is
Q= (557) /(0.04) —(0.02)? rad = 0.17 rad/s.

where speed of the bob at this instant = (40 cm) x 0.175-! = 6.8 cm/s.
(d) At momentary rest, the bob is in extreme position.
Thus, the angular acceleration o = (0.04 rad) (25 s=2) = 1 rad/s?.

i

10.1  Time Period of Simple Pendulum in accelerating Reference Frame :
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Simple Harmonic Motion ﬂ—

T=2x f ! where
geff.

geft. = Effective acceleration in accelerating reference system = |§—é|, at mean position

a = acceleration of the point of suspension w.r.t. ground.
Condition for applying this formula: |g—&| = constant

Nettension in strin "
AlSO  Qeff = 9 at mean position

mass of bob

Solved Examples

Example 16. A simple pendulum is suspended from the ceiling of a car accelerating uniformly on a horizontal
road. If the acceleration is ao and the length of the pendulum is ¢, find the time period of small
oscillations about the mean position.

Solution : We shall work in the car frame. As it is accelerated with respect to the road, we shall have to
apply a pseudo force mao on the bob of mass m.

For mean position, the acceleration of the bob with respect to the car should be zero. If 60 be
the angle made by the string with the vertical, the tension, weight and the pseudo force will add
to zero in this position.

Hence, resultant of mg and mao (say F = m 92 +a§ ) has to be along the string.

ma, _ ag

mg g

Now, suppose the string is further deflected by an

angle 6 as shown in figure.

Now, restoring torque can be given by .
(Fsin®) =/—m/2q A’

Substituting F and using sin 6 ~ 6 , for small 6.

(m1}92+a3)€9:—m€2a
22 2 . .2
4f a \} a
or, a= Q_e SO; (02:&

4 l

tan 6o =

Je

This is an equation of simple harmonic motion with time period T = 2R _ o 7
@ (9” +a5)

10.2  If forces other then m g acts then :

T=2n f £ where Qeft. =
Oefr.

F = constant force acting on ‘m’.

Solved Evamples

Example 17. A simple pendulum of length ‘/’ and having bob of mass ‘m’ is doing angular SHM inside water.
A constant buoyant force equal to half the weight of the bob is acting on the ball. Find the time
period of oscillations?

Solution : Here Qeft. = g — %/2 =g/2. Hence T = 2x f%
g

X

11. COMPOUND PENDULUM / PHYSICAL PENDULUM

_F
g+—
m
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Simple Harmonic Motion ﬂ—
When a rigid body is suspended from an axis and made to oscillate about that then it is called
compound pendulum.

C = Position of center of mass

S = Point of suspension

¢ = Distance between point of suspension and center of mass
(it remains constant during motion)

For small angular displacement “6” from mean position

The restoring torque is given by
T=—mg/(sind

o~
@) ..-—————@m

T=-—mg/o -+ for small 6, sin6 ~ 0
or Ioa= —mg/6 where, I = Moment of inertia about point of suspension.
or a:m_ge_e or (Dzzm_ge
| |
Time period, T=2xn (L I=1Icm + ms?
mg/¢

Where Icm = moment of inertia relative to the axis which passes from the center of mass & parallel to
the axis of oscillation.

Igy + M2
mg/

T=2n

where Icm= mk?
k = gyration radius (about axis passing from centre of mass)

2 2 B > L
T = 2 MK M T=2n [ 6 —op [Feu
mg/¢ (g g

2
Leq = k7 + ¢ = equivalent length of simple pendulum ;

T is minimum when ¢ = k.

Tmin= 21 2—k
\A g

Graph of Tvs ¢

S 4

Solved Examples

Example 18. A uniform rod of length 1.00 m is suspended through an end and is set into oscillation with
small amplitude under gravity. Find the time period of oscillation. (g = 10 m/s?)
Solution : For small amplitude the angular motion is nearly simple harmonic and the time period is given

by
2
Toon | =pn [ _p 20 [2-100m _ 2
mg(¢/2) mg(¢/2) 3g \3x10m/s®> 15

12. TORSIONAL PENDULUM
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Simple Harmonic Motion

_S’alfaed Evamples

In torsional pendulum, an extended object is suspended at the
centre by a light torsion wire. A torsion wire is essentially
inextensible, but is free to twist about its axis. When the lower
end of the wire is rotated by a slight amount, the wire applies a
restoring torque causing the body to oscillate (rotate) about
vertical wire, when released. —
The restoring torque produced is given by
t1=-C60 where, C = Torsional constant
or Ta=—-C6 where, I = Moment of inertia about the vertical axis.

or o= —Ee o Time Period, T = Zn\E

Example 19. A uniform disc of radius 5.0 cm and mass 200 g is fixed at its centre to a metal wire, the other

end of which is fixed to a ceiling. The hanging disc is rotated about the wire through an angle
and is released. If the disc makes torsional oscillations with time period 0.20 s, find the torsional
constant of the wire.

Solution : The situation is shown in figure. The moment of inertia of the disc

about the wire is
mr? _ (0.200kg)(5.0 x10?m)?

2 2
The time period is given by

2 2 41, 2 2
T:ZnF N 4n21 _ 4n*(25x10 kzg M) _ o5 kd 2m _
C T (0.20 s) s ~

1=

=2.5x%x 10 kg - m2.

13.
131

13.2

13.3

134

SUPERPOSITION OF TWO SHM’S

In same direction and of same frequency.

X1 = A1 sin ot

X2 = Az sin (ot + 8), then resultant displacement x = x1 + X2 = A1 sin ot + A2 sin (ot + 6) = A sin (ot + ¢)
A, sin®

A; +A,cos6

where A= \/Af +A2+2A,A,C080 & ¢ = tan—l[

If 6 = 0, both SHM’s are in phase and A = A1 + A2

If 6 = , both SHM'’s are out of phase and A = |A1 — Az|

The resultant amplitude due to superposition of two or more than two SHM’s of this case can also be
found by phasor diagram also.

In same direction but are of different frequencies.
X1 = A1 sin o1t
X2 = A2 Sin w2t
then resultant displacement x = X1 + X2 = A1 Sin w1t + A2 Sin w2t This resultant motion is not SHM.
In two perpendicular directions.
Xx=Asinot; y=Bsin(ot+0)
Case (i): If 6=0or ntheny =4+ (B/A) x. So path will be straight line & resultant displacement will be

r= (x2 + y2)% = (A2 + B2)% sinot VA? +B?

which is equation of SHM having amplitude
Case (ii): If6= g then. x = A sin ot ; y = B sin (ot + ©/2) = B cos ot

2 2

so, resultant will be % + é—z = 1. i.e. equation of an ellipse and if A = B, then superposition will be
an equation of circle. This resultant motion is not SHM.

Superposition of SHM’s along the same direction (using phasor diagram)

If two or more SHM’s are along the same line, their resultant can be obtained by vector addition by

making phasor diagram.

/\
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Simple Harmonic Motion ﬂ—

1. Amplitude of SHM is taken as length (magnitude) of vector.

2. Phase difference between the vectors is taken as the angle between these vectors. The magnitude
of resultant vector gives resultant amplitude of SHM and angle of resultant vector gives phase
constant of resultant SHM.

For example : X1 = A1 sin ot
X2 = Az sin (ot + 0)

A,
A,sinb
A
0
Phasor Diagram Phasor diagram

If equation of resultant SHM is taken as x = A sin (ot + ¢)
A= JAZ1AZi2AA,c0s0 =  tang= - 230

A; +A,cos6

Solved Examples

Example 20. Find the amplitude of the simple harmonic motion obtained by combining the motions
X1 = (2.0 cm) sinot and x2 = (2.0 cm) sin (ot + ©/3).

Solution : The two equations given represent simple harmonic motions along X-axis with amplitudes
A1 =2.0 cm and Az = 2.0 cm. The phase difference between the two simple harmonic motions
is n/3. The resultant simple harmonic motion will have an amplitude A given by

A= JAZ £ A2 1 2A,A,COS5 = [(2.0cm)? +(2.0cm)? +2(2.0cm)2cos = = 3.5 cm
i 2 WU~z 3

Example 21. x1=3sin ot ; X2 = 4 cos ot
Find (i) amplitude of resultant SHM. (ii) equation of the resultant SHM.
Solution : First write all SHM'’s in terms of sine functions with positive amplitude. Keep “ot” with positive sign.
X1 =3 sin ot

X2 =4 sin (ot + 1/2)

A=\/32+42+2><3><4cosg = J9+116 = 25 =5
4sinE

tang= — 2 = c ¢ = 53° equation x = 5 sin (ot + 53°)
3+ 4cosg s

Example 22 x1 =5 sin (ot + 30°)
X2 = 10 cos (ot).

Find amplitude of resultant SHM.

Solution : X1 =5 sin (ot + 30°)
_ . T 10
X2 = 10 sin (ot + E)
60°
A = 52 +102 +2x 5x10c0S 60° -

= J25+100+50 = 175 = 5\7 Phasor Diagram

Example 23 A particle is subjected to two simple harmonic motions x1 = A1 sin ot and x2 = Az sin (ot + ©/3).
Find (a) the displacement at t = 0, (b) the maximum speed of the particle and (c) the maximum
acceleration of the particle.
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Simple Harmonic Motion ﬂ—

Solution :

Example 24.

Solution :

— Solved Miscellancous Problens

Problem 1.

Solution :

Problem 2.

(@ At t =0, xa=Arsinwt=0 and xz= Az sin (ot + /3) = Az sin (n/3) = %.

Ve

Thus, the resultant displacementatt=0is x = x1 + X2 = A27

(b) The resultant of the two motions is a simple harmonic motion of the same angular
frequency o. The amplitude of the resultant motion is

A= A2+ AZ+2A/A, cos(r/3) = AZ + A2 + AA,
The maximum speed is Umax = A = 0 \|AZ + A3 + AjA,
(c) The maximum acceleration is amax = A ®? = o? ,fAf +AS+AA, .

A particle is subjected to two simple harmonic motions in the same direction having equal
amplitudes and equal frequency. If the resultant amplitude is equal to the amplitude of the
individual motions, find the phase difference between the individual motions.

Let the amplitudes of the individual motions be A each. The resultant amplitude is also A. If the

phase difference between the two motions is 8, A= \/Az +A% +2A. A.cosd

A =A.2(1+cosd) =2A cos% ,  cos g =% = & = 2x/3.

Write the equation of SHM for the situations shown below:
t=0 t=0
a < b -
@ - - < B : - .
=0
€ & 0 AZ A

(@) Att=0, x = +A
x = Asin(ot + ¢) ; A =Asin (¢)
¢ = /2

X =Asin (mt + gj = Acos (ot)

(b) Att=0,x=—A
Xx=Asin(ot+¢); —A=Asin¢

(1):3—7c ;. X=Asin cot+ﬁ
2 2
X =— A cos (wt)

©) Att=0,x= 2

E; x =Asin (ot + ¢)

%zAsin(th])) ; %zsinq) = ¢=30°,150

Particle is moving towards the mean position and in negative direction.

velocity v = Am cos (ot + ¢)

At t=0, v=-ve

v =Awcos ¢ hence ¢ = 150°

x = Asin(wt + 150°) Ans. (a)x=Acosot; (b) x =-A coswt ; (c) X = A sin(ot + 150°)

Block A of mass m is performing SHM of amplitude a. Another block B of mass m is gently
placed on A when it passes through mean position and B sticks to A. Find the time period and
amplitude of new SHM.
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Simple Harmonic Motion ﬂ—

ug v
: —>
lut :
Solution : nlq I : . Im .
I I 1
Amplitude = a Amplitude = A
Time period of mass m = ZnE
. . 2m
Time period of mass 2m = 2n ra
At mean position, Kinetic energy = Total Energy
For mass m : %mu2 = %m o’az L Q)
1 1 ?
Formass2m: =2mv2= —2mA2| -2 | . 2
2 2 N
By Conservation of momentum mu=2mv = Vv= %
2 2
Lom(Y) = Lomae 2] . 3)
2 2 2 2
. . _ 2a°
Divide equation (1) & (3); 4= F
New Amplitude A = 2 Ans. T=2=n L Amplitude = 2
2 V' 2
Problem 3. Repeat the above problem assuming B is placed on A at a distance % from mean position.
u
%
. m I t t 1 Amplitude = a
Solution : T=2rn I mean a2
\%

—
2m
T=2n 2—m f i - | Amplitude = A
K mean

By conservation of momentum mu =2mv = v = %
. . a
Kinetic Energies at >
2
For massm : %mu2 = %mo)2 {az _[%j ] ..... 1)
2 2
Formass2m: —2mv = ~om| -2 |a2-[2) | . 2)
2 2 NA) 2
2 2 2
LomWoloy @l @ 3)
2 4 2 2 4
2
a? -2
Dividing equation (1) & (3) ; 2= —42
Az_2
4

New Amplitude A = \/ga Ans. T=2=n 2?m , Amplitude = a\/g
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Simple Harmonic Motion ﬂ—

Problem 4.

Solution :

Problem 5.

Solution :

Problem 6.

Solution :

Problem 7.

The block is allowed to fall, slowly from the position where spring is in its natural length. Find,
maximum extension in the string.
T

Since the block falls slowly from rest the maximum extension occurs when mg = Kxo
mg . . . m
Xo = MY is maximum extension Ans. 9
K K
In the above problem if block is released from there,
what would be maximum extension.
Let xo = maximum extension

: . 1
applying conservation of energy mgxo = > Kxo?

The velocity at the point of maximum extension is zero.

2mg . . . 2m
Xo = <mg IS maximum extension Ans. Tg

Block of mass m: is in equilibrium as shown in figure. Another block of mass m: is kept gently
on mz. Find the time period of oscillation and amplitude.

. : m; +m
Time period T = 21 fl—z mg
K K
At initial position since velocity is zero it is the I
" mgm v
extreme position. Eggiltlilcl))rrllum

Amplitude A = g

Ans. T=2n ’% Amplitude = %

Block of mass m:2 is in equilibrium and at rest. The mass mi moving with velocity u

vertically downwards collides with m2 and sticks to it. Find the energy of oscillation.
/
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Simple Harmonic Motion ﬂ—

Solution : Let the velocity of m1 & m:z be v after collision

By conservation of momentum mau = (M1 + m2)v

v ——

2
Hence, KE = 1 (m1+m2)V2 = lm—lUZ
2 2m,+m,

mzg = Kxa = (m1+ mz)g = Kxz
Equilibrium
Position

1 1 (mgY
PE= Kxe—x1)? = K| ™9 | - pg=
2 2 K

Therefore energy of oscillation is E = KE + PE

N | =

2m; +m, 2K 2 | mg+m, K
Problem 8. A box is placed on a smooth inclined plane and it is free to move. A simple pendulum is
attached in the block. Find its time period.
smooth
0
Solution : Let Fp = Pseudo force
For equilibrium position Tsina Jcos
Tsina + Fp = mgsin® T
Tsina + ma = mgsin®
since a = gsin®
Tsina + mgsin® = mgsind mgsing
Tsina =0 mgcos6

Loa=0

Hence in equilibrium position the string is perpendicular
to incline plane.

Therefore effective ‘g’ is geff = gcos 0

Time period T = 27 /L
Oeff

T=2xn ‘
gcoso
Problem 9. X1 =5sin ot; X2 =5 sin (ot + 53°); x3 =— 10 cos ot. Find amplitude of resultant SHM

Solution : X1 = 5sinot 5 >3
X2 =5 sin (ot + 53°)
x3 = — 10 cos ot
we can write xs = 10 sin(wt + 270°) 530 =
Finding the resultant amplitude by vector 5
notation. 6
Resultant Amplitude R
IR|= 82 +6% =10 Ans. o

/\
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Simple Harmonic Motion ~ ﬂ—

Bl Exercise-1 |

w Marked Questions can be used as Revision Questions.

PART - 1: SUBJECTIVE QUESTIONS

Section (A) : Equation of SHM

A-1.n

A-2.

A-3.n

A-4.

A-5.

A-6.%

The equation of a particle executing SHM is x = (5m)sin{(nsl)t+g} . Write down the amplitude, initial

phase constant, time period and maximum speed.

A particle having mass 10 g oscillates according to the equation x = (2.0 cm) sin [(100 s—1) t+ «/6]. Find
(a) the amplitude, the time period and the force constant
(b) the position, the velocity and the acceleration at t = 0.

A simple harmonic motion has an amplitude A and time period T. Find the time required by it to travel
directly from

A A A
a)x=0tox=A/2 b) x=0tox= — c)x=Atox=A/]2 dx=—— tox= —
€Y (b) 17 (©) (d) N Nl
(e)x= L tox =A.

2

A particle is executing SHM with amplitude A and has maximum velocity vo. Find its speed when it is
located at distance of A/2 from mean position.

A particle executes simple harmonic motion with an amplitude of 10 cm and time period 6 s. Att =0t is
at position x = 5 cm from mean postion and going towards positive x-direction. Write the equation for
the displacement x at time t. Find the magnitude of the acceleration of the particle at t = 4s.

A particle is executing SHM. Find the positions of the particle where its speed is 8 cm/s, If maximum
magnitudes of its velocity and acceleration are 10 cm/s and 50 cm/s? respectively.

Section (B) : Energy

B-1.»=

B-2.»

A particle performing SHM with amplitude 10 cm. At What distance from mean position the kinetic
energy of the patrticle is thrice of its potential energy?

An object of mass 0.2 kg executes simple harmonic oscillations along the x—axis with a frequency of
(25 / ™) Hz. At the position x = 0.04m, the object has kinetic energy of 0.5 J and potential energy 0.4 J.
Find the amplitude of oscillations [ 1994 ;: 2M ]

Section (C): Spring mass system

C-1.

C-2.n

C-3.

A spring mass system has a time period of 2 second. What should be the spring constant of spring if
the mass of the block is 10 grams ?

A body of mass 2 kg suspended through a vertical spring executes simple harmonic motion of period
4s. If the oscillations are stopped and the body hangs in equilibrium, find the potential energy stored in
the spring.

A vertical spring-mass system with lower end of spring is fixed, made to undergo small oscillations. If
the spring is stretched by 25cm, energy stored in the spring is 5J .Find the mass of the block if it makes
5 oscillations each second.

A spring mass system is shown in figure, spring is initially unstretched. A
man starts pulling the block with constant force F. Find K
(&) The amplitude and the time period of motion of the block
(b) The K.E. of the block at mean position
(c) The energy stored in the spring when the block passes through the
mean position

/\
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Simple Harmonic Motion ~ ﬂ—

C-5.

Three spring mass systems are shown in figure. Assuming gravity free space, find the time period of
oscillations in each case. What should be the answer if space is not gravity free ?

C-6.= Spring mass system is shown in figure. Find the elastic potential energy stored in each spring when block is at

its mean position. Also find the time period of vertical oscillations. The system is in vertical plane.

Section (D) : Simple Pendulum

D-1.
D-2.

D-3.

D-4.w

Find the length of seconds pendulum at a place where g = n? m/s?.

Instantaneous angle (in radian) between string of a simple pendulum and vertical is given by
0= ﬁ sin2xt. Find the length of the pendulum if g = n2 m/s?

A pendulum clock is accurate at a place where g = 9.8 m/s?. Find the value of g at another place where
clock becomes slow by 24 seconds in a day (24 hrs).

A pendulum is suspended in a lift and its period of oscillation is To when the lift is stationary.
(i) What will be the period T of oscillation of pendulum, if the lift begins to accelerate downwards with

: 3
an acceleration equal to Tg?

(i) What must be the acceleration of the lift for the period of oscillation of the pendulum to be T?O ?

Section (E) : Compound Pendulum & Torsional Pendulum

E-1.

E-2. %

Compound pendulums are made of :

(&) Arod of length ¢ suspended through a point located at distance ¢/4 from centre of rod.

(b) Aring of mass m and radius r suspended through a point on its periphery.

(c) A uniform square plate of edge a suspended through a corner.

(d) A uniform disc of mass m and radius r suspended through a point r/2 away from the centre.
Find the time period in each case.

Two compound pendulums are made of :

(a) A disc of radius r and

(b) A uniform rod of length L. Find the minimum possible time period and distance between centre and
point of suspension in each case.

Section (F) : Superposition of SHM

F-1.

F-2.

F-3.a

A particle is subjected to two SHM’s simultaneously X1 = aisinot and Xz= azsin(et + ¢) Where a1 = 3.0 cm,
az = 4.0 cm. Find resultant amplitude if the phase difference ¢ has values (a) 0° (b) 60° (c) 90°.

A particle is subjected to three SHM'’s in same direction simultaneously each having equal amplitude a
and equal time period. The phase of the second motion is 30° ahead of the first and the phase of the
third motion is 30° ahead of the second. Find the amplitude of the resultant motion.

A particle simultaneously participates in two mutually perpendicular oscillations x = sin ot & y = 2cos 2 =t.
Write the equation of trajectory of the particle.
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Section (G) : For JEE-Main

G-1.

G-2.

In forced oscillation of a particle, the amplitude is maximum for a frequency i of the force, while the
energy is maximum for a frequency w2 of the force. What is the relation between w1 and w2 ?

For the damped oscillator shown in Figure, the mass of the block is 200 g, k = 80 Nm~! and the damping
constant b is 40 gs. Calculate

(a) The period of oscillation,

(b) Time taken for its amplitude of vibrations to drop to half of its initial value

(c) The time for the mechanical energy to drop to half initial value.

k(= Spring

Mass ,m

Vane
Damping ,b

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : Equation of SHM

A-1.

A-2.

A-3.

A-4.

A-5.m

A-6.

A-Ta

According to a scientists, he applied a force F= —cx'3 on a particle and the patrticle is performing SHM.
No other force acted on the particle. He refuses to tell whether c is a constant or not. Assume that he
had worked only with positive x then :

(A) as x increases c also increases (B) as x increases c decreases

(C) as x increases ¢ remains constant (D) the motion cannot be SHM

A particle performing SHM takes time equal to T (time period of SHM) in consecutive appearances at a
particular point. This point is :

(A) An extreme position (B) The mean position

(C) Between positive extreme and mean position (D) Between negative extreme and mean position

A particle executing linear SHM. Its time period is equal to the smallest time interval in which particle
acquires a particular velocity v, the magnitude of v may be :

(A) Zero (B) Vimax () Vmax (D) Vinax

2 &

If F is force vector, v is velocity vector, a vector is acceleration vector and r vector is displacement
vector with respect to mean position than which of the following quantities are always non-negative in a
simple harmonic motion along a straight line?

(A) F.a (B) V.r (C) a.r (D) F.7
Two SHM’s are represented by y = a sin (ot — ¢) and y = b cos (wt — ¢). The phase difference between
the two is :
T T T 3n
A) = B) — C) — D) —
(A) 5 (B) 2 (©) ) (D) 2
How long after the beginning of motion is the displacement of a harmonically oscillating particle equal to

one half its amplitude if the period is 24s and particle starts from rest.
(A) 12s (B) 2s (C) 4s (D) 6s

The magnitude of average acceleration in half time period from equilibrium position in a simple
harmonic motion is

2 2 2
(A) 222 ®) 22 © &2 (D) Zero

T 2n \Erc
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A-8.

A-9.=

A particle performing SHM on the y axis according to equation y = A + B sinot. Its amplitude is :
(A) A (B) B (C)A+B (D) VA? +B2

Two particles execute S.H.M. of same amplitude and frequency along the same straight line from same
mean position. They cross one another without collision, when going in opposite directions, each time
their displacement from mean position is half of their amplitudes. The phase-difference between them is
(A) 0° (B) 120° (C) 180° (D) 135°

A-10.= A mass M is performing linear simple harmonic motion, then correct graph for acceleration a and

a
Section (B) : Energy

B-1.

B-2.

B-3.

B-4.»

B-5.=

corresponding linear velocity v is

A

AV ®) " © Vv D) v’

A body executing SHM passes through its equilibrium. At this instant, it has
(A) maximum potential energy (B) maximum Kinetic energy
(C) minimum kinetic energy (D) maximum acceleration

The K.E. and P.E of a particle executing SHM with amplitude A will be equal when its displacement is
A
©) —=
2

2
(A) 2A N3 (D) \EA

A point particle of mass 0.1 kg is executing S.H.M. of amplitude of 0.1 m. When the particle passes
through the mean position, its kinetic energy is 8 x 10-3J. The equation of motion of this particle when
the initial phase of oscillation is 45° can be given by [1.1.T. 1991]

. T
(C) 0.4 sin (t + Zj

A
(B) >

s . s q T
(A) 0.1 cos (4t+zj (B) 0.1 sin (4t+zj (D) 0.2 sin (E+2tj

For a particle performing SHM :

(A) The kinetic energy is never equal to the potential energy

(B) the kinetic energy is always equal to the potential energy

(C) The average kinetic energy in one time period is equal to the average potential in this period

(D) The average kinetic energy in any time interval is equal to average potential energy in that interval

Acceleration a versus time t graph of a body in SHM is given by a curve shown below. T is the time
period. Then corresponding graph between kinetic energy KE and time t is correctly represented by

/N
| ZARS

! !
(A) KE B) KE
T | T |
t— t—
I I
© KE () KE
T ] T |
t— t —>
/\ Resonance”’
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Ve

B-6. A particle performs S.H.M. of amplitude A along a straight line. When it is at a distance 7A from

mean position, its kinetic energy gets increased by an amount Em ®? A? due to an impulsive force.

Then its new amplitude becomes:

A gA ®) gA C) 2 A (D) V5 A

Section (C) : Spring mass system

C-1.  Two spring mass systems have equal mass and spring constant k1 and kz.If the maximum velocities in
two systems are equal then ratio of amplitude of 1st to that of 2nd is :

A) Jki 7k, (B) ki/kz (C) ka/ka D) Jka 7k,

C-2.  Atoy car of mass m is having two similar rubber ribbons attached to it as shown in the figure. The force
constant of each rubber ribbon is k and surface is frictionless. The car is displaced from mean position
by x cm and released. At the mean position the ribbons are undeformed. Vibration period is

\fﬁfﬁ@é /

m(2k) 1 ,m(2k) m f m

C-3. A mass of 1 kg attached to the bottom of a spring has a certain frequency of vibration. The following
mass has to be added to it in order to reduce the frequency by half : [REE - 1988]
(A) 1 kg (B) 2kg (C) 3 kg (D) 4 kg

C-4. A ball of mass m kg hangs from a spring of spring constant k. The ball oscillates with a period of
T seconds. If the ball is removed, the spring is shortened (with respect to length in mean position) by

2 2
metre (B) 3T g
(2m)

(A) g7 5 metre © T—mmetre (D) T—kmetre
(2m) k m
C-5.a A smooth inclined plane having angle of inclination 30° with horizontal has
a mass 2.5 kg held by a spring which is fixed at the upper end as shown in
figure. If the mass is taken 2.5 cm up along the surface of the inclined
plane, the tension in the spring reduces to zero. If the mass is then
released, the angular frequency of oscillation in radian per second is
(A) 0.707 (B) 7.07 (C) 1414 (D) 14.14

)
29

C-6.w A particle executes simple harmonic motion under the restoring force provided by a spring. The time
period is T. If the spring is divided in two equal parts and one part is used to continue the simple
harmonic motion, the time period will

(A) remain T (B) become 2T (C) become T/2 (D) become T/\E
C-7.» Four massless springs whose force constants are 2k, 2k, k and 2k respectively are attached to a mass

M kept on a frictionless plane (as shown in figure). If the mass M is displaced in the horizontal direction,
then the frequency of the system. [JEE 1990]

2k 2k K
M

2k
Ty

1 |k 1 [4k 1 |k 1 |7k
(A) Z_n\E ® \w © Z_nJ; ©®) S\
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C-8.

The total mechanical energy of a particle of mass m executing SHM with the help of a spring is
E = (/2 mw?A2. If the particle is replaced by another particle of mass m/2 while the amplitude A
remains same. New mechanical energy will be :

(A) 2 E (B) 2E (D) E/2 (D) E

Section (D) : Simple Pendulum

D-1.

D-2.

D-3.

D-4.w

D-5.

Two pendulums begin to swing simultaneously. The first pendulum makes 9 full oscillations when the
other makes 7. Find the ratio of length of the two pendulums.

49 7 50 1
A 51 ® 35 © 41 ©) 5

Two pendulums at rest start swinging together. Their lengths are respectively 1.44 m and 1 m. They will
again start swinging in same phase together after (of longer pendulum) :

\
\\\ \\\

N, \

\\ \
\ ,)’\\
>\ )
l\ /l '~ —

(A) 1 vibration (B) 3 vibrations (C) 4 vibrations (D) 5 vibrations

A scientist measures the time period of a simple pendulum as T in a lift at rest. If the lift moves up with
acceleration as one fourth of the acceleration of gravity, the new time period is

AN T
" |lta

® 7 (B) 4T © &7 (D) %T

N3

A simple pendulum has some time period T. What will be the percentage change in its time period if its
amplitude is decreased by 5%?
(A) 6 % (B) 3% (C)1.5% (D) 0 %

A simple pendulum with length ¢ and bob of mass m executes SHM of small amplitude A. The
maximum tension in the string will be

(A) mg(1 + AlY) (B) mg (1 + Al¢)? (C) mg[1 + (A/£)?] (D) 2 mg

Section (E): Compound Pendulum & Torsional Pendulum

E-1.

E-2. %

A 25 kg uniform solid sphere with a 20 cm radius is suspended by a vertical wire such that the point of
suspension is vertically above the centre of the sphere. A torque of 0.10 N-m is required to rotate the
sphere through an angle of 1.0 rad and then the orientation is maintained. If the sphere is then
released, its time period of the oscillation will be :

(A) © second (B) \En second (C) 2% second (D) 4= second

A metre stick swinging about its one end oscillates with frequency fo. If the bottom half of the stick was
cut off, then its new oscillation frequency will be :

(A) fo (B) V2 fo (C) 2fo (D) 2 fo

Section (F) : Superposition of SHM

F-1.

When two mutually perpendicular simple harmonic motions of same frequency, amplitude and phase

are superimposed

(A) the resulting motion is uniform circular motion.

(B) the resulting motion is a linear simple harmonic motion along a straight line inclined equally to the
straight lines of motion of component ones.

(C) the resulting motion is an elliptical motion, symmetrical about the lines of motion of the components.

(D) the two S.H.M. will cancel each other.
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F-2.

F-3.

F-4.m

The position of a particle in motion is given by y = Csinot + Dcosot w.r.t. origin. Then motion of the
particle is:
(A) SHM with amplitude C+D (B) SHM with amplitude /C? +D?

(C) SHM with amplitude @

(D) not SHM

A simple harmonic motion is given by y =5 (sin 3nt + J§ cos 3nt). What is the amplitude of motion if y
isinm ?

(A) 100 cm (B)5m (C) 200 cm (D) 1000 cm

The position vector of a particle moving in x-y plane is given by ¥ =(A sin(ot)f+(A cosot) ] then motion

of the particle is :
(A) SHM (B) on a circle (C) on a straight line (D) with constant acceleration

Section (G) : For JEE Main

G-1. When an oscillator completes 100 oscillations its ampliutde reduced to % of initial value. What will be
its amplitude, when it completes 200 oscillations : [AIPMT 2002]
1 2 1 1
A) — B) — C) = D) —
(A) 5 (B) = (©) 5 (D) s
G-2. The damping force on an oscillator is directly proportional to the velocity. The units of the constant of
proportionality are :
(A) kgms (B) kgms— (C) kgs™ (D) kgs
PART - lll : MATCH THE COLUMN
1= A simple harmonic oscillator consists of a block attached to a spring with k = 200 N/m. The block slides

on a frictionless horizontal surface, with equilibrium point x = 0. A graph of the block’s velocity v as a
function of time t is shown. Correctly match the required information in the left column with the values
given in the right column. (Use n? = 10)

V(m/s)a
2 |pe==zz
0.10
: UO ,t(S)
_21‘[ ---------------------
Left Column Right Column

(A) The block’s mass in kg (p) —0.20
(B) The block’s displacement att = 0 in metres (q) —200
(C) The block’s acceleration att=0.10 s in m/s? (n 0.20
(D) The block’s maximum kinetic energy in Joule (s) 4.0
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2.n In the column-I, a system is described in each option and corresponding time period is given in the
column-II. Suitably match them.
Column-I Column-II

(A) A simple pendulum of length '¢' oscillating (p) T=2=n f%
g

with small amplitude in a lift moving down
with retardation g/2.

(B) A block attached to an end of a vertical (q T= ZnF
g

spring, whose other end is fixed to the ceiling

of a stationary lift, stretches the spring by length '/' in
equilibrium. It's time period when lift moves

up with an acceleration g/2 is

(C) The time period of small oscillation of a (N T=2=n f%
g

uniform rod of length '¢' smoothly hinged at
one end. The rod oscillates in vertical plane.

(D) A cubical block of edge '¢' and specific (s) T=2=n ;21
g

gravity 1/2 is in equilibrium with some volume inside
water filled in a large fixed container. Neglect viscous
forces and surface tension. The time period of small
oscillations of the block in vertical direction is

Bl Exercise-2 |

w Marked Questions can be used as Revision Questions.
PART -1: ONLY ONE OPTION CORRECT TYPE

1. A block of mass m is resting on a piston as shown in figure which is moving vertically with a SHM of
period 1 s. The minimum amplitude of motion at which the block and piston separate is :

[1

(A)0.25m (B) 0.52 m (C)2.5m (D) 0.15m

2.n The potential energy of a particle of mass 'm' situated in a unidimensional potential field varies as
U(x) = Uo [1 — cos ax], where Uo and a are constants. The time period of small oscillations of the particle
about the mean position :

2
m am m am
AZn/— B) 2n | C) 2n D) 2n,|=—
® au, ®) Uy © a%U, ©) Uy

3a A solid ball of mass m is made to fall from a height H on a pan suspended through
a spring of spring constant K as shown in figure. If the ball does not rebound and

the pan is massless, then amplitude of oscillation is K
v2
») 19 @®) M9[q, 2HK
K k mg
1/2 1/2
©) m{ZH_KJ ) mlh[H 2H_KJ ]
K mg K mg
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4.3

7.5

10.

Two plates of same mass are attached rigidly to the two ends of a spring as shown in
figure. One of the plates rests on a horizontal surface and the other results a
compression y of the spring when it is in equilibrium state. The further minimum
compression required, so that after the force causing compression is removed the
lower plate is lifted off the surface, will be :

(A)O.5y (B) 3y (C) 2y D)y

Two springs, each of spring constant k, are attached to a block of mass m

as shown in the figure. The block can slide smoothly along a horizontal AW W
platform clamped to the opposite walls of the trolley of mass M. If the block

is displaced by x cm and released, the period of oscillation is : —(O)—()—

(A)T =2n Wm (B) T =2n f—('v”m) C)T=2x f—mM D) T = 2x M+m)*
2k kmM 2k (M +m) k

The right block in figure moves at a speed V towards the left block placed in equilibrium. All the
surfaces are smooth and all the collisions are elastic. Find the time period of periodic motion. Neglect

the width of the blocks.
\ \\\\\ ALIAIAVAMVARVAY \\ \HWWNE

m 2L m L m L
(A)TC\/;-FT (B)n\/2—7k+; C) n __V (D)n\/;+v

The bob in a simple pendulum of length 7 is released at t = 0O from the position of small angular
displacement 6o. Linear displacement of the bob at any time t from the mean position is given by

(A) 6, cos\/%t (B) 6\/7 tcos, (C) ¢gsin6, (D) (6, sm\/g

The period of small oscillations of a simple pendulum of length ¢ if its point of suspension O moves a
with a constant acceleration o = o i — ocz] with respect to earth is (T and ] are unit vectors in horizontal
and vertically upward directions respectively)

| ¢ | ¢
R e ) T =2 o) + a2
(C)T=2n\/§ (D) T=2n ﬁ

A simple pendulum ; a physical pendulum; a torsional pendulum and a spring—mass system, each of
same frequency are taken to the Moon. If frequencies are measured on the moon, which system or
systems will have it unchanged ?

(A) spring—mass system and torsional pendulum. (B) only spring—mass system.

(C) spring—mass system and physical pendulum. (D) None of these

A rod of mass M and length L is hinged at its one end and carries a particle of
mass m at its lower end. A spring of force constant ki is installed at distance a
from the hinge and another of force constant k2 at a distance b as shown in
the figure. If the whole arrangement rests on a smooth horizontal table top,
the frequency of vibration is

1fk+k 1
B) — 2™ Cc) —
()Zn M+m ()2
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11. A particle moves along the X-axis according to the equation x = 10 sin® (nt). The amplitudes and
frequencies of component SHMs are
(A) amplitude 30/4, 10/4 ; frequencies 3/2, 1/2  (B) amplitude 30/4, 10/4 ; frequencies 1/2, 3/2
(C) amplitude 10, 10 ; frequencies 1/2, 1/2 (D) amplitude 30/4, 10 ; frequencies 3/2, 2

12. The amplitude of a particle due to superposition of following S.H.Ms. Along the same line is
X1=2sin50xt ; Xz2=10sin (50 nt + 37°)
X3=—-4sin50nt; X4=-12cos 50 rtt
(A) 442 (B) 4 (C) 62 (D) none of these

13._  When a body is suspended from a fixed point by a spring, the angular frequency of its vertical

oscillations is w1. When a different spring is used, the angular frequency is w2. The angular frequency of
vertical oscillations when both the springs are used together in series is given by [Olympiad (Stage-1) 2017]

1 it =
1 2 27> 2 2 2 2 2

Wo=[f+a}f @ o= (©Qo=| 2l (D) o=| 2t

2 (warwg) Z(mf+m§)
14._ A particle performs simple harmonic motion at a frequency f. The frequency at which its kinetic energy
varies is : [Olympiad (Stage-1) 2017]

(A)f (B) 2f (C) 4f (D) f/2

15._ A particle rests in equilibrium under two forces of repulsion whose centres are at distance of a and b

from the particle. The forces vary as the cube of the distance. The forces per unit mass are k and k'
respectively. If the particle be slightly displaced towards one of them the motion is simple harmonic with
the time period equal to [Olympiad (Stage-1) 2017]

W —=Z e —= O == 0=
few) e e 5) lat)

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

1w Two particles A and B are performing SHM along x and y-axis respectively with equal amplitude and
frequency of 2 cm and 1 Hz respectively. Equilibrium positions of the particles A and B are at the
co-ordinates (3, 0) and (0, 4) respectively. Att = 0, B is at its equilibrium position and moving towards
the origin, while A is nearest to the origin and moving away from the origin. If the maximum and
minimum distances between A and B is s1and sz then find s1 + sz (in cm).

2. Two particles P and Q describe S.H.M. of same amplitude a, same frequency f along the same straight
line from the same mean position. The maximum distance between the two particles is a+/2 . If the

initial phase difference between the particles is n/N then find N:
3. A street car moves rectilinearly from station A (here car stops) to the next station B (here also car stops)
with an acceleration varying according to the law f = a — bx, where a and b are positive constants and x is

the distance from station A. If the maximum distance between the two stations is x = % then find N.
4, A particle is oscillating in a straight line about a centre O, with a force directed towards O. When at a
distance 'x' from O, the force is mn2x where 'm' is the mass and 'n' is a constant. The amplitude is
. a . . . L .
a = 15 cm. When at a distance \/ga from O the particle receives a blow in the direction of motion

which generates an extra velocity na. If the velocity is away from O at the time of blow and the new
amplitude becomes k\Ecm, then find k.

5. Two particles P1 and P2 are performing SHM along the same line about the same mean position.
Initially they are at their positive extreme positions. If the time period of each particle is 12 sec and the
difference of their amplitudes is 12 cm then find the minimum time after which the separation between
the particles become 6 cm.
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6.3

9=

10.=

11.

12.

Assuming all the surfaces to be smooth, if the time period of motion of the ball is N x 10-1 sec then find
N. Neglect the small effect of bend near the bottom. (g = 10m/s?)
Cc

A block of mass m is attached to three springs A, B and C having force
constants k, k and 2k respectively as shown in figure. If the block is
slightly pushed against spring C. If the angular frequency of oscillations is

fN—k , then find N. The system is placed on horizontal smooth surface.
m

In the figure shown mass 2m is at rest and in equilibrium. A particle of .

4 5mg *4.5 mg
mass m is released from height — from plate. The particle sticks to v K
2m
the plate. Neglecting the duration of collision. Starting from the time when
the particle sticks to plate to the time when the spring is in maximum K

compression for the first time is 2n ’mk then find a.
a

For given spring mass system, If the time period of small oscillations of block about its mean position is

s }% , then find n. Assume ideal conditions. The system is in vertical plane and take Ki = 2K, Kz = K.

In the figure shown the spring is relaxed and mass m is attached to the spring. The spring is
compressed by 2 A and released at t = 0. Mass m collides with the wall and loses two third of its kinetic
energy and returns. Starting from t = 0, find the time taken by it to come back to rest again (instant at

which spring is again under maximum compression). Take \/% = 12
s

A block of mass 4kg attached with spring of spring constant 100 N/m is executing SHM of amplitude
0.1m on smooth horizontal surface as shown in figure. If another block of mass 5 kg is gently placed on
it, at the instant it passes through the mean position and new amplitude of motion is n-! meter then find
n. Assuming that two blocks always move together.

m
. . . . T 7T //////1 T . .
The period of oscillation of a simple pendulum of length L suspended from the roof of a vehicle which

K

moves without friction down on inclined plane of inclination o = 60° is given by & f& then find X.
g

[ILT. (Scr.) 2000, 1/35]

/\
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Simple Harmonic Motion ~ ﬂ—

13.»=  Figure shows the kinetic energy K of a simple pendulum versus its angle 6 from the vertical. The pendulum
bob has mass 0.2 kg. If the length of the pendulum is equal to n/g meter, then find n (g = 10 m/s?).
K(mJ)
5
1IN
5
-100 0 1og > dmrad)
14. The bob of a simple pendulum executes simple harmonic motion in water with a period 't', while the
period of oscillation of the bob is to in air. Neglecting frictional force of water and given that the density
of the bob is (4/3) x 1000 kg/m?. Find ti [AIEEE 2004]
0
15.= A solid sphere of radius R is half submerged in a liquid of density p. The sphere is slightly pushed down
and released, If the frequency of small oscillations is iR , then find n. Take & = \E . [JEE (Mains) 2004, 2/60]
\/ n
16. If the angular frequency of small oscillations of a thin uniform vertical rod of mass m and length ¢ hinged
at the point O (Fig.) is \/g then find n. The force constant for each spring is K/2 and take K = 2mg .
The springs are of negligible mass. (g = 10 m/s?)
0
l
3 «—
PART - Il : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
1= A particle moves on the X-axis according to the equation x = xo sin? ot. The motion is simple harmonic
(A) with amplitude xo/2 (B) with amplitude 2xo (C) with time period %l (D)with time period T
() (O]
2= Which of the following functions represent SHM?
(A) sin 2ot (B) sin? ot (C)sin ot +2cos ot (D) sin wt + cos 2wt
3. The speed v of a particle moving along a straight line, when it is at a distance (x) from a fixed point of
the line is given by v2 = 108 — 9x? (assuming mean position to have zero phase constant) (all quantities
are in cgs units) :
(A) the motion is uniformly accelerated along the straight line
(B) the magnitude of the acceleration at a distance 3cm from the fixed point is 27 cm/s?
(C) the motion is simple harmonic about the given fixed point.
(D) the maximum displacement from the fixed point is 4 cm.
4, A horizontal plank has a rectangular block placed on it. The plank starts oscillating vertically and simple

harmonically with an amplitude of 40 cm. The block just loses contact with the plank when the latter is
at momentary rest. Then :

(A) the period of oscillation is [%j seconds

(B) the block weighs double its weight, when the plank is at one of the positions of momentary rest.
(C) the block weighs 0.5 times its weight on the plank halfway up

(D) the block weighs 1.5 times its weight on the plank halfway down

(E) the block weights its true weight on the plank when the latter moves fastest

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVSH - 38
Educating for better tomorrow = i e 500558 5555 | CIN - UB0302RJ2007PLC024029 .



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Simple Harmonic Motion ~ ﬂ—

5.

AN

9=

10.

As shown in figure a horizontal platform with a mass m placed on it is executing SHM along y-axis.
If the amplitude of oscillation is 2.5 cm, the minimum period of the motion for the mass not to be

detached from the platform is :(g = 10 m/sec? = n?)

10 T fi 1

For a body executing SHM with amplitude A, time period T, maximum velocity vmax and phase constant
zero, which of the following statements are correct for 0 < t < }(y is displacement from mean position) ?

(A) Aty = (A/2), v > (Vmax/2) (B) for v = (Vmax/2), y > (A/2)
(C) For t =(T/8), y > (A/2) (D) Fory = (A/2),t < (T/8)

The potential energy of a particle of mass 0.1 kg, moving along the x-axis, is given by U = 5x (x — 4) J,
where X is in meters. It can be concluded that

(A) the particle is acted upon by a constant force (B) the speed of the particle is maximum atx =2 m
(C) the particle executes SHM (D) the period of oscillation of the particle is (n/5) sec

A patrticle free to move along the x-axis has potential energy given by U(x) = k[1— e’XZ] for —o < X < + oo,
where k is a positive constant of appropriate dimensions. Then select the incorrect options : [JEE - 1999, 2/200]
(A) at points away from the origin, the particle is in unstable equilibrium.

(B) for any finite non-zero value of x, there is a force directed away from the origin.

(C) if its total mechanical energy is k/2, it has its minimum kinetic energy at the origin.

(D) for small displacements from x = 0, the motion is simple harmonic.

A ball is hung vertically by a thread of length " from a point 'P' of an inclined wall that makes an angle 'o'
with the vertical. The thread with the ball is then deviated through a small angle 'B' (B > o) and set free.
Assuming the wall to be perfectly elastic, the period of such pendulum is/are

® 2\/57 {Sinl(%ﬂ ®) 2\/57 anl(%ﬂ
=] et

If a SHM is given by y = (sin ot + cos ot) m, which of the following statements are true?

(A) The amplitude is 1m (B) The amplitude is 2m

(C) Time is considered fromy=1m (D) Time is considered fromy=0m
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11.

12.x»

The position of a particle at time t moving in x-y plane is given by r = (f + 2]) A cos ot. Then, the

motion of the particle is :
(A) on a straight line (B) on an ellipse (C) periodic (D) SHM

Three simple harmonic motions in the same direction having the same amplitude a and same period

are superposed. If each differs in phase from the next by 459, then, [11T- 1999, 3/100]

(A) the resultant amplitude is (1+V2)a

(B) the phase of the resultant motion relative to the first is 90°.

(C) the energy associated with the resulting motion is (3+ 2V2) times the energy associated with any
single motion.

(D) the resulting motion is not simple harmonic.

PART - IV : COMPREHENSION

Comprehension-1

1=

2.3

3=

A 2kg block hangs without vibrating at the bottom end of a spring with a force constant of 400 N/m. The
top end of the spring is attached to the ceiling of an elevator car. The car is rising with an upward
acceleration of 5 m/s? when the acceleration suddenly ceases at time t = 0 and the car moves upward
with constant speed. (g = 10 m/s?)

What is the angular frequency of oscillation of the block after the acceleration ceases?
(A) 102 rad/s (B) 20 rad/s (C) 20 J2 rad/s (D) 32 rad/s

The amplitude of the oscillations is
(A) 7.5cm (B) 5cm (C)2.5cm (D) 1 cm

The initial phase angle observed by an observer in the elevator, taking upward direction to be positive
and positive extreme position to have n/2 phase, is equal to
(A) —r/4 rad (B) n/2 rad (C) nrad (D) 3n/2 rad

Comprehension-2

4.3

6.=

A particle of mass 'm' moves on a horizontal smooth line AB of length 'a' such that when patrticle is at

mg(AP)
a

any general point P on the line two forces act on it. A force towards A and another force

ng—(BP) towards B.
a

Find its time period when released from rest from mid-point of line AB.

(A)Tzan (B)T:ZnF (C)Tzzn\F (D)TZZnF
9 29 g 39

Find the minimum distance of the particle from B during the motion.

a a a a
A) — B) — C) = D) —
(A) 5 ®) 7 (©) 3 (D) p

If the force acting towards A stops acting when the particle is nearest to B then find the velocity with
which it crosses point B.

(a) V292 (8) V292 © 2 (D) @

3 6
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Comprehension-3

8.»

N
-
J

Spring of spring constant k is attached with a block of mass m1 as shown in figure. Another block of
mass mz is placed against m1 and both masses lie on smooth incline plane.

Find the compression in the spring when the system is in equilibrium.
(m; +m,)gsin® (m; +m,)gsin®

(A) K (B) ”
©) (m, +km2)g (D) 2(my + nlzz )gsin6

From the equilibrium position the blocks are pushed a further distance E(ml+m2)gsine against the

spring and released. Find the common speed of blocks when they separate.

(A)( 3—1k(ml+m2)Jgsine (B) (1/§(m1+m2)]gsin6
js : j1 :
(C) [ E(m1+m2)]gsme (D)[ E(ml+m2)Jgsm6

= Marked Questions can be used as Revision Questions.
* Marked Questions may have more than one correct option.

PART -1 : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

1* =

2.x

Function x = Asin?wt + B cos?et + C sinot cosot represents SHM [JEE 2006, 5/184,-1]
(A) for any value of A, B and C (exceptC =0) (B) If A=—B, C = 2B, amplitude = ‘B«/E‘
C©)IfA=B;C=0 (D) If A=B ; C = 2B, amplitude = |B|

Column I gives a list of possible set of parameters measured in some experiments. The variations of

the parameters in the form of graphs are shown in Column II. Match the set of parameters given in

Column I with the graphs given in Column II. [IT-JEE 2008, 6/163]
Column I Column 11

(A) Potential energy of a simple pendulum (y-axis) as a (p)

function of displacement (x-axis)

(B) Displacement (y-axis) as a function of time (x-axis) for a one (q)
dimensional motion at zero or constant acceleration when the
body is moving along the positive x-direction.
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(C) Range of a projectile (y-axis) as a function of its velocity (r) /
(x-axis) when projected at a fixed angle.
o————X
(D) The square of the time period (y-axis) of a simple (s)
pendulum as a function of its length (x-axis).
0 X

Comprehension-1
A uniform thin cylindrical disk of mass M and radius
R is attached to two identical massless springs of vy
spring constant k which are fixed to the wall as
shown in the figure. The springs are attached to the
axle of the disk symmetrically on either side at a
distance d from its centre. The axle is massless and
both the springs and the axle are in a horizontal
plane. The unstretched length of each spring is L.
The disk is initially at its equilibrium position with its
centre of mass (CM) at a distance L from the wall.

The disk rolls without slipping with velocity \70 = Voi.

The coefficient of friction is p. Figure : > x
[JEE-2008, 3x4/163]

KR\ The net external force acting on the disk when its centre of mass is at displacement x with respect to its
equilibrium position is

Spring

(A) —kx (B) —2kx () —ZT"X (D) —%kx

4 The centre of mass of the disk undergoes simple harmonic motion with angular frequency o equal to

k 2k 2k 4k
(A) \E (B) E (@) ™ (D) e

5»a The maximum value of Vo for which the disk will roll without slipping is

M M 3M 5M
(A) ugJE (B) ug\/;k (©) ug\/; (D) ug\/;k

6.3 The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration of the

particle att =4/3 s is [IT-JEE 2009, 3/160, -1]
1 -
(mx)c A
4\/8 2z '©
-1+
2 2
(A) ﬁnz cm/s? (B) —=— cm/s? (C€) = cmi/s? (D) ﬁnz - cm/s?
32 32 32 32
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7.

A uniform rod of length L and mass M is pivoted at the centre. Its two ends are attached to two springs
of equal spring constants k. The springs are fixed to rigid supports as shown in the figure, and the rod is
free to oscillate in the horizontal plane. The rod is gently pushed through a small angle 6 in one

direction and released. The frequency of oscillation is : [IT-JEE 2009, 3/160, -1 ]
1 |2k 1 |k 1 |6k 1 |24k
A) —,|— B) —.|— C) —.|— D) —.,—
()ZTEM ()ZTEM ()ZTCM ()ZTCI\/I
The mass M shown in the figure oscillates in simple harmonic motion with amplitude A. The amplitude
of the point P is [JEE 2009, 3/160, -1]

M
k,A k,A k,A k,A
(A) —— (B) —2— ©€) — (D) —2
Comprehension-2
When a particle of mass m moves on the x-axis in a potential of V(x) 4

10.

11.

the form V(x) = kx?, it performs simple harmonic motion. The

corresponding time period is proportional to o as can be seen

A
v
x

easily using dimensional analysis. However, the motion of a
particle can be periodic even when its potential energy increases
on both sides of x = 0 in a way different from kx? and its total
energy is such that the particle does not escape to infinity.

Consider a particle of mass m moving on the x-axis. Its potential energy is V(x) = ax* (o > 0) for [x| near

the origin and becomes a constant equal to Vo for |x| > Xo (see figure) [JEE 2010, 3x3/160, —1]

If the total energy of the particle is E, it will perform periodic motion only if :
(A)E<O (BYE>O0 (C)Vo>E>0 (D) E > Vo

For periodic motion of small amplitude A, the time period T of this particle is proportional to :
m 1 /m o 1 o

(A) AQ/— (B) —Qf— © A«f— (D) —ﬁf—
o ANa m A\m

The acceleration of this particle for |x| > Xo is :

. . V,
(A) proportional to Vo (B) proportional to m)tz
0

Vo

(C) proportional to
mX,

(D) zero
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12* = A metal rod of length ‘L’ and mass ‘m’ is pivoted at one end. A thin disk
of mass ‘M’ and radius ‘R’ (<L) is attached at its center to the free end
of the rod. Consider two ways the disc is attached: (case A). The disc is
not free to rotate about its center and (case B) the disc is free to rotate
about its center. The rod-disc system performs SHM in vertical plane
after being released from the same displaced position. Which of the
following statement(s) is (are) true? [JEE 2011, 4/160]
(A) Restoring torque in case A = Restoring torque in case B
(B) Restoring torque in case A < Restoring torque in case B
(C) Angular frequency for case A > Angular frequency for case B.

(D) Angular frequency for case A < Angular frequency for case B.

Comprehension-3

Phase space diagrams are useful tools in analyzing all kinds of dynamical problems. They are especially
useful in studying the changes in motion as initial position and momentum are changed. Here we consider
some simple dynamical systems in one-dimension. For such systems, phase space is a plane in which

position is plotted along horizontal axis and momentum is plotted along
vertical axis. The phase space diagram is x(t) vs. p(t) curve in this
plane. The arrow on the curve indicates the time flow. For example,
the phase space diagram for a particle moving with constant velocity is
a straight line as shown in the figure. We use the sign convention in
which position or momentum. Upwards (or to right) is positive and
downwards (or to left) is negative. [JEE 2011, 3%3/160, —1] Position —

Momentum —s

13. The phase space diagram for a ball thrown vertically up from ground is :

Momentum
Momentum

(A) // \ (B) Position
Position \\ //

Momentum

© { Position ) )POSMOH

14. The phase space diagram for simple harmonic motion is a circle centered at the origin. In the figure, the
two circles represent the same oscillator but for different initial conditions, and E1 and E: are the total
mechanical energies respectively. Then

Momentum

Momentum

A
N

Position

(A) E, =2E, (B) E, = 2E, (C) E, = 4E, (D) E, =16E,
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15.

16.

17.»

Consider the spring-mass system, with the mass submerged in water, as shown in the figure. The
phase space diagram for one cycle of this system is :

Momentum

D e
N

Momentum

Momentum

(A)

AR

Momentum

o LN e (P

A point mass is subjected to two simultaneous sinusoidal displacements in x-direction, x1 (t) = A sin ot

and xz2 (t) = A sin ((DH%} Adding a third sinusoidal displacement x3(t) = B sin (ot + ¢) brings the

mass to a complete rest. The values of B and ¢ are [JEE 2011, 3/160, -1]
® 2A, =% ® AT ©) 3,2 A 2

A small block is connected to one end of a massless spring of un-stretched length 4.9 m. The other end
of the spring (see the figure) is fixed. The system lies on a horizontal frictionless surface. The block is
stretched by 0.2 m and released from rest at t = 0. It then executes simple harmonic motion with angular

frequency o = grad/s. Simultaneously at t = 0, a small pebble is projected with speed v from point P at

an angle of 45° as shown in the figure. Point P is at a horizontal distance of 10 cm from O. If the pebble

hits the block at t = 1s, the value of v is (take g = 10 m/s?) [IT-JEE-2012, Paper-1; 3/70, -1]
3
v
mALLLA I e
Oq om———p ~
(A) JBOm/s (B) B1m/s (©) J52m/s (D) B3m/s
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18*. A particle of mass m is attached to one end of a mass—less spring of force constant k, lying on a

frictionless horizontal plane. The other end of the spring is fixed. The particle starts moving horizontally
from its equilibrium position at time t = 0 with an initial velocity uo. When the speed of the particle is
0.5 uo, it collies elastically with a rigid wall. After this collision : [JEE (Advanced) 2013, 4/60]
(A) the speed of the particle when it returns to its equilibrium position is uo .

(B) the time at which the particle passes through the equilibrium position for the first time is t = n\/g.

(C) the time at which the maximum compression of the spring occurs is t = %\/%

(D) the time at which the particle passes througout the equilibrium position for the second time is
[ 5n [m
3Vk '

19.= Two independent harmonic oscillators of equal mass are oscillating about the origin with angular
frequencies o1 and w2 and have total energies E1 and Ez, respectively. The variations of their momenta

p with positions x are shown in figures. If % =n? and % =n, then the correct equation(s) is (are) :

[JEE (Advanced) 2015 ; P-1, 4/88, -2]
p P

Energy = E, Energy = E,

N

Ay S S
= =

]
=

(A) Er01 = E202 (B) L2 _p2 (C) w12 = n?2 (D) E = B
g ()
20. A particle of unit mass is moving along the x—axis under the influence of a force and its total energy is

conserved. Four possible forms of the potential energy of the particle are given in column I (a and Uo
are constants). Match the potential energies in column I to the corresponding statement(s) in column 1II.
[JEE (Advanced) 2015 ; 8/88, —1]

Column-I Column-II
U X\ 2
(A) Uy(x) = 70{1— (—] } (P) the force acting on the particle is zero at x = a.
a
Uy [ x ) . L
(B) U,(x)= 70[—] (Q) the force acting on the particle is zero at x = 0.
a
Uy (x ) x \
(C) Us(x)= 70[—) exp —(—] } (R) the force acting on the particle is zero at x=—a.
a a
Ug | x 1(x)? . . .
(D) U4(x):?° __5[_] (S) The particle experiences an attractive force
a a

towards x = 0 in the region |x| <a

(T) The particle with total energy % can oscillate

about the point x = —a.
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21*,

22.

A block with mass M is connected by a massless spring with stiffness constant k to a rigid wall and
moves without friction on a horizontal surface. The block oscillates with small amplitude A about an
equilibrium position xo. Consider two cases : (i) when the block is at xo ; and (ii) when the block is at
X = Xo + A. In both the cases, a particle with mass m (< M) is softly placed on the block after which they
stick to each other. Which of the following statement(s) is(are) true about the motion after the mass m is
placed on the mass M ? [JEE (Advanced) 2016 ; P-2, 4/62, -2]

(A) The amplitude of oscillation in the first case changes by a factor of f MM , Whereas in the second
m -+

case it remains unchanged
(B) The final time period of oscillation in both the cases is same
(C) The total energy decreases in both the cases

(D) The instantaneous speed at xo of the combined masses decreases in both the cases

A spring-block system is resting on a frictionless floor as shown in the figure. The spring constant is
2.0 Nm~ and the mass of the block is 2.0 kg. Ignore the mass of the spring. Initially the spring is in an
unstretched condition. Another block of mass 1.0 kg moving with a speed of 2.0 ms- collides elastically
with the first block. The collision is such that the 2.0 kg block does not hit the wall. The distance, in
metres, between the two blocks when the spring returns to its unstretched position for the first time after
the collision is . [JEE (Advanced) 2018, P-1, 3/60]

2ms1

1kg f—-> zkg \A\/\/\-

PART - 1l : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

2%,

KRV

5x

The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 mm, is
4.4 m/s. The period of oscillation is : [AIEEE 2006 ; 3/165, -1]
(1) 100 s (2)0.01s (3)10s (4)0.1s

A coin is placed on a horizontal platform which undergoes vertical simple harmonic motion of angular
frequency o.The amplitude of oscillation is gradually increased. The coin will leave contact with the
platform for the first time : [AIEEE 2006 ; 3/165, —1]
(1) at the highest position of the platform (2) at the mean position of the platform

2
(3) for an amplitude of % (4) for an amplitude of g_2
(&) ()

The displacement of an object attached to a spring and executing simple harmonic motion is given by
X = 2 x 102 cosnt metres. The time at which the maximum speed first occurs is : [AIEEE 2007 ; 3/120, —1]
(1)0.5s (2)0.75s (3)0.125s (4)0.25s

A point mass oscillates along the x-axis according to the law x = xo cos (ot — n/4). If the acceleration of
the particle is written as, a = A cos(wt + 3), then : [AIEEE 2007 ; 3/120, -1]
(1) A =Xo, 8 =—m/4 Q) A=x00? 6=—n/4d (3)A=X00? §=-n/4 (4) A=Xow? &=3n/4

Two springs, of force constants ki and kz, are connected to a mass m as shown. The frequency of
oscillation of mass is f. If both ki and k2 are made four times their original values, the frequency of

oscillation becomes: [AIEEE 2007 ; 3/120, -1]
(1) f12 (2) f/4 (3) 4f (4) 2f
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Simple Harmonic Motion ~ ﬂ—

6.

7.

10.

11.

12.x

13.

14. =

15.

A particle of mass m executes simple harmonic motion with amplitude a and frequency v. The average
kinetic energy during its motion from the position of equilibrium to the end is : [AIEEE 2007; 3/120, —1]

(1) 7 ma2v? 2 %ma2 v2 (3) 4n2 ma2 v? (4) 272 ma2v?
If x, v and a denote the displacement, the velocity and the acceleration of a particle executing simple

harmonic motion of time period T, then, which of the following does not change with time?
[AIEEE 2009 ; 3/120, -1]

(1) ar (2) aT + 2nv 3) ar (4) a?T? + 4n2v?
X v

A mass M, attached to a horizontal spring, executes SHM with a amplitude Ai. When the mass M
passes through its mean position then a smaller mass m is placed over it and both of them move

together with amplitude Az. The ratio of (ij is : [AIEEE - 2011, 4/120, -1]
2
1/2 1/2
M M+m M M+m

1 2 3) | —— 4
()M+m @ M ()(M+mJ ()(MJ
If a spring of stiffness 'k' is cut into two parts ‘A" and 'B' of length /a : /s = 2 : 3, then the stiffness of
spring 'A' is given by : [AIEEE 2011, 11 May; 4/120, -1]

3k 2k 5k
1) — 2) — 3) k 4) —.
1) = 2) - (©)] (4) 5

Two particles are executing simple harmonic motion of the same amplitude A and frequency o along
the x-axis. Their mean position is separated by distance Xo(Xo > A). If the maximum separation
between them is (Xo + A), the phase difference between their motion is : [AIEEE - 2011, 4/120, -1]
(1) n/2 (2) n/3 (3) n/4 (4) n/6

If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the period
between t = Os to t = 1S, then t may be called the average life of the pendulum. When the spherical bob
of the pendulum suffers a retardation (due to viscous drag) proportional to its velocity, with 'b" as the
constant of proportionality, the averatge life time of the pendulum is (assuming damping is small)

in seconds : [AIEEE 2012 ; 4/120, -1]
0.693 1 2

1) —— 2)b 3) = 4) —

1) b 2 3) b (4) 5

The amplitude of a damped oscillator decreases to 0.9 times its original magnitude is 5s. In another 10s

it will decrease to o times its original magnitude, where o equals. [JEE (Main) 2013, 4/120]

(1) 0.7 (2) 0.81 (3) 0.729 (4) 0.6

A particle moves with simple harmonic motion in a straight line. In first © s, after starting from rest it
travels a distance a, and in next t s it travels 2a, in same direction, then : [JEE (Main) 2014 ; 4/120, -1]
(1) amplitude of motion is 3a (2) time period of oscillations is 8t
(3) amplitude of motion is 4a (4) time period of oscillations is 671

For a simple pendulum, a graph is plotted between its kinetic energy (KE) and potential energy (PE)
against its displacement d. Which one of the following represents these correctly ?
(graphs are schematic and not drawn to scale) [JEE (Main) 2015 ; 4/120, -1]
E
E

) ()

i d
|

A particle performs simple harmonic motion with amplitude A. Its speed is trippled at the instant that it is at
distance 2A/3 from equilibrium position. The new amplitude of the motion is. [JEE (Main) 2016; 4/120, —-1]

(1) 3A @ B A 3) % @) %m
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Simple Harmonic Motion ~

A\

16. A particle is executing simple harmonic motion with a time period T. At time = 0, it is at its position of

equilibrium. The kinetic energy-time graph of the particle will look like :

[JEE (Main) 2017; 4/120, -1]

KE W KE
@ - S @ L\ N\
I I = 0 T T T t—
4 2 5
@ | N\ @ .
0 T t— o T 7 =
2
17. A sliver atom in a solid oscillates in simple harmonic motion in some direction with a frequency of 10%/sec.

What is the force constant of the bonds connecting one atom with the other ? (Mole wt. of siver =108 and

Avagadro number = 6.02 x 10?2 gm mole*

(1) 2.2 N/m )

[JEE (Main) 2018; 4/120, -1]

5.5 N/m (3) 6.4 N/m (4) 7.1 N/m

N

EXERCISE-1 c-5.  (a)2n |—T
PART - | v
Section (A) : 2 iy
: Ky +kj

A-1.  Amplitude = 5 m, Phase constant = % Time

period = 2 s, Maximum speed = 51 m/s

A-2. (a)2.0cm, = s=0.063s,
50

(b) 1.0 cm, J3 mi/s, —100 m/s?

A-3.  (a) T/12, (b) T/8, (c) T/6, (d)
aa Vo
2

, Keq. = k1 + k2 ; (b)
, Keq. = k1 + k2 ; (C)

21 m (kl+k2) k
\} kikz

Answers will remian same

kaky
kl +k,

. T n| 10
A-5. xz(lOcm)smKES ljt+g} 5 % ~11 cm/s? D-3. [3600) g=9.794m/s?

A-6. ig cm =+ 1.2 cm from the
Section (B) :

B-1. +5cm B-2.
Section (C) :

C-1. 0.1 N/m C-2.

16
C-3. =0.16 Kg
107*

C4. (a) — ZR\F (b) 5 © 3

100 N/m 2.2 2 2
C-6. Mg , Mg and 9 from above,
2k 4k 6k
T/4, (e) T/8 time period = 2% 16_]le/|
Section (D) :
D-1. 1m D-2. 0.25m
3601
e pesieT D-4. | (i) 2To (i) 3g upwards
Section (E) :

[
A=0.06m E-1. (a) T=2n @

403 (©) 2n /*Fa

(b) 21 \/2—7
g

3r
d)2n |—
(d) 2n 29

i r\/_ \/5 L
|:2 E-2. (a) 2n / , 1/ (b) 2n /\/_ 2\/_

Section (F) :

F-2.  aJ4+2y3

F-1. (@ 7cm (b) ﬁ cm=6.1cm (c)5cm

F-3. 22+ Y =1
2
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Simple Harmonic Motion ~

Section (G) :

G-1. Both amplitude and energy of the particle can
be maximum only in the case of resonance.

For resonance to occur, w1 = o2
G-2. (a)0.3s(b)6.93s(c)3.4s

PART - Il

Section (A) :

Al (A A-2. (A A-3. (B)
A-4. (A A-5. (A A-6. (C)
A-7. (A A-8. (B) A-9. (B)
A-10. (B)

Section (B) :
B-1. (B) B-2. (C) B-3. (B)
B-4. (C) B-5. (A) B-6. (C)

Section (C) :

c-1. (O GC2. (€ €3 (0
C-4. (A C-5. (D) C-6. (D)
c-7. (B) c-8. (D)

Section (D) :
D-1. (A D-2. (D) D-3. (C)
D-4. (D) D-5. (C)

Section (E) :
E-1. (D) E-2. (B)
Section (F) :

F1. (B) F2 (B) F3 (D
F4. (B)

Section (G) :
G-1. (D) G-2. (C)

PART - Il
1. (A)—>r,(By—>p,(C)—>q,(D)—>s
2. (A)—>p;B)—>qg;(C)—>p;[dD)—>s

EXERCISE-2

PART -1
1. (A) 2. (C) 3. (B)
4. (C) 5. (C) 6. (A)
7. (A) 8. (A) 9. (A)

10. (A 11. (B 12. (C)
13. () 14. ® 15 (D)

PART - I
1. 10 2. 2 3. 2
4, 15 5. 2 6. 16
7. 3 8. 3 9. 12
10. 17 11. 15 12. 8
13. 15 14. 2 15. 8

16. 75

PART - Il
1. (AD) 2. (ABC) 3. (BC)
4.  (ABCDE) 5. (BD) 6. (ABCD)
7. (BCD) 8. (ABC) 9. (BD)
10. (BC) 11. (ACD) 12.  (AC)
PART - IV
1. @ 2 © 3. (D)
4. O) 5. (A 6. (B)
7. (B) 8. (©)
EXERCISE-3
PART - |
1. (ABD)
2. (A)—=(P); (B) = (a,8); (C)—>(s): (D) = (a)
3. o) 4 (D) 5. (©)
6. o 7 (© s (D)
9. (© 10. (B 11. (D)
12.  (AD) 13. (D) 14. (C)
5.  (B) 16. (B) 17. (A
18. (AD) 19.  (BD)
20. (A)>PQRT:(B)—>QS;(C)>PQR,S;
(D) > PR,T
21.  (ABD) 22.  2.09
PART - Il
1. @ 2 (13) 3 1)
4. @ 5. 4 6. 1)
7. (14) 8. @ o @)
0. (@ 11. @ 12. @3
13. @4 14 (2 15 (3
6. (@) 17. (@)
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Simple Harmonic Motion ~ ﬂ—

Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

1. What would be the period of the free oscillations of the system shown here if mass M1 is pulled down a

little force constant of the spring is k, mass of fixed pulley is negligible and movable pulley is smooth

2. A constant force produces maximum velocity V on the block
connected to the spring of force constant K as shown in the fig. When K E
the force constant of spring becomes 4K, then find maximum velocity i
of the block. Assume that initially the spring is in relaxed state.
3 Two point masses m1 and mg are fixed to a light rod hinged at one end. The masses are at distances /1

and ¢z respectively from the hinge. Find the time period of oscillation (small amplitude) of this system in
seconds if mi1 = mg, /1= 1m, {2 = 3m.

4, A solid sphere (radius = R) rolls without slipping in a cylindrical vessel i 5R
(radius = 5R). Find the angular frequency of small oscillations of the i
|
sphere in s71. Take R = % m and g = 10 m/s?. (Axis of cylinder is fixed and |
horizontal).
5. A particle of mass m is suspended at the lower end of a thin rod of negligible @]

mass. The upper end of the rod is free to rotate in the plane of the page about a

horizontal axis passing through the point O. The spring is undeformed when the

r
“«~
«—r—

rod is vertical as shown in fig. If the period of oscillation of the system is n\F,
n

when it is slightly displaced from its mean position then find n. Take k = %

4
and g = 10m/s2.
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Simple Harmonic Motion ~ ﬂ—

6.

If velocity of a particle moving along a straight line changes sinusoidally with time as shown in the given
graph. Find the average speed over time interval t = 0 to t = 2 (2n — 1) seconds, n being any positive

integer.

\V 4

4dm/sT
2s Bs

4s 8s
-4m/st

Two simple pendulums A and B having lengths ¢ and //4 respectively are released from the position as
shown in figure. Calculate the time after which the release of the two strings become parallel for the first

time. Angle 0 is very small.

A

A particle of mass ‘m’ is moving in the x-y plane such that its x and y coordinate vary according to the
law x =asin ot and y = a cos o t where ‘@’ and ‘o’ are positive constants and ‘" is time. Find

(a) equation of the path. Name the trajectory (path)

(b) whether the particle moves in clockwise or anticlockwise direction

(c) magnitude of the force on the particle at any time t.

Two non-viscous, incompressible and immiscible liquids of densities p and 1.5 p are poured into the
two limbs of a circular tube of radius R and small cross—section kept fixed in a vertical plane as shown

in fig. Each liquid occupies one—fourth the circumference of the tube.

(a) Find the angle 6 that the radius to the interface makes with the vertical in equilibrium position.
(b) If the whole liquid column is given a small displacement from its equilibrium position, show that the

resulting oscillations are simple harmonic. Find the time period of these oscillations.
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Simple Harmonic Motion ~

10.

11.

12.

13.

Two identical balls A and B, each of mass 0.1 kg, are attached
to two identical mass less springs. The spring—mass system is
constrained to move inside a rigid smooth pipe bent in the form
of a circle as shown in the figure. The pipe is fixed in a
horizontal plane. The centres of the balls can move in a circle
of radius 0.06 m. Each spring has a natural length of 0.06x
metre and spring constant 0.1 N/m. Initially, both the balls are

displaced by an angle 6 = =n/6 radian with respect to the

diameter PQ of the circle (as shown in fig.) and released from

rest.

(i) Calculate the frequency of oscillation of ball B.

(i) Find the speed of ball A when A and B are at the two ends of the diameter PQ.

(i) What is the total energy of the system ? [1993 ; 6M]

Two light springs of force constant ki and k2 and a block of mass m are in one line AB on a smooth
horizontal table such that one end of each spring is fixed to rigid supports and the other end is free as
shown in the figure. The distance CD between the free ends of the spring is 60 cm. If the block moves
along AB with a velocity 120 cm/s in between the springs, calculate the period of oscillation of the block.

(k1 = 1.8 N/m, k2 = 3.2 N/m, m = 200 g) [1985 ; 6M]
|«—60 cm—>
1 \ﬁq\\\ v K,
QAN
ATT77T7TT7ICTTITTTTTT T /7777777.B%

Two wheels which are rotated by some external source with constant angular velocity in opposite
directions as shown in figure. A uniform plank of mass M is placed on it symmetrically. The friction
co-efficient between each wheel and the plank is p. Find the frequency of oscillations, when plank is
slightly displaced along its length and released.

&) @
: 20—

The Cubic Potential : Consider a particle of mass m moving in one dimension under the influence of

Mw2x? ax®

otential energy u(x) = —OX —
p gy u(x) > 3

Here o, 8 and a are real and positive.

(a) Sketch typical plots of u(x) and identify extrema if any.

(b) Consider the case where (in appropriate units) we have m =1, o = J2, 0 =1and § = 1/2. Sketch
the potential energy u(x). If the total energy of the particle moving in this one-dimensional potential
is E = 0 (in same units), discuss the motion of the particle in terms of allowed regions, boundedness
and periodicity.

/\
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Simple Harmonic Motion ~ ﬂ—
14. Two blocks of masses m1 = 1.0 kg and m2 = 2.0 kg are connected by a massless elastic spring and are
at rest on a smooth horizontal surface with the spring at its natural length.

F—> m, (0000000 m,

1 I
Xl X2

A horizontal force of constant magnitude F = 6.0 N is applied to the block mi for a certain time t in which
mz suffers a displacement Axi = 0.1 m and Ax2 = 0.05 m. Kinetic energy of the system with respect to
center of mass is 0.1 J. The force F is then withdrawn.

(a) Calculate t.

(b) Calculate the speed and the kinetic energy of the center of mass after the force is withdrawn.

(c) Calculate the energy stored in the system

Bl HLP Answers

1, T=2n /w 2. V2 sl T 4. 5

5. 25 6. 8 mis 7. Tlia
T 3\9

8. (a) x2 + y2 = a?, circle (b) The particle moves in clock wise sense.

(c)The magnitude of force = m ﬂ/ai +a; = me?a

1 R

9. a)tan-1| = b) 2n,[——

@ (5) by 2m e
10. @) f= L ST Hz (ii) V = 0.0628 (iii) 3.9 x 104 J 11. 2.82s

2n 0.1 T
12. 2n £ 13. (b) between x =0 and x = # U is (—ve). So, K.E. is +ve.
\Iug

14. (a) 0.26s (b) 0.52 ms=1,0.40J (c)0.20J
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Simple Harmonic Motion ~ H—

Bl Exercise-1

= Marked Questions may have for Revision Questions.

w Fifed g S arg ueE 2

PART - | : SUBJECTIVE QUESTIONS

T - | : fJd9I 9% W99 (SUBJECTIVE QUESTIONS)

SECTION (A) : EQUATION OF SHM IRd 3MTac 7Ifd &1 GHIHhRo]

A-1.=» The equation of a particle executing SHM is x=(5 m)sin{(n s )t+%] Write down the amplitude,

Ans.

Sol.

Sol.

Ans.

initial phase constant, time period and maximum speed.
TRA AMad T B I8 TH BT B FHIBIOT x = (5 m)sin{(n 31)"*%} 2| MM, YRS wer fadie,
JMaddTel 9 AfdwHTH aret foalay |

Amplitude = 5 m, Phase constant = g Time period = 2 s, Maximum speed = 5t m/s
ST = 5 m, el FrIdie = %,eﬂmﬁm = 2s, 3f®ad =1l = 51 m/s

X =5sin [nt+£}
6

Compare this equation with

x=Asin(ot+¢)=>A=5

¢ = I 1= 2n = 2n =2secC
6 ® ®

Vmax = Ao = 5t m/s
x =5sin [nt+£}
6

9 IR0 DI 7 FHIARYT & 1 AT IR W
x=Asin(ot+¢)=>A=5
b= L= T=2—TC _2n =2 sec

6 ® ®

Vmax = Ao = 5t m/s

A particle having mass 10 g oscillates according to the equation x = (2.0 cm) sin [(100 s~) t+ «/6]. Find
(a) the amplitude, the time period and the force constant (b) the position, the velocity and the
acceleration att = 0.

10 g AN BT & HU FHIGIOT X = (2.0 cm) sin [(100 s7') t+ 7/6] & FTTAR Il HAT 8 | A BRI

(a) 3T, JMaddTa 9 9o Iaid (b) t =0 W Refd, a1 9 @R
(a) 2.0 cm, % s =0.063 s, 100 N/m (b) 1.0 cm, J3 m/s, —100 m/s?
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Simple Harmonic Motion ~

Sol.

A-3.n.

Sol.

X = (2.0 cm) sin {(1 00s™ "t + %}

Compare this equation with
U FHHROT B AT BRA W
x=Asin(ot+¢) = A=20cm

T=-28 _ 2% 00635
3 100
10

K=mo?= — 1002 = 100 N/m
100

Xi-0 = 2.0 sin {100x0+%} =1cm

v = 200 cos (100t+gj

Vieo = 200 cos (1 00x0+ %j

=100+/3 cm/s = /3 m/s

a =-20000 sin (1 00x0 +gj = 10000 cm/s?

=—-100 m/s?

A simple harmonic motion has an amplitude A and time period T. Find the time required by it to travel

directly from

U RS AT I BT A AT AMdIA T 8| 596 R 9 U T &R & oY mawasd q9d 9i1d

BT |

(@) x=0tox=A/2 (b)x=0tox=i2
(c)x=Atox=A/2

(d)x=—%tox=% (e) x

(@) x=0¥"x=A2TH (b) x=0¥x=
(d)x=—%®x=%a—qs e x= A

Ans. (a)T/12,(b) T/8,(c) T/6,(d) T/4, (e) T/8

(A) x=Asin [%'H—(I)j

o=Asin (@o+¢]
T

= 2—no+<1>=0 = ¢=0
T

X = A sin {@]
T

— =Asin @ @=£
T T 6

= L

12

(c)x=Adx=AR2T®
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Simple Harmonic Motion ~ H—

(D)x = A sin [$+ ¢}

Sol.

Ans.

Sol.

= Asin {ZTLO“I)}

i
2

A particle is executing SHM with amplitude A and has maximum velocity Vi Find its speed when it is

located at distance of % from mean position.

WWAWHVOWW@WWWW@%IWW@%@WWW@W
N |

A particle executes simple harmonic motion with an amplitude of 10 cm and time period 6 s. At
t = 0 it is at position x = 5 cm from mean postion and going towards positive x-direction. Write the
equation for the displacement x at time t. Find the magnitude of the acceleration of the particle at t = 4s.
UH U A 10 cm d AEADIA 6 s § TR Aad I B @ 28| t = 0 R 91 Reafa 4 a1 Rafa

X=5cm g dl I8 g-cqd x-fom & O Y81 2 | 99T t R favenus x & forw @fiexor for@i| t = 4s W 01
P RUT BT GREATIT ST B |
x=(10cm)sin || Zs ' |t+ X ,Enz ~ 11 cm/s?
3 6 9
A=10cm, T =6sec

So 31 x = A sin [%Hd)]

= (10 cm) sin(%uq)j: 10 cm sin (gtﬂbj

att=0,x=5cm W™

= 5cm=10cm sin (0 + ¢)
1 . T
— =sin (¢), = —

= 5 (9) 5
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Simple Harmonic Motion ~ H—

A-6. =

Ans.

Sol.

So, ad: x = (10 cm) sin [EHE
3 6

2
j x (10 cm) sin (EX‘HE)
3

acceleration @Rl a =- w? (10 cm) sin KPS
3 6 6

I
3

2
x x10 ~11 cm/s?

A particle is executing SHM. Find the positions of the particle where its speed is 8 cm/s, If maximum
magnitudes of its velocity and acceleration are 10 cm/s and 50 cm/s.2 respectively.
UHh HU ARl Mad I HR & 8| B 1 g8 Rl Sa =1 Si_t wo1 31 arad 8 cm/s 8, afk o1 &

TSl AT @ROT B AAHTT TRATT HH: 10 cm/s T2 50 cm/s & |

ig cm = x 1.2 cm from the mean position

ey Rerfa J J_rg cm=+12cm

V| =|A| ® = 10=|Al o
laj = |A| @@ = 50 = |A| o?
= o=5 = JAl=2
82 = 52 (22 — x?)

64 , 36

4 —x2= — = X°= — :>x=i§cm
25 25 5

SECTION (B) : ENERGY il

=B-1.

Ans.
Sol.

B-2.x

Ans.

Sol.

A particle performing SHM with amplitude 10cm. At What distance from mean position the kinetic
energy of the particle is thrice of its potential energy?

T HU 10cm M S | WRA 3ad M FR @ & | A1 Reafd 4 f6a g ) s @1 st o
S Refd ot @1 9 0 8l ?

+5cm

According to question YA ,

l mv2=3x% m? x2

An object of mass 0.2 kg executes simple harmonic oscillations along the x—axis with a frequency of
(25/ =) Hz. At the position x = 0.04m, the object has kinetic energy of 0.5 J and potential energy 0.4 J.
Find the amplitude of oscillations

& 0.2 kg STAM B 9K x-31&8 B IR (25 / 1) Hz B IR A AR amadd M dall o | Reafa
X = 0.04m W % &I I Foit 0.5 J 7 Reafost ot 0.4 J B | S BT 19 S0 B |

A=0.06m

Total energy & Sail E = % m @? A2

2
05+0.4= 1 x 0.2(2nx§j A?
2 b4

= 9 = (50)2 A? = A=0.06m
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Simple Harmonic Motion ~ H—

SECTION (C) : SPRING MASS SYSTEM i g Aol

C-1.

Ans.

Sol.

C-2.»

Ans.

Sol. K

A spring mass system has a time period of 2 second. What should be the spring constant of spring if
the mass of the block is 10 grams?

Th R g e &1 aded 2 Jdvs 2| IR «dfe b1 g@dE 10 U™ 8, a1 R &1 Ry
fadie @« 891 =ftv |
0.1 N/m

T=2n%:> 2=2n,% = K=0.1N/m.

A body of mass 2 kg suspended through a vertical spring executes simple harmonic motion of period
4s. If the oscillations are stopped and the body hangs in equilibrium, find the potential energy stored in
the spring.

e FHeleR BT A deal 2 kg SIAM B G 4s B Aad Bl ¥ TRl AGd A PRl © | AR Sred Ad
o SR 9 9% AR H Tl W 8, O REW W wufed Refis Sl | &R |

40J

2 2
= Ma? = K=m[—n]
T

47°m
T2

mg = Kx equilibrium dr=gae

x=9 o ge
K 2

C-3.

Ans.

Sol.

K m’g®  mPg°T?  2°x10°x4?

1 _ - ~40J
2 K2 2x4mPm  2x4x10x2

A vertical spring-mass system with lower end of spring is fixed, made to undergo small oscillations. If
the spring is stretched by 25cm, energy stored in the spring is 5J .Find the mass of the block if it makes
5 oscillations each second.

TS SR RO gemE Mer [ R &1 e R Rer g, 9 o/cd Sle9 #Ra oIk @ | afe R
B 25 cm ¥ Gren orar @ @1 R 5 J Fol GUfd w21 IR YCH TS dHvS {5 I FIaAT B
dql e P TIHH A BRI |

162 =0.16 Kg

T
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Simple Harmonic Motion ~ H—

C-4.# A spring mass system is shown in figure, spring is initially unstretched. A man starts pulling the block
with constant force F. Find
(a) The amplitude and the time period of motion of the block
(b) The K.E. of the block at mean position
(c) The energy stored in the spring when the block passes through the mean position
o d e Ruw gega ey e w2, Ry gR™ 3 sifawaiRa 2 | g aafad a9 9 F & 9 &1
G YR HRal & o S BRI
(a) IK] B A BT ATAH T STacIBTA
(b) ATEA SR R X D IS Fpoll
(c) fEim ¥ wufea Sl 99 <Afe Ae @we ¥ Yokl & |

Kk

Kk 2k 2k
Sol. (a) Initial position of block is an extreme position. &ii® &1 YRS 3raven e A Reafa @
At equilibrium TR RF=KA= A=F/K
Time period 3TTadadTet

m
T=2n P LeXor I 1§
K I L]
(b) Kinetic energy at mean position e 3a=ell TR IS SHoft

2 2
K.E.=1KA2=1K E =F—
2 2K

2 2
Ans. (a) E,Zn\/g, (b) F (€) F

2 K
(c) Total energy of the block. @& @1 H FHell

2 2
Tkaee 1g[Z&E)
2 2 K 2K

C-5.# Three spring mass systems are shown in figure. Assuming gravity free space, find the time period of
oscillations in each case. What should be the answer if space is not gravity free ?

frargar @9 BT geme Mo RER R 8 a1 Jodd ga &3 991 8 | s Rafd d e &
SfTacieplel ST BRI | IS &5 Theder T8l 8 ol IR o1 Bl ?
/

Ans.  (a) 27 |- keq =ki+ke:(b) 21 |— " keq = ki +ke:(c)2n |M_KitKe) (o Kiko
ki +ko Ky +ko Vo ke Ky +Ko

Answers will remian same SR HHE & B

Sol. (a) When spring is stretched by x then restoring force.
9 R BT x | i Srar 8, O I dead 9o
F=Kix+Kox
F= Keq X
KeqX=K1 X + Kz x
Keq =K1 + Ko

m m
T=2n =2r
Keq K; +Ks
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Simple Harmonic Motion ~ H—

(b)  When bock is displaced by x from mean position then restoring force.
9 il BT A A W x Dl A 7 9 GAHIA I
F=Kix+Kzax
Keg X = K1 X + K2 X
Keq =K1 + Kz

T=2xn m =27 m
Keq K; +K,

(c) When block is displaced by x and extension in upper spring is x1, extension in lower spring is x2
9 <itd B x favenfa fear Sirar 8 don SRt R # AR xq, e el R # fIam xe 2 |

then @9 F = K1 x4 = X1=£
Ky
F=Kzaxe = xQ=L
Kz
F=KeqX = X:L
Keq
X = X1+ X2 = F =£+£ = Keq = KiKs
eq Ki Ky Ki +Ks

K
To2n [0 _pp [MKi*Ky)
Keg \f KK,

When space is not gravity free then answers do not change as time period of spring mass system is
independent of gravity.

9 gIATERYl YRicd Jad el © Al SR el aaerdl & qdife RYT S| e $1 Aadere Thcd |
e Bl § |

C-6.#= Spring mass system is shown in figure. Find the elastic potential energy stored in each spring when
block is at its mean position. Also find the time period of vertical oscillations. The system is in vertical
plane.

o # Ruv g e um T 21 99 <ife A1egdRel R B, a9 Idd B § Gufed gcamer
Rafas oil oid &7 | fUve & ealer Sre= &1 sfaddiel W 1 B |

2.2 2.2 2.2
Mg , Mg and Mg from above, time period = 2n 1M
2k 4 k 6 k 6 k

2.2 2.2 2 2
WﬁMg,M—gawM—g;smﬁ—cb‘m:zn 1M
2k 4 k 6 k 6 k

Ans.
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Simple Harmonic Motion ~ H—

Sol.  Let at equilibrium, elongation in springs are x1, x2 and
x3 then by force balance

AT ArgaRen H RY § AR x1, xo @I
X3 8 T 9 Ao |

Mg

3kxz = Mg = 2kx2 = kK X1
:>X1=w;X2=m;X3=m
k 2k 3k

So potential energy stored in each spring

Id: gAe Ry # dferd ol

1 M2g?
PE =—kX2=
(PEJ = Shkad= =5
1 292
PE)= —2kx2= 29
(PEJ2= 52k = =4
1 M292
P.E)s = — 3kxa =
( )3 5 X3 oK

and Net spring constant 3R gd g fadi® = ! _ Sk
1/k+1/2k+1/3k 11

So Time period g9ferd MMad®dTd = 21 M, [UM
keq. 6 k

Section (D) : Simple Pendulum IRd ATH

D-1.  Find the length of seconds pendulum at a place where g = n* m/s?
I WM W AHUS dldd &I 618 S BRI, 9al g = n2m/s? |

Ans im
Sol. T=2n\/Z 2=27r\/Z =/=1m
g g
D-2. Instantaneous angle (in radian) between string of a simple pendulum and vertical is given by

0= % sin2nt. Find the length of the pendulum if g = 72 m/s?
U6 WA dAldd d SR & gRI HEiER & A1 97 T dredfdrs dror (e #) 979 w®
9=%sinzmiﬁaﬁwﬁﬁ?wélﬁaﬁwaﬁw@mﬁaﬁg:#m/ﬁ%l

Ans. 0.25m
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Simple Harmonic Motion ~ H—

Sol.

D-3.

Ans.

Sol.

=D-4.

Ans.

Sol.

(o)

=2n/12 ~ 1=2 = /-025m.
7T

TimeperiodCﬂ'l’cl?fib‘r?rrT=2—7T =§—n =1=2nF
n g

A pendulum clock is accurate at a place where g = 9.8 m/s2. Find the value of g at another place where
clock becomes slow by 24 seconds in a day (24 hrs).

UFh dldid 9l 99 WM R Hel G99 Il & 98l g = 9.8 m/s? & | I8 [l Sy WIH R o g IRl &,
Tl U8 24 90 H 24 v WIS W€ WK ® O §9 Y WM W g BT A9 S B |

2
3600 g=9.794 m/s?
3601
€ "
T:27‘[\F T =27C -
g g
1 Y 2
T_ ¢ o _24x3600 _ o' (3600} 5794 mss?
T 9 24 x 3600 + 24 g 3601

A pendulum is suspended in a lift and its period of oscillation is To when the lift is stationary.

TP Alddd U folde | dIedl ® 9 SHBT Gl dId To 8, o9 forde ReR B |

(i) What will be the period T of oscillation of pendulum, if the lift begins to accelerate downwards
39,

4

with an acceleration equal to
ATTd BT ared Bid T /&1 8, Ife forge - &Y iR %gc—clwﬁmmﬁ?

(ii) What must be the acceleration of the lift for the period of oscillation of the pendulum to be TEO ?

ATTD BT ST-ThId %Eﬁiﬁ%‘(’%‘%’iﬂwwﬁmﬁﬁn?
(i) 2To (i) 3g upwards HUR HI AR

(i)To=21t\/Z = T=2=n L geff=g—3—g=g
g off 4 4

So, time period 31a: 3Mdd & T =21 f L To2T

(i) 2 = 2n 6 21r \/7
geff \g‘geff

Qeff = 4g = a=3g upwards W HI AR

SECTION (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM

E-1.

fivg dided @ WIS Al

Compound pendulums are made of :

(a) A rod of length ¢ suspended through a point located at distance ¢/4 from centre of rod.

(b) A ring of mass m and radius r suspended through a point on its periphery.

(c) A uniform square plate of edge a suspended through a corner.

(d) A uniform disc of mass m and radius r suspended through a point r/2 away from the centre.
Find the time period in each case.
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Simple Harmonic Motion / H—
Wfae dres =1 9§ 99137 9T 8
(a) TP /TS B BE I B B b W (/4 TA W ACH B |
(b) S m G 391 r 3 TH gAd A1 39! IR W A g | deat B
(C) TP DI ¥ TP g3 a oIl B Uh AHDY TNMBR <
(d) = F /2 W ACH g8 M TIAN 9 r AT BT U FHHY gDl |
gad Rfa & o1eg SraA=il &1 3acdlel ST dITY |

Ans. (a)T=2rx /ﬂ (b) 2x \/2—7 (c) 2x f@ (d) 2% \/3_7
129 g 349 29

Sol.  (a) Time period of compound pendulum is HIf® dATdl® &1 AMaddHTA T = 21

Igm +md?
mg/?

E-2.». Two compound pendulums are made of :
(a) A disc of radius r and
(b) A uniform rod of length L. Find the minimum possible time period and distance between centre
and point of suspension in each case.

] Ifa® dled 79 9 99-) T B |

(a) r a1 @1 g T

(b) L o TS B U HHE TS
I Al B oY ATH FHT AMAPIA S DI T R[ATH ¥ Al & oy fog 3
s A QWA BRI

Ans. (a)2n ’g,r/ﬁ (b) 2 |= L

Bg " 28
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Simple Harmonic Motion ~ H—

Sol.

(a) For minimum time period ¢ = K| where / is distance between centre and point of suspension
AT SMacidld B g (=K, Tl ¢ dws do e g & 9 & g0 @
2

Moment of inertia about centre = % =mK = K= =/

Sl -

2
P B IR STyl = —_mK2 = =/

2
minimum time period T =2n f— =2n ’r\/_
~AH AP T =2 f /

(b) Moment of inertia about centre = F =

2
()a%v—;:zf%qﬁﬁmvf—%—mp(

= K= L =/(¢ where /¢ is distance between centre and point of suspension

2J3
Sl (B ol e g & fa @ g9 ®

Minimum time period T = 2x 2 =2n L
Vo \3g
2k L
AT Sacdid T =21 | — =21 |[—
Vo \3g

SECTION (F) : SUPERPOSITION OF SHM X< 3Tdel JIfel T SfEIRIqo

F-1.

Ans.
Sol.

F-2.

Ans.

A particle is subjected to two SHM’s simultaneously

X1=aiSinwt and Xo= azSin(ot + ¢)

Where a1=3.0 cm, az2= 4.0 cm.

Find resultant amplitude if the phase difference ¢ has values (a) 0° (b) 60° (c) 90°
=1 Q1 TR erad il & el T ot Ifaeia &

= a1Sinet TAT Xo= a2Sin(wt + ¢)
STaf a1=3.0 cm, az= 4.0 cm
1 I b1 aRUEY R S BRI 39 AT B 7T daoAaR (@) 0°, (b) 60°, (c) 90° B |
(@) 7cm (b) /37 cm=6.1cm (c)5cm

A= \JAZ + A3 +2AA, cOSO

(a) Ar= 32 +42 1 2x3x4xc0s0 =7 cm
(b) A= 32+42+2x3x4xc0s60 = /37 cm=6.1cm
() Ar= 32 +42 1 2x3x4xc0s90 =5 cm

A particle is subjected to three SHM’s in same direction simultaneously each having equal amplitude a
and equal time period. The phase of the second motion is 30° ahead of the first and the phase of the
third motion is 30° ahead of the second. Find the amplitude of the resultant motion.

N Gl JTad TRt S GHE IATE a dAqT G ITad Bl B 12 U foenm # 8 W& 8, & el tsh
Fo1 Iy AR @ 2| g R, vem & 30° werwR S den et iy, fgdi I @ 30° dweR oM R,
ar g If &1 Iy S B |

a4+243
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Simple Harmonic Motion ~ H—

Sol.

F-3.=

Ans.

Sol.

From phasor diagram, &ell 3RE

2 2 2

(T

A= Z\E+B +(B+17 = a4+23

A particle simultaneously participates in two mutually perpendicular oscillations x = sin =t
& y =2cos 2 nt . Write the equation of trajectory of the particle.
T wad Qe x = sinnt AT y = 2cos 21t Ydh AT UH BT UR GRIRG B, A B & UA B AHIGIOT

foran |
oxe+ L -4
2
X =sin nt, y = 2[1 — 2 sin? xt]

y=2[1-2¢ or 2x2+%=1

Section (G) : For JEE-Main & foTg

G-1.

Ans.

G-2.#

In forced oscillation of a particle, the amplitude is maximum for a frequency w1 of the force, while the
energy is maximum for a frequency w2 of the force. What is the relation between w1 and w2 ?

BT S YUNSA A H A I B o AMGRT & fAQ ST Bl 2| Tdb w2 I & g Kol
BT BN B | o1 TAT w2 § TH= RIT BT |

Both amplitude and energy of the particle can be maximum only in the case of resonance. For
resonance to occur, o1 = 2

BT BT ATATH TAT Holl a8 AR B R A Afpad 81 Adbal § | AR 8 B [ 01 = o2

For the damped oscillator shown in Figure, the mass of the block is 200 g, k = 80 Nm-' and the
damping constant b is 40 gs~' Calculate

oz % ueffa smwfed Jrom & fou e &1 = 200 g, k = 80 N m-' B dn *@ded fadis
b=40gs'8| T I |

(a) The period of roscillation,
KB RCARCICREIR

(b) Time taken for its amplitude of vibrations to drop to half of its initial value
I BT AT YRS A & e 89 # foran T w9y

(c) The time for the mechanical energy to drop to half initial value.

gif3rd SHoft URMRIG a9 &1 el B9 # foran a1 99y
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Simple Harmonic Motion ~

kC= Spring

Mass ,m

Vane

- L Tl
mmsbmmm  (Damping ,b ‘ qae b

Ans. (a)0.3s(b)6.93s(c)3.4s

Sol. (a) Asthe damping constant, b

gfp sraae fradie b
(=0.04 kg s71) << Vkm

the time period T from the equation

THIHROT F addprd T

2
®'= /h—b— is given by,

1 geR faar e ®

\/7 02k9 -0.314s
\;’BON

(b) From the equation x (t) = xm € 2m the time T12 for the amplitude to drop to half of its intial value is

bt

thwﬁx(t)ﬂme_amewa%sﬂﬁa?ﬁ%ﬁﬁﬁmwwwzﬁml

1 7bT1/2
2
ordl  loge 2= BTz
2m
ordam  0.693 = DTy
2m
4010~
_bt
(©) E(t) =E@©) €e™;
bt
1 _MH/2 bt
—=e ™ ;lo —vz
2 9 2 m
0.693x0.2
tjp =————— =3.4sec
V2 40%1078
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Simple Harmonic Motion ~ H—

PART -1l : ONLY ONE OPTION CORRECT TYPE

AT - Il : B9 U 98) fdhed UBR (ONLY ONE OPTION CORRECT TYPE)

SECTION (A) : EQUATION OF SHM WX 3Tad 7fd &) Tiaxor

A-1.

Sol.

Sol.

According to a scientists, he applied a force F= —cx'® on a particle and the particle is performing SHM.
No other force acted on the particle. He refuses to tell whether ¢ is a constant or not. Assume that he
had worked only with positive x then:

(A*) as x increases c also increases (B) as x increases ¢ decreases

(C) as x increases ¢ remains constant (D) the motion cannot be SHM

ISPl & AR T8 TP dad F= —cx® TS $HU1 IR JRIMNUT BT 8 TAT B9 IRANG T BRAT © | BT

TR 3T DI g1 BRING Fal & T ¢ Hadie & a1 981, I8 98 /™ orar 2| (A1 ' 6 Riw x a9

?)
(A*) SITfh x 98+ 9R ¢ 9 | (B) Si1fd x 9¢1 WX ¢ TS|
(C) SraTfds x 981 WR ¢ ImuRafida & | (D) T A=A et T8l B A |

Comparing F = —kx

with F = —cx'® & |1 Jo1 &R R

= kx = cx13 = c=kx?R

As x increases c also increases. x 9@+ WR ¢ ¥ gl &

A particle performing SHM takes time equal to T (time period of SHM) in consecutive appearances at a
particular point. This point is:

(A*) An extreme position

(B) The mean position

(C) Between positive extreme and mean position

(D) Between negative extreme and mean position

AR AEQ AT BRAT M TP HUl A & b MRRed fdg R $01 & a1 HANK IuRARTAT & A
AR T (W Mad 1 &1 ddater) ofan & I8 fag & —

(A%) A Rerfa

(B) srew Reafa

(C) sMrws g Rerfa g wrew Reafa & §m

(D) v AT Rerfd g wren Rafa @ 9=

Position where we see the particle once in a time period that is only extreme position. twice through
every other position

g8 Refd S8l B V& saderd 4 U aR 8 Al & ddd aird R 2| gt @ Reafell R &1 ar
3T B |

A particle executing linear SHM. Its time period is equal to the smallest time interval in which particle
acquires a particular velocity v ,. the magnitude of v may be :

TS HU YNGR WA Mad T R I@T 8| B HI AMEADTA BV gRT A 97 v ord v # fordy W
RIATH FHATIRIA & SRR BIA1 8| v &1 GRAT0T 81 [l 2 |

(A) Zero g0 (B*) Vmax (C) Vmax (D) Vimax

2 2
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Simple Harmonic Motion ~ H—

Sol.

Sol.

A-5.n

Sol.

Sol.

- -
Vmax onlyiﬁa Vmax

N
If initial velocity is Vmax
then after one time period particle acquires same speed Vmax in same direction means same velocity

N
Vmax

N
Ifg URMAE 97 Vmax 81 O Uh AMaddI S UTA HO FAM M H FAN ATA Vinax T BRI 8

Ifq A 97 Vmax 9Td e B |

If F is force vector, v is velocity vector, @ vector is acceleration vector and t vector is displacement
vector with respect to mean position than which of the following quantities are always non-negative in a
simple harmonic motion along a straight line?

I F 91 afew v 97 wfew @ «ror wfew qen ¢ oAreg Rufy & favemge afeer @ @1 wo &”ot a1 &
I AR ofad T /1 § | ST AR SN AFOMHS Bl B 2

(A*) E.a (B) V.7 (C)a.r (D) F.¥
(A F.a
ma-a [lt is always non-negative] [ B9 RUTHD 2]

Two SHM’s are represented by y = a sin (ot — ¢) and y = b cos (ot — ¢). The phase difference between
the two is :

] WXl IMad TRl Py = a sin (ot — ¢) AATy = b cos (ot — ¢) F USRI &=d 2| 39 IA
A HATR BT |

o T T T 3n
(A%) > (B) 1 (C) 5 (D) 2
y=asin (ot —¢)

y=bcos (ot—¢) = y=bsin(mt—¢+g)

So phase difference is n/2
A HoATR /2 7 |

How long after the beginning of motion is the displacement of a harmonically oscillating particle equal to
one half its amplitude if the period is 24s and particle starts from rest.

AT e B BT Bl A RS B @ fha] FHI LA H B [GRATUA |, MM BT e 8111 AR
ATIdDbIeT 24 AhUS qAT BT RRTARRT A YRHT BIal 8 |

(A) 12s (B) 2s (C*) 4s (D) 6s

y = a cos ot
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Simple Harmonic Motion ~ H—

A-7.=

Sol.

Sol.

= A-9.

Sol.

The magnitude of average acceleration in half time period from equilibrium position in a simple
harmonic motion is

IR AT T H ATRITIRAT Y A Bl H AT RN BT GRATIT BT—
2Aw° Aw? Aw?®

(A%) - (B) o (C) Tor (D) Zero &
T/2 T/2
[ -e*Asinat dt _mzA{COS(ﬂ
0 ‘” 0
davg = T2 = T/2
I dt
0
Ay = —w?A[-1-1] - 40A _ 20°A
T/2 @ n
()]

A particle performing SHM on the y axis according to equation y = A + B sinwt. Its amplitude is :
TS BN y-37&] TR FHIBRUT y = A + B sin ot & ITAR A 3Tad i Bl ©, Al SHBT A 8 |

(A) A (B*) B (C)A+B (D) VA? +B?
X =A +Bsin ot

X — A =B sin ot

Hence, Amplitude = B

3d: MM =B

Two particles execute S.H.M. of same amplitude and frequency along the same straight line from same
mean position. They cross one another without collision, when going in opposite directions, each time
their displacement from mean position is half of their amplitudes. The phase-difference between them is
QU M AR W B AR T A Refd § FHH A qu1 §EE gy W WRA 3fad I
FRA B O9 9 UH AR B I TFBR B UR (cross) BRI B, d9 I fauda fIwm # afd R w B9 8l
I 1 99 A1 ReIf & IS faRAU= S91a SATH 6T A0 BT 8, A9 9D AL Bl aliTl—

(A) 0° (B*) 120° (C) 180° (D) 135°

Consider SHM as projection of uniform circular motion.

From figure the phase difference between two particles is 120°.

A A P THEAN i M BT Yerd A §Y
fora A a1 P B HEY Bk 12028 |

A2

wA-10. A mass M is performing linear simple harmonic motion, then correct graph for acceleration a and

corresponding linear velocity v is

Th oA M Y& AR Jad T R V8T 8 | @R a AT IId T 97 v Hqeg I8) oAdiad ali—

(A) ‘ i (8" B‘ )V (D) v’
a? a?
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Simple Harmonic Motion ~ H—

Sol. Velocity 3T v=0 VA? - x? = V2 = @? A2 — 0 X2 (1)
Acceleration @RUT a = —w?X = a2 = ot x? we(2)
From (1) and (2) : v2 =0 A2—-a?/ o = v+ a?/o? = o A2
(1) @ (2) |
v2 32
= 2w e !
= V2= —a2 (%)H its straight line with -ve slope and +ve intercept
(o)

Y FUMHD STl dUT YTHD TGS dTel] ARG B |
SECTION (B) : ENERGY il

B-1. A body executing SHM passes through its equilibrium. At this instant, it has
AR A T BT I ArRIERR | YO § | 9 &0, 39

(A) maximum potential energy (B*) maximum kinetic energy
(C) minimum kinetic energy (D) maximum acceleration
(A) 1fmaw Rerfast ot g°f | (B*) 1w it Sett & |
(C) =g WIfarst ot Bl | (D) STfrpa® =T B |

Sol. At equilibrium position K.E. is maximum. Araa=e W TS ol Afdwmad 8l 2 1

B-2. The K.E. and P.E of a particle executing SHM with amplitude A will be equal when its displacement is
A ST | IS 3Mad I HRd B9 B K.E. q1 P.E. SR1ER 81 a1 $9GT1 fIwmu= 81

2A A 5 A 2
(A) N2 ®) 3 ©) 5 ©) |[ZA
Sol. L= LkaTosd)
2 2
o x=
-5

B-3. A point particle of mass 0.1 kg is executing S.H.M. of amplitude of 0.1 m. When the particle passes
through the mean position, its kinetic energy is 8 x 102 J. The equation of motion of this particle when
the initial phase of oscillation is 45° can be given by

0.1 fun. s@m™ &1 e g 9 0.1 #ex & M ¥ A 3Mad T PR B 2| S B U
qIEATERAT ¥ ISRl & A $HD! Aol Holl 8 x 103 5[ & | Td BT FHIBROT FIT 8 Dl 2, SdfPb QI
D1 URMD el 45° &:

(A) 0.1 cos(4t+£] (B*)O.1sin(4t+£j (C)O.4sin(t+£j (D)o.zsin(f+2tj
4 4 4 2

Sol.  From question 937 &

%mm2A2=8x10_3:> %x0.1x®2x(0.1)2=8x10_3 = ow=4

So, equation of SHM is aTd: 4. . . P THIHT & x = A sin(ot + ¢) = 0.1 sin(4t+£j.
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Simple Harmonic Motion ~ H—

B-4.= For a particle performing SHM :

Sol.

(A) The kinetic energy is never equal to the potential energy

(B) the kinetic energy is always equal to the potential energy

(C*) The average kinetic energy in one time period is equal to the average potential in this period

(D) The average kinetic energy in any time interval is equal to average potential energy in that interval
A A T BRI §Y P b foIg -

(A) TSt Soit Hf f Refas o1t & axer TEF 81t 81

(B) Ifarst Soit when Rerfist &oif @& ax1eR &Il B |

(C*) T 3TMadt Bt # irAa TR Ipoll 399 3MMad drdt | $iad Rfost ol & =R 81ell 8 1

(D) forsfy ft FaT=RTa # &fAa IS Soll 39 RTINS H hd Refast @il & a_TaR 81l 21

Pav = % KA2 and 3R Kav = % KA2

=B-5.# Acceleration a versus time t graph of a body in SHM is given by a curve shown below. T is the time

Sol.

period. Then corresponding graph between kinetic energy KE and time t is correctly represented by

A fe R @R | AR Arad I SR U G B @RVl a 91 Ifaddbiel T a Heg Hey yaiRia fear
T 2| 39D GG IS FoIt KE I 699 t S #e AE oAfaF 8-

/\
ZAN

t

T | T |
t— t—
Cha (D) KE
T | T |
t— t —>
X = A cosomt
KE. = “K(A2—x2) = L KA? sintot
2 2
_ 1kA2 (1-cos22wt)
2 2

2
= % (1 — cos2mt)

Frequency of K.E. is double of acceleration.

RIS Sl @) IR @R B G B |

/\
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Simple Harmonic Motion ~ H—

B-6.

Sol.

Sol.

3

A particle performs S.H.M. of amplitude A along a straight line. When it is at a distance ?A from

mean position, its kinetic energy gets increased by an amount %m ®? A2 due to an impulsive force.

Then its new amplitude becomes:

T PHUT A M H ARA T P I WA 3f7ad T BRal & o9 Ig Ay Reyfa @ gAﬁq'\f%a'sr

mﬁmm,mﬁnwm%mw2A2m€rGﬁﬁ%|aﬁzmwm%:

() ?A (B) -A (C") V2 A (D) V5 A

Due to impulse force, the total energy of the particle becomes :

%mmZAZ + %mcoZA2 = M@?A?

Let ; A' be the new amplitude. (Apply energy conservation law)
%mmz (A2=me?A2 =  A=+v2A  Ans.

AT I & BRI, BT Bl FA Holl .

%mw2A2 + %m(o2A2 = Mw?A?
AT AT ST B | (SHol AR & e )
%moﬁ (A)2=ma?A2 = A'=.2A Ans.

SECTION (C) : SPRING MASS SYSTEM i1 geqa = e

C-1.

Sol.

C-2.#

Two spring mass systems have equal mass and spring constant k1 and kz.If the maximum velocities in
two systems are equal then ratio of amplitude of 1st to that of 2nd is :
A S del R FRIaie $9e: ki 3 ke @ 1 R gowE e 2| 3k g97a ifdead 91 991 ©

AT 1st & NI BT 2nd & AW & A U 5—

(A) ik 7ks (B) ki/ke (C) ka/ks (D*) Jka /K

X4 Kz

X K,

A toy car of mass m is having two similar rubber ribbons attached to it as shown in the figure. The force
constant of each rubber ribbon is k and surface is frictionless. The car is displaced from mean position
by x cm and released. At the mean position the ribbons are undeformed. Vibration period is

Th m S B Rgc ML F I FEHE @R B Red E § R JgER 919 W 2| @R b ReAF @
gol fFIdie k 97 Ade UNUEN | GrRIaRe] IR e fawfid srawen § 2| B Pl #eaEwe ¥ x cm
faxenfig sxe BIs & ST a1 &7~ BT B9 |

AN @/ =SSN e
m (2K) 1 [m (2k) ) m m
(A) 2r / v ®) - f v (C*) 2m (D) 2n /m
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Simple Harmonic Motion ~ H—

Sol.

C-3.

Sol.

C-4.

Sol.

\ K K /

\ i /

Rubber ribbon can exert only tension not compression so at a time only one is effective.

IR Re9 dad g9 JIRINVT B Fhar g, TS 78! 3 Uh I § $ddl Th & J9Tdl 32 |

T=2n\E
K

A mass of 1 kg attached to the bottom of a spring has a certain frequency of vibration. The following
mass has to be added to it in order to reduce the frequency by half :

T 1 fu. &1 gegwe R & fee R § o1 7 don 5 e emafty & 9= o= <@ 2 | omafy &
39 fAf¥aa 99 &1 emen &= @ forv 91 S\ s+ U

(A) 1 kg (B) 2 kg (C*) 3 kg (D) 4 kg
1 |K

fi=— |—
27'C m1

o LK

f2=% or mza=4mi ordl mz—-mi=3Kkg

A ball of mass m kg hangs from a spring of spring constant k. The ball oscillates with a period of T
seconds. If the ball is removed, the spring is shortened(with respect to length in mean position) by
m f&I gem™ & e g, k R Fodie arell R @ dedr Ot 21 g T Advs Sad did | qrad

FH 7| AR g B ger e Sw A R e i 9 el (| Rufa o g @ |mve) 81 Sl —
o gT? 3T%g Tm Tk
(A%) metre #Iex  (B) metre #lcx  (C) e metre¥cx (D) . metre HIex

2 2

(2m) (2m)
2
T=2r /M m= 1k

K 4r?
mg

mg = K = —
g X X "
TK ¢ T2g

= — X - —=
4r® K 4r?

C-5.#x= A smooth inclined plane having angle of inclination 30° with horizontal has a mass 2.5 kg held by a

spring which is fixed at the upper end as shown in figure. If the mass is taken 2.5 cm up along the
surface of the inclined plane, the tension in the spring reduces to zero. If the mass is then released, the
angular frequency of oscillation in radian per second is

R W RE A U e 79 a9 &1 &S & |1 H107 3028 | $9 9 a9 WR 2.5 kg S BT T YTH]
@ BT & o REW & o R 9 Sirel 83 2 | R &1 goR1 RRT 9d 9 @ S X 4 o1 2| i
T B A9 dd B Mg 2.5 AH FWR o TR A & A R H qEE gcHR Y B O 2| Al

39 FFHH BT WA BiS &A1 SI¢ A1 I B Do AGRY ST/ APvS H BN —

(A) 0.707 (B) 7.07 (D*) 14.14
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Simple Harmonic Motion ~ H—

Sol.

kx = mg sin 30°

\F JgS|n30 _\/5><100 1414 Ans.
2.5

C-6.= A particle executes simple harmonic motion under the restoring force provided by a spring. The time

Sol.

period is T. If the spring is divided in two equal parts and one part is used to continue the simple
harmonic motion, the time period will

R gRT IRIT U9 9 & BRI Th HUT GRS 3ATad i BT 2 | 3Mad biad T 2| Ife T a1 <
W H fAwfTg &R R TR den 39 SNY Ud 9T W AR 3MMad A BRI S ol ATad Bbrel —

(A) remain T (B) become 2T (C) become T/2 (D*) become T/\E
(A) T &M= 8| (B) 2T &1 S| (C) T/2 & <T@ | (D*) T/N2 & wimgm |
Time period 3Mad®red =T = 21 E

Spring divided into two equal parts so length is reduced to half

R Q1 R} A F A9t @ Y B ora: s el 81 S

We know 89 SIT9d & K oc%

K become twice K gAT &1 SR |

m m 1 m) T
Trew = 2 f =2 }— == |2n | = —
rew = x Khnew "2k \/5{“ KJ N7

= C-7.4# Four massless springs whose force constants are 2k, 2k, k and 2k respectively are attached to a mass

Sol.

C-8.

M kept on a frictionless plane (as shown in figure). If the mass M is displaced in the horizontal direction,
then the frequency of the system.

o 4 R orgaR 9ol fRd a1 R W UM S & US id 9 IR R G188 2 | e 9
fadie 2k, 2k, k a1 2k 2 | Al M g9 & &fast foen # fRenfig fan s @1 e & smafy 8l -

2k 2k K
M
2k
T
1 [k o1 [ak 1 [k 1 [7k
(A) —,/— (B*) —|— (C) —,/— (D) —|—
21 \ 4M 2\ M 2\ 7M 2\ M
Keq = 2k + k + 22K _ 4
2k + 2k

1 fKeq 1 f4K
so, fre uenc,&ﬁ:\'&mjﬁ[f=_ e _ |
g y 2n\ M 2\ M

The total mechanical energy of a particle of mass m executing SHM with the help of a spring is
E = (1/2)mw?A2. If the particle is replaced by another particle of mass m/2 while the amplitude A
remains same. New mechanical energy will be :

Wﬁqﬂaﬁmﬁwmnﬁmﬁ@mwﬁwwaﬁzﬁﬂmﬁmmE=%mm2A2%|

AT B9 B TER M/2 TFAME S B I FioRenfid wR I S g Safd s A suRafid @ a1 T8
Tif3d ot Bl |

A) V2 E (B) 2E (D) E/2 (D*) E
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Simple Harmonic Motion ~ H—

Sol.

E= lm w?A?
2

]

|
3
x

|
x
>

n

E is independent of mass.

E g R AR T8 o R

SECTION (D) : SIMPLE PENDULUM ¥R< dldid

D-1.

Sol.

D-2.#

Sol.

Two pendulums begin to swing simultaneously. The first pendulum makes 9 full oscillations when the
other makes 7. Find the ratio of length of the two pendulums.

3 s b M QAT UR™ BRI § | TSl dldd 9 [ R FRAT B, OF ORI 7 R FRaT 2| QA
ATAD] DI T=ILA BT AU BT |

49 7 50 1
A*) — B) — C) — D) —
(A%) a1 (B) 3 (©) a1 (D) 5
Given time for both are same &3 999 91 & fo |99 B |
9T1=7T2

9x2n\/z=7x2n 6—2
g \Ig

0, 49
> 9Jn =7, > i:a

Two pendulums at rest start swinging together. Their lengths are respectively 1.44 m and 1 m. They will
again start swinging in same phase together after (of longer pendulum) :

T diadd S fb IR®T § ReRmaRen # B, T WY o< UR® HRA 2| SHd] s HHI: 1.44 . qen
19, 51 9 G TS A1I U & FHeAl § 81 (T dAledd & Ael) —

\\\\ \\\\
\\ )—\\
PN '\ )
L/ =
(A) 1 vibration (B) 3 vibrations (C) 4 vibrations (D*) 5 vibrations
(A) 1 59~ & 91 (B) 3w~ & 91 (C) 4 &= & q1g (D*) 5 F~ & 91K

Let AFT x1 = A1 sin it and x2 = Az sin ezt
Two pendulums will vibrate in same phase again when there phase difference (w2 — 1)t = 2n
3 AIA® AR FHM Sl H B P 0d BT HATR (w2 — o1)t = 21 BT |

= (2_n_2_n)t=2n
T, T

= (\/%7— ’%j nx T, = 2n (where n is number of vibrations completed by longer pendulum)
(SEf ndW dre® gRT R 5 T Sl 3 9= )

= \/g—i nx2nﬂ=2n = n=>5
1 \A1.44 g

Thus after 5 vibrations of longer pendulum they will again start swinging in same phase.
I TS AMAD & 5 B b 918 I IRT FHF Hell § QI YRS B |
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Simple Harmonic Motion ~ H—

D-3.#

Sol.

D-4.x

Sol.

D-5.

Sol.

A scientist measures the time period of a simple pendulum as T in a lift at rest. If the lift moves up with
acceleration as one fourth of the acceleration of gravity, the new time period is
TEh Jee e ReR fofre § Rl Al &1 sadard T AU & | Ak fade SR @& TWE g/4 TR |

Tfy B A1 AT ATadBId BT—

} (B)4T (C" iT (D) ?T

2
T=2n
\fgeff g+g/4 \F

A simple pendulum has some time period T. What will be the percentage change in its time period if its
amplitude is decreased by 5%7?

TP AR dAlddd bl Maddid T 2 | Afe SHBT M 5% HH 8 O O s9® Aaadid § fbay ufaera
gRac= &1 ST ?

(A) 6 % (B) 3% (C)1.5% (D*) 0 %

T= 27:\/%, As it does not depend on amplitude Ffd I AMAH TR [ & BT ©

. % change in time period is 0 % Hence option (D) is correct.

Tad et # yfarerd gRad 0 % & ora: fdweu (D) 98 2 |

A simple pendulum with length ¢ and bob of mass m executes SHM of small amplitude A. The
maximum tension in the string will be

U IRl AT Sd] aw s /g Meld b1 A m &, A oY 3M ¥ AR JATEd I HRal © | =9 4
JfHaH I9a B —
(A) mg(1 + A/Y) (B) mg (1 + A/¢)? (C*) mg[1 + (A/¢)?] (D) 2 mg

2 2 2
Tmax=mg+mm2£=mg+mv7 =mg+m (w'?) =mg+m%><A7 ['.‘m: %J

AY AY
ordr  Tmax=mg + Mg n =mg 1+7

SECTION (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM

E-1.

fivs e 9 RIS Ad®

A 25 kg uniform solid sphere with a 20 cm radius is suspended by a vertical wire such that the point of
suspension is vertically above the centre of the sphere. A torque of 0.10 N-m is required to rotate the
sphere through an angle of 1.0 rad and then the orientation is maintained. If the sphere is then
released, its time period of the oscillation will be :

TP 25 fHuT. gaH= &1 3 el Raad! Broar 20 99 8, U6 St R 9 39 YBR dehil Wil § b

o g I & = 9 96 FW ([eEiER) 21 Mel I 1.0 I 101 § gAH & g don I9a d1Q
o Rl 1 9 @ & folg 0.10 Fgea—1. BT da—ATYl MaeIH 8 | PR UL el DI Jad
Bls a1 S @1 39 Q] &1 addiad 8T —

(A) = second (B) V2 n second (C) 2r second (D*) 4r second
(A) & YFTS (B) V2 7 e (C) 21 JFUe (D*) 4r JFve
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Simple Harmonic Motion ~ H—

Sol.

E-2.m

Sol.

Sol.

:[=gm|:§2=g><25><(02)—g

5 5 5

1=Co c= 291 o
0 1

= TE\/I =21 x 2 = 41 secs
C \JSXO

A metre stick swinging about its one end oscillates with frequency fo. If the bottom half of the stick was
cut off, then its new oscillation frequency will be:

Th RR & AUE 3 I8 U WIex B$ fo AMGRT A e PR © | 3R B &1 419 B e 91T PIc &2
WY A1 &l @1 941 AR w1 B —

(A) fo (B%) V2 fo (C) 2fo (D) 2 fo

foo fm_gg
2n I

where, ¢ is distance between point of suspension and centre of mass of the body.
Thus, for the stick of length # and mass m :

_ 1 39
“on \2¢

= l)( E = \Efo AnS.

T 21
TEf, ¢ frere g 9 oG & SMM 3 @ 91 3 g9 2|
T A m TAT / AT Bl BS B forg

LI
2n \2¢

= \/7 V2t Ans.

(e/z
2

SECTION (F) : SUPERPOSITION OF SHM ¥Rl 3Tad 7Ifd &1 IR0

F-1.

When two mutually perpendicular simple harmonic motions of same frequency, amplitude and phase
are superimposed _ _
9 A AR, FAM A AT FAF Hell DI & RER TFaq 9l 3Tad el ARG Bicll § Al —

(A) the resulting motion is uniform circular motion.
o wIfey ey i fe B B |

(B*) the resulting motion is a linear simple harmonic motion along a straight line inclined equally to the
straight lines of motion of component ones.

o Y, Il & AR Y@ F TP Ged I A WU W FHl g8 A% YW@ B IR VE W
At T R

(C) the resulting motion is an elliptical motion, symmetrical about the lines of motion of the components.
oo If , T & Teal @ Y@ & Ane FAfia e i grl

(D) the two S.H.M. will cancel each other.

T AR A T Uh TR BT AR B S |
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Simple Harmonic Motion ~ H—

Sol.

Sol.

F-3.

Sol.

F-d.n

Sol.

y =Asin (ot + ¢) and dITx = A sin (ot + ¢)
then @y = x so path is straight line. 3Td: U W &1 ©

The position of a particle in motion is given by y = Csinot+Dcoswt w.r.t. origin. Then motion of the
particle is:

I H TP BU B o g & |re Reafd y = Csinot+Deosot § &1 SIRIT 8 A1 &1 @ 7Ifd 8

(A) SHM with amplitude C+D (B*) SHM with amplitude \JC2 +D?

(C) SHM with amplitude @ (D) not SHM

(A) C + D 3™ & IR AMad T 2 | (B*) VC? +D? oM™ 1 TR mad R B |
C) (C + D)/2 3 & A=t 2Mmad T B | (D) W=t et Wiy & 7|

x = C sin ot + D sin (ot + /2)

A = \/02 +D2 +20Dcosg A= \[C? +D?

A simple harmonic motion is given by y = 5 (sin 3t + J3 cos 3nt). What is the amplitude of motion if y
isinm ?
T ARl A T y = 5 (sin3nt + 3 cos 3nt) ¥ welid @ W 1 WA b1 A @ g, Al y
Hrex # 87
(A) 100 cm (B)5m (C) 200 cm (D*) 1000 cm
y=10 1sin3nt+£cosBrct =10 sin (3nt + E)
2 2 3
thus amplitude is 1d: 3MA™ 10 m or I1 1000 cm

The position vector of a particle moving in x-y plane is given by

r = (A sinwt) i+ (A cosmt) j then motion of the particle is :

(A) SHM (B*) on a circle (C) on a straight line (D) with constant acceleration
x-y el & 7Y BRd Y TP BV bl R Afk™ F = (Asinot) | + (A cosot) | A o S § o & @
Tfey

(A) TR A Ty B (B) 99 W A B |
(C) IR X1 WR T B (D) forad @R & B B |
x =Asin ot, y=A cos ot or T x2 +y? = A?

Thus the motion of the particle is on a circle.  3d: &1 @I T g7 W 7|

SECTION (G) : FOR JEE MAIN

G-1.

When an oscillator completes 100 oscillations its ampliutde reduced to % of initial value. What will be

its amplitude, when it completes 200 oscillations :

Tq U AqAed s 100 e GR HRAT 8, A1 SHDT AT IRMBAS A BT % g Al g | 200 Jred

QR P B ULAR| SHBT M & SIRAT -

1 2 1
13 @ 3 ©) 5

(4%)
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Simple Harmonic Motion ~ H—

Sol.

G-2.

Sol.

In case of damped vibration, amplitude at any instant is
JqAfed H= o RAfT § fd &0 W 3 2|
a=aoe™
where ao = initial amplitude
TE a0 = UR™S A
b = damping constant Jrgd=a= Ul

Istcaes: t=100T anddema = %0

B0 _ gy el

= e-100bT _ l
3
lind caes : t=200T
a=ao e—bt = ap e—b(200 T)

2
1 a
—=ag(e10bT2 —g9x | = | =20
o ( )?=a0 [3) 9

The damping force on an oscillator is directly proportional to the velocity. The units of the constant of
proportionality are:

el Qe R a<d—ad 971 & FAGURI BIAT & I, FAMURN FR™dis & 456 2

(1) kgms~! (2) kgms2 (3*) kgs™ (4) kgs

Fov=F=kV

_ [kgms™?]

[ms™]

k:€:>[k] = kg s

PART - lll : MATCH THE COLUMN

AT - 11 : HifATH 1 FAferd HIRAY (MATCH THE COLUMN )

1.#a

A simple harmonic oscillator consists of a block attached to a spring with k = 200 N/m. The block slides
on a frictionless horizontal surface, with equilibrium point x = 0. A graph of the block’s velocity v as a
function of time t is shown. Correctly match the required information in the left column with the values
given in the right column. (use = = 10)

U WA A AT B H, k = 200 N/m &1 R0 & A1 v fUvs ge1 2| fUvs gy fd afos |
R ARl g x =0 A1 WRbal & | s & 971 v H G99 t S Bod & w4 H =0 9% 9 qwiran

T B 9 W H AT I B g W W Y aREm | e el — (72 = 10 BT YA 6W)

V(m/s) 4
2nf -
0.10
0 UO "
_27‘c .....................
Left Column Right Column
(A) The block’s mass in kg (p) -0.20
(B) The block’s displacement
att =0 in metres () - 200
(©) The block’s acceleration
att=0.10 s in m/s2 (r) 0.20
(D) The block’s maximum kinetic
energy in Joule (s) 4.0
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Simple Harmonic Motion ~

AT W TR "
(A) fave &1 gagAE feum ¥ (p) — 0.20
(B) t=0uR fvs &1 fazemuq #iex # | (q) — 200
(C) t=0.10 Ypvs R fIvs B @R /. /A2 H | (r) 0.20
(D) fvs o 7 TS SHelt o[ H | (s) 4.0
Ans. (A)r, B)p ,(C)qg ,(D)s
Sol. Vmax = Ao
= _ Vmax _ 27 (0.2) = 0.20m
® 2n
m T2k
T=2xn " :>m=F=O.2kg

Att=0.1, acc. is maximum
t=0.1 IR TR AEH © —

2 2
= amax=— 0?A = — _TC x 0.2
0.2
=—200 m/s?

Maximum energy = % mV,f]ax =4J

HETH SHolt =%mvn21ax =4/

2% In the column-I, a system is described in each option and corresponding time period is given in the

column-IIL. Suitably match them.

-1 4 T o & Rafd @ ue Adcy sarm a1 8 dn S9d 99d Sfadahid -1 § fear man

2| 391 gAfed BRI |
Column-I Column-I1
(A) A simple pendulum of length '¢' oscillating (p) T=2n E—é

with small amplitude in a lift moving down
with retardation g/2.

A block attached to an end of a vertical @ T-= Zn\F
g

spring, whose other end is fixed to the ceiling

of a stationary lift, stretches the spring by length ' in
equilibrium. It's time period when lift moves

up with an acceleration g/2 is

The time period of small oscillation of a NT=2n ;%
)

uniform rod of length '¢' smoothly hinged at
one end. The rod oscillates in vertical plane.

A cubical block of edge '¢' and specific (s) T=2n ’2—2

gravity 1/2 is in equilibrium with some volume inside
water filled in a large fixed container. Neglect viscous
forces and surface tension. The time period of small
oscillations of the block in vertical direction is

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 200 2244 | 1800 258 5555 | CIN: U0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Simple Harmonic Motion ~ H—

Ans.
Sol.

-1 T-11
(A) TS TA Ardd A 6 =g v w g e (p)T=2ﬁ\/%

U I IAAH P A1 forde § el B &l
2| forde T & IR% AT g/2 | o7 <& B

(B) TP wilb Bl Th FHEdleR ROT & U RIR 0 ol (q)T=2n\/§

fean s & e a1 RRT o Rer forge @1 wa
J Seqd o B qAT ArgaRen H I8 Ry # ¢ fawR
HRA B | TP AMAABIA R BT O folde SR
P TWH /2 TR J S B B |

(C) (TS P Th THRY BS Bl D (r)T=2nE

RN ) o1 g & fraredia o fear o 2|
Ig B HER dd H Il $X I8l = | 4l BT
Tl ® foTU SH®T Saddrel 819 |

(D) TS "ATHR i B ol (7 a1 ke (S)T=2n\/2—79

T (Tocd) 1/2 8 T SHST {8 M Ui+l &

<X B Ol fb To g9 STsad uTH H WRI BT B, I8

HrEATERRN | 2| TN 9l 9 Yo bl Ted A7El

1 Seafer fdwm § B Jremi @ Y <dfd &1 addrel 81 |
(A)p B)ag (C)p (D)s

(A) In frame of lift effective acceleration due to gravity is g+

9_ % downwards
2 2

W$Wﬁw$WW=g+%=%%aﬁW

S T=2n %
\I3g

B)Kr=mg - K_9
m L
constant acceleration of lift has no effect in time period of oscillation.

foTre &1 fFId @RI, ST & 3MMAddbIal R BIs 3R el STefdl g |

=T =2n\E=2nF
K g

/2) Al /
(D)T=2 [m o [ o | L
"pAg T\ pAg "\2g
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Simple Harmonic Motion ~ H—

Bl Exercise-2 |

= Marked Questions may have for Revision Questions.

. fRffed ue7 qEvm I v B

PART -1 : ONLY ONE OPTION CORRECT TYPE

Tl : Bad UP el fddHed YHR (ONLY ONE OPTION CORRECT TYPE)

SECTION (A) : EQUATION OF SHM IRdl 3MTac 7Ifd &1 GHIHhRoT

1.# A block of mass m is resting on a piston as shown in figure which is moving vertically with a SHM of
period 1 s. The minimum amplitude of motion at which the block and piston separate is :
R W o A P Jea aa s m e, U fived R Rermawen # 21 fie 1 sec. & anmadaa 4
FEAER A 3MMad M B BT & | T BT 98 YA AR F 1 81N, T8 W Jed a1 ke g qa

I 3T B S —

1

(A*) 0.25 m (B) 0.52 m (C)2.5m (D) 0.15 m

2
Sol.  Acceleration TR (a) = w?X = amax = [%j A

When amax = g then block and piston will be separated
TE amax=Q  d%] a1 fUREA S7e Bl SR |

2752
dmax =(J = (?j A ; (g=7c2)
2
g=4i2A = A= _025m
T 4

SECTION (B) : ENERGY SHoii

2= The potential energy of a particle of mass 'm' situated in a unidimensional potential field varies as
U(x) = Uo [1 — cos ax], where Uo and a are constants. The time period of small oscillations of the particle
about the mean position :

m SHE H TH HU1 S 6 vafaia Rufas &3 7 Rua g, @ Rafow swif Ux) = Uo(1 — cos ax) &
gRafda et 8, S18f Uo 9o a fardias 2 | A1ed orawen & AMel &1 & o Qleli & 3fad dlel alm—

2
m a m m am
A) 2n B) 2n C* 2n D) 2n,|—
(A) ,;a Uy (B) ,f 0 (C%) 22U, (D) U

Sol. Restoring force 9ATIT d1 F = —d_du = ;—d (uo (1-cos ax))
X X

F(x) = — uo a sin ax

for small angle g 101 & fo sin ax ~ ax

2 2
—Upax 2n
F = — uoa®x = acc. TR = —0° = — _@®x = (?j x X

So, Time period 3mmad®rd T = 2n >
Upa
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Simple Harmonic Motion ~

SECTION (C) : SPRING MASS SYSTEM

R goeE e

/\g

3.#= A solid ball of mass m is made to fall from a height H on a pan suspended through a spring of spring
constant K as shown in figure. If the ball does not rebound and the pan is massless, then amplitude of

oscillation is

AR U6 m MM @1 39 i H 3918 9 U6 dis das W AR & S k R Fraaie arelt R |

dedl | I UclsT | fad do g ThrId) I 8] S8l §, di aldd &1 AT 8l—

K

1/2 1/2 1/2

a) M9 By M9 (1, 20K () M9, (20K (D) M9 (142K
Sol.
] k k
H equilibrium H GrEgTaI] ﬁgﬁ
Position
X[ ===t - X| mmmmmmmmmmmmmm s mm e de s

maximum —7~-="=7=7mmmsmss e ARPgH —>Yermmmmmmmm e
displacement e

velocity before collision T&HI™ & Tgel 97 = f2gH

pan is massless so velocity after collision

a9 ¥l THAEA 8 31 Tdh) B g1 I

= JZgH

by energy conservation

Sofl TREAT A
1
m J—
o) + 5
Kx2 —2mgx —2mgH =0
mg  mg [ 2HK
K K mg

X = 1+

m((ZgH) = Jke

at equilibrium FRIaRR TR Kxo = mg = Xo = mg/K

mean Amplitude H1EI AT = X — Xo =

mg

2HK
+_
mg
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Simple Harmonic Motion ~ H—

4 x= # Two plates of same mass are attached rigidly to the two ends of a spring as shown in figure. One of the

Sol.

plates rests on a horizontal surface and the other results a compression y of the spring when it is in
equilibrium state. The further minimum compression required, so that after the force causing
compression is removed the lower plate is lifted off the surface, will be:

RATRR 31 99F @AM @ ©ic U R & aF1 RRI A godl 4ad el Okl & | U Wi &fdsl |ds8
R s sraRen # ¥ WEfG g wie & RO RBET § y T 8 qen ag Rer SR Ar smaven # B 98
gAad |ureT e for Wdisd 91 o1 8¢ & ygar wird dlell ©ie Tfd & SR §d8 ¥ 6Ud IS <,

B—

(A) 0.5y (B) 3y (C) 2y D)y
m final

N.P. §2 iy yI

e I .

u=0--<-- X

=
=
§ initial

m m m m
Let upper block is pushed down by x, at equilibrium mg = ky, i.e., weight of upper block is balanced by
spring When it is deformed by y, upper block will perform SHM with amplitude x about equilibrium
position, lower block will leave surface when spring is extended by y, means upper block is at distance
2y from its mean position. That should be upper extreme position of upper block. So amplitude x = 2y
AMT Ied @Ald A x gl Sl 8 | ARgaRel W mg = ky © 3| S99 i &1 MR R gR1 wgfea
B B, 99 fBM F Fgad y 2| I ld ArgaRe & URd A x & WY [T | 9 R/ oy |
fqeaiRa Bl 5, 91 < A8 &1 BrS QI AT Ioa <l @] AFawell | 2y 3 WR Bl § | I8
I wfe o Sed A Rafa g9 anfdd o s x = 2y.
Alternative :
at equilibrium of upper block mg = ky
ARG WR Izd &lidh & fordl mg = ky
lower plate will leave the surface if the extension in spring is y
Ife R # fawaR y & a1 91 wie wag sis <l
Let upper plate is displaced by x downward and left
AT I2 e x A faRenfia ava gd 81 ol 2
so by energy conservation between compressed to extended positions
a1 ol IGReT | (AT qen fawarRa sravensii & #ex)

0+%k(x+y)2=mg(x+2y)+%ky2

= %kx2+%ky2+kxy=mgx+mg2y+%ky2 = X =2y

/\
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Simple Harmonic Motion ~ H—

LE-2.%

Sol.

6.#

Two springs, each of spring constant k, are attached to a block of mass m as shown in the figure. The
block can slide smoothly along a horizontal platform clamped to the opposite walls of the trolley of mass
M. If the block is displaced by x cm and released, the period of oscillation is :

<1 A R {5 5 e k 2, RETgaR m e[ [ @ Jea A J91 83 ¢ | Jedl s afasl e
wehH R Rewed Fadl 2 | A wew M s@@E o 2ol 31 [wda ARl 9 91 8| I e bl
x 9 foRenfa oxe i X S a1 S &7 Aaddia 8RT—

WA WA
—O—0O—

(A)T =21 f'v'—m B T=2n /MM oy MM (D)T=2nM
2k \ kmM \/2k(M+m) k

Let displacement of block is x1 and of cart is x2 as shown

A GG BT fARATIT x4 TA M BT x2 & ForATAR

Xe k X, k

AAAAAAAAA 3 >
MAAAAAAAAY

RIEGN RISGN
.y -

U] ]
v Yoy (S22
~ Soo

by linear momentum conservation

G G GRETOT A

mv; MX;4
mvi = Mvz = Vo= — SOXo= —
M M

For block Force equation can be written as

Ted & ford qo FHdo U fordl o1 |l B

F = 2k(x1 + X2) = ma?X1

= 2k [XH—%XJ =mmZX1:>@2=2k[

M-+m
Mm

Mm

Sosd: T=2n |— 10
2k(M+m)

The right block in figure moves at a speed V towards the left block placed in equilibrium. All the
surfaces are smooth and all the collisions are elastic. Find the time period of periodic motion. Neglect
the width of the blocks.

AR SR &R Red Tedt v ard | |Aramaee] § Red IR e @l IR T &R @ 5 | 991 TIN
TARY § Tl W FdE HYUl IfRd 2| 3Mad I BT AGGDIA G PRI 7 SEI Sl B ArSlg AI0G

A |

k P A

m m
AN \\\I\\ \\\\\\\\\\\\\\\\\\\\\t\\ \
k

N m 2L m L m L m L
(A) TCJZ—:'FT (B) T E-ﬁ-v (C) TCJZ—:—V (D) TCJ;'FV
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Simple Harmonic Motion ~ H—

Sol.

<

L
since all collision are elastic and total energy is conserved

4 AR TR TARY B 3R FA Holl GRIET 2 |

Time period of motion of right block is t1 = %
v

3 [Ed BT AAADBIA Bt = 2
v
. . . . 1 m
Time period of motion of left block is t2 = §2n 5 K
o ¢ 1 m
IR [CH BT AAIDIA & to = — 21 [——
2 2 Kk

So, total time period 31 el A Bl = 2, %|:2n ;n—k}
v

SECTION (D) : SIMPLE PENDULUM IR& dldid

7

Sol.

The bob in a simple pendulum of length ¢ is released at t = 0 from the position of small angular
displacement 6o. Linear displacement of the bob at any time t from the mean position is given by
TP (TS & IR dAledd @ MaAd Pl t = 0TI IR 319 Hrofiy favemu= 0o Bre1 e © | fsd 993 t

R 71y Reafd ¥ Mold o1 Y& fazemu= 8

(A*) 06, cosEt (B) €\Etcoseo (C) tgsingy (D) 06, singt

For simple pendulum o = Jg/z and maximum linear displacement xo = /60 and equation of S.H.M

WA AP B ol o = \Jg/¢ 3R BT YT AT xo = 00 3R WA B TR

X = Xo COS wt

X = {80 COS \/%t

The period of small oscillations of a simple pendulum of length ¢ if its point of suspension O moves a
with a constant acceleration o = o i —az] with respect to earth is (f and J are unit vectors in
horizontal and vertically upward directions respectively)

( FHEIE B WA AlAD D 3T ]l Pl AEADIA Fa1 BN, I e fag O gt & dmve g @Ron
=01l —oz | AT BRAT R (| q | A AR qen SR W @ AR el § yeie @y 1) -

" Te | / T | 0
A = (g=aaP + a2} R T
(C) T=2n\E (D) T=2n m
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Simple Harmonic Motion ~

Sol.  Point O is moving as shown  fag O feATgaR 7Ifd &= <& 2 |
o) a
m
g
So acc. Of particle w.r.t O AT BT BT O D ATUE @RI
= (—oc1?+(a2 —g)j
So 3T Qett. = oc12 +(g—oc2)2

So time period 3d: IfMATDTA

=2TCI2 ‘ N
V(@ +(g—ap)?)?

SECTION (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM

fivs dd® 9 WS Add

A simple pendulum ; a physical pendulum; a torsional pendulum and a spring—mass system, each of
same frequency are taken to the Moon. If frequencies are measured on the moon, which system or
systems will have it unchanged ?

IR YHR & Qla- 6, Th ARel dalad, Th Hikdd dldd, Uh RISl didd a2l e R g9 e
T UA® B MIRT T B, B TEA W o ST ST 2 | 3R T5AT WR MIRT S & S1g a1 5
e e # I8 suRakia g —

(A*) spring—mass system and torsional pendulum.

B) only spring—mass system.

RETT—gegH ferg don ;RIS didd |
dad R g e |
RyT—gewe e gon Wifde Qifers o

Sol.

(
(C) spring—mass system and physical pendulum.
(

D) None of these
T 2n\lzv—const }
g—change

For physical pendulum T =2n f 9t (g—change) I,m,¢ — const

G

ST W BIg 7L |

(B) For simple pendulum

For Torsional pendulum T = 2z = Constj for any planet

o~

For spring mass system T = 2n

(m_ﬁ_ﬁ
K g ¢

Both the spring—mass system & torsional pendulum have no dependence on gravitational acceleration
for their frequencies .

BEl

s.mg=k¢ =Const for all planet]
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Simple Harmonic Motion ~

Sol.

10.#

Sol.

(B) TRe @ed B o T = 2n é[

(—fraga
g — gRafda

e dAdd T =2n ,ngg (g—afRRafid) I m,¢ — =R

WIS AeTh T=2nE[é=Constj Tft w=l @ forg

@WWW$WT=2R\/§

.. mg =k (ﬂJ:é:wﬁu@izﬁme

K g

& semE fer Jon WIS drds aF1 B AGRT g @vo ) iR T8 a=ar 21

A rod of mass M and length L is hinged at its one end and carries a particle of mass m at its lower end.
A spring of force constant k1 is installed at distance a from the hinge and another of force constant k2 at
a distance b as shown in the figure. If the whole arrangement rests on a smooth horizontal table top,

the frequency of vibration is

T M AT IR L B U B Uh IR ¥ dcd! s & a1 R Fae R R U m S| M &1 $01
T 831 & | Uob Ky R Fradie @1 Ruw faffed R 9 a g0 R de2n Ke R fFgdie @) va g fam
fafad R A b g W RErgar @l ™ 51 It wel Fer e afds R 39 W @ 8 oA

P Bl AGRT B

(A¥) 1 M ( 1 M
2n L2(m+M) 2\ M+m
3

For small angular displacement (6)

g PIoy e & ford

Net torque on body a%q TR el T = lo

2
= (k1a sin®)a + (k2b sind)b = {mLZ + %j a

Forsmall6 dg0a ol =a=

mL2

2 2
= frequency 3MgRT = 21_n %

i Io

ksa® +k,b?

e TR g
ML2

+7
3
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Simple Harmonic Motion ~ H—

SECTION (F) : SUPERPOSITION OF SHM X<l 3fTad 7Ifdl 1 3EIRIg0

11.

Sol.

12

Hint :

13,

Ans.

A particle moves along the X-axis according to the equation x = 10 sin® (nt). The amplitudes and
frequencies of component SHMs are

X-318 UR T P FHIBRY x = 10 sind (nt) & FTAR T FR @1 & | TS AW AT S GSHI BT A
T SMgRMAT & —

(A) amplitude 30/4, 10/4 ; frequencies 3/2, 1/2  (
(C) amplitude 10, 10 ; frequencies 1/2, 1/2 (
(A) 3T 30/4, 10/4 ; gl 3/2, 1/2 (
(C) 3mam 10, 10 ; gl 1/2, 1/2 (

B*) amplitude 30/4, 10/4 ; frequencies 1/2, 3/2
D) amplitude 30/4, 10 ; frequencies 3/2, 2
B*) amar 30/4, 10/4 ; gl 1/2, 3/2

D) ram 30/4, 10 ; arrgfrai 3/2, 2

x =10 sind(nt) ; [sin3 A= 33|nA—S|n(3A)J

4

~ %210 3sin(xnt)— sin(3xt) e @sin St Esin ant
4 4 4
So Amplitude 31T A = % , %

frequency 3mgfi = 1/2, 3/2

The amplitude of a particle due to superposition of following S.H.Ms. Along the same line is
Xi=2sin50 1 t; X2=10sin (50 Tt + 379)

X3 =—4sin 50 1t t; Xe=—12cos 50t

ferforRa A XET R RS IMMad TR B ARIYV §RT BT BT 3MATH BT

X1 = 2 sin 50 T t; Xa = 10 sin (50 7t + 379)

X3=—4sin50 7t; Xa=—12cos 50 mt

(A) 432 (B) 4 (C*) 642 (D) none of these T & P1E
el

Amplitude phasor diagram :
M Hell NG §RT

10
° 6
37
4 2
6

12 12
resultant amplitude TR A = 6v2

When a body is suspended from a fixed point by a spring, the angular frequency of its vertical
oscillations is ®i1. When a different spring is used, the angular frequency is wz. The angular frequency of
vertical oscillations when both the springs are used together in series is given by

9 UH 9] Bl UH IR gRT U ReR a5 9 dcah il & A1 S9d SHedER QIaHl &1 BIoi 3Mgid

®1 2| T4 A IR DI BE H o § A DIV IMIRT o B | o9 SF1 IR\AT BT g A Aol F HE A
oA 2, A1 SR SreEl @ Hofy gy & ol §

1 1

1
1 2, 275 2 2
> o] + N (a0 [a0)
(W) o=[of +of [ (B) o= T2 (C)o=| TR (D) o=| ot
2 (F +03) 2(f +of)

(€)
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Simple Harmonic Motion ~ H—

Sol.

14._

Ans.
Sol.

15._

Ans.
Sol.

k k

:\/ Kiko ﬂ 1 B ﬂ 1 0405

(ks +kz)m m i1 i2+i2 \/co12+w§
k2 k1 o (&

A particle performs simple harmonic motion at a frequency f. The frequency at which its kinetic energy
varies is :

Teh U1 b f JAIGRT TR Wl 3MTaa A BT & | gRT R R geb! st Soil g 2 |
f

(A) f (B*) 2f (C) 4f (D) 2
(B)
K.E. = %mcoZAz sin?(ot + @)

K.E.

-t
|

A particle rests in equilibrium under two forces of repulsion whose centres are at distance of a and b
from the particle. The forces vary as the cube of the distance. The forces per unit mass are k and k'
respectively. If the particle be slightly displaced towards one of them the motion is simple harmonic with
the time period equal to

T&H BT YFAHYUT & QT qail & AaR ArATa] § fORM oval & e &= &1 | ad21 b g8 w® 2| I+
IA G B O @ U H 95 = | gl B U 5HIs SAH HA: kM k' 71 AT FU b1 I ¥ B
TP &I IR AT A1 favenfid &) ¢ a1 7Ifd O et 8, o7 Sacddral s¥eR & —

W —=__ B 0= (D)
el e e #lat)

(D)

Ciad = C2b?®

Cia® _ K
m

Cob® _ .
m

Frs = C1(a — x)3 — C2(b + x)3

= Ciad (1—3—)(} — Cab? (1+3—Xj
a b

=—3(C1a? + C2b?)x
2n

time period = ————=
By
a b

/\
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Simple Harmonic Motion ~ H—

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE
AT - 1l : Uhel U4 fg—qurfes A Y&HR (SINGLE AND DOUBLE VALUE INTEGER TYPE)
SECTION (A) : EQUATION OF SHM IRdl 3MTac 7fd &1 GHIHhRoT

1= Two particles A and B are performing SHM along x and y-axis respectively with equal amplitude and
frequency of 2 cm and 1 Hz respectively. Equilibrium positions of the particles A and B are at the co-
ordinates (3, 0) and (0, 4) respectively. Att = 0, B is at its equilibrium position and moving towards the
origin, while A is nearest to the origin and moving away from the origin. If the maximum and minimum
distances between A and B is s1and sz then find s+ + s2 (in cm).
Q1 BUT A TAT B, x TAT y-31&T & ST FHF AT AT 3MGRT A 2 cm TAT 1 Hz | WRA Amadd i

PR g B AT B B B Araraven R wAe: (3, 0) T2 (0, 4) wi@l ®R 21 t=0, R & B
ARG R & q1 o fdvg & TR% o I8 & 3R B0 A Hofdg & 999 dbe 2 Jo1 qafdg 9
1 RE 2| ATATB S W& I AfqHad e gAdH SRAT HA: s1d 828 T4 81 + S2 (cm H) T I |

Ans. 10
Sol.

(0,4)
Be

y

o
>

A (3,0)

At t = 0 Particle 2 is at point B and moving towards origin so displacement
t=0WR Hv 245 BWR & TAT Yo fdg & TG S BT & I

Y =4-Asin ot

Y =4-2sin ot

and displacement of particle 1 is

3R B 1 BT fazemuT ®

X =3-Acos ot
X =3-2cos ot

So distance between them ard: s 7 gt = VX +Y2

§2 =29 — (16 sin ot + 12 cos wt) =29 — 4 (4 sinwt + 3 cosnt)
= 29 — 20 (sinwt + 379)

So @ sZ, =49 = Smax = 7cm = Sy

S2ax =9 = Smin=3cm =S2 - S14S2 = 10cm

2. Two particles P and Q describe S.H.M. of same amplitude a, same frequency f along the same straight

line from the same mean position. The maximum distance between the two particles is a\E. If the
initial phase difference between the particles is % then find N:

T U P T Q A S a J1 F99 AR f & ) F99 A1y R § IR @1 & ey w_d
aad TR PR F| PO B A o g av2 e ¥ T B Hew ARPNE BerR ﬁ ¥ 99 N

BT —
Ans 2
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Simple Harmonic Motion ~ H—

Sol.  x1=Asin(ot + ¢1)
x2 = Asin(ot + ¢2)

= [x1 — x2| = 2A sin(2wt + @) cos {4)1 —4)2]

2
To maximize 31f&aq & foTT |x1 — xe| :

sin(2ot + @) =1
= 32=2ax1xCOSM :L=CQSM
2 2 2
T =0 T .
—_= = - = — .. N =2
= ) 5 = o1 — 2 >
3. A street car moves rectilinearly from station A (here car stops) to the next station B (here also car

stops) with an acceleration varying according to the law f = a - bx, where a and b are positive constants
and x is the distance from station A. If the maximum distance between the two stations is x = % then

find N.
ReRTaRe | U6 R A A (T8 FR Tl 8) H T A B (@@ Hl SR ®dbell ®) d® f=a — bx
% IR gRafid 8F aTel RO & WY AR & A BA 2| TS a d b g adie § a9 x,

WA@@%NWWE%W@T@W@X:%%@NWW—

Ans. 2
Sol. f=a-bx
For maximum velocity, acceleration should be zero.
ie. a-bx=0 = x=2
b
Atx = %, the particle has its maximum velocity.
vdv v2 bx?2
f=— =a-bx = — =ax—-——+¢
dx 2 2
Atx=0;v=0 = c=0

Substituting ; x = % ; gives

Vmax = ——=
N
Also, the velocity of the car should become zero at station B.

2
i.e. ax—bi=0 = x=0;x= %
2 b

Distance between the two stations is 2b_a

i N=2
Alternate : f = a — bx means particle will do SHM.
At mean position ; f=0

A a/b c
a b t 1B
= X= — x=0 x = alb
b
In the figure shown, 'C' is the mean position and A & B are extreme positions
« 2a
max = ——
ax b
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Simple Harmonic Motion ~
Sol. f=a-bx

BT 9 & oY @RI I BT ARy

i.e. a—-bx=0 =

a
X= —
b

x=gw,wm—vﬁaﬁwww%|

f=Vd—V=a—bx:
dx
X=0W ;v=0 = ¢c=0
gfrenfid &9 W ; X =

a

Vmax = —=
" b

v2 bx?
— =ax—-—+¢C
2 2

a .

v YT DR T |

AT I B WR BR Bl I I B S

2
ie. ax—bi=0 = x=0,x=[@j

2 b

aﬁﬂ#@?ﬁa%'sﬂaaﬁaji:%a
N=2
f@®eu 1 f = a — bx AT BT TRA 3fa T BT
ey Reafd ;=0
A. a/b C 5

= X = x=0  x=ab

a
b

yef¥fd e & 'C' arem Rfy @ 9o A, B wva Refadt 21

2a

Xmax = —

SECTION (B) : ENERGY il

4, A particle is oscillating in a straight line about a centre O, with a force directed towards O. When at a
distance 'x' from O, the force is mn2x where 'm' is the mass and 'n' is a constant. The amplitude is

a = 15 cm. When at a distance \/2’?2 from O the particle receives a blow in the direction of motion

which generates an extra velocity na. If the velocity is away from O at the time of blow and the new
amplitude becomes k+/3 cm, then find k.
TH $H d O B URT: Th Ol ¥&T H Sl AT &, o R 9 @ faen O &1 iR 28| &9 &1 O ¥
X' T W B T FU R g mnx AT & S8l 'm’' SIAE 9 'n' U Udid g1 MM a=15cm g1 9

IO A \/53 WA B T B R F P e ww wRar @ R afiRad 3 na ura @
B 1 AR Fed Ua BRI WY 9 O W X B aRB 8 o AT ARM k3 cm & el ® @l k S BN |

Ans. 15
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Simple Harmonic Motion ~ H—

Sol. l K x2 + l mv2 = 1 KAz2
2 2 2

mn2x2 + mv2 = mn2a?2

«—a—>
___________ bo-oocf---

>

\/33

i
1 1 J§2 1
— m(v+na)Z+ — K a1 gage
P P 2 2

2
lmv2+lmn2a?+gmnav+lmn231=lmn2A12
2 2 4 2

3a®
mn?2 (a2 — x?) + mn2a2 + 2mna n ya? —x? + mn? = - mn2A+2

2 2 2 2 2 332 2
a%2—x2 +a%+2a ya“ —x +T=A1

11a2 — 4x2 + 8a a? —3a® = 4As2

Putting x = ?a?@ﬁ )

12a2=4A12  Ai=3a =153 cm k=15
5. Two particles P1 and P2 are performing SHM along the same line about the same mean position.

Initially they are at their positive extreme positions. If the time period of each particle is 12 sec and the
difference of their amplitudes is 12 cm then find the minimum time after which the separation between
the particles become 6 cm.
]I BT Py T P2 U B X1 & Q¥ U & A1 R & | Axe amadd i PR B 5 | IR H I8
g A Rl § B 8| 3FR UG U1 HT AT Bl 12 sec ¥ AAT S AMAH HT <R 12.cm &
A 98 YATH 9T TG B, T O D 41 B A 6 W B § —

Sol.  The coordinates of the particles are
FU & s
x1 = A1 cos ot, x2 = A2 cos ot
separation §19 &1 g1 = x1 — X2 = (A1 — A2) cos ot = 12 cos ot
Now 39 x1 — x2 =6 = 12 cos ot

= o)'[=E
3
2n _m
12° 3
= t=2s
Ans. t=2s
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Simple Harmonic Motion ~ H—

6.#x=

Ans.
Sol.

Assuming all the surfaces to be smooth, if the time period of motion of the ball is N x 10-" sec then find
N. Neglect the small effect of bend near the bottom. (g = 10m/s?)

|l F8l @I e A gY Afe R 6 fR@rd & ®1 #1 A B 3ad w1 N x 10" sec 8 @ N &
TR | T H S gU BIC W & YHIG BT 707 A9 2 | (g = 10 m/s?)
A

16
h .
= — ,a=9gsin30,h=20cm,u=0
sin30
S=ut+ lat2
2x(0.2x2)
= _— =
10>< 05
V= 0+ (g sin30) (

For BC max height reached by the particle will be same as h = 20 cm
(by energy conservation)

and for BA and BC t=04

Total time period = 0.4 x 4 = 1.6 second = 16x10-"sec

- N=16

BC & fol &1 gRT UTa 31f¥dad $as h =20 cm & |AE &I 8
(o1t ReTor ¥ )

qa1 BATIBC & ford  t=0.4

HA AP = 0.4 x 4 = 1.6 second = 16x10~" sec - N=16

SECTION (C) : SPRING MASS SYSTEM 7 g™ fier

7.4

Ans.

A block of mass m is attached to three springs A,B and C having force constants k, k and 2k
respectively as shown in figure. If the block is slightly pushed against spring C. If the angular frequency

of oscillations is & , then find N. The system is placed on horizontal smooth surface.
\} m

FRETTAR 9 Fraia k, k @21 2k arell 9 fB A,Bd CH m S &1 B g1 2 | afs H97 B RBIT

mﬁﬁwwmaﬁaawﬁwﬁam\/“%k%m N ST R | P et P T
Rera 21

3

/\
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Simple Harmonic Motion ~ H—

Sol.

Ans.

Sol.

After displacement x against spring C

77 C & fovg x favemm= & 91g

Figure-1
Deformation in springs ABC is shown in figure 1.
= — 19 R A, Bamaa:rfé@rmw%l

Figure-2
Forces applied by three sprmgs ABC is shown in figure-2.
-2 4 A9 R A, B, C & §RT STRIMUG 9o S901a1 147 B |

=k—Xi><2+2kx =3 kx = m®? X = o= %
N2 m
- N=3

In the figure shown mass 2m is at rest and in equilibrium. A particle of mass m is released from height
4.5mg
k

from plate. The particle sticks to the plate. Neglecting the duration of collision. Starting from the

time when the particle sticks to plate to the time when the spring is in maximum compression for the

first time is 2= mk then find a.
\ja

o W 2m T @1 wie ReR dor AIEwen 4 8| m &9 &1 U Bl @I A 4'5kmg°wrs§®’a‘r31
T 21 B wie | fIue A 2| THR B NI Bl WU AMG Y FH b wie | fIueT § daw

g7 & gy IR f¥edy I=iied dd & 99 2n % 2 dl a s BN

m

L]
*4.5 mg
v k
2m

3
Velocity of the particle just before collision
CIPR B gl U HUI BT T

4 5mg

Now it collides with the plate.

/\
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Simple Harmonic Motion ~

9.#n

Now just after collision velocity of system of plate + particle

39 U8 Wic W THICAT 8
TIIR & 918 (@I + BU) e &1 9

mu = 3mv

u m
= V=== —_
3 -9k

Now system perform’s SHM with time period T = 2=« /3?”1 and mean position as % distance below

the point of collision.
Let the equation of motion be.

e SHM & $9&T Maddla T = 21 ;3?”1 qer e Rerfd, e arelt Refa & % RIER

T B FHDHRT
y =Asin (ot + ¢)
fort=0 & folg y = mg/K

mg .

—= =Asin (1
o = Asing (1)

Now for amplitude 3fcd: 3TATH

V=own A2—x

(Fjﬁﬁ

A=% 2
By (1) & (2) JHHIT (1) T (2) |
T=2n\E
K
x= A odx-0am = t= =
2 12

x=0 todAx=ATd = t=T/4
total time e W=%+}=2n 3m o

a=3

For given spring mass system, If the time period of small oscillations of block about its mean position is

b }% , then find n. Assume ideal conditions. The system is in vertical plane and take Ki = 2K, Kz = K.

) Ry gaga e & fou =dife &1 saa! areg Rafd & AU 31U STeT &1 3 BId &t % g
nsmd &) ? a9 Rerfaar amesf 8| Fer Safer da § 8 donm Ki = 2K, Ko = K

od

/\
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Simple Harmonic Motion ~

Ans. 12
Sol.  Let block is pushed down by x from its equilibrium position.
AT e B gaa argaRen Rafd 9 x & iy gaen oman 2
Let extension in springs be y1 and y2 as shown in figure.
AT feramgaR Rl # IR wae y denye B
so restoring force on block F = Kay2
3Jd: il IR YA g F = Kaye
Force in left spring is -1 R W= 9a 2F = Kiyq
From constraint motion df&rd It & 2y1 + y2 = x

oF F
2x — + — =X
= S L. N
Ki + 4K,
S0 3, o= I _KKe | 1o, [M (Ki+4Kp)
T M KA [izm
KK, K
n=12

10.#=. In the figure shown the spring is relaxed and mass m is attached to the spring. The spring is

compressed by 2 A and released at t = 0. Mass m collides with the wall and lo
energy and returns. Starting from t = 0, find the time taken by it to come bac

12

which spring is again under maximum compression). Take \/g
T

ses two third of its kinetic
k to rest again (instant at

welRid form & Ruw arr= o= 4 2 9 g9 m R @ g1 51 R B2 A9 9Riifed aRa t=0

R BIe a1 SIa1 8| S99 m <R I THIIAT & dAT U1 ST SHofl Y al

fBe ool 89 &R dlc

S 81 t=0% UR™ B & UTAN] i §RI YA dR R (98 &1 59 garT & ffddaq ddreT 3

Rerfd # 2l B) @1 UTd & H T AHI S B | ( %=E<—vﬁﬁﬁ)
T
K
A
Ans. 17
Sol.
: " . T T
The motion starts from position A the time taken from Ato W2 (t1) = 1 + P

Before collision the energy of the system is conserved,
Kinetic energy of the block just before collision

1 3

Ki= — K(2A)2 - 1 KA2 = — KA? & just after collision K = K (given) = 1 KAZ2
2 2 2 3 2

Now during motion after collision , the energy is again conserved
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Simple Harmonic Motion ~ H—

Hence , Kt + lKA2= l KA
2 2

A’ = maximum compression after collision = A" = A\E

ie. Now motion has amplitude A2
Now time taken by block from

W2 to position B = T + T
4 8

total time taken = ti + to = T T 17 M 7eec F:E
4 78 24 T 12VK kK =

Sol.

TIPR B Ul PRI B Holl AR B

TFHR b S Ul Afd I st ol

Ki=%K(2A)2—%KAZ=%KA2 sﬁvawa#éﬂmw&:%(ﬁm%):EKAz
3T TIFIR B 918, A & IR Holl gIRT Ffard sFl

37 ,Kf+%KA2=%KA'2

A = TER B 918 ARBTH TR = A" = A2
et IRt @1 s AN2 @
39 i gRT W2 B s ifd A foran T |93 () = }+

T T 17 177 |m m 12
+— +—=—T=—,|— =17secy,|—=—
12 4 8 24 12 VK k =«

11# A block of mass 4kg attached with spring of spring constant 100 N/m is executing SHM of amplitude
0.1m on smooth horizontal surface as shown in figure. If another block of mass 5 kg is gently placed on
it, at the instant it passes through the mean position and new amplitude of motion is n—* meter then find
n. Assuming that two blocks always move together.

Tdh 4 kg F1 e, 100 N/m R Fradie arel R & gamaa 9d & g9 9 R afos ad8 w®
0.1 m @ 3IMAM A | 3MMad T PR &1 8| 59 I8 71ey Reafd 4 o @1 8ran @ a1 RErgar 9 &l
U% 5 kg SIAM BT [eHT 59 WR ¥R A Q@ WAl 8, I§ A 8¢ b I e TP F A R 8, T
BT I M ' /X 8 A n G DI |

|-

hol HI = t1+t2=

N
+

Ans. 15
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Simple Harmonic Motion ~

1 k
Sol.  Frequency (3mgfi no= —
g y ) 2 2n\m; +m,

_ 1 [100
~2ox\4+5
1 10 5
= — X — = ——
2n 3 3n

By conservation of linear momentum at mean position,
A1 J7aRRAT TR NG HIT AR A

Pi = Pt
= MioiA1 = (M1 + M2) w2A2

m1 fLA1 = (m1 + m2) é k A2
= 1¢km1 A1 = ka(m1 +m2) A2
2

= A2

=—m
30

SECTION (D) : SIMPLE PENDULUM ¥R& dleid

12. The period of oscillation of a simple pendulum of length L suspended from the roof of a vehicle which

moves without friction down on inclined plane of inclination o = 60° is given by = ,% then find X.

Uh WA ATdAD [ =g L e 91 I8 o= 60° PP arel e Tadel W Aird b 3R I PR dTel

XL

qre- P Bd IR dSHl & , dlcld BT 3MEad HId «t o gWNT

Ans 8

fear T g @1 X 3hg Hife —

Sol. Free body diagram of bob of the pendulum with respect to the accelerating frame of reference is as

follows:
Net tension in the string is T = mg cos a
mgsino.

mgsina

¢m g mgcosa

T=2n L or T=2n L
Jeff g cos a
Alternative :

Whenever point of suspension is accelerating

Take T=2=n } L Where g =g-—a
Qe

a = Acceleration of point of suspension.

In this question a- g sin a (down the plane)
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Simple Harmonic Motion ~

T=2n F—L X=2
g

lg—a| = geff—\/g (g sin a)®> +2(g) (g sin &) cos (90° + o) =g cos o
T=2rn L (o = 60°) T=2rn 2L
\ngOSOL \lg
@Ra Fde T3 & ANe Uged & dAldd B gad a%] ¥l &F U 8 |
: &l g a9a T = mg cos o
mgsino.
mgsina
a )
¢mg mgcosa.
3R WW%HWgeff=—=@=QCOSa
T=2n L a1 T=2n L
\f’geff g cos a
Jafeds
9 W) Srreree fag @Ra B 2|
HRA T =2n gLﬁ W& Gy =G4
(<]
a = fTere fa=g BT @R
ST UIH A @ =gsina (@ & 9T B AR)
|g—a| = ger \/g (g sin a)?® +2(g) (g sin a) cos (90° + o) =g cos o
To2n |t (o = 60°)
gcosa

13.#= Figure shows the kinetic energy K of a simple pendulum versus its angle 6 from the vertical. The

pendulum bob has mass 0.2 kg. If the length of the pendulum is equal to gmeter, then find

n (g =10 m/s?).

I & W dicid Y TS Hoil K 921 SHeafeR o BIo 0 & &g U oAl T & | dlcld Bl STHH

0.2 . B | Ife WRa dAledd &) w8 %ﬁﬂe‘\f % RIER B A n Fa BIfg — (g = 10 /., /92).
K(mJ)
1N
/
AN
5
100 0 700 > o(mrad)

Ans. 15
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Simple Harmonic Motion ~ H—

Sol. lmvrﬁ =15 x 10-3
2

Vm = 4/0.150 m/s
Ao = «/0.150 m/s

LOm . \E = J0.150 m/s
Jor = o180 gy 0150y 5y

100x1073 0.01
15
= —m
g
..n=15
14, The bob of a simple pendulum executes simple harmonic motion in water with a period 't', while the

period of oscillation of the bob is to in air. Neglecting frictional force of water and given that the density

of the bob is (4/3) x 1000 kg/m?. Find tl
0

) R AP BT MeAd U= | Saddlel t & A1 AR AT G HIAT 8, Sdfh 39 MAd P Il
B qG H AEADBIA to & | U BT GO g T0F A gY TAT MeAD P &= (4/3) x 1000 kg/m3 &=

w§|l§m?ﬁﬁﬂ|

to

Ans. 2
Sol.  The time period of simple pendulum in air

IR H TR AlAD Pl AT Bt

T = to=2n (f] ........... (i)
g

¢, being the length of simple pendulum.

/, AR ATAD B oIS B |

In water, effective weight of bob

S H D BT GHE AR

w’ = weight of bob in air — upthrust

W =ag § Mad $ IR — IR D AR I

= p Vgeft=mg —m’g

=pVg—- p'Vg=(p—-p')Vg

where p = density of bob, S8 p = Md®d BT G-
p’ = density of water STel &1 g

Qeft = 0 (ﬂj= (1—‘)—}9
p p

t=2n

Thus 31<:, = W

t
t _ 1000
(4/3)x1000

= t=2to ;l=2 N=2
to
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Simple Harmonic Motion ~ H—

SECTION (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM

15.»

Sol.

fivs did® 9 RIS Add

A solid sphere of radius R is half submerged in a liquid of density p. The sphere is slightly pushed down
and released, If the frequency of small oscillations is E then find n. Take n = \/g_

R <1 @1 Te 3149 TIall p Ocd dTel §4 H A ST © | AT Wt B 7 faRenfid aR viel WY iR I8
AR MG A B & Al Ml & e Bl Mgy oy favemus & fog \/% g dl n 9d BT

n=\/§PﬁﬁPﬁl

Ans. 8
Half of the volume of sphere is submerged.
For equilibrium of sphere,

weight = upthrust

\Y
Veg= 2 (U@ = pe=
When slightly pushed down by x weight will remain as it is while upthrust will increase. The increased
upthrust will become the net restoring force (upwards).
F = — (extra upthrust)
= (extra volume immersed) (pL) (9)

or ma = —(nR?) xpLg (a = acceleration)
%nR3 (%‘j a =— (ntR?pLg) x a= —(g—gj X

as a « — x motion is simple harmonic
Frequency of oscillation,

1 Ja _iS_g
"2n\f2R'

" 2nyx

f=\/8§R{n:\E} N=8

el T SMET IMATT ST T &
el @1 ArTaRel & fory
IR = SAaD I

f

Vog= (@ = e

9 TSl |1 AE B AR X F gbell Sl 8 R IfURANRIT I8 Wy IAdD 9 96 Il § | 98T 83l
IAGH go1 TRV T 9a1 (SHUR BT 3AR) 99 SR |

= — (3faRea ScaEa®d 9)

= (erfaRed ga1 g Smara) (pu) (9)

1 ma = —(nR?) xpLg (a =<axo)
4 P : _[39
3nR3a(2j— (=R%pLg) x .. a= (ZRJX
TIPS a oo — x TIRY TR At B
qIeF B AR
1 Ja

f

_ 1 |a _LF_Q
“2n\|x|  2z\2R

3
f= /8—R {n =g} N=8

/\
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Simple Harmonic Motion ~ H—

16.# If the angular frequency of small oscillations of a thin uniform vertical rod of mass m and length ¢ hinged

at the point O (Fig.) is \E then find n. The force constant for each spring is K/2 and take K = m

The springs are of negligible mass. (g = 10 m/s?)
T Udell U FH HEER B TS TeqdE m Tl =TS /8, REgaR O fig R Sidad 8| 39 89

Eﬁaﬁ?ﬁaﬁmﬁr\g%‘aﬁ n?lﬁﬂﬂ#ﬂ?ﬁ’cﬁﬁ;iﬂﬁﬂﬂﬁﬂﬂiﬁﬁK@%ﬁWK:zlgg GUSEERE:

P TIAM TG B | (g = 10 m/s?)

g—mmmx 660568
+“—>

Ans. 75

Sol.  For small Angular displacement &g HToig faRemos & ford
O

L1

k/2
Restoring torque about point O &g O & IRT JATTIA Tyl

2
(mg % sin ©) + (K¢sin) ¢ = %a, (forsmall @ sin@~0) (g 0% o sind ~ 6)
/ 2
m¢? 20 m
3
So angular speed 37d: HIVT 4T © = (§+%j
2 m
59/, 2L N=75

PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE
AR -1l : U T Ub 3 3 981 fApey UaR

1.*a A particle moves on the X-axis according to the equation x = xo sin® ot. The motion is simple harmonic
X-318 TR U YT FAIDBRIT X = Xo Sin2 ot B JJAR T PR BT 8 | A AEd I Bl

(A*) with amplitude xo/2 (B) with amplitude 2xo (C) with time period 2n (D*)with time period I
(O] (O]

(A*) T Xo/2 B | (B) 3T 2%0 % | (C):ﬂmﬁw%%l (D*)@mﬁm%%l
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Simple Harmonic Motion ~ H—
_ Xg(1-cos2mt)

- 2

: XQ o . 2n  2n

Soard: A= ?T|me period IMATAHTA = — = — =7/

oY 20

Sol. X = Xo Sin? ot

2.*a  Which of the following functions represent SHM?

/9 9 9 P Bl IR 3ad Y Ui wea ?

(A*) sin 2ot (B*) sin? ot (C) sin ot +2cos wt (D) sin ot + cos 2wt
Sol. Equation of SSHM x —xo =a sin (ot + ¢) = X = Xo+ asin (ot + ¢)
WM. DI FHDHUT X — Xo = a sin (ot + ¢) = X = Xo + a sin (ot + ¢)

(A) X = sin2ot

(B) x=sin?ot= (%j:% - % cos2 ot
= X-— l =—l cos2 ot
2 2

(C) X = sin ot + 2cos ot = sin (ot + ¢) {¢p =tan™' 2}
So represent equation of S.H.M
3T FHIHRYT WAL B FHIGHROT Bl I B ©
(D) But sin ot + cos2 wt cannot write as sin (wt+¢)
sin ot + c0s2 ot ®1 sin (ot+p) H A &I forRaT S FHdT B |
So it is not S.H.M equation
Y [T B THDROT T B |

3. The speed v of a particle moving along a straight line, when it is at a distance (x) from a fixed point of
the line is given by v2 = 108 — 9x2 (assuming mean position to have zero phase constant) (all quantities
are in cgs units) :

Uh U Sl b T ARl X@1 B I T BR IBT 8 G4 I8 PV WA Y@ ) Reyd fHA FAfaa fag
XTI W T T B B a7 v2 = 108 — 9x2 A USRIT 31 SIRAl B (ATe 3faReq W I Fell FRIdiah
AFd gY) (IR IR cgs Ui # €)
(A) the motion is uniformly accelerated along the straight line
M, R X B A AHwRY @RI B |
(B*) the magnitude of the acceleration at a distance 3cm from the fixed point is 27 cm/s?
fAfea fag A 390 @ & W @RI &1 aRAT 27 W /[FveR B |
(C*) the motion is simple harmonic about the given fixed point.
I W ReEd g & |mg a0 |va JEd i 2 |
(D) the maximum displacement from the fixed point is 4 cm.
fAfRaa g 9 feaw fazemu 4 ¥ 2|
Sol. v2=108-9x2

2;dv =—18 x = acc. A =-9x (non-uniform) 3=FHATA
X
atx =3cm W

a=-27or |al = 27cm/s?
also a = — 9x is a S.H.M equation so particle perform S.H.M about the give fixed point

TAT a = — 9x U AT AR & 3 PV 7d T ReR g & |ruel Fama & |

V is maximum at x = 0 V, x =0 TR FfHad B |
and V is Zero at x = \12 HWV,X:\EW?}[\R’I%I
So Amplitude=2\/§cm J7: A =2\/§cm
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Simple Harmonic Motion ~ H—

4.

Sol.

5*#

Sol.

A horizontal plank has a rectangular block placed on it. The plank starts oscillating vertically and simple
harmonically with an amplitude of 40 cm. The block just loses contact with the plank when the latter is
at momentary rest. Then :

TP A d&d R UF AAAIHR fvs T 8| avadl Sed fQenm § 40 9. & e 9 9_d Iadl w9 |
STl BRAT YRS Rl | IS Ifd & SRME v & &I vy 9 Rermaren § o R fivs &1 a1 §
Y B ST B, ol :

(A*) the period of oscillation is (%j seconds  QIdHl &1 AMAdDTA (%j JAFTE B |

(B*) the block weighs double its weight, when the plank is at one of the positions of momentary rest.
Tl o frddl v afdre Rerrazen o Rafa # five &1 g9 AT 81|

(C*) the block weighs 0.5 times its weight on the plank halfway up

fYUs BT IO M B W9 a%r el HU $AE R BN |

(D*) the block weighs 1.5 times its weight on the plank halfway down

f4vs &1 o= ST A1 B 9@ T A B AR A G W BN

(E*) the block weights its true weight on the plank when the latter moves fastest

fUvE P aoi SHGT arddfdd T doi< B8R 19 a8l digad I | ool &1 81 |

Givenf&ar 2 A=04m,and3R a=¢g

SO 3 w?A = ¢ :>o)2=E =25
0.4
Swn=5 T= 2n = 21/5 sec.AHTS

(O]
At lowest position acceleration.f=dq fd=g W @R = w?A +g=9g+9=2g
So weight 3d: ¥R =m (2g) = 2mg
at half distance aell g1 W a = g/2
So weight at upper half distance 3fd: ¥R HUI el g1 WX = m(g-g/2) = mg/2

and weight at lower half distance T el 3 0 W YR =m(g + g/2) = Sng

actual weight at equilibrium position (maximum v)

e IR ArgreRen Refd wR @rfdaan aw)

As shown in figure a horizontal platform with a mass m placed on it is executing SHM along y-axis. If
the amplitude of oscillation is 2.5 cm, the minimum period of the motion for the mass not to be detached
from the platform is :(g = 10 m/sec? = n?)

I M R 4 Ue &S ER W TS S m AT 2 qAT JER Y A& B I WA 3N A BRaAT
21 AR e BT M 2.5 W B AT A BT YA A Bl T BN AMMh GAHH AR F 37T

8, (g=10m/sec? =2 HAIR)

yA
%
“T_ SR > X
10 o oL 1

A) —s B*) —s C) —s D*) —s.
(A) — () = © 45 0 75
acceleration TR a = o’X

21\ 2.5
maximum acceleration 3rf&fead wror amax = 02A = (?j m

When block and platform are separated

9 % AT WTHH T B |

amax=g =10
2 2
4L_ i 10 =>T2= " T = n/10sec
T2 40 100

/\
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Simple Harmonic Motion ~ H—
6.* For a body executing SHM with amplitude A, time period T, maximum velocity vmax and phase constant

zero, which of the following statements are correct for 0 < t < } (y is displacement from mean position) ?

T %, AT A, AAbTel T, DT AT Vimax TAT TRRD Bl ReRis I A ARl 3Mqal Tl BRell & |
ﬁwﬁﬁaﬁﬂﬁzﬁuﬂOSts}zﬁmwﬁ(ﬂmﬁaﬁrﬁﬁ?mqﬂy%)—

(A*) Aty = (A/2), V> (Vmax/2) (B*) for v = (Vmax/2), y > (A/2)
(C*) For t = (T/8), y > (A/2) (D*) Fory = (A/2), t < (T/8)

(A*) y = (A/2) TR V > (Vinax/2) (B*) V = (Vma/2) & fTT, y > (A/2)
(C t=(T/8) B Wy > (A/2) (D*) y = (A2) & T t < (T/8)

Sol. or S.H.M JAT. B oy

n

y =Asin ot = A sin (@]

V= (D«?Az—yz Vmax = 0A

(A) Aty = A/2 R

Ve oVAZ—A2/4 _ @ , OA

2
(B) Forv = % @ ford :m,/A2—y2 = %
2
:>A2_y2=A_ :>y=@>é
4 2 2

(C)fort=T/8 & o

onT A

=Asin| == | = =

y Sm(S.T] K/E 72
(D)fory=A2 & ford A/2=Asin (@j

I SIS
T 12

7.*»  The potential energy of a particle of mass 0.1 kg, moving along the x-axis, is given by U = 5x (x — 4) J,
where x is in meters. It can be concluded that
TH HY e ggqE 0.1 B &, x-31e & orfawr TIfd &var 2| swal Refast a1l U = 5x (x — 4) J,
FHIHIOT gRT & S 8, STgl x #iex # 2| I8 =py faren o @aar & & —
(A) the particle is acted upon by a constant force
P R T 91 o R R |
(B*) the speed of the particle is maximum atx =2 m
HT B ATA x =2 H. W JRAHIA |
(C*) the particle executes SHM
BT R 3MMad A PR YT R |
(D*) the period of oscillation of the particle is (n/5) sec
BT B QreAA] B IMAdDT 1/5 HHUE B |
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Simple Harmonic Motion ~ H—

Sol.

Sol.

_ —du

F=— =-[10x—-20] = 20 — 10x
dx
acceleration @RI a = % =100(2—x) = —w?(x — 2)

a=0atx=2 SoVismaximumatx=2

Xx=2W a=08 qd: V, x =2 W IAFHTH B |

This is equation of S.H.M so particle executes S.H.M
T8 AII B AHIHIO 2 (A HIT FIMI AT B |

also e ®?=100= w=10

T= 2n = 1i/5 sec.
(O]
A particle free to move along the x-axis has potential energy given by U(x) = k[1—e"‘2]
for -o0 < x < + o, where Kk is a positive constant of appropriate dimensions. Then select the incorrect
options:

T B Sl b x-o1e1 @ rgfew T B @ U vy B b Refdst ool -0 <x <+ 00 @ forw iR
U(x)=k[1—e_xz]®9—c{f§1‘a%,mﬁksqgaﬂﬁmeﬁfﬁwaaﬂmﬁamm%aﬁmzﬁaﬁwgﬁﬁ:

(A*) at points away from the origin, the particle is in unstable equilibrium.

o g & X a1t fIgeii W ®u1 JRens \rraRe # g |

(B*) for any finite non-zero value of x, there is a force directed away from the origin.

x & el f FRea orm 79 & forg s9en e 9a 9o fag 9 ) & |

(C¥) if its total mechanical energy is k/2, it has its minimum kinetic energy at the origin.
I sHD |[A B Holl k/2 7 A 3qD! =19 IS Foit qa a5 W= 8l |

(D) for small displacements from x = 0, the motion is simple harmonic.

x =09 7Y fRemmEi & forg |, Ifd ) amad w1fa 2

2
Ux)=1-€~
It is an exponentially increasing graph of potential energy (U) with x2 . Therefore U versus x graph will
be as shown.
From the graph it is clear that at origin
Potential energy U is minimum ( therefore, kinetic energy will be maximum ) and force acting on the

particle is also zero because F = _j—XU = —(slope of U — x graph ) = 0.

Therefore, origin is the stable equilibrium position. Hence particle will oscillate simple harmonically
about x = 0 for small displacements. Therefore, correct option is (D).

(A) At equilibrium position F = % = 0 i.e. slope of U-X graph should be zero and from the graph we
X

can see that slope is zero at x = 0 and x = £ oo . Now among these equilibriums stable equilibrium
position is that where U is minimum ( Here x = 0 ). Unstable equilibrium position is that where U is
maximum ( Here none). Neutral equilibrium position is that where U is constant (Here x = + o).
Therefore, option (A) is wrong.

(B) For any finite non-zero value of x, force is directed towards the origin,

because origin is in stable equilibrium position. Therefore, option (B) is

incorrect.

(C) At origin, potential energy is minimum, hence kinetic energy will be

maximum. Therefore, option (C) is also wrong.

_>X

/\
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Simple Harmonic Motion ~ H—

SOL.

9.

Ux) = Ki-e™)
Iz Refast it (U) &1 x2 & A1 RO geal g3l W 2 | 3 U IR X & A& W% RIArgaR &8 |
I% ¥ I8 WS ¢ & qafdg w® Rafts oo U <A & (31 TR Sl aiffiead 8l 3R 91 W

T ATl 9 W TR BRT RATh F=_§—XU=—(U—XWEBTW)=O

3a: Holdwg Wl ArRgTaRe o Refd 8 31 H01 x = 0 & e Bic v & o) 91 |ve amad i
B | o1t fdwew (D) W& B

(A)W%WF:%:O%&H: U-X 9% &1 3T T BN iR W% | & &g Fdhd & fh x = 0 den
X=+o00 TR TS YA 2| 3G 37 qrarawensit § 9 Wl aregrawen W U &1 919 <Fa9 81T | (I8f x = 0)
IRl |rITEaRe R U 1w Bl B 1 (T8 W PIg Ta)) a1 e araRet )R U a (I8 x =+
0 ) BIe § 31 faweq (A) Tard 2 |

(B) x & i Wi uRMAT e M & oY a1 qafdg @1 AR B wifh

qafag it arrawen @ Refd 2| o fadwen (B) Tod & |

(C) gatfag W Retfast ol =¥ & ora: st ot 1fdrwas 8 |

3ra: fdwed (C) W Tad B |

A ball is hung vertically by a thread of length " from a point 'P' of an inclined wall that makes an angle 'a/
with the vertical. The thread with the ball is then deviated through a small angle 'B' (B > o) and set free.
Assuming the wall to be perfectly elastic, the period of such pendulum is/are

TP D g% AR Sl b & F ‘o’ DIV RN B, D T g P A TP " I B ™A R Th g Bl
FCHAT AT g | IR DI g A 31 BT B (B> a) BRI favenfid axa w@dd BIsd | QAR Bl
quid: UIRY A 2 | 39 UBR B dAlddd Pl ATaddbIad BT/ BRI—
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Simple Harmonic Motion ~ H—

Sol.

10.”

Sol.

11.”

max™ amplitude JHTA A = B/
So time to travel angle o 3T: o BT TF A H M T

X = Xo Sin ot

ol =B/ sin ot

t= 1 sint &
()

Now period of pendulum = % (actual time period) +2 (time to travel angle «)

39 AleT® Bl MAABIA = — (IRAAD IMMATDBIA) +2 (o0 PO TT BRI H M THA)

Lo \sz
g2 (sﬂ

Also if time taken to travel from right extreme position to wall is t then

Ife TR W Rafd 9 faR 9 99 § o 9w t7 @

—a =P cos ot

r\)|—~

o
= coswt=— —

t= 1oos [_—OLJ
© B
To2t= 2cos [_—aj
© B
T= Z\Fcos (_aj
g B

If a SHM is given by y = (sin ot + cos wt) m, which of the following statements are true?

If go W 3Mad A B y = (sin ot + cos ot) m gRT TR & a1 /1 9§ B9 HoF 9 B |
(A) The amplitude is 1m AT BT 719 1 #L B |

(B*) The amplitude is V2 m w1 A N2 A Y
(C*) Time is considered fromy=1m  y=1#. ¥ G979 =™ 81T |
(D) Time is considered fromy=0m  y=0#. & G977 UR™ 1T |

Given f&aT & y = (sin ot + cos ot) y = V2 sin (ot + 1/4)
Soard: A= V2 mand g at t=0WRy=1m

The position of a particle at time t moving in x-y plane is given by ¥ = (i +2]) A cos t. Then, the
motion of the particle is :

X -yde ¥ I BRI g Ub B0 &1 Rafy ARy Twy & A1 FHNBRO ¢ o= (i +2]) Acos ot. B IFAR
ISAA B | PO P A B —

(A*) on a straight line  T& WRal Y@ W (B) on an ellipse U&H " g W®

(C*) periodic RIGK]] (D*) SHM RG]

/\
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Simple Harmonic Motion ~ H—

Sol.

12% %

Sol.

- ~ a
r =Acosoti +2Acosot] = x=Acoswt, y=2Acos ot SO y=2x

N
| r | = Acos wt. J_ = \/EACOS(Dt
So motion is at straight line, periodic and S.H.M

37 T IRl Y@ W Al 9 I B

Three simple harmonic motions in the same direction having the same amplitude a and same period
are superposed. If each differs in phase from the next by 459, then,

T WRa amad o S f wE e # § Je @ oMM a 9 AEddld ¥ B, Uh g W
JARINT Bl 8 | I UAD U 3FTel arell | 450 daroR & =1 8,

(A*) the resultant amplitude is (1+V2)a

IR MM (1+V2)a BF T |

(B) the phase of the resultant motion relative to the first is 90°.

IR T B Bl goH B AUET 900 WR BN |

(C*) the energy associated with the resulting motion is (3+ 212) times the energy associated
with any single motion.
R fey & T ot fF @ v wfa 9§ w=fa St o (3+ 2v2) T Bl
(D) the resulting motion is not simple harmonic.
gRomf 1fY Rt amacdt &t Bl |
From superposition principle
y = Yi+Y2+Ys

= a sin ot + a sin (ot + 45%) + a sin (ot + 909)

=a{sin ot + sin (ot + 909)} + a sin (ot + 459)

=2 a sin (ot + 45%) cos 45° + a sin (ot + 459)

= (V2 4 1) asin (ot + 459

= A sin (ot + 45?)
Therefore, resultant motion is simple harmonic of amplitude

A=(V211)a

and which differ in phase by 45° relative to the first.

Energy in SHM ( amplitude)? [E = %m A2 2]

2
E esultant _ [Aj — (\E+1)2 = (3+2\E)

Esingle a

Eresuttant = (3 + Z\E) Esingle

=asin ot + a sin ( ot + 45%) + a sin (wt + 909)
=a{sin ot + sin (ot + 90%) } + a sin (ot + 459)
=2 a sin ( ot + 45°%) cos 452 + a sin (ot + 45?)
= (N2 4+ 1) asin (ot + 452)
= A sin (ot + 45?)

ara: gRomH f wRe errad I & AT smam

A= (V2 +1)a
3R T8 UUH B AET 45° HoAoR TR R |

SHM # ot ( mam )2 [E=%mA2m2]

2
EEM:LSJ —(W2+12=(3+242) - Eos = (3+ 2V2)E__
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Simple Harmonic Motion ~ H—

PART - IV : COMPREHENSION

HIT - IV : JTE (COMPREHENSION)

Comprehension # 1

A 2kg block hangs without vibrating at the bottom end of a spring with a force constant of 400 N/m. The
top end of the spring is attached to the ceiling of an elevator car. The car is rising with an upward
acceleration of 5 m/s? when the acceleration suddenly ceases at time t = 0 and the car moves upward
with constant speed. (g = 10 m/s?2)

go1 foradis 400 N/m & Reiv1 & foaer RR 9 2 fean. &1 five a1 o791 & dear =1 i &1 o R
fode @ B @ JeI g | forre 5H.,/32 3 FUK @R ¥ I3 @ 2| OF t= 0 W TR FEHH TH Bl B,
foTre U HM A1el W B B 3R T B (g = 10 H./92)

1= Whatis the angular frequency of oscillation of the block after the acceleration ceases?
RO FA B @ u¥Erq fUve @ wrofig smgiy @i g —
(A*) 10/2 rad/s (B) 20 rad/s (C) 20/2 rad/s (D) 82 rad/s
Sol. o= \/% = /200 rad/s
2.»  The amplitude of the oscillations is
FHHE BT AW & —
(A) 7.5cm (B) 5cm (C"25cm (D) 1 cm
3.»  The initial phase angle observed by an observer in the elevator, taking upward direction to be positive
and positive extreme position to have /2 phase, is equal to
foge # WaR afth gRT Uad URME e o7 B, 99 6 S e &1 a9reAd o dn g e A
AT P /2 HeAl HIvT ReRids R AF —
(A) —n/4 rad (B) m/2 rad (C) wrad (D*) 3n/2 rad
Sol.1t0 3

Maximum extension the spring from natural position is x.
Then mg + ma = kx

X = M =7.5cm
400
Extension of the spring when it is stretched to equilibrium line is x'.
mg =kx'
., 2x10
= X' = =5¢cm
400

Therefore amplitude A = x —x'=2.5cm
If upward direction is taken as positive att =0, x=—-A
Using x = A sin (ot + ¢)
—A=Asin¢
_3n

2
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Simple Harmonic Motion ~

B:1t0 3
& @ urgfaes Rafd & wecw Riwma x 2|

' mg + ma = kx

X = M =7.50m
400
FrgaRen I Rgw RiTa ) 399 Rdama x' 2 |
mg =kx'
, 2x10
= X' = =5¢cm
400

T MM A=x—X'=2.5¢cm

e SR &Y oo & g9THd of, A t=0WRx=—A
x =Asin (ot + ¢) BT TIN HA W

—A=Asin¢
3n
b=7

Comprehension # 2
A particle of mass 'm' moves on a horizontal smooth line AB of length 'a' such that when particle is at

any general point P on the line two forces act on it. A force

@ towards B.

mg(AP)

towards A and another force

TEH 'm' GIAM BT BT &S e Y@ AB, Rrd) o=E ‘a' 8, W A wR I B W9 FU @ b e
%PW@W%ﬁWﬂﬁWWW%IAHﬁﬁ?W@HWB@W@W

2MIBP) grfea 2
a
4.x Find its time period when released from rest from mid-point of line AB.
9 39 U1 DI Y@ AB @ T fIRMERRT | BIST A1 8 A1 9 B HI AMGdDBI S B .
(A)T = 2n /3—3‘ (B)T= 2n fi (C)T=2n\F (D) T = 2x ,i
g 29 g 39
5.w  Find the minimum distance of the particle from B during the motion.
A & SR, B B B FAdH T A B |
a a a a
A*) = B) — C) = D) —
(A%) 5 ®) 2 (©) 3 (D) 3
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Simple Harmonic Motion ~ H—

6.=

Sol.

If the force acting towards A stops acting when the particle is nearest to B then find the velocity with
which it crosses point B.

59 HUIB B I e BT & @ B TR A Bl MR H dTell g PRI HRAI g€ BR <dl & al o 9
¥ I8 fdg B UR X 98 97 T I ?
() Y292 (@) 22 () Y282 o) 422

3 6 5 3

Ans. T=2r|2 A-2 2 4/6/2ag
39 66
a—Xx

(i)

pra X > ) pra >
A P B
force on particle at point P
fag PR Red &1 W

_ 2mg(a—-x) _ mg(x)

F
a a
F=9 23 _3x)
a
Fo 23M9 (_2ap3)
a

(ii) So this is equation of S.H.M (F = ma?x) so particle perform S.H.M with mean position x — 2a/3=0
A F FHIGRUT FIMIA B TR 2| (F = me’X) A HU AI;ALIA. & e A1e0 s@sen 2

x—2a/3=0 x=2a/3(from point A) fig5 A9
So 3T o? = 3—g:>(o= JSg/a
a

So Time period 37 add@dT T = 2n,/a/3g
and amplitude 3R MM = 2a/3 — a/2 = a/6

(iii) minimum distance from B ¥ g9 X = a — (2a/3 + a/6) = a/6

(iv)
al6

—
Po x B
at point P velocity of particle = 0

Mg PR FI S IT =0
2mg x
a

(at point q) (q fa=g T¥ )

v al/6
aco.wm = 2K L [y av- [y J2ga
(0]

A

and force 3R 9 =

a a 6
(o]

Comprehension # 3

Spring of spring constant k is attached with a block of mass m1 as shown in figure. Another block of
mass mz is placed against mi and both masses lie on smooth incline plane.

k RERT Fradies &1 RETT my S| & fUvs | 1 & 91 IR1 me S &1 fUvs el fUvs &1 gand gy
feamgaR e 79 9d R W gL B
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Simple Harmonic Motion ~

7.

8.»n

Sol.

Find the compression in t
59 e araRen | g
A) (my+my) gsin®
2k
(my +my)g
k

(©)

he spring when the system is in equilibrium.
9 &M &1 |aeisd o BRI ?

(my+my) gsind

(B%) ”
(D) 2(m1+m|i) gsin®

From the equilibrium position the blocks are pushed a further distance E(m1 +m,)gsin® against the

spring and released. Find the common speed of blocks when they separate.
|rTERe | fUvSi ®1 (2/k) (M1 + m2) g sin 0 T TF R SATET TR BIST T 2| 59 I§ YIaqid el

(A) ( i(mﬁ'mz)JgSin

YIS =T ST BT |

0 (B) ( E(m1+m2)jgsine

(CY [ %(m1 +m2)Jgsine (D) { %(m1 +m2)Jgsine

At equilibrium position dT=ITaRe B Rfd R : -

KXo = m1g sin® + mzg sin
(my+m,)g sind

k
Block will separate when

X0 =

0

acceleration of block of

mass m1 will be just equal to g sin 6

ST M1 TSI B D BT @Y g sin 0D IRIER BRI Al AT — AT B SIRA |

= a=w’X =gsind
= x X =g sind
my +mj,
m; +m .
= x=——_——2 gsin® = xo

. . my +m ,
So, blocks will separate when blocks are at distance x = % g sind

aa:aa@ﬁmmmmm@x:%gsineaﬁeﬁwﬁﬁmwwﬁaﬁﬁl

From mean position

i.e. spring is at its natural

position (amplitude A = (%(m +my)gsin e] )

9 R g uraiie Rafd # 21 (MM A = (%(ﬂh +m2)gsin6j)

Blocks will separate at distance x = xo from mean position.
ATEERAT H X = X0 G WR A AT 81 SR |

V= JAZ —xg

K 2 2 m; +m . i
= ’m1+m2 [R(m1+m2)gsinej —({%j gsmej

3 ,
= ,/—(m;+m,) gsind
k
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Simple Harmonic Motion / -

Bl Exercise-3 |

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)
T - | : JEE (ADVANCED) / IT-JEE (08 auf) & yed

w Marked Questions may have for Revision Questions.

= Fifed e Seem arFg ueE 2

* Marked Questions may have more than one correct option.

* fafeed U9 1B A IR 98 AP ar a9 2|

1*=  Function x = Asin?wt + B cos?mt + C sinwt coswt represents SHM
X = Asin2emt + B cos?et + C sinwt coset Bel= TR 3Tdd i Ui &R | [JEE 2006, 5/184,—1]

(A*¥) for any value of A, B and C (except C =0) (B*) If A=-B, C = 2B, amplitude = ‘B«/E‘

C)IfA=B;C=0 (D*) If A=B ; C = 2B, amplitude = |B|
A9 A, BAal C& f&fl ¥t 99 & fag (C = 0 &1 BIgHR)

(
(
(B*) af& A=—-B, C = 2B, 3™ = ‘B\/?‘
(
(

C)aRA=B;C=0
DY) R A=B;C =2B, 3™ = |B|
Ans. (AB,D)

Sol. x=A (1-cos2nt) (1+cos2nt) c

+ — sin 2wt
2 2

Choose different combinations of A, B & C to get linear combination of sin & cos functions.

A, BdaC o == a1 & fo sin 9 cos B9 & &I fA%701 g & |

2.#=  Column I gives a list of possible set of parameters measured in some experiments. The variations of
the parameters in the form of graphs are shown in Column II. Match the set of parameters given in

+B

Column I with the graphs given in Column II. [NIT-JEE 2008, 6/163 ]
Column I Column 11
y
(A) Potential energy of a simple pendulum (p)
o X

(y—axis) as a function of displacement (x—axis)

(B) Displacement (y—axis) as a function of time (q)

(x—axis) for a one dimensional motion at zero or
constant acceleration when the body is moving
along the positive x—direction.
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Simple Harmonic Motion ~ H—

Ans.
Sol.

(©) Range of a projectile (y—axis) as a function (r) /
o X
of its velocity (x—axis) when projected at a fixed angle.
y
(D) The square of the time period (y—axis) of a (s)
o X
simple pendulum as a function of its length (x—axis).
(A)—>(p); (B)>(a,s); (C)—>(s); (D) > (a)
(A) From nature of SHM, the graph of potential energy as function of displacement will be parabolic
graph as given in option p. Hence (A) — (p)
(B) a = 0 or a = constant. (as per given condition)
V > 0 moving along positive x-axis
y — displacement
y=utzt %a’@ for a = constant
y = vt for a=0
These two conditions are satisfied by (q) and (s). (B) —(q,s)
(p) Is rejected because at t = 0 the displacement is not zero and velocity has negative values.
2 .
(©) R= u”sin(20) and R oc U2 for a fixed angle of projection. at u=0,R=0
(C) = (s)
2
(D) T=2nF = Te-an?l = y=%x (D) > (a)
g g

Bt 1§ G911} (parameters) & GHZT (set) @ Al & T 7| 37 W & uRada &1 9w
$ ®Y § S T 2 (e 1) | B 1 H ¥ T IRMI] &1 fed 14 A T 9% F9a (match)
FX| U SR B ORS H fawm 1 4 x 4 Afgew & SRW gedl B BT RS SN |
[IT-JEE 2008, 6/163 ]
B 1 B 11

(A) U% WRel dldd (simple pendulum) @ (p)

Rerfast St (y—arer) 99 faRemas (x—atey)

/\
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Simple Harmonic Motion ~ H—

(B) T 1Al ReR @RY Rt fH i & o (q) i
X

faReITue (y—31e7) 9T FHA (x—218) (I Bae

+xfeem 4 )
(C) TP 9d dIv1 R yafd g o IR (r /
O X
(y—3TeT) §9ITF FHBT IT (x—3787)
(D) UHh I ATAD B I BIed BT ai (y—31e) (s)
0 X

I D! T (x—37ed)
Ans. (A)—>(p); (B)—>(a,s); (C) > (s); (D) — (q)
Sol. (A) SHM @1 yfd ¥, fdwed p & i U 7% & Reyfost Sori—fawemus &1 %o waed s
1 (A) = (p)
(B) a=031 a="Ffa (@ © [ )
V >0 I8 gD x-318 & AR 2 |
y — fa=ermo=
lat2 for a="fa
2
y=vt for a=0
g Il Rerftrat (g) 9 (s) gRT g Bt 2 (B) > (a, s)
(p) BT &I form T & [ t = 0 IR Iwus g 8 8 T I HT FRONHD A4 ¢ |

y=ut+

2 .
(C) R=Ln(26)andRocu2 % faa weu e & forg
dam u=0,R=0 = (C) > (s)
2
(D) T=2n\/z = o4l o y=4ix = (D) - (q)
g g g
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Simple Harmonic Motion ~ H—

Comprehension #1  3®<T # 1

.=

Sol.

A uniform thin cylindrical disk of mass M and radius R is attached to two identical massless springs of
spring constant k which are fixed to the wall as shown in the figure. The springs are attached to the axle
of the disk symmetrically on either side at a distance d from its centre. The axle is massless and both
the springs and the axle are in a horizontal plane. The unstretched length of each spring is L. The disk
is initially at its equilibrium position with its centre of mass (CM) at a distance L from the wall. The disk

rolls without slipping with velocity \70 = Vof. The coefficient of friction is p. [JEE-2008, 3x4/163]

Figure :
AR USEFH (uniform) dell S| R gdbdl, [SaeT s M den s R g, 31 999d a9

Afed R (spring) @& gR1, e R Rerid k 8, R 4 J 21 a1 R 3ol & &= 4 d &
FAMRAT (symmetric) T W, g & Ford 2| 8 gmE fRa ® den M1 R &R g9 v afs wwaa
W B IS B B A d9E LB URA A Ad) BT SIEM ds AraEee] § daR 4 LB @ W
2| ¥ 71 fowal Vy = Vi & 4 9 Jeddt B | w0 onieh p ¥ | [JEE-2008, 3x4/163]
ICElE

Spring

The net external force acting on the disk when its centrex of mass is at displacement x with respect to its
equilibrium position is

9 FHAT BT TAAT D (centre of mass) FAD! ARG F x & W W favenfid g, gadl & W
T Tl He d™l 9 8

(A) —kx (B) —2kx (C) —% (D*) —%

Applying equation of torque about lowest point

A9 =1 fag W qamgel &1 SR e )

(2Kx) R = [gMRZJ a oR = HX
2 3M
as there is no slipping If® @I hae 721 2|
a=aR= AKX
3M

Net force @ 91 = Ma = %

Which is directed opposite to displacement it f& fazemus & faudia B |
—4Kx

Ans. (D)

Fnet =

Kx

Kx

f
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Simple Harmonic Motion ~ H—
4. The centre of mass of the disk undergoes simple harmonic motion with angular frequency o equal to

TP BT I Dw A 3Mad I BT 8, it drofi gy o &1 79 771 2

k 2k 2k . 4K
() 1 ®) |3 ©) \/S:M (D) \/S:M

Sol.  Fret= —% = —M(w?X)

® = fﬁ Ans. (D).
3M

5= The maximum value of Vo for which the disk will roll without slipping is

Vo &1 98 #e<d A s ford gt a1 fhdel geal @

M M . 3M 5M
(A) MQ\E (B) MQ\E (C") HQE (D) ug\/;

2 2
Sol. %MVO2 +l ﬁ(ﬁJ = 1 (2K)X2max

2 2 (R) 2
= gMVo2 = 2kX?max = Xmax = EMVOQ
2 y 4 K
f

max

At extreme position, friction will have maximum value.

Y Refd R, avr sfdway B |

2kXmax — fmax = %Xmax =  fmax = %kaax

2 [3
Mg = <k,
WM9= 371K 3

Vo = pg,/% Ans. (C).

6.#=  The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration of the
particle att=4/3 s is [IT-JEE 2009, 3/160, —1]
AR 3T T BRA gY B B BT x-t ARG A< ST AT B | T t = 4/3 YBUS WR BT HT @RI B

2
MVo™ = MM9=[ EMJVO

—_~ 1 B
E /
S
>
4V8 2
1
2 2
(A) ﬁnz cm/s? (B) =X cm/s? ©) = cm/s2 (D) ﬁnz — cm/s?
32 32 32 32
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Simple Harmonic Motion ~ H—

Solution : From graph (I1% )

7.4#

Sol.

T=8second., A=1cm, X=Asinoat.=1sin28—nt.
2
a=—wX=-— @j sin 2n t cm/s?
8 8

2
At, t= %secondtl‘\r a= [@j _

cm/s?

wl|a
wW
N

8

A uniform rod of length L and mass M is pivoted at the centre. Its two ends are attached to two springs
of equal spring constants k. The springs are fixed to rigid supports as shown in the figure, and the rod is
free to oscillate in the horizontal plane. The rod is gently pushed through a small angle 6 in one
direction and released. The frequency of oscillation is : [IT-JEE 2009, 3/160, -1 ]
AR a=E L3 9 M @ (GEaF B8 307 &= IR dlaidd &l 39 88 & R i) k R
e @& v o R & 8 R R 3¢ o=l 4 9s 8| B afds dd 4 Wa= ¥ ¥ alad 3R
HEH 2| TS P Th BIT DIV 0 H FAT < BIS AT W1 B | B & e @ gy arf |

1 |2k B1k C‘I6k D124k

27\ M 27\ M

/\
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Simple Harmonic Motion ~
Sol. (C)

_x

Pzﬁwﬁawarqﬁ:(kx)%+(kx)%=ka(e_ 3 )

t=1la
K2 = ML —6K0
= ——0=—0 = — =
2 12 M
N A P N Hy L5
M 271 2n\ M

8.# The mass M shown in the figure oscillates in simple harmonic motion with amplitude A. The amplitude

of the point P is

[JEE 2009, 3/160, —1]

o o faman =1 g M ERa 3fad fd $R I8 2 st | AR | g P &1 s Brm

K,
P
kA
) KA ) kA
ky K,
Sol.
= . ;
S///////////////////////////////////////////// ITHTHTTTTTTTITTT

Extensions in springs are x1 and xz2 then

R # AR x1dxe 8 d9

kix1 = koxe
and MR x1 + x2 = A

k,x
= X1+ —1L A =
Ko

ITBT #2

Comprehension # 2

K,
M
k{A o KA
) — (D% —2
Ky +Ks Ky +Ks
i = koA
ky +ks

When a particle of mass m moves on the x-axis in a potential of the form V(x) = kx?, it performs simple

harmonic motion. The corresponding time period is proportional to f% as can be seen easily using

dimensional analysis. However, the motion of a particle can be periodic even when its potential energy
increases on both sides of x = 0 in a way different from kx2 and its total energy is such that the particle
does not escape to infinity. Consider a particle of mass m moving on the x-axis. Its potential energy is
V(x) = ax* (a. > 0) for |x| near the origin and becomes a constant equal to Vo for |x| > Xo (see figure)

[JEE 2010, 9/160, -1]
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Simple Harmonic Motion ~ H—

Sol.

Sol.

10.

Sol.

11.

ST m SIA BT U BT x-318] W V(X) = kx? RIfoss ot & Ifcq\= g1ar 8, a9 I8 AR e1ad T el

%lsﬂaﬂﬂmﬁ’cﬂa\/ga%mwﬁgﬁm%‘,vﬁﬁsﬁiﬁﬂﬁ@wmmﬁrﬁﬁqneﬂx—rnw:cu%l

BIfP, A fHFA P 91 @ RS F91i x = 0 & a1 TR® kx2 ¥ 4= T8 ¥ 9, AT B BT HoA SHoll
A B P a8 M= d% UeTe | PR Wh, a9 | B P TR Mad & DAl & | m GIAN BT Yb BT
X-31&T TR A HRAT & &l x| D D= D U B W R et V(x) = ox4 (o> 0) & @1 x| > Xo & forg
Refars So1t V(x) = Vo & (o <) [JEE 2010, 9/160, 1]

V(X) A
I VO
» X

X,

A

If the total energy of the particle is E, it will perform periodic motion only if :

IfT Th B B FHY Hol E 7 A1 98 Amac A gl IR B GHhal @ had o

(A)E<O (B)E>0 (CYVo>E>0 (D) E > Vo

When 0 < E < Vo there will be acting a restoring force to perform oscillation because in this case particle
will be in the region |x| < xo .

9 0 < E < Vo, I8 T B B oY Th TAIT 9o RN & RiIfe 39 Rafd & do1 &3 [x| < xo &
IEd B

For periodic motion of small amplitude A, the time period T of this particle is proportional to :

3T AR AP Sl & [T, HU1 F1 aciapial T 7/ § 4 fhas qagur & ?

(A) A" B) - ™ © A (D) 1%
o Ao m A\m
V = ax*
T.E. = % m?A2 = aA* (not strictly applicable just for dimension matching it is used)
TE. = % Ma?A2 = gA* (0T AT T8I B @ad I8 i w0 & fiam & forg ST 2)

2
(D2=201A N Tocl\/E
m ANa

The acceleration of this particle for |x| > Xo is : [x| > Xo & ford &1 &1 @RI -

(A) proportional to Vo (B) proportional to L
mX,
(C) proportional to Vo (D*) zero
LLPAN:
(A) Vo & |ATURI & (B) mv)‘é T FAGUR 8
0
(®) JL B FHIIUT 8 (D*) I &
mX,

/\
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Simple Harmonic Motion ~ H—

Sol. F=—@
dx
asfor|x| >xo V=Vo = constant
I B x| >x0D fow V=Vo = fadis
du =0 F=0

dx

12*.#= A metal rod of length ‘L’ and mass ‘m’ is pivoted at one end. A thin disk of mass ‘M’ and radius ‘R’ (<L)
is attached at its center to the free end of the rod. Consider two ways the disc is attached: (case A). The

disc is not free to rotate about its center and (case B) the disc is free to rotate about its center. The rod-

disc system performs SHM in vertical plane after being released from the same displaced position.
Which of the following statement(s) is (are) true? [JEE 2011, 4/160]

(A*) Restoring torque in case A = Restoring torque in case B

(B) Restoring torque in case A < Restoring torque in case B

(C) Angular frequency for case A > Angular frequency for case B.

(D*) Angular frequency for case A < Angular frequency for case B.

TS L' 9 S@EE 'm' P TS gi-8$ 0T P RR W diferd §1 'R (<L) B @ M sedE @ U@
o Be @& Jad AR W U D5 ¥ & dRe 9 diford &1 ol 2 | (RfT A) i$6 a9 g R 781 g7
o IR Rafd B) s oM &g R god @ Was g1 UEh & fORemue smRen 9 BIgd W T8

oo Fprg Swaltr dd H WRA—mad—arad (SHM) &xaT 8 | a9

A*) Rerfd A # gar=a=1 amgei (Restoring torque) = Reafd B # geam=a= et
B) Rerfy A # a1 ameel < Reafd B # gam=a+ e
C) Rafa A# wivi amgfy > Rafa B 7 wofig smaf

(
(
(
(D*) Rerfa A wivi MRy < Reafa B # sofig smaf
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Simple Harmonic Motion ~ H—

Ans.

Sol.

(A), (D)

torque is same for both the cases.
M1 gHION H qeregel §AH B

I
mgd

T=2n

Ia>1B
WA < OB

Comprehension #3 =g #3

Phase space diagrams are useful tools in analyzing all kinds of dynamical problems. They are
especially useful in studying the changes in motion as initial position and momentum are changed. Here
we consider some simple dynamical systems in one-dimension. For such systems, phase space is a
plane in which position is plotted along horizontal axis and momentum is plotted along vertical axis. The
phase space diagram is x(t) vs. p(t) curve in this plane. The arrow on the curve indicates the time flow.
For example, the phase space diagram for a particle moving with constant velocity is a straight line as
shown in the figure. We use the sign convention in which position or momentum. upwards (or to right) is
positive and downwards (or to left) is negative. [JEE 2011, 3x3/160, —1]

W UGR & Taeg FIRml @ 9y & o vo—wafe fim™ (Phase space diagrams) &1 SUAN

foar Srar B | yRA™E <39, Rafd 9 999, § g5 819 WR 394G SUAN A< § S~ daaldl bl THS
# 9gd U 2| IS B9 Us O wRa e ferEl @ 9d R 2| 3 o wu—wafe wwad @
fored Rerfd X-a1er R d2n |a Y-31eT IR I@d 2 | 99 Bo—Afe REm 59 99dd § U6 x(1) vs. p(t) 9%
BT | I6 WR OR 99T 9o &I M ST 2 | SRVl & ford, ReR 97 9 ot <@ & & ford Bo—vAfe
e wa—var & v o d§ feamn w2 e aRurdt 9 Rafa @ |9 &1 SR (3 1fdA) iR
gETHS AT A1 (AT 1) 3R F0ITcHS AMT STl & |

Momentum —

Position —

/\
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Simple Harmonic Motion ~ H—
13.# The phase space diagram for a ball thrown vertically up from ground is :

SHF W SR B AR BH TS g BT Boi—gafe A ®

Momentum

Momentum

(A) //\ (B) Position
Position \\ /z

Momentum

(©)

Position
Position

AP(t)
x=0

\{¢_=\‘0 P = max x Tand P
i E at highest point x(t)
i : P =0, x=max ~

u ,} x4 and PT

|

14.# The phase space diagram for simple harmonic motion is a circle centered at the origin. In the figure, the
two circles represent the same oscillator but for different initial conditions, and E+ and Ez are the total
mechanical energies respectively. Then
ARA—ATI—ala (SHM) &1 Boi—ddfe fEm S W dfed g | o 4 g2y 1 9, Ua & alad
$ o 8, 9 9D ARG AR W= 8, AT E1 T E2 A QIdAd $I fel TP Holly & | I9

Momentum

Sol.

K 2a
\\ a 7 Position

(A) E =2 E, B Ei=2 E; (C)E =4 E (D) By =16 E;
Ans. (C)
Sol. In 1st case amplitude of SHM is a.

In 2nd case amplitude of SHM is 2a

Total energy = %k(amplitude)2
Ei = —k(2a)?

Ez =
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Simple Harmonic Motion ~

Alternative :

Sol.

Linear momentum P =mv

- moVAZ —x
= P2 =m2w? (A2-x?)
= P2 + (M0)2x2 = m2@?A2
Equation of circle (bigger)
P2 + x2 = (2a)?

P2+ x2 = 432
Equation of circle (smaller)
P2 +x2=2a2

Comparing (i) and (ii)
Amplitude A=2a

and (mw)2=1 = me? = l
m
1 2.2
—mo°(A
Sma’(A)
So energy E1 = %mmz(Za)2
11 2
= ——x(4a
2mX( )
T om
Comparing (i) and (iii)
A=a
(M) =1 = me?= l
m
2
So Ez = lmmZA2 = 1><la2 _1a 1
2 2 m 2m? 2
So 5—1:4 = E1=4E2

2
g Refd § SHM &1 3| a g |

fgeia Rerfd § SHM &1 3mam™ 2a g |
A Sl = %k(arram)2

- moVAZ -x?
= P2 =m2w? (A2 -x?)

= P2+ (M0)2x2 = m2@?A2

g (ST aTelT) BT FHIBRI

P2 +x2 = (2a)2

P2 + x2 = 4a?
I (BIET aTell) BT THIBROT

P2+ x2=2a?
(i) T (i) DT oI BRA W
M A=2a

a2
m

...(ii)
...(iii)

/\
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Simple Harmonic Motion ~ H—

AT (m(n)2=1 = mo? = l
m
1 2 2
—mo“ (A
5 Mo’ (A)
31 Sl Ev = %mw2(2a)2
11 >
= ——x(4a
57 (4a7)

m
(i) T (jii) BT AT BRA W

A=a
(M) =1 = mo?= 1
m
2 2
3 E2 = 1mmzA2 = lxlaz = la_ la_
2 2 m 2m2 2 m
37c: E:4 = E1=4E2
2

15.# Consider the spring-mass system, with the mass submerged in water, as shown in the figure. The
phase space diagram for one cycle of this system is :
o A Uiy JgAR RE—TedT Mo W &M ], S8l Jedl Uil 4§91 2 | 39 e & U qred dRe
BT Bol—Tae fEmH 2|

Momentum

N

Momentum Momentum

Momentum

AR

™,

/Position

_/Z Position

ah

S.H.M.
Ans. (B)
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Simple Harmonic Motion ~

Sol.

16.

Linear momentum
P=mv

- moy\/Az -x?

= P2 + m2@?x2 = m2@?A?

represents a circle on P—x diagram with radius of circle R = A (- m2we? = 1)

. . k
o of spring mass system remains constant and equal to , |—
m

Amplitude of oscillation inside liquid will decrease due to viscous force
So radius of circular arcs will decrease as position change

Correctly shown in option B
Momentum
A

B / \ Position

~ 7z

RECIPASCE]
P=mv= m(D\AAZ —X2
= P2 + m2w?x? = m2w?A2

R=Afm & @1y Px forg R g &1 u=lRid &xar & (- m2w? = 1)
ﬁgﬂwﬁ’cﬁmiﬁrwﬁaﬁﬁm%am\/% P SRIER BIAT B

9 b 3TN ST BT AT TTH el b BRI TS
3 gATBR A9 B B Refd aReds & gar gl
& UTh fdbey BH 2|

Momentum
4

. /- \ Position

< rd

\

A point mass is subjected to two simultaneous sinusoidal displacements in x-direction, xi1 (f) = A sin wt

and xz (1) = A sin (mt+%j. Adding a third sinusoidal displacement x3 (t) = B sin (ot + ¢) brings the

mass to a complete rest. The values of B and ¢ are

[JEE 2011, 3/160, —1]

& fIg So0HM TR Q1 S@Esid (sinusoidal) faRITas xi(t) = A sin ot Td x2 (t) = A sin ((DH%] T AT
x-foem # o w® 1 39 q@mH R RN Saasia faReme xa(t) = B sin(ot+¢) oM W 98 gof w9 |

& Ol &1 BAAT ¢ BT AN &

® 2A, 5 (BY) A % © 5 A X
Ans. (B)

[JEE 2011, 3/160, —1]

I
A 2

/\
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Simple Harmonic Motion ~ H—

Sol.

174

Sol.

A

A

Soa: B=A, ¢=240° = 2%

A small block is connected to one end of a massless spring of un-stretched length 4.9 m. The other end
of the spring (see the figure) is fixed. The system lies on a horizontal frictionless surface. The block is
stretched by 0.2 m and released from rest at t = 0. It then executes simple harmonic motion with

angular frequency o = grad/s. Simultaneously at t = 0, a small pebble is projected with speed v from

point P at an angle of 45% as shown in the figure. Point P is at a horizontal distance of 10 cm from O. If
the pebble hits the block at t = 1s, the value of v is (take g = 10 m/s?)
Uh gIAH-—<fed YT @1 d9@ —3fed @18 4.9cm 2| SHBT S T If¥T 8 3R @ R UF BIeT

Tew oM B (R IRe) | I8 e e avu —<fea &fis (horizontal)dds W @1 2| 993 t =0 W
Tcd B 0.2m Tig B ReR a4 BIST ST A9 I8 bl u):%rad/srad/s JAMGRT BT FRA—aATaTT

—3Ie Al 2| b I T (t=0) W BIC] b v a1d 4 & ¥ 45° Ho7 R g P 9 yafuq
foar Sran 21 fdg P @1 fig O g0 @fdS) 10m 21 IR t=1s R Phs e R RAT 8, @@ v &1
A ® (g = 10m/s2 ) [IT-JEE-2012, Paper-1; 3/70, —1]

bug 2

10m—>P

(A*) BOm/s (B) J51 m/s J52 m/s D) V53 m/s
Time of flight for projectile 9&Td & fordr Iga FIe

T= 2usin® =1 sec.

2usin45

Y =1 sec.

c
1l

c
Il
& fole
3
w
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Simple Harmonic Motion ~ H—

18*.

Ans.
Sol

A particle of mass m is attached to one end of a mass—less spring of force constant k, lying on a
frictionless horizontal plane. The other end of the spring is fixed. The particle starts moving horizontally
from its equilibrium position at time t = 0 with an initial velocity uo. When the speed of the particle is 0.5
uo, it collies elastically with a rigid wall. After this collision : [JEE (Advanced)_2013, 4/60]

(A*) the speed of the particle when it returns to its equilibrium position is uo .

(B) the time at which the particle passes through the equilibrium position for the first time is t = n\/%.

(C) the time at which the maximum compression of the spring occurs is t = % % .
(D*) the time at which the particle passes througout the equilibrium position for the second time is
g om M

3 Vk

HYUEE AT da W U] g8 k 9 ReRie @ gegdE (e B & U R A m g&3wE &1 B §$l
B3 & | 39 B &1 SR RIRT 95 8| I8 BT (U ArATeRAT 999 t = 0 R UR™IS &St I uo &
T 81 8T 81 5 ST Bl A 0.5 uo BRIT B, I8 U §¢ SIOR U TR HUE Rl © | 59 9og B
a'la'_

(A) ST HUT 3T AT | dledl 8 $9@! T uo Bl & |

(B) 519 YT 3TU+1 AIATGRAT ¥ USell R Yokl & 98 993 t=1 %%I
(C)mﬁﬁﬂﬁﬂ@@ﬁw‘ﬁwgﬁw%a@wt:% %%I

(D)mwaﬁwwﬁamﬁww%a%w&%ﬂ %%l

(A,D)
X = A sinot

v= Awcosot = %

= cosot =

/\
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Simple Harmonic Motion ~

Hindi x= A sinot
v= Awcosot= %
2
1
= cosot = —
T 2r 1 \F
ot= = =>t=— = -, |—
3 3 3 Vk
2 |m T |m
C)® g =28 |24 22
(© @ fer 3 \k 2\ k
_5n [m
6 \k
21 |m m
D) ® g = 25— m
©) = fe 3Vk T ™k
_ 5t [m
3 \k
19.4w= Two independent harmonic oscillators of equal mass are oscillating about the origin with angular
frequencies o1 and w2 and have total energies E1 and Ez, respectively. The variations of their momenta
p with positions x are shown in figures. If % =n? and % =n, then the correct equation(s) is (are) :
3 PRI RER Sgq@[E & AEd alad q9d o5 & uRa: S gkl o1 Td o T A Hotisl
Es de E2 ¥ Sle @R @ 2| S9@ a7 p @ Rafd x & | uRaaw dag Rl 4 <oy W™ g1 3}
%: n? g %: n ¥ 99 98 P 2 @) [JEE(Advanced) 2015 ; P-1, 4/88, —2]
p p
Energy = E, /‘ﬁergy =E,
ey | I N )
N
(A) E1o1 = Ezoe (B) 22 =n? (C) 1wz =2 o BB
(o Wy 0
Ans. (B,D)
For first oscillator For Second oscillator
g qifers & forg fgia aifers & forg
b = mawt
E = L =n2 L =1
b mo, ma,
D2 _p2 Ans. B
4
Ei= 1m(o12a2, Eo= %mmg R?
2 2
5:")_12 n2=m—12><&; 5=&:>E=E—2 Ans. D
E2 (O (% 4 E2 (OF} 4 (OF)
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Simple Harmonic Motion ~ H—

20. A particle of unit mass is moving along the x—axis under the influence of a force and its total energy is

conserved. Four possible forms of the potential energy of the particle are given in column I (a and Uo

are constants). Match the potential energies in column I to the corresponding statement(s) in column II.
[JEE(Advanced) 2015 ; 8/88, —1]

Column-I Column-II

U x 2 :

(A) U;(x) = 30{1 —[aj ] (P) the force acting on the particle is zero at x = a.
Up (x)?

(B) U, (x) = ?O(Ej (Q) the force acting on the particle is zero at x = 0.
Up (x ) x \

(C) Us(x) = ?O(EJ exp —(a) (R) the force acting on the particle is zero at x=—a.
Up| x 1(x)?

(D) U, (x) = ?O 3 _5(5 (S) The particle experiences an attractive force

towards x = 0 in the region |x|<a

(M) The particle with total energy l{TO can oscillate

about the point x = —a.
THIS ST BT Th YT Uh dc1 & YT §  x—31& TR TIT R Y& 8 | BT &) ol SHofl Axfd 2 | Bie I

7 3o 3 Rafds Soiell @& aR |wfdad 9 T T € (a a1 Uo Rerias ©) | ®fem 16 &1 Tt Rafas
Soltell B B 11 ¥ A dF/FoA I Sfad e S|

DicH-1 PicM-11
2 2
(A) U1(x)=U?°{1—G” (P) @9 W P& PR A I x = a W [ B
2
(B) Uz(X)—U—;&j (Q PR B A I I x =0 R YA B |
2 2
(C) Us(x) =U—2°(§j exp —Gj } (R) B TR BT A A 961 x = —a W YA B |
3
(D) u4(x)=U—;[§—%(§” (S) &7 |x|<a # BV x =0 B R AHI T BT
3TIHT Rl B |
M %@aﬁmmx:—aﬁg$qﬁﬁz
I HR FHAT © |
Ans. (A)- P,QR,T(B)—Q,S (C)P,Q,R,S (D) PR,T
Sol. (A) Fo=—-3Y __ % [x-a] [x] [x +a]
dx a
(A)— (P) (Q) (R) (T)
F(x) U(x)
Ué2

_a\/‘ a\ x —a ‘ a
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Simple Harmonic Motion ~

—-du X
(B) Fx = vl —UOEEJ

_au
dx

—x2/a?

= Xlx —a] [x + a]

U(0.37) , U(x)

du
O)  Fe=-S--
_%[(x—a)(xw)]
$F (0
—a \_/a "
PR T
a U
Us
\ s \
Us
............... 3
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Simple Harmonic Motion ~ H—

21,

Ans.
Sol.

A block with mass M is connected by a massless spring with stiffness constant k to a rigid wall and
moves without friction on a horizontal surface. The block oscillates with small amplitude A about an
equilibrium position xo. Consider two cases : (i) when the block is at xo ; and (ii) when the block is at
X = Xo + A. In both the cases, a particle with mass m (< M) is softly placed on the block after which they
stick to each other. Which of the following statement(s) is(are) true about the motion after the mass m is
placed on the mass M ?

, Whereas in the

(A*) The amplitude of oscillation in the first case changes by a factor of v
m+

second case it remains unchanged

(B*) The final time period of oscillation in both the cases is same

(C) The total energy decreases in both the cases

(D*) The instantaneous speed at xo of the combined masses decreases in both the cases

Uh gAM-—Ifed R, f=aeT sedn Tond (stiffness constant) k 8, & T& BR W M T[N &1 U6

TCHl FoT 8, T TR BR Pl &¢ AR A SISl T 8| g [Cdhl Ub A Tyv—fed Ade R b
waferd Refd xo & i BT 3™ A 4 aled &xal 8| Jel & IRRfR™T AT« (i) 59 el xo R 8
3R (i) 99 [EHT x = xo + A W | IF IRRARRAT F TFIH m (< M) & T& $U1 B Jeb W &R 4 39
UHR W@ G & P 98 JRd Jed ¥ f&Fud S|l 8| $U Bl ICd b FUW Y& b ] A b aR A
fer=feRad & @ I/ BHY HUH 9 /8 ?

(A) TS URReIRY & <rer 1 e /m“fM WS (factor) ¥ URGRi BT &, Wi qwd URReR

g IuRafia & 2|

(B) <11 uRRerfal # Jrem &1 <ifed awdTa A 2 |

(C) T uRRerfrat # wwgut Hoif wH & ot 7|

(D) afafera geaAm™ET B xo W Aretldre i <1 aRRerfaal § w9 & ol 2|

(ABD)
Case-1
Just before m is placed Just after m is placed
!
i—/‘mzrn’\ Mi_é \ i—/‘mzrn’\ Mi_é Vs
XO XO
Case-2

Just before m is placed

, Just after m is placed
M
Xo+A | M

Case-l
m &1 & B b Ugd m &l Y& B 3P 95
|
i—/‘mn’\M:—éw i—/‘mT\ME_9V2
Xo Xo

/\
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Simple Harmonic Motion ~ H—

22,

Case-ll

m &1 & B b Ugal

| m T B & T
M;
Xo+A | M

In case-1 &

MV = (M + m)V2

Vo = M Vi, K Az = M \/EA1
M+m \}M+m M+m )\M

A = M

M-+m
In case-2 &
Az = A1

T=2x M;m in both case. g1 Refaal #

Total energy decreases in first case where as remain same in 2™ case.
Instantaneous speed at xo decreases in both case.

v Refd § ga Hoil gedl @ Safd fada Rafa 4 fag &d 8|
Xo UR TTEIOTh =t i+l Rerfot # wecdl 2|

A spring-block system is resting on a frictionless floor as shown in the figure. The spring constant is
2.0 Nm~! and the mass of the block is 2.0 kg. Ignore the mass of the spring. Initially the spring is in an
unstretched condition. Another block of mass 1.0 kg moving with a speed of 2.0 ms—' collides elastically
with the first block. The collision is such that the 2.0 kg block does not hit the wall. The distance, in
metres, between the two blocks when the spring returns to its unstretched position for the first time after
the collision is [JEE (Advanced) 2018, P-1, 3/60]

Th HAMI—chl adr (spring-block system) T a¥or Ifed w3 (frictionless floor) WX faRm@=en 4 g,

S 6 o & gl ™ g | dEEl ReRid (spring constant) 2.0 Nm™' & 3R [e& &1 S&I@M (mass)
2.0kg B | B & SN BT IU&T BIVIY | YT H FHA AT (unstretched) ra=em & B | T gERT

Tedl |, fe g9 1.0 kg B 3R =1 2.0 ms—! B, U8l I A UARY WHE (elastic collision) Tl & |
T HUE B 91 2.0 kg BT [CH AR F TE THAAT B | 9 HAM WHE B G UgeN R AU AAT

Rafa 9 oo omcll 2 , 99 |1 qedl & drF Bl Alex B8R |
2ms~!

/\
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Simple Harmonic Motion ~ H—

Ans. 2.09
Sol.  Just Before Collision EFHR ® Ugal
2m/s
1kgf— 2 kg mo‘o‘m’o‘\-|
Just After Collision TTR & 91§
Va Vi
«— s
1 kg 2 kg JTWW‘-I
Vi+Ve=2 .. (1)
2Vi-V2=4 L 2)
Vi=4=> V1:i Vz=2—i:E m/s
3 3 3
at= L2202 e
2 2\2
2) (22 44
Dist =nVe=|=| | = |m=—m=2.09
istance T = 1V (3}(7) 1
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
AT - 11 : JEE (MAIN) / AIEEE (RUBel a8f) & U
1. The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 mm, is
4.4 m/s. The period of oscillation is : [AIEEE 2006; 3/165, —1]
7 ffl. oM™ | U R Iad I FRA Y TH HUT B AfBaA 97 4.4 W /A | oA BIA © ¢
(1) 100 s (27 0.01s (3)10s (4)0.1s
Sol. A® = Vmax
T= 2 = 2rA =0.01 sec.
® Vmax
2%, A coin is placed on a horizontal platform which undergoes vertical simple harmonic motion of angular
frequency ®.The amplitude of oscillation is gradually increased. The coin will leave contact with the
platform for the first time : [AIEEE 2006; 3/165, —1]
TEh &S wiehii IR THh TPl T B | ©ITHH o DIV AERT § HWEER R AEd A FR IET © |
I 1 A IR—4R 911 ST 8 | Y2¥ IR Ridd! ©ie®™ | W3l 8IS :
(1*) at the highest position of the platform (2) at the mean position of the platform
2
(8*) for an amplitude of % (4) for an amplitude of 9—2
(O] (Q)
(1*) WITHH & ITadd AaRAT TR (2) @ITHH B FE&g AT W
2
(3*)%?B3mrrth (4)9—22%311@111?
(O] (O]
Sol. Aw? =g = A=9g/0?

/\
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Simple Harmonic Motion ~ H—

3=

Sol.

Sol.

5.#x

Sol.

Sol.

The displacement of an object attached to a spring and executing simple harmonic motion is given by
x =2 x 102 cosnt metres. The time at which the maximum speed first occurs is:

U RYT A ST TAT WRA ATad A B arell U axg] b1 (a0 x = 2 x 102 cosnt #Hex ¥ f&an e
2 9 O W ugell IR AfedH a1 Ude Bl 8, 8 [AIEEE 2007; 3/120, 1]

(1 05s (2)0.75 s (3)0.125s (4)0.25s

[v] = (2 x 107?) (m)sinmt

For |v| to be maximum sinnt = 1

V]| & 3fdwad 89 & forg sinnt = 1

nt=—, yeerraeennns t=—s

2 2 2
A point mass oscillates along the x-axis according to the law x = xo cos (ot — n/4). If the acceleration of
the particle is written as , a = A cos(wt + 3), then : [AIEEE 2007; 3/120, —1]

UF fovg T R X = x0 €08 (ot — 1/4) & ITAR x-34&T S AW HHF HIAT 8| Q. B BT @RI
1 g forar Smar 8, a = A cos(ot + 8), A
(1)A=x0,8=-m/4  (2) A=x0e? 6=-n/4 (3)A=x002 5=—n/4 (4%) A =Xoa?, & = 3n/4

T . s
X =XoCOS| ot —— |, V = —Xo osin| ot — —
4 4
a = —Xom? COS ot—= , a = Xow?CoSs ot-Z4n
4 4
a = Xom*. COS (DHT

Two springs, of force constants ki and kz, are connected to a mass m as shown. The frequency of
oscillation of mass is f. If both k1 and k2 are made four times their original values, the frequency of
oscillation becomes: [AIEEE 2007; 3/120, —1]

o FIdi® ki A ke @1 Q1 RE g m A REAER G951 21 S99H & Qe &1 Rl f 71 Ak ky

Torm ke GFT B URMAYH A BT IR A1 PR QAT WY, A1 A9 DT AGRT 81 S |

m

(1) f12 (2) f/4 (3) 4f (4%) 2f

1 [k +k, 1 [k Tk,
=, = — = 2 .
! 2n m Trew 2n m !

A particle of mass m executes simple harmonic motion with amplitude a and frequency v. The average
kinetic energy during its motion from the position of equilibrium to the end is : [AIEEE 2007; 3/120, —1]
STAM M & Udh HYI, AT a qAT IMIRT v ¥ A JMMAd A BRal ¢ | 39D 71eg RAfT 4 v RN aa

T & SR 3T TS ol ®

(1%) ™ ma? v? (2) %ma2 L2 (3) 47> ma2v? (4) 22 ma2v?
Tj'41
—ml[ancos(wt)]?dt
2 2 2 T/4 2 2
_ 0 _ ma‘o 2 _2mate” T 1 5,
Kav = 72 = 2T Icos (ot)dt = T '3 _4mam

0

ma?(2mv)2 = 12 ma? v2.

Ao

/\
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Simple Harmonic Motion ~ H—

7>

Sol.

Ans.
Sol.

If x, v and a denote the displacement, the velocity and the acceleration of a particle executing simple
harmonic motion of time period T, then, which of the following does not change with time?
IfE x, v TAT a HA: AMaABIA T TRl Mad M SR fHAl S0 & favenud, 991 qon @9 & A sfua

PRI ©, 99 999 ® A FfeRad # 9 frad uRads T8 gt ® ? [AIEEE 2007; 3/120, —1]

(1 ﬂ (2) aT + 2nv (3) ﬂ (4%) @2T2 + 4n2v2
X v
X = A sin ot

v=A ocos ot
a =— Ao? sin ot
— 2 i
(1) &l _ (M]T:-M:—zm
X Asin ot
(2) aT + 2nv = — Aw? T sin ot + 27. Aw cos ot
@ 3T - —Ao®sinotxT
Vv Awcos ot

2
(4) @2T2 + 42 v2 = + A2 »* T2 sinot + 4m2A%w? cos?ot = + A2 o* (Z_nj sinot + 412A20? cos?ot =
()

472 A2y

A mass M, attached to a horizontal spring, executes SHM with a amplitude Ai. When the mass M
passes through its mean position then a smaller mass m is placed over it and both of them move

together with amplitude Az. The ratio of (%j is : [AIEEE - 2011, 4/120, —1]
2

TP Sfs HHF W ST U SIHE M I A1 I GRe dd T BR el & | 99 ggHE M 31Ul J1e
JARAT A TYOR I &, 99 UH BIC] SIAE m 39b SW @ A1 11 7 IR 3@ Q1 o Az 9 I
W%l[%)mw%:

2

M M+m M 2  (M+m)"2
T IO
(4)

C.O.LM.

R [IT A& | (C.0.LM.)

MVmax = (m + M)Vnew , Vmax = A1
MV

View = ——ax_

(m+M)
Now 3, Vhew = Az.2

MA, JK_ A [ K
m+M VM ~ 2\ (m+M)
1/2
Aoz A -M A _[m+M Ans.
(m+M) A, M

If a spring of stiffness 'k’ is cut into two parts 'A" and 'B' of length /a : /8 = 2 : 3, then the stiffness of
spring 'A' is given by : [AIEEE 2011, 11 May; 4/120, —1]
I g1 Frdis k' aTell T R &1 =g /a: /g =2 : 3, UM dld &1 9FN 'A' IR 'B' W HIET Sl
2, 79 & A &1 91 fadie @ 8w

3k 2k 5k
M = @ —

- . 3) k )

Ans. (4)
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Simple Harmonic Motion ~ H—

Sol.

10.

Sol.

11.

Ans.

Sol.

€A=%, f8=(%j

5 5
K¢ = Kala = Ke/B
20
Kr=K, | =
(%)
KA=% = KB=%.
2 3

Two particles are executing simple harmonic motion of the same amplitude A and frequency o along
the x-axis. Their mean position is separated by distance Xo (Xo > A). If the maximum separation
between them is (Xo + A), the phase difference between their motion is : [AIEEE - 2011, 4/120, —1]

X- 38 TR UHTAH AW A iR MIRT o § I $HUT A 37ad A PR I8 & | SAP! A e & §19

T Xo Xo > A) 2| Ik 98 g sfdaw @ (Xo + A) 8, @ 89 A # FamR R
T s T

(1)5 3 (S)Z (4)5

Ans. (2)

x1 = A sin(ot + ¢1)
x2 = A sin(ot + ¢2)

X1 — X2 = A{Qsin{mt +¢1+T¢2}sin {—d)‘ —%2 ﬂ

2
A = 2Asin (Mj
2

(2%)

=6 _m b1= L Ans.
2 6 3

If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the period
between t = Os to t = ts, then t may be called the average life of the pendulum. When the spherical bob
of the pendulum suffers a retardation (due to viscous drag) proportional to its velocity, with 'b' as the
constant of proportionality, the averatge life time of the pendulum is (assuming damping is small) in
seconds :

I TP AR SIdP BT AT t=0sTd t=15, P 9 TP ARG AW QU qd IIH & 1/e OTH
qPb) BT & O9 © DI QdAd B NAd B HE ol Al ¢ | o Qledd I Mol d9 = I B

HATURI {1 (T HYY & HRYT) DI Fedl 2, o8l b’ AHAGURN OIS 8, T aldd B A AYDIe

JAGTE H B (IE WH o & Im@FceH e ®) : [AIEEE 2012 ; 4, —1]
0.693 1 2

1) =222 2) b 3) — 4% =2
(1) 5 (2) 3) b (4%) 5
(4)

2
md—g‘z—kx—b%

dt ol

d®x |, dx . .
mF+ba+kx =0 here b is demping coefficient @& b Higd o 2 |

This has solution of type

x = e* substituting this

FHIHI & & x = M P AT B | AP A9 W@ W
mA2+br+k=0

_ b Jo2 — 4mk

2m
on solving for x, we get

A
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Simple Harmonic Motion ~ H—

12.%=

Sol.

13.

Ans.
Sol.

X P foTT 81 BT W
_b,
x=€?2m acos (o1 t—a)
s k
[02 32
= —-\° where J&l oo = ,|—
1 0)0 o E
X=+E
2

So, average life 31d: 3 3R P = %

The amplitude of a damped oscillator decreases to 0.9 times its original magnitude is 5s. In another 10s
it will decrease to o times its original magnitude, where a equals.

(1)0.7 (2) 0.81 (3*) 0.729 (4)0.6
U Hfvad alferd &1 MM 5s H AU qod URATT I TSHR ol URATT H1 0.9 AT 8 STl & | U AR
10s ¥ I GCHR T URHATT BT o AT B S, STl o BT A 2 [JEE-Mains 2013, 4/120]
(1)0.7 (2) 0.81 (3*) 0.729 (4) 0.6

bt
A=Ao€ 2
after 5 second
5 4HUS ITAq

_b(8)

0.9A0 = Ac€ " ..(i)

After 10 more second
3R 10 SHvs Ugaq

_b(15)
A=Ac€ 2" ...(i)
From (i) & (ii)
JHHIOT (i) TAT (i) A
A =0.729 Ao Hence Ans. (3)

A particle moves with simple harmonic motion in a straight line. In first t s, after starting from rest it
travels a distance a, and in next 1 s it travels 2a, in same direction, then : [JEE MAIN 2014; 4, -1]

(1) amplitude of motion is 3a (2) time period of oscillations is 8t

(3) amplitude of motion is 4a (4™) time period of oscillations is 67

T PV U AR NN H R 3fad i A e 8| I8 faRmErawen | UR®™ HR YW 1 ¥hvs H g3 a
3R 3FTel T HHUS H g 2a I fa=m § 97 H_ar 2| 99 ¢

(1) 7Ifd &1 3™ 3a g | (2) QI BT Tad B 8t B |
(3) I &1 M 4a T | (4*) ]I BT SMAd BT 617 |
(4)

X = Acosot

displacement in t time = A — Acosot
t I H AR = A — Acosot

fort=1t® forg A[l—cos ot] =a
fort=2t% forg A[1- cos2wt] =3a
1-cosot 1

1-cos20t 3
1-cosot _ 1

2sinffot 3
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Simple Harmonic Motion ~ H—

14.=

Ans.
Sol.

15.

Ans.

Say #MI x = cosot

1-x 1
2(1-x%) 3
1 1
= = —
2(1+x) 3

:>3=2+2x:>x=%=cos<m

A=2a, ot=L = Etzﬁ
3 T 3

=T=61

For a simple pendulum, a graph is plotted between its kinetic energy (KE) and potential energy (PE)
against its displacement d. Which one of the following represents these correctly ?

(graphs are schematic and not drawn to scale) [JEE(Main)-2015; 4/120, —1]
fodl T dled & ford, SHS faRemus d 9o S¥@ o St & dra 3R faemus d qen sva Rafast

ol & 9 U6 Eig T 2| e § 9 SN 1% (3eid) HEl ® ? (T8 UTE hdel ARl NG 7
IR Wd & AR T8 2 )
E

N N

E

KE

"PE
(2)

K.E. is maximum at mean position, whereas P.E. is minimum.
At extreme position, K.E. is minimum and P.E. is maximum.

Areg Reafd wR Ifcrst ot sif¥ead 8, Safe Refdst Sof <ad e .
=R Rl R st Hoii gAad e, Safe Reafis ol sfdead sl .

A particle performs simple harmonic motion with amplitude A. lts speed is trippled at the instant that it is
at distance 2A/3 from equilibrium position. The new amplitude of the motion is. _
T PHUT A AATH H A A Il PR 8T § | Od I8 3707 Hod WIF A W 2A/3 Ugadl 8, I A

SHS! T R &R & SR 2 | O SHST 791 3H § [JEE(Main)-2016; 4/120, —1]
(1) 3A ) 3 A @ 2= (@) £ AT
(3)
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Simple Harmonic Motion ~

Sol.

16.

Ans.

- Ae_(%f
3

Vnew = 3V = \/gA(D
So the new amplitude is given by
A AT IAATH BN

2
Vnew = (DN!Anewz -x* = \EA“) = wngneWZ - (%j

7A

Anew = —

A particle is executing simple harmonic motion with a time period T. At time = 0, it is at its position of

equilibrium. The kinetic energy-time graph of the particle will look like :

[JEE Main 2017, 4/120, —1]

T PHUT acihled T H ARl 3MMad M PR BT 8| 9T t=0 TR d8 9 & Rafd # g1 = 8§ 9

PDITAT UTh THI D G TfAS Holl Bl F&) STl 2 |

KE
(1) o‘ T T T
4 2
KE N
0 : T T
@ T =
2
KE /\/
©) 0 T t—
@ o T 71 >
2
(1)

/\
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Simple Harmonic Motion ~ H—

Sol. x=Asin(ot + ¢)
=0,
X = + Asinot

KE = %mmz(Az—xz)

- ka2 cos? wt
2

KE

A

t

1
1
1
1
T/2 T

NOTE : But as per options given, best possible answer will be option (1)

17. A sliver atom in a solid oscillates in simple harmonic motion in some direction with a frequency of
10'2/sec. What is the force constant of the bonds connecting one atom with the other? (Mole wt. of siver
=108 and Avagadro number = 6.02 x 1022 gm mole") [JEE (Main) 2018; 4/120, —1]
fpddl S 4 =il B1 e AT 10'2/sec BT AGRT A fHAT faen H |Re amrad T BRaAT & | U URAIY DI
TAY WY A SIe drel 99 P g Faaie feaa 8 ? ((=@id $1 onfdad 9R = 108 iR smErms

(Avagadro) |91 = 6.02 x 1023 gm mole")

(1) 2.2 N/m (2) 5.5N/m (3) 6.4 N/m (4*) 7.1 N/m
Ans. (4)
Sol. T= Zn\E
k
= k = 4n2m x f2
-3
k= 47° XM x f2
6.02x10%
4x7®x108 10** %107
= X
6.02 10%
=7.1 N/m
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Simple Harmonic Motion ~ H—

Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

fAvaT®d 999 (SUBJECTIVE QUESTIONS)

1.#

Ans.

Sol.

What would be the period of the free oscillations of the system shown here if mass M1 is pulled down a
little force constant of the spring is k, mass of fixed pulley is negligible and movable pulley is smooth

Fl"crf?’fﬁﬁ'cﬁraiﬁﬁ'cﬁqm-ﬂEBquqmmEFaTﬁmaﬁmwaﬁsﬂ@W?ﬁﬁﬁ?@ﬂﬁﬁﬁ?mml
5 &1 91 e k2, Rer AR &1 gaaw= 9oy B, 3R afera iR i ® |

(i) Equilibrium position determination ar=ra=en Refa fefor
Mig = T — (from FBD of M) (M1 @& ¥, d. X. 9)
2T = Mzg + kxo (from FBD of Mz) (M@ ¥, d@. X. 9)
= 2Mig = M2g + kxo
- kxo=2M1ig — Mg
(ii) Displace block M1 by small disp. x by %] M1 ®! BIc faRemu+ x & fazenfia =1 W

At new displaced position 1 fazenfug Rerfa
2 2
1 1 % X 1 X
- MgX + E M1V2 + E M2 [E] + M2g [EJ + E K(XO + Ej =C
Differentiating equation FHIHRUT &1 JdHAT B TR

_Mgd_x+l|\/|2\,d_v+&2 dV+Md_X+52XO+_ 1dx) _,
da 2 ol 8 dt 2 dt 2 2.dt
:>—M1g+M1a+M+M+5 x0+5 =0 (whereﬁﬁa:d—v)
4 2 2 2 dt
= -Mig + % +Mia + M2 + K_go + Kx = 0(from equilibrium AFaTaRT ¥ —

/\
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Simp

le Harmonic Motion / H—

2.#

Sol(1).

Sol(2).

M1g + Mg + Kxo =0)
2 2
Hence 31, AM; +M, a= —Kx
4 4

K , K
a=—| ——|X 0= ——
AN, + M, (4M, +M,)

K ) 2n
0= |———; T=—7
(4M1+M2) ®
Tp=2n JM
K

A constant force produces maximum velocity V on the block connected to the spring of force constant K
as shown in the fig. When the force constant of spring becomes 4K, then find maximum velocity of the
block. Assume that initially the spring is in relaxed state.

R M a9 K R Fadie o R 9 9 <o ) a6 F I R I8 i 3l Af¥ead a7 V
ST HYdl 8| PR U &1 91 Fadis 4 K 81 9T a1 scdip T IfSpad I S1d HIfTe | IR= | R
U UTHITS Ja=e H B |

Ans. V/2
By work energy theorem:;
Wext + Wspring = ki — ki
Let x1, x2 be the equilibrium distances of spring from natural length & V V' are their velocities at
equilibrium positions.
Initially,
FX1—lkX12=l mv?2 - (1)
2 2

and finally Fx2 — %k‘x22 = 1 mv'2 - (2)

In both cases : force applied is same, and velocity becomes maximum when F = kx. (at equilibrium)
(after which the mass will deaccelerate)

F = kx1 = (4K)x2
= xe= % (k" = 4k)
Substituting in (2) :

fxo — lk’ X2? = 1 mv 2

2
2
&_l(k) X1 =lmvz
4 2 4 2

= l [Fx1 ——= kxi8] = —mv" (3)

/\
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Simple Harmonic Motion ~ H—
Sol(1). & SHoft T9aT |

Wext + Wspring = ki — ki

B X1, X2 HAL: YRS T ifvas faarer & don v, v e URMA™E 9 $&ifm 371 2|

WﬁFm—%kx@: %mvz (1)

3T H Fxe — %k'X22 = %mv‘z e (2)

T Rfodi # RINA 9 I3 © | A F = kx TR 997 31fdwad &1 SR (Armasel W)
gD 918 SIAMI BT HaA B

F = kx1 = (4k)x2
L kX
T4
(2) # ufcreemuq ¥ :
2
Pa 1w [
4 2 4
1 1 ’
= ) [FX1—§kX12]— mv'2 (3)
(3)/(1) WIS =T U= &H YT Bl B
|2
L_v = Vv'=~ Ans
4 2
Sol(2). Vimax =V = Ao = — K
K\Ym
v=aw=" KV ans,
K\Ym 2

3_# Two point masses m1 and mz are fixed to a light rod hinged at one end. The masses are at distances /1
and /2 respectively from the hinge. Find the time period of oscillation (small amplitude) of this system in
seconds if m1 =mg, £1 =1m, /2 = 3m.

31 fIsg SE my T M2 U Bedl BS WR IS U © U4 B8 T R W fdhafdd & | mqden me feafda
g & AR /1 T (2 T R RId 2| 39 FH & IIed &1 Maddlal Hhvs H A BRI | (3TIH 3T
AY) JfE my=m2, /1=1mM 3R /2=3m & |

m,
m,

Ans.
Sol.

T

mxg
Net restoring torque about O O & AU H TITIA T

=mig (1 SiNO + mzg f2 sin® = (M1/1 + m2/2)g Sind

for small oscillation ®1¢ grai & foTv sind ~ 0

= Trestoring = (m1£1 + mzfz)ge

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 200 2244 | 1800 258 5555 | CIN: U0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Simple Harmonic Motion ~

compare with t=C0 I ol & W

= (M1 + M2/2)g
(my¢2 +m 62
T=2n 17 22)
(Mmyly +myly
4. # A solid sphere (radius = R) rolls without slipping in a cylindrical vessel (radius = 5R). Find the angular
frequency of small oscillations of the sphere in s='. Take R = % m and g = 10 m/s2. (axis of cylinder is
fixed and horizontal)
T&H o el (a1 = R) U doq (a1 = 5R) # 991 el gedar | o1 Mal & 3fcd Qladl &l
Bl amgiy s'4 o # | R = %m?&ﬂg:Wm/SzEﬂﬁlﬁl (@ BT 31e Rer &R aftrst 7))
: 5R
1
&)
|
|
|
Ans. 5
Sol. For pure rolling to take place,
v=Ro
®' = angular velocity of COM of sphere C about O
v Ro _o
T4R 4R 4
do' 1do , o
—_— o = —
dt 4 dt 4
a .
or o= R for pure rolling
where, a = gsin® _ 5gsin®
I 7
1+ 5
mR
as, I= ngZ
5
For small 6, sin® 0, being restoring in nature.
o= -9 g
28R
f 59
28R
g gE dre T a% fer,

v =Ro

® =T & COM &1 O & uRa: SIoig I

_ Roe
4R
do’

v
" 4R

()

gsin®

_ 5gsin0

1

1+
mR?

7

/\

Educating for better tomorrow

Resonance”®

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 200 2244 | 1800 258 5555 | CIN: U0302RJ2007PLC024029

war Road, Kota (Raj.) — 324005 \



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Simple Harmonic Motion ~ H—

5.#

Ans.
Sol.

4 I=§mW
39 0 B Y sind Ogiﬁﬁﬁ(ﬂ'ﬁ?ﬂ =

o = —EO 59
28R \A 28R

A particle of mass m is suspended at the lower end of a thin rod of negligible mass. The upper end of
the rod is free to rotate in the plane of the page about a horizontal axis passing through the point O.
The spring is undeformed when the rod is vertical as shown in fig. If the period of oscillation of the

9mgL

and

system is n\/%, when it is slightly displaced from its mean position then find n. Take k =

g = 10m/s?.

Th m SHIE BT HU 9T SIHE B Udell B & ad RR A dcdl 2| B8 & FUN RRT B &
Ta 7 O g & wiRa &t o1 @& \er e o & fog W= 2| fRETgeaR o9 s SR Refay #
g @ R saeiifea 21 afe 59 ar=arasen | s favenfid oxe ©is fear 9 a1 &1 &1 fd WRal

Jmad WA g T Jrele & Maddid % 2 Al NS Bk = 9r;12gL qAT g = 10m/s2 efor |

25
When the small angular displacement Given to rod

W9 B B oy drofi fawems & smar 2—
(0]
111

S
mg sind
mg
for small displacement ®IC fazemus & ford
X=/sin®
kx = k¢ sin 6

Torque about point O = loa
g O a& gyl = Lo,
(kx) £ + mg sin® ¢/ =mL? a
(k€2 +mgL)sin6
mL2

Forsmall@ <@g 03 for

2
o _l:k€ +mgL} 0

o=

mL?

mL? L
Time period 3mad@Tad T = 21 ————— = M|
k¢ +mgL 25

/\
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Simple Harmonic Motion ~

6.#

Ans.

Sol.

/\g

If velocity of a particle moving along a straight line changes sinusoidally with time as shown in the given
graph. Find the average speed over time intervalt =0to t = 2 (2n — 1) seconds, n being any positive

integer.

IR W @ B FIR A PRI B T 9N FHI B WA AT (sin) B d wU A FrEAgER gRkafid
BAMEMt=0Jt=2(2n—1) A & IR FHU & Fd dTal T BN, ST&T n B W gHAS Yol

.=
\ A
4dm/sT
2s Bs t
4s 8s
-4m/st
§ m/s
T
Method -1
total distance travelled S
Average speed = , =
total time taken 2 (2n-1)

Here At=2(2n—-1)=4n-2=4(n—-1)+2
From the graph it is clear that the Time period T = 4 sec.
AM=(n-1)T+ g
Total distance travelled in one time period is = 4A
where ‘A’ is amplitude
Total distance travelled in At is
S=(n-1)4A+2A=(2n-1) 2A
_(2n-12A A 2n

and oA = Vmax = 4 =
2(2n-1)
= A= § <V> = E m/s Ans.
T T

Method -2

—A=4
4

It can be observed from the graph, that average speed in time interval t = 0 to t = 2 sec is same as that

inintervalst=0tot=4sec.,,t=0tot=8sec.,t=0tot=12 sec............

ort=0tot=2(2n-1) seconds
The speed as function of time is

V= 4sinﬁt =|4 sin ﬁt = 4sinn—t
T 4 2

The average speed in time interval
t=0tot=2secis
2 2 t
Ivdt j4sinldt
2 8
0
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Simple Harmonic Motion ~ H—

Sol.

7.4

Method -1
Ifrad a1e = oo T = S
form w1 | @ 2 (2n-1)
T8 At=2(2n—-1)=4n-2=4(n—-1) +2
% F 3Mad Bl T = 4 sec.
At=(n=1)T+ L
2

T AT Bl H ol a9 U = 4A

JEf A AT R |
ATH H B T
S=(n-1)4A+2A =(2n—1) 2A

>=M=A eI 0A =Vmax=4 = 2—T‘A=4
2(2n-1) 4
= A= § <V> = § m/s Ans.
Y T

Method -2
YH I T AT & [P t=0T t=2JPhUs TP NNId AT I NRA t=0F t=4IJPvs t=09 t = 8,

t=09t=12 JPpvs TP &I AT T & T 2 |
I t=0¥t=2(2n-1) 4FHvs
IHI & Hd | At

V= 4sin@t =|4 sin Et = 4sinn—t
T 4 2

FHATRTS # Ad ATl

t=0" t=2sec
2 2 t
jvdt j4sin1dt
2 8
V:O =0 =—m/S
2
2 o

[

0

Two simple pendulums A and B having lengths ¢ and ¢/4 respectively are released from the position as
shown in figure. Calculate the time after which the release of the two strings become parallel for the first
time. Angle 6 is very small.

Tl O dAlddl A 9T B & oS /9 /4 ® @l o ¥ ysfRia Rafd & oisr 9idr g1 BieY & 916 98
A ST H OfF QA1 TR Gl IR FHR B B | IO 0 98 B 37T B

Ans.

w3
)

/\
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Simple Harmonic Motion ~ H—

Sol.

Ans.

The angular position of pendulum 1 and 2 are (taking angles to the right of reference line xx'to be
positive)

IR ArABl 1 721 2 1 Hrofrg Rerfadt (e @1 xx' A SR TRE DIV gAHSD 2)

61=6cos(?tj [where &1 T = 27:\/7]
62 = — 0 cos 2—nt = COS E‘Hn
T T

For the strings to be parallel for the first time
Ugel IR IRAE FHRR B W

01 =02

ordr  cos ﬂ’[ = COS E’H—TE
T T

ﬂt_Zn Et+Tt
T T

forn=0,t=£€%%{q

T 3T
forn=1,t= —, — &
6 2 fere

Both the pendulum are parallel to each other for the first time after t = % = % \/g Ans.

qﬁw@aﬁ%ﬁwg@@wﬁwwt:%:g\g Ans.

A particle of mass ‘m’ is moving in the x-y plane such that its x and y coordinate vary according to the
law x = a sin ot and y = a cos o t where ‘@’ and ‘o’ are positive constants and ‘t’ is time. Find

(a) equation of the path. Name the trajectory (path)

(b) whether the particle moves in clockwise or anticlockwise direction

(c) magnitude of the force on the particle at any time t.

X-y T H m ST H HU 39 JHR el & 6 s98 x qan y fAcenie s x =asin ot 2 y = a
cos ot @ IIFAR URafild 8 2 | J&I ‘a’ AT ‘o’ T°HS ReRTH qAT ‘t T © | T BRI

a) 9 BT FHIHRYT qAT A4 |

b) @or amrad faem § wfy Hm A <féromad feem § Wiy e ?

C)t I W U W HRIRA qc ?

a) X2 + y2 = a2, circle g

b) The particle moves in clock wise sense. &vT gfeomad fem # wIfy FH=ar 2 |

)

(
(
(
(
(
(c)The magnitude of force a1 @1 URHATT = m \/m = me?a

/\
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Simple Harmonic Motion ~ H—

Sol.

Sol.

o.#

(a) x2 + y2 = a2 (sin? wt + cos? wt) = a2
Hence the particle moves in a circle of radius ‘a’ with centre at origin.
(b) Att =0 sec, x =0 and y = + a. Hence the particle is at P as shown in figure.

y
P

A
NI

As 1" increases X’ increases and ‘y’ decreases
The particle moves in clock wise sense.
(c) The X’ and 'y’ components of acceleration are
d?x o
A= — =— X ;ay= —g/ =—wly
dt dt

The magnitude of force = m ,/af +a; = me?a
(@) x2 + y? = a2 (sin? ot + cos? ot) = a2

3 BYT ‘a’ BAredn drel g WR Al B
(b) 3T t=0sec, Rx=03R y=+a?| 3 &7 g §PfIg = &
y

P

9t gedl § Al X 9gdl ® d1 'y Uedl &

I7d: BT Sf&oTad Y BRI

2 2
(c) @R & X TAT ‘y USH ax = (;T: =—@’X;ay= gy =—?y

dt?
g BT GROMA =m,fa§+a§ = me?a

Two non-viscous, incompressible and immiscible liquids of densities p and 1.5 p are poured into the
two limbs of a circular tube of radius R and small cross—section kept fixed in a vertical plane as shown
in fig. Each liquid occupies one—fourth the circumference of the tube.

] o, SISy T gl &4 f5iat g+ p A1 1.5p B R a1 qon e 1 uRel dic &%
DI FHEER ol § AR W 8 | TS «d Toll Bl <rs IRE § W1 5 |

(a) Find the angle 6 that the radius to the interface makes with the vertical in equilibrium position.

DIV 0 TG B SIfd QAN &9 B A arel) e Safer & g9 2|

(b) If the whole liquid column is given a small displacement from its equilibrium position, show that the
resulting oscillations are simple harmonic. Find the time period of these oscillations.

IS FROl w9 PI ATITERAT F ¥ fawenfia ax R S @1 g w91 6 aRumdt Srem wRa gy 8|
g1 Il Bl 3faddld Sd BRI |

/\
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Simple Harmonic Motion ~ H—

4 (1 /R
Ans. (a)tan 1(3} (b) 2n 511

Sol. (a) In equilibrium, pressure of same liquid at same level will be same.
AFATIRIT § FHM W, IR 99 aRd BT G G99 81T
Therefore g4Iy, Pi=P>
ordl P+ (15pgh1)=P+(pgh2)
(P = pressure of gas in empty part of the tube)
(P = @Tell Fell # 9 &1 19)
1.5hi=hz
1.5[Rcos6—-Rsind]=p (Rcosd + R sing)
or Il 3 cosH — 3 sind = 2 cosh + 2 sind
or Il 5tand =1

1.5p
(b) When liquids are slightly disturbed by an angle 3. Net restoring pressure AP = 1.5 pgh + pgh This
pressure will be equal at all sections of the liquid. Therefore, net restoring torque on the whole liquid.
(b) ST TRA Bl &b ¥ PPV § AT B © AT Fo YA @R AP = 1.5 pgh + pgh 8 I8 3@

T H F IR H U A BT | 31 TR TR Gl T TATeol

h = R sin (6+p) — Rsin0
©=—(AP) (A) (R)
ordr, t=-2.5pgh AR
=—2.5pg AR [R sin (6 + B) — R sin6]
=—2.5pg AR2[sin0 cosp + sinp cosO — sind]
Assuming cosp = 1 and sinf = B (given, B is small)

AT cosp =1andsing=p (a1 8, p ®BIe1 8 )

t=—(25pAgR?cosh)p

or Il Io =—(2.5pAgR2cos0)B  .ccvenen. (1)
/26 1
0
5
Here, It I=(m1+mz2)R2
nR nR
=[(? .A)p+[?j.A(1.5p)]R2

-(1.257R%p) A
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Simple Harmonic Motion ~ H—

and 3R cos0 = =0.98

5
J26
Substituting in equation (1), we have

FHBRT (1) § @ A UTd 81T

= —w = angular acceleration ®IvfF @RT cc—angular displacement Tofia faRema=

As angular acceleration is proportional to — 3, motion is simple harmonic in nature.

31 BIvfi @ROT — B, B FAGURI B, $ATGY 1T TR amaad fy 8f |

T=2n E =27 i
o \16.11

10.# Two identical balls A and B, each of mass 0.1 kg, are attached to two identical mass less springs. The
spring—mass system is constrained to move inside a rigid smooth pipe bent in the form of a circle as
shown in the figure. The pipe is fixed in a horizontal plane. The centres of the balls can move in a circle
of radius 0.06 m. Each spring has a natural length of 0.06® metre and spring constant 0.1 N/m. Initially,
both the balls are displaced by an angled = =/ 6 radian with respect to the diameter PQ of the circle
(as shown in fig.) and released from rest.

FAM gedE 0.1 kg B &1 9®Y Iq A9 B 31 FHM SIAFEN RS A Sl 2 | B gedH M te
JAI G TP el H FRETgAR 1A 3R FHal © | Toll &S a8 3 Seaq 2 | -1 &1 o= 0.06 m =
F gad H A PR FHA 2| TIS B B A dF=Ts 0.06n Hiex dn R g9 s 0.1 N/m g |

IR H T e 0 = /6 ISIT BT A PQ A & Arvel faRenfid &1 ot 8 den Rermaven | srel S
EARGEELRIN)

(i) Calculate the frequency of oscillation of ball B.

g B <ol A SmgRy S B |

(i) Find the speed of ball A when A and B are at the two ends of the diameter PQ.
g A aTd SId BRI, O QA 3G A PQ @ i1 RRT WR el 2 1

(iiiy What is the total energy of the system? &I &1 ol Joll &1 87

Ans. ()f= s ;4X0'1 = le (i) V = 0.0628 (iii) 3.9 x 104 J
2n 0.1 T

Sol.  Given — Mass of each block A and B, m = 0.1kg
Radius of circle, R = 0.06 m
f&ar a1 8 — A% «ifd A 91 B BT g9, m = 0.1kg
g @1 a1, R = 0.06 m
Natural length of spring /o = =R = 0.06 = ( Half circle )
and spring constant, k = 0.1 N/m
In the stretched position elongation in each spring
x=R6.
Let us draw FBD of A
BT @ | 1 (o = R = 0.06 7 (3T I )
3R R Fdi® L k = 0.1 N/m
fawaRa sraxen ¥ yxe R # fawr
x=R6.
A &1 FBD 99 &
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Simple Harmonic Motion ~ H—

Spring in lower side is stretched by 2x and on upper side compressed by 2x. Therefore, each spring will
exert a force 2kx on each ball.
Hence, a restoring force, F = 4kx will act on A in the direction shown in figure.
Restoring torque of this force about origin
Jel A B R 2x 9 fRaiRa den W @1 Ry 2x 9 wiifed g8 B, s9fel ] R uRe e W
2kx 99 AR BT |
34 AR YA 9, F = 4kx A R fawms 18 fwm 3 &l & |
Fd a5 & IRa: T 9 I HT Mol
t=-F.R =-(4kx) R = - (4kR0) R
or A 1=—4kR2.0 ......... (1)
Since, t « —0, each ball executes angular SHM about origin O.
Eq. (1) can be rewritten as
(P, 1 oc -0, TP V7 o 5 O & uRa: IV WA 3fad i Rl |
THHR (1) BT 791 TpR forar s waar -

lo.=—4kR2 0
or a1 (mR2 )a =—4kR20
ordm o =- (ﬁje
m
. Frequency of oscillation gre 311'2[1%{ ,f= i a.lcceleratlon | T | = i g
2n \||displacement| \||fremm| ~ 21 \[|6
fo 13k
"2 \m
Substituting the values, we have #19 @9 W
(1 [ax0d 1
21 0.1 o
Alternate dafT®: fo —— |
2n \ p
where T8l K =2k, p= —M2 M
my+m, 2

1 |4k 1 4x0.1 1
f=— ,|— = — = —Hz
2n \'m 2n 0.1 T

(i) In stretched position, potential energy of the system is

fawaRa srazen # g & Rafaw ot

PE=2{%k}{2x}2=4kx2 (x:%]

and in mean position, both the blocks have kinetic energy only. Hence,

areg Rerfd § ST s & UT9 dad Tfasl ol B0 | 37a:

KE =2 { % MV2max } = MV2max

/\
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Simple Harmonic Motion ~ H—

11.#

Sol.

From energy conservation
Foll wxev 9 |

PE = KE

4kx 2 = mv2max

Vmax = 2X\/K = ZRQ\/K
m m

Substituting the values A9 @ W

Vmax = 2 (0.06) (n/6) % =0.02n
or I Vmax=0.0628 m /s
(iii) Total energy of the system, E = PE in stretched position
e @ | o, E = PE faw=Ra sre=en 4

or A1 = KE at mean position KE #reg Rerfa w

E=2(%mv,2naxj=(0.1)(0.0628)2J or  E=39x10-4J

Two light springs of force constant ki and k2 and a block of mass m are in one line AB on a smooth
horizontal table such that one end of each spring is fixed to rigid supports and the other end is free as
shown in the figure. The distance CD between the free ends of the spring is 60 cm. If the block moves
along AB with a velocity 120 cm/s in between the springs, calculate the period of oscillation of the block.
(k1 =1.8 N/m, k2 = 3.2 N/m, m = 200 g)
AR ki T1 ke 91 6 &1 &1 Sed! BT T m SIAM BT <dfd Fd &fds <oa IR Tdh ¥l
AB R e Rerd 21 ST R8I & U RIR Sisaq @ do1 sax1 RiRT ga 2 | &1 o RRi @@= 3
T CD =60 cm & | I <P &I Y& AB & g 120 cm/s &1 I &A1 IR @1 i & Qlas &l
JMacrdrad T B | (k1 = 1.8 N/m, ke = 3.2 N/m, m = 200 g)

[«—60 cm—>

k N

. Y
N\eN >
\ \"%

A/777777771C!7 >/‘/\//\ [1o/7/777777,.8

K,

Ans. 282s

Between C and D block will move with constant speed of 120 cm/s. Therefore, period of oscillation will
be (starting from C).

Cden D& 4/ &l 3FaR @l 120 cm/s. | TIHM B, 37c: &l @l 3fad Bl (C ¥ Yo B 8Y)

T T
T=tCD+?2 +tDC+E1

Here J&8f | T+ =27:\/E and 3R To=2n m
K, ks
CD 60
and 3R tco=toc= — = — =055
I T 120
T=0.5+2—TE % +0.5+2—TE E
2 \3.2 2 \1.8
(m=200g=02kg)
T=282s

/\
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Simple Harmonic Motion ~ H—

12# Two wheels which are rotated by some external source with constant angular velocity in opposite
directions as shown in figure. A uniform plank of mass M is placed on it symmetrically. The friction
co-efficient between each wheel and the plank is p. Find the frequency of oscillations, when plank is
slightly displaced along its length and released.

RETgAR M g9 & q9%y el &afasl 9o qafd w0 9 a1 fquid feen 4 fFraa srofy a1 | &

98 RS §RT FAd 8Y URAl R @ g | I URA Tl T b Hed "YO YONSG y T | ARG T@ bl
TSB! oTHIg B I3 fAwnfia oxe Bl &A1 SR 1 qadl &1 |le WA BT 3fMacddbiel 9d B |

| |
(E) @
Ans. 2=n i
\IHQ

I 2¢ |
Sol.  If plank is displaced by x toward right then

I wie B TR SR x favenfid &= < @

N,
4 ¢ +X { —X

S, S,
< 7 < 7

A Q’ﬂ f\( B

Let N1, N2 and fi, f2 are Normal and friction force at Point A and B
by force balance
AT N1, N2 @1 f1, f2 31f¥er= q2m g9o7 9 fd5 AT BWR & |

N1 + N2 = Mg —(1)
and Torque balance ~ FaTgEl Fga ¥
Mg (f+x)=Nax 20 ——(2)
by equation (1) and (2) FH1&R (1) F (2)
Ny = Mg _ Mgx No = Mg | Mgx
2 20 2 20
Soard: f = | M9 _Mox
2 20
and 3R fa=p Mg , Mgx
2 20
F.B.D of M M® ¥ 3. .
f, f,
— <«
| | VA
fo—f1 = Ma
2Mgx d?x
. =Ma=- —.
H- dat?
2
L fx_ oo
dt? 4

= Time period 3Mad®HTA = 21 -

ng
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Simple Harmonic Motion ~ H—

13.

Ans.

Sol.

The Cubic Potential : Consider a particle of mass m moving in one dimension under the influence of
potential energy
2.2 3
u(x) = mo™x” o OX
2 3
Here o, 6 and a are real and positive.

(a) Sketch typical plots of u(x) and identify extrema if any.

(b) Consider the case where (in appropriate units) we have m =1, o = \/5 a =1 and & = 1/2. Sketch

the potential energy u(x). If the total energy of the particle moving in this one-dimensional potential is

E = 0 (in same units), discuss the motion of the particle in terms of allowed regions, boundedness and

periodicity.

¥ fd9a (Cubic Potential) : m S &1 T& &1 od &, ol Rafast o1t u(x) @ uwa § ga fad
A BT B |

2,2 3

u(x) = mo™" o ox

2 3

TEl o, 5 AAT a IS T4 AP 8 |

(a) u(x) @1 T IRRIT PR TI AT PIS o=A & AT I

(b) THRUT ofd SEf m =1, 0 =2, 0 =17 §=1/2 % (SUYa faar #) | Rafds Fa1 u(x) ST IR
FINY| Ife 59 U i fova & iRl &9 @1 g ol E = 0 2 (99 AFS H) | ad IR,
gRegdl Ta Agfd (regions, boundedness and periodicity) & Y&l # &1 & A $I FHSISY |

3-\3

(b) between x =0 and x = — Uis (—ve). So, K.E. is +ve.

x=071Td x = # # Heg U FOaHS © | 37 TTfaol ol g9IeHd 8 |
2,2 3

(a) U(x) = 1@ X —5x—%

U'(X) =—ax?+ me?x -5

AU(X)

> X

if @D <0.m2o*—4as <0.
u(x)

\<

/\
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Simple Harmonic Motion ~
D>0, m2w*—4as>0.

AU(X) Au(x)
,X
3
_y_ X _ X
(b) U(x) = x > 3
1
’ =—X2 42X — —
U’ (x) X2 + 2x >
D=4—4xl=2
2
u(x)
/\ Y

<

U=0
%‘(2x2—6x+3):0
6+ 12

4

3+43

2

01

x =0,

between x =0 and x =
3-8
2

So, this the only allowed region.
31T Ba T8 AFAT URE B |
The particle will oscillate between these two points periodically.

FU1 349 <1 fagall & #e ofrad wU 9§ QAT PR |

. Uis (—ve). So, K.E. is +ve.

3-8
2

Xx=0Td x = H e U SROTTaHS & | 37d: Tl $Holl ge1cqd © |

14.

> X

Two blocks of masses m, = 1.0 kg and m, = 2.0 kg are connected by a massless elastic spring and are

at rest on a smooth horizontal surface with the spring at its natural length. A horizontal force of constant
magnitude F = 6.0 N is applied to the block m, for a certain time t in which m, suffers a displacement

Ax, = 0.1 m and Ax, = 0.05 m. Kinetic energy of the system with respect to center of mass is 0.1 J. The

force F is then withdrawn.

F—> m, [0000038) m,

T
X

X

1 2

(a) Calculate t.
(b
(c) Calculate the energy stored in the system

) Calculate the speed and the kinetic energy of the center of mass after the force is withdrawn.
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Simple Harmonic Motion / H—
mi=1.0kgd mz =20 kg STIH & qA H FIAFEA TART RUT gRT WIS gY a2 R @ urpfas
T=E q Y e R H fRmmERen # e &8s 998 W W gU B m, T9EE & U «ie i) AReEd
99 t 3 foy e o aRAmn &1 &S 99 F = 6.0 N aRIT fhar oran &, R m, 7 favemos
AX, = 0.1 m TAT Ax, = 0.05 m B B | STAH = & A& e &1 9fds Soit 0.1 J B | 39 ggarq
F el faan o 8 |

F—> m, [0000008) m,

(a) t B IO HIFAY |

(o) ¥ BCM @ 91 SHAM D& DI ATl AAT ISl SHofl Bl IT0ET HIFY |

(c) ara # dfaa St & T BT |
Ans. (a) 0.26s
(
(

b) 0.52 ms-, 0.40 J

c) 0204
Sol. (a)t= \/2(”‘1“‘;”‘2“2) _0.26s
2F(m;AX; + myAX
(b) Speed =TeT = V2F(MiAX; + MaAxe) = 0.52 ms-
m, +m,
Kinetic energy TSt St = F(MyAx; +MpAXp) 0.40 J

m, +m,

My (AXy —AX;)
m, +m,
My (AXq — AXp)
m, +m,

(c) Kinetic energy w.r.t. CM + Energy stored = F=020J

T B b ATUE TS Holl + Fferd ol = F -0.20J

Iferd Soif = 0.10 J
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Simple Harmonic Motion ﬂ—

HANDOUT SIMPLE HARMONIC MOTION

DAMPED SIMPLE HARMONIC MOTION
We know that the motion of a simple pendulum, swinging in air, dies out eventually. Why does it
happen ? This is because the air drag and the friction at the support oppose the motion of the
pendulum and dissipate its energy gradually. The pendulum is said to execute damped oscillations.

In damped oscillations, the energy of the system is x

. . . Rigid support
dissipated continuously; but, for small damping, the EIC SupP
oscillations remain approximately periodic. The dissipating
forces are generally the frictional forces. To understand Spring
the effect of such external forces on the motion of an
oscillator. Let us consider a system as shown in figure Ll
below, here a block of mass m connected to an elastic o - Block
spring of spring constant k oscillates vertically. If the block .
is pushed down a little and released, its angular frequency ¢ ', Surrounding

Jel ". medium
of oscillation is o (o= ,/— ).However, in practice, the I
m
surrounding medium (air) will exert a damping force on Figure 1: The viscous surrounding medium exerts
. X a damping force on an oscillating spring,
the motion of the block and the mechanical energy of the eventually bringing it to rest.

block-spring system will decrease. The energy loss will
appear as heat of the surrounding medium (and the block
also)
The damping force depends on the nature of the surrounding medium. If the block is immersed in a
liquid, the magnitude of damping will be much greater and the dissipation of energy much faster. The
damping force is generally proportional to velocity of the bob. [Remember Stokes’ Law] and acts
opposite to the direction of velocity. If the damping force is denoted by Fq4, we have

F, =-bV
where the positive constant b depends on characteristics of the medium (viscosity, for example) and the
size and shape of the block, etc. This equation is usually valid only for small velocity. When the mass m
is attached to the spring and released, the spring will elongate a little and the mass will settle at some
height. This position, shown by O in Figure 1, is the equilibrium position of the mass. If the mass is

pulled down or pushed up a little, the restoring force on the block due to the spring is l”:s =-kX where X
is the displacement of the mass from its equilibrium position. Thus, the total force acting on the mass at
any time t, is F = —kx —bv . If a(t) is the acceleration of mass at time t, then by Newton’s Law of Motion
applied along the direction of motion, we have m a(t) = —kx(t) — b v(t)

Here we have dropped the vector notation because we are discussing one-dimensional motion. Using
the first and second derivatives of x (t) for v (t) and a (t) respectively, we have

2
‘;tﬁm%wx:o ..... 0

Equation 1 is a second-order linear differential equation and its auxiliary equation is mr2 + br + k = 0.

The roots are
o= —b+x/b2—4mk —b—+/b®> —4mk

ns—— . 2
! 2m ? 2m &)

We need to discuss three cases.
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Simple Harmonic Motion ﬂ—

CASE | : b2 - 4mk > 0 (overdamping)
X A X A

—~

0 t 0 M
In this case r1 and rz are distinct real roots and x =b,e™ +b,e*

Since b, m, and k are all positive, we have Jb? —4mk < b, so the roots r1 and r2 given by Equation 2
must both be negative. This shows that x — 0 as t — «. Typical graphs of x as a function of t are shown
in above figure. Now Notice that oscillations do not occur. (It's possible for the mass to pass through the
equilibrium position once but only once.) This is because b2 > 4mk means that there is a strong
damping force (high-viscosity oil or grease compared with a weak spring or small mass.
CASE Il : b2 — 4mk = 0 (critical damping)
This case corresponds to equal roots

f=rn=——

2m

and the solution is given by

X = (b1 + bat)e-(2mt
It is similar to Case |, and typical graphs resemble those in above figure, but the damping is just
sufficient to suppress vibrations. Any decrease in the viscosity of the fluid leads to the vibrations of the
following case.
CASE Il : b2—4mk < 0 (underdamping)
Here the roots are complex:

rl} = _b o'l
r, 2m
2
Where o'= Ler 5
m 4m
The solution is given by
x = e-(02mt(h; cos w't + b2 sin w't) = Ae-2mt cos(w't+¢)
We see that there are oscillations the are damped by the factor X
e-(02mt Since b > 0 and m > 0, we have —(b/2m) < 0 so e-(¢2m}t
— 0 ast —» . This implies that x - 0 as t —» « ; that is, the
motion decays to O as time increases. A graph is shown in
figure.
Now the mechanical energy of the undamped oscillator is 0
1/2 kA2, For a damped oscillator, the amplitude is not constant o
but depends on time. For small damping, we may use the same
expression but regard the amplitude as A e-2m,

—(b/2m)t

x =Ae

E(t) = %k/kze*"”m ..... (4)
Equation shows that the total energy of the system decreases exponentially with time. Note that small

damping means that is (%j much less than o. Of course, as expected, if we put b = 0, all equations

of a damped oscillator in this section reduce to the corresponding equations of an undamped oscillator.
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Simple Harmonic Motion ﬂ—
Quality Factor or Q value:

Practical applications require consideration of the quality of the oscillator, Q, which specifies the ratio
of total energy, E, to the energy loss, AE, over one complete oscillation period, T:

E
= Zn_
Q AE|
o'
Q= 20)y
2
where o'= k_b and my=£
m 4m?2 2m

In the limit of zero damping, the oscillator experiences no energy loss, and Q — oo. In the limit of small
damping, the quality of the oscillator can be approximated by

®
Q“Z—
Oy

Combining these two results provides a handy formula for the energy loss during a complete oscillation
period of weakly damped motion:

4o,
|AE|=EE=E Y where ® = X
Q ® \Jm

Example 1. For the damped oscillator shown in Figure the mass m of the block is 200 g, k = 90 N m~ and
the damping constant b is 40 g s~1. Calculate (a) the period of oscillation, (b) time taken for its
amplitude of vibrations to drop to half of its initial value and (c) the time taken for its mechanical
energy to drop to half its initial value.

Answer : @ The time period T from Equation. is given by
T:Z—T:Lzossec
® 5— b2
m 4m?
(b) Now, from equation, the time, T12 for the amplitude drop half of its initial value is given
by
A (t) - Aefbt/Zm
_bTy»
%: Ae 2 = T,,=2MN2 _g93s
(c) For calculating the time, ti2, for its mechanical energy to drop to half its initial value we
make use of equation from this equation we have.
E( Ny E(0
E(tllz): ( ) — E(O)e bt/m — ( )
2 2
_ (n2)m _ 6.93
tip= ——= ——
b 2

This is just half of the decay period for amplitude. This is not surprising, because,
according to Equation 4, energy depends on the square of the amplitude. Notice that
there is a factor of 2 in the exponents of the two exponentials.

2

Example 2. Show that the system % + 3—): +3x =0 is underdamped, find its damped angular frequency
t
Solution : m=1,b=1,k=3
b2 < 4mk

So, the system is underdamped

2
as= (L g jﬁ

m 4m? 2
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Simple Harmonic Motion ﬂ—

FORCED OSCILLATIONS AND RESONANCE
When a system (such as a simple pendulum or a block attached to a spring) is displaced from its
equilibrium position and released, it oscillates with its natural frequency o, and the oscillations are
called free oscillations. All free oscillations eventually die out because of the ever present damping
forces. However, an external agency can maintain these oscillations. These are called force or driven
oscillations. We consider the
case when the external force is itself periodic, with a frequency wd called the driven frequency. A most
important fact of forced periodic oscillations is that the system oscillates not with its natural frequency
o, but at the frequency wa of the external agency; the free oscillations die out due to damping. A most
familiar example of forced oscillation is when a child in a garden swing periodically presses his feet
against the ground (or someone else periodically gives the child a push) to maintain the oscillations.
Suppose an external force F(t) of amplitude Fo that varies periodically with time is applied to a damped
oscillator. Such a force can be represented as,

F(t) = Fo cos @d t
The motion of a particle under the combined action of a linear restoring force, damping force and a time
dependent driving force represented by Equation is given by,

m a(t) = —k x(t) — bv(t) + Fo cos wd t
Substituting d2x/dt? for acceleration in Equation and rearranging it, we get

mdz—X 4 bd—x+ kx=Focose®et . (5)
dt? dt

This is the equation of an oscillator of mass m on which a periodic force of (angular) frequency wd is
applied. The oscillator initially oscillates with its natural frequency ®. When we apply the external
periodic force, the
oscillations with the natural frequency die out, and then the body oscillates with the (angular) frequency
of the external periodic force. Its displacement, after the natural oscillations die out, is given by

x@t)=Acos (wst+o¢) (6)
where t is the time measured from the moment when we apply the periodic force. The amplitude A is a
function of the forced frequency wd and the natural frequency o. Analysis shows that it is given by

A= AN U (7)
2
\/(mz ((DZ —0)5 ) +de sz
and  tang = —0
®gXo

where m is the mass of the particle and vo and xo are the velocity and the displacement of the particle at
time t = '0, which is the moment when we apply the periodic force. Equation (7) shows that the
amplitude of the forced oscillator depends on the (angular) frequency of the driving force. We can see a
different behaviour

of the oscillator when wq is far from o and when it is close to o. We consider these two cases.

€) Small Damping, Driving Frequency far from Natural Frequency : In this case, wd b will be much
smaller than m(w? — w?4), and we can neglect that term. Then Equation. (7) reduces to
F
A= ° (8)
2 2
m(o) -y )

Figure (3) shows the dependence of the displacement amplitude of an oscillator on the angular
frequency of the driving force for different amounts of damping present in the system. It may be
noted that in all the cases the amplitude is greatest when wa / ® = 1. The curves in this figure
show that smaller the damping, the taller and narrower is the resonance peak.

/\
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Simple Harmonic Motion ﬂ—

(b)

Example 3.

Solution :

Example. 4

Solution :

0 0.5 1 1.5

(3]
N

Figure. 3 The graphs illustrate equation (7).
The resonant amplitude(® = ®,) decreases
with increasing damping.

If we go on changing the driving frequency, the amplitude tends to infinity when it equals the
natural frequency. But this is the ideal case of zero damping, a case which never arises in a
real system as the damping is never perfectly zero. You must have experienced in a swing that
when the timing of your push exactly matches with the time period of the swing, your swing
gets the maximum amplitude. This amplitude is large, but not infinity, because there is always
some damping in your swing. This will become clear in the case (b).

Driving Frequency Close to Natural Frequency : If g is very close to o, m (&? — mﬁ) would be
much less than wdb, for any reasonable value of b, then Equation. (7) reduces to

I:0
wgb

A:

This makes it clear that the maximum possible amplitude for a given driving frequency is
governed by the driving frequency and the damping, and is never infinity. The phenomenon of
increase in amplitude when the driving force is close to the natural frequency of the oscillator is
called resonance. In our daily life we encounter phenomena which involve resonance. Your
experience with swings is a good example of resonance. You might have realised that the skill
in swinging to greater heights lies in the synchronization of the rhythm of pushing against the
ground with the natural frequency of the swing.

A particle of mass m is attached to a spring (of spring constant k) and has a natural angular
frequency wo. An external force F(t) proportional to cos ot (o # wo) is applied to the oscillator.
The time displacement of the oscillator will be proportional to :
m 1 1 m
D =3 @) ——— @) ——— @ ——
Wy — O m (oy—o°) m (o +®°) Wy +©

X(t) = A cos (wdt + ¢o)

Fo

\/mz (0)2 Yo )2 + w3b?
for small damping
~ R = X () = {F—O} cos(my + ¢g) Ans. (2)
[M(e® - oF)] m(e® - og)
In forced oscillation of a particle, the amplitude is maximum for a frequency w: of the force,
while the energy is maximum for a frequency w2 of the force, then :

where A=

(1) o1 = w2 (2) o1 > w2
(3) o1 < w2 when damping is small and o1 > w2 when damping is large
(4) o1 < w2

Amplitude and energy both are maximum at resonance, when driving frequency is equal to the
natural frequency of oscillation. Hence w1 = w2 = wo
Ans. (1)
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Simple Harmonic Motion ﬂ—

Example 5. If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the
period between t = Os to t = t s, then © may be called the average life of the pendulum. When
the spherical bob of the pendulum suffers a retardation (due to viscous drag) proportional to its
velocity, with 'b' as the constant of proportionality, the average life time of the pendulum is
(assuming damping is small) in seconds :

0.693 1 2
1) —— 2) b 3) - 4) —
1) b 2 3) b 4) 5
Solution: A (t) = Age~bt2m
&: Aogebr2m  — T= 2_m
e b
. . b . . —kx
In the given question — isgivenasb. |--a= ?—bv Ans (4)
m
Example 6. The amplitude of a damped oscillator decreases to 0.9 times its original magnitude is 5s. In
another 10s it will decrease to a times its original magnitude, where o equals.
(1) 0.7 (2) 0.81 (3) 0.729 (4)0.6
Solutions : A (t) = Agebt2m Given A (5) = 0.9 Ao
0.9A0 = Age()2m A(15) = a Ao
o Ao = Age=P15)2m = o =(0.9)2=0.729 Ans (3)
Example 7. Determine whether the system is underdamped, overdamped or critically damped.
2 2
i) 9% 4% 30 i) 92129 ax—o
de?  dt dt? dt
2
Solution : md—§+bd—x+kx=0
dt dt

If b2 < 4mk then the system is underdamped

If b2 > 4mk then the system is overdamped

If b2 =4mk then the system is critically damped
(i) overdamped (ii) Critically damped
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