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[ & & SIMPLE HARMONIC MOTION

Periodic Motion: Motions, processes or phenomena, which repeat themselves at regular intervals,
are called periodic.
Period & frequency: In a periodic motion the smallest interval of time after which the process
repeats itself is called period. Usually the period is denoted by the symbol 7 and is measured in seconds.
The reciprocal of T gives the number of periodic motions that occur per second and is called the
frequency of the periodic motion. It is represented by the symbol v and is measured in units called hertz.
Vv =—
T
Oscillatory motion: If a body moves to and fro on the same path about a fixed point then its
motion is called as oscillatory motion.

SIMPLE HARMONIC MOTION (SHM)

Simple harmonic motion is special type of periodic oscillatory motion in which;
(i) the particle oscillates on a straight line
(ii) the acceleration of the particle is always directed towards a fixed point on the line.
(iii) the magnitude of acceleration is proportional to the displacement of the particle from the fixed

point.

This fixed point is called the centre of oscillation or the | X
mean position. Taking this point as origin ‘O’ and the line of o . . . »
motion as the x-axis, we can write the equation of simple A O P B X

harmonic motion based on its definition as,
a=-wx
Where o is a positive constant. P is the particle, which is at a distance ‘x’ from fixed point ‘O’. a
is the acceleration which is directed opposite to the displacement and towards centre of oscillation ‘O’.
According to Newton’s laws of motion in inertial frame of reference,

a=F/m=—-o’x; m = mass of particle
S F=mo*x=—kx F =resultant force acting on the particle
F=—lx

i.e., the resultant force acting on the particle is proportional to displacement and directed towards
mean position.

The constant k = mw? is called the force constant. It is to be noted that resultant force is zero at
mean position so it is also the dynamic equilibrium position of the particle.
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EQUATION OF MOTION OF A SIMPLE HARMONIC MOTION

Now we will derive the equation of motion for a particle of mass ‘m’ moving along x-axis under
the effect of force F'=— kx. Here k is a positive constant and x is the displacement of the particle from the

assumed origin.

Vo Xx-axis
Att=0 b > >
’ (0 X0
;v n
—-— A d ' > >
Att=t (0] X x-axis

Suppose we start observing the motion of the particle at # = 0 when it is at x = xo and its velocity is
v =1 as shown in the figure.

The acceleration of the particle at any instant is

a=F/m= ix =— o’ ; where ® = 1/5
m m

dv )

— == ... (1
p 0X 1)
vav __ 2,

dx

v X
IVdV = I o xdx
Vo X0

where ‘x’ is the instantaneous position of the particle and ‘v ’ is the velocity at that instant

27 27"
s
2 2
Vo X0
vz—vg=—c02(x2—x§)

V:E=v> + © xo> — ©> X°

2
v
v=o | < +x§—x2
)

Equation (2) can be written as

v—%:cm/Az—x2 . (2

dt

2
v
where 4 = (—Oj + x5
®

=jwdt
0

h dx
;[\/Az —x?

()

X0
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. L4 X
sin! X _sin™' 22 = ot
A A
40X
Put  sin” =2=¢
A

.9 X
sin” —=(¢+ ot
A (¢+ot)
x =4 sin (ot + ¢) .. (3
. dx
and velocity; V=E= oA cos (of + ¢) .. (4)

2.1 AMPLITUDE
It is maximum displacement of the particle from its mean position.

Equation (3) gives the displacement of the particle. The value of ‘x’ is maximum when
sin (ot +¢) is maximum i.e., sin (o7 + ¢) == 1

Xmax =% A

o ‘A’ which was used as constant while deriving the equation of motion is nothing but the
amplitude of simple harmonic motion.

2.2 TIME PERIOD

Periodic functions f (¢#) with period 7' are those functions of the variable ‘# which have the
property,
fa+D=f@ - (3)

Both sin (of +¢) and cos (of + ¢) will repeat their values if the angle (of + ¢) increases by
27 or its multiple. As 7 is smallest time for repetition.

o(+D+o=0of+d+2n

ol=2r or T=—

. k
Since 0= ,—
m

T=2Tc\/g ... (6)

23 FREQUENCY AND ANGULAR FREQUENCY
Frequency is defined as the number of oscillations per second or simply as the reciprocal of time
period.

T
_ 1 [k
v—z\/; ... (7)

The constant ® is called the angular frequency. The angular frequency and period in simple
harmonic motion are independent of the amplitude.
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The quality 6 = ot + ¢ is called the phase. It determines the states of the particle in simple
harmonic motion.

When the particle is at mean position x = 0
ie.,  Asin(ot+$p)=0

ottdp=nm;n=0,1,2,3, ...

(i) considern=0; .. ot +¢=0
Sox=0
and v=m 4 cos (of + ¢) = w4
ie., the particle is crossing the mean position and is moving towards the positive direction.
(i) consider n =1
ot+td=m1
x=0
and v=-— 04
i.e.,  again the particle is crossing the mean position but now it is moving towards the negative
direction.

When the particle is at extreme position.
X = xmax

e, Asin(ot+¢)=x4

n 3%

= O+ Q)= —,—, .

(o1 +¢) 2"
* > 6=0

(2n+1)

s t+ s _09152

e, (ort )= oot
2
Considern=1; .. ot +¢ = 3—; « o 0=n
x=-4 ® 9:3_7[:
2
and y=0 * 0=2n

i.e., the particle is at extreme left and again its velocity is zero.

From above it is clear that as time increases the phase increases. An increase of 2 brings the
particle to the same status in the motion. Thus, a phase ®f + ¢ is equivalent to a phase

ot+ ¢+ 2m.
Similarly acceleration of the particle is given by
d2x 2 .
— = —0“Asin(ot +
o (ot +¢)

It is zero when phase (of + ¢) = 0 and maximum (w’4) when phase (of + ¢) = [21"24-1)75‘

Graphically the variation of position, velocity and acceleration with the phase is shown below.
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2.5 PHASE CONSTANT

The constant term ¢ in the equation (3) is called phase constant or initial phase or epoch of the
particle. This constant depends on the choice of the instant # = 0.

Suppose we choose ¢ = 0 at an instant when the particle is passing through its mean position
towards right (i.e. positive direction). Then the phase 0 = wf + ¢ has to be zero. Since ¢ = 0 this means ¢ =
0. So the equation for displacement becomes;

x =4 sin ot
If we choose ¢ = 0 when the particle is at its extreme position in the positive direction. The phase 6

.. T Y .
at this instant and hence ¢ = 5" Therefore equation of displacement becomes

N3

x = A cosmt

The sine form and cosine form are basically equivalent. The value of phase constant, however,
depends on the form chosen, for example,

x = A sin (ot + ¢) = A4 sin (of + /2 + ¢')

x =4 cos (ot + ¢')

Tllustration 1

Question: A particle executes simple harmonic motion of amplitude 5 ¢cm and a period © sec. Find the
speeds of the particle at (i) 3 cm from the mean position and (ii) at the mean position.

Solution: Speed of the particle at a distance x from the mean position is given by

v =ya?—x’ :27_—nx/a2—x2

2
(1) When x =3 cm, v=—nwl52— 32 =8 cm/sec.
T

(i1) At the mean position x = 0,
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v=wazﬁ.a:@x5 =10 cm/sec
b

Tllustration 2

Question: A particle executes S.H.M. of period 7 sec and amplitude 2 cm. Find the acceleration of it
when it is (i) at the maximum displacement from the mean position and (ii) at
1 cm from the mean position.

Solution: Acceleration a at displacement x is given by
a=o*x
2 2
(1) When x (amplitude) =2 cm, a = (z?nj x 2= 47; x 2 = 8cm/sec?
T

4n?

71',2

27t2

(i) Whenx =1 cm, a= [?] x1=—"-x1 = 4 cm/sec?

RELATION BETWEEN SIMPLE HARMONIC & UNIFORM CIRCULAR MOTION

The relation we are going to discuss is useful in describing many features of simple harmonic
motion. It also gives a simple geometric meaning to the angular frequency ® and phase constant ¢.

In the figure shown, Q is the point moving on a circle of radius 4 with constant angular speed of ®
(in rad/sec). P is the perpendicular projection of Q on the horizontal diameter, along the x-axis. Let us take
O as the reference point and the circle on which it moves the reference circle. As the reference point
revolves, the projected point P moves back and forth along the horizontal diameter.

;y uy

N 7

>
T>0 >0

|/

y

Y
Q 2\
O A
b | t+
w > :: (Dd) >

Let the angle between the radius OQ and the x-axis at the time 7 = 0 be called ¢. At any later time ¢, the angle
between OQ and the x-axis is (of +¢), the point O moving with constant angular speed ®. The
x-coordinate of Q at any time is, therefore

J

T>0

|
\
o

x=A4 cos (ot + ¢)
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ie., P moves with simple harmonic motion

Thus, when a particle moves with uniform circular motion, its projection on a diameter moves with simple
harmonic motion. The angular frequency ® of simple harmonic motion is the same as the angular speed of the
reference point.

The velocity of Q is v = @A. the component of v along the x-axis is

vy =—vsin (of + ¢)

vy =—mA4 sin (of + ¢)
Which is also the velocity of P. The acceleration of Q is centripetal and has a magnitude, a = »?4
The component of ‘a’ along the x-axis is

ax=—acos (ot + ¢)

ay = — *4 cos (ot + ¢)

which is acceleration of P.

EI ENERGY CONSIDERATIONS IN SIMPLE HARMONIC MOTION (SHM)

Simple harmonic motion is defined by the equation
F=—kx

The work done by the force F’ during a displacement from x to x + dx is
dW = Fdx =— kx dx

The work done in a displacement from x = 0 to x is
j —kx)dy=—— kx2
0

Let U(x) be the potential energy of the system when the displacement is x. As the change in
potential energy corresponding to a force is negative of the work done by the force,

U(x) - UO)==W = %kxz
Let us choose the potential energy to be zero when the particle is at the centre of oscillation x = 0.

Then U(0)=0and U(x) = % ko

k=mo?
Ux) = % mw? x? ... (8)

But x=4sin (0t + ¢)

U= % mm? A% sin® (ot+ ¢) .. 09
kinetic energy of the particle at any instant
— 1 2 _ 1 2,32 2 — 1 2( a2 2
K= omv? = 2 mfo? cost (o + §) = > mo (A2 - x2) . (10)

So the total mechanical energy at time ‘¢’ is

E=U+K
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E= L mo?A? . (1)
2
i)
— ez = iae
2 2

> \‘ U = Unuy cOS’ot

2

L] K = Kooy SIN°ot

ok y

Potential, kinetic and total energy plotted as a function of time.

E

U(x)= %moozx2

(i)

R K(x)= %mof(A2 —x2)

x=—A x=0 x=A X

Potential, kinetic and total energy plotted as a function of displacement from the equilibrium

position.

Hllustration 3

If a particle of mass 10 kg executes S.H.M. of amplitude 20 cm and period of 1 sec find (i) the

Question:
total mechanical energy at any instant (ii) kinetic and potential energies when the
displacement is 10 cm. (n? = 10)
Solution: (i) Total mechanical energy at any instant is given by
L.
E = —md o
2

2
(10 kg) (20 x10‘2m)2($j

N | =

=8J

(i) K.E. at the instant when the displacement, x is given by
1
KE.= —mo? (A% —x?)
2
when x =1 cm,

2
K.E. =%(10kg)($j (400x10~* 100 x10~*)J

=6J

P.E. at that instant = Total energy — K.E.
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EI EXAMPLES OF SIMPLE HARMONIC MOTION

5.1 SIMPLE PENDULUM

A simple pendulum consists of a heavy particle suspended from a fixed support through a light
inextensible string.

The time period for simple pendulum can be found by force/ torque method and also by energy
method.
(a) Force method: The mean position or the
equilibrium position of the simple pendulum is when
0 = 0 as shown in figure (i). The length of the string
is /, and mass of the bob is m. )
When the bob is displaced through a distance
‘x’, the forces acting on it are shown in the figure (ii).
The restoring force acting on the bob to bring it -
to the mean position is, (i)

L

F=—mgsin 0 (—ve sign indicates that force is directed away from the displacement towards the

mean position).
For small angular displacements,
Sino~0= >
[
oo mgx
[
a=-(g/hx
Comparing it with equation of simple harmonic motion; a = — ®*x
o’=g/ll = o= %
Time period 7= E:ZR z ... (12)
® g
(b) Torque method: Now taking moment of forces acting on (@)
the bob about O,
T =—(mgsin0) /
lo=—mg [ (0) ; since sinb ~ O
mlPa.= mgl 0
_ (g j
o=—-=160 f
( ! (Omg sin6 ™ mg cos6

Comparing with simple harmonic motion equation; o = — »*0

= \/g and T= EzZn\/z
/ ) g
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(¢) Energy method: Let the potential energy at the mean
position be zero. When the bob is displaced through an angle ‘0’, let its o \J
velocity be ‘v .

Then potential energy at this new position

= mgl (1- cosB) = U hI@_-f);

Kinetic energy at this instant = % m? =K

&

Total mechanical energy at this instant,
1
E=U+K=mgl (1-cos0) + 5 mv?

We know, in simple harmonic motion, E = constant.

E=0 = mgl [sin® @]vLmvﬂ =0
t dt dt
But y= @
dt
dv .
—=—@gsinf~-gb
a9 J
a=—g£
/

Time period = T'= 2n =2n \/z
® g

5.2 MASS-SPRING SYSTEM

A

Let a mass ‘m’ be attached to a massless spring of
stiffness k. Because of its weight the mass will come down
through a distance xo till it is balanced by the spring force kxo.
This position is called as mean or equilibrium position. Let the
block be at rest in this position.

mg = kxo
- mg i
or X0 P ... (1)

Now the block is further displaced by a distance x in
the downward direction as shown in figure (iii) and is left.
Forces on the block at this instant,

F=—k(xo+x)+mg

F=—kx ... (i)
This is the net restoring force acting on the block.
ma = — kx

a= —(i}c ... (111)

m

Comparing this with equation of simple harmonic motion,
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... (13)
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53 COMBINATION OF SPRINGS
Series combination: The effective spring constant of all the springs connected in series (Kerr) is given as

&

1 1

—+i+l+...
Ker Ki Ky K

K1 K?_ K3

Force exerted by each spring is same.

Parallel combination:
The effective spring constant of all the springs connected in parallel combination (Kef) is given as :

Keff: K1 +K2 +K3 +...

L K1 -
K, %,
Kz
0000000 Kz
Ks

Displacement of each spring is same in parallel combination.

If the spring of spring constant K is cut into two part in a ratio of lengths of m : n then two formed springs
have new spring constants given by

K1 _ K(mm+ n) K1 K2 i
K(mah m . n
- Kloen

Spring constant K is inversely proportional to length of the spring i.e.

K oc ; (1= natural length of spring)
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Hllustration 4

( PHYSIGS TIT & NEET

Question: A point mass m is suspended at the end of a massless wire of length L and cross-section A. If ¥
be the Young’s modulus for the wire, find the time period of oscillation for the simple

AY
harmonic motion along the vertical line. (take—L =m? )
m

Solution: Let a force F be applied to stretch the wire by a length AL. If 4
be cross-section of the wire,
L
Stress = E
A
\
Strain = AL AuL
L k3
r
Young’s modulus, Y= St e§S =ﬂ or, F=AY e
Strain AL/L L
. . AY
The restoring force due to elasticity = — TAL

Since the force is proportional to the displacement of the suspended mass, when made to vibrate,
executes simple harmonic motion.

AY
The spring factor = e

The period of oscillation 7'= 211\/E = 271',\/ m__ 2n mL_
k AY /L AY

Hllustration 5

Question: A body of mass m1 is connected to another body of mass m>
as shown in Figure and placed on a horizontal surface. The
mass m performs vertical harmonic oscillations with
amplitude 4 =10 cm and frequency @ = & rad/s.

Neglecting the mass of the spring find the maximum and
minimum values of force that the system exerts on the
surface.

(Take m1 = 6 kg and m2 = 4 kg, n2 = 10)

Solution: By compressing the spring let m; remain in equilibrium. Now the force with which the system
presses the horizontal surface is (m | + m5)g.

When m; performs vertical oscillations let it have an acceleration a at any instant, when moving
down.

the downward force due to oscillation = ma
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The maximum acceleration m; can have is ®24

where o is the angular frequency and A the amplitude.

Finax = (my + m2)g + my 0’4
By similar reasoning,

Fnin = (my + m2)g — my o°4

Frax=(6+4)x10+6 xm2x10x 102 =106 N

Fain=10x 10— 6 x> x 10x 1072 =94 N

| 6 | ANGULAR SIMPLE HARMONIC MOTION

A body free to rotate about a given axis can make angular oscillations. For example, a wooden
stick nailed to a wall can oscillate about its mean position in the vertical plane.

The conditions for an angular oscillation to be angularsimple harmonic motion are:

(1) When a body is displaced through an angle from the mean position (0 = 0; T = 0), a resultant

torque acts which is proportional to the angle displaced,

(1) This torque is restoring in nature and it tries to bring the body towards the mean position,

If the angular displacement of the body at an instant is 0, then

resultant torque on the body,

T=—k0 ... (14)
If the moment of inertia is /, the angular acceleration is
o= t=o K 0
/ /
d?o

or,

~ —=— %0 ; where ©= \/E
dt? /

Solution of equation (13) gives,

0 = 0o sin (ot + ¢)

)

.. (15)

.. (16)

where 0y is the maximum angular displacement on either side.

Angular velocity at time ‘¢ © is given by

Q= % = 0o cos (ot + ¢)

6.1 PHYSICAL PENDULUM

Any rigid body suspended from a fixed support
constitutes a physical pendulum. For example a disc suspended
through a hole in it. Figure (i) shows a physical pendulum. A
rigid body is suspended through a hole at O. When the centre of
mass C is vertically below O, the body may remain at rest. This
is 0 = 0 position.

Al

.(17)

8076546954, 8130843551
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The body is rotated through an angle 0 about a
horizontal axis OA passing through O and perpendicular to the
plane of motion.

The torque of the forces acting on the body, about the axis OA is
T =mgl sin0 ; {where [ = OC]
If moment of inertia of the body about OA is /, the angular acceleration becomes,
T mgl .
o=—-=——"-5in0
/ /
For small angular displacements sin 0 = 0

-

Comparing with o0 = — ®»?0

2n /
r'=—=2n  |— ... (18)
® mgl
Hlustration 6
Question: A uniform stick is suspended through a small-hole at the L/4 mark. Find the time period of

12
small oscillations about the point of suspension. (take L = 7m, n=+10)

Solution: Let the mass of the stick be M. The moment of inertia of the /
stick about the axis of rotation through the point of suspension

is / IL/4 =d

2 °
1= mé +md?
12

Nl

Where L = 12/7m and d = 3/7 m

. . f /
Time period=7=2n | —— =2 sec.
mgd
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6.2 TORSIONAL PENDULUM

In torsional pendulum, an extended body is suspended by a light thread or a wire. The body is
rotated through an angle about the wire as the axis of rotation.

()

The wire remains vertical during this motion but a twist ‘0’ is produced in the wire. The twisted
wire exerts a restoring torque on the body, which is proportional to the angle of twist,

To—0

T=—£k 0 ; kis proportionality constant and is called torsional constant of the wire.

If Ibe the moment of inertia of the body about the vertical axis, the angular acceleration is

T -k
a=-=—0=-0%
/ /
k
(D = —_—
/
. . 27 /
Time period T= —=2n,[— ... (19)
) k
Hllustration 7
Question: The moment of inertia of the disc used in a torsional pendulum about the suspension wire is

2000 kg — cm?. It oscillates with a period of 2s. Another disc is placed over the first one and
the time period of the system becomes 2.5 s. Find the moment of inertia of the second disc
about the wire.

Solution: Let the torsional constant of the wire be k.
T=2n LZZTC 0.2 =2 (1)
k k

When the second disc having moment of inertia /; about the wire is added, the time period is,

0.2+/
k

2.5=2n ... (i)

from (i) & (ii) ; ~ 1100 kg — cm?
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COMPOSITION OF TWO SIMPLE HARMONIC MOTIONS

If the particle is acted upon by two separate forces each of which can produce a simple harmonic
motion, the resultant motion of the particle is a combination of two simple harmonic motions.

- - -
Let r; denote the position of the particle at time 7 if the force F, alone acts on it. Similarly, let r,

N
denote the position at time ‘¢’ if the force F, alone acts on it.

According to Newton’s second law of motion,

Cl = i
az T T
2, 2
) dr, d°r, 2 2
adding them, m dt21 + dt22 =F+F,
2 5 S > - .
mdt—z(r1+r2):F1+F2 ... (1)

> o -
But F, +F, is the resultant force acting on the particle and so the position r of the particle when

both the forces act, is given by
—
d?r

(Fr +Fy) (ii)
m = =+ o1
dt2 1 2

Comparing equation (i) & (ii) we can show that

> o5 o s
r=ry+r, and v=vi+v,

If these conditions are met at £ = 0.

- -
Thus the actual position of the particle is given by the vector sum of ry & r, .

7.1 COMPOSITION OF TWO SIMPLE HARMONIC MOTIONS IN THE SAME
DIRECTION

Let the direction be along x-axis and the simple harmonic motions produced by two forces

{
)

&F, be;

-

x1= A sin ot
X2 = A> sin (ot + ¢) respectively
From above discussion, the resultant position of the particle is then,

x=x1+tx2 =A:sin ot+ A sin (of + ¢)
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Put A+ A> cosd = A cos &

A>sin g =A sin o

A= \/(A1 +A,; 08 $)? +(A, sing)?

A= JA? + A2 +2A.A, cos § .. (D)

and x =24 cos 0 sin ot + A4 sin d cos ot

x =4 sin (ot + 3) ... (20)
and, tand= % ... (21)
The amplitude of resultant simple harmonic motion is given by

A= JA? + A2 +2AA, cos § . (22)

It is maximum when ¢ =0

Amax = \I(A1 +A2 )2 =A1 +A2

It is minimum when cos¢p =—1 i.e.,p ==
Amin= (A = A,)? =4, -4
7.2 VECTOR METHOD OF COMBINING TWO SIMPLE HARMONIC MOTION

x1 = A, sin ot
x2 = A sin ((,Ol + (|)) 7 N
A

We draw a vector of magnitude 4; and another vector of
magnitude 4> making an angle ¢ with first vector as shown in the
figure. 5 (i)

5
The resultant A of these two vectors will represent the
resultant simple harmonic motion. From vector algebra,

| Al=A=\JA? + A2 + 2A,A, cOS )

A, sin¢

and tand= —=———
A +A,cosd
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Tllustration 8
Question: A particle is subjected to two simple harmonic motions

X1 = A1 sin of and x2 = A2 sin (of + ©/3)
Find (a) the displacement at7=0

(b) the maximum speed of the particle

(take A = 23 m, A, = 43m, o= Lrad/s )

721

Solution: (a) At t=0,x;=A4;sinwt=0
And x; = A, sin (of + ©/3) =

A3
2

Thus resultant displacement at = 0 is

A3

2

=6m

X=X1t+tx2=

(b) A= JA? + A2 +2AA, cos%

A= A2 + A2 + AA,

The maximum speed is

Vi = 04 = @ AZ + A3 + AA, =2mis

TWO BODY SYSTEM

In a two body oscillations, such as shown in the figure, a spring connects two objects, each of
which is free to move. When the objects are displaced and released, they both oscillate.

The relative separation x; — x> gives the length of
the spring at any time. Suppose its unstretched length is L;

then x = (x 1 — x2) — L is the change in length of the spring, — X2 —»

and F' = kx is the magnitude of the force exerted on each k

particle by the spring as shown in the figure. M [o000000 M
—_— P —
F F

Applying newton’s second law separately to the two particles, taking force component along the x-
axis; we get

2 2
%zm_,(x and szzz
dt at
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(2

We now multiply the first of these equations by m» and the second by m;, and then subtract. The

result is

2 2
d );1 —m1m2% =—mo kx —m kx

miniy

which can be written as
mm,  d?

MMz _x) =—kx
(m, +m,) dt? (1 =)

.. (i)

The quantity ——2— has the dimensions of mass and is known as the reduced mass x

_ mm,

Since L is constant

d

d dx
dt

d
(x4 —x2)=a (x+L)= p”

2
equation (i) becomes % + LS x=0
t

u
T=2n\/E
k

Hllustration 9

Question: Two balls with masses mi1 = 1 kg and
mz = 2 kg are slipped on a thin smooth
horizontal rod. The balls are interconnected
by a light spring of spring constant 24 N/m.
The left hand ball is imparted the initial
velocity

vi = 12 ecm/s. Find (a) the oscillation period
(in ms) of the system, (b) the amplitude of the
oscillation.

Solution: (a) As discussed earlier;

w2 =

.. (23)

.. (29)

where oo is the natural frequency of oscillation.

my my
my+ my
k mym
0)§=— where p = ——2— called reduced mass.
m; +m,

T = Zn\/% =1047 ms
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(b) The initial velocity given to the mass m; is vi.

For undamped oscillation, this initial energy will remain constant.

1
Hence total energy of S.H.M. of two balls is given as E = 5“ V]

If amplitude of oscillation is a, then

1 - 1, 5
—uvsi =—ka
M =5
= V1 = Woa
- a=
(DO

So on putting the values, we get a =2 cm

2

8076546954, 8130843551
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PROFICIENCY TEST

The following questions deal with the basic concepts of this section. Answer the following

briefly. Go to the next section only if your score is at least 80%. Do not consult the Study Material while
attempting these questions.

1.

10.

Page number ( @ > For any queries [WWW.conceptphysicsclasses.com| 8076546954, 8130843551

Find the ratio of time periods of two simple pendulums whose lengths are /i and /» where
L:hL=14

A mass ‘m’ is connected to a spring of spring constant k. Now (2/3) of the length of the spring is
removed and only (1/3) of the length is holding the mass then find the ratio of time period of
oscillations of first case to that of the second case.

The equation of a SHM of a particle is given by
y =100 sin (25 ¢ + /6) (cm)
Find the maximum acceleration and maximum velocity of the particle.

Write down the possible equations of simple harmonic motion for a particle oscillating along x-
axis if the amplitude of its oscillations is 100 units and angular frequency is 20 rad/s, and
at t= 0 it is at its extreme position.

The equations of two SHMs in the same direction are given by
y1 =150 sin 307 ¢ (cm)
12 =>50sin (30 w ¢ + ©/3) (cm)
Find the amplitude of resultant SHM formed by their superposition. (\/5 =1.7)

A body is oscillating about an axis through which its moment of inertia = 100 kg-m?. When it is
displaced by small angle ‘0’ from its equilibrium position the torque on it is T = — 40.
Then find the time period of oscillations of the body. (= 3.1)

In a laboratory experiment with simple pendulum it was found that it took 36 s to complete 20
oscillations when the effective length was kept at 80 cm. Calculate the acceleration due to gravity
from these data.

A particle of mass 40 g executes a simple harmonic motion of amplitude 2.0 cm. If the time period
is 0.20 s, find the total mechanical energy of the system.

A block of mass 5 kg executes simple harmonic motion under the restoring force of a spring on a
smooth horizontal surface. The amplitude and the time period of the motion are 0.1 m and 3.14 s
respectively. Find the maximum force exerted by the spring on the block.

A particle moves in the x-y plane according to the equation r=(i+2j)Acoswt, which of the

statements about the motion of the particle given below are true
(a) it is on a straight line

(b) it is periodic

(c) it is simple harmonic motion
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1 1:2

2 V311

3. 625ms?25ms’

4. x=100sin(20¢ = n/2)

5. 85 cm

6. 31 sec

7. 975 cm s
8. 8mlJ

9 2N

10. All are true
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SOLVED OBJECTIVE EXAMPLES

Example 1:

A body of mass m is suspended from a rubber cord with force constant k. The maximum distance over
which the body can be pulled down for the body’s oscillation to remain harmonic is

2mg
k

mg 2k mg
(@) (b) k (©) mg (d) 2K

Solution:

Let Lo be the unstretched length of the cord; when the body is
m
suspended the extension is Tg .

Lo

The equilibrium length is thus L, +% . If during oscillations

k

the amplitude is greater than %, the bob will be more than i mg/k
ol
mg above the equilibrium position and the cord will no longer
be taut.
(b)
Example 2:

A particle moving with S.H.M. passes through points 4 and B with same velocity having occupied 2
seconds in passing from A to B. After another 2 seconds it returns to B. The period in seconds is

(@2 (b) 4 ©5 a8
Solution:
The velocity of a particle executing simple harmonic motion is 0]
. 2 2 . . . M x| X ; N
given by v = ®y/@°—x" where g is the amplitude and x is the A% g

displacement from equilibrium position O.

Time taken from 4 to B = 2 seconds. Time taken from B to N and back to B is another 2 seconds. Time taken
from B to A must be 2 seconds.

time taken from A to M and back is 2 seconds. Hence the total time for one complete to and fro
motion will be 8 seconds.

(@
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Example 3:

( PHYSIGS TIT & NEET

An object is attached to a vertical spring and slowly lowered to its equilibrium position. This stretches
the spring by a distance d. If the same object is attached to the same vertical spring but permitted to
fall instead the spring will be stretched through a distance

d 3d
(a) 2 (b) > (d) 2d

d
() —=

V2
Solution:

If the spring is loaded and lowered slowly to the equilibrium position, the object has no kinetic energy and
mg

comes to rest with an extension d to the spring, which is equal to rat When it is allowed to fall, it acquires

a kinetic energy as it passes the equilibrium position and will oscillate about the equilibrium position with
amplitude d.

(@

Example 4:

A block is on a horizontal surface, which makes oscillations horizontally with frequency 2 Hz. The
coefficient of friction between block and surface is 0.4. What is the maximum amplitude so that the
block does not slide?

(a) 2.5 cm (b) 0.8 cm () 0.2 cm (d) 0.4 cm
Solution:

When the displacement is maximum F = m? a < umg for no sliding.

) 4n?
w°a = pug; ?'a= ug

0.4x 9.8x (1

2
: J
_ ka7 _ ~0.025m or2.5cm

a
4r? 4r?

(@)
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Example 5:

&

A particle starts executing S.H.M. of amplitude « and total energy E. At the instant its Kinetic energy

. 3E . . -
is 1 its displacement y is given by

a a av3
== b)y=— =22 d)y=
@)y 2 b)y=2 ©y== @y=a
Solution:
1 2
Total energy E = = Em(u)a)

— 1 . 1
Kinetic energy = Em(x)2 ,/az—yz ; Potential energy = Emu)zy2

&M

S 3 .
Since its kinetic energy = ZE , the potential energy =

N | ©

- __82 : =
y 2 sy
(b)

Example 6:

25
An object of mass 0.2 kg executes S.H.M. along x-axis with a frequency of — Hz. At the position x =
T

0.04 m the object has Kinetic energy 0.5 J and potential energy 0.4 J. The amplitude of oscillation will
be

() 0.06 m (b) 0.04 m () 0.05m (d)0.25m

Solution:

Total energy E = %mo)zA2

A2 2E  2(Kineticenergy + Potentialenergy) = 2(0.5+0.4)
T2 2 B 2
mo m(2nn
( ) 0.2(2nx25j
Y
_ 2x09 ( 3 )2
02x 50> \50
A = i m or, 0.06m
50

(a)
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Example 7:

&

A mass M attached to a spring oscillates with a period of 2 seconds. If the mass is increased by 2 kg the
period increases by one second. The initial mass M will be

(a) 1.6 kg (b) 1 kg (c) 1.5 kg (d)2 kg
Solution:

Period of the mass attached to the spring is given by

T=2rt\/E 2= 21'5\/E .. (1)
k k

M+2
k

In the second case, 3=2n

... (i)

2 (M 4_ M
D. .d. : b 1 , —=.|—/—— S =
ividing (1) by (i1) 3 \M+2 9 M+2

OM=4M+ 8; 5SM =8; M=1.6 kg

()

Example 8:

A long spring is stretched by 2 em and its potential energy is V. If the spring is stretched by 10 cm the
potential energy will be

"4 "4
@ g OF= ©5V @25V
Solution:

1 1
When the spring is stretched by 2 cm, the energy stored = 2 kx?= 3 kx 4

:1><kx4
2

Whenx=10,  Energy = % x k x100 ; potential energy y = % x 100 x % =25V

(@
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A particle moves in a straight line. If v is the velocity at a distance x from a fixed point on the line and
v? = a — bx?, where a and b are constants, then

(a) the motion continues along the positive x direction only

(b) the motion is simple harmonic
. . . b
(c)  the particle oscillates with a frequency equal to o

(d) the total energy of the particle is ma
Solution:
v=q — bx?

Differentiating with respect to time,

2v av = —2bx%
dt dt

v =—bx

dt

The particle executes S.H.M. Angular frequency = o = x/E

1=

0}
Frequency v= — =
2n

: 1
Total energy of the particle, £ = Emv2 = —ma whenx=0

N[ =

(b) and (¢)

Example 10:

A particle of mass m is attached to three springs 4, B and C of
equal force constants as shown in the figure. If the particle is
pushed slightly against the spring C and released, the time of
oscillation will be

(a) 213/% (b) 21:\/%
(¢) 27:\/3Ek (d) 2751’27'"
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Solution:

Let x be the displacement of C.

Forces acting on m in the displaced position of mass m are
(1) kx in the direction of C

(2) kx cos 45° in the direction of B

(3)  kx cos 45° in the direction of 4

Net force in the direction of C

T ]

2
mdzx — okr
at
Period of oscillation, 7= 2n1/—
2k
(a)
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&

SOLVED SUBJECTIVE EXAMPLES

Example 1:

A body of mass m = 1kg falls from a height 2 = 1m on to the pan of a spring balance. The masses of the
pan and spring are negligible. The spring constant of the spring is &= S0N/m. Having stuck to the pan
the body starts performing harmonic oscillations in the vertical direction. Find the energy of
oscillation.

Solution:

Suppose by falling down through a height %, the mass m
compresses the spring balance by a length x.

The P.E. lost by the mass = mg (h+ x)

This is stored up as energy of the spring by compression

ka

N[ =

mg(h + x) = %kx2 or %kx2 —mgx —mgh=0

2 2mgx  2mgh _
k k

0

or
Solving this quadratic equation, we get

2mg +\/(2mgj2+ [Smgh)
k k k
= _mg mg |,  2kh
k k

2 mg

In the equilibrium position, the spring will be compressed through the distance mg/k and hence the amplitude
of oscillation is

m 1+@
k mg

A=

2
Energy of oscillation = 1 kA? = 1 k[ T9 ] 114 2kh
2 2 k mg

2
= mgh.ﬁ.& =11J
2k
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Example 2:

A particle rests on a horizontal plane, which is displaced up and down, with S.H.M. of frequency 50
Hz. If the amplitude of motion is half of the maximum amplitude of motion for the particle to remain
in contact with the plane, upto what value can the frequency of vibration be increased, the particle still

remaining in contact with the plane. (\/E =14)
Solution:
Let N be the reaction of the plane at any instant and ‘@’ the acceleration of the plane.
When the plane is moving up
N—mg=ma or N=ma+mg
Since N # 0 during the upward motion of the vibration of the N

plane the particle will not lose contact with the plane whatever be
the value of the upward acceleration of the plane. I
a

Now let us consider the downward motion of the particle during
the vibration. The force equation becomes

mg— N=ma or, N=mg—ma=m(g—a)

v

mg

If a = g, N becomes zero and at that instant the particle loses contact with the plane. Hence the condition for
the particle to be in contact with the plane is that the downward acceleration, at any instant, should be
smaller than g. The maximum value of the downward acceleration is

a=-m’4

where A4 is the amplitude of vibration.

0’4 <g or A<i2
®

g

or A<
4722

g 9.8

= -9.93x10°m
4n%v? 4r?502

Now

Hence the maximum amplitude permissible = 9.93 x 10~ m
If the amplitude be halved, let the maximum angular frequency be ®;.

A
Now u)12 —=g

2

Since g = w* A, we have

0)12§=0)2A

0= 202
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or Anvi_2x 4nv?
or v12= 2 x 502

or V1=50\/§ =70 Hz

Example 3:

The rod PQ of mass, M= 3 kg is attached as shown to a spring of constant K= 87> N/m. A small
block of mass, m =1 kg is placed on the rod at its free end P. If end P is moved down through a small
distance x' and released, determine the period of vibration.

Solution:

Page number ( @ > For any queries [WWW.conceptphysicsclasses.com| 8076546954, 8130843551

Method I: Using energy equation :
moment of inertia of the system about Q is

2
| = {% + mLz} K
3
m| o
where L is the length of the rod. —\
VB I 7
i potenti ing = T h=2
Elastic potential energy of the spring = E Kx? ’T, =" -
1 fee” L=1m——»
Rotational energy of the rod PQ = 2 lo®

By the law of conservation of energy,

lI(o2 = 1Kx2
2 2

2 2 1242 '
1%+mL2V—=K - ;Wherex=ﬁ
2| 3 12 [? L

and x” = displacement of m

Differentiating with respect to time,

M
—+m ' '
3 Zxoy ﬂlebz x 2x'd—x ; where o v = velocity of m
2 dt 2 dt dt
dv Kb?x'

Acceleration of the block, — = ————<—
dt M 2
—+m|L
3
Acceleration of the block is directly proportional to its linear displacement.

This represents an SHM with angular frequency @ given by
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M 2
(3+m)L

Period of vibration E = 2m||—— =2s
® Kb?

Method II: Using torque equation, when the system is displaced through small angle 0, tension in the
string, 7'= Kx = K(b0), (" x = b0)

&

= Restoring torque, 1= T'x b =Kb* 0= — 10

2
where = % + mlL?

Kb? Kb?

G et

This is an angular SHM with angular frequency, ® =

2
= Period of vibration = il 21T
0}

Example 4:
A simple pendulum of length L and mass m is suspended in a car that is travelling with a constant

speed V around a circular track of radius R. If the pendulum makes small oscillations about its
equilibrium position, what will be the time period of oscillations?

(take m=+10, g?R? +V* =40000, R =10m, L =2m)
Solution:

2

When the car comes round a circle it is an accelerated frame of reference. A fictitious force is to be

introduced to the simple pendulum as a centrifugal force. If 6 be the angular displacement of the pendulum in
its new equilibrium position, then

S cos 0=mg

2
Ssin 6 = mv

where S is the tension in the string.

4
o
R2

Let the pendulum be slightly displaced so that it makes an angle
(6 + d0) with the vertical and then let go.

The restoring forces = S sin d6 = Sdf):%

where x is the linear displacement and L the length of the pendulum and x = Ld®0.
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The restoring force/unit displacement k = % / x
S
L

The period of oscillation of the pendulum
T=2r| P o2n | T = or [ET
k S/L S
Lm

=27

Example 5:

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 the figure. Each liquid occupies one-fourth of
the circumference of the tube.

If the whole liquid is given a small displacement from its
equilibrium position, show that the resulting oscillations are
simple harmonic. Find the time period of these oscillations. ( R =
273 cos 6, n? = 10)

Solution:
Let A = cross-sectional area of tube.
Mass of liquid column AC = 22X A (1.5p)
Mass of liquid column CB = ZZRAp

nRA
2

Let y be the small displacement from equilibrium position P towards left side.

Moment of inertia of the whole liquid about O = [ = ( j (1.5+1) pR2

If a is the corresponding angular displacement,

y

== or =R
o R y=a
2
Torque about O = Id—g
dt
2
- TRA o 5pR2 9
2 dt?

Restoring torque due to the displaced liquid =— [4y (1.5 p) g + Ay pg] x Rcos 6
where ‘R cos 0’ is perpendicular distance of gravitational force from axis of rotation.
]}cstoring = - 2.5 A(lpng COS 9

2
TRA N 2 5pR2 9% _ 3 5A0pgR? cosd
2 dt?
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d?a cosba.
at? R

(i.e) angular acceleration oc angular displacement

0=4/2gcos0/ R

time period = 2 _ 2 _mR_ 20s
® 2gcos6
Example 6:

A particle of mass m is performing simple harmonic motion in a straight line with amplitude

r= \/E cm and period 7. Find the law of force. When at a distance Kr from the centre of oscillation, it
collides with a stationary particle of the same mass and coalesces with it. If the law of force is the

same, find the new amplitude. (k = /15 SI unit)

Solution:
Amplitude given = r

. 2
Period = T; hence angular frequency ® = ?n

2
2n »
F=ma=- ? X ata position x

v=ayr? - x?
speed at x = kr is v =orv1-k?

according to conservation of linear momentum during collision —
mv =2mv’

wr
v'=—1-k?
Now the oscillating mass becomes 2m then new angular frequency ®’

—2me'?X = —-mw?x (force law is same)

, ()
O =—

2

then new amplitude 1’ is

V,:O)’ [rrZ _X2

Hence r' = r‘/%(1 +K?)
Thus the new amplitude of oscillation = r, f%(1+K2) =4cm
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(2

Example 7:
A ball is suspended by a thread of length / at the point O on the

vertical. Then the thread with the ball was deviated through small angle B (B > ) and set free. Assuming
, find the oscillation period of such a

the collision of the ball against the wall to be perfectly elastic
1 I 2

NZ n
Solution:
As B is a small angle, the motion of the ball is S.H.M. After
perfectly elastic collision the velocity of the ball is simply

reversed. As shown in figure, the time period of one oscillation
will be

pendulum. (g

t+t=1+2t
2

where T=2n \/z or
g9

0 = 6y sin of
o = B sin ot, where ¢ is the time taken from B to 4.

T'=I+I+
4 4

N |~

t =lsin1[aj = \/zsin1£gj
0 g B
T'= ng+2 isin“(ﬁJ - 2\/ZF+ sin”™’ (ﬁﬂ — 3
] p g|2 B

Example 8:

A thin rod of length L = 15 cm and area of cross-section S is
pivoted at its lowest point P inside a stationary, homogeneous
and non-viscous liquid. The rod is free to rotate in a vertical
plane about a horizontal axis passing through P. The density
di of the material of the rod is smaller than the density 4> of
the liquid. The rod is displacement by a small angle 6 from its
equilibrium position and then released. Show that the motion
of the rod is simple harmonic and determine its angular
frequency in terms of the given parameters.

(given d2 = 10000 kg/m?, di = 2000 kg/m?)

Solution:
Let the rod be displaced through an angle 6. The different
forces on the rod are shown in the figure.
The force acting upwards at the middle point G of the rod
=upward thrust — weight of rod = B — mg
= weight of displaced liquid — weight of rod
= LSdrg — LSd\g = LSg (d>» — dh)

Moment of the couple restoring it to the original position

=LSg (d»—di) KG=LSg (d»—d) % sin 0
0

dt? J

where 7 is moment of inertia of the rod about the axis through O.

[0 _ _ Isg
dat? 2
d%o

—— o 0. Hence it executes S.H.M.
dt?

Torque © = LSg (d> — d1) % sin® =1/ [

(dy—d;)0 [because 0 is small sin & ~ 6

So,

wall, forming a small angle o with the

]
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&

d?0 -1°Sg
—= d,—d;)0
w2 2 (dy—d)
2
But | = %
3
d% _ -1°Sg(d,-di)0 _  3Sg(dy-dy),
dt? 2ML2 2 M
3
_ _ESg(dz_dOe
2 LSd,
_ 39 dy—d, 0
2L\ d,
2
But % = — »%0
o = M =20 rad/s
2Ld,
Example 9:

Assume that a narrow tunnel is dug between two diametrically opposite points of earth. Treat the
earth as a solid sphere of uniform density. Show that if a particle is released in this tunnel it will
execute S.H.M. Find the time period. (Given R = 6400 km, t = 3.14)
Solution:

Consider the situation shown in the figure. Suppose at an

instant t the particle in the tunnel is at a distance x from

centre of earth. Let us draw a sphere of radius x with its

centre at the centre of the earth. Only the part of the earth

within the sphere will exert a net force of attraction on the

particle.

Mass of this part M ' = 2 M=2_Mm

3
G‘[;*]Mm GM
. m
the force of attraction /' = 5 = 7%

X R
The force acts towards the centre of the earth. Thus the resultant force on the particle is opposite to the
displacement from centre of earth and is proportional to it. The particle therefore executes S.H.M in the tunnel
with the centre of earth as mean position.

d’x _GMm  d’x GM
dr RP T dt? R

. . . . . GM
comparing this equation with the standard equation of S.H.M we see ®? = ——

R3
3
period = 2 2n R
® GM

GM

But F =g (acceleration due to gravity)

period = ZU\/E. =5024s
g
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Example 10:

A uniform cylindrical pulley of mass M and radius R can freely
rotate about the horizontal axis O. The free end of a thread
tightly wound on the pulley carries a dead weight 4. At a certain
angle a it counter balances a point mass m fixed at the rim of the
pulley. Find the frequency of small oscillations of the
arrangement. ( Given

MR +2mR(1 + sina)
2m

= gn® cosa, n=10)

Solution:
Considering rotational equilibrium about O, we have
m'g R=mg R sin o, where m ' is mass of 4
m' =msina
Consider a small angular displacement by 6 in clockwise
direction.
Then unbalanced torque t in the clockwise direction

=m'gR— mgR sin (o + 0)
1
Moment of inertia of the system = 3 MR? + m'R? + mR?

Putting m ' = m sin a, we have

mgR sin o, — mgR sin (a+ 0) = (% MR?+ (m Sinot)R2 + msz d_

mgR sin o, — mgR sin o.— mgR 0 cos o = %R2 [M + 2msina + 2m] W

Because sin 0 =0 and cos 6 = 1 when 0 is small
2

—2mg0cosa=[MR+ 2mR (t+sina)] %

de 2mg coso.
o2 MR + 2mR (1+sina)

2
—— is proportional to 0.
e prop

The motion is simple harmonic.
2 2mgcoso

® MR+ 2mR (1+sina)

2
period = i
®

o, [MR+ 2mR(1+sina)
2mgcosa

20s

d?
dt

m'g R—mgR sin (o +0)= (%MRZ +m'R? +mR2j a0

d%0
t2

2
mgR sin o, —mgR [sin o cos O + cos a sin 0] =%R2[M + 2m sina + 2m] %

d%o

8076546954, 8130843551
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Simple Hormonic Motion

MIND MAP

1. Equation of S.H.M.

(i) Linear:a=-w?x

L

2. Linear SHM
(i) Displacement of particle:
x = Asin (of + ¢)
(i) Velocity

%:Amcos(mnq))

=pVA? - x2

(iii) Acceleration:
d?x .
— =—Aow? sin (ot + ¢)
dt?

= — 0

Angular S.H.M.:
(i) Displacement:

0 = Bosin(wf + ¢)
(i) Angular velocity:

do
o = Bow cos(ot + ¢)

(i) Angular acceleration:

d%o .
—— = — 0ow? sin(wt + ¢)
dt?

(iv) Phase: ot + ¢

(v) Phase constant: ¢

4. Energy in S.H.M.
@iy K= % mw? (A% — x?)

@iy U= % Mmo2x2 <

(i) E=K+ U= % Me?A?

= constant

&

SHM

v

5. Time Period:
Pendulums:
(a) Simple pendulum:

T=2n,llg

........ »|  (b) Physical pendulum:

T=2n ,/l/ mg/

(c) Torsional pendulum:

T=2n JIllk

o

6. Mass-spring system:

(@) T=2r Vvmlk

(b) Two bodies system:

T=2n ulk;

m,m
where p= —1—2
m, +m,

Combination of springs:

(a) series -

(c) Spring cut into two

parts m: n
K, - (m+n)K VK, = (m+n)K
m n

1 1
=— 4 —
K  Ki Ky

7. Composition of 2 SHMs:

x1 = A1 sin ot
x2 = Az sin (ot + ¢)
X=x1+x2
x=Asin (of +3)

where, A= \/Af +AZ +2A,A, cos

A, sing

andtan6= —————
A; + A, cosd

www.conceptphysicsclasses.com
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@_ Simple Hormonic Motion

EXERCISE -1

IT JEE & NEET-SINGLE CHOICE CORRECT

&

1. A particle of mass 2 g executes SHM with a frequency of 5 oscillations per second. If the body has a
maximum velocity of 10m cm/s, the amplitude of oscillations will be

(a) 10w cm (b) 1 cm (c) T cm (d) St em

2. A mass suspended from a spring vibrates with a period of 2 seconds on the surface of the earth. If
it is taken to the surface of moon and set oscillating, what would be its time period there? (g on
moon = 1.6 m/s?)

(a)12s (b) % s (c) 2s (d) Zero

3. A body executes SHM given by the equation, x = 10 sin (4nt - %) , where x is in m and ¢ is in
second. The frequency of SHM is

(a) t Hz (b) 4n Hz (c)2m Hz (d)2 Hz

4. A particle executing simple harmonic motion has amplitude 0.01 m and frequency 60 Hz. The
maximum acceleration of the particle is

(a) 1447 m/s? (b) 1207% m/s? (c) 807 m/s? (d) 60m* m/s?

5. A particle is executing S H M according to the equation y = A sin [71‘ + gj . The time instant when

. A e
it passes through x = +E for the first time is (time in seconds)

T T 5n T
a) —s b) —s c) —s d) —s
()7 ()12 ()84 ()84
6. For a particle executing SHM along x-axis force is given by:
(a) —Akx (b) Acoskx (c) Aexp(—kx) (d) Akx
7. A simple harmonic motion has an amplitude 4 and time period 7. The time required by it to travel

fromx=4tox=A4/2 is:
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Simple Hormonic Motion

10.

11.

12.

13.

14.
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(a) T/6 (b) 7/4 (c) T/3 (d) 72

A simple harmonic motion has an amplitude 4 and time period 7. The maximum velocity will be

(a) 4 AT (b) 24/T (c) 2nJAIT (d) 2nd/T

A particle is executing SHM with amplitude 4. At what displacement from the mean position is the
potential energy of the body one-fourth of its total energy?

(a) A2 (b) 472 (c) Al2 (d) AV2/3

The particle executes SHM with a frequency f. The frequency with which its KE oscillates is

(a) f12 (b)sf () 2f (d) 4f

A simple pendulum is made of a bob which is a hollow sphere full of sand suspended by means of
a wire. If all the sand is drained out, the period of the pendulum will

(a) increase (b) decrease (c) remains constant  (d) become erratic

o o, 0 o, T o 0 0, B,

Two springs of force constant k; and k> have been

arranged parallel to each other and a mass m is attached to ky k>
the combination. This arrangement is equivalent to a

single spring of force constant k given by

M
k,+k k.k ki+k
(a) # (b) # (c) ki +k; (d) =%
1K2 1+kK; 2
In figure, Si and S; are identical springs. The oscillation
frequency of the mass M is f. If one spring is removed, the Si Sz
frequency will become: il
f
(2)f (b) 2/ (c) v2f () =
V2

The frequency of a seconds pendulum in an elevator moving up with an acceleration of % gis
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D_ Simple Hormonic Motion
(a) 0.5 Hz (b) 1 Hz (c) 0.612 Hz (d) 1.5 Hz
15. Two particles execute simple harmonic motion of same amplitude and frequency on parallel lines.

They pass one another when moving in opposite directions each time their displacement is half
their amplitude. What is the phase difference between them?

@2 (b) % ©F @

16. A simple pendulum has a bob suspended by an inextensible thread of length 1 metre from a point
A. As the bob reaches one extreme position, the thread is caught by a peg at a point B distant % m

from A and the bob begins to oscillate in the new position. The change in frequency of oscillation
of the pendulum in Hz is approximately (take g = 10 m/s?)

2n | |4 V10| [4 T 4 V10 3
B N T

17. Masses m and 3m are attached to the two ends of a spring of constant k. If the system vibrates
freely, the period of oscillation will be

m 3m 3m 4dm
(a) nﬁ (b) 2n,/§ (©) “W/T (d) 2n /ﬁ

18. The potential energy U(x) of a particle executing SHM is given by:

(a) U(x):%(x—a)2 (b) U(x) = kX + k,x* + kyx°

(c) U(x)=Axexp(—bx) (d) U(x) = constant

. | ( 2mt
19. Two SHMs are given by y, = a{sm(gjt +¢} and y, = bSInH?njﬂb}. The phase difference
between these after 1 s is:

(a) (b) /2 (c) n/4 (d) /6

20. Time period of a simple pendulum of length L is 7 and time period of a uniform rod of the same
length L pivoted about one end and oscillating in a vertical plane is 7>. Amplitude of oscillations in
both the case is small. Then 71/7 is
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(a) \/g (b) 1 (©) \/g (d) \/g

21. A spring having force constant K and it is cut in two parts in 2 : 3 ratio. Then the new springs
constant are

&

OEAEA () 2, 2K

—, 2K, 3K d) 3K, 2K
5 >3 (©) (d)

22, The motion of a particle is given by x = 3sinwt + 4coswf . The motion of the particle is

(a) not simple harmonic (b) simple harmonic with amplitude 7
(c) simple harmonic with amplitude 3.5 (d) simple harmonic with amplitude 5
23. In the spring mass system performing SHM, the average kinetic energy when the average is taken

with respect to time over one period of the motion is (k : spring constant and A4; amplitude)

(a) kA2 (b) kA2 (©) kA2 (d) none of these

24, On a smooth inclined plane, a body of mass M is attached
between two springs. The other ends of the springs are
fixed to firm supports. If each spring has force constant £,
the period of oscillation of the body (assuming the springs
as massless) is:

M 2M Mg sin6 2Mg
2n,|— b) 2 2n ———— d) 2n
(a) WZk (b) Ttw/ P (c) 2m ok (d) P
25. Two bodies M and N of equal masses are suspended from two separate massless springs of spring

constant k1 and k» respectively. If the two bodies oscillate vertically such that their maximum
accelerations are equal, the ratio of the amplitude of M to that of N is

ki ks K Ky
(a) K (b) K (©) Kk, (d) \/:

EXERCISE - 11
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&

HT-JEE-SINGLE CHOICE CORRECT

1. In a simple harmonic motion the phase difference between the velocity and the displacement of the
particle is

(a) g radian (b) zero (c) m radian (d) % radian

2. A body executing SHM has an acceleration of 0.1 m/s?> when the displacement is 0.05 m. The time
period of oscillation is

(a)2's (b) %s () T/2s (A n/v2s

3. A 0.1 kg body hung on a spring causes it to elongate 2 cm. When a certain mass m is added to it

and the system is set vibrating, its period is 0 s. The value of m in grams is

(a)22.5 (b) 12.5 (c) 50 (d) 100
4. How much time will a seconds pendulum gain or lose in a day if its length is increased by 2%?

(a) A gain of 3 %. (b) A loss of 1%.

(c) A gain of 2% of total time in a day. (d) A loss of 2% of total time in a day.
5. A body is performing linear SHM. If the acceleration and the corresponding velocity of the body

are a and v respectively, which of the following graphs is correct?

% v %
V2
(a) (b) (©)
(d) a
a’ 0 a a’

6. A body executes linear simple harmonic motion of time period 10 s and amplitude 2 cm. What

would be the speed of the body 2.5 s after it passes through the mean position?

(a) 2 cm/s (b) 10 cm/s (c) 2.5 cm/s (d) zero
7. If the length of a simple pendulum increases by 3% the approximate percentage change in its time
period is
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(a) +1.5% (b) —2% (c)-2.5% (d) - 1.5%
8. A bottle weighing 200 gm and of area of cross-section 50 ¢cm? and height 4 cm oscillates on the

surface of water is in vertical position. Its frequency of oscillation (in Hz) is

(a) 1.5 per second (b) 2.5 per second (c) 3.5 per second (d) 4.5 per second

9. A simple pendulum has period of oscillation , Where k£ is a constant. When this pendulum is

LS
Vo

suspended from the roof of a lift moving upward with an acceleration a, its period of oscillation

will be
(a) zero (b) kg () ) K
g+a g—a
10. A light spring of force constant k; carries a mass m. The spring is suspended from the end of

another vertically suspended spring of constant k» and the mass is allowed to make oscillations.
The time period will be

/ 11 m f m / kik,
(a) 2n m( K + kzj (b) 2w K1k, (c) 2m K-k, (d)2=n —m(k1 k)

11. A thin uniform rod 4B of length L and mass M hangs XeJ A g
from a smooth pivot at 4 and is connected at the bottom %
by a spring of constant & to the wall as shown in the figure. g
The system is set into oscillation by slightly displacing end L {|m é
B of the rod and releasing. The period of oscillation is %
L3 B =3

@an [PMI+KL o [ SME o [ 2ME gy | ME

3ML Mg + 2kL 3 (Mg +2kL) 3 KL +2Mg

12. A simple pendulum bob of mass m oscillates about its equilibrium position O, with time period 7.

At the instant of passing O during a particular cycle it picks up an identical mass m, initially at rest.
The ratio of new time period T"' to Ty is

(2)2 (b) (112) ©1 @ (1142)
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13. Molten-wax of mass m drops on a block of mass M,

which is oscillating on a frictionless table as shown,
Select the incorrect option.

(a) If the collision takes place at extreme position, amplitude does not change
(b) If the collision takes place at mean position, amplitude decreases
(c) If the collision takes place at extreme position, time period decreases

(d) If the collision takes place at extreme position, the period increases

14. A pendulum has period T for small oscillations. An obstacle is
placed directly beneath the pivot, so that only the lowest one
quarter of the string can follow the pendulum bob when it swings
in the left of its resting position as shown in the figure. The
pendulum is released from rest at a certain point 4. The time
taken by it to return to that point is:

(@T (b)7/2
(c) 3774 (d) 774
15. A mass is suspended separately by two springs of spring

constants k; and k2 in successive order. The time periods of
oscillations in the two cases are 77 and 7> respectively. If the
same mass be suspended by connecting two springs in parallel as
shown in the figure, then the time period of the oscillation is 7.
The correct relation is

@ T?=T+T} b)) T2=T2+T,2 ()T '=T"+T, (d)T=T,+T,

16. The variation of PE of harmonic oscillator is as shown in figure. .
U(joule)

The spring constant is

0.04
(a) 1x10* N/m

01

(b) 1.5x10*N/m Y(in mm)

20mm

(c) 0.667 x 102 N/m

(d) 3x10%N/m
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17. Consider the situation shown in figure. If the blocks are

displaced slightly in opposite directions and released, they will
execute simple harmonic motion. The time period is

m m m m
(a) 275\/; (b) 27:\/; (© 2n\/5:k (d) 2n\/9:k

18. A body is executing simple harmonic motion. At a displacement x its potential energy is £ and at
a displacement y its potential energy is E». The potential energy E at displacement (x +y) is

(a) VE =JE, —[E, (b) VE =[E, +[E,

(c) E=E, +E, ) E=E, -E,

19. Three masses 700g, 500g and 400g are suspended at the end of a
spring as shown and are in equilibrium. When the 700g mass is
removed, the system oscillates with a period of 3 seconds, when
the 500 gm mass is also removed, it will oscillate with a period of

(a)1s (b)2s 700gm
500gm

400
(¢)3s (d) \/g S =

20. Two simple harmonic motions are represented by the equations Y, =0.1Sin(nt+§j and

y, =0.1cosnt . The phase difference of the velocity of particle 1 with respect to the velocity of

particle 2 is

o T T T
(a) —5 (b) E (©) —E (d g

ONE OR MORE THAN ONE CHOICE CORRECT

1. A simple harmonic oscillator has a period 7 and energy E. The amplitude of the oscillator is
doubled. Choose the correct answer.

(a) period gets doubled (b) period remains same

(c) energy gets doubled (d) energy becomes 4 times
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2. The phase (at a time #) of a particle in simple harmonic motion tells

(a) the position of the particle at time ¢
(b) the direction of motion of the particle at time ¢
(c) neither the position nor the direction of motion of the particle at time ¢

(d) none of these

3. For a particle executing SHM which of the following statements is wrong.

(a) The mechanical energy of the particle remains constant
(b) The restoring force is maximum at extreme position

(c) The restoring force is always directed toward a fixed point
(d) The velocity is minimum at the equilibrium position

4. Potential energy of a particle executing SHM is assumed to be zero at equilibrium position then
average KE of the particle is equal to

(a) average potential energy (b) %mazm2
(©) Lmv? (d) 1m(\7)2
2 2

where V is average speed over one oscillation

5. In SHM, speed of particle at displacement X is vi and at displacement X is v2, then
2.2 2 2
Vi -V, 1~ V3
A 0= |———s b) T =2n,| ———
@ 0=\ 57 (b) XX
v, X, )P = (v, X,
(c) A= \/ ( ! 2)2 ( 22 1) (d) none of these
Vi=V;
6. Along the straight line joining two consecutive displacement nodes in a pure stationary sound

wave at different points:

(a) the SHM will be in different phases (b) the velocities are in phase
(c) the accelerations are in phase (d) the frequencies are equal
7. For a body executing SHM with amplitude 4, time period 7, maximum velocity Vmax and initial

phase zero, which of the following statements are correct?
(@A) Aty =A4/2,v> vima/2 (b) v="ymax/2 for y > A/2

(©)At1=T/8, y>A/2 (d) Aty =A4/2,1<T/8
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8. A linear harmonic oscillator of force constant 2 x 10* N/m and amplitude 0.1 m has a total

mechanical energy of 160 J. Its

(a) maximum potential energy is 100 J (b) maximum kinetic energy is 100 J
(c) maximum potential energy is 160 J (d) minimum potential energy is 60 J
9. A spring —block system undergoes simple harmonic

motion on a smooth horizontal surface. The block is now
given some positive charge, and a uniform horizontal
electric field to the right is switched on. As a result,

(a) the time period of oscillation will increase

(b) the time period of oscillation will decrease

(c) the time period of oscillation will remain unaffected

(d) the mean position of simple harmonic motion will shift to the right

10. A coin is placed on a horizontal platform, which undergoes horizontal simple harmonic motion
about a mean position O. The coin does not slip on the platform. The force of friction acting on the
coin is F

(a) F'is always directed towards O

(b) Fis directed towards O when the coin is moving away from O, and away from O when the coin
moves towards O.

(¢) FF = 0 when the coin and platform come to rest momentarily at the extreme position of the
harmonic motion.

(d) Fis maximum when the coin and platform come to rest momentarily at the extreme position of
the harmonic motion.
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EXERCISE -I11

MATCH THE FOLLOWING

&

Note: Each statement in column — I has one or more than one match in column —II

1. Case: I A block 4 of mass m attached to a spring of
spring constant K as shown in the figure is released
when the spring is in its unstretched length.

Case: II The block A is now attached to a spring of
spring constant 2K and released from unstretched
length of the spring. Another block B of mass m is

placed on the block A with zero vertical velocity
when the block A4 is passing the mean position with

. Case-ll
upward velocity.
Column I Column II

L. Block 4 in case I performs A. Periodic

1L Block A in case II performs B.  with time period = 2%/?
m?2g?

1. Kinetic energy of block A at equilibrium in case I C. K
1 m292

Iv. Spring potential energy at equilibrium in case II D. 2 K

E. oscillatory

REASONING TYPE

Directions: Read the following questions and choose
(A) If both the statements are true and statement-2 is the correct explanation of statement-1.
(B) If both the statements are true but statement-2 is not the correct explanation of statement-1.
(C) If statement-1 is True and statement-2 is False.
(D) If statement-1 is False and statement-2 is True.

1. Statement-1: In SHM total mechanical energy can be negative.

Statement-2: Potential energy is always negative and if it is greater than kinetic energy total
mechanical energy will be negative.

(a) (A) (b) (B) (©) (©) (d) (D)
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2. Statement-1: On A block undergoing SHM, many forces are action. A new constant force starts

&

acting on block, then its time period remains same although mean position may change.

Statement-2: In SHM net force acts towards mean position.

(a) (A) (b) (B) (©) (©) (d) (D)

3. Statement-1: In SHM it is possible to doubled maximum acceleration while keeping maximum
speed constant.

Statement-2: It is possible when frequency is doubled while amplitude is halved.

(a) (A) (b) (B) () (©) (d) (D)

4. Statement-1: In an elevator a spring clock of frequency f; and a pendulum clock of frequency f, are
kept. If the elevator accelerates upwards f; remains same but f, increases.

Statement-2: A constant force in spring block system doesnot change frequency while in case of
pendulum it changes effective acceleration due to gravity.

(a) (A) (b) (B) (¢) (©) (d) (D)

5. Statement-1: A particle undergoing SHM with amplitude A, if the time taken from mean position to
A is #; and from A to A is tp, then t, = \/§t1.
72 2
Statement-2: Equation of motion for the particle starting from mean position is x = + A sin ¢ and
of the particle starting from extreme position is X = 4 cos ot.

(a) (A) (b) (B) (©) (©) (d) (D)

LINKED COMPREHENSION TYPE

In simple harmonic motion force acting on a particle is given as F' = — 4x. The total mechanical
energy of the particle is 10 J and the amplitude of oscillations is 2 m. At time ¢# = 0 acceleration of the
particle is —16 m/s*>. Mass of the particle is 0.5 kg

1. Potential energy of the particle at mean position is

(a)101J (b)21J (c)61] (d)81J
2. At x =+1m, potential energy of the particle is

(a)2] (b)8J (c)41] (dyeJ
3. At x =+1m, kinetic energy of the particle is

(a)21] (b)81J (c)4] (dyoelJ
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EXERCISE -1V

SUBJECTIVE PROBLEMS

&

1. A light spring § is attached to a wall as shown. The spring
constant k is 400 N/m. The mass m = 200gm shown in the
figure initially moves to the left at a speed of 8.0 m/s. It
strikes the spring and becomes attached to it. (a) How far
does it compress the spring? (b) The system then oscillates
back and forth. What is the amplitude of oscillation? The
floor can be assumed to be smooth.

2. A uniform plate of mass M stays horizontally and L ° |
symmetrically on two wheels rotating in opposite directions O) S‘C)

shown in the figure. The separation between the wheels is L
L. The friction coefficient between each wheel and the plate

is p. Find the time period of oscillation of the plate if it is

slightly displaced along its length and released.

3. A particle is moving in a straight line with simple harmonic motion of amplitude a = V2m. Ata

distance S = —m from the centre of motion, the particle receives a blow in the direction of

73

motion, which instantaneously doubles the velocity. Find the new amplitude A'.

4. A particle moving in a straight line has velocity v given by v* = oo — Bx?, where o and B are
constants and x is its distance from a fixed point in the line. Show that the motion of the particle is
simple harmonic and determine its period and amplitude. (B = 7%, o = 7, n* = 10)

5. A particle moving with SHM in a straight line has a speed of v = 6 m/s when x; = 4 m from the
centre of oscillations and a speed of v, = 8 m/s when x, = 3 m from the centre. Find the amplitude
A' of oscillation.

6. The spring has a force constant k. The pulley is light and
smooth while the spring and the string are light. If the
block of mass ‘m’ is slightly displaced vertically and
released, find the period of vertical oscillation. (take

ﬂ_l) m
k 2
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7. The vertical motion of a ship in sea is described by the equation _dt2 = —4x, where

x (meter) is the vertical height of the ship above its mean position. If it oscillates through a total
distance of 1 m in half oscillation, find the greatest vertical speed and the greatest vertical
acceleration.

. . Ao .
8. One end of an elastic string of natural length a and force constant — is fixed to a point on a
a

smooth horizontal surface and the other end is attached to a particle of mass m lying on the
surface. The particle is pulled from the fixed point to a distance 2a and released. Find the time for a

complete oscillation of the particle. (Given m =1 kg, g = (n + 2)2)

9. A mass m attached to a vertically hung spring (k) executes SHM of amplitude 4 = 10 SI unit and

time period T. When it passes through its mean position another stationary mass m gently sticks to
it. Find new amplitude A'. (Given mg = 2k)

10. The pulley of radius » shown in Figure has a moment of
inertia / about its axis and mass m. Find the time period of
vertical oscillations of its centre of mass. The spring has k
spring constant k and the string does not slip over pulley.
(Given I = (n* k—m)r?
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ANSWERS

EXERCISE -1

IIT JEE & NEET-SINGLE CHOICE CORRECT

1. (b) 2. (o) 3. (o) 4. (a) 5. (b)
6. (a) 7. (a) 8. (d) 9. (b) 10. (c)
11. (c) 12. (c) 13. (d) 14. (c) 15. (b)
16. (b) 17. (c) 18. (a) 19. (d) 20. (c)
21. (b) 22. (d) 23. (c) 24. (a) 25. (b)

EXERCISE - 11

HT-JEE-SINGLE CHOICE CORRECT

1. (a) 2. (o) 3. (a) 4. (b) 5. (a)
6. (d) 7. (a) 8. (b) 9. (c) 10. (a)
11. (o) 12. (c) 13. (¢) 14. (c) 15. (b)
16. (b) 17. (b) 18. (b) 19. (b) 20. (o)

ONE OR MORE THAN ONE CHOICE CORRECT

1. (b,d) 2. (a,b) 3. (a,b,d) 4. (ab,c) 5. (a,0)
6. (b,c,d) 7. (a,c,d) 8. (b,c,d) 9. (c,d) 10. (a,d)
EXERCISE - 111

MATCH THE FOLLOWING

1. LABE; II-AB,E;II-D,IV-C
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DACRN
REASONING TYPE
1. (o) 2. (b) 3. (a) 4. (a) 5. (d)

LINKED COMPREHENSION TYPE

1. (b) 2. (¢) 3. (d
EXERCISE -1V
SUBJECTIVE PROBLEMS
1. x=vim/k =179 mm, 179 mm
2. T=2n /L =10s
ng
3. 4A% —

4. T = 27c\/: \/§=2s 10 m

2,2 2,2

5. A= =5m
vZ v}
6. T=4n\/E=4s
k
7. Viax =80, Oyg =a0° =1 m/s, 2 m/s’
8. T=2(n +2)‘/ =25
A
2 2
9. A= A—+(@J =3 SI unit
2 k

10.
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Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8
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The acceleration of a particle executing S.H.M. is

(1) Always directed towards the equilibrium position
(2) Always towards the one end

(3) Continuously changing in direction

(4) Maximum at the mean position

A particle executing S.H.M. completes a distance (taking friction as negligible) in one complete
time period, equal to:

(1) Four times the amplitude

(2) Two times the amplitude

(3) One times the amplitude

(4) Eight times the amplitude

A particle of mass m is executing S.H.M. If amplitude is a and frequency n, the value of its force
constant will be:

(1) mn? (2) 4mn%a®

(3) ma? (4) 4m*mn?

The mass of particle executing S.H.M. is 1 gm. If its periodic time is © seconds, the value of force
constant is:

(1) 4 dynes/cm (2) 4N/cm

(3) 4N/m (4) 4 dynes/m

The equation of motion of a particle executing S.H.M. is :
d’x  k d’x

(1) FZ—;X (2) d?:+(x)2x
d*x d*x

(3) F = —0)2X2 (4) F =—-kmx

2

The equation of motion of a particle executing SHM is (i—?} + kx = 0. The time period of the
t

particle will be:

(1) 2n/k (2) 2m/k
(3) 27k (4) 2k

The phase of a particle in S.H.M. is t/2, then:
(1) Its velocity will be maximum

(2) Its acceleration will be minimum

(3) Restoring force on it will be minimum

(4) Its displacement will be maximum.

The displacement of a particle in S.H.M. is indicated by equation y = 10 sin(20t + t/3) where y is in
meters. The value of time period of vibration will be (in seconds):

(1) 10/m (2) m/10

(3) 2m/10 (4) 10/2n
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18
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In the above question, the value of maximum velocity of the particle will be:
(1) 100 m/sec (2) 150 m/sec

(3) 200 m/sec (4) 400 m/sec

In the above question, the value of phase constant will be :
(1) zero (2) 452

(3) 602 (4)30¢

The phase of a particle in SHM at time t is t/6. The following inference is drawn from this:
(1) The particle is at x = a/2 and moving in +X-direction

(2) The particle is at x = a/2 and moving in —X-direction

(3) The particle is at x = — a/2 and moving in +X-direction

(4) The particle is at x = —a/2 and moving in —X-direction

The value of phase at maximum distance from the mean position of a particle in S.H.M. is:
(1) =/2 (2)m
(3) Zero (4) 2w

Two particles execute S.H.M. along the same line at the same frequency. They move in opposite
direction at the mean position. The phase difference will be:

(1) 2m (2) 2m/3

3) (4) /2

The time period of an oscillator is 8 sec. The phase difference from t =2 sec to t = 4 sec will be:

Wr @7 B @2

The displacement from mean position of a particle in SHM at 3 seconds is J3/2 ofthe amplitude.
Its time period will be:

(1) 18 sec (2) 64/3 sec
(3) 9 sec (4) 343 sec

A particle executes SHM of type x = asinwt. It takes time t; from x = 0 to x = % and t, from

X = % to x = a. The ratio of t; : t, will be:

(1)1:1 (2)1:2
(3)1:3 (4)2:1

The time taken by a particle in SHM for maximum displacement is:
(1)71/8 (2)T/6
(3)T/2 (4)T/4

A particle executes SHM with periodic time of 6 seconds. The time taken for traversing a distance
of half the amplitude from mean position is:

(1) 3 sec (2) 2 sec

(3) 1 sec (4) 1/2 sec
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27
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The phase difference between the displacement and acceleration of particle executing S.H.M. in
radian is:

(1) n/4 (2) /2

(3)n (4)2n

The phase difference in radians between displacement and velocity in S.H.M. is

(1) n/4 (2) /2
(3)m (4) 2n

If the maximum velocity of a particle in SHM is vo then its velocity at half the amplitude from
position of rest will be:
(1) vo/2 (2) vo

(3) vo3/2 (4) vo/3/2

At a particular position the velocity of a particle in SHM with amplitude a is V3/2 that at its mean

position. In this position, its displacement is:
(1) a/2 (2) /3a/2
(3) av2 (4) 22

The acceleration of a particle in SHM at 5 cms from its mean position is 20 cm/sec?. The value of
angular velocity in radian/sec will be:
(1) 2 (2) 4 (310 (4)14

The amplitude of a particle in SHM is 5 cms and its time period is . At a displacement of 3 cms
from its mean position the velocity in cms/sec wil be
(1) 8 (2) 12 (3)2 (4) 16

The maximum velocity and acceleration of a particle in S.H.M. are 100 cm/sec and 157 cm/sec?
respectively. The time period in seconds will be:

(1) 4 (2) 1.57

(3)0.25 (4)1

If the displacement, velocity and acceleration of a particle in SHM are 1 cm, lcm/sec,
1 cm/sec? respectively, its time period will be (in seconds):

(1) = (2)0.5%

(3) 2n (4) 157

The particle is executing S.H.M. on a line 4 cms long. If its velocity at mean position is
12 cm/sec, its frequency in Hertz will be:

(1) 2n/3 (2) 3/2n

(3) /3 (4)3/n
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Q.28 If the amplitude of a simple pendulum is doubled, how many times will the value of its maximum

&

velocity be that of the maximum velocity in initial case:
(1) 1/2 (2)2
(3)4 (4)1/4

Q.29 Which of the following statement is incorrect for an object executing S.H.M.
(1) The value of acceleration is maximum at the extreme points
(2) The total work done for completing one oscillation is zero
(3) The energy changes from one form to another
(4) The velocity at the mean position is zero

Q.30 The variation of acceleration (a) and displacement (x) of the particle executing SHM is indicated

by the following curve:

ha A

o
VAPVARN

Q.31 The displacement of a particle in S.H.M. is x = a sinwt. Which of the following graph between

4
o\

4
(3) L

displacement and time is correct?
(A) (B) ©)
0 t O t O t
(D) (E) (F)
O t O t O t
(1) A (2)B 3)C (4)D
Q.32 In question 31, which of the graph between velocity and time is correct ?

(1) A (2)B 3)c (4D

Q.33 In question 31, which of the graph between kinetic energy and time is correct ?
(1) A (2)B (3)E (4) F

Q.34 In question 31, which of the graph between potential energy and time is correct ?
(1) A (2)B (3)E (4) F

Q.35 In question 31, which of the graph between acceleration and time is correct ?
(1) A (2)B 3)C (4) D
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Q.36 In question 31, if the displacement of a particle executing SHM is x = a coswt, which of the

&

graph between displacement and time is correct ?
(1) A (2)B 3)C (4)D

Q.37 In question 36 which of the graph between velocity and time is correct ?
(1) A (2)B (3)C (4)D

Q.38 In question 36 which of the graph between acceleration and time is correct ?
(1) A (2)B 3)C (4)D

Q.39 In question 36 which of the graph between K.E. and time is correct ?
(1) A (2)B (3)E (4) F

Q.40 In question 36 which of the graph between P.E. and time is correct ?
(1) A (2)B (3)E (4) F

Q.41 The energy at the mean position of a pendulum will be:
(1) zero
(2) Partial P.E. and partial K.E.
(3) Totally K.E.
(4) Totally P.E.

Q.42 The total energy of a particle executing SHM is directly proportional to the square of the
following quantity.
(1) Acceleration (2) Amplitude
(3) Time period (4) Mass

Q.43 The total energy of a vibrating particle in SHM is E. If its amplitude and time period are doubled,
its total energy will be:
(1) 16E (2)8E  (3)4E  (4)E

Q.44 The total vibrational energy of a particle in S.H.M. is E. Its kinetic energy at half the amplitude
from mean position will be:
(1) E/2 (2) E/3
(3)3/4 (4) 3E/4

Q.45 |If total energy of a particle in SHM is E, then the potential energy of the particle at half the
amplitude will be-
(1) E/2 (2)E/4 (3)3E/4 (4)E/8
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Q.46

Q.47

Q.48

Q.49

Q.50
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A particle executes SHM on a line 8 cm long. Its K.E. and P.E. will be equal when its distance from
the mean position is:
(1) 4 cm (2)2cm

(3) 242 cm (4)\/5cm

The energy of a simple harmonic oscillator in the state of real is 3 joules. If its mean K.E. is
4 joules, its total energy will be:
(1) 7) (2)8J (3)10J (4)11)

The total energy of a harmonic oscillator of mass 2kg is 9 joules. If its energy at rest is
5 joules, its K.E. at the mean position will be:
(1) 9) (2)14)  (3)4)  (4)11)

The average P.E. of a body executing S.H.M. is:
1 2 1 2
1) —k 2) —k
(1) Ska 2) Sk
(3) ka2 (4) Zero
The value of total mechanical energy of a particle in S.H.M. is:

(1) Always constant

(2) Depend on time

(3) %kAz cos’ (ot +¢)

(4) %mA2 cos? (ot +¢)




&

bez

PHYSIGS TIT & NEET

Simple Hormonic Motion

IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 2

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Page number@ ) For any queries WWW.conceptphysicsclasses.com| 8076546954, 8130843551

The maximum K.E. of a oscillating spring is
5 joules and its amplitude 10 cms. The force constant of the spring is:

(1) 100 Newton/m  (2) 1000 Newton-m

(3) 1000 Newton/m  (4) 1000 watts

A particle executes SHM with a frequency f. The frequency of its P.E. will be:
(1) /2 (2)f
(3) 2f (4) 4f

The force acting on a 4 gm mass in the potential field U =8x?atx =—2 cmis:
(1) 8 dyne (2) 4 dyne
(3) 16 dyne (4) 32 dyne

On suspending a mass m from a spring of force constant k, frequency of vibration f is obtained. If
a second spring as shown in the figure, is arranged then the frequency will be:

(1) f42 2) £/42

(3) 2f (4)f
In the adjoining figure the frequency of oscillation for a mass m will be proportional to:

kl k2

(1) klkz (2) k1 + kz

(3) Jk, +k, (4) J1/(k, +k,)

An object of mass m is suspended from a spring and it executes S.H.M. with frequency v. If the
mass is increased 4 times, the new frequency will be:
(1) 2v (2)v/2 (3)v (4) v/4

A shown in the figure, two light springs of force constant ki and k; oscillate a block of mass m. Its
effective force constant will be:

k; k,
m
(1) kakz (2) k1 + k2
NS @ ks
k;, k, k, +k,
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Q.8 The spring constant of two springs of same length are k; and kz as shown in figure. If an object of
mass m is suspended and set vibration, the time period will be:

&

k, k,
m
(1) 2m |k (2) 21 |-
k2 klkz

(3) 2 |- mk (4) 2nJm/(k, +k,)
17 %2

Q.9 The total spring constant of the system as shown in the figure will be:

K ki
K
m
K o]
(1) 2+k, (2) | o+
2 2%k, k,
-1
3) L (@) F;}
2k, k, k,  k,

Q.10 Some springs are combined in series and parallel arrangement as shown in the figure and a mass
m is suspended from them. The ratio of their frequencies will be:

k k k
k
k

. m
(1)1:12 (2)2:1
(3) ¥/3:2 4)4:1

Q.11 The force constant of a spring is k. The amount of work done in expanding it from /1 to £, will be:
(W K(L2— ) @ 122
k

(3) k(3 —) (4) S (3 =1D)
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A spring is made to oscillate after suspending a mass m from one of its ends. The time period
obtained is 2 seconds. On increasing the mass by 2 kg, the period of oscillation is increased by 1
second. The initial mass m will be:

(1) 2 kg (2) 1 kg

(3) 0.5 kg (4) 1.6 kg

The force constant of spring A is greater than that of spring B. If their lengths are elongated by
same amount, which of the following statement is correct ?

(1) The work done on A will be greater than that on B

(2) The work done on B will be greater than that on A

(3) Work done on both the springs will be equal, if their initial lengths are same

(4) Work done on both of them will be equal

The time period of a spring pendulum on earth is T. If it is taken on the moon, and made to
oscillate, the period of vibration will be :

(1) LessthanT (2) Equalto T

(3) MorethanT (4) None of these

The length of a spring becomes 10 cm on suspending a mass of 20 kg in a vertical plane and 12
cms on suspending 32 kg. What should be the weight suspended from it so as to cause the length
to be 15 cms (g = 10 m/sec?):

(1) 40 kg (2) 50 kg

(3) 60 kg (4) 80 kg

On loading a spring with bob, its period of oscillation in a vertical plane is T. If this spring

pendulum is tied with one end to the a friction less table and made to oscillate in a horizontal

plane, its period of oscillation will be-

(nT

(2) 2T

(3)7/2
)

(4) will not execute S.H.M.

In a winding (spring) watch, the energy is stored in the form of :
(1) Kinetic energy (2) Potential energy
(3) Electrical energy (4) None of these

A and B are two similar springs, of which A is more rigid than B i.e. ka > ks. These are pulled
through the same length. The work done in these cases is:

(1) More in spring A

(2) More in spring B

(3) Equal in spring A and B

(4) No definite information can be furnish in this connection

In the previous question, on pulling the springs with equal force, the work done in spring A is:
(1) More than spring B

(2) Less than spring B

(3) Equal to spring B

(4) Nothing certain can be stated

—_— — — ~—

In an artificial satellite, the object used is:
(1) Spring watch

(2) Pendulum watch

(3) Watches of both spring and pendulum
(4) None of these

_— — — ~—
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The length of a spring is £ and its spring constant is k. It is cut into two parts of lengths /1 and /5

and /1 = n/,. The spring constant k; of the part /1 will be:

(1) k(1 +1/n) (2) k(1-1/n)
(3) k(1 +1/2n) (4) k(1-1/2n)

An object of 4 kg mass, moving at 6m/sec velocity strikes a spring & compresses it by a distance x.
If the force constant of the spring is 900 N/m. What is the value of x:

(1) 4 cm (2) 40 cm

(3)20cm (4) None of these

The time period of an oscillating body executing SHM is 0.05 sec and its amplitude is 40 cm. The
maximum velocity of particle is:

(1) 16m ms™ (2) 2mms™

(3)3.1ms™ (4) 4t ms™

The mass of a bob, suspended in a simple pendulum is halved from the initial mass, its time
period will:

(1) Be less (2) Be more

(3) Remain unchanged (4) None of these

The length of a simple pendulum is 39.2/m?m. If g = 9.8 m/sec?, the value of time period is:
(1) 4 sec (2) 8 sec
(3) 2 sec (4) 3 sec

The length of a simple pendulum is increased four times of its initial value, its time period with
respect to its previous value will:
(1) Become twice (2) Not be different

(3) Be halved (4) Be+/2 times

Water is filled in a hollow metallic sphere and it is suspended from a long string. A fine hole is
made at the bottom of the sphere through which water tickles. The sphere is set into oscillations.
Its period of oscillation will:

(1) Remain constant

(2) Decrease continuously

(3) Increase continuously

(4) First increase then decrease

The time taken for a second pendulum from one extreme point to another is:
(1) 1 sec. (2) 2 sec.
(3) 1/2 sec. (4) 4 sec.

The length of a seconds pendulum is (approximately):

(1)1m (2)1cm

(3)2m (4)2cm

The acceleration due to gravity at height R above the surface of the earth is g/4. The periodic
time of a simple pendulum in an artificial satellite at this height will be:

(1) T=2n\2¢/g (2) T=2ny¢/2g

(3) Zero (4) Infinity

In an artificial satellite, the use of a pendulum watch is discarded, because :
(1) The satellite is in a constant state of motion

(2) The value of g becomes zero in the earth satellite

(3) The periodic time of the pendulum watch is reduced
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(4) None of these

An oscillating pendulum stops, because its energy
(1) Changes into kinetic energy

(2) Change into potential energy

(3) Change into heat energy

(4) Is destroyed

The length of a simple pendulum is made equal to the radius of the earth. Its period of oscillation
will be:

(1) 84.6 min. (2) 59.8 min.

(3) 42.3 min. (4) 21.15 min.

The maximum time period of oscillation of a simple pendulum is:
(1) Infinity (2) 24 hours
(3) 12 hours (4) 1% hours

In a simple oscillating pendulum, the work done by the string in one oscillation will be:
(1) Equal to the total energy of the pendulum (2) Equal to the K.E. of the pendulum
(3) Equal to the P.E. of the pendulum

(4) Zero

The distance between the point of suspension and the centre of gravity of a compound pendulum
is ¢ and the radius of gyration about the horizontal axis through the centre of gravity is k, then its

time period will be:

2 2
(1) 2x l+k (2) 2n 1 +k
g lg
2
(3) 2m [LEK (4) 21| 2%
g lg

(1) zn\ﬁ 2) 2n |L
g g

(3) 2r | 2L (4) 2m |2
g g

The distance of point of a compound pendulum from its centre of gravity is /, the time period of

oscillation relative to this point is T. If g = 7%, the relation between ¢ and T will be:

2

(1) 2 - TT /+k*=0
2

(2) 2+ TT 1+ =0
2

(3) ¢*- TT /-k*=0
2

(4) *+ TT (-k*=0
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The distance between the points of suspension and centre of oscillation for a compound
pendulum is:

2 2 2 2
(1) k ;E (2) k Zﬂ
k2 + 02 , 12
3 4) k*+—
(3) > (4) .

For a compound pendulum, the maximum time period is:

(1) 27:\/Z (2) 2n\/§
g g

(3) Zero (4) Infinite

If the distance between the centre of gravity and point of suspension of a compound pendulum is
¢ and the radius of gyration about the axis passing through its centre of gravity is k, its time
period will be infinite if:

(1)¢=0 (2) /=0

(3) =k (4) £ =2k

A ring of radius R is suspended from its circumference and is made to oscillate about a horizontal
axis in a vertical plane. The length equivalent to a simple pendulum will be:

(1) 2R (2)R
3R R
(6) =5 @) 3

A disc of radius R is suspended from its circumference and made to oscillate. Its time period will
be:

(1) zn\/iE (2) 2n | R
g g

(3) 2n \/E (4) 2n /3
g g

In the above question, its length equivalent to a simple pendulum will be:

(1) = (2)R

(3) % (4) 2R

Holes are drilled along the diameter of a disc of radius R. On oscillating it through the holes along
a horizontal axis the minimum time period will be:

(1) 2x 1.5R (2) 2x ,1.414R
g g
(3) Zﬁ\/E (4) 275\/E
g g

Holes are drilled along the diameter of a disc. For a minimum time period, the disc should be suspend from
the centre of gravity at a distance of:

(1R @5
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(3) R (4) zero

N3

The formula for time period of a compound pendulum is:

(1) T:ZR\/I (2) T=2m |
g mg/
}m }k

(3)T=2TE E (4)T=2TE E

The mass of a solid body is 200 gm and oscillates about a horizontal axis at a distance of 20 cms
from the centre of gravity. If length equivalent to simple pendulum is 40 cms, its M.I. through the
centre of gravity will be:

(1) 8 x 10* gm—cm? (2) 8 x 10*kg— cm?

(3) 8 x 10 gm-m?  (4)8 x 10* kg—cm?

A thin rod of length 1 m is suspended from its end and is made to oscillate in a vertical plane. The
distance between the point of suspension and centre of oscillation will be:
1 3

2
1) — 2) — 3)im 4) —m
WZm @ m @Im (@) ]
If a disc is made to oscillate from a point % away from centre and the axis of oscillations is

perpendicular to the plane of disc, then the length of equivalent simple pendulum will be:
3R 5R 7R 9R

1) — 2) — (3)— (4) —

LW @5 e @

A rod of length L is suspended from its one end and is oscillating. Its time period will be:

(1) 27:\/Z (2) 21t\/E
g g
(3) 275\/% (4) 271\/%

A body of mass 5 gm is executing S.H.M. about a point with amplitude 10 cm. Its maximum
velocity is 100 cm/sec. Its velocity will be 50 cm/sec at a distance :

(1)5cm (2) 5v2 cm
(3) 53 cm (4) 1042 cm

The velocity-time diagram of a harmonic oscillator is shown in the adjoining figure. The frequency
of oscillation is:

V(m/sec.)

+4 >

o 0.02 0.04,
ol 001\1/0.03—» T(in sec)
41

(1) 25 Hz (2) 50 Hz
(3) 12.25 Hz (4) 33.3 Hz
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When the displacement is half of the amplitude, then what fraction of total energy of a simple
harmonic oscillator is kinetic ?

(1) 3/4 th (2) 2/7 th

(3)5/7 th (4) 2/9 th

A particle starts S.H.M. from the mean position. Its amplitude is A and time periods is T. At the
time when its speed is half of the maximum speed, its displacement vy is:

A A
(1) 5 (2) 7

A3 2A
(3) - (4) "

If the metal bob of a simple pendulum is replaced by wooden bob, then its time period will:
(1) Increase

(2) Decrease

(3) Remain the same

(4) First increase then decrease

A particle executes simple harmonic motion with an angular velocity and maximum acceleration
of 3.5 rad/sec. and 7.5 m/s? respectively. Amplitude of the oscillations is:

(1) 0.28 m (2)0.36 m

(3)0.53 m (4) 0.61m

A lift is ascending with acceleration g/3. What will be the time period of a simple pendulum
suspended from its ceiling if its time period in stationary liftis T ?

T T
1) — 2) N3—
(1) 3 2) V3

T T

3) V3— 4) —
(3) V35 @ 5
The total energy of a particle performing SHM depends on:
(1) K,m (2) K, a
(3) K, a, x (4) K, x

A mass is suspended separately by two different springs in successive order then time period is
Tiand T, respectively. If it is connected by both spring as shown in figure then time period is To,
the correct relation is:

(1) TF =T +T5 (2) T2 =T2+T,>
B)T,'=T"+T,'  (4)To=T1+T,
When an oscillator completes 100 oscillation its amplitude reduced to 3 of initial value. What

will be its amplitude, when it completes 200 oscillation ?
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1 2 1 1
1) — 2) = 3) — 4) —
(1) < (2) 3 (3) S (4) 5
Displacement between max. P.E. position and max. K.E. position for a particle executing simple

harmonic motion is:

(2)+a

(4)-1

When a long spring is stretched by 2 cm, its potential energy is U. If the spring is stretched by 10 cm.,
the potential energy stored in it will be

(1) uU/5 (2)5U
(3)10U (4) 25 U

The time period of a mass suspended from a spring is T. If the spring is cut into four equal parts
and the same mass is suspended from one of the parts, then the new time period will be

T

15 @7
T

() 5 (@) 21

Two springs of force constant k and 2k are connected to a mass as shown below. The frequency
of oscillation of the mass is:

k m

2k
0000000 7000000

(1) (1/2m)/(k/m)
(2) (1/2m)/(2k/m)
(3) (1/2m)y/(3k/m)
(4) (1/2m)f(m/k)

Which one of the following statements is true for the speed 'v' and the acceleration 'a' of a
particle executing simple harmonic motion ?

(1) Value of 'a' is zero, whatever may be the value of 'v'

(2) When 'v' is zero, 'a' is zero

(3)When 'v' is maximum, 'v' is zero

(4) When 'v'is maximum, 'a' is maximum

Two springs of spring constants ki and k; are joined in series. The effective spring constant of the
combination is given by :

(1) @ (2) ki + ky
k1k2
) (@) ik,

A mass of 0.5 kg moving withy a speed of 1.5 m/s on a horizontal smooth surface, collides with a
nearly weightless spring of force constant k = 50 N/m. The maximum compression of the spring
would be:

QD —
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(1) 0.12 m (2)1.5m

(3)0.5m (4)0.15m

For a particle executing simple harmonic motion which of the following statement is not correct:
(1) The total energy of particle always remains to same

(2) The restoring force is always directed towards a fix point.

(3) The restoring force is maximum at the extreme positions.

(4) The acceleration of particle is maximum at the equilibrium positions.

A particle executing simple harmonic motion of amplitude 5 cm has maximum speed of
31.4 cm/s. The frequency of oscillation is:

(1) 1 Hz (2) 3 Hz

(3) 2 Hz (4) 4 Hz

The potential energy of a long spring when stretched by 2 cm is U. If the spring is stretched by 8
cm the potential energy stored in it is:

(1)4U  (2)8U (3)16U (4)%

A mass of 2.0 kg is put on a flat pan attached to a vertical spring fixed on the ground as shown in
the figure. The mass of the spring and the pan is negligible. When pressed slightly and released
the mass executes a simple harmonic motion. The spring constant is 200N/m. What should be the
minimum amplitude of the motion so that the mass gets detached from the pan ?(Take g = 10
m/s?)

4.0cm

8.0cm

10.0cm

Any value less than 12.0 cm

(1
(2
(3
(4

_— — ~— ~—

The phase difference between the instantaneous velocity and acceleration of a particle executing
simple harmonic motion is-

(1) Zero (2)0.5n

(3)m (4)0.707n

The particle executing simple harmonic motion has a kinetic energy Ko cos®* wt. The maximum
values of the potential energy and the total energy are respectively:
(1) Ko and K, (2) 0 and 2K,

(3) K, and Ko (4) Ko and 2K,

A particle executes simple harmonic oscillation with an amplitude a. The period of oscillation is T.
The minimum time taken by the particle to travel half of the amplitude from the equilibrium

positions is-
(1) 7/2 (2)T/4
(3)7/8 (4)T/12

A simple pendulum performs simple harmonic motion about x = 0 with an amplitude a and time
period T. The speed of the pendulum at x = a/2 will be:-
(1) =S8 (o) =3

2T
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ma
BT T

Which one of the following equations of motion represents simple harmonic motion-
(1) Acceleration = kx

(2) Acceleration = —kox + k1 x?

(3) Acceleration =—k(x + a)

(4) Acceleration = k(x + a)

Where k, ko, k1 and a are all positive

The displacement of a particle along the x-axis is given by x = a sin’wt. The motion of the particle
corresponds to —

(1) simple harmonic motion of frequency w/n

(2) simple harmonic motion of frequency 3w/2n

(3) non simple harmonic motion

(4) simple harmonic motion of frequency w/2n

—_— — — ~—

The period of oscillation of a mass M suspended from a spring of negligible mass is T. If along with
it another mass M is also suspended, the period of oscillation will now be—

(1)T (2)T/ 2
(3) 2T @)V2T

A particle moves in x —y plane according to rule x = a sin ot and y = a cos wt. The particle follows-
(1) acircular path

(2) a parabolic path

(3) a straight line path inclined equally to x and y-axes

(4) an elliptical path

Two particles are oscillating along two close parallel straight lines side by side, with the same
frequency and amplitudes. They pass each other, moving in opposite directions when their
displacement is half of the amplitude. The mean positions of the two particles lie on a straight
line perpendicular to the paths of the two particles. The phase difference is :

(1) =/6 (2)o

(3) 2w/3 (4)m
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The amplitude of a particle executing S.H.M. with frequency of 60 Hz is 0.01 m. The maximum
value of the acceleration of the particle is:
(1) 144> m/sec? (2) 144 m/sec?
(3) ﬁ m/sec? (4) 288m2 m/sec?

T
A particle executing S.H.M. of amplitude 4 cm and T = 4 sec. The time taken by it to move from
positive extreme position to half the amplitude is-

(1) 1 sec (2) 1/3 sec
(3) 2/3 sec (4) V3/2 sec

Five identical springs are used in the following three configurations. The time periods of vertical
oscillations in configurations (i), (ii) and (iii) are in the ratio:

0000009
~
0000009
~

0900900 —
~
0900000 —
=

(1)1:«/5: (2)2:«/5:

1 » IR
7 7
(3)L:2:1 (4) 2:L:1

7 7

A simple harmonic oscillator has a period of 0.01 sec. and an amplitude of 0.2 m. The magnitude
of the velocity in m sec™ at the mean position will be -
(1) 20m (2) 100 (3)40m (4) 100~

A simple pendulum is suspended from the roof of a trolley which moves in a horizontal direction

with an acceleration a, then the time period is given by T =2n\/z where g' =
g

(1)g (2)g—a

(3)g+a (4) e +a’

A simple pendulum performs simple harmonic motion about X = 0 with an amplitude A and time

period T. The speed of the pendulum at
=2 will be:
A3 A
1) = 2) =
(1) T (2) T
2
a) A3 (4) 3TA
2T T

Displacement of a particle is x = 3 sin 2t + 4 cos 2t, the amplitude and the max. velocity will be:
(1) 5, 10 (2)3,2
(3)4,2 (4)3,8
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The graph shows the variation of displacement of a particle executing S.H.M. with time. We
inference from this graph that:

yA

(1) The force is zero at time 3T/4

(2) The velocity is maximum at time T/2

(3) The acceleration is maximum at time T

(4) The P.E. is equal to half of total energy at time T/2

A body is executing simple harmonic motion with an angular frequency 2 rad/s. The velocity of
the body at 20mm displacement, when the amplitude of motion is 60 mm, is :

(1) 40 mm/s (2) 60 mm/s

(3) 113 mm/s (4) 120 mm/s

A clock S works on the oscillations of a spring. Another clock P works on the oscillations of
pendulum both the clocks keep correct time on the earth. What will happen if they are taken to
the moon ?

(1) Only the clock P will keep correct time

(2) Only clock S will keep correct time

(3) Both of them will keep correct time

(4) None of them will keep correct time

The potential energy of a particle executing S.H.M. at a distance x from mean position is :

(1) %mcozx2 (2)0

(3) m2ox (4) %mzmzx2

A spring of force constant k is cut into two pieces such that one piece is double the length of the
other. Then the long piece will have a force constant of:

(1) (2/3)k (2) (3/2) k

(3) 3k (4) 6k

The spring constant of two springs are K; and K; respectively spring are stretch up to that limit
when potential energy of both becomes equal. The ratio of applied force (F1 and F;) on them will
be:

(1) K1 . Kz (2) Kz: K1

(3) VK, YKy (4) K, K,

A particle is describing SHM with amplitude 'a'. When the potential energy of particle is one
fourth of the maximum energy during oscillation, then its displacement from mean position will
be:

(1) < (2)

a a 2a
N ; By Wy

Force constant of a spring is K. One fourth part is detach then force constant of remaining spring
will be:
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(1) %K 2) %K 3)K  (4)4K
Ql6e A particle is executing S.H.M. of frequency
300 Hz and with amplitude 0.1 cm. Its maximum velocity will be :
(1) 60 T cm/s (2) 0.6 tcm/s
(3) 0.50 T cm/s (4)0.05 Tt cm/s
Q.17 Which of the following equation does not represent a simple harmonic motion?
(1)y=asin ot
(2) y = b cos wt
(3)y=asin ot + b cos ot
(4)y=atan ot
Q.18 A child swinging on a swing in sitting position, stands up, then the period of the swing will be:
(1) Increase
(2) Decrease
(3) Remain same
(4) Increase if child is long and decrease if child is short
Q.19 The equation of a simple harmonic motion is
x = 0.34 cos (3000t + 0.74). Where x and t are in mm and sec. respectively. The frequency of the
motion is:
(1) 3000 (2) 3000/27
(3)0.74 /2w (4) 3000/
Q.20 The spring constant of a spring is K. When it is divided into n equal parts, then what is the spring
constant of one piece:
(1) nK (2) K/n
nK n+1)K
3) (a) (DK
(n+1)
Q.21 If amplitude of the particle which is executing S.H.M., is doubled, then which quantity will
become double ?
(1) Frequency (2) Time period
(3) Energy (4) Max. velocity
Q.22 Mass 'm' is suspended from a spring of force constant K. Spring is cut into two equal parts and
same mass is suspended from it, then new frequency will be:
(1) 2v (2) V2v
\'%
3)v 4) —
@) @) 3
Q.23 A simple pendulum is suspended from the ceiling of a vehicle, its time period is T. Vehicle is
moving with constant velocity, then time period of simple pendulum will be:
(1) Lessthan T (2) Equalto T
(3) MorethanT (4) Cannot predict
Q.24 The ratio of K.E. of the particle at mean position to the point when distance is half of amplitude
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will be:

1 2
(1) 3 (2) 3
4 3
(3) 3 (4) )
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A particle is executing S.H.M., If its P.E. & K.E. is equal then the ratio of displacement & amplitude
will be :
1 1 3

1) — )2 3)= (4=

@5 @2 @65 @]

In SHM velocity is maximum:

(1) At extreme position
(2) When displacement is half of amplitude
(3) At the central position
)

(4) When displacement is €L of amplitude

NG

Which of the following is constant during SHM:
(1) Velocity (2) Acceleration
(3) Total energy (4) Phase

Time period of a compound pendulum is T, if its mass is doubled, then its times period will be:
(1) Unchanged (2) 2 times

(3)\/5 times (4) 4 times

The maximum velocity of simple harmonic motion represented by y = 3sin (100t+%] is given by

3n
(1) 300 (2) o

i
(3)100 (4) i

If <E>and <V > denotes the average kinetic and average potential energies respectively of mass
describing a simple harmonic motion over one period then the correct relation is:

(1)<E>=<V> (2)<E>=2<V>

(3)<E>=-2<V> (4)<E>=-<V>

The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 m is
4.4 m/s. The period of oscillation is:

(1) 100S (2)0.015s

(3)10s (4)0.1s

A ring is suspended from its one end and oscillating then its time period for small oscillations will
be

(2) 27:\/E (2) 27t\/E
g g
(3) 211:\/% (4) 21‘{\/%

In figure-1 if the time period is T then calculate time period for figure-2 in which two springs are
connected in series with same mass M:-

K K K
fig.1 fig.2

T
(1) V2T (2) N
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3) 2T (a) %

Q.34 A mass of 10g is connected to a massless spring then time period of small oscillation is 10 seconds. If
10 g mass is replaced by 40 g mass in same spring, then its time period will be:-
(1) 5s (2) 10s
(3) 20s (4) 40s

Q.35 If arod of length L is hung by its end on a nail and allowed to oscillate, find the equivalent length
of simple pendulum for same time period.
L 2L L
1) = 2) 2L 3) =— (4) =
(1) 3 (2) (3) 3 (4) s
Q.36 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?
(1) @T? + 472 (2) aT/x
(3) aT + 2nv (4) aT/v
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These questions consists of two statements each, printed as Assertion and Reason. While

answering these questions you are required to choose any one of the following four responses.

(A) If both Assertion & Reason are true & the Reason is a correct explanation of the Assertion.

(B) If both Assertion and Reason are true but Reason is not a correct explanation of the
Assertion.

(C) If Assertion is true but the Reason is false.

(D) If Assertion & Reason both are false.

Assertion : The motion of a simple pendulum is simple harmonic only for a << /.

Reason : Motion of a simple pendulum is SHM for small angular displacement.

=

(1A (2)B 3)C (4)D

Assertion : Pendulum clocks go slow in summer and fast in winter.

Reason : The length of the pendulum used in clock increases in summer.

(1) A (2) B (3)C (4)D

Assertion : A simple pendulum is mounted on a truck which move with constant velocity. The
time period of pendulum will increases.

Reason : The effective length of pendulum will decrease.

(1) A (2) B (3)C (4)D

Assertion : SHM is not a periodic motion.
Reason : Periodic motion does not repeat its position after certain interval of time.
(1) A (2)B 3)C (4)D

Assertion : When a particle is at extreme position performing SHM, its momentum is equal to
zero.

Reason : At extreme position the velocity of particle performing SHM is equal to zero.

(1) A (2) B (3)C (4)D

Assertion : In compound pendulum, if suspension point and centre of oscillation are mutually
interchange, then no change in time period is obtained.

Reason : Length of equivalent simple pendulum remains same in both the case.

(1) A (2)B 3)C (4)D
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