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SIMPLE HARMONIC MOTION 

———————————————————————————————————  
1. PERIODIC MOTION 

 When a body or a moving particle repeats its motion along a definite path after regular interval of time, 

its motion is said to be Periodic Motion and interval of time is called time period or harmonic motion 

period (T). The path of periodic motion may be linear, circular, elliptical or any other curve. For 

example, rotation of earth about the sun. 
 

2. OSCILLATORY MOTION 

 ‘To and Fro’ type of motion is called an Oscillatory Motion. It need not be periodic and need not have 

fixed extreme positions. For example, motion of pendulum of a wall clock. 

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

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

force / torque.  

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

total mechanical energy decreases. 
 

3. SIMPLE HARMONIC MOTION  
 If the restoring force/ torque acting on the body in oscillatory motion is directly proportional to the 

displacement of body/particle and is always directed towards equilibrium position then the motion is 

called simple Harmonic Motion (SHM). It is the simplest (easy to analyze) form of oscillatory motion.  
 

3.1 TYPES OF SHM     

 (a) Linear SHM : When a particle undergoes to and fro motion about an equilibrium position, along a 
straight line. A and B are extreme positions. M is mean position. AM = MB = Amplitude         

       
 (b) Angular SHM : When a body/particle is free to rotate oscillate about a given axis on a curved path. 
 

3.2 EQUATION OF SIMPLE HARMONIC MOTION (SHM) :  
 The necessary and sufficient condition for SHM is F = – kx   
 where  k = positive constant for a SHM = Force constant  
   x = displacement from mean position.  

 or  m 
2

2

d x

dt
 = – kx  

  
2

2

d x

dt
 + 

k

m
x = 0         [differential equation of SHM]  

  
2

2

d x

dt
 + 2x = 0   where  = 

k

m
 

 It’s solution is  x = A sin (t + )   
 

3.3 CHARACTERISTICS OF SHM 
 Note : In the figure shown, path of the particle is on a straight line.   

 

 

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

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

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


Simple Harmonic Motion  
 

 

Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 2 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

 (b) Amplitude : It is the maximum value of displacement of the particle from its equilibrium position.  

  Amplitude = 
1

2
 [distance between extreme points or positions]         

  It depends on energy of the system. 

 (c) Angular Frequency () :  = 
2

T


 = 2f  and its unit is rad/sec.  

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

oscillations,  f = 
1

T
 = 

2




, its units is sec–1 or Hz. 

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

 time period,  T = 
2


 = 

m
2

k
    

 

Example 1.  For a particle performing SHM, equation of motion is given as 
2

2

d x

dt
 + 4x = 0. Find the time period. 

Solution :   
2

2

d x

dt
 =  4x  2 = 4   = 2 

   Time period ; T = 
2


 =  

———————————————————————————————————   
 (f)  Phase : The physical quantity which represents the state of motion of particle (eg. its position and 

direction of motion at any instant). 

  The argument (t + ) of sinusoidal function is called instantaneous phase of the motion.  

 (g) Phase constant () :  Constant  in equation of SHM is called phase constant or initial phase. It 
depends on initial position and direction of velocity. 

 (h) Velocity(v) : Velocity at an instant is the rate of change of particle’s position w.r.t time at that 
instant. 

  Let the displacement from mean position is given by 

     x = A sin t +  

  Velocity, v = 
dx

dt
 = 

d
Asin( t )

dt
      

   v = A cos t +  or, v = 
2 2A x  

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

   vmax = A 
  At extreme position (x = A), velocity is minimum. 
   vmin = zero 
 

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

  
2 2v A x      2 2 2 2v A x      

  v2 + 2x2 = 2A2  
2 2

2 2 2

v x
1

A A
 


 

 Speed (v) 

–A A x 
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 GRAPH WOULD BE AN ELLIPSE             

 (i)  Acceleration : Acceleration at an instant is the rate of change of particle’s velocity w.r.t. time at 

that instant. 

  Acceleration, a = 
dv

dt
 = 

d
[A cos( t )]

dt
     

      a = 2A sin (t +  

      a = 2x 

  Note 

   Negative sign shows that acceleration is always directed towards the mean position. 

   At mean position (x = 0), acceleration is minimum. 

    amin = zero 

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

    amax = 2A 

 

x 
A 

–A 

a 

 
 

 GRAPH OF ACCELERATION (A) VS DISPLACEMENT (x) 

   a = 2x  
    

 

Example 2.  The equation of particle executing simple harmonic motion is x = (5 m) sin 1( s )t
3

  
  

 
. Write 

down the amplitude, time period and maximum speed. Also find the velocity at t = 1 s. 

Solution :  Comparing with equation x = A sin (t + ),  

   we see that the amplitude = 5 m, 

   and time period = 
2


 = 

1

2

s



 = 2s. 

   The maximum speed = A  = 5 m ×  s–1 = 5 m/s. 

   The velocity at time t = 
dx

dt
 = A  cos (t + ) 

   At t = 1 s, 

   v = (5 m) ( s–1) cos 
3

 
  
 

 = – 
5

2


m/s. 
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Example 3.  A particle executing simple harmonic motion has angular frequency 6.28 s–1 and amplitude  
10 cm. Find (a) the time period, (b) the maximum speed, (c) the maximum acceleration, (d) the 
speed when the displacement is 6 cm from the mean position, (e) the speed at t = 1/6 s 
assuming that the motion starts from rest at t = 0.      

Solution :  (a) Time period = 
2


 = 

2

6.28


 s = 1 s. 

   (b) Maximum speed = A = (0.1 m) (6.28 s–1) = 0.628 m/s. 

   (c) Maximum acceleration = A2 

     = (0.1 m) (6.28 s–1)2 = 4 m/s2. 

   (d) v =  
2 2A x  = (6.28 s–1) 2 2(10cm) (6cm)  = 50.2 cm/s. 

   (e) At t = 0, the velocity is zero i.e., the particle is at an extreme. The equation for displacement 

may be written as 

    x = A cost. 

    The velocity is v = – A  sin t.  

    At  t = 
1

6
s, v = – (0.1 m) (6.28 s–1) sin

6.28

6

 
 
 

  

        = (– 0.628 m/s) sin 
3


  = 54.4 cm/s. 

Example 4.  A particle starts from mean position and moves towards positive extreme as shown. Find the 

equation of the SHM. Amplitude of SHM is A.       

  t = 0 

0 A -A  
Solution :   General equation of SHM can be written as x = A sin (t + ) 
   At t = 0, x = 0   

    0 = A sin    = 0,   [0,2 )   

   Also; at t = 0, v = ve   

    A cos = ve 

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

equation of SHM is given by x = A sint 
   Similarly  
   for     

    =  

    equation of SHM is x = A sin(t + ) 

   or, x = A sint 

  t = 0 

0 A -A  

   Note :   
    If mean position is not at the origin, then we can replace x by x  x0 and the eqn. 

becomes x  x0 = A sin t + , where x0 is the position co-ordinate of the mean 
position. 

 
 

Example 5.  A particle is performing SHM of amplitude “A” and time period “T”. Find the time taken by the 
particle to go from 0 to A/2. 

Solution :   Let equation of SHM be x = A sin t 
   when x = 0, t = 0 

   when x = A/2 ;  A/2 = A sin t 

   or  sin t = 1/2  t =  /6 

    
2

T


t = /6  t = T/12 

   Hence, time taken is T/12, where T is time period of SHM. 
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Example 6.  A particle of mass 2 kg is moving on a straight line under the action of force F = (8 – 2x) N. It is 

released at rest from x = 6 m. 

   (a) Is the particle moving simple harmonically. 

   (b) Find the equilibrium position of the particle. 

   (c) Write the equation of motion of the particle. 

   (d) Find the time period of SHM. 

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

   at equilibrium position F = 0 

    x = 4 is equilibrium position  

   Hence the motion of particle is SHM with force constant 2 and equilibrium position x = 4. 

   (a) Yes, motion is SHM. 

   (b) Equilibrium position is x = 4 

      

 

0 x=4 x=6 

v=0 

 
   (c)  At x = 6 m, particle is at rest i.e. it is one of the extreme position      

    Hence amplitude is A = 2 m and initially particle is at the extreme position. 

      Equation of SHM can be written as  

    x – 4 = 2 cos t,  where  = 
k

m
 = 

2

2
 = 1 

    i.e. x = 4 + 2 cos t 

   (d) Time period, T = 
2


 = 2sec. 

———————————————————————————————————  

4. SHM AS A PROJECTION OF UNIFORM CIRCULAR MOTION  

 Consider a particle moving on a circle of radius A with 

a constant angular speed  as shown in figure. 

 Suppose the particle is on the top of the circle (Y-axis) 

at t = 0. The radius OP makes an angle  = t with the 

Y-axis at time t. Drop a perpendicular PQ on X-axis. 

The components of position vector, velocity vector and 

acceleration vector at time t on the X-axis are 

  x(t) = A sin t 

  vx(t) = A cos t 

  ax(t) =  2A sin t 

 Above equations show that the foot of perpendicular Q 
executes a simple harmonic motion on the X-axis. The 

amplitude is A and angular frequency is .  

 

 x(t) 

 v (t) 

 v (t) 

 a (t) 
 x 

 x 

 x 

O  x 

P 

P 

0 

Q 

- A + A 0 
 x(t)  

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

frequency [y(t) = A cos t. The phases of the two simple harmonic motions differ by /2. 
  

5. GRAPHICAL REPRESENTATION OF DISPLACEMENT, VELOCITY & ACCELERATION IN 
SHM 

 Displacement,  x = A sin t 

 Velocity,   v = A cos t = Asin t + 
2


)  or v = 2 2A x   

 Acceleration,  a = 2A sint = 2A sin t + ) or a = – 2x 

 Note :   v = 
2 2A x   

     a = – 2x  
 These relations are true for any equation of x. 
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time, t 0 T/4 T/2 3T/4 T 

displacement, x 0 A 0  A 0 

Velocity, v A 0 A 0 A 

acceleration, a 0 2A 0 2A 0 

 
 

 
T/4 T/2 3T/4 T 5T/4 3T/2 

x 

 v 

 a 

t 

t 

t 

–A 

A 

 
 1. All the three quantities displacement, velocity and acceleration vary harmonically with time, having 

same period. 

 2. The velocity amplitude is times the displacement amplitude (vmax = A). 

 3. The acceleration amplitude is 2 times the displacement amplitude (amax = 2A).  

 4. In SHM, the velocity is ahead of displacement by a phase angle of 
2


. 

 5. In SHM, the acceleration is ahead of velocity by a phase angle of 
2


. 

———————————————————————————————————  
6. ENERGY OF SHM  
6.1 Kinetic Energy (KE)   

 
1

2
 mv2 = 

1

2
 m2 (A2 – x2) = 

1

2
k (A2 – x2) (as a function of x) 

  = 
1

2
m A22 cos2 (t + ) = 

1

2
 KA2 cos2 (t + ) (as a function of t) 

 maxKE  = 
1

2
kA2    ; 

0 T
KE


 = 

1

4
kA2  ;    

0 A
KE


 = 

1

3
kA2     

 Frequency of KE = 2 × (frequency of SHM)   
 

6.2 Potential Energy (PE)   

  
1

2
Kx2 (as a function of x) = 

1

2
 kA2 sin2 (t + ) (as a function of time)    

 

6.3 Total Mechanical Energy (TME) 

 Total mechanical energy = Kinetic energy + Potential energy = 
1

2
k(A2 – x2) + 

1

2
 Kx2 = 

1

2
 KA2 

 Hence total mechanical energy is constant in SHM. 
 

6.4 Graphical Variation of energy of particle in SHM.     
 

A 
O 

E 

– A x 

PE 

TE 
KE 

–A/ 2 A/ 2 
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Example 7.  A particle of mass 0.50 kg executes a simple harmonic motion under a force F = – (50 N/m)x.  

If it crosses the centre of oscillation with a speed of 10 m/s, find the amplitude of the motion. 

Solution :  The kinetic energy of the particle when it is at the centre of oscillation is  

   E = 
1

2
 mv2 = 

1

2
 (0.50 kg) (10 m/s)2 = 25 J. 

   The potential energy is zero here. At the maximum displacement x = A, the speed is zero and 

  hence the kinetic energy is zero. The potential energy here is 
1

2
kA2. As there is no loss of 

  energy, 

    
1

2
kA2 = 25 J     .............(i) 

   The force on the particle is given by  

    F = – (50 N/m)x. 

   Thus, the spring constant is k = 50 N/m.  

   Equation (i) gives 

   
1

2
 (50 N/m) A2 = 25 J or, A = 1 m. 

———————————————————————————————————  

7. SPRING-MASS SYSTEM 

 (1)  

 

smooth surface 

    T = 2
m

k
 

 (2)  

 

 k 

 m 

            T = 2
m

k
 

 

 (3) If spring has mass ms then  

     

 

  = 

 

  

  T = 2

sm
m

3

k



  

 
 

Example 8.  A particle of mass 200 g executes a simple harmonic motion. The restoring force is provided by 

a spring of spring constant 80 N/m. Find the time period. 

Solution :  The time period is T = 2
m

k
= 2

3200 10 kg

80 N/m


= 2× 0.05 s = 0.31 s. 
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Example 9.  The friction coefficient between the two blocks shown in figure is µ and the horizontal plane is 

smooth. (a) If the system is slightly displaced and released, find the time period. (b) Find the 

magnitude of the frictional force between the blocks when the displacement from the mean 

position is x. (c) What can be the maximum amplitude if the upper block does not slip relative to 

the lower block ? 

 

 
Solution :  (a) For small amplitude, the two blocks oscillate together. The angular frequency is 

      = 
k

M m
 and so the time period T = 2

M m

k


. 

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

    a = – 2x = 
kx

M m

 
 

 
 

    The resultant force on the upper block is, therefore, ma = 
mkx

M m

 
 

 
 

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

frictional force is 
mk | x |

M m

 
 

 
 

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

M m
 

at the extreme positions. But the maximum frictional force can only be µ mg. Hence 

     
mk A

M m
 = µ mg      or, A = 

µ(M m)g

k


 

 

Example 10. A block of mass m is suspended from the ceiling of a stationary elevator through a spring of 

spring constant k and suddenly, the cable breaks and the elevator starts falling freely. Show 

that block now executes a simple harmonic motion of amplitude mg/k in the elevator. 

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

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

 

 
   Thus, the block is subjected to a net force kx by the spring when it is at a distance x from the 

position of unstretched spring. Hence, its motion in the elevator is simple harmonic with its 

mean position corresponding to the unstretched spring. Initially, the spring is stretched by  

x = mg/k, where the velocity of the block (with respect to the elevator) is zero. Thus, the 

amplitude of the resulting simple harmonic motion is mg/k. 
 

Example 11. The left block in figure collides inelastically with the right block and sticks to it. Find the 

amplitude of the resulting simple harmonic motion. 
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Solution :  Assuming the collision to last for a small interval only, we can apply the principle of conservation of 

momentum. The common velocity after the collision is 
v

2
.  

   The kinetic energy = 
1

2
 (2m) 

2
v

2

 
 
 

 = 
1

4
 mv2.  

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

amplitude is A, the total energy can also be written as 
1

2
 kA2. Thus,  

    
1

2
kA2 = 

1

4
 mv2, giving A = 

m

2k
v.  

 

Example 12. Two blocks of mass m1 and m2 are connected with a 
spring of natural length l and spring constant k. The 
system is lying on a smooth horizontal surface. Initially 
spring is compressed by x0 as shown in figure. 

   – x 
0 

 
   Show that the two blocks will perform SHM about their equilibrium position. Also (a) find the 

time period, (b) find amplitude of each block and (c) length of spring as a function of time.            
Solution :   (a) Here both the blocks will be in equilibrium at 

the same time when spring is in its natural 
length. Let EP1 and EP2 be equilibrium 
positions of block A and B as shown in 
figure. 

    Let at any time during oscillations, blocks 
are at a distance of x1 and x2 from their 
equilibrium positions. As no external force is 
acting on the spring block system 

 
    

EP EP 1   2 

EP EP 
1   

1   
2 

2  x  x 

 
     (m1 + m2)xcm = m1x1  m2x2 = 0       or m1x1 = m2x2 
    For 1st particle, force equation can be written as 

     k(x1 + x2) =  m1 
2

1

2

d x

dt
   or, k(x1 + 1

2

m

m
x1) =  m1a1 

    or, a1 = 1 2

1 2

k(m m )

m m


x1    2 = 1 2

1 2

k(m m )

m m


 

    Hence, T = 2 1 2

1 2

m m

k(m m )
 2

K


 

    where  = 1 2

1 2

m m

(m m )
which is known as reduced mass   Ans (a) 

    Similarly time period of 2nd particle can be found. Both will be having the same time period. 
   (b) Let the amplitude of blocks be A1 and A2.  
     m1A1 = m2A2 

    By energy conservation; 
1

2
k(A1 + A2)2 = 

1

2
k x0

2 or, A1 + A2 = x0 

    or, A1 + A2 = x0  or, A1 + 1

2

m

m
A1 = x0 

    or, A1 = 2 0

1 2

m x

m m
  Similarly,  A2 = 1 0

1 2

m x

m m
 

   (c) Consider equilibrium position of 1st particle as 
origin, i.e. x = 0.  x co-ordinate of particles can be 
written as 

     x1 = A1cost and  x2 =  A2cost 
    Hence, length of spring at time t can be written as; 

    length = x2  x1 =   (A1 + A2)cost 

 
   l 

EP EP 1   2 

 x = 0  
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Example 13. The system is in equilibrium and at rest. Now mass m1 is removed from m2. Find the time 

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

 ////////////////////////// 

m 2 

m 1 

 

Solution :  Initial extension in the spring x = 1 2(m m )g

K


 

   Now, if we remove m1 equilibrium position (E.P.) of m2 will be 2m g

K
 below natural length of 

spring. 

 
////////////////////////// ////////////////////////// 

(m1+m2)g 
K 

m2g 
K 

m1g 
K 

N.L 

Equilibrium 

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

   Hence Amplitude = 1m g

K
 

   Time period = 2m
2

K
   

   Since only block of mass m2 is oscillating 

———————————————————————————————————  

8. COMBINATION OF SPRINGS 

8.1 Series Combination :       

 Total displacement x = x1 + x2    

 Tension in both springs  = k1 x1 = k2 x2 

    Equivalent spring constant in series combination Keq is given by :  

  1/keq = 1/k1 + 1/k2  T = 2
eq

m

k
 

 
 

 

 Note :  
  In series combination, tension is same in all the springs & extension will be different. (If k is same 

then deformation is also same) 

  In series combination, extension of springs will be reciprocal of its spring constant. 

 Spring constant of spring is reciprocal of its natural length 

   k  1/    

   k1 1 = k2 2 = k3 3 

  If a spring is cut in ‘n’ pieces then spring constant of one piece will be nk. 
 

8.2 Parallel combination : 
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 Extension is same for both springs but force acting will be different. 

 Force acting on the system = F     

   F = – (k1 x + k2 x)   F = – (k1 + k2 ) x      F = – keqx 

    keq = k1 + k2    T = 2
eq

m

k
 

 

 

 

9. METHOD’S TO DETERMINE TIME PERIOD, ANGULAR FREQUENCY IN S.H.M. 
 (a)  Force / torque method    

 (b) Energy method 
 

 
 

Example 14. The string, the spring and the pulley shown in figure are light. Find the time period of the mass m. 

 ///////////////////////// 

//////////////////////////// 

k 
m 

 
Solution :   (a) Force Method :       

    Let in equilibrium position of the block, extension 

in spring is x0. 

     kx0 = mg   .....(1)  

    Now if we displace the block by x in the downward 

direction, net force on the block towards mean 

position is 

     F = k(x + x0)  mg = kx  using (1) 

    Hence the net force is acting towards mean 
position and is also proportional to x.  

 ///////////////////////// 

//////////////////////////// 

k 
m 

m 

Natural length 
Equilibrium position 

 x 
 x 

0 

 

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

k
 

   (b) Energy Method : 

    Let gravitational potential energy is to be zero at the level of the block when spring is in its 

natural length. 

    Now at a distance x below that level, let speed of the block be v. 

    Since total mechanical energy is conserved in S.H.M. 

      mgx + 
1

2
kx2 + 

1

2
mv2 = constant 

    Differentiating w.r.t. time, we get  

      mgv + kxv + mva = 0     

    where a is acceleration.   

     F = ma =  kx + mg or F =  k(x  
mg

k
) 

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

k
. 

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

k
 

———————————————————————————————————  
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10. SIMPLE PENDULUM  
 If a heavy point mass is suspended by a weightless, inextensible 

and perfectly flexible string from a rigid support, then this 
arrangement is called a simple pendulum 

 Time period of a simple pendulum   T = 2 
g

   

 (some times we can take g = 2  for making calculation simple) 

 

 

 

 Note : 
   If angular amplitude of simple pendulum is more, then time period 

   T = 2
2
01

g 16

 
 

 
 

    (Not in JEE, For other exams) 

  where 0 is in radians. 

   General formula for time period of simple pendulum when  is comparable to radius of Earth R. 

   T = 2
1

1 1
g

R

 
 

 

   where, R = Radius of the earth 

   Time period of simple pendulum of infinite length is maximum and is given by : T = 2
R

g
 = 84.6 min 

(Where R is radius of earth) 

  Time period of seconds pendulum is 2 sec and  = 0.993 m. 
  Simple pendulum performs angular S.H.M. but due to small angular displacement, it is considered 

as linear S.H.M. 
  If time period of clock based on simple pendulum increases then clock will be slow but if time period 

decrease then clock will be fast. 

   If g remains constant &  is change in length, then 
T 1

100 100
T 2

 
    

   If  remain constant & g is change in acceleration then, 
T 1 g

100 100
T 2 g

 
     

   If  is change in length & g is change in acceleration due to gravity then, 

   
T 1 1 g

100 100
T 2 2 g

   
    

 
 

 
 

Example 15  A simple pendulum of length 40 cm oscillates with an angular amplitude of 0.04 rad. Find  
(a) the time period, (b) the linear amplitude of the bob, (c) the speed of the bob when the string 
makes 0.02 rad with the vertical and (d) the angular acceleration when the bob is in momentary 
rest. Take g = 10 m/s2. 

Solution :  (a) The angular frequency is  = g/  = 
210m/ s

0.4m
 = 5 s–1 

    the time period is 
2


 = 

1

2

5s


 = 1.26 s. 

   (b) Linear amplitude = 40 cm × 0.04 = 1.6 cm 
   (c) Angular speed at displacement 0.02 rad is 

     = (5 s–1) 2 2(0.04) (0.02)  rad = 0.17 rad/s. 

    where speed of the bob at this instant = (40 cm) × 0.175–1 = 6.8 cm/s. 
   (d) At momentary rest, the bob is in extreme position. 

    Thus, the angular acceleration  = (0.04 rad) (25 s–2) = 1 rad/s2.  

———————————————————————————————————  
10.1 Time Period of Simple Pendulum in accelerating Reference Frame : 
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   T = 2
eff.g

 where  

 geff. = Effective acceleration in accelerating reference system = g a , at mean position 

 a  = acceleration of the point of suspension w.r.t. ground. 

 Condition for applying this formula: g a  = constant 

 Also geff = 
Net tension in string

mass of bob
 at mean position 

 
Example 16. A simple pendulum is suspended from the ceiling of a car accelerating uniformly on a horizontal 

road. If the acceleration is a0 and the length of the pendulum is , find the time period of small 

oscillations about the mean position. 

Solution :  We shall work in the car frame. As it is accelerated with respect to the road, we shall have to 
apply a pseudo force ma0 on the bob of mass m. 

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

   Hence, resultant of mg and ma0 (say F = 2 2
0m g a ) has to be along the string. 

    tan = 0ma

mg
 = 0a

g
 

   Now, suppose the string is further deflected by an 

angle  as shown in figure.   
   Now, restoring torque can be given by  

    (F sin )  = – m 2  

 

 
   Substituting F and using sin for small   

    ( 2 2
0m g a ) = – m 2 

   or,  
2 2

0g a
 –  so;  2 = 

2 2
0g a

   

   This is an equation of simple harmonic motion with time period T = 
2


 = 2 

2 2 1/ 4
0(g a )

 

———————————————————————————————————  
10.2 If forces other then m g  acts then : 

   T = 2
eff.g

  where geff. = 
F

g
m

  

 F  = constant force acting on ‘m’. 

 
Example 17. A simple pendulum of length ‘’ and having bob of mass ‘m’ is doing angular SHM inside water. 

A constant buoyant force equal to half the weight of the bob is acting on the ball. Find the time 
period of oscillations? 

Solution :   Here geff. = g – 
mg/ 2

m
 = g/2. Hence T = 2

2

g
  

———————————————————————————————————  

11. COMPOUND PENDULUM / PHYSICAL PENDULUM 
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 When a rigid body is suspended from an axis and made to oscillate about that then it is called 

compound pendulum. 

 C = Position of center of mass                             

 S = Point of suspension 

  = Distance between point of suspension and center of mass  

       (it remains constant during motion)  

 For small angular displacement “” from mean position 

 The restoring torque is given by 

  mgsin 

  mg   for small , sin ~  

 

C 

S 

 

C 

 

S 

 

 

 or  mgwhere,  = Moment of inertia about point of suspension. 

 or 
mg


 or 2 = 

mg


 

 Time period, T = 2
mg


   = CM + m2 

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

  T = 2
2

CM m

mg

 
 

 where  CM = mk2 
  k = gyration radius (about axis passing from centre of mass) 

  T = 2
2 2mk m

mg


      T = 2

2 2k

g


 = 2

eqL

g
 

  Leq = 
2k
  = equivalent length of simple pendulum ;    

 T is minimum when  = k. 

 Tmin = 2
2k

g
 

 Graph of T vs 
 T 

 

 

= k 

g 
k 2 

2 T   

 

 
Example 18. A uniform rod of length 1.00 m is suspended through an end and is set into oscillation with 

small amplitude under gravity. Find the time period of oscillation. (g = 10 m/s2) 

Solution :  For small amplitude the angular motion is nearly simple harmonic and the time period is given 

 by  

   T = 2 
mg( / 2)


 = 2

2(m / 3)

mg( / 2)
 = 2

2

3g
 = 2

2

2 1.00m

3 10m / s




 = 

2

15


s. 

———————————————————————————————————  

12. TORSIONAL PENDULUM 
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 In torsional pendulum, an extended object is suspended at the 
centre by a light torsion wire. A torsion wire is essentially 
inextensible, but is free to twist about its axis. When the lower 
end of the wire is rotated by a slight amount, the wire applies a 
restoring torque causing the body to oscillate (rotate) about 
vertical wire, when released. 

 

A 

A 
 

C C X X  
 The restoring torque produced is given by                 

  C where, C = Torsional constant 

 or  C where,  = Moment of inertia about the vertical axis. 

 or 
C
θ


  Time Period, T = 2

C


 

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

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

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

     = 
2mr

2
 = 

2 2(0.200kg)(5.0 10 m)

2


 = 2.5 × 10–4 kg - m2. 

   The time period is given by   

   T = 2
C


  or  C = 

2

2

4

T

 
 = 

2 4 2

2

4 (2.5 10 kg m )

(0.20 s)

  
 = 0.25

2

2

kg m

s


. 

 

 

———————————————————————————————————  
13. SUPERPOSITION OF TWO SHM’S  
13.1 In same direction and of same frequency.  

 x1 = A1 sin t   

 x2 = A2 sin (t + ), then resultant displacement x = x1 + x2 = A1 sin t + A2 sin (t + ) = A sin (t + ) 

 where  A = 2 2
1 2 1 2A A 2A A cos    &   = tan–1 2

1 2

A sin

A A cos

 
 

  
     

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

 If  = , both SHM’s are out of phase and A = |A1 – A2| 
 The resultant amplitude due to superposition of two or more than two SHM’s of this case can also be 

found by phasor diagram also. 
 

13.2 In same direction but are of different frequencies. 

  x1 = A1 sin 1t   

  x2 = A2 sin 2 t 

 then resultant displacement x = x1 + x2 = A1 sin 1t + A2 sin 2t  This resultant motion is not SHM. 
13.3  In two perpendicular directions.  

  x = A sin t ;  y = B sin (t + ) 
 Case (i) :  If   = 0 or  then y = ± (B/A) x. So path will be straight line & resultant displacement will be  

    r = (x2 + y2)½ = (A2 + B2 )½ sint 
2 2A B  

    which is equation of SHM having amplitude  

 Case (ii) :  If  = 
2


 then. x = A sin t ; y = B sin (t + /2) = B cos t  

  so, resultant will be 
2

2

x

A
 + 

2

2

y

B
 = 1. i.e. equation of an ellipse and if A = B, then superposition will be 

an equation of circle.  This resultant motion is not SHM.  
13.4 Superposition of SHM’s along the same direction (using phasor diagram)   
 If two or more SHM’s are along the same line, their resultant can be obtained by vector addition by 

making phasor diagram. 
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 1. Amplitude of SHM is taken as length (magnitude) of vector. 
 2. Phase difference between the vectors is taken as the angle between these vectors. The magnitude 

of resultant vector gives resultant amplitude of SHM and angle of resultant vector gives phase 
constant of resultant SHM. 

  For example :  x1 = A1 sin t  

      x2 = A2 sin (t + ) 

 A 2 

A 

A 1 
Phasor Diagram 

  

 

 
  If equation of resultant SHM is taken as x = A sin (t + ) 

  A = 2 2
1 2 1 2A A 2A A cos     tan  = 2

1 2

A sin

A A cos



 
 

  
Example 20. Find the amplitude of the simple harmonic motion obtained by combining the motions  

x1 = (2.0 cm) sint and x2 = (2.0 cm) sin (t + /3). 
Solution :  The two equations given represent simple harmonic motions along X-axis with amplitudes  

A1 = 2.0 cm and A2 = 2.0 cm. The phase difference between the two simple harmonic motions 

is /3. The resultant simple harmonic motion will have an amplitude A given by  

   A = 2 2
1 2 1 2A A 2A A cos    = 2 2 2(2.0cm) (2.0cm) 2(2.0cm) cos

3


   = 3.5 cm 

 

Example 21. x1 = 3 sin t   ;     x2 = 4 cos t  
   Find (i) amplitude of resultant SHM. (ii) equation of the resultant SHM.  

Solution :  First write all SHM’s in terms of sine functions with positive amplitude. Keep “t” with positive sign.  

    x1 = 3 sin t  

    x2 = 4 sin (t + /2) 

    A = 2 23 4 2 3 4cos
2


     = 9 16  = 25  = 5  

    tan  = 
4sin

42

3
3 4cos

2








   = 53º  equation x = 5 sin (t + 53º)  

Example 22 x1 = 5 sin (t + 30º)  

   x2 = 10 cos (t).  

   Find amplitude of resultant SHM. 

Solution :  x1 = 5 sin (t + 30º) 

   x2 = 10 sin (t + 
2


)    

   A = 2 25 10 2 5 10cos60º      

       = 25 100 50   = 175  = 5 7  

 

60º 

10 

5 
Phasor Diagram  

 

Example 23  A particle is subjected to two simple harmonic motions x1 = A1 sin t and x2 = A2 sin (t + /3). 
   Find (a) the displacement at t = 0, (b) the maximum speed of the particle and (c) the maximum 

acceleration of the particle. 
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Solution :  (a) At  t   = 0,  x1 = A1 sin t = 0   and x2 = A2 sin (t + /3) = A2 sin (/3) = 2A 3

2
. 

    Thus, the resultant displacement at t = 0 is x = x1 + x2 = A2
3

2
 

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

 frequency . The amplitude of the resultant motion is  

     A = 2 2
1 2 1 2A A 2A A cos( /3)    = 2 2

1 2 1 2A A A A   

    The maximum speed is umax = A  =  2 2
1 2 1 2A A A A   

   (c) The maximum acceleration is amax = A 2 = 2 2 2
1 2 1 2A A A A  . 

 

Example 24. A particle is subjected to two simple harmonic motions in the same direction having equal 
amplitudes and equal frequency. If the resultant amplitude is equal to the amplitude of the 
individual motions, find the phase difference between the individual motions.  

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

phase difference between the two motions is , A = 2 2A A 2A. A.cos              

 A = A 2(1 cos )   = 2A cos
2


  ;    cos 

2


 = 

1

2
   = 2/3. 

 

 
 

Problem 1.   Write the equation of SHM for the situations shown below:   

   (a)   t = 0 

0 A -A 
  (b)   t = 0 

0 A -A 
  

   (c) 
  t = 0 

0 A A/2 -A  

Solution :  (a)  At t = 0, x = +A  

    x = A sin(t + ) ;  A = A sin ()  

     = /2    

    x = A sin t
2

 
  
 

 = Acos (t)     

   (b) At t = 0, x = – A  

    x = A sin(t + ) ;  – A = A sin    

     = 
3

2


   ;    x = A sin

3
t

2

 
  
 

  

    x = – A cos (t)    

   (c)  At t = 0, x = 
A

2
 ; x = A sin (t + )  

    
A

2
 = A sin(t + )  ;  

1

2
 = sin      = 30°  , 150   

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

    velocity v = A cos (t + )   
    At  t = 0,  v = –ve      

    v = Acos    hence  = 150°  

    x = A sin(t + 150º)  Ans. (a) x = A cost ; (b) x = A cost ; (c) x = A sin(t + 150º)   
 

Problem 2.  Block A of mass m is performing SHM of amplitude a. Another block B of mass m is gently 
placed on A when it passes through mean position and B sticks to A. Find the time period and 
amplitude of new SHM. 
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Solution :  

 u 

m 

Amplitude = a 

  

 v 

2m 

Amplitude = A 

   

   Time period of mass m = 2
m

K
 

   Time period of mass 2m = 2
2m

K
 

   At mean position, Kinetic energy = Total Energy     

   For mass m : 
1

2
mu2 = 

1

2
m 2a2    .....(1)  

   For mass 2m : 
1

2
2mv2 = 

1

2
2m A2

2

2

 
 
 

   .....(2)   

   By Conservation of momentum   mu = 2mv   v = 
u

2
 

   
1

2
2m 

2
u

2

 
 
 

= 
1

2
2mA2

2

2

 
 
 

    .....(3)   

   Divide equation  (1) & (3) ;   4 = 
2

2

2a

A
  

   New Amplitude  A = 
a

2
   Ans. T = 2

2m

K
 Amplitude = 

a

2
 

Problem 3.  Repeat the above problem assuming B is placed on A at a distance 
a

2
 from mean position. 

Solution :  T = 2 
m

K
    

u

m
Amplitude = a

mean a/2  

   T = 2
2m

K
  

v

2m
Amplitude = A

mean
 

   By conservation of momentum mu = 2mv   v = 
u

2
 

   Kinetic Energies at 
a

2
 

   For  mass m :  
1

2
mu2  = 21

m
2



2
2 a

a
2

  
   
   

     .....(1)  

   For mass 2m :  
1

2
2mv2  = 

2
1

2m
2 2

 
 
 

2
2 a

A
2

  
   
   

   .....(2)  

       
1

2
2m 

2u

4
= 

21
2m

2 2

 2
2 a

A
4

 
 

  

   .....(3)  

   Dividing equation (1) & (3) ;  2 = 

2
2

2
2

a
a

4

a
A

4





  

   New Amplitude   A = 
5

8
a  Ans. T = 2

2m

K
, Amplitude =  a

5

8
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Problem 4.  The block is allowed to fall, slowly from the position where spring is in its natural length. Find, 
maximum extension in the string.        

 ////////////////////////// 

m 

K  0 

 
Solution :  Since the block falls slowly from rest the maximum extension occurs when mg = Kx0  

   x0 = 
mg

K
  is maximum extension  Ans. 

mg

K
 

 

Problem 5.  In the above problem if block is released from there, 

what would be maximum extension. 

Solution :  Let x0 = maximum extension  

   applying conservation of energy  mgxo = 
1

2
Kx0

2 

   The velocity at the point of maximum extension is zero.  

   x0 = 
2mg

K
 is maximum extension  Ans. 

2mg

K
 

 ////////////////////////// ////////////////////////// ///////////////// 

m 

x 0 

L 0 

m 

 
Problem 6.  Block of mass m2 is in equilibrium as shown in figure. Another block of mass m1 is kept gently 

 on m2. Find the time period of oscillation and amplitude.      

 

////////////////////////// 

m 
2 

K 

 

Solution :  Time period T = 2 1 2m m

K


.  

   At initial position since velocity is zero it is the 
extreme position.  

   Amplitude A = 1m g

K
   

   Ans. T = 2 1 2m m

K


    Amplitude = 1m g

K
 

 

////////////////////////// ////////////////////////// 

mg 

K 

1 

m 2 

m+m 12 Equilibrium  
position 

 
 

Problem 7.  Block of mass m2 is in equilibrium and at rest. The mass m1 moving with velocity u 
 vertically downwards collides with m2 and sticks to it. Find the energy of oscillation.   

 ////////////////////////// 

m 2 

m 1 

u 
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Solution :  Let the velocity of m1 & m2 be v after collision  
   By conservation of momentum m1u = (m1 + m2)v  

    v = 1

1 2

m u

m m
  

   Hence,  KE = 
1

2
 (m1+m2)v2 = 

2
21

1 2

m1
u

2 m m
 

   m2g = Kx1   (m1 + m2)g = Kx2       

   PE = 
1

2
K(x2 – x1)2  = 

1

2
K

2

1m g

K

 
 
 

      PE = 
1

2

2 2
1m g

K
 

 ////////////////////////// ////////////////////////// ///////////////// ///////////////// 

x 1 x 2 

m 2 

m+m 12 

Equilibrium 
Position 

 

   Therefore energy of oscillation is E = KE + PE  

    E = 
2 2
1

1 2

m u1

2 m m
 + 

2 2
1m g

2K
     = 

1

2

2 22 2
1 1

1 2

m u m g

m m K

 
 

  

    Ans. 

 

Problem 8.  A box is placed on a smooth inclined plane and it is free to move. A simple pendulum is 

attached in the block. Find its time period.  
 

 
Solution :  Let Fp = Pseudo force  

   For equilibrium position  

   Tsin + FP = mgsin     

   Tsin + ma = mgsin    

   since a = gsin       

   Tsin + mgsin = mgsin   

   Tsin = 0  

    = 0 

 
 

 

 

mgsin  

  

Tcos  

mg 

mgcos  

T 
Tsin 

mgsin 

 
      

   Hence in equilibrium position the string is perpendicular 

 to incline plane.  

   Therefore effective ‘g’ is geff = gcos   

   Time period T = 2
effg

    

      

   T = 2
gcos

 

 

 

 

g 

gcos  

 

 

Problem 9.  x1 = 5 sin t ;  x2 = 5 sin (t + 53º); x3 = – 10 cos t.  Find amplitude of resultant SHM   

Solution :  x1 = 5sint  

   x2 = 5 sin (t + 53º) 

   x3 = – 10 cos t   

   we can write x3  = 10 sin(t + 270°)   
   Finding the resultant amplitude by vector 

notation. 
   Resultant Amplitude   

   | R | = 2 28 6  = 10   Ans. 

 

53° 

5 

5 

10 

  

 

R 

8 

6 
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 Marked Questions can be used as Revision Questions. 

PART - I : SUBJECTIVE QUESTIONS 
 

Section (A) : Equation of SHM  

A-1. The equation of a particle executing SHM is 1x (5m)sin ( s )t
6

  
   

 
. Write down the amplitude, initial 

phase constant, time period and maximum speed. 
 

A-2. A particle having mass 10 g oscillates according to the equation x = (2.0 cm) sin [(100 s–1) t+ /6]. Find  

(a) the amplitude, the time period and the force constant  

 (b) the position, the velocity and the acceleration at t = 0.  
 

A-3. A simple harmonic motion has an amplitude A and time period T. Find the time required by it to travel 

directly from  

 (a) x = 0 to x = A/2 (b)  x = 0 to x = 
A

2
 (c) x = A to x = A/2 (d) x = –

A

2
 to x = 

A

2
 

 (e) x = 
A

2
 to x = A.    

 

A-4. A particle is executing SHM with amplitude A and has maximum velocity v0. Find its speed when it is 

located at distance of A/2 from mean position.    
 

A-5. A particle executes simple harmonic motion with an amplitude of 10 cm and time period 6 s. At t = 0 it is 

at position x = 5 cm from mean postion and going towards positive x-direction. Write the equation for 

the displacement x at time t. Find the magnitude of the acceleration of the particle at t = 4s. 
 

A-6.  A particle is executing SHM. Find the positions of the particle where its speed is 8 cm/s, If maximum 
magnitudes of its velocity and acceleration are 10 cm/s and 50 cm/s2 respectively. 

 

Section (B) : Energy  
B-1. A particle performing SHM with amplitude 10 cm. At What distance from mean position the kinetic 

energy of the particle is thrice of its potential energy?  
 

B-2. An object of mass 0.2 kg executes simple harmonic oscillations along the x–axis with a frequency of  

(25 / ) Hz. At the position x = 0.04m, the object has kinetic energy of 0.5 J and potential energy 0.4 J. 
Find the amplitude of oscillations   [ 1994 ; 2M ] 

 

Section  (C) : Spring mass system 
C-1. A spring mass system has a time period of 2 second. What should be the spring constant of spring if 

the mass of the block is 10 grams ? 
 

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

 

C-3. A vertical spring-mass system with lower end of spring is fixed, made to undergo small oscillations. If 
the spring is stretched by 25cm, energy stored in the spring is 5J .Find the mass of the block if it makes 
5 oscillations each second. 

 

C-4. A spring mass system is shown in figure, spring is initially unstretched. A 
man starts pulling the block with constant force F. Find    

         (a) The amplitude and the time period of motion of the block 
 (b) The K.E. of the block at mean position 
 (c) The energy stored in the spring when the block passes through the 

mean position 

 

//////////////////////////////////////////////////////////  

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

 (a) 

 

 (b) 

 

 (c) 

 

 

 

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

 

 
 

Section (D) : Simple Pendulum 
D-1. Find the length of seconds pendulum at a place where g = 2 m/s2. 
 

D-2. Instantaneous angle (in radian) between string of a simple pendulum and vertical is given by  

 = 
180


sin2t. Find the length of the pendulum if g = 2 m/s2  

 

D-3. A pendulum clock is accurate at a place where g = 9.8 m/s2. Find the value of g at another place where 
clock becomes slow by 24 seconds in a day (24 hrs).   

 

D-4. A pendulum is suspended in a lift and its period of oscillation is T0   when the lift is stationary.  
 (i) What will be the period T of oscillation of pendulum, if the lift begins to accelerate downwards  with 

an acceleration equal to 
3g

4
? 

 (ii) What must be the acceleration of the lift for the period of oscillation of the pendulum to be 0T

2
? 

 

Section  (E) : Compound Pendulum & Torsional Pendulum 
 

E-1. Compound pendulums are made of :     

 (a) A rod of length  suspended through a point located at distance /4 from centre of rod. 
 (b) A ring of mass m and radius r suspended through a point on its periphery. 
 (c) A uniform square plate of edge a suspended through a corner. 
 (d) A uniform disc of mass m and radius r suspended through a point r/2 away from the centre.  
 Find the time period in each case. 
 

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

point of suspension in each case. 
 

Section  (F) : Superposition of SHM 

F-1. A particle is subjected to two SHM’s simultaneously X1 = a1sint  and X2= a2sin(t + ) Where a1 = 3.0 cm,  

a2 = 4.0 cm. Find resultant amplitude if the phase difference  has values (a) 0° (b) 60° (c) 90°. 
 

F-2. A particle is subjected to three SHM’s in same direction simultaneously each having equal amplitude a 
and equal time period. The phase of the second motion is 300

 ahead of the first and the phase of the 
third motion is 30° ahead of the second. Find the amplitude of the resultant motion. 

 

F-3. A particle simultaneously participates in two mutually perpendicular oscillations x = sin t & y = 2cos 2 t. 
Write the equation of trajectory of the particle. 
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Section (G) : For JEE-Main  

G-1. In forced oscillation of a particle, the amplitude is maximum for a frequency 1 of the force, while the 

energy is maximum for a frequency 2 of the force. What is the relation between 1 and 2 ?  
 

G-2. For the damped oscillator shown in Figure, the mass of the block is 200 g, k = 80 Nm–1 and the damping 
constant b is 40 gs–1. Calculate  

 (a)  The period of oscillation,  
 (b)  Time taken for its amplitude of vibrations to drop to half of its initial value  
 (c)  The time for the mechanical energy to drop to half initial value. 

 

  
 

PART - II : ONLY ONE OPTION CORRECT TYPE 
Section  (A) : Equation of SHM 
A-1. According to a scientists, he applied a force F= –cx1/3 on a particle and the particle is performing SHM. 

No other force acted on the particle. He refuses to tell whether c is a constant or not. Assume that he 
had worked only with positive x then :  

 (A) as x increases c also increases (B) as x increases c decreases 
 (C) as x increases c remains constant (D) the motion cannot be SHM 
 

A-2. A  particle performing SHM takes time equal to T (time period of SHM) in consecutive appearances at a 
particular point. This point is :  

 (A) An extreme position  (B) The mean position 
 (C) Between positive extreme and mean position (D) Between negative extreme and mean position 
 

A-3. A particle executing linear SHM. Its time period is equal to the smallest time interval in which particle 

acquires a particular velocity v , the magnitude of v  may be :  

     (A) Zero (B) Vmax    (C) maxV

2
    (D) maxV

2
 

 

A-4. If F  is force vector, v  is velocity vector, a  vector is acceleration vector and r  vector is displacement 

vector with respect to mean position than which of the following quantities are always non-negative in a 
simple harmonic motion along a straight line?  

 (A) F . a  (B) v . r   (C) a . r  (D) F . r   

 

A-5. Two SHM’s are represented by y = a sin (t – ) and y = b cos (t – ). The phase difference between 
the two is : 

 (A) 
2


 (B) 

4


 (C) 

6


 (D) 

3

4


 

 

A-6. How long after the beginning of motion is the displacement of a harmonically oscillating particle equal to 
one half its amplitude if the period is 24s and particle starts from rest.  

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

A-7. The magnitude of average acceleration in half time period from equilibrium position in a simple 

harmonic motion is    

 (A) 
22A


 (B) 

2A

2




 (C) 

2A

2




 (D) Zero  
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A-8.  A particle performing SHM on the y axis according to equation y = A + B sint. Its amplitude is : 

 (A) A (B) B (C) A + B (D) 2 2A B  
 

A-9. Two particles execute S.H.M. of same amplitude and frequency along the same straight line from same 

mean position. They cross one another without collision, when going in opposite directions, each time 

their displacement from mean position is half of their amplitudes. The phase-difference between them is 

 (A) 0° (B) 120° (C) 180° (D) 135° 
 

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

corresponding linear velocity v is 

 (A) 

 

 (B) 

 

  (C) 

 

  (D) 

 

   

Section (B) : Energy 

B-1. A body executing SHM passes through its equilibrium. At this instant, it has 

 (A) maximum potential energy (B) maximum kinetic energy 

 (C) minimum kinetic energy (D) maximum acceleration 
 

B-2. The K.E. and P.E of a particle executing SHM with amplitude A will be equal when its displacement is 

 (A) 2A  (B) 
A

2
 (C) 

A

2
 (D) 

2
A

3
 

 

B-3. A point particle of mass 0.1 kg is executing S.H.M. of amplitude of 0.1 m. When the particle passes 

through the mean position, its kinetic energy is 8 × 10–3J. The equation of motion of this particle when 

the initial phase of oscillation is 45° can be given by  [I.I.T. 1991] 

 (A) 0.1 cos 4t
4

 
 

 
 (B) 0.1 sin 4t

4

 
 

 
  (C) 0.4 sin t

4

 
 

 
 (D) 0.2 sin 2t

2

 
 

 
 

 

B-4. For a particle performing SHM :  
 (A) The kinetic energy is never equal to the potential energy   
 (B) the kinetic energy  is always equal to the potential energy  
 (C) The average kinetic energy in one time period is equal to the average potential in this period 
 (D) The average kinetic energy in any time interval is equal to average potential energy in that interval 
 

B-5. Acceleration a versus time t graph of a body in SHM is given by a curve shown below. T is the time 
period. Then corresponding graph between kinetic energy KE and time t is correctly represented by 

 

 

 (A) 

 

 (B) 

 

 

 (C)  

 

 (D) 
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B-6. A particle performs S.H.M. of amplitude A along a straight line. When it is at a distance 
3

2
A from 

mean position, its kinetic energy gets increased by an amount 
1

2
m 2 A2 due to an impulsive force. 

Then its new amplitude becomes: 

 (A) 
5

2
A (B) 

3

2
A (C) 2 A  (D) 5 A 

 

Section (C) : Spring mass system 
C-1. Two spring mass systems have equal mass and spring constant k1 and k2.If the maximum velocities in 

two systems are equal then ratio of amplitude of 1st to that of 2nd is :  

 (A) 1 2k /k  (B) k1/k2  (C) k2/k1    (D) 2 1k /k  

 

C-2. A toy car of mass m is having two similar rubber ribbons attached to it as shown in the figure. The force 

constant of each rubber ribbon is k and surface is frictionless. The car is displaced from mean position 

by x cm and released. At the mean position the ribbons are undeformed. Vibration period is 

 

 

 (A) 
2

m(2k)
2

k
  (B) 

2

1 m(2k)

2 k
 (C) 

m
2

k
  (D) 

m
2

k k



 

 

C-3. A mass of 1 kg attached to the bottom of a spring has a certain frequency of vibration. The following 

mass has to be added to it in order to reduce the frequency by half :   [REE – 1988] 

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

C-4. A ball of mass m kg hangs from a spring of spring constant k. The ball oscillates with a period of  

T seconds. If the ball is removed, the spring is shortened (with respect to length in mean position) by  

 (A) 
2

2

gT

(2 )
metre (B) 

2

2

3T g

(2 )
metre (C) 

Tm

k
metre (D) 

Tk

m
metre  

 

C-5. A smooth inclined plane having angle of inclination 30° with horizontal has 

a mass 2.5 kg held by a spring which is fixed at the upper end as shown in 

figure. If the mass is taken 2.5 cm up along the surface of the inclined 

plane, the tension in the spring reduces to zero. If the mass is then 

released, the angular frequency of oscillation in radian per second is 

 

Fixed 

 

 (A) 0.707 (B) 7.07 (C) 1.414 (D) 14.14 
 

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

 (A) remain T (B) become 2T (C) become T/2 (D) become T/ 2  
 

C-7. Four massless springs whose force constants are 2k, 2k, k and 2k respectively are attached to a mass 
M kept on a frictionless plane (as shown in figure). If the mass M is displaced in the horizontal direction, 
then the frequency of the system.   [JEE 1990] 

 

 

 (A) 
1 k

2 4M
 (B) 

1 4k

2 M
 (C) 

1 k

2 7M
 (D) 

1 7k

2 M
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C-8. The total mechanical energy of a particle of mass m executing SHM with the help of a spring is  

E = (1/2)m2A2. If the particle is replaced by another particle of mass m/2 while the amplitude A 

remains same. New mechanical energy will be :  

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

Section  (D) : Simple Pendulum 
D-1. Two pendulums begin to swing simultaneously. The first pendulum makes 9 full oscillations when the 

other makes 7. Find the ratio of length of the two pendulums. 

 (A) 
49

81
 (B) 

7

9
 (C) 

50

81
 (D) 

1

2
 

 

D-2. Two pendulums at rest start swinging together. Their lengths are respectively 1.44 m and 1 m. They will 
again start swinging in same phase together after (of longer pendulum) :  

 

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

D-3. A scientist measures the time period of a simple pendulum as T in a lift at rest. If the lift moves up with 
acceleration as one fourth of the acceleration of gravity, the new time period is  

 

 

 (A)  
T

4
  (B) 4 T (C) 

2

5
T (D) 

5

2
T 

 

D-4. A simple pendulum has some time period T. What will be the percentage change in its time period if its 
amplitude is decreased by 5%? 

 (A) 6 % (B) 3 % (C) 1.5 % (D) 0 % 
 

D-5. A simple pendulum with length  and bob of mass m executes SHM of small amplitude A. The 
maximum tension in the string will be    

 (A) mg(1 + A/) (B) mg (1 + A/)2  (C) mg[1 + (A/)2]  (D) 2 mg 
 

Section  (E) : Compound Pendulum & Torsional Pendulum 
E-1. A 25 kg uniform solid sphere with a 20 cm radius is suspended by a vertical wire such that the point of 

suspension is vertically above the centre of the sphere. A torque of 0.10 N-m is required to rotate the 
sphere through an angle of 1.0 rad and then the orientation is maintained. If the sphere is then 
released, its time period of the oscillation will be :  

 (A)  second (B) 2  second (C) 2 second (D) 4 second 
 

E-2. A metre stick swinging about its one end oscillates with frequency f0. If the bottom half of the stick was 
cut off, then its new oscillation frequency will be :  

 (A) f0 (B) 2 f0 (C) 2f0 (D) 2 f0 
 

Section (F) : Superposition of SHM  

F-1. When two mutually perpendicular simple harmonic motions of same frequency, amplitude and phase 
are superimposed 

 (A) the resulting motion is uniform circular motion.  
 (B) the resulting motion is a linear simple harmonic motion along a straight line inclined equally to the 

straight lines of motion of component ones. 
 (C) the resulting motion is an elliptical motion, symmetrical about the lines of motion of the components. 
 (D) the two S.H.M. will cancel each other. 
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F-2. The position of a particle in motion is given by y = Csint + Dcost w.r.t. origin. Then motion of the 

particle is: 

 (A) SHM with amplitude C+D (B) SHM with amplitude 2 2C D  

 (C) SHM with amplitude 
(C D)

2


 (D) not SHM 

 

F-3. A simple harmonic motion is given by y = 5 (sin 3t + 3  cos 3t). What is the amplitude of motion if y 

is in m ? 

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

F-4. The position vector of a particle moving in x-y plane is given by r  = (A sint) î +(A cost) ĵ  then motion 

of the particle is :  

          (A) SHM    (B) on a circle (C) on a straight line    (D) with constant acceleration 
 

Section  (G) : For JEE Main 

G-1. When an oscillator completes 100 oscillations its ampliutde reduced to 
1

3
 of initial value. What will be 

its amplitude, when it completes 200 oscillations :  [AIPMT 2002] 

 

 (A) 
1

8
  (B) 

2

3
 (C) 

1

6
  (D) 

1

9
 

 

G-2. The damping force on an oscillator is directly proportional to the velocity. The units of the constant of 

proportionality are :   

 (A) kgms–1 (B) kgms–2  (C) kgs–1 (D) kgs 
 

PART - III : MATCH THE COLUMN 
 

1. A simple harmonic oscillator consists of a block attached to a spring with k = 200 N/m. The block slides 

on a frictionless horizontal surface, with equilibrium point x = 0.  A graph of the block’s velocity v as a 

function of time t is shown. Correctly match the required information in the left column with the values 

given in the right column. (Use 2 = 10)   

 V(m/s) 

0.20 
t(s) 

-2  

2  

0.10 
0 

 

  Left Column   Right Column 

 (A) The block’s mass in kg  (p) – 0.20 

 (B) The block’s displacement at t = 0 in metres  (q) – 200 

 (C)  The block’s acceleration at t = 0.10 s in m/s2  (r) 0.20 

 (D) The block’s maximum kinetic energy in Joule (s) 4.0 
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2. In the column-I, a system is described in each option and corresponding time period is given in the 
column-II. Suitably match them.    

  Column-I      Column-II  

 (A) A simple pendulum of length '' oscillating   (p) T = 2
2

3g
 

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

 (B) A block attached to an end of a vertical   (q) T = 2
g

 

  spring, whose other end is fixed to the ceiling  

  of a stationary lift, stretches the spring by length '' in  
  equilibrium. It's time period when lift moves  
  up with an acceleration g/2 is 

 (C) The time period of small oscillation of a   (r) T = 2
2

g
 

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

 (D) A cubical block of edge '' and specific   (s) T = 2
2g

 

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

 
 Marked Questions can be used as Revision Questions. 

PART - I : ONLY ONE OPTION CORRECT TYPE  
 

1. A block of mass m is resting on a piston as shown in figure which is moving vertically with a SHM of 

period 1 s. The minimum amplitude of motion at which the block and piston separate is : 

 

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

2. The potential energy of a particle of mass 'm' situated in a unidimensional potential field varies as  
U(x) = U0 [1 – cos ax], where U0 and a are constants. The time period of small oscillations of the particle 
about the mean position  :  

 (A) 2
0

m

aU
 (B) 2

0

am

U
 (C) 2

2
0

m

a U
 (D) 2

2

0

a m

U
 

 

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

 (A) 
mg

K
        (B) 

1/2
mg 2HK

1
k mg

 
 

 
 

 

 

 (C) 

1/ 2
mg 2HK

K mg

 
  
 

  (D) 

1/ 2
mg 2HK

1 1
K mg

  
   
   
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4. Two plates of same mass are attached rigidly to the two ends of a spring as shown in 
figure. One of the plates rests on a horizontal surface and the other results a 
compression y of the spring when it is in equilibrium state. The further minimum 
compression required, so that after the force causing compression is removed the 
lower plate is lifted off the surface, will be : 

 

 
 (A) 0.5 y (B) 3y (C) 2y (D) y 
 

5.  Two springs, each of spring constant k, are attached to a block of mass m 
as shown in the figure. The block can slide smoothly along a horizontal 
platform clamped to the opposite walls of the trolley of mass M. If the block 
is displaced by x cm and released, the period of oscillation is : 

 

 

 (A) T = 2
Mm

2k
  (B) T = 2

(M m)

kmM


  (C) T = 2

mM

2k (M m)
 (D) T = 2 

2(M m)

k


 

 

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

 

 

 (A) 
m 2L

2k v
   (B) 

m L

2k v
   (C) 

m L
–

2k v
  (D) 

m L

k v
   

7. The bob in a simple pendulum of length  is released at t = 0 from the position of small angular 

displacement . Linear displacement of the bob at any time t from the mean position is given by  

 (A) 0

g
cos t  (B) 0

g
 tcos  (C) 0gsin  (D) 0

g
sin t  

 

8. The period of small oscillations of a simple pendulum of length  if its point of suspension O moves a 

with a constant acceleration  = 1 î –2 ĵ  with respect to earth is ( î  and ĵ  are unit vectors in horizontal 

and vertically upward directions respectively)  

 (A) 
2 2 1/ 2

2 1

T 2
{(g ) }

 
   

 (B) 
2 2 1/ 2

1 2

T 2
{(g ) }

 
   

 

 (C) T 2
g

    (D) 
2 2 1/ 2

1

T 2
(g )

 
 

 

 

9. A simple pendulum ; a physical pendulum; a torsional pendulum and a spring–mass system, each of 

same frequency are taken to the Moon. If frequencies are measured on the moon, which system or 

systems will have it unchanged ?  

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

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

10.  A rod of mass M and length L is hinged at its one end and carries a particle of 
mass m at its lower end. A spring of force constant k1 is installed at distance a 
from the hinge and another of force constant k2 at a distance b as shown in 
the figure. If the whole arrangement rests on a smooth horizontal table top, 
the frequency of vibration is 

 

 

 (A) 
2 2

1 2

2

k a k b1

M2
L (m )

3






 (B) 2 1k k1

2 M m



 
 (C) 

2

2 1 2

a
k k

1 b
M2

4 m
3






 (D) 

2
2

1 2

k b
k

1 a
42

m M
3





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11. A particle moves along the X-axis according to the equation x = 10 sin3 (t). The amplitudes and 
frequencies of component SHMs are  

 (A) amplitude 30/4, 10/4 ; frequencies 3/2, 1/2 (B) amplitude 30/4, 10/4 ; frequencies 1/2, 3/2 
 (C) amplitude 10, 10 ; frequencies 1/2, 1/2 (D) amplitude 30/4, 10 ; frequencies 3/2, 2 
 

12. The amplitude of a particle due to superposition of following S.H.Ms. Along the same line is   

 X1 = 2 sin 50t  ;   X2 = 10 sin (50  t + 37º)  

 X3 =  4 sin 50t ;  X4 =  12 cos 50  t  

 (A) 4 2  (B) 4 (C) 6 2  (D) none of these  
 

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

oscillations is 1. When a different spring is used, the angular frequency is 2. The angular frequency of 
vertical oscillations when both the springs are used together in series is given by [Olympiad (Stage-1) 2017] 

 (A) 

1
2 2 2
1 2

     
 

 (B) 

1
2 2 2
1 2

2

   
   

  

 (C) 

 

1

22 2
1 2

2 2
1 2

 
   

   
  

 (D) 

 

1

22 2
1 2

2 2
1 22

 
   

   
  

 

 

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

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

15._ A particle rests in equilibrium under two forces of repulsion whose centres are at distance of a and b 
from the particle. The forces vary as the cube of the distance. The forces per unit mass are k and k' 
respectively. If the particle be slightly displaced towards one of them the motion is simple harmonic with 
the time period equal to        [Olympiad (Stage-1) 2017] 

 (A) 

3 3

2

k k '
3

a b



 
  

 (B) 

3 3

2

k k '

a b



 
  

 (C) 

4 4

2

k k '

a b



 
  

 (D) 
2

k k '
3

a b



 
 

 

 

PART - II : SINGLE AND DOUBLE VALUE INTEGER TYPE 
 

1.  Two particles A and B are performing SHM along x and y-axis respectively with equal amplitude and 

frequency of 2 cm and 1 Hz respectively. Equilibrium positions of the particles A and B are at the  

co-ordinates (3, 0) and (0, 4) respectively. At t = 0, B is at its equilibrium position and moving towards 

the origin, while A is nearest to the origin and moving away from the origin. If the maximum and 

minimum distances between A and B is s1 and s2 then find s1 + s2 (in cm). 
 

2. Two particles P and Q describe S.H.M. of same amplitude a, same frequency f along the same straight 

line from the same mean position. The maximum distance between the two particles is a 2 . If the 

initial phase difference between the particles is /N then find N:  

3. A street car moves rectilinearly from station A (here car stops) to the next station B (here also car stops) 
with an acceleration varying according to the law f = a – bx, where a and b are positive constants and x is 

the distance from station A. If the maximum distance between the two stations is x = 
Na

b
 then find N.  

 

4.  A particle is oscillating in a straight line about a centre O, with a force directed towards O. When at a 
distance 'x' from O, the force is mn2x where 'm' is the mass and 'n' is a constant. The amplitude is  

a = 15 cm. When at a distance 
a

3
2

 from O the particle receives a blow in the direction of motion 

which generates an extra velocity na. If the velocity is away from O at the time of blow and the new 

amplitude becomes k 3 cm, then find k.   
 

5. Two particles P1 and P2 are performing SHM along the same line about the same mean position. 
Initially they are at their positive extreme positions. If the time period of each particle is 12 sec and the 
difference of their amplitudes is 12 cm then find the minimum time after which the separation between 
the particles become 6 cm.   
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6. Assuming all the surfaces to be smooth, if the time period of motion of the ball is N × 10–1 sec then find 
N. Neglect the small effect of bend near the bottom. (g = 10m/s2)   

 

 
 

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

Nk

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

 

 
 

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

mass m is released from height 
4.5mg

k
 from plate. The particle sticks to 

the plate. Neglecting the duration of collision. Starting from the time when 
the particle sticks to plate to the time when the spring is in maximum 

compression for the first time is 
m

2
ak

  then find a. 

 

 
 

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

nm

K
 , then find n. Assume ideal conditions. The system is in vertical plane and take K1 = 2K, K2 = K. 

 

 
 

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

which spring is again under maximum compression). Take 
m 12

k



 

 

 
11. A block of mass 4kg attached with spring of spring constant 100 N/m is executing SHM of amplitude 

0.1m on smooth horizontal surface as shown in figure. If another block of mass 5 kg is gently placed on 
it, at the instant it passes through the mean position and new amplitude of motion is n–1 meter then find 
n. Assuming that two blocks always move together.  

 

 
12. The period of oscillation of a simple pendulum of length L suspended from the roof of a vehicle which 

moves without friction down on inclined plane of inclination = 60° is given by  
XL

g
 then find X. 

      [I.I.T. (Scr.) 2000, 1/35] 
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13. Figure shows the kinetic energy K of a simple pendulum versus its angle  from the vertical. The pendulum 
bob has mass 0.2 kg. If the length of the pendulum is equal to n/g meter, then find n (g = 10 m/s2). 

 

-100 100 0 

5 

10 

15 

K(mJ) 

 (mrad) 
 

14. The bob of a simple pendulum executes simple harmonic motion in water with a period 't', while the 
period of oscillation of the bob is t0 in air. Neglecting frictional force of water and given that the density 

of the bob is (4/3) × 1000 kg/m3. Find 
0

t

t
.    [AIEEE 2004] 

 

15. A solid sphere of radius R is half submerged in a liquid of density . The sphere is slightly pushed down 

and released, If the frequency of small oscillations is 
3

nR
, then find n. Take  = g . [JEE (Mains) 2004, 2/60] 

 

16.  If the angular frequency of small oscillations of a thin uniform vertical rod of mass m and length  hinged 

at the point O (Fig.) is 
n

, then find n. The force constant for each spring is K/2 and take K = 
2mg

. 

The springs are of negligible mass. (g = 10 m/s2) 
 

 
 

PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 
 

1. A particle moves on the X-axis according to the equation x = x0 sin2 t. The motion is simple harmonic 

 (A) with amplitude x0/2 (B) with amplitude 2x0    (C) with time period 
2


 (D)with time period 




  

 

2. Which of the following functions represent SHM? 

 (A) sin 2t (B) sin2 t (C) sin t + 2 cos t  (D) sin t + cos 2t   
 

3. The speed v of a particle moving along a straight line, when it is at a distance (x) from a fixed point of 
the line is given by v2 = 108 – 9x2 (assuming mean position to have zero phase constant) (all quantities 
are in cgs units) :   

 (A) the motion is uniformly accelerated along the straight line 
 (B) the magnitude of the acceleration at a distance 3cm from the fixed point is 27 cm/s2  
 (C) the motion is simple harmonic about the given fixed point.  
 (D) the maximum displacement from the fixed point is 4 cm. 
 

4. A horizontal plank has a rectangular block placed on it. The plank starts oscillating vertically and simple 
harmonically with an amplitude of 40 cm. The block just loses contact with the plank when the latter is 
at momentary rest. Then :  

 (A) the period of oscillation is 
2

5

 
 
 

seconds 

 (B) the block weighs double its weight, when the plank is at one of the positions of momentary rest. 
 (C) the block weighs 0.5 times its weight on the plank halfway up  
 (D) the block weighs 1.5 times its weight on the plank halfway down 
 (E) the block weights its true weight on the plank when the latter moves fastest 
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5. As shown in figure a horizontal platform with a mass m placed on it is executing SHM along y-axis.  
If the amplitude of oscillation is 2.5 cm, the minimum period of the motion for the mass not to be 

detached from the platform is :(g = 10 m/sec2 = 2) 
 

 

 (A) 
10


s (B) 

10


s (C) 

10


s (D) 

1

10
s.  

6. For a body executing SHM with amplitude A, time period T, maximum velocity vmax and phase constant 

zero, which of the following statements are correct for 0   t  
T

4
(y is displacement from mean position) ? 

 (A) At y = (A/2), v > (vmax/2) (B) for v = (vmax/2), y > (A/2) 

 (C) For t = (T/8), y > (A/2) (D) For y = (A/2), t < (T/8) 
 

7. The potential energy of a particle of mass 0.1 kg, moving along the x-axis, is given by U = 5x (x – 4) J, 

where x is in meters. It can be concluded that   

 (A) the particle is acted upon by a constant force (B) the speed of the particle is maximum at x = 2 m 

 (C) the particle executes SHM (D) the period of oscillation of the particle is (/5) sec 
 

8. A particle free to move along the x-axis has potential energy given by U(x) = k[
2x1 e ] for –  x  + ,  

where k is a positive constant of appropriate dimensions. Then select the incorrect options : [JEE - 1999, 2/200] 

 (A) at points  away from the origin, the particle is in unstable equilibrium. 

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

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

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

9. A ball is hung vertically by a thread of length '' from a point 'P' of an inclined wall that makes an angle '' 

with the vertical. The thread with the ball is then deviated through a small angle '' () and set free. 

Assuming the wall to be perfectly elastic, the period of such pendulum is/are 
 

  
 

P 

 

 (A) 12 sin
g


  
  

  
  (B) 12 sin

g 2


   

  
  

 

 (C) 12 cos
g


  
  

  
  (D) 12 cos

g


  

  
  

 

 

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

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

 (C) Time is considered from y = 1 m (D) Time is considered from y = 0 m  
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11. The position of a particle at time t moving in x-y plane is given by r  = ( î  + 2 ĵ ) A cos t. Then, the 

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

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

are superposed. If each differs in phase from the next by 450, then,  [IIT- 1999, 3/100] 

 (A) the resultant amplitude is (1+2)a  

 (B) the phase of the resultant motion relative to the first is 900. 

 (C) the energy associated with the resulting  motion is (3+ 22) times the energy associated with any 

single motion. 

 (D) the resulting motion is not simple harmonic. 
 

PART - IV : COMPREHENSION 
 

Comprehension-1   

 A 2kg block hangs without vibrating at the bottom end of a spring with a force constant of 400 N/m. The 

top end of the spring is attached to the ceiling of an elevator car. The car is rising with an upward 

acceleration of 5 m/s2 when the acceleration suddenly ceases at time t = 0 and the car moves upward 

with constant speed. (g = 10 m/s2)  
 

1. What is the angular frequency of oscillation of the block after the acceleration ceases? 

 (A) 10 2  rad/s (B) 20 rad/s (C) 20 2 rad/s (D) 32 rad/s 
 

2. The amplitude of the oscillations is  

 (A) 7.5 cm (B) 5 cm (C) 2.5 cm (D) 1 cm 
 

3. The initial phase angle observed by an observer in the elevator, taking upward direction to be positive 

and positive extreme position to have /2 phase, is equal to 

 (A) /4 rad (B) /2 rad  (C)  rad  (D) 3/2 rad 
 

Comprehension-2  

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

any general point P on the line two forces act on it. A force 
mg(AP)

a
 towards A and another force  

2mg(BP)

a
 towards B.  

 

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

 (A) T =
3a

2
g

  (B) T =
a

2
2g

  (C) T = 
a

2
g

  (D) T = 
a

2
3g

  

 

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

 (A) 
a

6
 (B) 

a

4
 (C) 

a

3
 (D) 

a

8
 

 

6.  If the force acting towards A stops acting when the particle is nearest to B then find the velocity with 

which it crosses point B. 

 (A) 
2ga

3
 (B) 

2ga

6
 (C) 

2ga

5
 (D) 

ga

3
 

 

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


Simple Harmonic Motion  
 

 

Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 41 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

Comprehension-3     

 Spring of spring constant k is attached with a block of mass m1 as shown in figure. Another block of 

mass m2 is placed against m1 and both masses lie on smooth incline plane. 

 

 
 

7. Find the compression in the spring when the system is in equilibrium. 

 (A) 1 2(m m )gsin

2k

 
  (B) 1 2(m m )gsin

k

 
   

 (C) 1 2(m m )g

k


  (D) 1 22(m m )gsin

k

 
 

 

8. From the equilibrium position the blocks are pushed a further distance 1 2

2
(m m )gsin

k
   against the 

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

 (A) 1 2

1
(m m ) gsin

3k

 
   

 

 (B) 1 2

2
(m m ) gsin

k

 
   

 

  

 (C) 1 2

3
(m m ) gsin

k

 
   

 

 (D) 1 2

1
(m m ) gsin

k

 
   

 

 

 

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

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
 

1*. Function x = Asin2t + B cos2t + C sint cost represents SHM  [JEE 2006, 5/184,–1] 

 (A) for any value of A, B and C (except C = 0) (B) If A = – B, C = 2B, amplitude = B 2  

 (C) If A = B ; C = 0  (D) If A = B ; C = 2B, amplitude = |B| 
 

2. Column I gives a list of possible set of parameters measured in some experiments. The variations of 
the parameters in the form of graphs are shown in Column II. Match the set of parameters given in 
Column I with the graphs given in Column II.    [IIT-JEE 2008, 6/163]  

Column I Column II 

(A) 

 

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

function of displacement (x-axis) 

(p) 

 

 

(B) 

 

 

Displacement (y-axis) as a function of time (x-axis) for a one 
dimensional motion at zero or constant acceleration when the 
body is moving along the positive x-direction. 

 

(q) 
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(C) 

 

 

Range of a projectile (y-axis) as a function of its velocity 

(x-axis) when projected at a fixed angle. 

 

(r) 

 

 

(D) 

 

 

The square of the time period (y-axis) of a simple 

pendulum as a function of its length (x-axis). 

 

(s) 

 

 

 
Comprehension-1 

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

The disk rolls without slipping with velocity 0 0
ˆV V i . 

The coefficient of friction is . Figure :  

 

 

      [JEE-2008, 3×4/163] 
 

3. The net external force acting on the disk when its centre of mass is at displacement x with respect to its 

equilibrium position is  

 (A) –kx (B) –2kx (C) 
2kx

–
3

 (D) 
4kx

–
3

 

 

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

 (A) 
k

M
 (B) 

2k

M
 (C) 

2k

3M
 (D) 

4k

3M
 

5. The maximum value of V0 for which the disk will roll without slipping is  

 (A) 
M

g
k

  (B) 
M

g
2k

  (C) 
3M

g
k

  (D) 
5M

g
2k

  

 

6. The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration of the 
particle at t = 4/3 s is    [IIT-JEE 2009, 3/160, –1]  

 

0 4 8 12 
t(s) 

1 

–1 

(mx)c 

 

 (A) 23

32
  cm/s2  (B) 

2

32


 cm/s2 (C) 

2

32


 cm/s2 (D) 23

32
  – cm/s2  
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7. A uniform rod of length L and mass M is pivoted at the centre. Its two ends are attached to two springs 

of equal spring constants k. The springs are fixed to rigid supports as shown in the figure, and the rod is 

free to oscillate in the horizontal plane. The rod is gently pushed through a small angle  in one 

direction and released. The frequency of oscillation is :  [IIT-JEE 2009, 3/160, –1 ]  
 

 

 (A) 
1 2k

2 M
 (B) 

1 k

2 M
 (C) 

1 6k

2 M
 (D) 

1 24k

2 M
 

8. The mass M shown in the figure oscillates in simple harmonic motion with amplitude A. The amplitude 

of the point P is     [JEE 2009, 3/160, –1] 

 

M 

k 2 k 1 

P  

 (A) 1

2

k A

k
 (B) 2

1

k A

k
 (C) 1

1 2

k A

k k
 (D) 2

1 2

k A

k k
 

 

Comprehension-2 

 When a particle of mass m moves on the x-axis in a potential of 

the form V(x) = kx2, it performs simple harmonic motion. The 

corresponding time period is proportional to
m

k
, as can be seen 

easily using dimensional analysis. However, the motion of a 

particle can be periodic even when its potential energy increases 

on both sides of x = 0 in a way different from kx2 and its total 

energy is such that the particle does not escape to infinity.  

 

 

 Consider a particle of mass m moving on the x-axis. Its potential energy is V(x) = x4 ( > 0) for |x| near 

the origin and becomes a constant equal to V0 for |x|  X0 (see figure)  [JEE 2010, 3×3/160, –1] 

 

9. If the total energy of the particle is E, it will perform periodic motion only if : 

 (A) E < 0 (B) E > 0 (C) V0 > E > 0 (D) E > V0 

 

10. For periodic motion of small amplitude A, the time period T of this particle is proportional to : 

 (A) 
m

A


 (B) 
1 m

A 
 (C) A

m


 (D) 

1

A m


 

 

11. The acceleration of this particle for |x| > X0 is :  

 (A) proportional to V0  (B) proportional to 0

0

V

mX
  

 (C) proportional to 0

0

V

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

 (A) Restoring torque in case A = Restoring torque in case B  
 (B) Restoring torque in case A < Restoring torque in case B  
 (C) Angular frequency for case A > Angular frequency for case B. 
 (D) Angular frequency for case A < Angular frequency for case B. 

 

 
 

Comprehension-3 

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

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

 

 
 

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

 (A) 

 

Position 

Momentum 

 (B)  

 

Position 

Momentum 

 

 (C) 

 

Position 

Momentum 

 (D) 

 

Position 

Momentum 

 

 

14. The phase space diagram for simple harmonic motion is a circle centered at the origin. In the figure, the 
two circles represent the same oscillator but for different initial conditions, and E1 and E2 are the total 
mechanical energies respectively. Then 

 

 

 (A) 1 2E 2E  (B) 1 2E 2E  (C) 1 2E 4E  (D) 1 2E 16E  
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15. Consider the spring-mass system, with the mass submerged in water, as shown in the figure. The 

phase space diagram for one cycle of this system is :  

 

 

 (A) 

 

Position 

Momentum  

 (B) 

 

  

 (C) 

 

 (D) 

 

 

 

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

and x2 (t) = A sin
2

t
3

 
  
 

. Adding a third sinusoidal displacement x3(t) = B sin (t + ) brings the 

mass to a complete rest. The values of B and  are   [JEE 2011, 3/160, –1] 

 (A) 
3

2A,
4


 (B) 

4
A,

3


 (C) 

5
3A,

6


 (D) A, 

3


 

 

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

frequency rad/ s
3


  . Simultaneously at t = 0, a small pebble is projected with speed v from point P at 

an angle of 45º as shown in the figure. Point P is at a horizontal distance of 10 cm from O. If the pebble 
hits the block at t = 1s, the value of v is (take g = 10 m/s2) [IIT-JEE-2012, Paper-1; 3/70, –1] 

 

 

 (A) 50m/ s  (B) 51m/ s  (C) 52 m/ s  (D) 53 m/ s   
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18*. A particle of mass m is attached to one end of a mass–less spring of force constant k, lying on a 

frictionless horizontal plane. The other end of the spring is fixed. The particle starts moving horizontally 

from its equilibrium position at time t = 0 with an initial velocity u0. When the speed of the particle is  

0.5 u0, it collies elastically with a rigid wall. After this collision : [JEE (Advanced) 2013, 4/60] 

 (A) the speed of the particle when it returns to its equilibrium position is u0 . 

 (B) the time at which the particle passes through the equilibrium position for the first time is 
m

t
k

  . 

 (C) the time at which the maximum compression of the spring occurs is 
4 m

t
3 k


 . 

 (D) the time at which the particle passes througout the equilibrium position for the second time is 

5 m
t

3 k


 . 

 

19. Two independent harmonic oscillators of equal mass are oscillating about the origin with angular 

frequencies 1 and 2 and have total energies E1 and E2, respectively. The variations of their momenta 

p with positions x are shown in figures. If 2a
n

b
  and 

a
n

R
 , then the correct equation(s) is (are) :  

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

 

 

 (A) E11 = E22   (B) 22

1

n





 (C) 12 = n2
 (D)  1 2

1 2

E E


 
 

 

20. A particle of unit mass is moving along the x–axis under the influence of a force and its total energy is 

conserved. Four possible forms of the potential energy of the particle are given in column  (a and U0 

are constants). Match the potential energies in column  to the corresponding statement(s) in column . 
     [JEE (Advanced) 2015 ; 8/88, –1] 

  Column-    Column-

 (A) 

2
2

0
1

U x
U (x) 1

2 a

  
   

   

  (P) the force acting on the particle is zero at x = a. 

 (B) 

2
0

2

U x
U (x)

2 a

 
  

 
   (Q) the force acting on the particle is zero at x = 0. 

 (C) 

2 2
0

3

U x x
U (x) exp

2 a a

    
     

     

  (R) the force acting on the particle is zero at x=–a. 

 (D) 

3
0

4

U x 1 x
U (x)

2 a 3 a

  
   

   

  (S) The particle experiences an attractive force  

     towards x = 0 in the region x a  

     (T) The particle with total energy 0U

4
 can oscillate 

     about the point x = – a. 
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21*. A block with mass M is connected by a massless spring with stiffness constant k to a rigid wall and 
moves without friction on a horizontal surface. The block oscillates with small amplitude A about an 
equilibrium position x0. Consider two cases : (i) when the block is at x0 ; and (ii) when the block is at  
x = x0 + A. In both the cases, a particle with mass m (< M) is softly placed on the block after which they 
stick to each other. Which of the following statement(s) is(are) true about the motion after the mass m is 
placed on the mass M ?   [JEE (Advanced) 2016 ; P-2, 4/62, –2] 

 (A) The amplitude of oscillation in the first case changes by a factor of 
M

m M
, whereas in the second 

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

 (D) The instantaneous speed at x0 of the combined masses decreases in both the cases 
 

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

 

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

1. The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 mm, is  

4.4 m/s. The period of oscillation is :   [AIEEE 2006 ; 3/165, –1]   

 (1) 100 s     (2) 0.01 s  (3) 10 s      (4) 0.1 s  
 

2*. A coin is placed on a horizontal platform which undergoes vertical simple harmonic motion of angular 

frequency .The amplitude of oscillation is gradually increased. The coin will leave contact with the 
platform for the first time :   [AIEEE 2006 ; 3/165, –1]     

 (1) at the highest position of the platform   (2) at the mean position of the platform   

 (3) for an amplitude of 
2

g


 (4) for an amplitude of 

2

2

g


   

 

3.   The displacement of an object attached to a spring and executing simple harmonic motion is given by  

x = 2 × 10–2 cost metres. The time at which the maximum speed first occurs is : [AIEEE 2007 ; 3/120, –1] 
 (1) 0.5 s   (2) 0.75 s   (3) 0.125 s   (4) 0.25 s 
 

4.   A point mass oscillates along the x-axis according to the law x = x0 cos (t – /4). If the acceleration of 

the particle is written as, a = A cos(t + ), then :   [AIEEE 2007 ; 3/120, –1] 

 (1) A = x0,  = –/4       (2) A = x02,  = –/4  (3) A = x02,  = –/4  (4) A = x02,  = 3/4 
 

5. Two springs, of force constants k1 and k2, are connected to a mass m as shown. The frequency of 
oscillation of mass is ƒ. If both k1 and k2 are made four times their original values, the frequency of 
oscillation becomes:    [AIEEE 2007 ; 3/120, –1] 

   
 

 
 (1) ƒ/2    (2) ƒ/4  (3) 4f  (4) 2ƒ 
 
 

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


Simple Harmonic Motion  
 

 

Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 48 

Toll Free : 1800 258 5555  | CIN : U80302RJ2007PLC024029 
 

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

 (1) 2 ma2 2 (2) 
1

4
ma2 2 (3) 42 ma2 2 (4) 22 ma22  

 

7.* If x, v and a denote the displacement, the velocity and the acceleration of a particle executing simple 
harmonic motion of time period T, then, which of the following does not change with time? 

      [AIEEE 2009 ; 3/120, –1] 

 (1) 
aT

x
 (2) aT + 2v (3) 

aT

v
 (4) a2T2 + 42v2 

 

8. A mass M, attached to a horizontal spring, executes SHM with a amplitude A1. When the mass M 
passes through its mean position then a smaller mass m is placed over it and both of them move 

together with amplitude A2. The ratio of 1

2

A

A

 
 
 

 is :       [AIEEE - 2011, 4/120, –1] 

 (1) 
M

M m
 (2) 

M m

M


 (3) 

1/ 2
M

M m

 
 

 
 (4) 

1/ 2
M m

M

 
 
 

 

9. If a spring of stiffness 'k' is cut into two parts 'A' and 'B' of length A : B = 2 : 3, then the stiffness of 
spring 'A' is  given by :        [AIEEE 2011, 11 May; 4/120, –1] 

 (1) 
3k

5
 (2)  

2k

5
 (3) k  (4) 

5k

2
. 

 

10. Two particles are executing simple harmonic motion of the same amplitude A and frequency  along 
the x-axis. Their mean position is separated by distance X0(X0 > A). If the maximum separation 
between them is (X0 + A), the phase difference between their motion is :   [AIEEE - 2011, 4/120, –1] 

 (1) /2 (2) /3 (3) /4 (4) /6 
 

11. If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the period 

between t = 0s to t = s, then  may be called the average life of the pendulum. When the spherical bob 
of the pendulum suffers a retardation (due to viscous drag) proportional to its velocity, with 'b' as the 
constant of proportionality, the averatge life time of the pendulum is (assuming damping is small)  
in seconds :    [AIEEE 2012 ; 4/120, –1] 

 (1) 
0.693

b
 (2) b (3) 

1

b
 (4) 

2

b
 

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

it will decrease to  times its original magnitude, where  equals.  [JEE (Main) 2013, 4/120] 
 (1) 0.7 (2) 0.81 (3) 0.729 (4) 0.6 
 

13. A particle moves with simple harmonic motion in a straight line. In first  s, after starting from rest it 

travels a distance a, and in next s it travels 2a, in same direction, then :  [JEE (Main) 2014 ; 4/120, –1] 

 (1) amplitude of motion is 3a (2) time period of oscillations is 8

 (3) amplitude of motion is 4a (4) time period of oscillations is 6  

14. For a simple pendulum, a graph is plotted between its kinetic energy (KE) and potential energy (PE) 
against its displacement d. Which one of the following represents these correctly ? 

 (graphs are schematic and not drawn to scale)  [JEE (Main) 2015 ; 4/120, –1] 

 (1)

 

(2)

 

(3)

 

 

(4)

 

 

 

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

 (1) 3A (2) 3 A (3) 
7A

3
 (4) 

A
41

3
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16. A particle is executing simple harmonic motion with a time period T. At time = 0, it is at its position of 
equilibrium. The kinetic energy-time graph of the particle will look like :  [JEE (Main) 2017; 4/120, –1] 

 (1) 

 

KE 

0 T

4
 

T

2
 

T t 

 

(2) 

 

KE 

0 T

2
 

T t T 

  

 (3) 

 

KE 

0 T t 

 

(4) 

 

KE 

0 T

2
 

T t 

 
17. A sliver atom in a solid oscillates in simple harmonic motion in some direction with a frequency of 1012/sec. 

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

Avagadro number = 6.02 × 1023 gm mole–1     [JEE (Main) 2018; 4/120, –1] 

 (1) 2.2 N/m   (2)  5.5 N/m  (3) 6.4 N/m   (4)  7.1 N/m 
 

 

EXERCISE-1 
 

PART - I 
 

Section (A) : 

A-1. Amplitude = 5 m, Phase constant = 
6


, Time 

period = 2 s, Maximum speed = 5m/s 

A-2. (a) 2.0 cm, 
50


 s = 0.063 s, 100 N/m  

 (b) 1.0 cm, 3  m/s, –100 m/s2 

A-3. (a) T/12, (b) T/8, (c) T/6, (d) T/4, (e) T/8  

A-4. 03v

2
 

A-5. x = (10cm) sin 1s t
3 6

   
  

  
, 210

9
 11 cm/s2 

A-6. 
6

5
  cm = ± 1.2 cm from the mean position 

Section (B) : 

B-1. ± 5 cm   B-2. A = 0.06 m 

Section (C) : 

C-1. 0.1 N/m   C-2.  40 J 

C-3. 
2

16

10
 = 0.16 Kg 

C-4. (a) 
F

k
, 2

M

k
,  (b) 

2F

2k
  (c) 

2F

2k
   

C-5. (a) 2
1 2

m

k k
, keq. = k1 + k2 ; (b) 

2
1 2

m

k k
, keq. = k1 + k2 ; (c) 

2 1 2

1 2

m (k k )

k k


, keq. = 1 2

1 2

k k

k k
 

 Answers will remian same  
 

C-6. 
2 2M g

2k
, 

2 2M g

4k
 and 

2 2M g

6k
 from above,  

 time period = 2 
11M

6k
 

Section (D) : 

D-1. 1 m   D-2. 0.25 m 

D-3. 

2
23600

g 9.794m/ s
3601

 
 

 

 

D-4. (i) 2T0     (ii) 3g upwards 
 

Section (E) : 

E-1. (a) T = 
7

2
12g

   (b) 2
2r

g
  

 (c) 2
8a

3g
    (d) 2 

3r

2g
 

E-2. (a) 2 
r 2

g
, r/ 2   (b) 2

L

3g
, 

L

2 3
   

Section (F) : 

F-1. (a) 7 cm    (b) 37 cm = 6.1 cm  (c) 5 cm 

F-2. a 4 2 3   F-3. 2x2 + 
y

2
 = 1  
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Section (G) : 

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

For resonance to occur, 1 = 2  
G-2. (a) 0.3 s(b) 6.93 s (c) 3.4 s 
   

PART - II 
Section (A) : 
A-1. (A)  A-2. (A) A-3. (B) 

A-4. (A) A-5. (A) A-6. (C) 

A-7. (A) A-8.  (B) A-9. (B) 

A-10. (B) 
 

Section (B) : 

B-1. (B) B-2. (C) B-3. (B) 

B-4. (C) B-5.  (A) B-6. (C) 
 

Section (C) : 

C-1. (D) C-2. (C) C-3. (C) 

C-4. (A) C-5. (D) C-6. (D) 

C-7. (B) C-8. (D)  
 

Section (D) : 

D-1. (A)  D-2. (D) D-3. (C) 

D-4. (D) D-5. (C) 
 

Section (E) : 

E-1. (D) E-2. (B) 
 

Section (F) : 

F-1. (B) F-2. (B) F-3. (D) 

F-4. (B)  
 

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

PART - III 
1. (A) r, (B) p, (C) q, (D)  s 

2. (A) p ; (B) q ; (C)  p ; (D)  s 
 

EXERCISE-2 
 

PART - I  

1. (A) 2.  (C) 3. (B) 

4. (C) 5. (C) 6. (A) 

7. (A) 8. (A) 9. (A) 

10.  (A) 11. (B) 12. (C) 

13. (C) 14. (B) 15. (D) 

PART - II 

1.  10 2. 2 3. 2 

4.  15 5. 2  6. 16  

7. 3  8. 3 9. 12 

10. 17 11. 15 12. 8 

13. 15 14. 2 15. 8 

16.  75   

 

PART - III 

1. (AD) 2. (ABC) 3. (BC) 

4.       (ABCDE) 5. (BD) 6.         (ABCD)  

7. (BCD) 8. (ABC) 9. (BD)  

10. (BC) 11. (ACD) 12. (AC)  
 

PART - IV 

1. (A) 2. (C) 3. (D) 

4. (D) 5. (A) 6.  (B) 

7. (B) 8. (C) 
 

EXERCISE-3 
 

PART - I 
 

1. (ABD) 

2. (A)(p); (B)  (q, s) ;  (C)  (s) ;  (D)  (q) 
3. (D) 4. (D) 5. (C) 
6. (D) 7. (C) 8. (D)  
9. (C) 10. (B) 11. (D) 
12. (AD) 13. (D) 14. (C) 
15. (B) 16. (B) 17. (A) 
18. (AD) 19. (BD)  

20. (A)  P,Q,R,T ; (B) Q,S ; (C) P,Q,R,S ; 

(D) P,R,T  
21. (ABD) 22. 2.09 
 
 

PART - II 

1. (2) 2. (1,3) 3.   (1) 

4.   (4) 5. (4) 6.  (1) 

7. (1,4) 8. (4) 9. (4) 

10. (2) 11. (4) 12. (3) 

13. (4) 14. (2) 15. (3) 

16. (1) 17. (4) 
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SUBJECTIVE QUESTIONS  
 

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

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

 

 
 

2. A constant force produces maximum velocity V on the block 

connected to the spring of force constant K as shown in the fig. When 

the force constant of spring becomes 4K, then find maximum velocity 

of the block. Assume that initially the spring is in relaxed state. 

 

 

 

3 Two point masses m1 and m2 are fixed to a light rod hinged at one end. The masses are at distances 1 

and 2 respectively from the hinge. Find the time period of oscillation (small amplitude) of this system in 

seconds if m1 = m2, 1 = 1m, 2 = 3m. 

 

 
 

4. A solid sphere (radius = R) rolls without slipping in a cylindrical vessel 

(radius = 5R). Find the angular frequency of small oscillations of the 

sphere in s–1. Take R = 
1

14
m and g = 10 m/s2. (Axis of cylinder is fixed and 

horizontal).  

 

 

 

5. A particle of mass m is suspended at the lower end of a thin rod of negligible 

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

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

rod is vertical as shown in fig. If the period of oscillation of the system is 
L

n
 , 

when it is slightly displaced from its mean position then find n. Take k = 
2

9mgL
 

and g = 10m/s2. 

 O 
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6. If velocity of a particle moving along a straight line changes sinusoidally with time as shown in the given 

graph. Find the average speed over time interval t = 0 to t = 2 (2n – 1) seconds, n being any positive 

integer. 

     

 

 

7. Two simple pendulums A and B having lengths  and /4 respectively are released from the position as 

shown in figure. Calculate the time after which the release of the two strings become parallel for the first 

time. Angle is very small.  

 

 
 

8. A particle of mass ‘m’ is moving in the x-y plane such that its x and y coordinate vary according to the 

law x = a sin t and y = a cos t where ‘a’ and ‘’ are positive constants and ‘t’ is time. Find 

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

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

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

 

9. Two non–viscous, incompressible and immiscible liquids of densities and 1.5are poured into the 

two limbs of a circular tube of radius R and small cross–section kept fixed in a vertical plane as shown 

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

 

o 

R 

 
 

 (a)  Find the angle that the radius to the interface makes with the vertical in equilibrium position. 

 (b)  If the whole liquid column is given a small displacement from its equilibrium position, show that the 

resulting oscillations are simple harmonic. Find the time period of these oscillations. 
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10. Two identical balls A and B, each of mass 0.1 kg, are attached 

to two identical mass less springs. The spring–mass system is 

constrained to move inside a rigid smooth pipe bent in the form 

of a circle as shown in the figure. The pipe is fixed in a 

horizontal plane. The centres of the balls can move in a circle 

of radius 0.06 m. Each spring has a natural length of 0.06 

metre and spring constant 0.1 N/m. Initially, both the balls are 

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

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

rest. 

 

 

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

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

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

11. Two light springs of force constant k1 and k2 and a block of mass m are in one line AB on a smooth 

horizontal table such that one end of each spring is fixed to rigid supports and the other end is free as 

shown in the figure. The distance CD between the free ends of the spring is 60 cm. If the block moves 

along AB with a velocity 120 cm/s in between the springs, calculate the period of oscillation of the block. 

 (k1 = 1.8 N/m, k2 = 3.2 N/m, m = 200 g)               [1985 ; 6M] 

     

 

m 
k 1 k 2 

A C D B 

60 cm 

V 

   

 

12. Two wheels which are rotated by some external source with constant angular velocity in opposite 

directions as shown in figure. A uniform plank of mass M is placed on it symmetrically. The friction  

co-efficient between each wheel and the plank is . Find the frequency of oscillations, when plank is 

slightly displaced along its length and released. 

 

 
 

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

potential energy u(x) = 
2 2 3m x x

x
2 3

 
    

 Here ,  and a are real and positive.    

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

 (b) Consider the case where (in appropriate units) we have m = 1,  = 2 ,  = 1 and  = 1/2. Sketch 

the potential energy u(x). If the total energy of the particle moving in this one-dimensional potential 

is E = 0 (in same units), discuss the motion of the particle in terms of allowed regions, boundedness 

and periodicity. 
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14. Two blocks of masses m1 = 1.0 kg and m2 = 2.0 kg are connected by a massless elastic spring and are 

at rest on a smooth horizontal surface with the spring at its natural length. 

 
m 1 m 2 

x 
1 x 

2 

F 

 
 A horizontal force of constant magnitude F = 6.0 N is applied to the block m1 for a certain time t in which 

m1 suffers a displacement x1 = 0.1 m and x2 = 0.05 m. Kinetic energy of the system with respect to 

center of mass is 0.1 J. The force F is then withdrawn. 

 (a)  Calculate t.            

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

 (c)   Calculate the energy stored in the system  

 

 

       

 

1. 2 1M 4M
T 2

k


   2. V/2  3.   4. 5   

5. 25   6. 
8


 m/s  7. 

3



g
   

8. (a) x2 + y2 = a2, circle   (b) The particle moves in clock wise sense.  

 (c)The magnitude of force = m 2 2
x ya a = m2 a 

9. (a) tan – 1 
1

5

 
 
 

   (b) 2
R

6.11
 

10. (i) f = 
1

2

4 0.1

0.1


 = 

1


Hz(ii) V = 0.0628 (iii) 3.9 × 10–4 J  11. 2.82 s 

12. 2
µg

   13. (b) between x = 0 and x = 
3 3

2


. U is (–ve). So, K.E. is +ve.  

14. (a) 0.26s (b) 0.52 ms–1, 0.40 J (c) 0.20 J 
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 Marked Questions may have for Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : SUBJECTIVE QUESTIONS 

Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

SECTION  (A) : EQUATION OF SHM ljy vkorZ xfr dk lehdj.k 

A-1. The equation of a particle executing SHM is 1x (5 m)sin ( s )t
6

      
. Write down the amplitude, 

initial  phase constant, time period and maximum speed.   

 ljy vkorZ xfr dj jgs ,d d.k dk lehdj.k 1x (5 m)sin ( s )t
6

      
 gSA vk;ke] izkjfEHkd dyk fu;rkad] 

vkorZdky o vf/kdre pky fyf[k,A 

Ans. Amplitude = 5 m, Phase constant = 
6


, Time period = 2 s, Maximum speed = 5m/s 

 vk;ke = 5 m, dyk fu;rkad = 
6


, vkorZ dky = 2 s, vf/kdre pky = 5m/s 

Sol.  x = 5 sin t
6

    
 

  Compare this equation with  

  x = A sin (t + )  A = 5 

   = 
6


  T = 

2


 = 
2


 = 2 sec 

  Vmax = A = 5 m/s 

Sol.  x = 5 sin t
6

    
 

  bl lehdj.k dh fuEu lehdj.k ds lkFk rqyuk djus ij  

  x = A sin (t + )  A = 5 

   = 
6


  T = 

2


 = 
2


 = 2 sec 

 Vmax = A = 5 m/s 
 

A-2. A particle having mass 10 g oscillates according to the equation x = (2.0 cm) sin [(100 s–1) t+ /6]. Find  
(a) the amplitude, the time period and the force constant (b) the position, the velocity and the 
acceleration at t = 0. 

 10 g nzO;eku dk ,d d.k lehdj.k x = (2.0 cm) sin [(100 s–1) t+ /6] ds vuqlkj nksyu djrk gSA Kkr djks  
(a) vk;ke, vkorZdky o cy fu;rkad (b) t = 0 ij fLFkfr] osx o Roj.kA 

Ans. (a) 2.0 cm, 
50


 s = 0.063 s, 100 N/m (b) 1.0 cm, 3  m/s, –100 m/s2 
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Sol.  x = (2.0 cm) sin –1(100s )t
6

   
 

  Compare this equation with 

  blh lehdj.k dh rqyuk djus ij  

  x = A sin ( t + )   A = 2.0 cm 

  T = 
2

3


 = 

2

100


 = 0.0635 

  K = m2 = 
10

100
 1002 = 100 N/m 

  xt=0 = 2.0 sin 100 0
6

    
 = 1 cm 

  v = 200 cos 100t
6

  
 

 

  vt=0 = 200 cos 100 0
6

   
 

 

      = 100 3  cm/s = 3  m/s 

  a = –20000 sin 100 0
6

   
 

 = 10000 cm/s2  

    = –100 m/s2 
 
A-3. A simple harmonic motion has an amplitude A and time period T. Find the time required by it to travel 

directly from       

 ,d ljy vkorZ xfr dk vk;ke A o vkorZdky T gSA blds }kjk fuEu nwjh r; djus ds fy, vko';d le; Kkr 
dhft,A  

 (a) x = 0 to x = A/2  (b)  x = 0 to x = 
A

2
   

 (c) x = A to x = A/2   

 (d) x = – A

2
 to x = 

A

2
  (e) x = 

A

2
 to x = A.    

 (a) x = 0 ls x = A/2 rd  (b)  x = 0 ls x = 
A

2
 rd  (c) x = A ls x = A/2 rd    

 (d) x = – A

2
 ls x = 

A

2
 rd (e) x = 

A

2
 ls x = A rd   

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

Sol.  (A) x = A sin 
2

t
T

   
 

 

  o = A sin 
2

o
T

   
 

  

   
2

T


 o +  = 0    = 0 

  x = A sin 
2 t

T

 
 
 

 

  
A

2
 = A sin 

2 t

T

 
 
 

  
2 t

T


 = 

6


 

  t = 
T

12
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 (D) x = A sin 
2 t

T

    
 

  
–A

2
 = A sin 

2 0

T

    
 

   = 
–
4


 

  x = A sin
2 t –
T 4

  
  

  

  
A

2
 = A sin 

2 t –
T 4

  
  

 

 
2 t –
T 4

 
 = 

4


 t = 

T

4
 

 
A-4. A particle is executing SHM with amplitude A and has maximum velocity v

0
. Find its speed when it is 

located at distance of 
A

2
 from mean position.    

 ,d d.k A vk;ke o v0 vf/kdre osx ls ljy vkorZ xfr dj jgk gSA ek/; voLFkk ls 
A

2
 nwjh ij bldh pky Kkr 

djksA  

 Ans. 03v

2
 

Sol.  v0 = A   = 0v

A
 

  v2 = 2 (A2 – x2) 

  v2 = 

2

0v

A

 
 
 

2
2

2

AA –
2

 
  
 

  

  v2 = v0
2 

3

4
  v = 

3

2
 v0 

 
A-5. A particle executes simple harmonic motion with an amplitude of 10 cm and time period 6 s. At  

t = 0 it is at position x = 5 cm from mean postion and going towards positive x-direction. Write the 
equation for the displacement x at time t. Find the magnitude of the acceleration of the particle at t = 4s. 

 ,d d.k vk;ke 10 cm o vkorZdky 6 s ls ljy vkorZ xfr dj jgk gSA t = 0 ij ek/; fLFkfr ls bldh fLFkfr  
x = 5 cm gS rFkk ;g /kukRed x-fn'kk esa tk jgk gSA le; t ij foLFkkiu x ds fy, lehdj.k fy[kksA t = 4s ij d.k 
ds Roj.k dk ifjek.k Kkr djksA  

Ans. x = (10 cm) sin 1s t
3 6

      
  

, 210

9
   11 cm/s2 

Sol. A = 10 cm, T = 6 sec 

 So vr% x = A sin 
2

t
T

   
 

 

 = (10 cm) sin
2

t
6

   
 

= 10 cm sin t
3

   
 

 

 at t = 0, x = 5 cm ij  
  5 cm = 10 cm sin (0 + )   

  
1

2
 = sin (),   = 

6


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 So, vr% x = (10 cm) sin t
3 6

   
 

 

 acceleration Roj.k  a = – 2 (10 cm) sin t
3 6

   
 

  = –
2

3

 
 
 

 × (10 cm) sin 4
3 6

    
 

 

 = 
2 10

9

 
 ~ 11 cm/s2 

 
A-6.  A particle is executing SHM. Find the positions of the particle where its speed is 8 cm/s, If maximum 

magnitudes of its velocity and acceleration are 10 cm/s and 50 cm/s2 respectively.  

 ,d d.k ljy vkorZ xfr dj jgk gSA d.k dh og fLFkfr;ka Kkr djksa tgk¡ d.k dh pky 8 cm/s gS] ;fn d.k dh 

pky rFkk Roj.k ds vf/kdre ifjek.k Øe'k% 10 cm/s rFkk 50 cm/s
2 
gSA   

Ans.  
6

5
  cm = ± 1.2 cm from the mean position  

 ek/; fLFkfr ls 
6

5
  cm = ± 1.2 cm  

Sol. |v| = |A|    10 = |A|  

 |a| = |A| 2  50 = |A| 2 

    = 5  |A| = 2 

  v2 = 2 (A2 – x2) 
  82 = 52 (22 – x2) 

  4 – x2 = 
64

25
  x2 = 

36

25
 x = 

6

5
  cm 

 

SECTION  (B) : ENERGY ÅtkZ 
 
B-1. A particle performing SHM with amplitude 10cm. At What distance from mean position the kinetic 

energy of the particle is thrice of its potential energy?    

 ,d d.k 10cm vk;ke ds lkFk ljy vkorZ xfr dj jgk gSA ek/; fLFkfr ls fdl nwjh ij d.k dh xfrt ÅtkZ 
mldh fLFkfr ÅtkZ dh rhu xquh gksxh \ 

Ans. ± 5 cm 

Sol.  According to question iz'ukuqlkj , 

   
1

2
 mv2 = 3 ×

1

2
 m2 x2 

   
1

2
 m2(A2 – x2) = 

3

2
 m2 x2 

   A2 = 4x2   x =  ±
A

2
  = ± 

10cm

2
 = ± 5 cm.    

 
B-2. An object of mass 0.2 kg executes simple harmonic oscillations along the x–axis with a frequency of  

( 25 /  ) Hz. At the position x = 0.04m, the object has kinetic energy of 0.5 J and potential energy 0.4 J. 
Find the amplitude of oscillations  

 ,d 0.2 kg nzO;eku dh oLrq x–v{k ds vuqfn'k ( 25 /  ) Hz dh vko`fÙk ls ljy vkorZ xfr djrh gSA fLFkfr  
x = 0.04m ij oLrq dh xfrt ÅtkZ 0.5 J o fLFkfrt ÅtkZ 0.4 J gSA nksyu dk vk;ke Kkr djksA    

Ans. A = 0.06 m 

Sol. Total energy dqy ÅtkZ E = 
1

2
 m 2 A2 

 0.5 + 0.4 = 
1

2
 × 0.2

2
25

2
   

 A2 

  9 = (50)2 A2  A = 0.06 m 
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SECTION  (C) : SPRING MASS SYSTEM fLçax nzO;eku fudk;  
 

C-1. A spring mass system has a time period of 2 second. What should be the spring constant of spring if 
the mass of the block is 10 grams?    

 ,d fLizax nzO;eku fudk; dk vkorZdy 2 lsd.M gSA ;fn CykWd dk nzO;eku 10  xzke gks] rks fLizax dk fLizax 
fu;rkad D;k gksuk pkfg,A  

Ans. 0.1 N/m 

Sol.  T = 
m

2
K

   2 = 
10 /1000

2
K

   K = 0.1 N/m.  

 
C-2. A body of mass 2 kg suspended through a vertical spring executes simple harmonic motion of period 

4s.  If the oscillations are stopped and the body hangs in equilibrium, find the potential energy stored in 
the spring.  

 ,d Å/okZ/kj fLçax ls yVdh 2 kg nzO;eku dh oLrq 4s ds vkorZ dky ls ljy vkorZ xfr djrh gSA ;fn nksyu jksd 
fn;s tk;sa o oLrq lkE;koLFkk esa yVdh jgrh gS] rks fLçax esa laxzfgr fLFkfrt ÅtkZ Kkr djksA 

Ans. 40 J 

Sol. K = m2   K = m 

2
2

T

 
 
 

 

 K = 
2

2

4 m

T


 

 mg = Kx equilibrium lkE;oLFkk  

 x = 
mg

K
  U = 

1

2
 Kx2 

 = 
1

2
 K 

2 2

2

m g

K
 = 

2 2 2

2

m g T

2 4 m 
 = 

2 2 22 10 4

2 4 10 2

 
  

 = 40 J 

 
C-3. A vertical spring-mass system with lower end of spring is fixed, made to undergo small oscillations. If 

the spring is stretched by 25cm, energy stored in the spring is 5J .Find the mass of the block if it makes 
5 oscillations each second. 

,d Å/okZ/kj fLizax nzO;eku fudk; ftlesa fLizax dk uhpyk fljk fLFkj gS] esa vYi nksyu djok;s tkrs gSA ;fn fLizax 
dks 25 cm ls [khapk tkrk gS rks fLiazx  5 J ÅtkZ laxzfgr djrh gSA ;fn xqVdk izR;sd lsd.M esa  5 nksyu djrk gS 
rks xqVds dk nzO;eku Kkr djksA  

Ans. 
2

16

10
 = 0.16 Kg 

Sol.  
1

2
Kx2  = 5 

  
1

2
 k × 

2
25

100

 
 
 

 = 5 

  k = 160 

   = 10 = 
K

m
 

  m = 
2

K

100
 

  m = 
2

160

100
 = 

2

16

10
 = 0.16 kg 
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C-4.# A spring mass system is shown in figure, spring is initially unstretched. A man starts pulling the block 
with constant force F. Find   

         (a) The amplitude and the time period of motion of the block 
  (b) The K.E. of the block at mean position 
  (c) The energy stored in the spring when the block passes through the mean position  

  fp=k esa ,d fLizax nzO;eku fudk; fn[kk;k x;k gS] fLizax izkjEHk esa vfoLrkfjr gSA ,d O;fDr fu;r cy F ls oLrq dks 
[khapuk izkjEHk djrk gS rks Kkr djks 

         (a) oLrq dh xfr dk vk;ke o vkorZdky  
  (b) ek/; voLFkk ij oLrq dh xfrt ÅtkZ  
  (c) fLizax esa laxzfgr ÅtkZ tc CykWd ek/; voLFkk ls xqtjrk gSA  

      

 

////////////////////////////////////////////////////////// 

k 
M F 

  

Ans. (a) 
F

k
, 2

M

k
,  (b) 

2F

2k
   (c) 

2F

2k
   

Sol. (a) Initial position of block is an extreme position. CykWd dh izkjfEHkd voLFkk ,d lhekUr fLFkfr gS 
 At equilibrium lkE;oLFkk ij F = KA  A = F/K 

 Time period vkorZdky 

 T = 2
m

K
  

 
    

 (b) Kinetic energy at mean position ek/; voLFkk ij xfrt ÅtkZ  

  K.E. = 
1

2
 K A2 = 

1

2
 K 

2
F

K

 
 
 

 = 
2F

2K
 

 (c) Total energy of the block. CykWd dh dqy ÅtkZ 

 
1

2
 K A2 = 

1

2
 K

2
2F

K

 
 
 

 = 
2F

2K
 

 
C-5.# Three spring mass systems are shown in figure. Assuming gravity free space, find the time period of 

oscillations in each case. What should be the answer if space is not gravity free ?   

fp=kkuqlkj rhu fLizax nzO;eku fudk; fn[kk;s x;s gS rFkk xq:Roh; eqDr {ks=k ekuuk gSA izR;sd fLFkfr esa nksyu dk 
vkorZdky Kkr djksA ;fn {ks=k xq:Roghu ugh gks rks mÙkj D;k gksaxs \ 

 (a) 

 

 (b)  

 

 (c)  

 

 

Ans. (a) 2
1 2

m

k k
, keq. = k1 + k2 ; (b) 2

1 2

m

k k
, keq. = k1 + k2 ; (c) 2 1 2

1 2

m (k k )

k k


, keq. = 1 2

1 2

k k

k k
 

 Answers will remian same mÙkj leku gh gksaxs   

Sol.  (a) When spring is stretched by x then restoring force. 

 tc fLizax dks x ls [khapk tkrk gS] rks izR;ku;u cy  
 F = K1 x + K2 x 
  F = Keq x 
  Keq x = K1 x + K2 x 
  Keq = K1 + K2 

  T = 2 
eq

m

K
 = 2

1 2

m

K K
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  (b) When bock is displaced by x from mean position then restoring force. 

    tc CykWd dks ek/; voLFkk ls x [khapk tkrk gS rc izR;ku;u cy 

    F = K1 x + K2 x 
    Keq x = K1 x + K2 x 
    Keq = K1 + K2 

    T = 2 
eq

m

K
 = 2 

1 2

m

K K
 

  (c) When block is displaced by x and extension in upper spring is x1, extension in lower spring is x2  

  tc CykWd dks x foLFkkfir fd;k tkrk gS rFkk Åijh fLizax esa foLrkj x1, rFkk fupyh fLizax esa foLrkkj x2 gSA   

  then rc F = K1 x1   x1 = 
1

F

K
 

  F = K2 x2     x2 = 
2

F

K
 

  F = Keq x     x = 
eq

F

K
 

  x = x1 + x2     
eq

F

K
 = 

1

F

K
 + 

2

F

K
   Keq = 1 2

1 2

K K

K K
 

  T = 2 
eq

m

K
 = 2 1 2

1 2

m(K K )

K K


  

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

  tc okrkoj.k xq:Ro eqDr ugha gS rks mÙkj ugh cnyrk gS D;ksafd fLizax nzO;eku fudk; dk vkorZdky xq:Ro ls 
Lora=k gksrk gSA 

 

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

 fp=k esa fLizax nzO;eku fudk; fn[kk;k x;k gSA tc CykWd ek/;oLFkk ij gS] rc çR;sd fLçax esa laxzfgr çR;kLFk 
fLFkfrt ÅtkZ Kkr djksA fi.M ds Å/okZ/kj nksyu dk vkorZdky Hkh Kkr djksA 

      

 

 

 Ans. 
2 2M g

2k
, 

2 2M g

4 k
 and 

2 2M g

6 k
 from above, time period = 2 

11 M

6 k
 

  Åij ls 
2 2M g

2k
, 

2 2M g

4 k
 rFkk 

2 2M g

6 k
; vkorZdky = 2 

11 M

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

 ekukfd lkE;oLFkk esa fLizaxks eas foLrkj x1, x2 rFkk        

 x3 gS rks cy larqyu ls     

    

 

 
 3kx3 = Mg = 2kx2 = k x1 

  x1 = 
Mg

k
; x2 = 

Mg

2k
; x3 = 

Mg

3k
 

 So potential energy stored in each spring 

 vr% izR;sd fLizax esa lafpr ÅtkZ  

  (P.E.)1 = 
1

2
kx1

2 = 
2 2M g

2k
 

  (P.E.)2 = 
1

2
2kx2

2 = 
2 2M g

4k
 

  (P.E.)3 = 
1

2
3kx3

2 =  
2 2M g

6k
 

 and Net spring constant vkSj dqy cy fu;rkad = 
1

1/k 1/ 2k 1/3k 
 = 

6k

11
 

 So Time period blfy;s vkorZdky = 2 
M

keq.
 = 2

11 M

6 k
 

 

Section  (D) : Simple Pendulum ljy yksyd 

D-1. Find the length of seconds pendulum at a place where g = 2 m/s2.   

 ml LFkku ij lsd.M yksyd dh yECkkbZ Kkr djks] tgk¡ g = 2 m/s2 A 

Ans 1 m 

Sol.  T = 2
g

   2 = 2
g

    = 1m 

 
D-2. Instantaneous angle (in radian) between string of a simple pendulum and vertical is given by  

 = 
180


sin2t. Find the length of the pendulum if g = 2 m/s2  

 ,d ljy yksyd dh Mksjh ds }kjk Å/okZ/kj ds lkFk cuk;k x;k rkR{kf.kd dks.k ¼jsfM;u esa½ le; ij  

 = 
180


sin2t ds vuqlkj fuHkZj djrk gSA rks yksyd dh yEckbZ Kkr djks ;fn g = 2 m/s2 gSA 

Ans. 0.25 m 
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Sol.  Time period vkorZdky T = 
2


 = 
2

2




 = 1 = 2
g

  

   =  
2

2


  1 = 2     = 0.25 m.   

 
D-3. A pendulum clock is accurate at a place where g = 9.8 m/s2. Find the value of g at another place where 

clock becomes slow by 24 seconds in a day (24 hrs).   

 ,d yksyd ?kM+h ml LFkku ij lgh le; nsrh gS tgka g = 9.8 m/s2 gSA ;g fdlh nwljs LFkku ij ys tkbZ tkrh gS] 
tgka ;g 24 ?k.Vs esa 24 lSd.M ihNs jg tkrh gS rks bl u;s LFkku ij g dk eku Kkr djksA  

Ans. 

2
23600

g 9.794 m/ s
3601

   
 

 

Sol. T = 2
g

  T' = 2
g'

  

 
T

T '
 = 

g'

g
 

24 3600

24 3600 24


 

 = 
g'

g
  g' = 

2
23600

g 9.794 m/ s
3601

   
 

 

 
D-4. A pendulum is suspended in a lift and its period of oscillation is T0  when the lift is stationary.  

 ,d yksyd ,d fy¶V esa yVdk gS o bldk nksyu dky T0  gS] tc fy¶V fLFkj gSA  
 (i)  What will be the period T of oscillation of pendulum, if the lift begins to accelerate downwards 

 with an acceleration equal to  
3g

4
? 

  yksyd dk nksyu dky T D;k gksxk] ;fn fy¶V uhps dh vksj 
3g

4
 Roj.k ls pyuk çkjEHk djs ? 

 (ii)  What must be the acceleration of the lift for the period of  oscillation of the pendulum to be 0T

2
?

 yksyd dk nksyudky 0T

2
 gksus ds fy, fy¶V dk Roj.k D;k gksuk pkfg, ?  

Ans.   (i) 2T0   (ii) 3g upwards  Åij dh vksj         

Sol.  (i) T0 = 2
g

   T = 2
effg

    geff = g – 
3g

4
 = 

g

4
 

  So, time period  vr% vkoZr dky T = 2
g

4

   T = 2T0 

  (ii) 0T

2
 = 2

effg
,  

2

2


g

 = 2
effg

 

  geff = 4g  a = 3g upwards Åij dh vkSj  
    

SECTION  (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM 

  fi.M yksyd o ejksM+h yksyd 

E-1. Compound pendulums are made of :       

 (a) A rod of length  suspended through a point located at distance /4 from centre of rod. 
 (b) A ring of mass m and radius r suspended through a point on its periphery. 
 (c) A uniform square plate of edge a suspended through a corner. 
 (d) A uniform disc of mass m and radius r suspended through a point r/2 away from the centre.  
 Find the time period in each case. 
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 HkkSfrd yksyd fuEu ls cuk;k tkrk gS 
 (a) ,d  yEckbZ dh NM+ tks N+M ds dsUnz ls /4 nwjh ij yVdh gSA  
 (b) nzO;eku m o f=kT;k r dh ,d oy; tks bldh ifjf/k ij fdlh fcUnq ls yVdh gSA  
 (c) ,d dksus ls yVdh gqbZ a Hkqtk dh ,d le:i oxkZdkj IysV  

 (d) dsUnz ls r/2 nwjh ij yVdh gqbZ m nzO;eku o r f=kT;k dh ,d le:i pdrhA 
 izR;sd fLFkfr esa vYi nksyuksa dk vkorZdky Kkr dhft,A  

Ans. (a) T = 
7

2
12g

  (b) 2
2r

g
 (c) 2

8 a

3 g
  (d) 2 

3r

2g
 

Sol. (a) Time period of compound pendulum is HkkSfrd yksyd dk vkorZdky T = 
2

cm md
2

mg

 
  

 For rod of length  ,  yEckbZ dh NM ds fy, T = 

22m
m 

12 4
2

mg / 4

   
  = 

2m (4 3)

482
mg / 4



   

       T = 
7

2
12g

   Ans. 

 (b)   T = 
2 2mr mr

2
mgr


  

  T = 2
2r

g
 Ans. 

 (c)  T = 

22ma a
m 

6 2
2

a
mg

2

 
  

   

  T = 2
8 a

3 g
  Ans. 

 (d) T = 

22mr r
m 

2 2
2

r
mg

2

   
     

  T = 2
3r

2g
  Ans.          

 

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

 and point of suspension in each case. 

  nks Hkksfrd yksyd fuEUk ls cuk;s x;s gSA  
 (a) r f=kT;k dh ,d pdrh 
 (b) L yEckbZ dh ,d leku N+M  
  vYi nksyuksa ds fy, U;wure laHko vkorZdky Kkr dhft, RkFkk U;wure laHko vkorZdky ds fy, fNnz dh 

 dsUnz ls  nwjh Hkh Kkr djksA  

Ans. (a) 2 
r 2

g
, r/ 2  (b) 2

L

3g
 ,. 

L

2 3
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Sol. (a) For minimum time period  = K,  where  is distance between centre and point of suspension 

 U;wure vkorZdky ds fy,  = K,  tgk¡   dsUnz rFkk fuyEcu fcUnq ds chp dh nwjh gS  

 Moment of inertia about centre  = 
2mr

2
 = mK

2
   K = 

r

2
 =   

 dsUnz ds ifjr tM+Rok?kw.kZ  = 
2mr

2
 = mK

2
   K = 

r

2
 =     

 minimum time period T
min

 = 2
2k

g
  = 2

r 2

g
 

 U;wure vkorZdky T
min

 = 2 
2k

g
 = 2

r 2

g
  

 (b) Moment of inertia about centre = 
2mL

12
= mK

2
  

 (b) dsUnz ds ifjr tM+Rok?kw.kZ = 
2mL

12
= mK

2
  

  K = 
L

2 3
 =  where  is distance between centre and point of suspension 

    tgk¡   dsUnz rFkk fuyEcu fcUnq ds chp dh nwjh gS 

 Minimum time period T = 2
2k

g
 = 2

L

3g
   

 U;wure vkorZdky T = 2
2k

g
 = 2

L

3g
   

 

SECTION  (F) : SUPERPOSITION OF SHM ljy vkorZ xfr dk v/;kjksi.k  

F-1. A particle is subjected to two SHM’s simultaneously  

  X1 = a1Sint  and X2= a2Sin(t + ) 
  Where a1 = 3.0 cm, a2 = 4.0 cm.   

  Find resultant amplitude if the phase difference  has values (a) 0° (b) 60° (c) 90° 

 fuEUk nks ljy vkorZ xfr;ksa ds v/khu ,d d.k xfr'khy gS  

 X1 = a1Sint  rFkk X2= a2Sin(t + )  
 tgk¡ a1 = 3.0 cm, a2 = 4.0 cm  
 nksuksa xfr;ksa dk ifj.kkeh vk;ke Kkr djks ;fn bu xfr;ksa ds e/; dykUrj (a) 0°, (b) 60°, (c) 90° gksA 

Ans. (a) 7 cm (b) 37  cm = 6.1 cm  (c) 5 cm  

Sol. Ar = 2 2
1 2 1 2A A 2A A cos    

 (a) Ar = 2 23 4 2 3 4 cos0      = 7 cm  

 (b) Ar = 2 23 4 2 3 4 cos60      = 37  cm = 6.1 cm  

 (c) Ar = 2 23 4 2 3 4 cos90      = 5 cm  

 
F-2. A particle is subjected to three SHM’s in same direction simultaneously each having equal amplitude a 

and equal time period. The phase of the second motion is 300
 ahead of the first and the phase of the 

third motion is 30° ahead of the second. Find the amplitude of the resultant motion.  

 rhu ljy vkorZ xfr;k¡ tks leku vk;ke  a rFkk leku vkorZ dky ds lkFk ,d fn'kk esa gks jgh gS] ds v/khu ,d 
d.k xfr dj jgk gSA f}rh; xfr] çFke ls 30° dykUrj vkxs rFkk r`rh; xfr] f}rh; xfr ls 30° dykUrj vkxs gS] 
rks ifj.kkeh xfr dk vk;ke Kkr djksA  

Ans. a 4 2 3  
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Sol.  

 

 

 
 From phasor diagram, dyk vkjs[k ls 

 A = 

2 2
3a a 3a a

a
2 2 2 2

   
         

   
 

    = 

2 2
3 3a 3a a

a
2 2 2 2

   
        

   
 

 A = 2 2a
(3 3) ( 3 1)

2
    = a 4 2 3     

 

F-3. A particle simultaneously participates in two mutually perpendicular oscillations x = sin  t   

&  y = 2cos 2 t . Write the equation of trajectory of the particle. 

 nks yEcor~ nksyu x = sin t  rFkk  y = 2cos 2 t  ,d lkFk ,d d.k ij dk;Zjr gS] rks d.k ds iFk dk lehdj.k 
fy[kksA  

Ans.  2x2 + 
y

2
 = 1  

Sol. x = sin t, y = 2[1 – 2 sin2 t] 

 y = 2 [1 – 2x2] or 2x2 + 
y

2
 = 1  

 

Section  (G) : For JEE-Main ds fy,  
 

G-1. In forced oscillation of a particle, the amplitude is maximum for a frequency 1 of  the force, while the 

energy is maximum for a frequency 2  of the force. What is the relation between 1 and 2 ?  

 d.k ds iz.kksfnr nksyu esa vk;ke cy dh 1 vko`fr ds fy, vf/kdre gksrk gSA tcfd 2 vko`fr ds fy, ÅtkZ 
vf/kdre gksrh gSA 1 rFkk 2 esa lEcU/k D;k gksxkA  

Ans. Both amplitude and energy of the particle can be maximum only in the case of resonance. For 

resonance to occur,   1 = 2  
 d.k dk vk;ke rFkk ÅtkZ nksuks gh vuqukn dh fLFkfr esa vf/kdre gks ldrk gSA vuqukn gksus ds fy, 1 = 2  

 
G-2.# For the damped oscillator shown in Figure, the mass of the block is 200 g, k = 80 Nm–1 and the 

damping constant b is 40 gs–1  Calculate  

 fp=k eas iznf'kZr voeafnr nksyu ds fy, CykWd dk nzO;eku 200 g, k = 80  N m–1  gS rFkk voeanu fu;rkad  
 b = 40 g s–1 gSA x.kuk dhft,A 

 (a)  The period of oscillation,  

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

  nksyu dk vk;ke izkjfEHkd eku ds vk/ks gksus esa fy;k x;k le;  
 (c)  The time for the mechanical energy to drop to half initial value. 

  ;kaf=kd ÅtkZ izkjfEHkd eku dh vk/kh gksus esa fy;k x;k le; 
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Ans. (a) 0.3 s(b) 6.93 s (c) 3.4 s 
Sol. (a)  As the damping constant, b  

 pqafd voenau fu;rkad  b  

 (= 0.04 kg s–1 ) << km  
  the time period T from the equation  

 lehdj.k ls vkorZdky T  

 
2

2

k b
'

m 4m
    is given by, fuEu izdkj fn;k tkrk gS 

  
1

m 0.2kg
T 2 2 0.314s

k 80Nm
      

  (b)  From the equation x (t) = xm 

bt

2me


 the time T1/2  for the amplitude to drop to half of its intial value is  

 lehdj.k ls x (t) = xm 

bt

2me


 vk;ke izkjfEHkd eku ds vk/ks rd gksus esa fy;k x;k le; T1/2 gksxkA  

  
1/ 2bT

2m
1

e
2



   

 or ;k loge 
1/ 2bT

2
2m

   

 or ;k 0.693  = 1/ 2bT

2m
 

 or ;k  1/ 2 3

0.693 2 0.2
T

40 10

 



  =  6.93 s  

 (c)   E (t)  =  E (0) 

bt

me


;   

  
1/ 2bt

m
1

e
2


  ; 1/ 2

e

bt
log 2

m
   

  1/ 2 3

0.693 0.2
t 3.4sec

40 10


 


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PART - II : ONLY ONE OPTION CORRECT TYPE 
 

Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

 

SECTION  (A) : EQUATION OF SHM ljy vkorZ xfr dh lehdj.k 
A-1. According to a scientists, he applied a force F= –cx1/3 on a particle and the particle is performing SHM. 

No other force acted on the particle. He refuses to tell whether c is a constant or not. Assume that he 
had worked only with positive x then:   

 (A*) as x increases c also increases  (B) as x increases c decreases 
 (C) as x increases c remains constant  (D) the motion cannot be SHM 

 oSKkfudksa ds vuqlkj og ,d cy F= –cx1/3  ,d d.k ij vkjksfir djrk gS rFkk d.k ljyvkorZ xfr djrk gSA d.k 
ij vU; dksbZ cy dk;Zjr ugha gS rFkk c fu;rkad gS ;k ugh] ;g ugh crk;k tkrk gSA (ekuk gS fd flQZ x /kukRed 
gS)   

 (A*) tSlkfd x c<+us ij c c<+sxkA    (B) tSlkfd x c<+us ij c  ?kVsxkA 

 (C) tSlkfd x c<+us ij c vifjofrZr jgsxkA   (D) xfr ljy vkorhZ ugha gks ldrhA   

Sol.  Comparing   F = –kx 

  with F = –cx1/3  ds lkFk rqyuk djus ij 
   kx = cx1/3   c = kx2/3 

  As x increases c also increases. x c<us ij c Hkh c<+rk gS 
 
A-2. A  particle performing SHM takes time equal to T (time period of SHM) in consecutive appearances at a 

particular point. This point is:  
 (A*) An extreme position    
 (B) The mean position 
 (C) Between positive extreme and mean position 
 (D) Between negative extreme and mean position 

 ljy vkorZ xfr djrk gqvk ,d d.k xfr ds ,d fuf'pr fcUnq ij d.k dh nks Øekxr mifLFkfr;ksa ds e/; 
le;kUrjky T ¼ljy vkorZ xfr dk vkoZrdky½ ysrk gS ;g fcUnq gS & 

 (A*) lhekUr fLFkfr  
 (B) ek/; fLFkfr      

 (C) /kukRed lhekUr fLFkfr o ek/; fLFkfr ds chp  

 (D) _.kkRed lhekUr fLFkfr o ek/; fLFkfr ds chp 

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

 og fLFkfr tgkW d.k ,d vkorZdky esa ,d ckj gh vkrk gS dsoy lhekUr fLFkfr gSA nwljh lHkh fLFkfr;ks ij nks ckj 
vkrk gSA  

 
A-3. A particle executing linear SHM. Its time period is equal to the smallest time interval in which particle 

acquires a particular velocity v ,. the magnitude of v  may be :   

 ,d d.k js[kh; ljy vkorZ xfr dj jgk gSA d.k dk vkorZdky d.k }kjk fo'ks"k osx v  çkIr djus esa fy;s x;s 

U;wure le;kUrjky ds cjkcj gksrk gSA v  dk ifjek.k gks ldrk gSA    

       (A) Zero ‘'kwU;  (B*) Vmax      (C) maxV

2
     (D) maxV

2
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Sol.  maxV


 only dsoy  maxV


 

  If initial velocity is maxV


   
  then after one time period particle acquires same speed Vmax in same direction means same velocity 

maxV


  

  ;fn izkjfEHkd osx maxV


  gks rks ,d vkorZdky ds i'pkr~ d.k leku fn'kk esa leku pky  Vmax izkIr dj ysrk gS 

vFkkZr~ leku osx maxV


 izkIr djrk gSA 

 

A-4. If F  is force vector, v  is velocity vector, a  vector is acceleration vector and r  vector is displacement 
vector with respect to mean position than which of the following quantities are always non-negative in a 
simple harmonic motion along a straight line?   

 ;fn F  cy lfn'k v  osx lfn'k a  Roj.k lfn'k rFkk r  ek/; fLFkfr ls foLFkkiu lfn'k gS rks ,d ljy js[kk ds 
vuqfn'k ljy vkorZ xfr esa fuEu esa ls dkSulh jkf'k;k¡ ges'kk v_.kkRed jgrh gS \  

 (A*) F . a   (B) v . r    (C) a . r   (D) F . r   

Sol. (A) F . a  

 ma a  [It is always non-negative] [;s ges'kk v_.kkRed gS] 
 

A-5. Two SHM’s are represented by y = a sin (t – ) and y = b cos (t – ). The phase difference between 
the two is :   

 nks ljy vkorZ xfr;ksa dks y = a sin (t – ) rFkk y = b cos (t – ) ls çnf'kZr djrs gSA bu nksuksa ds  
e/; dykUrj gksxkA 

 (A*) 
2


   (B) 

4


   (C) 

6


   (D) 

3

4


  

Sol. y = a sin (t – ) 

 y = b cos (t – )     y = bsin( t – )
2


    

 So phase difference is /2 

 vr% dykUrj /2 gSA  

 
A-6. How long after the beginning of motion is the displacement of a harmonically oscillating particle equal to 

one half its amplitude if the period is 24s and particle starts from rest.  

 vkorhZ nksyu djrs d.k dh xfr çkjEHk gksus ds fdrus le; i'pkr~ d.k dk foLFkkiu ] vkk;ke dk vk/kk gksxk ;fn 
vkorZdky 24 lSd.M rFkk d.k fLFkjkoLFkk ls çkjEHk gksrk gSA 

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

Sol. y = a cos t  

 
a

2
 = a cos t 

 t = 
3


 

 
2

t
24


 = 

3


 

 t = 4 sec.  
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A-7. The magnitude of average acceleration in half time period from equilibrium position in a simple 
harmonic motion is 

  ljy vkorZ xfr es lkE;koLFkk ls vk/ks vkorZ dky esa vkSlr Roj.k dk ifjek.k gksxk&  

 (A*) 
22A


  (B) 

2A

2




  (C) 
2A

2




  (D) Zero 'kwU; 

Sol. aavg  = 

T / 2

2

0

T / 2

0

– A sin t dt

dt

 


  

T / 2
2

0

cos t– A

T / 2

    
 

 |a|avg = 
2– A[–1– 1]
T / 2


    

4 A

2





 = 
22 A


 

 

A-8.  A particle performing SHM on the y axis according to equation y =  A + B sint. Its amplitude is : 

 ,d d.k y-v{k ij lehdj.k y = A + B sin t ds vuqlkj ljy vkorZ xfr djrk gS] rks bldk vk;ke gksxkA  

 (A) A   (B*) B   (C) A + B  (D) 
2 2A B  

Sol.  X = A + B sin t 

 x – A = B sin t 
 Hence, Amplitude = B 

 vr% vk;ke = B 


 A-9. Two particles execute S.H.M. of same amplitude and frequency along the same straight line from same 

mean position. They cross one another without collision, when going in opposite directions, each time 
their displacement from mean position is half of their amplitudes. The phase-difference between them is  

 nks d.k leku ljy js[kk ds vuqfn'k leku ek/; fLFkfr ls leku vk;ke rFkk leku vko`fÙk ls ljy vkorZ xfr 
djrs gSaA tc os ,d nwljs dks fcuk VDdj ds ikj (cross) djrs gSa] rc os foijhr fn'kk esa xfr dj jgs gksrs gSa vkSj 
ml {k.k tc ek/; fLFkfr ls mudk foLFkkiu muds vk;ke dk vk/kk gksrk gS] rc muds e/; dykUrj gksxk& 

 (A) 0°   (B*) 120°  (C) 180°  (D) 135° 
Sol. Consider SHM as projection of uniform circular motion. 
 From figure the phase difference between two particles is 120º.    

 ljy vkorZ dks ,dleku o`Urh; xfr dk iz{ksi ekurs gq,  
 fp=k ls nks d.kks ds e/; dykUrj 120º gSA 

  

 

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

corresponding linear velocity v is 

 ,d  nzO;eku M js[kh; ljy vkorZ xfr dj jgk gSA Roj.k a rFkk laxr js[kh; osx v ds e/; lgh ys[kkfp=k gksxk& 

 (A) 

 

 (B*) 

 

  (C) 

 

  (D) 
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Sol. Velocity osx v =  
2 2A x   v2 = 2 A2  – 2 x2  ....(1) 

 Acceleration Roj.k a = –2x    a2 = 4 x2    ....(2) 

 From (1) and (2) : v2 = 2 A2 – a2 / 2     v2 + a2 / 2 = 2 A2  

 (1) rFkk (2) ls 

  

2

2 2

v

A
 + 

2

4 2

a

A
 = 1 

  v2 = 2

2

1
a 1

    
      its straight line  with  -ve slope and +ve intercept 

     ;s _.kkRed <ky rFkk /kukRed vUr%[k.M okyh ljyjs[kk gSA  

SECTION  (B) : ENERGY ÅtkZ 
 

B-1. A body executing SHM passes through its equilibrium. At this instant, it has 

 ljy vkorZ xfr djrh oLrq lkE;koLFkk ls xqtjrh gSA bl {k.k] blesa 
 (A) maximum potential energy   (B*) maximum kinetic energy 
 (C) minimum kinetic energy   (D) maximum acceleration 

 (A) vf/kdre fLFkfrt ÅtkZ gksxhA   (B*) vf/kdre xfrt ÅtkZ gksxhA 

 (C) U;wure xfrt ÅtkZ gksxhA   (D) vf/kdre Roj.k gksxkA  
Sol. At equilibrium position K.E. is maximum. lkE;koLFkk ij xfrt ÅtkZ vf/kdre gksrh gSA 

 
B-2. The K.E. and P.E of a particle executing SHM with amplitude A will be equal when its displacement is 

 A vk;ke ls ljy vkorZ xfr djrs d.k dh K.E. rFkk P.E. cjkcj gks rks bldk foLFkkiu gksxk 

 (A) 2A   (B) 
A

2
   (C*) 

A

2
  (D) 

2
A

3
 

Sol. 
1

2
kx

2
 = 

1

2
k(A

2
 – x

2
) 

 or ;k  x = 
A

2
. 

 
B-3. A point particle of mass 0.1 kg is executing S.H.M. of amplitude of 0.1 m. When the particle passes 

through the mean position, its kinetic energy is 8 × 10–3 J. The equation of motion of this particle when 
the initial phase of oscillation is 45° can be given by  

 0.1 fdxzk- nzO;eku dk ,d fcUnq d.k 0.1 ehVj ds vk;ke ls ljy vkorZ xfr dj jgk gSA tc d.k viuh 
ek/;koLFkk ls xqtjrk gS rks bldh xfrt ÅtkZ  8 × 10–3 twy gSA xfr dk lehdj.k D;k gks ldrh gS] tcfd nksyu 
dh çkjfEHkd dyk 45° gS%      

 (A) 0.1 cos 4t
4

  
 

 (B*) 0.1 sin 4t
4

  
 

  (C) 0.4 sin t
4

  
 

 (D) 0.2 sin 2t
2

  
 

 

Sol. From question iz'u ls 

 
1

2
m2A2 = 8 × 10–3      

1

2
 × 0.1 × 2 × (0.1)2 = 8 × 10–3     = 4  

 So, equation of SHM is vr% l- vk- x- dh lehdj.k gS   x = A sin(t + ) = 0.1 sin 4t
4

  
 

. 
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B-4. For a particle performing SHM :     
  (A) The  kinetic energy is never equal to the potential energy  
  (B) the kinetic energy  is always equal to the potential energy  
  (C*) The average kinetic energy in one time period is equal to the average potential in this period 
  (D) The average kinetic energy in any time interval is equal to average potential energy in that interval 

  ljy vkorZ xfr djrs gq, d.k ds fy, % 
  (A) xfrt ÅtkZ dHkh Hkh fLFkfrt ÅtkZ ds cjkcj ugha gksrh gSA  

  (B) xfrt ÅtkZ ges'kk fLFkfrt ÅtkZ ds cjkcj gksrh gSA 

  (C*) ,d vkorZ dky esa vkSlr xfrt ÅtkZ bl vkorZ dky esa vkSlr fLFkfrt ÅtkZ ds cjkcj gksrh gSA  

  (D) fdlh Hkh le;kUrjky esa vkSlr xfrt ÅtkZ bl le;kUrjky esa vkSlr fLFkfrt  ÅtkZ ds cjkcj gksrh gSA   

Sol. PAV = 
1

4
 KA2 and  vkSj  KAV = 

1

4
 KA2 

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

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

 uhps fn;s x;s ys[kkfp=k esa ljy vkorZ xfr djrh ,d oLrq ds Roj.k a rFkk vkorZdky T ds e/; laca/k iznf'kZr fd;k 
x;k gSA blds laxr xfrt ÅtkZ KE o le; t ds e/; lgh ys[kkfp=k gksxk& 

 

 

 (A*) 

 

   (B) 

 

 

 (C) 

 

   (D)  

 

 

Sol. x = A cost 

 K.E. = 
1

2
k(A2 – x2) = 

1

2
kA2 sin2t 

 = 
1

2
kA2 

(1 cos2 t)

2

 
 

 = 
2kA

4
 (1 – cos2t) 

 Frequency of K.E. is double of acceleration. 

 xfrt ÅtkZ dh vkof̀Ùk Roj.k dh nqxquh gSA 
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B-6. A particle performs S.H.M. of amplitude A along a straight line. When it is at a distance 
3

2
A from 

mean position, its kinetic energy gets increased by an amount 
1

2
m 2 A2 due to an impulsive force. 

Then its new amplitude becomes:  

 ,d d.k A vk;ke ls ljy js[kk ds vuqfn'k ljy vkorZ xfr djrk gS tc ;g ek/; fLFkfr ls 
3

2
A nwjh ij gS rc 

bldh xfrt ÅtkZ] vkosxh; cy }kjk 
1

2
m2A2  c<+k nh tkrh gSA vr% bldk u;k vk;ke gS :  

 (A) 
5

2
A  (B) 

3

2
A  (C*) 2 A   (D) 5 A 

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

 
1

2
m2A2 + 

1

2
m2A2 = m2A2 

 Let ; A' be the new amplitude. (Apply energy conservation law) 

  
1

2
m2 (A')2 = m2A2  A' = 2 A. Ans. 

Sol. vkosxh; cy ds dkj.k] d.k dh dqy ÅtkZ : 

 
1

2
m2A2 + 

1

2
m2A2 = m2A2 

 ekuk A' u;k vk;ke gSA  (ÅtkZ laj{k.k ds fu;e ls) 

  
1

2
m2 (A')2 = m2A2     A' = 2 A. Ans.   

 

SECTION  (C) : SPRING MASS SYSTEM  fLçax nzO;eku fudk;  

C-1. Two spring mass systems have equal mass and spring constant k1 and k2.If the maximum velocities in 
two systems are equal then ratio of amplitude of 1st to that of 2nd is :    

 leku nzO;eku rFkk fLizax fu;rkad Øe'k% k1 o  k2 ds nks fLizax nzO;eku fudk; gSA ;fn buds vf/kdre osx leku gS 
rks 1st ds vk;ke dk 2nd ds vk;ke ds lkFk vuqikr gS&  

 (A) 1 2k /k   (B) k1/k2   (C) k2/k1     (D*) 2 1k /k  

Sol. 
1

2
mv2 = 

1

2
K1x1

2 

 
1

2
mv2 = 

1

2
 K2 x2

2 

 K1x1
2 = K2x2

2 

 1

2

x

x
 = 2

1

K

K
 

 
C-2.# A toy car of mass m is having two similar rubber ribbons attached to it as shown in the figure. The force 

constant of each rubber ribbon is k and surface is frictionless. The car is displaced from mean position 
by x cm and released. At the mean position the ribbons are undeformed. Vibration period is 

 ,d m nzO;eku dh f[kykSuk xkM+h ls nks leku jcj ds fjcu fp=k esa fn[kk, vuqlkj cka/ks x;s gSA jcj ds fjcu dk 
cy fu;rkad k rFkk lrg ?k"kZ.kghu gSA lkE;koLFkk ij fjcu vfo:fir voLFkk esa gSA dkj dks ek/;koLFkk ls x cm 

foLFkkfir djds NksM+ fn;k tk, rks dEiUu dky gksxkA    

 

 

 (A) 
2

m (2k)
2

k
  (B) 

2

1 m (2k)

2 k
 (C*) 

m
2

k
   (D) 

m
2

k k



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Sol.  

 

 

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

 jcj fjcu dsoy ruko vkjksfir dj ldrk gS] lEihMu ugh vr% ,d le; esa dsoy ,d gh izHkkoh jgsxkA  

 T = 2
m

K
  

 

C-3. A mass of 1 kg attached to the bottom of a spring has a certain frequency of vibration. The following 
mass has to be added to it in order to reduce the frequency by half : 

 ,d 1 fdxzk- dk nzO;eku fLçax ds fupys fljs ls tqM+k gS rFkk fdlh fuf'pr vkof̀Ùk ls dEiUu dj jgk gSA vkof̀Ùk ds 
bl fuf'pr eku dks vk/kk djus ds fy, fuEu nzO;eku tksM+uk iM+sxk :  

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

Sol. f1 = 
1

1 K

2 m
 

 f2 = 
2

1 K

2 m
 

 f2 = 1f

2
 or   m2 = 4m1   or ;k    m2 – m1 = 3 kg 

 
C-4. A ball of mass m kg hangs from a spring of spring constant k. The ball oscillates with a period of T 

seconds. If the ball is removed, the spring is shortened(with respect to length in mean position) by  

m fdxzk nzO;eku dh ,d xsan] k fLizax fu;rkad okyh fLizax ls yVdk;h tkrh gSA xsan T lSd.M vkorZ dky ls nksyu 
djrh gSA ;fn xasn dks gVk fn;k tk, rks fLizax fuEu yEckbZ ls NksVh ¼ek/; fLFkfr ls yEckbZ ds lkis{k½ gks tk;sxh & 

 (A*) 
2

2

gT

(2 )
metre ehVj (B)  

2

2

3T g

(2 )
metre ehVj (C) 

Tm

k
metreehVj (D) 

Tk

m
metre ehVj 

Sol. T = 2
m

K
   m = 

2

2

T
k

4
 

 mg = Kx   x = 
mg

K
 

 x = 
2

2

T K

4

g

K
   x = 

2

2

T g

4
 

 
C-5.# A smooth inclined plane having angle of inclination 30° with horizontal has a mass 2.5 kg held by a 

spring which is fixed at the upper end as shown in figure. If the mass is taken 2.5 cm up along the 
surface of the inclined plane, the tension in the spring reduces to zero. If the mass is then released, the 
angular frequency of oscillation in radian per second is  

 fn;s x;s fp=k esa ,d fpdus ur ry dk {kSfrt ds lkFk dks.k 30º gSA bl ur ry ij 2.5 kg nzO;eku dk ,d xqVdk 
j[kk gqvk gS ftls fLizax ds ,d fljs ls tksM+k gqvk gSA fLizax dk nwljk fljk ur ry ds Åijh fljs ls tqM+k gSA ;fn 
nzO;eku dks ur ry ds vuqfn'k 2.5 lseh Åij ys tk;k tkrk gS rks fLizax esa ruko ?kVdj 'kwU; gks tkrk gSA ;fn 
vc nzO;eku dks Lora=k NksM+ fn;k tk, rks nksyuksa dh dks.kh; vkof̀Ùk jsfM;u@lsd.M esa gksxh %&  

     

 

Fixed 
tM+or~ 

      
 (A) 0.707  (B) 7.07   (C) 1.414  (D*) 14.14 
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Sol. kx = mg sin 30º  

  = 
k

m
 = 

gsin30º

x
 = 

5 100

2.5


 = 14.14 Ans. 

 
C-6. A particle executes simple harmonic motion under the restoring force provided by a spring. The time 

period is T. If the spring is divided in two equal parts and one part is used to continue the simple 
harmonic motion, the time period will     

 fLçax }kjk vkjksfir çR;ku;u cy ds dkj.k ,d d.k ljy vkorZ xfr djrk gSA vkorZ dky T gSA ;fn fLçax dks nks 
Hkkxksa esa foHkkftr dj fn;k tk;s rFkk blds vk/ks ,d Hkkx ls ljy vkorZ xfr djkbZ tk; rks vkorZ dky & 

 (A) remain T  (B) become 2T  (C) become T/2  (D*) become T/ 2  

 (A) T ds cjkcj gksxkA (B) 2T gks tk,xkA (C) T/2 gks tk,xkA (D*) T/ 2  gks tk,xkA  

Sol. Time period vkorZdky  = T = 2 
m

K
 

 Spring divided into two equal parts so length is reduced to half   

 fLizax nks cjkcj Hkkxks esa foHkkftr dh x;h gS vr% yEckbZ vk/kh gks tk;sxh 

 We know ge tkurs gS K  
1

  

    K become twice K nqxquk gks tk;sxkA  

 Tnew = 2 
new

m

K
 = 2 

m

2K
  = 

1

2

m
2

K

 
  

 
 = 

T

2
 

 
C-7.# Four massless springs whose force constants are 2k, 2k, k and 2k respectively are attached to a mass 

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

 fp=k esa fn[kk;sa vuqlkj ?k"kZ.k jfgr ry ij j[ks gq, M nzO;eku ds ,d CykWd ls pkj fLçax tqM+h gqbZ gSA ftuds cy 
fu;rkad 2k, 2k, k rFkk 2k gSA ;fn M nzO;eku dks {kSfrt fn'kk esa foLFkkfir fd;k tk, rks fudk; dh vko`fÙk gksxh %   

    

 

     

 (A) 
1 k

2 4M
  (B*) 

1 4k

2 M
  (C) 

1 k

2 7M
  (D) 

1 7k

2 M
  

Sol. keq = 2k + k + 
2k 2k

2k 2k




 = 4k  

 so, frequency, vr% vkof̀Ùk f = 
eqK1

2 M
 = 

1 4K

2 M
 

 
C-8. The total mechanical energy of a particle of mass m executing SHM with the help of a spring is  

E = (1/2)m2A2. If the particle is replaced by another particle of mass m/2 while the amplitude A 
remains same. New mechanical energy will be :   

 ,d fLizax dh enn ls ljy vkorZ xfr djrs gq, m nzO;eku ds ,d d.k dh dqy ;kaf=kd ÅtkZ E =
1

2
m 2A2 gSA 

ekuk d.k dks nwljs m/2 nzO;eku ds d.k ls çfrLFkkfir dj fn;k tkrk gS tcfd vk;ke A  vifjofrZr gS rks ubZ 
;kaf=kd ÅtkZ gksxhA  

  (A) 2 E     (B) 2E     (D) E/2    (D*) E 
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Sol. E = 
1

2
m2A2 

 = 
1

2
m × 

k

m
 × A2 

 = 
1

2
kA2 

 E is independent of mass. 

 E nzO;eku ij fuHkZj ugha djrh gSA 



SECTION  (D) : SIMPLE PENDULUM ljy yksyd 

 
D-1. Two pendulums begin to swing simultaneously. The first pendulum makes 9 full oscillations when the 

other makes 7. Find the ratio of length of the two pendulums.   

 nks yksyd ,d lkFk nksyu çkjEHk djrs gSA igyk yksyd 9 nksyu iwjs djrk gS] tc nwljk 7 iwjs djrk gSA nksuksa 
yksydksa dh yEckbZ;ksa dk vuqikr gksxkA  

 (A*) 
49

81
  (B) 

7

9
   (C) 

50

81
   (D) 

1

2
 

Sol. Given time for both are same  fn;k le; nksuks ds fy;s leku gSA 

  9T1 = 7T2 

  9 × 2 1

g
 = 7 × 2 2

g
  

  9 1  = 7 2    1

2

 = 
49

81
 

 
D-2.# Two pendulums at rest start swinging together. Their lengths are respectively 1.44 m and 1 m. They will 

again start swinging in same phase together after (of longer pendulum) :  

 nks yksyd tks fd izkjEHk esa fLFkjkoLFkk esa gS] ,d lkFk nksyu izkjEHk djrs gSA mudh yEckbZ Øe'k% 1.44 eh- rFkk  
1 eh- gSA os iqu% ,d lkFk ,d gh dyk esa gksxs ¼yEcs yksyd ds lkis{k½ &  

 

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

 (A) 1 dEiUu ds ckn (B) 3 dEiUu ds ckn (C) 4 dEiUu ds ckn (D*) 5 dEiUu ds ckn 
Sol. Let ekuk x1 = A1 sin 1t and x2 = A2 sin 2t 

 Two pendulums will vibrate in same phase again when there phase difference (2 – 1)t = 2  

 nks yksyd nqckjk leku dyk es dEiUu djsxs tc mudk dykUrj (2 – 1)t = 2gksxkA  

  (
2

2

T


 – 

1

2

T


)t = 2  

  1

g g
n T

1 1.44

 
   

 
 = 2 (where n is number of vibrations completed by longer pendulum) 

     (tgk¡ n yEcs yksyd }kjk iwjs fd;s x;s nksyuks dh la[;k gS) 

  
g g 1.44

n 2
1 1.44 g

 
    

 
 = 2  n = 5 

 Thus after 5 vibrations of longer pendulum they will again start swinging in same phase. 

 vr% cMs yksyd ds 5 dEiUuks ds ckn ;s nqckjk leku dyk esa nksyu izkjEHk djsxsaA  
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D-3.# A scientist measures the time period of a simple pendulum as T in a lift at rest. If the lift moves up with 
acceleration as one fourth of the acceleration of gravity, the new time period is  

 ,d oSKkfud ,d fLFkj fy¶V esa ljy yksyd dk vkorZdky T ekirk gSA ;fn fy¶V Åij dh rjQ g/4 Roj.k ls 
xfr djs rks u;k vkorZdky gksxk%& 

 

 

 (A)  
T

4
    (B) 4 T   (C*) 

2

5
T  (D) 

5

2
T 

Sol. T = 
eff

2
g

  = 2
g g/ 4




 = 
2

5
T 

 
 

D-4. A simple pendulum has some time period T. What will be the percentage change in its time period if its 
amplitude is decreased by 5%? 

 ,d ljy yksyd dk vkorZdky T gSA ;fn bldk vk;ke 5% de gks tk;s rks blds vkorZdky esa fdrus çfr'kr 
ifjorZu gks tk,xk ?  

 (A) 6 %   (B) 3 %   (C) 1.5 %  (D*) 0 % 

Sol. T = 2
g

, As it does not depend on amplitude pwafd ;s vk;ke ij fuHkZj ugh djrk gS  

  % change in time period is 0 % Hence option (D) is correct.  

  vkoZr dky esa izfr'kr ifjorZu 0 % gS vr% fodYi  (D) lgh gSA  
 

D-5. A simple pendulum with length  and bob of mass m executes SHM of small amplitude A. The 
maximum tension in the string will be  

 ,d ljy yksyd ftldh yEckbZ  o xksyd dk nzO;eku m gS] A y?kq vk;ke ls ljy vkorZ xfr djrk gSA jLlh esa  
vf/kdre ruko gksxk &  

 (A) mg(1 + A/)  (B) mg (1 + A/)2  (C*) mg[1 + (A/)2]  (D) 2 mg 

Sol. Tmax = mg + m2 = mg + m
2v

  = mg + m 
2( A)

 = mg + m 
2g A

  
g 

   
 

   

 or ;k Tmax = mg + mg 

2
A 

 
 

 = mg 
2

A
1
     
   

  

 

SECTION  (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM 

  fi.M yksyd o ejksM+h yksyd 

E-1. A 25 kg uniform solid sphere with a 20 cm radius is suspended by a vertical wire such that the point of 
suspension is vertically above the centre of the sphere. A torque of 0.10 N-m is required to rotate the 
sphere through an angle of 1.0 rad and then the orientation is maintained. If the sphere is then 
released, its time period of the oscillation will be :  

 ,d 25 fdxzk- nzO;eku dk Bksl xksyk ftldh f=kT;k 20 lseh- gS] ,d m/oZ rkj ls bl izdkj yVdk;k tkrk gS fd 
fuyEcu fcUnq xksys ds dsUnz ls Bhd Åij ¼m/okZ/kj½ gSA xksys dks 1.0 jsfM;u dks.k ls ?kqekus ds fy, rFkk mlds ckn 
viuh fLFkfr dks cuk;s j[kus ds fy, 0.10 U;wVu&eh- dk cy&vk?kw.kZ vko';d gSA vxj rRi'pkr~ xksys dks eqDr 
NksM+ fn;k tk;s rks blds nksyuksa dk vkorZdky gksxk &  

 (A)  second  (B) 2  second (C) 2 second  (D*) 4 second 

 (A)  lSd.M  (B) 2  lSd.M  (C) 2 lSd.M  (D*) 4 lSd.M 
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Sol. I = 
2

5
 mR2 = 

2

5
 × 25 × (0.2)2 = 

2

5
 

  = C  c = 



 = 
0.1

1
 = 0.1 

 T = 2 
I

C
 = 2 

2

5 0.1
 = 2 × 2 = 4 secs 

 
E-2. A metre stick swinging about its one end oscillates with frequency f0. If the bottom half of the stick was 

cut off, then its new oscillation frequency will be:   
 ,d fljs ds lkis{k >wy jgh ,d ehVj NM+ f0 vkof̀Ùk ls nksyu djrh gSA vxj NM+ dk uhps dk vk/kk Hkkx dkV fn;k 

tk, rks nksyuksa dh u;h vko`fÙk D;k gksxh &    

 (A) f0   (B*) 2  f0  (C) 2f0   (D) 2 f0 

Sol. f0 = 
1

2
mg


  

 where,  is distance between point of suspension and centre of mass of the body. 

 Thus, for the stick of length  and mass m : 

 f0 = 
1

2 2

m.g.
2

(mL /3)
 = 

1

2
 

3g

2
 

 when bottom half of the stick is cut of 

 f0’ = 1

2 2

m
.g.

2 4

m ( / 2)

2 3

 = 
1 3g

2



 = 2 f0  Ans.  

Sol. f0 = 
1

2
mg


  

 ;gk¡,  fuyEcu fcUnq o oLrq ds nzO;eku dsUnz ds chp dh nwjh gSA  

 vr% nzO;eku m rFkk  yEckbZ dh NM+ ds fy,  

 f0 = 
1

2 2

m.g.
2

(mL /3)
 = 

1

2
 

3g

2
 

 tc NM+ dks vk/kk dkV ysa rks  

 f0’ = 1

2 2

m
.g.

2 4

m ( / 2)

2 3

 = 
1 3g

2



 = 2 f0 Ans. 

SECTION  (F) : SUPERPOSITION OF SHM  ljy vkorZ xfr dk v/;kjksi.k 
F-1. When two mutually perpendicular simple harmonic motions of same frequency, amplitude and phase 

are superimposed 
 tc leku vko`fÙk] leku vk;ke rFkk leku dyk dh nks ijLij yEcor~ ljy vkorZ xfr;k¡ v/;kjksfir gksrh gSa rks &  

 (A) the resulting motion is uniform circular motion.  
 ifj.kkeh xfr le:i o`Ùkh; xfr gksrh gSA 

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

 ifj.kkeh xfr ] xfr;ksa dh ljy js[kkvksa ds ,d ?kVd ls leku :i ls >qdh gqbZ ljy js[kk ds vuqfn'k js[kh; ljy 
vkorZ xfr gSA 

 (C) the resulting motion is an elliptical motion, symmetrical about the lines of motion of the components. 
 ifj.kkeh xfr ] xfr ds ?kVdksa dh js[kk ds lkis{k lefer nh?kZo`Ùkh; xfr gksxhA 

 (D) the two S.H.M. will cancel each other. 
 nksuksa ljy vkorZ xfr ,d nwljs dks fujLr dj nsaxhA 
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Sol. y = A sin t +  and rFkk x = A sin t  +   

 then rks y = x   so path is straight line. vr% iFk ljy js[kk gS 
 

F-2. The position of a particle in motion is given by y = Csint+Dcost  w.r.t. origin. Then motion of the 
particle is: 

 xfr esa ,d d.k dh ewy fcUnq ds lkis{k fLFkfr y = Csint+Dcost ls nh tkrh gS rks d.k dh xfr gS 

 (A) SHM with amplitude C+D    (B*)  SHM with amplitude 2 2C D  

 (C) SHM with amplitude 
(C D)

2


  (D) not SHM 

 (A) C + D vk;ke dh ljy vkorZ xfr gSA  (B*) 2 2C D  vk;ke dh ljy vkorZ xfr gSA  
 (C) (C + D)/2 vk;ke dh ljy vkorZ xfr gSA (D) ljy vkorZ xfr ugha gSA    

Sol. x = C sin t + D sin (t + /2) 

 Ar = 2 2C D 2CDcos
2


   Ar = 2 2C D  

 

F-3. A simple harmonic motion is given by y = 5 (sin 3t + 3  cos 3t). What is the amplitude of motion if y 

is in m ? 

 ,d ljy vkorZ xfr y = 5 (sin 3t + 3  cos 3t) ls iznf'kZr dh tkrh gSA xfr dk vk;ke D;k gksxk] ;fn y 

ehVj esa gS\ 

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

Sol. y = 10 
1 3

sin3 t cos3 t
2 2

 
    

 
  = 10 sin (3t + 

3


) 

 thus amplitude is vr% vk;ke 10 m or ;k 1000 cm  

 
F-4. The position vector of a particle moving in x-y plane is given by   

 r  =  (A sint) î  + (A cost) ĵ  then motion of the particle is :  

          (A) SHM     (B*) on a circle  (C) on a straight line    (D) with constant acceleration 

 x-y ry esa xfr djrs gq, ,d d.k dk fLFkfr lfn'k r  =  (A sint) î  + (A cost) ĵ  ls fn;k tkrk gS rks d.k dh 

xfr 
 (A) ljy vkorZ xfr gSA    (B*) o`Ùk ij xfr gSA    

 (C) ljy js[kk ij xfr gSA    (D) fu;r Roj.k ls gksrh gSA 

Sol. x = A sin t,  y = A cos t  or ;k  x2 + y2 = A2  

 Thus  the motion of the particle is on a circle. vr% d.k dh xfr o`Ùk ij gSA 
 

SECTION  (G) : FOR JEE MAIN 

G-1. When an oscillator completes 100 oscillations its ampliutde reduced to 
1

3
 of initial value. What will be 

its amplitude, when it completes 200 oscillations :     

 tc ,d voefUnr nksyd 100 nksyu iwjs djrk gS] rks mldk vk;ke izkjfEHkd eku dk 
1

3
 gks tkrk gSA 200 nksyu 

iwjs djus ds i'pkr~ bldk vk;ke gks tk;sxk % 

 (1) 
1

8
    (2) 

2

3
    (3) 

1

6
    (4*) 

1

9
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Sol. In case of damped vibration, amplitude at any instant is 

 voefUnr dEiUu dh fLFkfr esa fdlh {k.k ij vk;ke gSA  

  a = a0 e–bt 
 where a0 = initial amplitude  

 tgk¡ a0 = izkjfEHkd vk;ke  
  b = damping constant  voeUnu xq.kkad 

 Ist caes :  t = 100 T  and rFkk a = 0a

3
 

  0a

3
 = a0 e–b(100 T)  

  e–100 bT = 
1

3
 

 IInd caes :  t = 200 T   
   a = a0 e–bt = a0 e–b(200 T) 

 = a0 (e–100  bT)2 = a0 x 

2
0a1

3 9

   
 

  

 
G-2. The damping force on an oscillator is directly proportional to the velocity. The units of the constant of 

proportionality are:  

 fdlh nksfy=k ij voeUnd&cy osx ds lekuqikrh gksrk gS rks] lekuqikrh fu;rkad dk ek=kd gS :  
 (1) kgms–1  (2) kgms–2   (3*) kgs–1  (4) kgs 

Sol. F  v  F = kV 

 
F

k
v

   [k] = 
2

1

[kgms ]

[ms ]




 = kg s–1 

 

 

PART - III : MATCH THE COLUMN 
 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 
 

1.# A simple harmonic oscillator consists of a block attached to a spring with k = 200 N/m. The block slides 
on a frictionless horizontal surface, with equilibrium point x = 0.  A graph of the block’s velocity v as a 
function of time t is shown. Correctly match the required information in the left column with the values 

given in the right column. (use 2 = 10)   

 ,d ljy vkorZ xfr dfEi=k esa] k = 200 N/m dh fLizax ds lkFk ,d fi.M tqM+k gSaA fi.M ?k"kZ.k jfgr {kSfrt lrg 
ij lkE;oLFkk fcUnq x = 0 ds lkFk ljdrk gSA fi.M ds osx v dk le; t ds Qyu ds :i esa fp=k.k xzkQ esa n'kkZ;k 
x;k gSA ck;sa LrEHk esa nh xbZ lwpuk dks nk;sa LrEHk esa fn;s x;s ifjek.kksa ls lgh feykvks & (2 = 10 dk iz;ksx djsa) 

    

 V(m/s) 

0.20 
t(s) 

-2  

2  

0.10 
0 

 
  Left Column    Right Column 
 (A) The block’s mass in kg  (p) – 0.20 
 (B) The block’s displacement  
  at t = 0 in metres  (q) – 200 
 (C)  The block’s acceleration  
  at t = 0.10 s in m/s2  (r) 0.20 
 (D) The block’s maximum kinetic  
  energy in Joule   (s) 4.0 
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  cka;k LrEHk     nk;k¡ LrEHk 
 (A) fi.M dk nzO;eku fdxzk- esaA    (p) – 0.20 

 (B) t = 0 ij fi.M dk foLFkkiu ehVj esaA  (q) – 200 

 (C)  t = 0.10 lsd.M ij fi.M dk Roj.k eh-@ls-2 esaA (r) 0.20 

 (D) fi.M dh egRre xfrt ÅtkZ twy esaA  (s) 4.0  

Ans. (A) r ,  (B) p  , (C) q  , (D) s 

Sol. Vmax = A 

   A = maxV


 = 

2

2




 x (0.2) = 0.20m 

  T = 
m

2
k

   m = 
2

2

T k

4
 = 0.2 kg 

 At t = 0.1, acc. is maximum  

 t = 0.1 ij Roj.k egRre gS & 

 amax = – 2A = –
2

2

0.2

 
 
 

 × 0.2 

  = – 200 m/s2 

 Maximum energy = 
1

2

2
maxmV  = 4 J 

 egRre ÅtkZ  = 
1

2

2
maxmV  = 4 J 

 
2. In the column-I, a system is described in each option and corresponding time period is given in the 

column-II. Suitably match them.    

 LrEHk-I esa ,d fudk; dh fLFkfr dks izR;sd fodYi crk;k x;k gS rFkk mlds laxr vkorZdky LrEHk-II esa fn;k x;k 
gSA rks budksa lqesfyr djksA     

   Column-I         Column-II  

 (A) A simple pendulum of length '' oscillating   (p) T = 2
2

3g
 

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

 (B) A block attached to an end of a vertical    (q) T = 2
g

 

  spring, whose other end is fixed to the ceiling  

  of a stationary lift, stretches the spring by length '' in  
  equilibrium. It's time period when lift moves  
  up with an acceleration g/2 is 

 (C) The time period of small oscillation of a    (r) T = 2
2

g
 

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

 (D) A cubical block of edge '' and specific    (s) T = 2
2g

 

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

 (A) ,d ljy yksyd tks fd yEckbZ '' dk gS tks fd   (p) T = 2
2

3g
 

  ,d vYi vk;ke ds lkFk fy¶V esa nksyu dj jgk      

  gSA fy¶V uhps dh rjQ eUnu g/2 ls tk jgh gSA 

 (B) ,d CykWd dks ,d Å/okZ/kj fLizax ds ,d fljs ij yxk  (q) T = 2
g

 

  fn;k tkrk gS ftldk nwljk fljk ,d fLFkj fy¶V dh Nr 
  ls tM+or yxk gS rFkk lkE;oLFkk esa ;g fLizax esa  foLrkj  
  djrh gSA bldk vkorZdky D;k gksxk tc fy¶V Åij 
  dh rjQ g/2 Roj.k ls tk jgh gksxhA 

 (C) yEckbZ dh ,d le:i NM+ dks ,d     (r) T = 2
2

g
 

  fljs ij fcUkk ?k"kZ.k ds fdydhr dj fn;k tkrk gSA 
  ;g NM+ Å/okZ/kj ry esa nksyu dj jgh gSA rks NksVs  
  nksyuksa ds fy, bldk vkorZdky gksxkA 

 (D)  ,d ?kukdkj CykWd dh Hkqtk  gS rFkk fof'k"V    (s) T = 2
2g

 

  ?kuRo ¼xq:Ro½ 1/2 gS rFkk bldk dqN vk;ru ikuh ds  
  vUnj gS tks fd ,d cM+s tM+or ik=k esa Hkjk gqvk gS] ;g  
  lkE;koLFkk esa gSA  ';ku cyksa o i`"Bruko dks ux.; ekuks  
  rks Å/okZ/kj fn'kk esa NksVs nksyuksa ds fy, CykWd dk vkorZdky gksxkA 

Ans. (A) p  (B) q  (C) p  (D) s 

Sol. (A) In frame of lift effective acceleration due to gravity is 
g 3g

g
2 2

   downwards 

 fy¶V ds Ýse esa xq:Ro ds dkj.k Roj.k = 
g 3g

g
2 2

   uhps dh rjQ 

  T = 2 
2

3g
 

 (B) K = mg   
k g

m L
  

 constant acceleration of lift has no effect in time period of oscillation. 

 fy¶V dk fu;r Roj.k] nksyu ds vkorZdky ij dksbZ vlj ugha Mkyrk gSA 

   T  = 2
m

k
 = 2

g
 

 (C) T = 2
mgd


 =  2

2m
23 2
3g

mg
2

   

 (D) T = 2
m

Ag
 = 2

( / 2) A

Ag




 = 2
2g
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 Marked Questions may have for Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA  
 

PART - I : ONLY ONE OPTION CORRECT TYPE  

Hkkx-I : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 
 

SECTION  (A) : EQUATION OF SHM ljy vkorZ xfr dk lehdj.k 
 

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

 fn;s x;s fp=k esa ,d xqVdk ftldk nzO;eku m gS] ,d fiLVu ij fLFkjkoLFkk esa gSA fiLVu 1 sec. ds vkorZdky ls 
Å/okZ/kj ljy vkorZ xfr dj jgk gSA xfr dk og U;wure vk;ke D;k gksxk] ftl ij xqVdk rFkk fiLVu ,d nwljs 
ls vyx gks tk;sa &      

      

 

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

Sol. Acceleration Roj.k  (a) = 2x  amax = 

2
2

T

 
 
 

A 

 When amax = g then block and piston will be separated 

 tc amax = g  oLrq rFkk fiLVu vyx gks tk;sxsA  

  amax = g = 

2
2

T

 
 
 

A ; (g = 2) 

  g = 
2

2

4

T


A     A = 

1

4
 = 0.25 m 

 

SECTION  (B) : ENERGY ÅtkZ 
 

2. The potential energy of a particle of mass 'm' situated in a unidimensional potential field varies as  
U(x) = U0 [1 – cos ax], where U0 and a are constants. The time period of small oscillations of the particle 
about the mean position :  

 m nzO;eku dk ,d d.k tks fd ,dfoeh; fLFkfrt {ks=k esa fLFkr gS] dh fLFkfrt ÅtkZ U(x) = U0(1 – cos ax) ls 
ifjofrZr gksrh gS] tgk¡ U0 rFkk a fu;rkad gSaA ek/; voLFkk ds lkis{k d.k ds y?kq nksyuksa dk vkorZ dky gksxk& 

 (A) 2
0

m

a U
  (B) 2

0

a m

U
  (C*) 2

2
0

m

a U
  (D) 2

2

0

a m

U
 

Sol. Restoring force izR;ku;u cy  F = 
–du
dx

 = 
–d
dx

 (u0 (1-cos ax)) 

  F(x) = – u0 a sin ax 

 for small angle y?kq dks.k ds fy;s  sin ax  ax 

 F = – u0a2x  acc. Roj.k  = 
2

0–u a x
m

 = –2x = 

2
2

T

 
 
 

 × x 

 So, Time period  vkorZdky T = 2
2

0

m

u a
 

 

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 2 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

SECTION  (C) : SPRING MASS SYSTEM fLçax nzO;eku fudk; 

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

 fp=kkuqlkj ,d m nzO;eku dh Bksl xsan H Å¡pkbZ ls ,d pkSM+s iyM+s ij fxjrh gS tks k fLizax fu;rkad okyh fLizax ls 
 yVdk gSA ;fn iyM+k nzO;eku jfgr rFkk xsan Vdjkdj okil ugha mNyrh gS] rks nksyu  dk vk;ke gksxk&  

      

 

 

 (A) 
mg

K
  (B*) 

1/ 2
mg 2HK

1
k mg

 
 

 
  (C) 

1/ 2
mg 2HK

K mg

 
  
 

 (D) 

1/ 2
mg 2HK

1 1
K mg

     
   

 

Sol.  

 

 

 

 

 

 velocity before collision Vdjkus ls igys osx = 2gH  

 pan is massless so velocity after collision  

 crZu Hkh nzO;ekughu gS vr% VDdj ds ckn osx  

  = 2gH  

 by energy conservation 

 ÅtkZ laj{k.k ls  

 mg(x) + 
1

2
m  22gH  = 

1

2
Kx2 

 Kx2 – 2mgx – 2mgH = 0 

 x = 
mg

K
 + 

mg

K

2HK
1

mg
   

 at equilibrium lkE;oLFkk ij  Kx0 = mg  x0 = mg/K 

 mean Amplitude ek/; vk;ke = x – x0 = 
mg

K

2HK
1

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

 fp=kkuqklj nks leku nzO;eku dh IysVsa ,d fLizax ds nksuksa fljksa ls n`<+rk iwoZd tksM+h tkrh gSA ,d IysV {kSfrt lrg 
ij foJke voLFkk esa gS tcfd nwljh IysV ds dkj.k fLizax esa y laihM+u gS rFkk ;g fLFkj vkSj lkE; voLFkk esa gSA og 
U;wure laihMu ftlds fy;s laihMu cy dks gVkus ds i'pkr~ uhps okyh IysV xfr ds nkSjku lrg ls laidZ NksM+ ns] 
gksxk& 

      

 

 
 (A) 0.5 y  (B) 3y   (C*) 2y   (D) y 
Sol. 

 

 

 
 Let upper block is pushed down by x, at equilibrium mg = ky, i.e., weight of upper block is balanced by 

spring When it is deformed by y, upper block will perform SHM with amplitude x about equilibrium 
position, lower block will leave surface when spring is extended by y, means upper block is at distance 
2y from its mean position. That should be upper extreme position of upper block. So amplitude x = 2y   

 ekuk mPp CykWd uhps x /kdsyk tkrk gSA lkE;oLFkk ij mg = ky gS vFkkZr~ mPp CykWd dk Hkkj fLizax }kjk larqfyr 
gksrk gS] tc fLizax es ladqpu y gSA mPp CykWd lkE;oLFkk ds ifjr vk;ke x ds lkFk l-vk-x- djsxkA tc fLizax y ls 
foLrkfjr gksrh gS] fuEu CykWd lrg dks NksM nsxk vFkkZr mPp CykWd bldh ek/;oLFkk ls 2y nwjh ij gksrk gSA ;g 
mPp CykWd dh mPp lhekUr fLFkfr gksuh pkfg;s vr% vk;ke x = 2y. 

 Alternative :  
 at equilibrium of  upper block mg = ky 

 lkE;oLFkk ij mPp CykWd ds fy;s mg = ky 

 lower plate will leave the surface if the extension in spring is y 

 ;fn fLizax es foLrkj y gS rks fuEu IysV lrg NksM nsxh 
 Let upper plate is displaced by x downward and left 

 ekuk mPp IysV x uhps foLFkkfir djrs gq;s NksMh tkrh gS   
 so by energy conservation between compressed to extended positions  

 rks ÅtkZ laj{k.k ls (laihfMr rFkk foLrkfjr voLFkkvksa ds e/;) 

 0 + 
1

2
 k (x + y)2 = mg (x + 2y) + 

1

2
 ky2 

  
1

2
 kx2 + 

1

2
 ky2 + kxy = mgx + mg2y + 

1

2
 ky2   x = 2y 
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5.#  Two springs, each of spring constant k, are attached to a block of mass m as shown in the figure. The 
block can slide smoothly along a horizontal platform clamped to the opposite walls of the trolley of mass 
M. If the block is displaced by x cm and released, the period of oscillation is :  

nks leku fLizax ftudk fLizax fu;rkad k gS] fp=kkuqlkj m nzO;eku ds xqVds ls tqM+h gqbZ gSA xqVdk ,d {kSfrt  fpdus 
IysVQkWeZ ij f[kld ldrk gSA {kSfrt IysVQkWeZ M nzO;eku dh Vªkyh dhs foijhr nhokjksa ls tqM+k gSA ;fn xqVds dks  
x lseh foLFkkfir djds NksM+ fn;k tk;s rks nksyu dk vkorZdky gksxk& 

      

 

 

 (A) T = 2
Mm

2k
  (B) T = 2

(M m)

kmM


  (C*) T = 2

m M

2k (M m)
 (D) T = 2 

2(M m)

k


 

Sol. Let displacement of block is x1 and of cart is x2 as shown  

 ekuk oLrq dk foLFkkiu x1 rFkk xkMh dk x2 gS fp=kkuqlkj 

 

 

 
 by linear momentum conservation  

 js[kh; laosx laj{k.k ls  

  mv1 = Mv2  v2 = 1mv

M
 so x2 = 1mx

M
 

 For block Force equation can be written as  

 xqVds ds fy;s cy lehdj.k ,sls fy[kh tk ldrh gSA  
  F = 2k(x1 + x2) = m2x1  

   2k 1 1

m
x x

M

  
 

 = m2x1  2 = 2k 
M m

Mm

 
 
 

 

 So vr%  T = 2 
Mm

2k(M m)
 

 

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

 fp=kkuqlkj nka;h vksj fLFkr xqVdk v pky ls lkE;koLFkk esa fLFkr ck;sa xqVds dh vksj xfr dj jgk gSA lHkh VDdjsa 
 çR;kLFk gSa rFkk lHkh lrg ?k"kZ.k jfgr gSA vkorZ xfr dk vkorZdky Kkr djks \ nksuksa xqVdks dh pkSM+kbZ ux.; 
 ekfu;sA 

     

 

 

 (A*) 
m 2L

2k v
   (B) 

m L

2k v
    (C) 

m L–
2k v

   (D) 
m L

k v
   
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Sol.  

 

 

 
 since all collision are elastic and total energy is conserved  

 pwafd lkjh VDdjsa izR;kLFk gS vkSj dqy ÅtkZ lajf{kr gSA   

 Time period of motion of right block is t1 = 
2L

v
. 

 nk¡;s xqVds dk vkorZdky gS t1 = 
2L

v
. 

 Time period of motion of left block is t2 = 
1 m

2
2 2 k

  

 ck¡;s xqVds dk vkorZdky gS t2 = 
1 m

2
2 2 k

  

 So, total time period vr% dqy vkorZ dky = 
2L

v
 + 

1

2

m
2

2k

 
 

  
  

SECTION  (D) : SIMPLE PENDULUM ljy yksyd 

7. The bob in a simple pendulum of length  is released at t = 0 from the position of small angular 

displacement . Linear displacement of the bob at any time t from the mean position is given by  

 ,d  yEckbZ ds ljy yksyd ds xksyd dks t = 0 le; ij vYi dks.kh; foLFkkiu ls NksM+k tkrk gSA fdlh le; t 

ij ek/; fLFkfr ls xksyd dk js[kh; foLFkkiu gksxk % 

 (A*) 0

g
cos t  (B) 0

g
 tcos  (C) 0gsin   (D) 0

g
sin t  

Sol. For simple pendulum  = g/  and maximum linear displacement x0 =  and equation of S.H.M 

 ljy yksyd ds fy;s  = g/  vkSj vf/kdre js[kh; foLFkkiu x0 =   vkSj l-vk-x- dh lehdj.k  

 x = x0 cos t 

 x =  cos
g

t  

 

8. The period of small oscillations of a simple pendulum of length  if its point of suspension O moves a 

with a constant acceleration  = 1 î  –2 ĵ  with respect to earth is ( î  and ĵ  are unit vectors in 

horizontal and vertically upward directions respectively)  

   yEckbZ ds ljy yksyd ds vYi nksyuksa dk vkoZrdky D;k gksxk] ;fn fuyEcu fcUnq O i`Foh ds lkis{k fu;r Roj.k  

  = 1 î  –2 ĵ  ls xfr djrk gS ( î  rFkk ĵ  Øe'k {kSfrt rFkk Å/okZ/kj Åij dh vksj fn'kkvksa esa ,dkad lfn'k gSA) – 

 (A*) 
2 2 1/ 2

2 1

T 2
{(g ) }

 
   

   (B) 
2 2 1/ 2

1 2

T 2
{(g ) }

 
   

 

 (C) T 2
g

       (D) 
2 2 1/ 2

1

T 2
(g )

 
 
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Sol. Point O is moving as shown  fcUnq O fp=kkuqlkj xfr dj jgk gSA   

   

 

 
 So acc. Of particle w.r.t O vr% d.k dk O ds lkis{k Roj.k    

 = 1 2
ˆ ˆ(– i ( – g)j    

 So vr% geff. = 
2 2

1 2(g – )    

 So time period  vr% vkorZdky 

 = 2
1
22 2

1 2( (g – ) )  
  

 
SECTION  (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM 

   fi.M yksyd o ejksM+h yksyd 
 

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

 pkj izdkj ds nksyu fudk;] ,d ljy yksyd] ,d HkkSfrd yksyd] ,d ejksM+h yksyd rFkk ,d fLizax nzO;eku fudk; 
ftudk izR;sd dh vko`fÙk leku gS] dks pUnzek ij ys tk;k tkrk gSA vxj pUæek ij vkof̀Ùk Kkr dh tk, rks fdu 
fudk;ksa ;k fudk; esa ;g vifjofrZr gksxk &  

 (A*) spring–mass system and torsional pendulum. fLizax&nzO;eku fudk; rFkk ejksM+h yksyd esa 
 (B) only spring–mass system.    dsoy fLizax nzO;eku fudk; esa 
 (C) spring–mass system and physical pendulum.  fLizax&nzO;eku fudk; rFkk HkkSfrd nksfy=k esa 
 (D) None of these     buesa ls dksbZ ughaA 

Sol. (B) For simple pendulum  T = 2
g

const

g change

 
  

   

 For physical pendulum  T = 2
mg


  (g–change) ,m,  const 

 For Torsional pendulum T = 2
C


Const

C

  
 

   for any planet 

 For spring mass system T = 2 
m

K
 

  mg = k 
m

Const  for  all  planet
K g g'

 
   

 
   

 Both the spring–mass system & torsional pendulum have no dependence on gravitational acceleration 
 for their frequencies . 
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Sol. (B) ljy yksyd ds fy,  T = 2
g g

 
  

fu; r

ifjofrZr 
   

 HkkSfrd yksyd  T = 2
mg


  (g–ifjofrZr) ,m,  vpj  

 ejksM+h yksyd  T = 2
C


Const

C

  
 

    lHkh xzgksa ds fy,  

 fLizax nzO;eku fudk; ds fy, T = 2 
m

K
 

  mg = k 
m

K g g'

 
   

 
lHkh xzgk sa d s fy, vpj  

 fLizax nzO;eku fudk; rFkk ejksM+h yksyd nksuksa dh vkof̀Ùk xq:Roh; Roj.k ij fuHkZj ugha djrk gSA  

 
10.#  A rod of mass M and length L is hinged at its one end and carries a particle of mass m at its lower end. 

A spring of force constant k1 is installed at distance a from the hinge and another of force constant k2 at 
a distance b as shown in the figure. If the whole arrangement rests on a smooth horizontal table top, 
the frequency of vibration is  

 nzO;eku M rFkk yEckbZ L dh ,d NM+ ,d fljs ls yVdh gqbZ gS rFkk nwljs fupys fljs ij ,d m nzO;eku dk d.k 
tqM+k gqvk gSA ,d K1 fLizax fu;rkad dh fLiazx fuyfEcr fljs ls a nwjh ij rFkk K2 fLizax fu;rkad dh ,d nwljh fLizax 
fuyfEcr fljs ls b nwjh ij fp=kkuqlkj yxk;h x;h gSA ;fn lEiw.kZ fudk; ,d {ksfrt fpduh est ij j[kk gks rks 
dEiUuksa dh vko`fÙk gksxh& 

 

 

 (A*) 
2 2

1 2

2

k a k b1

M2
L (m )

3


 

 (B) 2 1k k1

2 M m


 

 (C) 

2

2 1 2

a
k k

1 b
M2

4 m
3



 
 (D) 

2
2

1 2

k b
k

1 a
42

m M
3



 
 

Sol. For small angular displacement () 

 y?kq dks.kh; foLFkkiu ds fy;s  

 

 

 
 Net torque on body oLrq ij dqy cyk?kq.kZ =  

 = (k1a sin)a + (k2b sin)b = 
2

2 ML
mL

3

 
  

 
 

 For small  y?kq ds fy;s    = 
2 2

1 2

2
2

k a k b

ML
mL

3






  frequency vko`fÙk  =  
1

2

2 2
1 2

2

k a k b

L (m M/3)




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SECTION  (F) : SUPERPOSITION OF SHM ljy vkorZ xfr dk v/;kjksi.k 
 

11. A particle moves along the X-axis according to the equation x = 10 sin3 (t). The amplitudes and 
frequencies of component SHMs are     

 X-v{k ij ,d d.k lehdj.k x = 10 sin3 (t) ds vuqlkj xfr dj jgk gSA ljy vkorZ xfr;ksa ds ?kVdksa dk vk;ke 
rFkk vko`fÙk;ka gS –&  

 (A) amplitude 30/4, 10/4 ; frequencies 3/2, 1/2 (B*) amplitude 30/4, 10/4 ; frequencies 1/2, 3/2 
 (C) amplitude 10, 10 ; frequencies 1/2, 1/2 (D) amplitude 30/4, 10 ; frequencies 3/2, 2 

 (A) vk;ke 30/4, 10/4 ;  vko`fÙk;ka 3/2, 1/2  (B*) vk;ke 30/4, 10/4 ; vko`fÙk;ka 1/2, 3/2 

 (C) vk;ke 10, 10 ; vko`fÙk;ka 1/2, 1/ 2  (D) vk;ke 30/4, 10 ; vko`fÙk;ka 3/2, 2 

Sol. x = 10 sin3(t)  ;   3 3sinA – sin(3A)
sin A

4

  
 

 

   x = 10
3sin( t) – sin(3 t)

4

  
  

  x = 
30

4
sin t – 

10

4
sin 3t 

 So Amplitude vr% vk;ke = 
30

4
 , 

10

4
 

 frequency vko`fÙk = 1/2 , 3/2 

 
12. The amplitude of a particle due to superposition of following S.H.Ms. Along the same line is   

 X1 = 2 sin 50  t ; X2 = 10 sin (50  t + 37º)  

 X3 =  4 sin 50  t; X4 =  12 cos 50  t  

 fuEufyf[kr leku js[kk ij ljy vkorZ xfr;ksa ds v/;kjksi.k }kjk d.k dk vk;ke gksxk  

 X1 = 2 sin 50  t ; X2 = 10 sin (50  t + 37º)   

 X3 =  4 sin 50  t; X4 =  12 cos 50  t  

 (A) 4 2   (B) 4   (C*) 6 2   (D) none of these  buesa ls dksbZ 
ugha  

Hint :  Amplitude phasor diagram :  

 vk;ke dyk vkjs[k }kjk 

   

 

  

 

  

 

 

  resultant amplitude ifj.kkeh vk;ke  = 6 2  

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

oscillations is 1. When a different spring is used, the angular frequency is 2. The angular frequency of 
vertical oscillations when both the springs are used together in series is given by   

 tc ,d oLrq dks ,d jLlh }kjk ,d fLFkj fcUnq ls yVdk;k tkrk gS rks blds Å/okZ/kj nksyuksa dh dks.kh; vko`fÙk 

1 gSA tc vyx jLlh dks dke esa ysrs gS rks dks.kh; vkof̀Ùk 2 gSA tc nksuksa jfLl;ksa dks ,d lkFk Js.kh es dke esa 
ysrs gS] rks Å/okZ/kj nksyuksa dh dks.kh; vko`fÙk nh tkrh gS % 

 (A) 

1
2 2 2
1 2

        (B) 

1
2 2 2
1 2

2

   
   

  
 (C*) 

 

1

22 2
1 2

2 2
1 2

 
   

     

 (D) 

 

1

22 2
1 2

2 2
1 22

 
   

     

 

Ans. (C)  

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 9 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. 1
1

k

m
   2

2

k

m
   

 1 2

1 2

k k

(k k )m
 


= 

2 1

1

1 1
m

k k

 
 

 

= 

2 2
2 1

1

1 1


 

 = 1 2

2 2
1 2

 

  
 

 
14._ A particle performs simple harmonic motion at a frequency f. The frequency at which its kinetic energy 

varies is :           

 ,d d.k ,d f vko`fÙk ij ljy vkorZ xfr djrk gSA vko`fÙk ftl ij bldh xfrt ÅtkZ cnyrh gSA 

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

2
 

Ans. (B)  

Sol. K.E. = 2 2 21
m A sin ( t )

2
     

 

 
 

t

K.E. 

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

from the particle. The forces vary as the cube of the distance. The forces per unit mass are k and k' 

respectively. If the particle be slightly displaced towards one of them the motion is simple harmonic with 

the time period equal to         

 ,d d.k izfrd"kZ.k ds nks cyksa ds vUnj lkE;koLFkk esa fojke djrk gS ftuds dsUnz d.k ls a rFkk b nwjh ij gSA nksuksa 

cy nwjh ds ?ku ds :i esa cnyrs gSA cyksa ds izfr bdkbZ nzO;eku Øe'k% k rFkk k' gSA ;fn d.k dks muesa ls fdlh 

,d dh rjQ FkksM+k lk foLFkkfir dj ns rks xfr ljy vkorhZ gS] rks vkorZdky cjkcj gS & 

 (A) 

3 3

2

k k '
3

a b



   

 (B) 

3 3

2

k k '

a b



   

 (C) 

4 4

2

k k '

a b



   

 (D*) 
2

k k '
3

a b



  
 

 

Ans. (D) 

Sol. C1a3 = C2b3 

 k
m

aC 3
1   

 'k
m

bC 3
2   

 Frs = C1(a – x)3 – C2(b + x)3  

 = C1a3 






 
a

x3
1  – C2b3 







 
b

x3
1   

= – 3(C1a2 + C2b2)x 

 time period = 
2

k k '
3

a b



  
 
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PART - II : SINGLE AND DOUBLE VALUE INTEGER TYPE 

Hkkx - II : ,dy ,oa f}&iw.kk±d eku izdkj ¼SINGLE AND DOUBLE VALUE INTEGER TYPE½ 

SECTION  (A) : EQUATION OF SHM ljy vkorZ xfr dk lehdj.k 
1.  Two particles A and B are performing SHM along x and y-axis respectively with equal amplitude and 

frequency of 2 cm and 1 Hz respectively. Equilibrium positions of the particles A and B are at the co-
ordinates (3, 0) and (0, 4) respectively. At t = 0, B is at its equilibrium position and moving towards the 
origin, while A is nearest to the origin and moving away from the origin. If the maximum and minimum 
distances between A and B is s1 and s2 then find s1 + s2 (in cm).  

 nks d.k A rFkk B, x rFkk y-v{k ds vuqfn'k leku vk;ke rFkk vko`fÙk Øe'k% 2 cm rFkk 1 Hz ls ljy vkorZ xfr 
dj jgs gSaA  A rFkk B d.kksa dh lkE;koLFkk fLFkfr;ka Øe'k% (3, 0) rFkk (0, 4) funsZ'kkadksa ij gSA t = 0, ij d.k B 

lkE;koLFkk ij gS rFkk ewy fcUnq dh rjQ tk jgk gS vkSj d.k A  ewyfcUnq ds lcls fudV gS rFkk ewyfcUnq ls nwj 
tk jgk gSA  A rFkk B ds e/; dh vf/kdre rFkk U;wure nwfj;ka Øe'k% s1 o s2 gS rc s1 + s2 (cm esa) Kkr djksA  

Ans.  10 
Sol.  

 

 

 
 At t = 0 Particle 2 is at point B and moving towards origin so displacement 

 t = 0 ij d.k 2 fcUnq B ij gS rFkk ewy fcUnq dh rjQ tk jgk gS vr%  

 Y = 4 – A sin t 

 Y = 4 – 2 sin t 
 and displacement of particle 1  is   
 vkSj d.k 1 dk foLFkkiu gS    

  X = 3 – A cos t 

 X = 3 – 2 cos t 

 So distance between them vr% vuds e/; nwjh = 
2 2X Y   

 s2 = 29 – (16 sin t + 12 cos t) = 29 – 4 (4 sint + 3 cost)  

  29 – 20 (sint + 37º) 

 So vr%  2
maxs  = 49  smax = 7cm = S1 

  2
maxs  = 9   smin = 3cm =S2  S1+S2 = 10cm 

 
2. Two particles P and Q describe S.H.M. of same amplitude a, same frequency f along the same straight 

line from the same mean position. The maximum distance between the two particles is a 2 . If the 

initial phase difference between the particles is 
N


 then find N:  

 nks d.k P rFkk Q leku vk;ke a rFkk leku vko`fÙk f ds lkFk leku ek/; fLFkfr ls ljy js[kk ds vuqfn'k ljy 

vkorZ xfr djrs gSaA d.kksa ds e/; vf/kdre nwjh a 2  jgrh gSaA d.kksa ds e/; izkjfEHkd dykUrj 
N


 gS rc N Kkr 

dhft,: & 
Ans 2 
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Sol. x1 = Asin(t + 1) 

 x2 = Asin(t + 2) 

  |x1 – x2| = 2A sin(2t + 1 2

2

  
) cos 1 2

2

   
 
 

 

 To maximize vf/kdre ds fy, |x1 – x2| : 

  sin(2t + 1 2

2

  
) = 1 

  a 2  =  2a × 1 × cos 1 2

2

   
 
 

 
1

2
 = cos 1 2

2

   
 
 

 

  
4


 = 1 2

2

  
  1 – 2 = 

2


   N =2 

 
3. A street car moves rectilinearly from station A (here car stops) to the next station B (here also car 

stops) with an acceleration varying according to the law f = a - bx, where a and b are positive constants 

and x is the distance from station A. If the maximum distance between the two stations is x = 
Na

b
 then 

find N.  

 fLFkjkoLFkk ls ,d dkj LVs'ku A  ¼;gk¡  dkj :drh gS½ ls vxys LVs'ku B ¼;gk¡  Hkh dkj :drh gS½ rd f = a – bx 

ds vuqlkj ifjofrZr gksus okys Roj.k ds lkFk ljy js[kh; xfr djrh gSA ;gk¡ a o b /kukRed fu;rkad gSa rFkk x, 

LVs'ku A ls nwjh gSA nksuksa LVs'kuksa ds chp vf/kdre nwjh x = 
Na

b
 gS rc N Kkr dhft, &  

Ans. 2 
Sol. f = a – bx 
 For maximum velocity, acceleration should be zero. 

 i.e. a – bx = 0  x = 
a

b
 

  At x = 
a

b
, the particle has its maximum velocity. 

  f = 
vdv

dx
 = a – bx  

2v

2
 = 

2bx
ax c

2
   

 At x = 0 ; v = 0   c = 0 

 Substituting ; x = 
a

b
 ; gives 

  vmax = 
a

b
 

 Also, the velocity of the car should become zero at station B. 

 i.e. 
2bx

ax 0
2

    x = 0 ; x = 
2a

b

 
 
 

 

  Distance between the two stations is 
2a

b
  

   N = 2 
 Alternate : f = a – bx means particle will do SHM.  
 At mean position ; f = 0 

  x = 
a

b
  

 

    

 In the figure shown, 'C' is the mean position and A & B are extreme positions 

  xmax = 
2a

b
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Sol. f = a – bx   

 vf/kdre osx ds fy, Roj.k 'kwU; gksuk pkfg,  

 i.e. a – bx = 0  x = 
a

b
 

  x = 
a

b
ij, d.k viuh vf/kdre pky ij gSA  

  f = 
vdv

dx
 = a – bx  

2v

2
 = 

2bx
ax c

2
   

 x = 0 ij ; v = 0  c = 0 

 izfrLFkkfir djus ij ; x = 
a

b
 ; izkIr djrs gSaA  

  vmax = 
a

b
 

 rFkk LVs'ku B ij dkj dk osx 'kwU; gks tk,xk  

 i.e. 
2bx

ax 0
2

    x = 0 ; x = 
2a

b

 
 
 

 

  nksauks LVs'kuksa ds chp dh nwjh = 
2a

b
 

   N = 2 

 fodYi : f = a – bx vFkkZr d.k ljy vkorZ xfr djsxkA  

 ek/; fLFkfr ij ; f = 0 

  x = 
a

b
  

 

    

 iznf'kZr fp=k esa 'C' ek/; fLFkfr gS rFkk A , B pje fLFkfr;k¡ gSaA  

  xmax = 
2a

b
  

 

SECTION  (B) : ENERGY ÅtkZ   
4.  A particle is oscillating in a straight line about a centre O, with a force directed towards O. When at a 

distance 'x' from O, the force is mn2x where 'm' is the mass and 'n' is a constant. The amplitude is  

a = 15 cm. When at a distance 
a

3
2

 from O the particle receives a blow in the direction of motion 

which generates an extra velocity na. If the velocity is away from O at the time of blow and the new 

amplitude becomes k 3  cm, then find k.     

 ,d d.k dsUnz O ds ifjr% ,d ljy js[kk esa nksyu djrk gS] ftl ij cy dh fn'kk  O dh vksj gSA tc d.k O ls 
'x' nwjh ij gS rc d.k ij cy mn2x  yxrk gS tgk¡ 'm' nzO;eku o 'n' ,d fu;rkad gSA vk;ke a = 15 cm gSA tc 

d.k O ls nwjh 
a

3
2
 ij gS rks d.k xfr dh fn'kk esa ,d >Vdk çkIr djrk gS ftlls vfrfjDr osx na çkIr gksrk 

gSA ;fn >Vdk izkIr djrs le; osx O ls nwj dh rjQ gks rks u;k vk;ke k 3 cm gks tkrk gS rks k Kkr dhft,A  
 Ans.   15 
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Sol. 
1

2
 K x2 + 

1

2
 mv2 = 

1

2
 KA2 

 mn2x2 + mv2 = mn2a2 
 v2 = n2 (a2 – x2) 

 

 

 

 
1

2
 m (v + na)2 + 

1

2
 K 

2
3a

2

 
  
 

 = 
1

2
 K A1

2 

 
1

2
 m v2 + 

1

2
 mn2a2 + 

2

2
 mnav + 

1

2
 mn2 

23a

4
 = 

1

2
 mn2 A1

2 

 mn2 (a2 – x2) + mn2a2 + 2mna n 2 2a – x + mn2 
23a

4
 = mn2A1

2 

 a2 – x2 + a2 + 2a 2 2a – x + 
23a

4
 = A1

2 

 11a2 – 4x2 + 8a 2 2a – 3a  = 4A1
2  

 Putting x = 
3

2
a j[kus ij 

 12a2 = 4A1
2 A1 = 3a  = 15 3  cm   k = 15 

 
5. Two particles P1 and P2 are performing SHM along the same line about the same mean position. 

Initially they are at their positive extreme positions. If the time period of each particle is 12 sec and the 
difference of their amplitudes is 12 cm then find the minimum time after which the separation between 
the particles become 6 cm.     

 nks d.k P1 rFkk P2 ,d gh js[kk ds vuqfn'k ,d gh ek/; fLFkfr ds lkis{k ljy vkorZ xfr dj jgs gSA izkjEHk esa ;g 
/kukRed pje fLFkfr;ksa esa gksrs gSA vxj izR;sd d.k dk vkorZ dky 12 sec gS rFkk muds vk;ke dk vUrj 12 cm gS 
rks og U;wure le; Kkr djks] tc d.kksa ds chp dh nwjh 6 lseh gksrh gS & 

Sol.  The coordinates of the particles are  

 d.k ds funsZ'kkad 

  x1 = A1 cos t, x2 = A2 cos t      

  separation chp dh nwjh  = x1 – x2  = (A1 – A2) cos t = 12 cos t    

 Now vc  x1 – x2 = 6 = 12 cos t   

  t = 
3


  

  
2

12


. t = 

3


   

  t = 2s    

 Ans.  t = 2s   
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6.# Assuming all the surfaces to be smooth, if the time period of motion of the ball is N × 10–1 sec then find 
N. Neglect the small effect of bend near the bottom. (g = 10m/s2)    

 lHkh lrgksa dks fpduk ekurs gq, ;fn fp=k esa fn[kk;sa x;s d.k dh xfr dk vkorZ dky N × 10–1 sec gS rks N Kkr 
 djksA ryh esa eqM+s gq, NksVs Hkkx ds çHkko dks ux.; ekuuk gSA (g = 10 m/s2) 

     

 

 
Ans. 16  
Sol.  

  

 

 

  S = 
h

sin30
, a = g sin 30, h = 20 cm, u = 0 

  S = ut + 21
at

2
 

   t = 
2S

a
 = 

2 (0.2 2)

10 (0.5)

 


 = 0.4  

  v = 0 + (g sin30) (0.4) = 2  
 For BC max height reached by the particle will be same as h = 20 cm 
 (by energy conservation)  
 and for BA and BC t = 0.4 
 Total time period = 0.4 × 4 = 1.6 second = 16×10–1 sec 

  N= 16 

 BC ds fy;s d.k }kjk izkIr vf/kdre Å¡pkbZ h = 20 cm ds leku dh gS 
 (ÅtkZ laj{k.k ls )  
 rFkk BA ,oa BC ds fy;s t = 0.4 

 dqy vkorZdky = 0.4 × 4 = 1.6 second = 16×10–1 sec  N= 16 
 

SECTION  (C) : SPRING MASS SYSTEM fLçax nzO;eku fudk; 

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

of oscillations is 
Nk

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

 fp=kkuqlkj cy fu;rkad k, k rFkk 2k okyh rhu fLçaxksa A, B o C ls  m nzO;eku dk d.k tqM+k gSA ;fn d.k dks fLçax 

C ds fo:) nckdj NksM+s rks nksyu dh dks.kh; vkof̀Ùk 
Nk

m
 gS rks  N Kkr dhft;sA fudk; {kSfrt fpduh lrg ij 

fLFkr gSA    

     

 

 
Ans. 3  
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Sol.    After displacement x against spring C 

 fLizax C ds fo:) x foLFkkiu ds ckn  

  

 

 

 

 
 Deformation in springs ABC is shown in figure 1. 

 fp=k & 1 esa fLizaxks A, B rFkk C ladqpu fn[kk;k x;k gSA 

  

 

 

 

 
 Forces applied by three springs ABC is shown in figure-2. 

 fp=k-2 esa rhuks fLizaxks  A, B, C ds }kjk vkjksfir cy n'kkZ;k x;k gSA 

 F = 
kx 1

2 2kx
2 2

   = 3 kx = m2 x   = 
3k

m
  

  N= 3 
 
8.# In the figure shown mass 2m is at rest and in equilibrium. A particle of mass m is released from height 

4.5mg

k
 from plate. The particle sticks to the plate. Neglecting the duration of collision. Starting from the 

time when the particle sticks to plate to the time when the spring is in maximum compression for the 

first time is 
m

2
ak

  then find a.  

fp=k esa 2m æO;eku dh IysV fLFkj rFkk lkE;koLFkk esa gSA m nzO;eku dk ,d d.k IysV ls 
4.5mg

k
 Å¡pkbZ ls NksM+k 

tkrk gSA d.k IysV ls fpid tkrk gSA VDdj ds vUrjky dks ux.; ekurs gq, d.k ds IysV ls fpidus ls ysdj 

fLizax esa izFke ckj vf/kdre lEihM+u rd dk le; 
m

2
ak

  gS rks a Kkr djksA  

      

 

 
Ans.  3 
Sol. Velocity of the particle just before collision 

 VDdj ds rqjUr igys d.k dk osx  

  u = 
4.5mg

2g
K

      

  u = 
m

3g
K

    

   

 

  
 Now it collides with the plate. 

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 16 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 Now just after collision velocity of system of plate + particle 

 vc ;g IysV ls Vdjkrk gS 
 VDdj ds ckn ¼IysV + d.k½ fudk; dk osx  
  mu = 3mv 

  V = 
u

3
 = g

m

K
 

 Now system perform’s SHM with time period T = 2 3m

K
 and mean position as 

mg

K
 distance below 

the point of collision. 
 Let the equation of motion be. 

 fudk; SHM djsxk bldk vkorZdky T = 2
3m

K
 rFkk ek/; fLFkfr] Vdjkus okyh fLFkfr ls 

mg

K
 uhps gSA   

 xfr dh lehdj.k   
 y = A sin (t + ) 

 for t = 0  ds fy, y = mg/K 

 
mg

K
 = A sin   ...(1) 

 Now for amplitude  vr% vk;ke 

 V = 
2 2A x   

 g
m

K
 = 

K

3m

2 2
2

2

m g
A

K
  

 

2
mg

3
K

 
 
 

 = A2 – 
2 2

2

m g

K
 

 A = 
2mg

K
 ...(2) 

 By (1) & (2) lehdj.k (1) o (2) ls  

 T = 
3m

2
K

  

 x = 
A

2
 to ls x = 0 rd  t = 

T

12
 

 x = 0 to ls x = A rd  t = T/4 

 total time dqy le; = 
T T 2 3m

12 4 3 K


  = 

m
2

3k
  

  a = 3 
 
9.# For given spring mass system, If the time period of small oscillations of block about its mean position is 

nm

K
 , then find n. Assume ideal conditions. The system is in vertical plane and take K1 = 2K, K2 = K. 

 fn;s fLizax nzO;eku fudk; ds fy, CykWd dk bldh ek/; fLFkfr ds lkis{k vYi nksyu dk vkorZ dky 
nm

K
  gS rks 

n Kkr djks \ lHkh fLFkfr;ka vkn'kZ gSA fudk; Å/okZ/kj ry esa gS rFkk K1 = 2K, K2 = K ysosa   
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Ans.   12 
Sol. Let block is pushed down by x from its equilibrium position. 

 ekuk CykWd dks bldh lkE;oLFkk fLFkfr ls x nwjh uhps /kdsyk tkrk gSA  

 Let extension in springs be y1 and y2 as shown in figure. 

 ekuk fp=kkuqlkj fLizaxks esa foLrkj Øe'k% y1 rFkk y2 gSA 

 so restoring force on block F = K2y2  

 vr% CykWd ij izR;ku;u cy F = K2y2  

 Force in left spring is ckW;h fLizax ij cy 2F = K1y1  

 From constraint motion caf/kr xfr ls 2y1 + y2 = x 

  2 × 
1

2F

K
 + 

2

F

K
 = x 

  F =  1 2

1 2

K K

K 4K

 
  

x  = 2x 

 So vr%,  = 1 2

1 2

K K1

m K 4K

 
  

  T = 2 1 2

1 2

m (K 4K )

K K


    

 T = 2 1 2

1 2

m (K 4K )

K K




12m

K
  

  n = 12 
 
10.# In the figure shown the spring is relaxed and mass m is attached to the spring. The spring is 

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

which spring is again under maximum compression). Take 
m 12

k



 

 iznf'kZr fp=k esa fLizax lkekU; yEckbZ esa gS rFkk nzO;eku m fLizax ls tqM+k gSA fLizax dks 2 A ls lEihfM+r djds t = 0 

ij NksM+ fn;k tkrk gSA nzO;eku m nhokj ls Vdjkrk gS rFkk viuh xfrt ÅtkZ dh nks frgkbZ ÅtkZ âkl djds yksV 
tkrk gSA t = 0 ls izkjEHk djus ds i'pkr~ CykWd }kjk izFke ckj fojke ¼og {k.k tc nqckjk fLizax vf/kdre laihMu dh 

fLFkfr esa gksrh gS½ dks izkIr djus esa yxk le; Kkr djksaA (
m 12

k



 yhft;s)  

     

 

 
Ans.  17  
Sol.   

 

 

 

 The motion starts from position A  the time taken from  A to W2  (t1) = 
T T

4 12
  

 Before collision the energy of the system is conserved,  
 Kinetic energy of the block just before collision  

 Ki = 
1

2
 K (2A)2 – 

1

2
 KA2  = 

3

2
 KA2  & just after collision Kf = iK

3
 (given) = 

1

2
 KA2 

 Now during motion after collision , the energy is again conserved 
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 Hence , Kf +  
1

2
KA2 = 

1

2
 KA´2   

 A’ =  maximum compression after collision   A´ = A 2  

 ie. Now motion has amplitude A 2  
 Now time taken by block from  

 W2 to position B            =  
T

4
 + 

T

8
 

  total time taken =   t1 + t2 =  
T

4
  + 

T

12
 + 

T

4
  + 

T

8
 = 

17
T

24
= 

17 m

12 K


   = 17sec

m 12

k

   
  

 

Sol.   

 

 

 

 fLFkfr A ls xfr izkjEHk djrk gS rks A ls W2 rd fy;k x;k le;  (t1) = 
T T

4 12
     

 VDdj ds igys fudk; dh ÅtkZ lajf{kr gSA  

 VDdj ds Bhd igys CykWd dh xfrt ÅtkZ   

 Ki = 
1

2
 K (2A)2 – 

1

2
 KA2  = 

3

2
KA2  vkSj VDdj ds Bhd ckn Kf = iK

3
 (fn;k gS)= 

1

2
 KA2  

 vc VDdj ds ckn] xfr ds nkSjku ÅtkZ nqckjk lajf{kr gksxh  

 vr% , Kf + 
1

2
 KA2 = 

1

2
 KA´2   

 A´ =  VDdj ds ckn vf/kdre lEihfM+u  A´ = A 2  

 vFkkZr xfr dk vk;ke  A 2   gksxk  

 vc CykWd }kjk W2 ls B rd xfr esa fy;k x;k le; (t2)  =  
T

4
 + 

T

8
 

  dqy le; =   t1 + t2 = 
T

4
  + 

T

12
 + 

T

4
  + 

T

8
 = 

17
T

24
 = 

17 m

12 K


  = 17sec

m 12

k

   
  

 

 
11.# A block of mass 4kg attached with spring of spring constant 100 N/m is executing SHM of amplitude 

0.1m on smooth horizontal surface as shown in figure. If another block of mass 5 kg is gently placed on 
it, at the instant it passes through the mean position and new amplitude of motion is n–1 meter  then find 
n. Assuming that two blocks always move together. 

 ,d 4 kg dk xqVdk] 100 N/m fLizax fu;rkad okys fLizax ds izR;ku;u cy ds izHkko esa fpduh {ksfrt lrg ij  
0.1 m ds vk;ke ls ljy vkorZ xfr dj jgk gSA tc ;g ek/; fLFkfr ls xqtj jgk gksrk gS rks fp=kkuqlkj ml {k.k 
,d 5 kg nzO;eku dk xqVdk bl ij /khjs ls j[kk tkrk gS] ;g ekurs gq, fd nksuksa xqVds ,d lkFk xfr djrs gS] xfr 
dk u;k vk;ke  n–1 ehVj gS rks n Kkr dhft,A   

      

 

     
 Ans. 15 
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Sol. Frequency (vko`fÙk) n2 = 
1 2

1 k

2 m m 
 

 = 
1 100

2 4 5 
  

 = 
1 10

2 3



 = 

5

3
 

 By conservation of linear momentum at mean position, 

 ek/; voLFkk ij js[kh; laosx laj{k.k ls 
   Pi = Pf 

  m11A1 = (m1 + m2) 2A2 

  1 1
1

k
m A

m
 = (m1 + m2) 2

1 2

k
A

m m
 

  1 1km A  = 1 2 2k(m m ) A  

  A2 = 
2

30
m.  

SECTION  (D) : SIMPLE PENDULUM ljy yksyd 

 

12. The period of oscillation of a simple pendulum of length L suspended from the roof of a vehicle which 

moves without friction down on inclined plane of inclination = 60° is given by  
XL

g
 then find X. 

 ,d ljy yksyd ftldh yEckbZ L gS rFkk ;g = 60°  >qdko okys fpdus urry ij uhps dh vksj xfr djus okys 

okgu dh Nr ij yVdk gS ] yksyd dk vkorZ dky 
XL

g
 }kjk fn;k x;k gS rks X Kkr dhft, &   

Ans 8 
Sol. Free body diagram of bob of the pendulum with respect to the accelerating frame of reference is as 

follows:  

   Net tension in the string is T = mg cos   

  

 

  

 So, geff = 
T

m
 = 

mgcos

m


 = g cos   

  T = 2
eff

L

g
 or  T = 2

L

g cos 
     

Alternative :
 Whenever point of suspension is accelerating  

 Take  T = 2
eff

L

g
   Where  effg g – a  

 a = Acceleration of point of suspension.  

 In this question a = g sin  (down the plane)   
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    g – a  = geff = 2 2g (g sin )  2(g) (g sin ) cos (90   )       = g cos    

   T = 2
L

gcos
( = 60°) T = 2

2L

g
  x= 2 

Rofjr funsZ'k ra=k ds lkis{k isUMwye ds yksyd dk eqDr oLrq js[kk fp=k ,slk gksxkA  

   jLlh esa dqy ruko T = mg cos   

    

 

  

 vkSj   yksyd dk dqy Roj.k geff = 
T

m
 = 

mgcos

m


 = g cos   

  T = 2
eff

L

g
 ;k  T = 2

L

g cos 
     

oSdfYid
 tc Hkh vkyEcu fcUnq Rofjr gksrk gSA 

 yhft;ss  T = 2
eff

L

g
   tgk¡  effg g – a  

 a  = vkyEcu fcUnq dk Roj.k  

 bl iz'ku esa a  = g sin  (ry ds uhps dh vksj)   

    g – a  = geff  = 2 2g (g sin )  2(g) (g sin ) cos (90   )        = g cos    

   T = 2
L

gcos
 ( = 60°) 

  T = 2
2L

g
   x= 2  

13.# Figure shows the kinetic energy K of a simple pendulum versus its angle  from the vertical. The 

pendulum bob has mass 0.2 kg. If the length of the pendulum is equal to 
n

g
meter, then find  

n (g = 10 m/s2).        

 fp=k esa ljy yksyd dh xfrt ÅtkZ K rFkk Å/okZ/kj ls dks.k  ds chp xzkQ n'kkZ;k x;k gSA yksyd dk nzO;eku  

0.2 fdxzk- gSA ;fn ljy yksyd dh yEckbZ 
n

g
ehVj ds cjkcj gS rks n Kkr dhft, & (g = 10 eh-@ls-2).  

     

 

-100 100 0 

5 

10 

15 

K(mJ) 

 (mrad)
 

Ans. 15 
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Sol. 2
m

1
mV

2
 = 15 × 10–3  

 Vm = 0.150 m/s  

 A = 0.150 m/ s  

 Lm . 
g

L
 = 0.150 m/s  

 gL  = 
3

0.150

100 10
 gL = 

0.150

0.01
 = 1.5 m 

 l = 
15

g
m 

  n =15 
 
14. The bob of a simple pendulum executes simple harmonic motion in water with a period 't', while the 

period of oscillation of the bob is t0 in air. Neglecting frictional force of water and given that the density 

of the bob is (4/3) × 1000 kg/m3. Find 
0

t

t
.      

 fdlh ljy yksyd dk xksyd ikuh esa vkorZdky t ds lkFk ljy vkorZ xfr djrk gS] tcfd bl xksyd ds nksyu 
dk ok;q esa vkorZdky t0 gSA ikuh dk ?k"kZ.k cy ux.; ekurs gq, rFkk xksyd dk ?kuRo (4/3) × 1000 kg/m3  fn;k 

x;k gSA 
0

t

t
 Kkr dhft,A       

Ans.  2 
Sol. The time period of simple pendulum in air  

 ok;q esa ljy yksyd dk vkorZ dky 

 T = t0 = 2
g

 
 
 

   ........... (i) 

 , being the length of simple pendulum. 

 , ljy yksyd dh yEckbZ gSaSA 

 In water, effective weight of bob 

 ty esa xksyd dk izHkkoh Hkkj  
 w’ = weight of bob in air – upthrust  

 w´ = ok;q esa xksyd dk Hkkj – Åij dh vksj cy 

  Vgeff = mg – m’g 

 =Vg – ‘ Vg = (–‘ )Vg 

 where  = density of bob, tgk¡  = xksyd dk ?kuRo 

 ´ = density of water ty dk ?kuRo 

  geff = g 
– '  

  
 =  

'1–
 
  

g 

  t = 2
'1– g

  
    

  (ii)   

 Thus vr%, 
0

t

t
 = 

1

'1–
  
    

  = 

 

1

10001–
4 / 3 1000

 
 
 
 
   
 

 = 2 

  t = 2 t0 ; 
0

t

t
 = 2  N= 2  
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SECTION  (E) : COMPOUND PENDULUM & TORSIONAL PENDULUM 

   fi.M yksyd o ejksM+h yksyd 

15. A solid sphere of radius R is half submerged in a liquid of density . The sphere is slightly pushed down 

and released, If the frequency of small oscillations is 
3

nR
, then find n. Take  = g .  

 R f=kT;k dk ,d Bksl xksyk ?kuRo okys nzo esa vk/kk Mwck gSA ;fn xksys dks vYi foLFkkfir dj NksM+k tk, vksj ;g 

ljy vkorZ xfr djus yxs rks xksys ds nksyuksa dh vkof̀Ùk y?kq foLFkkiu ds fy, 
3

nR
 gS rks n Kkr dhft,A  

 = g  yhft;sA   

 Ans. 8 
Sol. Half of the volume of sphere is submerged. 
 For equilibrium of sphere, 
  weight = upthrust 

  V sg = 
V

2
 (L) (g)  s = L

2


 

 When slightly pushed down by x weight will remain as it is while upthrust will increase. The increased 
upthrust will become the net restoring force (upwards). 

  F = – (extra upthrust) 

     = (extra volume immersed) (L) (g) 

 or ma = –(R2) xLg  (a = acceleration) 

  
4

3
R3 L

2

 
 
 

a = – (R2Lg) x   a = 
3g

2R

  
 

x 

 as a  – x motion is simple harmonic 
 Frequency of oscillation, 

  f = 
1 a

2 x
 = 

1 3g

2 2R
.  

  f = 
3

8R
 g     N = 8 

 xksys dk vk/kk vk;ru Mwck gqvk gS 
 xksys dh lkE;koLFkk ds fy, 

  Hkkj = mRIykod cy 

  V sg = 
V

2
 (L) (g)  s = L

2


 

 tc FkksM+k lk uhps dh vksj x ls /kdsyk tkrk gS Hkkj vifjofrZr jgrk ijUrq mRIykod cy c<+ tkrk gSA c<+k gqvk 
mRIykod cy ifj.kkeh izR;ku;u cy (Åij dh vksj) cu tk;sxkA 

  F = – (vfrfjDr mRIykod cy) 

     = (vfrfjDr Mwck gqvk vk;ru) (L) (g) 

 ;k ma = –(R2) xLg  (a = Roj.k) 

  
4

3
R3 a L

2

 
 
 

= – (R2Lg) x  a = 
3g

2R

  
 

x 

 D;ksafd a  – x xfr ljy vkorZ gS 
 nksyu dh vko`fÙk 

  f = 
1 a

2 x
  = 

1 3g

2 2R
  

f = 
3

8R
 g     N = 8 
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16.#  If the angular frequency of small oscillations of a thin uniform vertical rod of mass m and length  hinged 

at the point O (Fig.) is 
n

, then find n.  The force constant for each spring is K/2 and take K = 
2mg

. 

The springs are of negligible mass. (g = 10 m/s2) 

,d iryh ,d leku Å/okZ/kj NM+ ftldk nzO;eku m rFkk yEckbZ  gS] fp=kkuqlkj O fcUnq ij dhydhr gSA bl NM+ 

ds nksyu dh vko`fÙk 
n

 gS rks  n Kkr djksA izR;sd fLçax dk cy fu;rkad K/2 gS rFkk K = 
2mg

 yhft;sA fLçaxksa 

ds nzO;eku ux.; gSA (g = 10 m/s2) 

      

 

 
Ans.  75  

Sol. For small Angular displacement  y?kq dks.kh; foLFkkiu ds fy;s  

  

 

 
 Restoring torque about point O fcUnq O ds ifjr izR;ku;u cykiw.kZ 

 (mg 2  sin ) +  (Ksin) = 
2m

3
 , (for small   sin  ) (y?kq  ds fy;s sin  ) 

  = 
2

2

2

(mg K )

m

3

 
   = 

3g 3k

2 m

   
 = –2  

 So angular speed vr% dks.kh; osx   = 
3g 3k

2 m

  
 

 

  = 
3g 2k

1
2 mg

 
 

 
 = 

75
  N = 75  

 

PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 
  

1.* A particle moves on the X-axis according to the equation x = x0 sin2 t. The motion is simple harmonic 

 X-v{k ij ,d d.k lehdj.k x = x0 sin2 t ds vuqlkj xfr dj jgk gSA ljy vkorZ xfr dk   

 (A*) with amplitude x0/2 (B) with amplitude 2x0    (C) with time period 
2


 (D*)with time period 



  

 (A*) vk;ke x0/2  gSA (B) vk;ke 2x0 gSA    (C) vkorZ dky 
2


 gSA (D*) vkorZ dky 



 gSA  

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 24 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. x = x0 sin2 t =  0x (1– cos2 t)
2


 

 So vr%  A = 0x

2
 Time period vkorZdky  = 

1

2


 = 
2

2




 = /

 
2.* Which of the following functions represent SHM?      

 fuEu esa ls dkSuls Qyu ljy vkorZ xfr çnf'kZr djsaxs \ 

 (A*) sin 2t  (B*) sin2 t  (C*) sin t + 2 cos t  (D) sin t + cos 2t   

Sol. Equation of S.H.M   x – x0 = a sin (t + )   x =  x0 + a sin (t + ) 

 l-vk-x- dh lehdj.k x – x0 = a sin (t + )   x =  x0 + a sin (t + ) 

 (A)  x = sin2t 

 (B)  x = sin2 t = 
1– cos2 t

2

 
 
 

=
1

2
  – 

1

2
 cos2 t 

   x – 
1

2
 = – 1

2
 cos2 t 

 (C)  x = sin t + 2cos t = sin (t + )    { = tan–1 2} 
  So represent equation of S.H.M     
  vr% lehdj.k l-vk-x- dh lehdj.k dks izLrqr djrh gS  
 (D) But sin t + cos2 t cannot write as sin (t+)    

  sin t + cos2 t dks sin (t+) ds tSls ugha fy[kk tk ldrk gSA  

  So it is not S.H.M equation       
  ;s l-vk-x- dh lehdj.k ugh gSA 
 
3.* The speed v of a particle moving along a straight line, when it is at a distance (x) from a fixed point of 

the line is given by  v2 = 108 – 9x2 (assuming mean position to have zero phase constant) (all quantities 
are in cgs units) :      

 ,d d.k tks fd ,d ljy js[kk ds vuqfn'k xfr dj jgk gS tcfd ;g d.k ljy js[kk ij fLFkr fdlh fuf'pr fcUnq 
ls x nwjh ij gS rc d.k dh pky v2 = 108 – 9x2  ls iznf'kZr dh tkrh gS ¼ek/; voLFkk ij 'kwU; dyk fu;rkad 
ekurs  gq,½ (leLr jkf'k;k¡ cgs i)fr eas gSa) 

 (A) the motion is uniformly accelerated along the straight line 

 xfr] ljy js[kk ds vuqfn'k le:i Rofjr gksxhA   
 (B*) the magnitude of the acceleration at a distance 3cm from the fixed point is 27 cm/s2  

 fuf'pr fcUnq ls 3 lseh dh nwjh ij Roj.k dk ifjek.k 27 lseh@lSd.M2 gSA  
 (C*) the motion is simple harmonic about the given fixed point.  

 fn;s x;s fuf'pr fcUnq ds lkis{k xfr ljy vkorZ xfr gSA  

 (D) the maximum displacement from the fixed point is 4 cm. 

 fuf'pr fcUnq ls vf/kdre foLFkkiu 4 lseh gSA 
Sol. v2 = 108 – 9x2 

 
2vdv

dx
 = – 18 x  acc.  A = –9x (non-uniform) vleku  

 at x = 3cm ij 
 a = –27 or |a| = 27cm/s2 
 also a = – 9x is a S.H.M equation so particle perform S.H.M about the give fixed point 

 rFkk a = – 9x ,d l-vk-x- lehdj.k gS vr% d.k fn;s x;s fLFkj fcUnq ds lkis{k l-vk-x- djsxkA  
 V is maximum at x = 0  V, x = 0 ij vf/kdre gSA 

 and V is Zero at x = 12  rFkk V, x = 12  ij 'kwU; gSA 

 So Amplitude = 2 3 cm  vr% vk;ke = 2 3 cm 
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4.* A horizontal plank has a rectangular block placed on it. The plank starts oscillating vertically and simple 
harmonically with an amplitude of 40 cm. The block just loses contact with the plank when the latter is 
at momentary rest. Then :    

 ,d {kSfrt r[rs ij ,d vk;rkdkj fi.M j[kk gSA r[rk Å/oZ fn'kk esa 40 lseh- ds vk;ke ls ljy vkorhZ :i ls 
nksyu djuk çkjEHk djrk gSA ;fn xfr ds nkSjku r[rs ds {kf.kd :i ls fLFkjkoLFkk esa vkus ij fi.M dk r[rs ls 
laca/k gV tkrk gS] rks : 

 (A*) the period of oscillation is 
2

5

 
 
 

seconds nksyuksa dk vkorZdky 
2

5

 
 
 

lsd.M gSA 

 (B*) the block weighs double its weight, when the plank is at one of the positions of momentary rest. 
 r[rs dh fdlh ,d {kf.kd fLFkjkoLFkk dh fLFkfr esa fi.M dk otu nqxquk gksxkA  

 (C*) the block weighs 0.5 times its weight on the plank halfway up  
 fi.M dk otu vk/kk gksxk tc r[rk vk/kh Åijh ÅapkbZ ij gksxkA 

 (D*) the block weighs 1.5 times its weight on the plank halfway down 
 fi.M dk otu Ms<+ xquk gksxk tc r[rk uhps dh vksj vk/kh nwjh ij gksxkA 

 (E*) the block weights its true weight on the plank when the latter moves fastest 
 fi.M dk otu bldk okLrfod lR; otu gksxk tc r[rk  rhozre osx ls py jgk gksxkA   
Sol. Given fn;k gS   A = 0.4m , and vkSj   a = g 

 so vr%2A = g   2 = 
10

0.4
 = 25 

  = 5 T = 
2


 = 2/5 sec.lSd.M 

 At lowest position acceleration.fuEure fcUnq ij Roj.k  = 2A + g = g + g = 2g 

 So weight vr% Hkkj = m (2g) = 2mg 

 at half distance  vk/kh nwjh ij a = g/2 

 So weight at upper half distance vr% Hkkj Åijh vk/kh nwjh ij = m(g-g/2) = mg/2    

 and weight at lower half distance  rFkk fupyh vk/kh nwjh ij Hkkj = m(g + g/2) = 
3mg

2
 

 actual weight at equilibrium position (maximum v) 
 lgh Hkkj lkE;koLFkk fLFkfr ij ¼vf/kdre osx½  

 
5*.# As shown in figure a horizontal platform with a mass m placed on it is executing SHM along y-axis. If 

the amplitude of oscillation is 2.5 cm, the minimum period of the motion for the mass not to be detached 
from the platform is :(g = 10 m/sec2 = 2)  

 fn;s x;s fp=k esa ,d {kSfrt vk/kkj ij ,d nzO;eku m j[kk gS rFkk vk/kkj Y v{k ds vuqfn'k ljy vkorZ xfr djrk 
 gSA ;fn nksyuksa dk vk;ke 2.5 lseh gS rks xfr dk U;wure vkorZ dky D;k gksxk  rkfd nzO;eku vk/kkj ls vyx u 
 gks]  (g = 10 m/sec2  =2  ekfu;s) 

     

 

 

 (A) 
10


s  (B*) 

10


s  (C) 

10


s  (D*) 

1

10
s.  

Sol. acceleration Roj.k a = 2x 

maximum acceleration vf/kdre Roj.k  amax = 2A = 

2
2

T

 
 
 

2.5

100
 

 When block and platform are separated 
 tc oLrq rFkk IysVQkeZ vyx gksrs gSA  

  amax = g = 10 

 
2

2

4

T


. 

1

40
 = 10   T2 = 

2

100


 T = /10sec 
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6.* For a body executing SHM with amplitude A, time period T, maximum velocity vmax and phase constant 

zero, which of the following statements are correct for 0   t  
T

4
(y is displacement from mean position) ? 

 ,d oLrq] vk;ke A, vkorZdky T, vf/kdre osx vmax rFkk izkjfEHkd dyk fLFkjkad 'kwU; ls ljy vkorZ xfr djrh gSA 

fuEu esa ls dkSuls dFku 0   t  
T

4
 ds fy, lR; gSa ¼ek/; fLFkfr ls foLFkkiu y  gS½&  

 (A*) At y = (A/2), v > (vmax/2)   (B*) for v = (vmax/2),  y > (A/2) 
 (C*) For t = (T/8), y > (A/2)   (D*) For y = (A/2), t < (T/8) 

 (A*) y = (A/2) ij v > (vmax/2)    (B*) v = (vmax/2) ds fy,] y > (A/2) 

 (C*) t = (T/8) ds fy, y > (A/2)   (D*) y = (A/2) ds fy, t < (T/8) 

Sol. For S.H.M l-vk-x- ds fy;s   

 y = A sin t = A sin 
2 t

T

 
 
 

 

 v =  2 2A – y   vmax = A 

 (A) At y = A/2 ij   

 v = 
2 2A – A / 4  = 

3 A

2


 > 

A

2


 

 (B) For v = maxV

2
  ds fy;s    2 2A – y  = 

A

2


 

  A2 – y2 = 
2A

4
   y = 

3A

2
 > 

A

2
 

 (C) for t = T/8 ds fy;s   

  y = A sin
2 .T

8.T

 
 
 

  = A
2

 > 
A

2
 

 (D) for y = A/2 ds fy;s  A/2 = A sin 
2 t

T

 
 
 

  

    
2 t

T


 = /6  t = 

T

12
 < T/8 

 
7.* The potential energy of a particle of mass 0.1 kg, moving along the x-axis, is given by U = 5x (x – 4) J, 

where x is in meters. It can be concluded that     

 ,d d.k ftldk nzO;eku 0.1 fdxzk gS] x-v{k ds vuqfn'k xfr djrk gSA bldh fLFkfrt ÅtkZ U = 5x  (x – 4) J, 

lehdj.k }kjk nh tkrh gS] tgka x ehVj esa gSA ;g fu"d"kZ fudkyk tk ldrk gS fd & 

 (A) the particle is acted upon by a constant force 

 d.k ij fu;r cy yx jgk gSA  

 (B*) the speed of the particle is maximum at x = 2 m 

 d.k dh pky x = 2 eh- ij vf/kdre gSA    

 (C*) the particle executes SHM 

 d.k ljy vkorZ xfr dj jgk gSA  

 (D*) the period of oscillation of the particle is (/5) sec 

 d.k ds nksyuksa dk vkorZdky /5 lSd.M gSA   
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Sol. F = 
–du
dx

 = –[10x – 20] = 20 – 10x 

 acceleration Roj.k a = 
20 – 10x

m
 = 100(2–x) = 2(x – 2) 

 a = 0 at x = 2  So V is maximum at x = 2 
 x = 2 ij a = 0 gS vr% V,  x = 2 ij vf/kdre gSA 

 This is equation of S.H.M so particle executes S.H.M 
 ;g l-vk-x- dh lehdj.k gS vr% d.k l-vk-x- djrk gSA 

 also rFkk 2 = 100    = 10 

  T = 
2


 = /5 sec. 

8.* A particle free to move along the x-axis has potential energy given by U(x) = k[
2x1 e ]  

for -  x  + ,  where k is a positive constant of appropriate dimensions. Then select the incorrect 
options:      

 ,d d.k tks fd x-v{k ds vuqfn'k xfr djus ds fy, Lora=k gS fd fLFkfrt ÅtkZ  -  x  +   ds fy, lehdj.k  

U(x) = k[
2x1 e ] ls çnf'kZr gS] tgk¡  k mi;qDr foekvksa ds lkFk /kukRed fu;rkad gS rks vlR; dFkuksa dk pqfu;s %  

 (A*) at points away from the origin, the particle is in unstable equilibrium. 
 ewy fcUnq ls nwj okys fcUnqvksa ij d.k vLFkkbZ lkE;koLFkk esa gksxkA 

 (B*) for any finite non-zero value of x, there is a force directed away from the origin. 
 x ds fdlh Hkh fuf'pr v'kwU; eku ds fy, ges'kk ,d cy ewy fcUnq ls nwj yxsxkA 

 (C*) if its total mechanical energy is k/2, it has its minimum kinetic energy at the origin. 
 ;fn bldh dqy ;kaf=kd ÅtkZ k/2 gS rks bldh fuEure xfrt ÅtkZ ewy fcUnq ij gksxhA 

 (D) for small displacements from x = 0, the motion is simple harmonic.  
 x = 0 ls y?kq foLFkkiuksa ds fy, ] xfr ljy vkorZ xfr gSA       

Sol. U (x) = 
2x1 e  

 It is an exponentially increasing graph of potential energy (U) with x2 . Therefore U versus x graph will 
be as shown.  

 From the graph it is clear that at origin 
 Potential energy U is minimum ( therefore, kinetic energy will be maximum ) and force acting on the 

particle is also zero because F = 
dU

dx


 = –(slope of U – x graph ) = 0. 

 Therefore, origin is the stable equilibrium position. Hence particle will oscillate simple harmonically 
about x = 0 for small displacements. Therefore, correct option is (D). 

 (A) At equilibrium position F = 
dU

dx


 = 0 i.e. slope of U-X graph should be zero and from the graph we 

can see that slope is zero at x = 0 and x = ±  . Now among these equilibriums stable equilibrium 
position is that where U is minimum ( Here x = 0 ). Unstable equilibrium position is that where U is 

maximum ( Here none). Neutral equilibrium position is that where U is constant (Here x = ± ). 
Therefore, option (A) is wrong. 

 (B) For any finite non-zero value of x, force is directed towards the origin,  
 because origin is in stable equilibrium position. Therefore, option (B) is  
 incorrect. 
 (C) At origin, potential energy is minimum, hence kinetic energy will be  
 maximum. Therefore, option (C) is also wrong.  

     

 U 

K 

x              
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SOL. U (x) = 
2xK(1 e )  

 ;g fLFkfrt ÅtkZ (U) dk x2  ds lkFk pj?kkrkadh c<rk gqvk xzkQ gSA vr% U vkSj X ds e/; xzkQ fp=kkuqlkj gksxkA  
 xzkQ ls ;g Li"B gs fd ewyfcUnw ij fLFkfrt ÅtkZ U U;wure gS ( vr% xfrt ÅtkZ vf/kdre gksxh) vkSj d.k ij 

yxus okyk cy Hkh 'kwU; gksxk D;ksfd      F = 
dU

dx


 = –(U – x xzkQ dk <ky ) = 0 

 vr% ewyfcUnq LFkk;h lkE;koLFkk dh fLFkfr gS vr% d.k x = 0 ds lkis{k NksVs foLFkkiu ds fy;s d.k ljy vkorZ xfr 
djsxkA vr% fodYi (D) lgh gSA 

 (A) lkE;oLFkk ij F = 
dU

dx


 = 0 gS vr% U-X xzkQ dk <ky 'kwU; gksxk vkSj xzkQ ls ge dg ldrs gS fd x = 0 rFkk 

x = ±  ij <ky 'kwU; gSA vc bu lkE;koLFkkvks esa ls LFkk;h lkE;koLFkk ij U dk eku U;wure gksxkA (;gk¡ x = 0) 

vLFkk;h lkE;koLFkk ij U vf/kdre gksrh gSA ( ;gka ij dksbZ ugh) rFkk mnklhu lkE;okLFkk ij U fu;r ( ;gka x = ± 

) gksrh gS vr% fodYi (A) xyr gSA 

 (B) x ds fdlh Hkh ifjfer v'kwU; eku ds fy, cy ewyfcUnq dh vksj gksxk D;ksfd  
 ewyfcUnq LFkk;h lkE;koLFkk dh fLFkfr gSA vr% fodYi (B) xyr gSA 

 (C) ewyfcUnq ij fLFkfrt ÅtkZ U;wure gS vr% xfrt ÅtkZ vf/kdre gksxhA  
 vr% fodYi (C) Hkh xyr gSA     

 U 

K 

x  
 

9.*# A ball is hung vertically by a thread of length '' from a point 'P' of an inclined wall that makes an angle '' 

with the vertical. The thread with the ball is then deviated through a small angle '' () and set free. 
Assuming the wall to be perfectly elastic, the period of such pendulum is/are 

,d >qdh gqbZ nhokj tks fd Å/oZ ls '' dks.k cukrh gS] ds ,d fcUnq P ls ,d '' yEckbZ dh jLlh }kjk ,d xsan dks 
yVdk;k tkrk gSA jLlh dks xsan lfgr vYi dks.k '' () }kjk foLFkkfir djds Lora=k NksM+rs gSaA nhokj dks 
iw.kZr% izR;kLFk ekurs gSaA bl izdkj ds yksyd dk vkorZdky gksxk@gksxs& 

     

 

  
 

P 

 

 (A) 12 sin
g

  
    

   (B*) 12 sin
g 2

   
    

 

 (C) 12 cos
g

  
    

   (D*) 12 cos
g

  
    
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Sol. maxm amplitude vf/kdre  vk;ke =  
 So time to travel angle  vr%  dks.k r; djus esa yxk le;  

  x = x0 sin t  

   =  sin t 

  t = 
1


 sin–1 




 

 Now period of pendulum = 
1

2
 (actual time period) +2 (time to travel angle ) 

 vc yksyd dk vkoZrdky = 
1

2
 (okLrfod vkorZdky) +2 (dks.k r; djus es yxk le;) 

 = 
1

2
. 2

g
 + 2

g
  sin–1




  

 = 2 
g

–1/ 2 sin
  
     

 

 Also if time taken to travel from right extreme position to wall is t then  

 ;fn nka;h lhekUr fLFkfr ls nhokj rd tkus esa yxk le; t gS rks  
 –  =  cos t 

   cost = – 



 

 t = –11 –
cos

 
   

 

 T = 2t = –12 –
cos

 
   

 

 T = –1 –
2 cos

g

 
  

 

 

10.* If a SHM is given by y = (sin t + cos t) m, which of the following statements are true? 

 ;fn ,d ljy vkorZ xfr dks y = (sin t + cos t) m }kjk çnf'kZr djsa rks fuEu ls dkSuls dFku lR; gSA 

 (A) The amplitude is 1m   vk;ke dk eku 1 eh- gSA 

 (B*) The amplitude is 2 m  vk;ke dk eku 2 eh- gSA 

 (C*) Time is considered from y = 1 m y = 1 eh- ls le; çkjEHk gksxkA 

 (D) Time is considered from y = 0 m y = 0 eh- ls le; çkjEHk gksxkA  

Sol. Given fn;k gS y = (sin t + cos t) y = 2  sin (t + /4) 

 So vr% A = 2  m and rFkk at   t = 0 ij y = 1m 

 

11.* The position of a particle at time t moving in x-y plane is given by r  = ( î  + 2 ĵ ) A cos t. Then, the 

motion of the particle is :    

 x - y ry esa xfr djrs gq, ,d d.k dk fLFkfr lfn'k le; ds lkFk lehdj.k r  = ( î  + 2 ĵ ) A cos t. ds vuqlkj 

cnyrk  gSA d.k dh xfr gksxh & 

 (A*) on a straight line  ,d ljy js[kk ij  (B) on an ellipse  ,d nh?kZ o`Ùk ij 

 (C*) periodic   vkorhZ   (D*) SHM  ljy vkorhZ 

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 30 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. r


 = A cos t î   + 2A cos t ĵ    x =  A cos t , y = 2A cos t so vr%  y = 2x 

 | r


| = Acos t. 5  = 5 A cos t   

 So motion is at straight line, periodic and  S.H.M 

 vr% xfr ljy js[kk ij vkorhZ o l-vk-x- gSA 
 
12*. Three simple harmonic motions in the same direction having the same amplitude a and same period 

are superposed. If each differs in phase from the next by 450, then, 

 rhu ljy vkorZ xfr;ka tks fd leku fn'kk esa gSa rFkk budk vk;ke a o vkorZdky leku gS ] ,d nwljs ij 
v/;kjksfir gksrh gSaA ;fn çR;sd vius vxys okyh ls 450 dykUrj ls fHkUu gS] rks % 

 (A*) the resultant amplitude is (1+2)a  

 ifj.kkeh vk;ke  (1+2)a gksxkA 

 (B) the phase of the resultant motion relative to the first is 900. 

 ifj.kkeh xfr dh dyk çFke ds lkis{k 900 ij gksxhA 

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

 ifj.kkeh xfr ls lEcfU/kr ÅtkZ fdlh Hkh ,d xfr ls lEcfU/kr ÅtkZ dh (3+ 22) xquk gksxhA 

 (D) the resulting motion is not simple harmonic. 

 ifj.kkeh xfr ljy vkorhZ ugha gksxhA  

Sol. From superposition principle 

 1 2 3y y y y     

  = a sin t + a sin (t + 45º) + a sin (t + 90º)   

  = a {sin t + sin (t + 90º)} + a sin (t + 45º) 

  = 2 a sin (t + 45º) cos 45º + a sin (t + 45º)   

  = ( 2  + 1) a sin (t + 45º) 

  = A sin (t + 45º ) 
 Therefore, resultant motion is simple harmonic of amplitude 

                                  A =  ( 2  + 1) a 
 and which differ in phase by 45º relative to the first. 

 Energy in SHM ( amplitude)2 [E = 
1

2
m A2 2 ] 

  

2
2resul tan t

single

E A
( 2 1) (3 2 2)

E a

      
 

 

  Eresultant = (3 + 2 2 ) Esingle 

 

 v/;kjksi.k fl}kUr ls 1 2 3y y y y    

  = a sin t + a sin ( t + 45º ) + a sin (t + 90º)   

  = a { sin t + sin (t + 90º ) } + a sin (t + 45º) 

  = 2 a sin ( t + 45º) cos 45º + a sin ( t + 45º )   

  = ( 2  + 1) a sin (t + 45º ) 

  = A sin (t + 45º ) 

 vr% ifj.kkeh xfr ljy vkoÙkZ xfr gS ftldk vk;ke  

                                   A =  ( 2  + 1) a 

 vkSj ;g izFke ds lkis{k 45º dykUrj ij gSA 

 SHM es ÅtkZ ( vk;ke )2 [E = 
1

2
 m A2 2 ] 

  

2
2 E A

( 2 1) (3 2 2)
E a

      
 

ifj.kkeh 

,dy

  E
ifj.kkeh

  = (3 + 2 2 ) E
,dy
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PART - IV : COMPREHENSION 

Hkkx - IV : vuqPNsn (COMPREHENSION) 

 
Comprehension # 1    
 A 2kg block hangs without vibrating at the bottom end of a spring with a force constant of 400 N/m. The 

top end of the spring is attached to the ceiling of an elevator car. The car is rising with an upward 
acceleration of 5 m/s2 when the acceleration suddenly ceases at time t = 0 and the car moves upward 
with constant speed. (g = 10 m/s2)  

 cy fu;rkad 400 N/m dh fLizax ds fupys fljs ls 2 fdxzk- dk fi.M fcuk dEiUu ds yVdk gSA fLizax dk 'kh"kZ fljk 
fy¶V dh Nr ls tqM+k gSA fy¶V 5 eh-@ls-2 ds Åijh Roj.k ls mB jgh gSA tc t = 0 ij Roj.k vpkud [kRe gksrk gS] 
fy¶V ,d leku pky ls Åij dh vksj xfreku gSA (g = 10 eh-@ls-2)  

 
1. What is the angular frequency of oscillation of the block after the acceleration ceases? 

 Roj.k lekIr gksus ds i'pkr~ fi.M dh dks.kh; vko`fÙk D;k gS &    

 (A*) 10 2  rad/s (B) 20 rad/s  (C) 20 2  rad/s  (D) 32 rad/s 

Sol.  = 
K

m
 = 200  rad/s 

 
2. The amplitude of the oscillations is  

 dEiUu dk vk;ke gS & 

 (A) 7.5 cm  (B) 5 cm  (C*) 2.5 cm  (D) 1 cm 
 
3. The initial phase angle observed by an observer in the elevator, taking upward direction to be positive 

and positive extreme position to have /2 phase, is equal to 

 fy¶V esa lokj O;fä }kjk izsf{kr izkjfEHkd dyk dks.k gS] tc fd Åijh fn'kk dks /kukRed ysa rFkk /kukRed lhekUr 
voLFkk dks /2 dyk dks.k fLFkjkad ij ekusa & 

 (A) /4 rad  (B) /2 rad   (C)  rad   (D*) 3/2 rad   
Sol. 1 to 3 
 Maximum extension the spring from natural position is x. 
 Then mg + ma = kx  

  x = 
2 (10 5)

400


 = 7.5 cm 

 Extension of the spring when it is stretched to equilibrium line is x'. 
  mg =kx' 

   x' = 
2 10

400


 = 5 cm       

 Therefore amplitude A = x –x' = 2.5 cm 
 If upward direction is taken as positive at t = 0,  x = – A 

 Using x = A sin (t + ) 

  – A = A sin  

  = 
3

2


  

    

 

V=0 

Eq. line 

F=0  
  A 
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gy% 1 to 3 

 fLizax dh izkdf̀rd fLFkfr ls egRre f[kapko x gSA 

 rks mg + ma = kx 

  x = 
2 (10 5)

400


 = 7.5 cm 

 lkE;oLFkk ls fLizax f[kapus ij blesa f[kapko x' gSA 

  mg =kx' 

   x' = 
2 10

400


 = 5 cm       

 vr% vk;ke A = x –x' = 2.5 cm 

 ;fn Åij dh fn'kk dks /kukRed ysa] rks t = 0 ij x = – A 

 x = A sin (t + ) dk iz;ksx djus ij 

  – A = A sin  

   = 
3

2


 

    

 

V=0 

Eq. line 

F=0  
  A 

 
 
Comprehension # 2  
 A particle of mass 'm' moves on a horizontal smooth line AB of length 'a' such that when particle is at 

any general point P on the line two forces act on it. A force 
mg(AP)

a
 towards A and another force  

2mg(BP)

a
 towards B.  

 ,d 'm' nzO;eku dk d.k {kSfrt fpduh js[kk AB, ftldh yEckbZ 'a' gS] ij xfr dj jgk gSA tc d.k js[kk ds fdlh 

fcUnq P ij gksrk gS rks ml ij nks cy dk;Z djrs gSaA A dh vksj cy 
mg(AP)

a
 rFkk B dh vksj nwljk cy 

2mg(BP)

a
 dk;Zjr gSA 

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

 tc bl d.k dks js[kk AB ds e/; fojkekoLFkk ls NksM+k tkrk gS rks bl d.k dk vkorZdky Kkr djks .  

 (A) T = 
3a

2
g

  (B) T = 
a

2
2g

   (C) T = 
a

2
g

   (D*) T = 
a

2
3g

  

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

 xfr ds nkSjku] d.k dh B ls U;wure nwjh Kkr djksA 

 (A*) 
a

6
   (B) 

a

4
   (C) 

a

3
   (D) 

a

8
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6.  If the force acting towards A stops acting when the particle is nearest to B then find the velocity with 
which it crosses point B. 

 tc d.k B ds lcls fudV gksrk gS rks d.k ij A dh vksj yxus okyk cy dk;Z djuk cUn dj nsrk gS rks ftl osx 
ls ;g fcUnq B dks ikj djsxk og osx Kkr djks \ 

 (A) 
2ga

3
  (B*) 

2ga

6
  (C) 

2ga

5
  (D) 

ga

3
 

 Ans.    T = 
a

2
3g

 , A = 
a

6
, 

a

6
, 1/ 6 2ag   

Sol. (i)   

 

 

 
 force on particle at point P 

 fcUnq P ij fLFkr d.k ij cy  

  F = 
2mg(a – x)

a
 – 

mg(x)

a
 

  F = 
mg

a
 (2a – 3x)  

  F = 
–3mg

a
 (x – 2a/3) 

 (ii) So this is equation of S.H.M (F = mx) so particle perform S.H.M with mean position x – 2a/3 = 0 

    vr% ;s lehdj.k l-vk-x- dh lehdj.k gSA (F = mx) vr% d.k l-vk-x- djsxk ftldh ek/; voLFkk gS  
x – 2a/3 = 0    x = 2a/3 (from point A) fcUnq A ls  

 So vr%  2 = 
3g

a
   = 3g/a  

 So Time period  vr% vkoZrdky T = 2 a /3g   

 and amplitude vkSj vk;ke = 2a/3 – a/2 = a/6 

 (iii) minimum distance from B  ls U;wure nwjh = a – (2a/3 + a/6) = a/6 

 (iv)   

  

 

 
 at point P velocity of particle = 0 

 fcUnq P ij d.k dk osx = 0 

 and force vkSj cy = 
2mg x

a
 

 (at point q) (q fcUnq ij ) 

 acc. Roj.k  = 
2g x

a
  

v

o

v dv  = 

a / 6

o

2gx dx

a   V = 
2ga

6
 

 

Comprehension # 3     
 Spring of spring constant k is attached with a block of mass m1 as shown in figure. Another block of 

mass m2 is placed against m1 and both masses lie on smooth incline plane. 

 k fLiazx fu;rkad dk fLizax m1 nzO;eku ds fi.M ls tqM+k gS rFkk nwljk m2 nzO;eku dk fi.M igys fi.M dks nckrs gq, 
 fp=kkuqlkj fpdus ur ry ij j[ks gq, gSaA 
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7. Find the compression in the spring when the system is in equilibrium. 

 tc fudk; lkE;koLFkk esa gS rc fLçax dk lEihM+u Kkr djks \ 

 (A) 1 2(m m ) gsin

2k

 
   (B*) 1 2(m m ) gsin

k

 
   

 (C) 1 2(m m )g

k


    (D) 1 22(m m ) gsin

k

 
 

 

8. From the equilibrium position the blocks are pushed a further distance 1 2

2
(m m )gsin

k
   against the 

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

 lkE;koLFkk ls fi.Mksa dks (2/k) (m1 + m2) g sin  nwjh rd vksj T;knk nckdj NksM+k tkrk gSA tc ;g i`FkDd`r gksrs 
gSa ml le; nksuksa fi.Mksa dh mHk;fu"B pky Kkr dhft,A  

 (A) 1 2

1
(m m ) gsin

3k

 
   

 
  (B) 1 2

2
(m m ) gsin

k

 
   

 
   

 (C*) 1 2

3
(m m ) gsin

k

 
   

 
  (D) 1 2

1
(m m ) gsin

k

 
   

 
 

Sol.  At equilibrium position lkE;koLFkk dh fLFkfr ij  :   

 Kx0 = m1g sin + m2g sin  

 x0 = 1 2(m m )g sin

k

 
  

 Block will separate when acceleration of block of  

 mass m1 will be just equal to g sin   

 tc m1 nzO;eku ds CykWd dk Roj.k g sin ds cjkcj gksxk CykWd vyx & vyx gks tk;sxsA  

  a = 2x = g sin  

  
1 2

K

m m
 × x  = g sin  

  1 2m m
x

K


  g sin  =  x0  

 So, blocks will separate when blocks are at distance x = 1 2m m

K


 g sin

 vr% tc CykWd ek/;oLFkk ls x = 1 2m m

K


 g sindh nwjh ij gksxs CykWd vyx vyx gks tk;sxsA 

 From mean position  

 i.e. spring is at its natural position (amplitude A = 1 2

2
(m m )gsin

K

   
 

) 

 tc fLizax bldh izkd`frd fLFkfr es gSA (vk;ke A = 1 2

2
(m m )gsin

K

   
 

)    

   

 

 
 Blocks will separate at distance x = x0 from mean position. 

 ek/;oLFkk ls x = x0 nwjh ij CykWd vyx gks tk;sxsA 

  v = 2 2
0A x  

  = 
1 2

K

m m

22

1 2
1 2

m m2
(m m )gsin gsin

K K

         
    

  

  = 1 2

3
(m m ) gsin

k
   
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PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 
 

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 
 

 Marked Questions may have for Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA  
 

* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gSA   
 

1*. Function x = Asin2t + B cos2t + C sint cost represents SHM 

 x = Asin2t + B cos2t + C sint cost Qyu ljy vkorZ xfr çnf'kZr djsxkA  [JEE 2006, 5/184,–1] 

 (A*) for any value of A, B and C (except C = 0) (B*) If A = – B, C = 2B, amplitude = B 2  

 (C) If A = B ; C = 0    (D*) If A = B ; C = 2B, amplitude = |B| 

 (A*) A, B rFkk C ds fdlh Hkh eku ds fy, (C = 0 dks NksM+dj) 

 (B*) ;fn A = – B, C = 2B, vk;ke = B 2  

 (C) ;fn A = B ; C = 0  

 (D*) ;fn A = B ; C = 2B , vk;ke = |B| 

Ans. (A,B, D)   

Sol. x = A
(1 cos2 t)

2

 
  + B

(1 cos2 t)

2

 
   + 

C

2
 sin 2t  

 Choose different combinations of  A, B & C to get linear combination of sin & cos functions.  

 A, B rFkk C ds fHkUu&fHkUu ekuksa ds fy;s sin o cos Qyu ds js[kh; feJ.k izkIr djksA  
 

2.# Column I gives a list of possible set of parameters measured in some experiments. The variations of 
the parameters in the form of graphs are shown in Column II. Match the set of parameters given in 
Column I with the graphs given in Column II.     [IIT-JEE 2008, 6/163 ]  

 

   Column I     Column II 
 

 (A)  Potential energy of a simple pendulum    (p) 

 

 

  (y–axis) as a function of displacement (x–axis) 
 

 (B)  Displacement (y–axis) as a function of time   (q) 

 

 

  (x–axis) for a one dimensional motion at zero or  
  constant acceleration when the body is moving  
  along the positive x–direction.  
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 (C)  Range of a projectile (y–axis) as a function   (r) 

 

  

  of its velocity (x–axis) when projected at a fixed angle. 
 

 (D)  The square of the time period (y–axis) of a   (s) 

 

 

  simple pendulum as a function of its length (x–axis). 
 

Ans.  (A)  (p) ;  (B)  (q, s) ;  (C)  (s) ;  (D)   (q) 
 

Sol. (A) From nature of SHM, the graph of potential energy as function of displacement will be parabolic 

 graph as given in option p.     Hence (A)  (p) 
 (B) a = 0 or a = constant. (as per given condition) 
  V > 0 moving along positive x-axis 
  y – displacement 

  y = ut ± 
1

2
at2 for  a = constant 

  y = vt  for  a = 0 

  These two conditions are satisfied by (q) and (s).    (B)  (q, s) 
  (p) Is rejected because at t = 0 the displacement is not zero and velocity has negative values.  

 (C) R = 
2u sin(2 )

g


 and R  u2  for a fixed angle of projection. at  u = 0, R = 0 

           (C)  (s) 

 (D) T = 2
g

      T2 = 24
g

    y = 
24

x
g


  (D)   (q) 

 dkWye I esa laHkkoh iSjkehVjksa (parameters) ds leqPp; (set) dh lwph nh xbZ gSA bu iSjkehVjksa ds ifjorZu dks xzkQ 
ds :i esa n'kkZ;k x;k gS ¼dkWye II½A dkWye I esa fn;s x;s iSjkehVjksa dk dkWye II esa fn;s x;s xzkQ leqy (match) 

djsaA vius mÙkj dks ORS esa fn;k x;k 4 × 4 eSfVªDl ds mfpr cqYyksa dks dkyk djds n'kkZ;saA  
         [IIT-JEE 2008, 6/163 ]  

  dkWye I      dkWye II 

 (A)  ,d ljy yksyd (simple pendulum) dh   (p) 

 

 

  fLFkfrt ÅtkZ (y–v{k) cuke foLFkkiu (x–v{k) 
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 (B)  'kwU; vFkok fLFkj Roj.k ij ,d foeh; xfr ds fy;s  (q) 

 

 

  foLFkkiu (y–v{k) cuke le; (x–v{k) (xfr dsoy 
  + x fn'kk esa gS) 

 (C)  ,d fu;r dks.k ij iz{ksfir iz{ksI; dh ijkl   (r) 

 

  

  (y–v{k) cuke mldk osx (x–v{k)  

 (D)  ,d ljy yksyd ds vkorZ dky dk oxZ (y–v{k)  (s) 

 

 

  cuke mldh yEckbZ (x–v{k) 
Ans.  (A)  (p) ;  (B)  (q, s) ;  (C)  (s) ;  (D)   (q) 

Sol. (A) SHM dh izd`fr ls] fodYi p ls fn;s x, xzkQ ls fLFkfrt ÅtkZ&foLFkkiu dk Qyu ijoy; gksxk  
        vr% (A)  (p) 

 (B) a = 0 ;k a = fu;r (nh xbZ 'krZ ls) 
  V > 0 ;g /kukRed x-v{k ds vuqfn'k gSA 

  y – foLFkkiu 

  y = ut ± 
1

2
at2 for  a = fu;r 

  y = vt  for  a = 0 

 ;g nksuksa fLFkfr;ka (q) o (s) }kjk larq"V gksrh gSA   (B)  (q, s) 

 (p) dks ugh fy;k x;k gS pwafd t = 0 ij foLFkkiu 'kwU; ugh gS rFkk osx dk _.kkRed eku gSA 

 (C) R = 
2u sin(2 )

g


 and R  u2  ,d fu;r iz{ksi.k dks.k ds fy, 

  rFkk u = 0, R = 0     (C)  (s) 

 (D) T = 2
g

      T2 = 24
g

      y = 
24

x
g


   (D)   (q) 
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Comprehension # 1 vuqPNsn # 1 

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

rolls without slipping with velocity 0 0
ˆV V i . The coefficient of friction is . [JEE-2008, 3×4/163] 

 Figure :  

 fp=kkuqlkj ,dleku (uniform) iryh csyukdkj pdrh] ftldk nzO;eku M rFkk f=kT;k R gS] nks loZle nzO;eku 
jfgr fLizax (spring) ds }kjk] ftudk fLizax fLFkjkad k gS] nhokj ls tqM+h gSaA nksuksa fLçax pdrh ds dsUnz ls d dh 
lefer (symmetric) nwjh ij] /kqjh ls layXu gSaA /kqjh nzO;eku jfgr gS rFkk nksuksa fLizax vkSj /kqjh ,d {kSfrt lery 
ij gSaA izR;sd fLçax dh lkekU; yackbZ L gSA izkjaHk esa pdrh dk nzO;eku dsUnz lkE;koLFkk esa nhokj ls L dh nwjh ij 

gSA fMLd fcuk fQlys 0 0
ˆV V i  dh xfr ls yq<+drh gSA ?k"kZ.k xq.kkad gSA   [JEE-2008, 3×4/163] 

 fp=k % 

     

 

 
3. The net external force acting on the disk when its centre of mass is at displacement x with respect to its 

equilibrium position is  

 tc pdrh dk nzO;eku dsUnz (centre of mass) bldh lkE;koLFkk ls x dh nwjh ij foLFkkfir gS] pdrh ds Åij 
yxus okyk dqy ckgjh cy fuEu gS  

 (A) –kx   (B) –2kx  (C) 
2kx–
3

  (D*) 
4kx–
3

 

Sol. Applying equation of torque about lowest point  

 lcls fuEure fcUnq ij cyk?kw.kZ dk lehdj.k yxkus ij 

  (2Kx) R  = 23
MR

2

   
 

  R = 
4Kx

3M
 

 as there is no slipping pwafd dksbZ fQlyu ugha gSA 

  a = R = 
4Kx

3M
                     

 Net force dqy cy  = Ma = 
4Kx

3
 

 Which is directed opposite to displacement tks fd foLFkkiu ds foijhr gSA  

  Fnet = 
4Kx

3


  Ans. (D)  
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4. The centre of mass of the disk undergoes simple harmonic motion with angular frequency  equal to  

 pdrh dk nzO;eku dsUnz ljy vkorZ xfr djrk gS] ftldh dks.kh; vkof̀Ùk  dk eku fuEu gS 

 (A) 
k

M
  (B) 

2k

M
  (C) 

2k

3M
  (D*) 

4k

3M
 

Sol. Fnet = 
4kx

3
  = –M(2x) 

  = 
4k

3M
  Ans. (D). 

 

5. The maximum value of V0 for which the disk will roll without slipping is  

 V0 dk og egÙke eku ftlds fy;s pdrh fcuk fQlys yq<+drh gS  

 (A) 
M

g
k

   (B) 
M

g
2k

   (C*) 
3M

g
k

   (D) 
5M

g
2k

  

Sol. 
1

2
MV0

2 +
1

2

22
0VMR

2 R

 
 
 

=
1

2
(2K)x2

max 

 = 
3

2
MV0

2 = 2kx2
max      xmax = 

2
0MV3

4 K
  

 

 
 At extreme position, friction will have maximum value. 

 pje fLFkfr ij] ?k"kZ.k vf/kdre gksxkA 

  2kxmax – fmax = max

4k
x

3
     fmax = 

2

3
kxmax 

  Mg = 
2

0MV2 3
k

3 4 K
      Mg = 0

K
M V

3

 
  
 

 

  V0 = 
3M

g
K

    Ans. (C). 

 

6.# The x-t graph of a particle undergoing simple harmonic motion is shown below. The acceleration of the 
particle at t = 4/3 s is       [IIT-JEE 2009, 3/160, –1]  

 ljy vkorZ xfr djrs gq, fdlh d.k dk x-t vkjs[k uhps n'kkZ;k x;k gSA le; t = 4/3 lSds.M ij d.k dk Roj.k gS 

     

0 4 8 12
t(s)

1

–1

x
(c

m
)

 

 (A) 23

32
  cm/s2  (B) 

2

32


 cm/s2  (C) 

2

32


 cm/s2  (D*) 23

32
  – cm/s2  
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Solution : From graph (xzkQ ls)  

  T = 8 second., A = 1 cm, x = A sint. = 1sin
2

8


t. 

  a = – 2x = – 

2
2

8

 
 
 

sin
2

8

 
 
 

t  cm/s2 

  At,  t = 
4

3
second ij  a = 

2
2

8

 
 
 

 – 
3


 sin = –

23

32


  cm/s2 

 
7.# A uniform rod of length L and mass M is pivoted at the centre. Its two ends are attached to two springs 

of equal spring constants k. The springs are fixed to rigid supports as shown in the figure, and the rod is 

free to oscillate in the horizontal plane. The rod is gently pushed through a small angle  in one 
direction and released. The frequency of oscillation is :   [IIT-JEE 2009, 3/160, –1 ]  

 fp=kkuqlkj yEckbZ L o nzO;eku M dh ,dleku NM+ vius dsUnz ij dhyfdr gSA bl NM+ ds fljksa ij k fLçax 
fu;rkad ds ,d tSls fLçax yxs gS ftuds fljs n`<+ vkyEcksa ls tqM+s gSA NM+ {kSfrt ry esa LorU=k :i ls nksyu dj 
ldrh gSA NM+ dks ,d NksVs dks.k  ls ?kqek dj NksM+ fn;k tkrk gSA NM+ ds nksyu dh vko`fÙk gksxhA   

 

 

 (A) 
1 2k

2 M
  (B) 

1 k

2 M
  (C*) 

1 6k

2 M
  (D) 

1 24k

2 M
 

Sol.    

 

 

 

 Torque about P = (kx) 
L

2
 + (kx) 

L

2
 = kxL ( =

2x

L
) 

  =    

  –
2 2KL ML

2 12
        

6K

M

 
 =      = – 

6K

M
 = 2  

   = 
6K

M
 and f = 

2




 = 
1 6K

2 M
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Sol.  (C)  

 

 

 

  P ds lkis{k cy vk?kw.kZ = (kx) 
L

2
 + (kx) 

L

2
 = kxL ( = 

2x

L
) 

   =    

  –
2 2KL ML

2 12
        

6K

M

 
 =     = – 

6K

M
 = 2  

   = 
6K

M
 vkSj f = 

2




 = 
1 6K

2 M
 

 
8.# The mass M shown in the figure oscillates in simple harmonic motion with amplitude A. The amplitude 

of the point P is         [JEE 2009, 3/160, –1] 

 fp=k esa fn[kk;k x;k nzO;eku M ljy vkorZ xfr dj jgk gS ftldk vk;ke A gSA fcUnq  P dk vk;ke gksxk 
 

M 

k 2 k 1 

P  

 (A) 1

2

k A

k
  (B) 2

1

k A

k
  (C) 1

1 2

k A

k k
  (D*) 2

1 2

k A

k k
 

Sol.   

 

 

 
  Extensions in springs are x1 and x2 then 

  fLçaxksa esa foLrkj x1 o x2 gS rc 

  k1x1 = k2x2  

  and vkSj x1 + x2 = A 

   x1 + 1 1

2

k x

k
 = A   x1 = 2

1 2

k A

k k
 

 

Comprehension # 2 vuqPNsn # 2 

 

 When a particle of mass m moves on the x-axis in a potential of the form V(x) = kx2, it performs simple 

harmonic motion. The corresponding time period is proportional to 
m

k
, as can be seen easily using 

dimensional analysis. However, the motion of a particle can be periodic even when its potential energy 
increases on both sides of x = 0 in a way different from kx2 and its total energy is such that the particle 
does not escape to infinity. Consider a particle of mass m moving on the x-axis. Its potential energy is 

V(x) = x4 ( > 0) for |x| near the origin and becomes a constant equal to V0 for |x|  X0 (see figure) 
           [JEE 2010, 9/160, –1] 
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tc m nzO;eku dk ,d d.k x-v{k ij V(x) = kx2 fLFkfrt ÅtkZ ls xfreku gksrk gS] rc ;g ljy vkorZ xfr djrk 

gSA bldk vkorZdky 
m

k
 ds lekuqikrh gksrk gS] tks fd foeh; fo'ys"k.k }kjk vklkuh ls fudkyk tk ldrk gSA 

gkaykfd] ;fn fdlh ,d d.k dh fLFkfrt ÅtkZ x = 0 ds nksuksa rjQ kx2 ls fHkUu rjg ls c<+s] rFkk d.k dh dqy ÅtkZ 
bruh gks fd og vuUr rd iyk;u u dj lds] rc Hkh d.k dh xfr vkorhZ gks ldrh gSA m nzO;eku dk ,d d.k  
x-v{k ij xfr djrk gSa tgka |x| ds dsUnz ds ikl gksus ij fLFkfrt ÅtkZ V(x) = x4 ( > 0) gS rFkk |x|  X0  ds fy, 
fLFkfrt ÅtkZ V(x) = V0 gS ¼fp=k ns[ksa½       [JEE 2010, 9/160, –1] 

     

 

 
 
9. If the total energy of the particle is E, it will perform periodic motion only if : 

 ;fn ,d d.k dh lexz ÅtkZ E gS rks og vkorhZ xfr rHkh lEiUu dj ldrk gS dsoy tc  

 (A) E < 0  (B) E > 0  (C*) V0 > E > 0  (D) E > V0 

Sol. When 0 < E < V0 there will be acting a restoring force to perform oscillation because in this case particle 

will be in the region |x|  x0 . 

Sol. tc 0 < E < V0 , ;gk nksyu djus ds fy, ,d izR;ku;u cy dk;Zjr gS D;ksfd bl fLFkfr esa d.k {ks=k |x|  x0 esa 
jgrk gSA  

 

10. For periodic motion of small amplitude A, the time period T of this particle is proportional to : 

 vYi vk;ke A ds nksyu ds fy,] d.k dk vkorZdky T fuEu esa ls fdlds lekuqikrh gS \ 

 (A) 
m

A


  (B*) 
1 m

A 
  (C) A

m


  (D) 

1

A m


 

Sol. V = x4 

 T.E. = 
1

2
 m2A2 = A4 (not strictly applicable just for dimension matching it is used) 

 T.E. = 
1

2
 m2A2 = A4 (iw.kZr% ykxw ugh gS dsoy ;g foeh; :i ls feyku ds fy, mi;ksxh gS) 

 2 = 
22 A

m


   T  

1 m

A 
 

 

11. The acceleration of this particle for |x| > X0 is : |x| > X0 ds fy;s d.k dk Roj.k % 

 (A) proportional to V0    (B) proportional to 0

0

V

mX
  

 (C) proportional to 0

0

V

mX
   (D*) zero 

 (A) V0 ds lekuqikrh gS    (B) 0

0

V

mX
 ds lekuqikrh gS   

 (C) 0

0

V

mX
 ds lekuqikrh gS   (D*) 'kwU; gS 
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Sol. F = 
dU

dx
  

 as for |x| > x0  V = V0  =  constant 

 tSlk fd |x| > x0 ds fy,  V = V0  =   fu;rkad   

  
dU

dx
 = 0  F = 0 

 

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

     

 

 
 (A*) Restoring torque in case A = Restoring torque in case B  
 (B) Restoring torque in case A < Restoring torque in case B  
 (C) Angular frequency for case A > Angular frequency for case B. 
 (D*) Angular frequency for case A < Angular frequency for case B.  

 yEckbZ 'L' o nzO;eku 'm' dh ,d /kkrq&NM+ vius ,d fljs ij dhfyr gSA 'R' (<L) f=kT;k o 'M' nzO;eku dh ,d 
fMLd NM+ ds eqDr fljs ij vius dsanz ls nks rjg ls dhfyr dh tkrh gSA (fLFkfr A) fMLd vius dsanz ij ugha ?kwe 
ldrh vkSj ¼fLFkfr B) fMLd vius dsanz ij ?kweusa dks LorU=k gSA ,d gh foLFkkiu voLFkk ls NksM+us ij ;g 
NM+&fMLd fudk; m/okZ/kj ry esa ljy&vkorZ&nksyu (SHM) djrk gSA rc 

 

 
 (A*) fLFkfr A esa çR;ku;u vk?kw.kZ (Restoring torque) = fLFkfr B esa çR;ku;u vk?kw.kZ  

 (B) fLFkfr A esa çR;ku;u vk?kw.kZ < fLFkfr B esa çR;ku;u vk?kw.kZ  
 (C) fLFkfr A esa dks.kh; vkof̀Ùk > fLFkfr B esa dks.kh; vkof̀Ùk  

 (D*) fLFkfr A esa dks.kh; vko`fÙk < fLFkfr B esa dks.kh; vko`fÙk 
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Ans.  (A), (D)  

  

 

 
Sol.  torque is same for both the cases. 

 nksuksa izdj.kks esa cyk?kw.kZ leku gS  

 T = 2
mgd


  

 A > B  

 A < B  
  

Comprehension # 3 vuqPNsn # 3 

 Phase space diagrams are useful tools in analyzing all kinds of dynamical problems. They are 
especially useful in studying the changes in motion as initial position and momentum are changed. Here 
we consider some simple dynamical systems in one-dimension. For such systems, phase space is a 
plane in which position is plotted along horizontal axis and momentum is plotted along vertical axis. The 
phase space diagram is x(t) vs. p(t) curve in this plane. The arrow on the curve indicates the time flow. 
For example, the phase space diagram for a particle moving with constant velocity is a straight line as 
shown in the figure. We use the sign convention in which position or momentum. upwards (or to right) is 
positive and downwards (or to left) is negative.    [JEE 2011, 3×3/160, –1] 

 gj izdkj dh xfrdh; leL;kvksa ds fo'ys"k.k ds fy;s Qst&lef"V fp=kke (Phase space diagrams) dk mi;ksx 
fd;k tkrk gSA izkjfEHkd n'kk] fLFkfr o laosx] esa cnyko gksus ij budk mi;ksx pkyu es a mRiUu cnykoksa dks le>usa 
esa cgqr mi;ksxh gSA ;gk¡ ge ,d foeh; ljy xfrdh; fudk;ksa dh ckr djrs gSA buds fy;s Qst&lef"V lery gS 
ftlesa fLFkfr X-v{k ij rFkk laosx Y-v{k ij j[krs gSA rc Qst&lef"V fp=kke bl lery esa ,d x(t) vs. p(t) oØ 
gksxkA oØ ij rhj le; c<+us dh fn'kk n'kkZrk gSA mnkgj.k ds fy;s] fLFkj osx ls py jgs d.k ds fy;s Qst&lef"V 
fp=kke ljy&js[kk gS ftls fp=k esa fn[kk;k x;k gSA fpUg ifjikVh esa fLFkfr ;k laosx dks Åij (;k nkfgus) vksj 
/kukRed rFkk uhps (;k ck¡;h) vksj _.kkRed ekuk tkrk gSA    
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13.# The phase space diagram for a ball thrown vertically up from ground is : 

 tehu ls Åij dh vksj Qsadh xbZ xsan dk Qst&lef"V fp=kke gS  

 (A) 

 

Position 

Momentum 

  (B)  

 

Position 

Momentum 

 

 (C) 

 

Position 

Momentum 

  (D*) 

 

Position 

Momentum 

 

Sol. 

 

 

 

 

 
 

 
14.# The phase space diagram for simple harmonic motion is a circle centered at the origin. In the figure, the 

two circles represent the same oscillator but for different initial conditions, and E1 and E2 are the total 
mechanical energies respectively. Then 

 ljy&vkorZ&nksyu (SHM) dk Qst&lef"V fp=kke mnxe ij dsafnzr o`Ùk gSA fp=k esa n'kkZ;s nks o`Ùk] ,d gh nksyd 
ds fy;s gS] tc mldh vkjfEHkd voLFkk;sa fHkUu gSa] rFkk E1 o E2 Øe'k% nksyd dh dqy ;kaf=kd ÅtkZ, gSaA rc  

     

 

  
 (A) 1 2E 2 E  (B) 1 2E 2 E   (C*) 1 2E 4 E   (D) 1 2E 16 E  

 Ans. (C)  
Sol. In 1st case amplitude of SHM is a. 
 In 2nd case amplitude of SHM is 2a 

 Total energy = 
1

2
k(amplitude)2  

 E1 = 
1

2
k(2a)2 

 E2 = 
1

2
k(a)2 1 2E 4 E    
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Alternative : 
 Linear momentum  P = mv 

           = m
2 2A x  

     P2 = m22 (A2 – x2) 

     P2 + (m)2x2 = m22A2 ...(i) 
 Equation of circle (bigger) 
        P2  + x2 = (2a)2 
        P2 + x2 = 4a2   ...(ii) 
 Equation of circle (smaller) 
        P2 + x2 = a2              ...(iii) 
 Comparing (i) and (ii)  
 Amplitude       A = 2a 

 and (m)2 = 1     m2  = 
1

m
 

       2 21
m (A)

2
  

 So energy E1 = 2 21
m (2a)

2
  

          = 21 1
(4a )

2 m
  

         = 
22a

m
 

 Comparing (i) and (iii) 
 A = a 

 (m)2  = 1      m2 = 
1

m
 

 So E2 = 2 21
m A

2
  = 21 1

a
2 m
  = 

2

2

1 a

2 m

21 a

2 m
 

 So 1

2

E
4

E
    E1 = 4E2 

Sol.  izFke fLFkfr esa SHM dk vk;ke a gSA 

 f}rh; fLFkfr esa SHM dk vk;ke 2a gSA 

 dqy ÅtkZ = 
1

2
k(vk;ke)2  

 E1 = 
1

2
k(2a)2  E2 = 

1

2
k(a)2  

 1 2E 4 E   

oSdfYid : 

 js[kh; laosx P = mv 

         = m
2 2A x  

     P2 = m22 (A2 – x2) 

     P2 + (m)2x2 = m22A2 ...(i) 

 o`Ùk (cM+k okyk) dk lehdj.k   

        P2  + x2 = (2a)2 
        P2 + x2 = 4a2   ...(ii) 

 o`Ùk (NksVk okyk) dk lehdj.k   
        P2 + x2 = a2              ...(iii) 

 (i) rFkk (ii) dh rqyuk djus ij 

 vk;ke  A = 2a 
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 rFkk (m)2 = 1     m2  = 
1

m
 

       2 21
m (A)

2
  

 vr% ÅtkZ E1 = 2 21
m (2a)

2
  

          = 21 1
(4a )

2 m
  

         = 
22a

m
 

 (i) rFkk (iii) dh rqyuk djus ij 

 A = a 

 (m)2  = 1      m2 = 
1

m
 

 vr% E2 = 2 21
m A

2
  = 21 1

a
2 m
  = 

2

2

1 a

2 m

21 a

2 m
 

 vr% 1

2

E
4

E
    E1 = 4E2 

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

 fp=k esa n'kkZ;s vuqlkj fLizax&xqVdk fudk; ij /;ku ns] tgk¡ xqVdk ikuh esa Mwck gSA bl fudk; ds ,d nksyu djus 
 dk Qst&lef"V fp=kke gSA  

      

 

 

 (A) 

 

Position

Momentum 

   (B*) 

 

  

 (C) 

 

   (D) 

 

 

S.H.M. 
Ans.  (B) 
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Sol.  Linear momentum  
   P = mv 

                = 
2 2m A x   

   P2 + m22x2 = m22A2 

 represents a circle on P–x diagram with radius of circle R = A ( m22 = 1) 

   of spring mass system remains constant and equal to 
k

m
 

 Amplitude of oscillation inside liquid will decrease due to viscous force  
 So radius of circular arcs will decrease as position change 
 Correctly shown in option B 

 

 
js[kh; laosx 

   P = mv = 
2 2m A x   

   P2 + m22x2 = m22A2 

 R = A f=kT;k ds lkFk P–x fp=k ij  o`Ùk dks iznf'kZr djrk gS ( m22 = 1)   

 fLizax æO;eku fudk; dk  fu;r jgrk gS rFkk 
k

m
  ds cjkcj gksrk gS 

 æo ds vUnj nksyu dk vk;ke ';ku cy ds dkj.k ?kVsxk  

 vr% o`Ùkkdkj pki dh f=kT;k fLFkfr ifjorZu ds vuqlkj ?kVsxh 
 lgh xzkQ fodYi B esa gSA 

   

 

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

and x2 (t) = A sin
2

t
3

   
 

. Adding a third sinusoidal displacement x3 (t) = B sin (t + ) brings the 

mass to a complete rest. The values of B and  are     [JEE 2011, 3/160, –1] 

 ,d fcUnq nzO;eku ij nks T;koØh; (sinusoidal) foLFkkiu x1(t) = A sin t ,oa x2 (t) = A sin
2

t
3

   
 

 ,d lkFk 

x-fn'kk esa yx jgs gSaA bl nzO;eku ij rhljk T;koØh; foLFkkiu x3(t) = B sin(t+) yxkus ij og iw.kZ :i ls 
:d tkrk gSA B rFkk dk eku gS       [JEE 2011, 3/160, –1] 

 (A) 
3

2A,
4


  (B*) 

4
A,

3


  (C) 

5
3 A,

6


  (D) A, 

3


 

 Ans. (B) 
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Sol. 

 

 

 

 So vr% B = A,   = 240° = 
4

3


 

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

angular frequency rad/ s
3


  . Simultaneously at t = 0, a small pebble is projected with speed v from 

point P at an angle of 45º as shown in the figure. Point P is at a horizontal distance of 10 cm from O. If 
the pebble hits the block at t = 1s, the value of v is (take g = 10 m/s2) 

 ,d nzO;eku&jfgr fLizax dh ruko &jfgr yEckbZ 4.9cm  gSA mldk ,d fljk caf/kr gS vkSj nwljs ij ,d NksVk 
xqVdk yxk gS ¼fp=k nsf[k;s½A ;g fudk; ,d ?k"kZ.k &jfgr {kSfrt (horizontal)lrg ij j[kk gSA le; t =0  ij 

xqVds dks 0.2m [khap dj fLFkj voLFkk  ls NksMk tkrk rc og xqVdk rad/ s
3


  rad/s  vko`fÙk dk ljy&vkorZ 

&nksyu djrk gSA Bhd mlh le;  (t=0) ij NksVk dadM v  pky ls {kSfrt ls 45° dks.k ij fcanq P  ls iz{ksfir 
fd;k tkrk gSA fcanq P  dh fcanq O ls nwjh ¼{kSfrt½ 10m  gSA ;fn t = 1s ij dadM xqVds ij fxjrk gS] rc v  dk 
eku gS (g = 10m/s2 ysa)      [IIT-JEE-2012, Paper-1; 3/70, –1]  

    

 

 
 (A*) 50m/ s   (B) 51 m/ s   (C) 52 m/ s   (D) 53 m/ s   

Sol. Time of flight for projectile  iz{ksi ds fy;s mì;u dky 

  T = 
2usin

g


 = 1 sec. 

  
2usin45

g
 = 1 sec. 

   u = 
g

2
 

   u = 50  m/s 
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18*. A particle of mass m is attached to one end of a mass–less spring of force constant k, lying on a 
frictionless horizontal plane. The other end of the spring is fixed. The particle starts moving horizontally 
from its equilibrium position at time t = 0 with an initial velocity u0. When the speed of the particle is 0.5 
u0, it collies elastically with a rigid wall. After this collision : [JEE (Advanced)_2013, 4/60] 

 (A*) the speed of the particle when it returns to its equilibrium position is u0 . 

 (B) the time at which the particle passes through the equilibrium position for the first time is 
m

t
k

  . 

 (C) the time at which the maximum compression of the spring occurs is 
4 m

t
3 k


 . 

 (D*) the time at which the particle passes througout the equilibrium position for the second time is 

5 m
t

3 k


 . 

 ?k"kZ.kghu {kSfrt ry ij iM+h gqbZ k cy fLFkjkad dh nzO;eku jfgr fLçax ds ,d fljs ls m nzO;eku dk d.k tqM+k 
gqvk gSA bl fLçax dk nwljk fljk c) gSA ;g d.k viuh lkE;koLFkk ls le; t = 0 ij çkjfEHkd {kSfrt osx u0 ls 
xfreku gks jgk gSA tc d.k dh xfr 0.5 u0 gksrh gS] ;g ,d n`<+ nhokj ls çR;kLFk la?kê djrk gSA bl la?kê ds 
ckn & 

 (A) tc d.k viuh lkE;koLFkk ls ykSVrk gS bldh xfr u0 gksrh gSA 

 (B) tc d.k viuh lkE;koLFkk ls igyh ckj xqtjrk gS og le; 
m

t
k

   gSA 

 (C) tc fLçax ls lEihM+u vf/kdre gksrk gS og le; 
4 m

t
3 k


  gSA 

 (D) tc d.k viuh lkE;koLFkk ls nwljh ckj xqtjrk gS og le; 
5 m

t
3 k


  gSA 

Ans. (A,D)  

Sol x =  A sint 

 v =  Acos t = 
A

2


 

   cost = 
1

2
 

 t = 
3


  t = 

2

3


 = 

3

 m

k
  

 for (C)    time = 
2

3

 m

k
 + 

m

2 k


 = 

5 m

6 k


 

 for  (D)         time = 
2 m

3 k


 + 

m

k
  = 

5 m

3 k


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Hindi x =  A sint 

 v =  Acos t = 
A

2


 

   cost = 
1

2
 

 t = 
3


  t = 

2

3


 = 

3

 m

k
  

 (C) ds fy, le;  = 
2

3

 m

k
 + 

m

2 k


      

    = 
5 m

6 k


 

 (D)  ds fy,     le; = 
2 m

3 k


 + 

m

k
  

   = 
5 m

3 k


  

 
 

19.# Two independent harmonic oscillators of equal mass are oscillating about the origin with angular 

frequencies 1 and 2 and have total energies E1 and E2, respectively. The variations of their momenta 

p with positions x are shown in figures. If 2a
n

b
  and 

a
n

R
 , then the correct equation(s) is (are) :  

 nks fujoyafcr cjkcj nzO;eku ds vkorZ nksyd ewy fcUnq ds ifjr% dks.kh; vko`fÙk;ksa 1 ,oa 2 rFkk dqy ÅtkZvksa  
E1 rFkk E2 ls nksyu dj jgs gSaA muds losaxksa p ds fLFkfr x ds lkFk ifjorZu laca/k fp=kksa esa n'kkZ;s x;s gSaA ;fn 

2a
n

b
  rFkk 

a
n

R
  gS] rc lgh dFku gS ¼gSa½   [JEE(Advanced) 2015 ; P-1, 4/88, –2] 

    

 

 

 (A) E11  = E22   (B) 22

1

n





  (C) 12  = n2
  (D)  1 2

1 2

E E


 
 

Ans. (B,D) 
 For first oscillator  For Second oscillator 

 izFke nksfy=k ds fy,   f}rh; nksfy=k ds fy, 

 b = ma1 

 
a

b
 = 

1

1

m
 = n2  

2

1

m
 = 1 

    2

1




 = n2 Ans. B 

 E1 = 2 2
1

1
m a

2
 ;  E2 = 2 2

2

1
m R

2
  

 1

2

E

E
 = 

2
1

2
2




 × n2 = 

2
1 2

2
12

 



; 1

2

E

E
 = 1

2




  1

1

E


 = 2

2

E


  Ans. D 
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20. A particle of unit mass is moving along the x–axis under the influence of a force and its total energy is 

conserved. Four possible forms of the potential energy of the particle are given in column  (a and U0 

are constants). Match the potential energies in column  to the corresponding statement(s) in column . 
        [JEE(Advanced) 2015 ; 8/88, –1]  

  Column-     Column-

 (A) 

2
2

0
1

U x
U (x) 1

2 a

     
   

   (P) the force acting on the particle is zero at x = a. 

 (B) 

2
0

2

U x
U (x)

2 a

   
 

   (Q) the force acting on the particle is zero at x = 0. 

 (C) 

2 2
0

3

U x x
U (x) exp

2 a a

         
     

  (R) the force acting on the particle is zero at x=–a. 

 (D) 

3
0

4

U x 1 x
U (x)

2 a 3 a

     
   

  (S) The particle experiences an attractive force  

       towards x = 0 in the region x a  

       (T) The particle with total energy 0U

4
 can oscillate 

       about the point x = –a. 

 bdkbZ nzO;eku dk ,d d.k ,d cy ds izHkko esa  x–v{k ij xfr dj jgk gSA d.k dh dqy ÅtkZ lajf{kr gSA dkWye  
esa d.k dh fLFkfrt ÅtkZvksa ds pkj laHkkfor :i fn;s x;s gSa (a rFkk U0 fLFkjkad gSa)A dkWye  esa nh x;h fLFkfrt 
ÅtkZvksa dk dkWye esa fn;s dFku@dFkuksa ls mfpr feyku dhft,A   

  dkWye-      dkWye- 

 (A) 

2
2

0
1

U x
U (x) 1

2 a

     
   

   (P) d.k ij dk;Z djus okyk cy x = a ij 'kwU; gSA 

 (B) 

2
0

2

U x
U (x)

2 a

   
 

   (Q) d.k ij dk;Z djus okyk cy x = 0 ij 'kwU; gSA 

 (C) 

2 2
0

3

U x x
U (x) exp

2 a a

         
     

  (R) d.k ij dk;Z djus okyk cy x = –a ij 'kwU; gSA 

 (D) 

3
0

4

U x 1 x
U (x)

2 a 3 a

     
   

  (S) {ks=k x a  esa d.k x = 0 dh vksj vkd"kZ.k cy dk  

        vuqHko djrk gSA 

       (T) 0U

4
 dqy ÅtkZ okyk d.k x = –a fcanq ds ifjr% 

       nksyu dj ldrk gSA 
Ans. (A )  P,Q,R,T (B) Q,S  (C) P,Q,R,S (D) P,R,T  

Sol. (A) Fx = 
–dU
dx

 = – 0

3

2U

a
 [x–a]   [x]  [x + a] 

  (A) (P) (Q) (R) (T) 

  

 

–a a x

F(x) 

 

 

–a a 

U/2 0 

U(x) 
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 (B) Fx = 
–dU
dx

 = 0

x–U
a

 
 
 

     

    

 F(x) 

x

  

 U(x) 

x 

 

(C) Fx = 
dU

dx
  

     = U0  

2 2x / a

3

e

a



 [x][x – a] [x + a] 

 

 

–a a 

F(x) 

a 

x

  

 U(x) U(0.37) 0 

2 

x 

  

 (D) Fx = 
dU

dx
  =  

     = 0

3

U
[(x a)(x a)]

2a
    

  

 

–a a 

F (x) 

x

 
  P, R, T  

  

 U(x) 

x

3 
U 0 

3 
U 0 
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21. A block with mass M is connected by a massless spring with stiffness constant k to a rigid  wall and 

moves without friction on a horizontal surface. The block oscillates with small amplitude A about an 

equilibrium position x0. Consider two cases : (i) when the block is at x0 ; and (ii) when the block is at  

x = x0 + A. In both the cases, a particle with mass m (< M) is softly placed on the block after which they 

stick to each other. Which of the following statement(s) is(are) true about the motion after the mass m is 

placed on the mass M ?   

 (A*) The amplitude of oscillation in the first case changes by a factor of 
M

m M
, whereas in the 

second case it remains unchanged 

 (B*) The final time period of oscillation in both the cases is same   

 (C) The total energy decreases in both the cases  

 (D*) The instantaneous speed at x0 of the combined masses decreases in both the cases 

,d nzO;eku&jfgr fLiazx] ftldk nz<+rk xq.kkad (stiffness constant) k gS] ds ,d Nksj ij M  nzO;eku dk ,d 

xqVdk tqM+k gS] rFkk nwljs Nksj dks nz<+ nhokj ls tksM+k x;k gSA ;g xqVdk ,d lery ?k"kZ.k&jfgr lrg ij ,d 

larqfyr fLFkfr x0 ds fxnZ NksVs vk;ke A ls nksyu djrk gSA ;gk¡ nks ifjfLFkfr;ka ekfu, % (i) tc xqVdk x0 ij gS 

vkSj (ii) tc xqVdk x = x0 + A ij gSA nksuksa ifjfLFkfr;ksa esa nzO;eku m (< M) ds ,d d.k dks xqVds ij /khjs ls bl 

izdkj j[kk tkrk gS dh og rqjar xqVds ls fpid tkrk gSA d.k dks xqVds ds Åij j[kus ds ckn xfr ds ckjs esa 

fuEufyf[kr esa ls dkSulk@dkSuls dFku lR; gS@gSa \   

 (A) igyh ifjfLFkfr esa nksyu dk vk;ke 
M

m M
 HkkT; (factor) ls ifjofrZr gksrk gS] tcfd nwljh ifjfLFkfr esa 

;g vifjofrZr jgrk gSA 

 (B) nksuksa ifjfLFkfr;ksa esa nksyu dk vafre le;dky leku gSA  

 (C) nksuksa ifjfLFkfr;ksa esa lEiw.kZ ÅtkZ de gks tkrh gSA  

(D) lfEefyr nzO;ekuksa dh x0 ij rkR{kf.kd xfr nksuksa ifjfLFkfr;ksa esa de gks tkrh gSA 

Ans. (ABD)    

Sol. Case-1 

 

 

M 
V1 

Just before m is placed 

X0   

 

M 
V2 

Just after m is placed 

X0 

m 

 
Case-2 

 

 

M 

Just before m is placed 

X0+A   

 

M 

Just after m is placed 

m 

 
Case-I 

 

M 
V1 

m dks j[kus ds Bhd igys 

X0 

 

M 
V2 

m dks j[kus ds Bhd ckn 

X0 

m 
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Case-II 

 

 

M 

m dks j[kus ds Bhd igys 

X0+A   

 

M 

m dks j[kus ds Bhd ckn 

m 

 

In case-1 esa  

 MV1 = (M + m)V2  

 V2 = 
M

M m

 
  

V1 , 
k

M m
A2 = 

M k

M m M

 
  

A1  

 A2 = 
M

M m
A1  

 In case-2 esa 

 A2 = A1   

 T = 2
M m

K


 in both case. nksuksa fLFkfr;ksa esa 

 Total energy decreases in first case where as remain same in 2nd case.  

 Instantaneous speed at x0 decreases in both case.   

 izFke fLFkfr esa dqy ÅtkZ ?kVrh gS tcfd f}rh; fLFkfr esa fu;r jgrh gSA  

 x0 ij rkR{kf.kd pky nksuksa fLFkfr;ksa esa ?kVrh gSA 

 
22. A spring-block system is resting on a frictionless floor as shown in the figure. The spring constant is  

2.0 Nm−1 and the mass of the block is 2.0 kg. Ignore the mass of the spring. Initially the spring is in an 

unstretched condition. Another block of mass 1.0 kg moving with a speed of 2.0 ms–1 collides elastically 

with the first block. The collision is such that  the 2.0 kg block does not hit the wall.  The distance, in 

metres, between the two blocks when the spring returns to its unstretched position for the first time after 

the collision is _________.      [JEE (Advanced) 2018, P-1, 3/60] 

  ,d dekuh&xqVdk fudk; (spring-block system) ,d ?k"kZ.k jfgr Q'kZ (frictionless floor) ij fojkekoLFkk esa gS] 

tSlk fd fp=k eas n'kkZ;k x;k gSA dekuh fLFkjkad (spring constant) 2.0 Nm−1 gS vkSj xqVds dk nzO;eku (mass) 

2.0 kg gSA dekuh ds nzO;eku dh mis{kk dhft,A 'kq:vkr es dekuh vrfur (unstretched) voLFkk eas gSA ,d nwljk 

xqVdk ] ftldk nzO;eku 1.0 kg gS vkSj pky 2.0 ms–1  gS] igys xqVds ls çR;kLFk la?kê (elastic collision) djrk gSA 

bl la?kê ds ckn 2.0 kg dk xqVdk nhokj ls ugha Vdjkrk gSA tc dekuh la?kê ds ckn igyh ckj viuh vrkfur 

fLFkfr esa okil vkrh gS ] rc nksauks xqVdksa ds chp dh nwjh ____________ ehVj gksxhA  
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Ans. 2.09 

Sol. Just Before Collision  VDdj ds igys 

 

 
1 kg 2 kg 

2 m/s 

 

 Just After Collision  VDdj ds ckn 

 

1 kg 2 kg 

V2 V1 

 

 V1 + V2 = 2  .....(1) 

 2V1 – V2 = 4  .....(2) 

 3V1 = 4  1

4
V

3
   V2 = 2 – 

4 2

3 3
  m/s 

 t = 
T

2
 = 

2 2

2 2


 =  sec. 

 Distance nwjh = V2 = 
2

3

 
 
 

 
22

7

 
 
 

m = 
44

m
21

= 2.09 

 

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

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 
 

1. The maximum velocity of a particle, executing simple harmonic motion with an amplitude 7 mm, is  
4.4 m/s. The period of oscillation is :     [AIEEE 2006; 3/165, –1] 

 7 feeh- vk;ke ls ,d ljy vkorZ xfr djrs gq, ,d d.k dk vf/kdre osx 4.4 eh@ls gSA nksyu dky gS % 
 (1) 100 s      (2*) 0.01 s   (3) 10 s       (4) 0.1 s  

Sol.  A = vmax 

 T = 
2


 = 
max

2 A

v


 = 0.01 sec. 

 
2*. A coin is placed on a horizontal platform which undergoes vertical simple harmonic motion of angular 

frequency  .The amplitude of oscillation is gradually increased. The coin will leave contact with the 
platform for the first time :      [AIEEE 2006; 3/165, –1] 

 ,d {kSfrt IysVQkWeZ ij ,d flDdk j[kk gSA IysVQkeZ  dks.kh; vko`fÙk ls Å/okZ/kj ljy vkorZ xfr dj jgk gSA 
nksyu dk vk;ke /khjs&/khjs c<+k;k tkrk gSA izFke ckj flDdk IysVQkWeZ ls Li'kZ NksM+sxk %    

 (1*) at the highest position of the platform   (2) at the mean position of the platform   

 (3*) for an amplitude of 
2

g


   (4) for an amplitude of 

2

2

g


   

 (1*) IysVQkeZ dh mPpre voLFkk ij   (2) IysVQkeZ dh e/; voLFkk ij  

 (3*) 
2

g


 ds vk;ke ij    (4) 

2

2

g


 ds vk;ke ij 

Sol. A2  = g      A = g/2  
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3.   The displacement of an object attached to a spring and executing simple harmonic motion is given by  

x = 2 × 10–2  cost metres. The time at which the maximum speed first occurs is:   

 ,d fLizax ls tqM+h rFkk ljy vkorZ xfr djus okyh ,d oLrq dk foLFkkiu x = 2 × 10–2  cost ehVj ls fn;k tkrk 
gSA le; ftl ij igyh ckj vf/kdre pky izdV gksrh gS] gS   [AIEEE 2007; 3/120, –1] 

 (1*) 0.5 s    (2) 0.75 s    (3) 0.125 s    (4) 0.25 s 

Sol. |v| = (2 × 10–2) ()sint 

 For |v| to be maximum sint = 1 

 |v| ds vf/kdre gksus ds fy, sint = 1 

 t = 
2


, 

3

2


,........... t = 

1

2
s. 

 

4.   A point mass oscillates along the x-axis according to the law x = x0 cos (t – /4). If the acceleration of 

the particle is written as , a = A cos(t + ), then :   [AIEEE 2007; 3/120, –1] 

 ,d fcUnq nzO;eku fu;e x = x0 cos (t – /4) ds vuqlkj x-v{k ds vuqfn'k dEiu djrk gSA ;fn d.k dk Roj.k 
fuEu izdkj fy[kk tkrk gS] a = A cos(t + ), rks  

 (1) A = x0 ,  = –/4       (2) A = x02,  = –/4  (3) A = x02,  = –/4  (4*) A = x02,  = 3/4 

Sol. x = x0 cos t
4

   
 

,  v = –x0 sin t
4

   
 

 

 a = –x02 cos t
4

   
 

, a = x02 cos t
4

     
 

 

 a = x02. 
3

cos t
4

   
 

 

  
5.# Two springs, of force constants k1 and  k2, are connected to a mass m as shown. The frequency of 

oscillation of  mass is ƒ. If both k1 and k2 are made four times their original values, the frequency of 
oscillation becomes:       [AIEEE 2007; 3/120, –1] 

 cy fu;rkad k1 rFkk  k2 dh nks fLizaxsa nzO;eku m ls fp=kkuqlkj tqM+h gSA nzO;eku ds nksyu dh vko`fÙk ƒ gSA ;fn k1 

rFkk k2 nksuksa dks izkjfEHkd eku dk pkj xquk dj fn;k tk,] rks nksyu dh vko`fÙk gks tk,xhA   

     
 (1) ƒ/2      (2) ƒ/4    (3) 4f    (4*) 2ƒ 

Sol. 1 2k k1ƒ
2 m





, 1 2

new

4k 4k1ƒ
2 m





 = 2ƒ. 

 

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

 nzO;eku m dk ,d d.k] vk;ke a rFkk vko`fÙk  ls ljy vkorZ xfr djrk gSA bldh ek/; fLFkfr ls ,d fljs rd 
xfr ds nkSjku vkSlr xfrt ÅtkZ gS :     

 (1*) 2 ma2 2  (2) 
1

4
ma2 2  (3) 42 ma2 2  (4) 22 ma22  

Sol. Kav = 

T / 4

2

0

T / 4

0

1
m[a cos( t)] dt

2

dt

 


  = 

T / 42 2
2

0

ma
cos ( t)dt

T
2.

4


  = 

2 22ma T
.

T 8


 = 

1

4
ma22  

 = 
1

4
ma2(2)2 = 2 ma2 2. 
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7.* 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? 

 ;fn x, v rFkk a Øe'k% vkorZdky T ls ljy vkorZ xfr djrs fdlh d.k ds foLFkkiu] osx rFkk Roj.k dks fu:fir 
djrs gSa] rc le; ds lkFk fuEufyf[kr esa ls fdlesa ifjorZu ugha gksrk gS \ [AIEEE 2007; 3/120, –1] 

 (1*) 
aT

x
  (2) aT + 2v  (3) 

aT

v
   (4*) a2T2 + 42v2 

Sol. x = A sin t  

 v = A  cos t  

 a =– A2 sin t 

 (1) 
aT

x
 = 

2–A sin t
A sin t

  
   

T = – 2T = – 2   

 (2) aT + 2 = – A2 T sin t + 2. A cos t 

 (3) 
aT

V
 = 

2–A sin t T
A cos t

  
 

 

 (4) a2T2 + 42 2 = +  A2 4 T2 sin2t + 42A22 cos2t = +  A2 4 

2
2 

  
sin2t + 42A22 cos2t = 

42A22  
 
8. A mass M, attached to a horizontal spring, executes SHM with a amplitude A1. When the mass M 

passes through its mean position then a smaller mass m is placed over it and both of them move 

together with amplitude A2. The ratio of 1

2

A

A

 
 
 

 is :   [AIEEE - 2011, 4/120, –1] 

 ,d {kSfrt dekuh ls c¡/kk ,d nzO;eku M vk;ke A1 ls ljy vkorZ xfr dj jgk gSA tc nzO;eku M viuh ek/; 
voLFkk ls xqtj jgk gS] rc ,d NksVk nzO;eku m blds Åij j[k fn;k tkrk gS vkSj vc nksauks vk;ke A2 ls xfr 

djrs gSA 1

2

A

A

 
 
 

 dk vuqikr gS :   

 (1) 
M

M m
  (2) 

M m

M


  (3) 

1/ 2
M

M m

 
  

  (4*) 

1/ 2
M m

M

 
 
 

 

Ans. (4)  
Sol. C.O.L.M. 

 js[kh; laosx laj{k.k ls (C.O.L.M.) 

  MVmax = (m + M)Vnew  , Vmax = A11 

  Vnew = maxMV

(m M)
 

 Now vr%, Vnew = A2.2 

  1M.A K

(m M) M
 = 2

K
A

(m M)
 

  A2 = 1

M
A

(m M)
   

1/ 2

1

2

A m M

A M

   
 

 Ans. 

 

9. If a spring of stiffness 'k' is cut into two parts 'A' and 'B' of length A : B = 2 : 3, then the stiffness of 
spring 'A' is  given by :      [AIEEE 2011, 11 May; 4/120, –1] 

 ;fn cy fu;rkad 'k' okyh ,d fLizax dks yEckbZ A : B = 2 : 3, ds vuqikr okys nks Hkkxksa 'A' vkSj 'B' esa dkVk tkrk 
gS] rc fLizax 'A' dk cy fu;rkad D;k gksxk :    

 (1) 
3k

5
   (2)  

2k

5
   (3) k    (4*) 

5k

2
. 

 Ans. (4) 
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Sol. A = 
2

5
, B = 

3

5

 
 
 

   

 K = KAA = KBB   

 K = A

2
K  

5

 
 
 

 

 KA = 
5K

2
   KB = 

5K

3
. 

 

10. Two particles are executing simple harmonic motion of the same amplitude A and frequency  along 
the x-axis. Their mean position is separated by distance X0 (X0 > A). If the maximum separation 
between them is (X0 + A), the phase difference between their motion is :  [AIEEE - 2011, 4/120, –1]  

 x- v{k ij ,dleku vk;ke A vkSj vko`fÙk  ls nks d.k ljy vkorZ xfr dj jgs gSaA mudh ek/; voLFkk ds chp 
nwjh X0 (X0 > A) gSaA ;fn muds chp vf/kdre nwjh (X0 + A) gSa] rc mudh xfr esa dykUrj gS:  

(1) 
2


   (2*) 

3


   (3) 

4


   (4) 

6


  

 Ans. (2) 
 

Sol. x1 = A sin(t + 1) 

 x2 = A sin(t + 2) 

 x1 – x2 = 1 2 1 2A 2sin t sin
2 2

              
    

 

 A = 1 22A sin  
2

   
 
 

      

 1 2

2

  
 = 

6


  1 = 

3


  Ans. 

 
11. If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the period 

between t = 0s to t = s, then  may be called the average life of the pendulum. When the spherical bob 
of the pendulum suffers a retardation (due to viscous drag) proportional to its velocity, with 'b' as the 
constant of proportionality, the averatge life time of the pendulum is (assuming damping is small) in 
seconds : 

 ;fn ,d ljy nksyd dk le; t = 0s ,oa  t = s,  ds chp ,d lkFkZd vk;ke ¼vius ewy vk;ke ds  1/e  xq.kd 
rd½ jgrk gS rc  dks nksyd dk vkSlr dky dgk tk ldrk gSA tc nksyd dk xksyh; ckWc vius osx ds 
lekuqikrh eanu ¼';ku d"kZ.k ds dkj.k½ dks lgrk gS] tgk¡ 'b' lekuqikrh xq.kkad gS] rc nksyd dk vkSlr vk;qdky 
lsd.M esa gS (;g eku ysa fd voeanu vYi gS) :    [AIEEE 2012 ; 4, –1] 

 (1) 
0.693

b
  (2)  b   (3) 

1

b
   (4*) 

2

b
 

Ans. (4) 

Sol. 
2

2

d x dx
m kx b

dtdt
    

 
2

2

d x dx
m b kx 0

dtdt
     here b is demping coefficient  ;gk¡ b eand xq.kkad gSA 

 This has solution of type   

 x = et substituting this 

 lehdj.k ds gy x = et dh rjg gSA bldk eku j[kus ij  

 m2 + b + k = 0  

  = 
2b b 4mk

2m

  
 

 on solving for x, we get 
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 x ds fy, gy djus ij 

 x = 

b
t

2me


  a cos (1 t – ) 

 1 = 2 2
0    where ;gk¡ 0 = 

k

m
   

 
b

2
    

 So, average life vr% vkSlr vk;q dky = 
2

b
  

 
 

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

it will decrease to  times its original magnitude, where  equals.  
 (1) 0.7   (2) 0.81   (3*) 0.729  (4) 0.6 

 ,d efUnr nksfy=k dk vk;ke 5s esa vius ewy ifjek.k ls ?kVdj ewy ifjek.k dk 0.9 xquk gks tkrk gSA ,d vkSj 
10s esa ;g ?kVdj ewy ifjek.k dk  xquk gks tk,xk] tgk¡ dk eku gS %  [JEE-Mains 2013, 4/120] 

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

Sol. A = A0

bt

2me
 

 after 5 second  

 5 lSd.M i'pkr~ 

 0.9A0 = A0

b(5)

2me


  ...(i) 
 After 10 more second 

 vkSj 10 lSd.M  i'pkr~ 

 A = A0

b(15)

2me


  ...(ii) 
 From (i) & (ii) 

 lehdj.k (i) rFkk (ii) ls  
 A = 0.729 A0  Hence  Ans. (3)  
 

13. A particle moves with simple harmonic motion in a straight line. In first  s, after starting from rest it 

travels a distance a, and in next s it travels 2a, in same direction, then :  [JEE MAIN 2014; 4, –1] 

 (1) amplitude of motion is 3a   (2) time period of oscillations is 8
 (3) amplitude of motion is 4a   (4*) time period of oscillations is 6  
 ,d d.k ,d ljy js[kk esa ljy vkorZ xfr ls xfr'khy gSA ;g fojkekoLFkk ls izkjEHk dj izFke  lsd.M+ esa nwjh a 

vkSj vxys lsd.M+ esa nwjh 2a mlh fn'kk esa r; djrk gSA rc :  

 (1)  xfr dk vk;ke 3a gSA    (2) nksyuksa dk vkorZ dky 8gSA
 (3) xfr dk vk;ke 4a gSA    (4*) nksyuksa dk vkorZ dky 6gSA  

Ans. (4) 

Sol. x = Acost 

 displacement in t time = A – Acost  

 t le; esa foLFkkiu = A – Acost  

 for t = ds fy,    A [1– cos ]  = a  

 for t = 2ds fy,  A [1 –  cos 2]   = 3a 

 
1 cos 1

1 cos2 3

 


 
 

 
2

1 cos 1

32sin

 



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 Say ekuk x = cost  

 
2

1 x 1

32(1 x )





 

  
1

2(1 x)
 = 

1

3
 

  3 = 2 + 2x  x = 
1

2
 = cos   

 A = 2a ,  
3


    

2

T 3

 
    T = 6  

 

14. For a simple pendulum, a graph is plotted between its kinetic energy (KE) and potential energy (PE) 
against its displacement d. Which one of the following represents these correctly ? 

 (graphs are schematic and not drawn to scale)    [JEE(Main)-2015; 4/120, –1]  
fdlh ljy yksyd ds fy;s] mlds foLFkkiu d rFkk mldh xfrt ÅtkZ ds chp vkSj foLFkkiu d rFkk mldh fLFkfrt 
ÅtkZ ds chp xzkQ [khaps x;s gSA fuEukafdr esa ls dkSulk xzkQ ¼vkys[k½ lgh gS \ (;gkW xzkQ dsoy O;oLFkk vkjs[k gS 
vkSj Ldsy ds vuqlkj ugha gSA)  

 (1) 

 

  (2*) 

 

   

 (3) 

 

   (4) 

 

 

Ans. (2) 
Sol. K.E. is maximum at mean position, whereas P.E. is minimum. 
 At extreme position, K.E. is minimum and P.E. is maximum. 

 ek/; fLFkfr ij xfrt ÅtkZ vf/kdre gksxh] tcfd fLFkfrt ÅtkZ U;wure gksxh . 

 pje fLFkfr ij xfrt ÅtkZ U;wure gksxh] tcfd fLFkfrt ÅtkZ vf/kdre gksxh . 
 

15. A particle performs simple harmonic motion with amplitude A. Its speed is trippled at the instant that it is 
at distance 2A/3 from equilibrium position. The new amplitude of the motion is. 

,d d.k A vk;ke ls ljy vkorZ nksyu dj jgk gSA tc ;g vius ewy LFkku ls ij 2A/3 ig¡qprk gS] rc vpkud 
bldh xfr frxquh dj nh tkrh gSA rc bldk u;k vk;ke gS     [JEE(Main)-2016; 4/120, –1] 

 (1) 3A   (2) 3  A  (3) 
7A

3
   (4) 

A
41

3
  

Ans. (3) 
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Sol. v = 

2
2 2AA –

3

   
 

 

 v = 
A

5
3


  

 vnew = 3v = 5 A  

 So the new amplitude is given by 

 vr% u;k vk;ke gksxk 

vnew = 
2 2

newA – x   5 A = 

2
2

new

2AA –
3

   
 

 

 Anew = 
7A

3
 

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

equilibrium. The kinetic energy-time graph of the particle will look like :  [JEE Main 2017, 4/120, –1] 

 ,d d.k vkorZdky  T ls ljy vkorZ xfr dj jgk gSA le; t = 0 ij og lkE;oLFkk dh fLFkfr esa gSA fuEu esa ls 
dkSulk xzkQ le; ds lkFk xfrt ÅtkZ dk lgh n'kkZrk gSA  

 (1*) 

 

KE 

0 T

4

T

2

T t     

(2) 

 

KE 

0 T

2
 

T t T 
   

(3) 

 

KE 

0 T t 
    

(4) 

 

KE 

0 T

2

T t  

Ans. (1) 
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Sol. x = Asin(t + ) 

  = 0,  

 x = ± Asint 

 KE =  222 xAm
2

1
  

 = tcosKA
2

1 22   

 

 KE 

T/2 T 
t 
 

 

NOTE : But as per options given, best possible answer will be option (1) 
 
17. A sliver atom in a solid oscillates in simple harmonic motion in some direction with a frequency of 

1012/sec. What is the force constant of the bonds connecting one atom with the other? (Mole wt. of siver 

=108 and Avagadro number = 6.02 × 1023 gm mole–1)               [JEE (Main) 2018; 4/120, –1] 

 fdlh Bksl eas pkanh dk ,d ijek.kq 1012/sec dh vkof̀Ùk ls fdlh fn'kk esa ljy vkorZ xfr djrk gSA ,d ijek.kq dks 

nwljs ijkek.kq ls tksMus okys ca/k dk cy fu;rkad fdruk gksxk ? ¼ pkanh dk vkf.od Hkkj = 108 vkSj vokxknzh 

(Avagadro) la[;k = 6.02 × 1023 gm mole–1½  
 (1) 2.2 N/m   (2)  5.5 N/m  (3) 6.4 N/m   (4*)  7.1 N/m 

Ans. (4) 

Sol. 
m

T 2
k

    

 k =  42m × f2  

 k =  
3

2 2

23

108 10
4 f

6.02 10


  


 

 = 
2 24 3

23

4 108 10 10

6.02 10

  
  

 = 7.1 N/m 
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SUBJECTIVE QUESTIONS  
 

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 
 

1.# What would be the period of the free oscillations of the system shown here if mass M1 is pulled down a 
little force constant of the spring is k, mass of fixed pulley is negligible and movable pulley is smooth  

 çnf'kZr fudk; ds eqDr nksyuksa dk vkorZdky D;k gksxk ;fn M1 nzO;eku dks FkksM+k lk uhps foLFkkfir fd;k tk;sA 
fLçax dk cy fu;rkad k gS] fLFkj f?kjuh dk nzO;eku ux.; gS] vkSj pfyr f?kjuh fpduh gSA 

      

 

      

Ans. 2 1M 4M
T 2

k


    

Sol.  

 

 

 
 (i) Equilibrium position determination lkE;oLFkk fLFkfr fu/kkZj.k  

   M1g = T  (from FBD of M1) (M1 ds eq- o- js- ls) 
  2T = M2g + kx0 (from FBD of M2) (M2 ds eq- o- js- ls) 
   2M1g = M2g + kx0 

    kx0 = 2M1g – M2g  

 (ii) Displace block M1 by small disp. x by oLrq M1 dks NksVs foLFkkiu x ls foLFkkfir djus ij  
 At new displaced position  u;h foLFkkfir fLFkfr  

 – Mgx + 
1

2
M1V2 + 

1

2
M2 

2
v

2

 
 
 

 + M2g 
x

2

 
 
 

 + 
1

2
K

2

0

x
x

2

  
 

  =C 

 Differentiating equation lehdj.k dk vodyu djus ij  

 – M1g 
dx

dt
 + 

1

2
M1 2v 

dv

dt
 + 2M

8
 2v 

dv

dt
 + 2M g

2

dx

dt
 + 

K

2
 2 0

x
x

2

  
 

1 dx

2 dt

 
 
 

  = 0 

  – M1g + M1 a + 2M a

4
 + 2M g

2
 + 

K

2
0

x
x

2

  
 

 = 0  (where tgk¡ a = 
dv

dt
) 

  –M1g + 2M g

2
 + M1a + 2M a

4
 + 0Kx

2
 + 

Kx

4
 = 0(from equilibrium lkE;koLFkk ls –  
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 M1g + 2M g

2
 + 0Kx

2
 = 0) 

 Hence vr%, 1 24M M

4


 a = 

–Kx
4

 

   a = 
1 2

K–
4M M

 
  

x 2 = 
 1 2

K

4M M
 

   = 
 1 2

K

4M M
 ;    T = 

2


 

   T2 = 2 1 24M M

K


 

 

2.# A constant force produces maximum velocity V on the block connected to the spring of force constant K 
as shown in the fig. When the force constant of spring becomes 4K, then find maximum velocity of the 
block. Assume that initially the spring is in relaxed state.     

 fn;s x;s fp=k esa K fLizax fu;rkad dh fLizax ls tqM+s CykWd ij fu;r cy F yxkus ij ;g CykWd dks vf/kdre osx V 

iznku djrk gSA vxj fLizax dk cy fu;rkad 4 K gks tk, rks CykWd dk vf/kdre osx Kkr dhft,A izkjEHk esa fLiazx 
viuh izkÑfrd voLFkk eas gSA  

     

 

      
 Ans. V/2  
Sol(1). By work energy theorem; 
  wext + wspring = kf – ki  
 Let x1, x2 be the equilibrium distances of spring from natural length & V V’ are their velocities at 

equilibrium positions. 
 Initially, 

   Fx1 – 
1

2
kx1

2 = 
1

2
 mv2   (1) 

 and  finally Fx2 – 
1

2
k'x2

2 = 
1

2
 mv'2     (2) 

 In both cases : force applied is same, and velocity becomes maximum when F = kx. (at equilibrium) 
 (after which the mass will deaccelerate) 

  F = kx1 = (4k)x2  

  x2 = 1x

4
  (k´ = 4k) 

 Substituting in (2)  : 

  fx2 – 
1

2
k´ x2

2 = 
1

2
 mv´2  

  1Fx

4
 – 

1

2
 (4k) 

2

1x

4

 
 
 

 = 
1

2
 mv´2  

   
1

4
 [Fx1 –

1

2
 kx1

2] = 
1

2
mv'2  (3) 

 Dividing (3)/(1) ;  we get : 

  
1

4
 = 

2

2

v '

v
  v ' = 

v

2
 Ans. 

Sol(2). Vmax. = V = A = 
F K

K m
 

 V’ = A’’ = F K

K m
 = 

V

2
 Ans.   
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Sol(1). dk;Z ÅtkZ izes; ls  
  wext + wspring = kf – ki  

 ;gk¡ x1, x2 Øe'k% izkjfEHkd o vfUre foLrkj.k gS rFkk v, v' Øe'k% izkjfEHkd o vafre osx gSA  

 izkjEHk esa Fx1 – 
1

2
kx1

2 =  
1

2
mv2   (1) 

 vUr esa Fx2 – 
1

2
k'x2

2 =  
1

2
mv'2     (2) 

 nksuksa fLFkfr;ksa esa vkjksfir cy leku gSA rFkk F = kx ij osx vf/kdre gks tk;sxk (lkE;koLFkk ij) 

 blds ckn nzO;ekuksa dk eanu gksxk 
  F = kx1 = (4k)x2  

  x2 = 1x

4
  

 (2) esa izfrLFkkiu ls : 

  1Fx

4
 – 

1

2
 (4k) 

2

1x

4

 
 
 

  

   
1

4
 [Fx1 – 

1

2
kx1

2] = 
1

2
mv'2  (3) 

 (3)/(1) Hkkftr djus ij ge izkIr djrs gS  

  
1

4
 = 

2

2

v '

v
    v ' = 

v

2
  Ans. 

Sol(2). Vmax. = V = A = 
F K

K m
 

 V’ = A’’ = F K

K m
 = 

V

2
 Ans.   

 

3_# Two point masses m1 and m2 are fixed to a light rod hinged at one end. The masses are at distances 1 

and 2 respectively from the hinge. Find the time period of oscillation (small amplitude) of this system in 

seconds if m1 = m2, 1 = 1m, 2 = 3m.  

 nks fcUnq nzO;eku m1 rFkk m2 ,d gYdh NM+ ij tqM+s gq, gS ,oa NM+ ,d fljs ij fdyfdr gSA m1 rFkk m2 fdyfdr 

fcUnq ls Øe'k% 1 rFkk 2 nwjh ij fLFkr gSA bl fudk; ds nksyu dk vkorZdky lsd.M+ esa Kkr djksA ¼vk;e vYi 
ekfu,½ ;fn m1 = m2, 1 = 1m vkSj 2 = 3m gSA   

     

 

 
Ans.     
Sol.  

 

 

 
 Net restoring torque about O  O ds lkis{k dqy çR;ku;u cy 

 = m1g 1 sin + m2g 2 sin = (m11 + m22)g sin  

 for small oscillation NksVs nksyuksa ds fy, sin ~    
  restoring = (m11 + m22)g
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 compare with  = C ls rqyuk djus ij     

 C = (m11 + m22)g  

 
2 2

o 1 1 2 2

1 1 2 2

(m m )
T 2 2

C (m m )g

 
   


 =  

 

4._# A solid sphere (radius = R) rolls without slipping in a cylindrical vessel (radius = 5R). Find the angular 

frequency of small oscillations of the sphere in s–1. Take R = 
1

14
m and g = 10 m/s2. (axis of cylinder is 

fixed and horizontal)  

 ,d Bksl xksyk (f=kT;k = R) ,d csyu (f=kT;k = 5R) esa fcuk fQlys yq<drk gSA Bksl xksys ds vYi nksyuksa dk 

dks.kh; vko`fÙk s–1 esa Kkr djsA R = 
1

14
m rFkk g = 10 m/s2 yhft;sA ¼csyu dk v{k fLFkj vkSj {kSfrt gSA½    

     

 

 
Ans. 5 

Sol. For pure rolling to take place, 

  v = R 

 ' = angular velocity of COM of sphere C about O 

     = 
v

4R
 = 

R

4R


 = 

4


 

  
d '

dt


 = 

1 d

4 dt


   = 

4


 

 or  = 
a

R
 for pure rolling 

 where, a = 
I

2

gsin

1
mR




 = 

5gsin

7


 

 as,  = 
2

5
mR2 

 For small , sin  , being restoring in nature. 

  ' = 
5g

28R
   

   = 
'


 = 
5g

28R
 = 5    

gy 'kq) yksVuh xfr ds fy,, 

  v = R 

 ' = xksys ds COM dk O ds ifjr% dks.kh; osx  

     = 
v

4R
 = 

R

4R


 = 

4


 

  
d '

dt


 = 

1 d

4 dt


     = 

4


 

 ;k  = 
a

R
 'kq) yksVuh xfr ds fy,  

 tgk¡, a = 

2

gsin

1
1

mR




= 

5gsin

7


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 pwafd   = 
2

5
mR2 

 vYi  ds fy, sin  , izd`fr esa ¼izR;ku;u½ gSA  

 ' = 
5g

28R
     = 

'


 = 
5g

28R
 = 5    

 

5.# A particle of mass m is suspended at the lower end of a thin rod of negligible mass. The upper end of 
the rod is free to rotate in the plane of the page about a horizontal axis passing through the point O. 
The spring is undeformed when the rod is vertical as shown in fig. If the period of oscillation of the 

system is 
L

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

2

9mgL
 and  

 g = 10m/s2. 

 ,d m nzO;eku dk d.k ux.; nzO;eku dh iryh NM+ ds fupys fljs ls yVdk gSA NM+ dk Åijh fljk dkxt ds 
ry esa O fcUnq ls ikfjr {kSfrt v{k ds lkis{k ?kw.kZu djus ds fy, LorU=k gSA fp=kkuqlkj tc NM+ Å/okZ/kj fLFkfr esa 
gS rks fLizax vlEihfM+r gSA ;fn bls lkE;koLFkk ls FkksM+k&lk foLFkkfir djds NksM+ fn;k tk;s rks d.k dh xfr ljy 

vkorZ xfr gS rFkk nksyu dk vkorZdky 
L

n
  gS rks n Kkr djksA k = 

2

9mgL
 rFkk g = 10m/s2 yhft;sA  

     

 O 

  
Ans.   25 
Sol. When the small angular displacement Given to rod  
 tc NM+ dks y?kq dks.kh; foLFkkiu fn;k tkrk gSµ 

  

 

 
 for small displacement  NksVs foLFkkiu ds fy;s  

 x =  sin  

 kx = k sin  

 Torque about point O = o
 fcUnq O ds lkis{k cyk?kw.kZ = o 

 (kx)  + mg sin   = mL2  

  = 
 2

2

k mgL sin

mL

 
 

 For small  y?kq ds fy;s 

 = 
2

2

k mgL–
mL

 
 

  
 

 Time period  vkorZdky T = 2
2

2

mL

k mgL
 = 

L

25
  
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6.# If velocity of a particle moving along a straight line changes sinusoidally with time as shown in the given 
graph.  Find the average speed over time interval t = 0 to t = 2 (2n – 1) seconds, n being any positive 
integer. 

 vxj lh/kh js[kk ds vuqfn'k xfr djrs d.k dk osx le; ds lkFk T;k (sin) Qyu ds :i esa fp=kkuqlkj ifjofrZr 
gksrk gS rks t = 0 ls t = 2 (2n – 1) lsd.M ds nkSjku d.k dh vkSlr pky D;k gksxh] tgka n dksbZ Hkh /kukRed iw.kkZad 
gSA                

    

 

 

Ans. 
8


 m/s 

Sol. Method  - 1 

 Average speed = 
total distance travelled

total time taken
 = 

S

2 (2n 1)
 

 Here t = 2 (2n – 1) = 4n – 2 = 4(n – 1) + 2 
 From the graph it is clear that the Time period T = 4 sec. 

  t = (n – 1) T + 
T

2
 

 Total distance travelled in one time period is = 4A 
 where ‘A’ is amplitude  
  Total distance travelled in t is  
  S = (n – 1) 4A + 2A = (2n – 1) 2A 

  <v> = 
(2n 1)2A

2(2n 1)




 = A and  A = vmax = 4   
2

4


A = 4  

   A = 
8


   <v> = 

8


 m/s  Ans. 

 Method  - 2 
 It can be observed from the graph, that average speed in time interval t = 0 to t = 2 sec is same as that 

in intervals t = 0 to t = 4 sec., t = 0 to t = 8 sec., t = 0 to t = 12 sec............ 
 or t = 0 to t = 2 (2n – 1) seconds 
 The speed as function of time is  

  v = 
2

4 sin t
T


 = 

2
4 sin t

4


 = 

t
4sin

2


 

 The average speed in time interval 
  t = 0 to t = 2 sec is  

  v  = 

2

0

2

0

vdt

dt




 = 

2

0

t
4sin dt

2

2


  = 

8


 m/s    
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Sol. Method  - 1 

 vkSlr pky = 
dqy r; nwjh

fy;k  x;k  dqy le;
 = 

S

2 (2n 1)
 

 ;gk¡ t = 2 (2n – 1) = 4n – 2 = 4(n – 1) + 2 

 xzkQ ls vkorZ dky  T = 4 sec. 

  t = (n – 1) T + 
T

2
 

 ,d vkorZ dky esa dqy r; nwjh = 4A 

 ;gk¡ ‘A’ vk;ke gSA  
  t le; esa dqy r; nwjh   
  S = (n – 1) 4A + 2A = (2n – 1) 2A 

  <v> = 
(2n 1)2A

2(2n 1)




 = A rFkk  A = vmax = 4   
2

4


A = 4  

   A = 
8


   <v> = 

8


 m/s  Ans. 

 Method  - 2 

 xzkQ ls ns[k ldrs gSa fd t = 0 ls t = 2 lsd.M+ rd vkSlr pky vUrjky t = 0 ls t = 4 lsd.M+ t = 0 ls t = 8,  

 t = 0 ls t = 12 lsd.M+ rd dh vkSlr pky ds leku gSA  

 ;k  t = 0 ls t = 2 (2n – 1) lSd.M 

 le; ds Qyu esa pky  

  v = 
2

4 sin t
T


 = 

2
4 sin t

4


 = 

t
4sin

2


 

 le;kUrjky esa vkSlr pky  
  t = 0 ls t = 2 sec 

  v  = 

2

0

2

0

vdt

dt




 = 

2

0

t
4sin dt

2

2


 = 

8


 m/s   

 

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

time. Angle is very small.  

 nks ljy yksydks A rFkk B dh yEckbZ  rFkk /4 gS dks fp=k esa iznf'kZr fLFkfr ls NksM+k tkrk gSA NksM+us ds ckn og 
le; Kkr djks tc nksuksa jLlh;ka igyh ckj lekUrj gksrh gSA dks.k  cgqr gh vYi gSA 

 

 

Ans.  
3


g
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Sol.  

 

 

 
 The angular position of pendulum 1 and 2 are (taking angles to the right of reference line xxto be 

positive) 

 ljy yksydkas 1 rFkk 2 dh dks.kh; fLFkfr;k¡ (lanHkZ js[kk xxls nk;h rjQ dks.k /kukRed gS) 

  1 =  cos
4

t
T

 
 
 

  [where ;gk¡ T = 2
g

] 

  2 = – cos
2

t
T

 
 
 

 = cos
2

t
T

   
 

  

 For the strings to be parallel for the first time  

 igyh ckj jLlh;k¡ lekUrj gksus ij  
  1 = 2  

 or ;k cos 
4

t
T

 
 
 

 = cos 
2

t
T

   
 

 

  
4

T


t = 2n  ± 

2
t

T

   
 

 

 for n = 0, t = 
T

2
 ds fy, 

 for n = 1, t = 
T

6
, 

3T

2
 ds fy, 

   Both the pendulum are parallel to each other for the first time after t = 
T

6
 = 

3


g
 Ans. 

   igyh ckj yksydks ds ,d nwljs ds lekUrj gksus dk le; t = 
T

6
 = 

3


g
   Ans. 

 
 

8. A particle of mass ‘m’ is moving in the x-y plane such that its x and y coordinate vary according to the 

law x = a sin t and y = a cos t where ‘a’ and ‘’ are positive constants and ‘t’ is time. Find 
 (a) equation of the path. Name the trajectory (path) 
 (b) whether the particle moves in clockwise or anticlockwise direction 
 (c) magnitude of the force on the particle at any time t.   

 x-y ry esa m nzO;eku dk d.k bl izdkj xfr'khy gS fd blds x rFkk y funsZ'kkad Øe'k% x = a sin t rFkk y = a 

cos t ds vuqlkj ifjofrZr gksrs gSaA ;gk¡ ‘a’ rFkk ‘’ /kukRed fLFkjkad rFkk ‘t’ le; gSA Kkr djks  
 (a) iFk dk lehdj.k rFkk ukeA  

 (b) d.k okekorZ fn'kk esa xfr djsxk ;k nf{k.kkorZ fn'kk esa xfr djsxk \  
 (c) t le; ij d.k ij dk;Zjr cy \   

Ans. (a) x2 + y2 = a2 , circle o`Ùk 
 (b) The particle moves in clock wise sense. d.k nf{k.kkorZ fn'kk esa xfr djrk gSA 

 (c)The magnitude of force cy dk ifjek.k = m 2 2
x ya a  =  m2 a 

 
 
 

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 9 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. (a) x2 + y2 = a2 (sin2 t + cos2 t) = a2  
 Hence the particle moves in a circle of radius ‘a’ with centre at origin. 
 (b) At t = 0 sec, x = 0 and y = + a. Hence the particle is at P as shown in figure. 

 

 
 As ‘t’  increases ‘x’ increases and ‘y’ decreases 

  The particle moves in clock wise sense. 
 (c) The ‘x’ and ‘y’ components of acceleration are  

  ax = 
2

2

d x

dt
 = – 2x ; ay = 

2

2

d y

dt
 = – 2 y 

 The magnitude of force = m 2 2
x ya a  =  m2 a 

Sol. (a) x2 + y2 = a2 (sin2 t + cos2 t) = a2  

 vr% d.k ‘a’ f=kT;k okys o`Ùk ij xfr djsxk  
 (b) vr%  t = 0 sec, ij x = 0 vkSj y = + a gSA vr% d.k fp=k esa P fcUnq ij gSA   

   

 

 
 tc ‘t’  c<+rk gS rks ‘x’ c<+rk gS rFkk ‘y’ ?kVrk gS  
  vr% d.k nf{k.kkorZ xfr djsxk  

 (c) Roj.k ds ‘x’ rFkk ‘y’ ?kVd ax = 
2

2

d x

dt
 = – 2x ; ay = 

2

2

d y

dt
 = – 2 y 

 cy dk ifj.kke = m 2 2
x ya a  =  m2 a 

 

9.# Two non–viscous, incompressible and immiscible liquids of densities and 1.5are poured into the 
two limbs of a circular tube of radius R and small cross–section kept fixed in a vertical plane as shown 
in fig. Each liquid occupies one–fourth the circumference of the tube.  

 nks v';ku, vlihfM+; rFkk v?kqyu'khy nzo ftudk ?kuRo rFkk 1.5 gSA R f=kT;k rFkk vYi vuqçLFk dkV {ks=kQy 
dh Å/okZ/kj uyh esa fp=kkuqlkj Hkjs gSA izR;sd nzo uyh dh pkSFkkbZ ifjf/k esa Hkjk gSA   

      

 

o 

R 

 
  

 (a) Find the angle that the radius to the interface makes with the vertical in equilibrium position. 

 dks.k  Kkr djks tksfd nksauks nzo dks feykus okyh f=kT;k Å/okZ/kj ls cukrh gSA 

 (b) If the whole liquid column is given a small displacement from its equilibrium position, show that the 
resulting oscillations are simple harmonic. Find the time period of these oscillations. 

 ;fn lEiw.kZ nzo dks lkE;koLFkk ls vYi foLFkkfir dj fn;k tk;s rks fl) djks fd ifj.kkeh nksyu ljy vkof̀Ùk gksaxsA 
bu nksyuksa dk vkorZdky Kkr djksA 
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Ans. (a) tan – 1 
1

5

 
 
 

  (b) 2
R

6.11
 

Sol. (a) In equilibrium, pressure of same liquid at same level will be same.  
 lkE;koLFkk esa leku Lrj] ij leku rjy dk nkc leku gksxk  

  Therefore blfy,,  P 1 = P 2 

 or ;k P + ( 1.5 g h 1 ) = P + ( g h 2 )        

 (P = pressure of gas in empty part of the tube)  
  (P = [kkyh uyh esa xSl dk nkc)        

  1.5 h1 = h2  

  1.5 [ R cos– R sin ] =  (R cos + R sin) 

 or ;k  3 cos– 3 sin= 2 cos + 2 sin
 or ;k  5 tan = 1  

    = tan – 1 
1

5

 
 
 

 

  

 

  
 (b) When liquids are slightly disturbed by an angle . Net restoring pressure P = 1.5 gh + gh This 

pressure will be equal at all sections of the liquid. Therefore, net restoring torque on the whole liquid. 
 (b) tc rjy dks gYds ls  dks.k ls fo{ksfir djrs gSa rks dqy izR;ku;u nkckarj P = 1.5 gh + gh gS ;g nkc 

rjy esa lHkh Hkkx esa ,d leku gksxkA vr% rjy ij dqy izR;ku;u cyk?kw.kZ  

  

 

 

 

h 

h 

 

 

 
          h = R sin (+) – Rsin 

            = – (P) (A) (R) 

 or ;k ,            = – 2.5gh  AR 

              = – 2.5g  AR [R sin ( + ) – R sin] 

   = – 2.5g  AR 2 [sin cos + sin cos – sin] 

 Assuming cos = 1 and sin =  (given, is small)  
 ekuk cos  = 1 and sin =    (fn;k gS,  NksVk gS )  
    =  – (2.5 A gR 2 cos )  

 or  ;k   = – ( 2.5 AgR 2 cos )  ...........(1) 

     

 

 
5 

1
26 

 

 
 Here,  ;gk¡  = ( m 1 + m 2 ) R 2 

   = [ (
R

2


 .A )  + 

R

2

 
 
 

. A ( 1.5  ) ] R 2        

   = (1.25 R 3  )  A 
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 and vkSj  cos = 
5

26
 = 0.98  

 Substituting in equation (1), we have  
 lehdj.k (1) esa j[kus ls izkIr gksxk  

   = – (6.11)

R


  angular acceleration dks.kh; Roj.k –angular displacement  dks.kh; foLFkkiu  

 As angular acceleration is proportional to – , motion is simple harmonic in nature.  
 vr% dks.kh; Roj.k – , ds lekuqikrh gS] blfy, xfr ljy vkorZ xfr gksxhA  

  T = 2



= 2
R

6.11
  

   
10.# Two identical balls A and B, each of mass 0.1 kg, are attached to two identical mass less springs. The 

spring–mass system is constrained to move inside a rigid smooth pipe bent in the form of a circle as 
shown in the figure. The pipe is fixed in a horizontal plane. The centres of the balls can move in a circle 

of radius 0.06 m. Each spring has a natural length of 0.06 metre and spring constant 0.1 N/m. Initially, 

both the balls are displaced by an angle = / 6 radian with respect to the diameter PQ of the circle  
(as shown in fig.) and released from rest. 

 leku nzO;eku 0.1 kg dh nks le:i xsans A o B nks leku nzO;ekughu fLçaxksa ls tqM+h gSA fLçax nzO;eku fudk; ,d 
o`Ùkh; n`<+ pduh uyh esa fp=kkuqlkj xfr dj ldrk gSA uyh {kSfrt ry esa tM+or~ gSA xsanks dk dsUnz 0.06 m f=kT;k 
ds o`Ùk esa xfr dj ldrk gSA çR;sd fLçax dh lkekU; yEckbZ 0.06 ehVj rFkk fLçax cy fu;rkad 0.1 N/m gSA 
çkjEHk esa nksauks xsans  = /6 jsfM;u dks.k ls PQ O;kl ds lkis{k foLFkkfir dh tkrh gS rFkk fLFkjkoLFkk ls NksM+h tkrh 
gSA ¼fp=kkuqlkj½ 

 

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

 xsan B ds nksyuksa dh vko`fÙk Kkr djksA  

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

 xsan A dh pky Kkr djks] tc nksauks xsan O;kl PQ ds nksauks fljksa ij vkrh gSA 

 (iii) What is the total energy of the system? fudk; dh dqy ÅtkZ D;k gS\   

Ans. (i) f = 
1

2
4 0.1

0.1


 = 

1


Hz (ii) V = 0.0628  (iii) 3.9 × 10–4 J 

Sol. Given – Mass of each block A and B, m = 0.1kg  
 Radius of circle, R = 0.06 m  
 fn;k x;k gS – izR;sd CykWd A rFkk B dk nzO;eku, m = 0.1kg  

 o`Ùk dh f=kT;k, R = 0.06 m  

 Natural length of spring 0 = R = 0.06   ( Half circle ) 
 and spring constant, k = 0.1 N/m 
 In the stretched position elongation in each spring 

 x = R . 
 Let us draw FBD of A   
 fLizax dh lkekU; yEckbZ 0 = R = 0.06  ( vk/kk o`Ùk ) 

 vkSj fLizax fu;rkad , k = 0.1 N/m 

 foLrkfjr voLFkk esa izR;sd fLizax esa foLrkj  

 x = R . 
 A dk FBD cukus ls        

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


Simple Harmonic Motion 
 

 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVSH - 12 

Toll Free : 1800 200 2244 | 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

     

 

 
 Spring in lower side is stretched by 2x and on upper side compressed by 2x. Therefore, each spring will 

exert a force 2kx on each ball. 
 Hence, a restoring force, F = 4kx will act on A in the direction shown in figure. 
 Restoring torque of this force about origin  
 ;gk¡ uhps dh fLizax 2x ls foLrkfjr rFkk Åij dh fLizax 2x ls lEihfMr gqbZ gS] blfy, nksuksa fLizax izR;sd xsan ij 

2kx cy vkjksfir djsxhA  
 vr% fp=kkuqlkj izR;ku;u cy, F = 4kx   A ij fn[kkbZ xbZ fn'kk esa dk;Z djsxkA  
 dqy fcUnq ds ifjr% izR;ku;u cy ;qXe dk vk?kw.kZ  

   = – F. R = – (4kx) R = – (4kR) R 

 or  ;k  = – 4kR 2  .  ...........(1) 

 Since,   –, each ball executes angular SHM about origin O. 
 Eq. (1) can be rewritten as  
 pwafd,   –, izR;sd xsan ewy fcUnw O ds ifjr% dksf.k; ljy vkorZ xfr djsxhA  

 lehdj.k (1) dks fuEu izdkj fy[kk tk ldrk gS -  

   I = – 4kR 2    

 or ;k  ( mR 2  )= – 4kR 2  

 or ;k  = – 
4k

m

 
 
 

 

  Frequency of oscillation nksyu vko`fÙk , f = 
1

2
acceleration

displacement

Roj.k 

foLFkkiu
 = 

1

2



   

   f = 
1

2
4k

m
 

 Substituting the values, we have eku j[kus ij   

   f = 
1

2
4 0.1

0.1


 = 

1


Hz 

Alternate  oSdfYid : f = 
1

2
k´


 

 where tgk¡ k´ = 2k,   = 1 2

1 2

m m m

m m 2



 

   f = 
1

2
4k

m
 = 

1

2
4 0.1

0.1


 = 

1


Hz 

 (ii) In stretched position, potential energy of the system is  
 foLrkfjr voLFkk esa fudk; dh fLFkfrt ÅtkZ  

   PE = 2  {
1

2
k } { 2x } 2  = 4kx 2  

R
x

6

  
 

 

 and in mean position, both the blocks have kinetic energy only. Hence,  
 ek/; fLFkfr esa nksuksa CykWd ds ikl dsoy xfrt ÅtkZ gksxhA vr%  

   KE = 2 { 
1

2
 mv2

max } = mv2
max 
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 From energy conservation   
 ÅtkZ laj{k.k fu;e ls  
  PE = KE 

  4kx 2 = mv2
max

 

  vmax = 2x
k

m
  = 2R

k

m
  

 Substituting the values eku j[kus ij  

  vmax = 2 (0.06) (  / 6 ) 
0.1

0.1
 = 0.02  

 or ;k vmax = 0.0628 m /s  

 (iii) Total energy of the system, E = PE in stretched position  
    fudk; dh dqy ÅtkZ, E = PE foLrkfjr voLFkk esa  
 or ;k = KE at mean position   KE  ek/; fLFkfr ij 

 E = 2 2
max

1
mv

2

 
 
 

 = ( 0.1) ( 0.0628 ) 2 J   or E = 3.9 × 10 – 4 J   

                                

11.# Two light springs of force constant k1 and k2 and a block of mass m are in one line AB on a smooth 
horizontal table such that one end of each spring is fixed to rigid supports and the other end is free as 
shown in the figure. The distance CD between the free ends of the spring is 60 cm. If the block moves 
along AB with a velocity 120 cm/s in between the springs, calculate the period of oscillation of the block. 

 (k1 = 1.8 N/m, k2 = 3.2 N/m, m = 200 g)  

 fp=kkuqlkj k1 rFkk k2 cy fu;rkad dh nks gYdh fLçax rFkk m nzO;eku dk CykWd fpduh {kSfrt Vscy ij ,d js[kk 
AB ij fp=kkuqlkj fLFkr gSA nksauks fLçax ds ,d fljs tM+or~ gS rFkk nwljk fljk eqDr gSA nksauks eqDr fljksa ds chp dh 
nwjh CD = 60 cm gSA ;fn CykWd dks js[kk AB ds vuqfn'k 120 cm/s dk osx fn;k tk;s rks CykWd ds nksyu dk 
vkorZdky Kkr djksA (k1 = 1.8 N/m, k2 = 3.2 N/m, m = 200 g)     

     

 

m 
k 1 k 2 

A C D B 

60 cm 

V 

   
 Ans. 2.82 s 
Sol. Between C and D block will move with constant speed of 120 cm/s. Therefore, period of oscillation will 

be  (starting from C ).  
 C rFkk D ds chp CykWd vpj pky 120 cm/s. ls xfreku gksxk] vr% nksyu dk vkorZ dky (C ls 'kq: djrs gq, )   

   T = t CD + 2T

2
 + t DC + 1T

2
 

 Here ;gk¡ , T1 = 2
1

m

k
 and  vkSj T2 = 2

2

m

k
   

 and vkSj  t CD = t DC = 
CD

v
 = 

60

120
 = 0.5 s 

   T = 0.5 + 
2

2

 0.2

3.2
 + 0.5 + 

2

2

 0.2

1.8
 

   ( m = 200 g = 0.2 kg ) 
    T = 2.82 s 
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12.# Two wheels which are rotated by some external source with constant angular velocity in opposite 
directions as shown in figure. A uniform plank of mass M is placed on it symmetrically. The friction  

co-efficient between each wheel and the plank is . Find the frequency of oscillations, when plank is 
slightly displaced along its length and released. 

 fp=kkuqlkj M nzO;eku dh le:i r[rk {kSfrt rFkk lefer :i ls nks foijhr fn'kk esa fu;r dks.kh; osx ls fdlh 
cká dkjd }kjk ?kwers gq, ifg;ksa ij j[kh gSA nksuksa ifg;ksa rFkk r[krk ds e/; ?k"kZ.k xq.kkad µ gSA ;fn r[krk dks 
bldh yEckbZ ds vuqfn'k foLFkkfir djds NksM++ fn;k tk;s rks r[krk dh nksyu xfr dk vkorZdky Kkr djksA  

    

 

 

Ans. 2
µg

   

Sol.  If plank is displaced by x toward right then   
 ;fn IysV dks nk;h vkSj x foLFkkfir dj ns rks  

   

 

  
 Let N1, N2 and f1, f2 are Normal and friction force at Point A and B  
 by force balance    

 ekuk N1, N2 rFkk f1, f2 vfHkyEc rFkk ?k"kZ.k cy fcUnq A rFkk B ij gSA  
  N1 + N2 = Mg  ——(1) 

 and Torque balance  cyk?kw.kZ larqyu ls  

  Mg ( + x) = N2 × 2 ——(2) 

 by equation (1) and (2) lehdj.k (1) ls  (2) 

 N1 = 
Mg

2
 – 

Mgx

2
 N2 = 

Mg

2
 + 

Mgx

2
 

 So vr%  f1 = 
Mg Mgx–
2 2

 
 
 

   

 and  vkSj f2 = 
Mg Mgx

2 2

  
 

 

 F.B.D of M M dk eq- o- js-    

  

 

     a  
 f2 – f1 = Ma 

  . 
2Mgx

2
 = Ma = – 

2

2

d x

dt
.M 

 
2

2

d x gx

dt


 

  Time period vkorZdky = 2
g
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13. The Cubic Potential : Consider a particle of mass m moving in one dimension under the influence of 
potential energy 

  u(x) = 
2 2 3m x x

x
2 3

 
    

 Here ,  and a are real and positive.       

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

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

 ?kukHk foHko (Cubic Potential) : m nzO;eku dk ,d d.k ysrs gS] tks fLFkfrt ÅtkZ u(x) ds izHkko esa ,d foeh; 
xfr djrk gSA  

  u(x) = 
2 2 3m x x

x
2 3

 
    

 ;gk¡ ,  rFkk a /kukRed ,oa okLrfod gSA  

 (a) u(x) dk xzkQ vkjsf[kr djs ,oa ;fn dksbZ pje gS rks n'kkZ;s 

 (b) izdj.k ysosa tgk¡ m = 1,  = 2 ,  = 1 rFkk  = 1/2 gS (mi;qDr foek esa)A fLFkfrt ÅtkZ u(x) dks vkjsf[kr 
dhft,A ;fn bl ,d foeh; foHko esa xfr'khy d.k dh dqy ÅtkZ E = 0 gS (leku ek=kd esa)A vuqer ijkl] 
ifjc)rk ,oa vko`fr (regions, boundedness and periodicity) ds inksa esa d.k dh xfr dks le>kb;sA 

Ans. (b) between x = 0 and x = 
3 3

2


. U is (–ve). So, K.E. is +ve.  

 x = 0 ,oa x = 
3 3

2


 esa e/; U _.kkred gSA vr% xfrt ÅtkZ /kukRed gSA 

Sol. (a) U(x) = 
2 2m x

2


 – x – 

3x

3


 

 U(x) = – x2 + m2x –    

 

 
 if ;fn D < 0. m2 4 – 4s < 0. 
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 D > 0,  m2 4 – 4s > 0. 

 

 

   

 

    

(b)  U(x) = x2 – 
x

2
 – 

3x

3
 

  U (x) = – x2 + 2x – 
1

2
 

  D = 4 – 4× 
1

2
 = 2   

 

 
    U = 0 

   2x
2x 6x 3 0

6


      

  x = 0, 
6 12

4


  

  x = 0, 
3 3

2


 

 between x = 0 and x = 
3 3

2


. U is (–ve). So, K.E. is +ve.  

 x = 0 ,oa x = 
3 3

2


 esa e/; U _.kkred gSA vr% xfrt ÅtkZ /kukRed gSA  

 So, this the only allowed region. 

 vr% dsoy ;g vuqer ifj{ks=k gSA 

 The particle will oscillate between these two points periodically. 

 d.k bu nks fcUnqvksa ds e/; vkorZ :i ls nkSyu djsxkA 
 

14. Two blocks of masses m1 = 1.0 kg and m2 = 2.0 kg are connected by a massless elastic spring and are 

at rest on a smooth horizontal surface with the spring at its natural length. A horizontal force of constant 
magnitude F = 6.0 N is applied to the block m1 for a certain time t in which m1 suffers a displacement 

x1 = 0.1 m and x2 = 0.05 m. Kinetic energy of the system with respect to center of mass is 0.1 J. The 

force F is then withdrawn.  

 
m 1 m 2 

x 
1 x 

2 

F 

 
 (a) Calculate t.      

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

 (c) Calculate the energy stored in the system   
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 m1 = 1.0 kg o m2 = 2.0 kg nzO;eku ds nks CykWd nzO;ekughu izR;kLFk fLiazx }kjk tM+s gq, rFkk fLiazx dh izkÑfrd 
yEckbZ esa ;s CykWd izkjEHk esa fojkekoLFkk esa fpduh {kSfrt lrg ij j[ks gq, gSA m

1
 nzO;eku ds ,d CykWd ij fuf'pr 

le; t ds fy, ,d fu;r ifjek.k dk {kSfrt cy F = 6.0 N vkjksfir fd;k tkrk gS] ftlls m
1 
esa foLFkkiu  

x
1
 = 0.1 m rFkk x

2
 = 0.05 m gksrs gSA nzO;eku dsUnz ds lkis{k fudk; dh xfrt ÅtkZ 0.1 J gSA blds i'pkr~ cy  

F gVk fn;k tkrk gSA         

 
m 1 m 2 

x 
1 x 

2 

F 

 

(a) t dh x.ku dhft,A 

(b) cy gVkus ds ckn nzO;eku dsUnz dh pky rFkk xfrt ÅtkZ dh x.kuk dhft,A  

(c) fudk; esa lafpr ÅtkZ dh x.kuk dhft,A 
Ans. (a) 0.26s 

 (b) 0.52 ms–1, 0.40 J 

 (c) 0.20 J 

Sol. (a) t = 1 1 2 22(m x m x )

F

  
 = 0.26 s 

  (b) Speed pky = 
1 1 2 2

1 2

2F(m x m x )

m m

  


= 0.52 ms–1 

  Kinetic energy xfrt ÅtkZ = 1 1 2 2

1 2

F(m x m x )

m m

  


 = 0.40 J 

  (c)  Kinetic energy w.r.t. CM + Energy stored = 2 1 2

1 2

m ( x x )
F

m m

  


 = 0.20 J 

  nzO;eku dsUnz ds lkis{k xfrt ÅtkZ + lafpr ÅtkZ = 2 1 2

1 2

m ( x x )
F

m m

  


 = 0.20 J 

 lafpr ÅtkZ = 0.10 J   
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HANDOUT                  SIMPLE HARMONIC MOTION 

 

 DAMPED SIMPLE HARMONIC MOTION  

 We know that the motion of a simple pendulum, swinging in air, dies out eventually. Why does it 

happen ? This is because the air drag and the friction at the support oppose the motion of the 

pendulum and dissipate its energy gradually. The pendulum is said to execute damped oscillations. 

 In damped oscillations, the energy of the system is 

dissipated continuously; but, for small damping, the 

oscillations remain approximately periodic. The dissipating 

forces are generally the frictional forces. To understand 

the effect of such external forces on the motion of an 

oscillator. Let us consider a system as shown in figure 

below, here a block of mass m connected to an elastic 

spring of spring constant k oscillates vertically. If the block 

is pushed down a little and released, its angular frequency 

of oscillation is (= 
k

m
).However, in practice, the 

surrounding medium (air) will exert a damping force on 

the motion of the block and the mechanical energy of the 

block-spring system will decrease. The energy loss will 

appear as heat of the surrounding medium (and the block 

also) 

 

 

 The damping force depends on the nature of the surrounding medium. If the block is immersed in a 

liquid, the magnitude of damping will be much greater and the dissipation of energy much faster. The 

damping force is generally proportional to velocity of the bob. [Remember Stokes’ Law] and acts  

opposite to the direction of velocity. If the damping force is denoted by Fd, we have  

              dF bV    

             where the positive constant b depends on characteristics of the medium (viscosity, for example) and the 

size and shape of the block, etc. This equation is usually valid only for small velocity. When the mass m 

is attached to the spring and released, the spring will elongate a little and the mass will settle at some 

height. This position, shown by O in Figure 1, is the equilibrium position of the mass. If the mass is 

pulled down or pushed up a little, the restoring force on the block due to the spring is sF kx   where x  

is the displacement of the mass from its equilibrium position. Thus, the total force acting on the mass at 

any time t, is F kx bv   . If a(t) is the acceleration of mass at time t, then by Newton’s Law of Motion 

applied along the direction of motion, we have m a(t) = –kx(t) – b (t )  

 Here we have dropped the vector notation because we are discussing one-dimensional motion. Using 

the first and second derivatives of x (t) for v (t) and a (t) respectively, we have 

 
2

2

d x dx
m b kx 0

dtdt
           .....(1) 

 Equation 1 is a second-order linear differential equation and its auxiliary equation is mr2 + br + k = 0. 
The roots are 

   r1 = 
2b b 4mk

2m

  
  r2 =

2b b 4mk

2m

  
   .....(2) 

 We need to discuss three cases. 
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 CASE I : b2 – 4mk > 0 (overdamping) 
x

0 t
 

x

0 t
 

 In this case r1 and r2 are distinct real roots and x = 1 2r t r t

1 2b e b e   

 Since b, m, and k are all positive, we have 2b 4mk  < b, so the roots r1 and r2 given by Equation 2 

must both be negative. This shows that x  0 as t  . Typical graphs of x as a function of t are shown 

in above figure. Now Notice that oscillations do not occur. (It's possible for the mass to pass through the 

equilibrium position once but only once.) This is because b2 > 4mk means that there is a strong 

damping force (high-viscosity oil or grease compared with a weak spring or small mass.  

 CASE II : b2 – 4mk = 0 (critical damping) 

 This case corresponds to equal roots 

   r1 = r2 = –
b

2m
 

 and the solution is given by  

   x = (b1 + b2t)e–(b/2m)t  

 It is similar to Case I, and typical graphs resemble those in above figure, but the damping is just 

sufficient to suppress vibrations. Any decrease in the viscosity of the fluid leads to the vibrations of the 

following case. 

 CASE III : b2 – 4mk < 0 (underdamping) 

 Here the roots are complex: 

  
1

2

r b
'

r 2m


   


i  

 Where 
2

2

k b
'

m 4m
          .....(3) 

 The solution is given by 

  x = e–(b/2m)t (b1 cos 't + b2 sin 't) = Ae–(b/2m)t cos('t+) 
 We see that there are oscillations the are damped by the factor 

e–(b/2m)t. Since b > 0 and m > 0, we have  –(b/2m) < 0 so e–(c/2m)t 

 as t  . This implies that x  0 as t  ; that is, the 

motion decays to 0 as time increases. A graph is shown in 

figure. 

 Now the mechanical energy of the undamped oscillator is  

1/2 kA2. For a damped oscillator, the amplitude is not constant 

but depends on time. For small damping, we may use the same 

expression but regard the amplitude as A e–bt/2m. 
 

  2 bt / m1
E(t) kA e

2

       .....(4) 

 Equation shows that the total energy of the system decreases exponentially with time. Note that small 

damping means that is 
b

2m

 
 
 

 much less than  Of course, as expected, if we put b = 0, all equations 

of a damped oscillator in this section reduce to the corresponding equations of an undamped oscillator. 
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Quality Factor or Q value:  

 Practical applications require consideration of the quality of the oscillator, Q, which specifies the ratio 

of total energy, E, to the energy loss, E, over one complete oscillation period, T: 

  Q = 
E

2
| E |




 

   
'

Q
2 





 

 where    
2

2

k b
'

m 4m
    and 

b

2m
  

 In the limit of zero damping, the oscillator experiences no energy loss, and Q . In the limit of small 
damping, the quality of the oscillator can be approximated by 

  Q
2 





 

 Combining these two results provides a handy formula for the energy loss during a complete oscillation 
period of weakly damped motion: 

  
42

E E E
Q


  


 where 

k

m
 

 

Example 1. For the damped oscillator shown in Figure the mass m of the block is 200 g, k = 90 N m–1 and 

the damping constant b is 40 g s–1. Calculate (a) the period of oscillation, (b) time taken for its 

amplitude of vibrations to drop to half of its initial value and (c) the time taken for its mechanical 

energy to drop to half its initial value. 

Answer : (a)   The time period T from Equation. is given by  

   
2

2

2 2
T 0.3sec

' k b

m 4m

 
  




 

(b)  Now, from equation, the time, T1/2 for the amplitude drop  half of its initial value is given 

by 

   A (t) = 
bt / 2mAe

 

   
1/ 2bT

2m
A

Ae
2



    1/ 2

2m n2
T

b
  = 6.93 s 

(c) For calculating the time, t1/2, for its mechanical energy to drop to half its initial value we 

make use of equation from this equation we have. 

   1/ 2

E(0)
E(t )

2
   bt / m E(0)

E(0)e
2

   

   t1/2 = 
( n2)m

b
= 

6.93

2
  

 This is just half of the decay period for amplitude. This is not surprising, because, 

according to Equation 4, energy depends on the square of the amplitude. Notice that 

there is a factor of 2 in the exponents of the two exponentials.  
 

Example 2.  Show that the system 
2

2

d x dx
3x

dtdt
  = 0 is underdamped, find its damped angular frequency  

Solution : m = 1, b = 1, k = 3 
  b2 < 4mk 
  So, the system is underdamped 

  d = 
2

2

k b 11

m 24m

 
   

 

 s–1  
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, FORCED OSCILLATIONS AND RESONANCE 

 When a system (such as a simple pendulum or a block attached to a spring) is displaced from its 

equilibrium position and released, it oscillates with its natural frequency , and the oscillations are 

called free oscillations. All free oscillations eventually die out because of the ever present damping 

forces. However, an external agency can maintain these oscillations. These are called force or driven 

oscillations. We consider the 

 case when the external force is itself periodic, with a frequency d called the driven frequency. A most 

important fact of forced periodic oscillations is that the system oscillates not with its natural frequency 

, but at the frequency d of the external agency; the free oscillations die out due to damping. A most 

familiar example of forced oscillation is when a child in a garden swing periodically presses his feet 

against the ground (or someone else periodically gives the child a push) to maintain the oscillations. 

Suppose an external force F(t) of amplitude F0 that varies periodically with time is applied to a damped 

oscillator. Such a force can be represented as, 

  F(t) = Fo cos d t 

 The motion of a particle under the combined action of a linear restoring force, damping force and a time 

dependent driving force represented by Equation is given by, 

  m a(t) = –k x(t) – b(t) + Fo cos d t 

 Substituting d2x/dt2 for acceleration in Equation and rearranging it, we get 

  
2

2

d x
m

dt
  + 

dx
b

dt
+ kx = Fo cos dt       .....(5) 

 This is the equation of an oscillator of mass m on which a periodic force of (angular) frequency d is 

applied. The oscillator initially oscillates with its natural frequency . When we apply the external 

periodic force, the 

 oscillations with the natural frequency die out, and then the body oscillates with the (angular) frequency 

of the external periodic force. Its displacement, after the natural oscillations die out, is given by 

  x(t) = A cos (dt +  )        .....(6) 

 where t is the time measured from the moment  when we apply the periodic force. The amplitude A is a 

function of the forced frequency d and the natural frequency . Analysis shows that it is given by  

  

 

0

2
2 22 2 2
d d

F
A

m b


 

    
 

      .....(7) 

 and  0

d 0

v
tan

x


 


 

 where m is the mass of the particle and v0 and x0 are the velocity and the displacement of the particle at 

time t = 0, which is the moment when we apply the periodic force. Equation (7) shows that the 

amplitude of the forced oscillator depends on the (angular) frequency of the driving force. We can see a 

different behaviour 

 of the oscillator when d is far from  and when it is close to . We consider these two cases.  

(a)  Small Damping, Driving Frequency far from Natural Frequency :  In this case, d b will be much 

smaller than m(2 –2
d), and we can neglect that term. Then Equation. (7) reduces to  

   

 
0

2 2
d

F
A

m


 
       .....(8) 

 Figure (3) shows the dependence of the displacement amplitude of an oscillator on the angular 
frequency of the driving force for different amounts of damping present in the system. It may be 

noted that in all the cases the amplitude is greatest when d / = 1. The curves in this figure 
show that smaller the damping, the taller and narrower is the resonance peak. 
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 If we go on changing the driving frequency, the amplitude tends to infinity when it equals the 

natural frequency. But this is the ideal case of zero damping, a case which never arises in a 

real system as the damping is never perfectly zero. You must have experienced in a swing that 

when the timing of your push exactly matches with the time period of the swing, your swing 

gets the maximum amplitude. This amplitude is large, but not infinity, because there is always 

some damping in your swing. This will become clear in the case (b).  

(b) Driving Frequency Close to Natural Frequency : If d   is very close to , m (2 –  2
d ) would be 

much less than db, for any reasonable value of b, then Equation. (7) reduces to 

    0

d

F
A

b



 

 This makes it clear that the maximum possible amplitude for a given driving frequency is 

governed by the driving frequency and the damping, and is never infinity. The phenomenon of 

increase in amplitude when the driving force is close to the natural frequency of the oscillator is 

called resonance. In our daily life we encounter phenomena which involve resonance.  Your 

experience with swings is a good example of resonance. You might have realised that the skill 

in swinging to greater heights lies in the synchronization of the rhythm of pushing against the 

ground with the natural frequency of the swing. 
 

Example 3. A particle of mass m is attached to a spring (of spring constant k) and has a natural angular 

frequency 0. An external force F(t) proportional to cos t ( 0) is applied to the oscillator. 
The time displacement of the oscillator will be proportional to :  

  (1) 
2 2
0

m

 
  (2) 

2 2
0

1

m ( ) 
  (3) 

2 2
0

1

m ( )  
  (4) 

2 2
0

m

  
 

Solution : x(t) = A cos (dt + 0) 

  where  

 
0

2
2 2 2 2 2

d d

F
A

m b



   

 

  for small damping 

  0

2 2
d

F
A

[m( )]


 
  x (t) = 0

d 02 2
d

F
cos( )

m( )

 
   

   

    Ans. (2) 

Example. 4 In forced oscillation of a particle, the amplitude is maximum for a frequency 1 of the force, 

while the energy is maximum for a frequency 2 of the force, then : 

  (1) 1 = 2    (2) 1 > 2    

  (3) 1 < 2 when damping is small and 1 > 2 when damping is large   

  (4) 1 < 2  

Solution : Amplitude and energy both are maximum at resonance, when driving frequency is equal to the 

natural frequency of oscillation. Hence 1 = 2 = 0  
  Ans. (1) 
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Example 5. If a simple pendulum has significant amplitude (up to a factor of 1/e of original) only in the 

period between t = 0s to t = s, then  may be called the average life of the pendulum. When 

the spherical bob of the pendulum suffers a retardation (due to viscous drag) proportional to its 

velocity, with 'b' as the constant of proportionality, the average life time of the pendulum is 

(assuming damping is small) in seconds : 

  (1) 
0.693

b
  (2)  b   (3) 

1

b
   (4) 

2

b
 

Solution: A (t) = A0e–bt/2m  

  0A

e
= A0e–bt/2m  

2m

b
   

  In the given question 
b

m
 is given as b.  

kx
a bv

m

 
  

 
Ans (4) 

Example 6. The amplitude of a damped oscillator decreases to 0.9 times its original magnitude is 5s. In 

another 10s it will decrease to  times its original magnitude, where  equals.  

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

Solutions : A (t) = A0e–bt/2m    Given A (5) = 0.9 A0 

  0.9A0 = A0e–b(5)/2m   A (15) =   A0  

   A0 = A0e–b(15)/2m    = (0.9)3 = 0.729  Ans (3) 
 

Example 7. Determine whether the system is underdamped, overdamped or critically damped.  

  (i) 
2

2

d x dx
4 3x 0

dtdt
     (ii) 

2

2

d x dx
4 4x 0

dtdt
     

Solution : 
2

2

d x dx
m b kx 0

dtdt
      

  If  b2 < 4mk then the system is underdamped   

  If  b2 > 4mk then the system is overdamped  

  If  b2 = 4mk then the system is critically damped 

  (i) overdamped (ii) Critically damped 
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