
 

S.H.M.   1 

PHYSICS 

 

Q. 1 A uniform spring of normal length  has a force 

constant k. It is cut into two pieces of lengths 1, 

and 2 such that 1 = n2 where n is an integer. 

Then the value of k1 (force constant of spring of 

length 1) is - 

 (A) 
)1n(

kn


 (B) 

n

)1n(k 
  

 (C) 
n

)1n(k 
 (D) 

1n

kn


 

Sol.[B] k11 = k22 = k( 1 + 2) 

 k1 = 
1

21 )(k



 
 or k1 = 

2

22

n

)n(k



 
   

 or  k1 = 
n

)1n(k 
 

 

Q.2 To study the dissipations of energy student Plots a 

graph between square root of time and amplitude. 

The graph would be a -  

 (A) Straight line   (B) hyperbola  

 (C) Parabola (D) Exponential [B] 

Sol. a2 t = constant  

 ta  = constant  

 so hyperbola. 
 

Q.3 The pendulum suspended from the ceiling of a 

train has a period T when the train is at rest. When 

the train is accelerating with an uniform 

acceleration, the period of oscillation will -  

 (A) increase  (B) decrease   

 (C) remain unaffected  (D) become infinite   

     [B] 

Sol. Comparing with y = 2 
g

  ; 

 T' = 2
22 ag

1


 

 clearly, T' < T 
 

Q.4 For definite length of wire, if the weight used for 

applying tension is immersed in water, then 

frequency will -  

 (A) become less (B) become more  

 (C) remain equal (D) become zero [A] 

Sol. For stretched string  

 n  T  g.M  

 When weight is dipped in water due to buoyancy 

force, tension decreases and hence frequency 

decreases 
 

Q. 5  The amplitude and the time period in SHM are 0.8 

cm and 0.2 s respectively. If the initial phase is 
2


 

radian, then the equation representing SHM is-   

 (A) y = 0.8 cos 10t  (B) y = 0.8 sin t   

 (C) y = 3 × 0.8 sin t  (D) y = 0.8 sin 10t  

     [A] 

Sol. y = a sin (t + 0) 

 = 0.8 sin 






 




2
t

2.0

2
 

 = 0.8 cos 10 t   

 

Q.6 The time period of a mass suspended from a 

spring is 5s. The spring is cut into four equal parts 

and same mass is now suspended from one of its 

parts. The period  is now -  

 (A) 5s    (B) 2.5 s   

 (C) 1.25 s  (D) 
16

5
s   [B] 

Sol. T = 2 
k

m
 

 

Q.7 A particle executes SHM along a straight line so 

that its period is 12s. The time it takes in 

traversing a distance equal to half its amplitude  

from its equilibrium position is -  

 (A) 6s   (B) 4s   

 (C) 2s  (D) 1s   [D] 

Sol. E = a sin t 

 
2

a
= a sin t 

 or 
2

1
= sin t 

 or sin 
6


= sin 

12

2
t 

 t = 1s 

  

Q.8 The maximum elongation in the spring is -  
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5kg1kg

K = 200 m/N 

10N
4N

 

 (A) 2 cm (B) 3 cm (C) 4 cm (D) 5 cm   

Sol.[D] x = 
20

1

6200

60

6200

542

6200

1102













m = 5cm 

 

Q.9 A particle executes SHM along a straight line so 

that its period is 12 s. The time it takes in 

traversing a distance equal to half its amplitude 

from its equilibrium position is- 

 (A) 6 s   (B) 4 s   

 (C) 2 s   (D) 1s   [D] 

Sol. E = a sin t  tsina
2

a
  or tsin

2

1
  

 or t
12

2
sin

6
sin





t = 1s 

 

Q.10 The length of simple pendulum executing SHM is 

increased by 21%. The percentage increase in the 

time period of the pendulum is -    

 (A) 10%  (B) 11% (C) 21%  (D) 42% 

Sol. [A]  

100

121

T

'T
 , T ' = 

10

11
T  

 







1

T

'T
 × 100%   = 








1

10

11
 × 100%  

 = 10% 

 

Q.11 A particle executes SHM of amplitude 5cm and 

period 3s. The velocity of the particle at a 

distance 4 cm from the mean position- 

 (A) 8 cm/s   (B) 12 cm/s   

 (C) 4 cm/s   (D) 6 cm/s 

Sol.[D] 22 xav  = 1625
3

32
xa

T

2 22 



  

 = 6 cm/s 

 

Q.12 A particle is executing S.H.M. along a straight 

line. The graph showing the variation of kinetic, 

potential and total energy K, U and T respectively 

with displacement is   

 

 

(I) 
x 

K 

T 
U 

 

 

(II) 
x 
U 

T 
K 

 

 

(III) 
x 

T 

U K 

 

 

(IV) 
x 
T 

U 

K 

 
 (A) I (B) II  

 (C) III  (D) IV  [A] 

 

Q.13 A system is shown in the figure. The time period for 

small oscillations of  the two blocks will be -    

      

 
m m 

2k k 

 

 (A) 2 
k

m3
 (B) 2 

k4

m3
   

 (C) 2 
k8

m3
 (D) 2 

k2

m3
  

 

Sol. [B] 

 Both the spring are in series 

  Keq = 
k2k

)k2(k


 = 

3

k2
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 Time period T = 2 
eqK

µ
  

 where µ = 
21

21

mm

m.m


  

 Here µ = 
2

m
  

  T = 2 
k2

3
.

2

m
= 2

k4

m3
 

 Alternative method :  

 

 
m m 

2k/3 

m m 
2k/3 

x2 x1 

 mx1 = mx2  x1 = x2 

  force equation for first block; 

 
3

k2
(x1+x2) = m 

2

1
2

dt

xd
 

 Put x1 = x2  
2

1
2

dt

xd
 + 

m3

k4
 x1 = 0  

  2 = 
m3

k4
 

  T = 2 
k4

m3
  

 

Q. 14 Find the period of low amplitude vertical 

vibrations of the system shown The mass of the 

block is m. The pulley hangs from the ceiling on 

a spring with a force constant k. The block hangs 

from an ideal spring. 

 

spring 

string 
m 

 

 (A) 2
k

m
 (B) 6

k

m
 

 (C) 4
k

m
  (D) 8

k

m
  

 

Sol. [C] 

 When block is given displacement x spring will 

stretch by 
2

x
. 

  spring force = 
2

kx
 

  Tension in the string = 
2

1
 × spring force  

   = 
4

kx
 

 T = 2 

4

k

m
 = 4 

k

m
 

 

Q. 15 A spring has a force constant k and mass m . The 

spring hangs vertically and a block of unknown 

mass is attached to its bottom end: It is known 

that the mass of the block is much greater than 

that of the spring. The hanging block stretches the 

spring the twice its relaxed length. How long (t) 

would it take for a low amplitude transverse pulse 

to travel the length of the spring stretched by the 

hanging  block ?  

 (A) 
k

m2
  (B) 

k

m
  

 (C) 
k2

m
  (D) 

k3

m2
  

Sol. [A] 

 Since mass of spring is small compared to the 

mass m, the tension force is approximately 

constant  

  T = mg  

 kx = mg x = 
k

mg
 

 When x-acceleration of the spring  

 x = 2L given 

  Where L – Relaxed length. 

 New length = 2L 

 = 
k

mg2
 

  mass per unit length  

 µ = 
mg2

mk
 = 

g2

k
 

 Speed of wave V = 
µ

T
 

 = 
mk

mg2mg 
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 V = 
k

m2
g  

 time = 
V

L2
  

  = 
k

mg2

m2

k
 

 time = 
k

m2
   

     

Q. 16 A particle of mass m is acted upon by a force  

F = t2 – kx. Initially the particle is at rest at the 

origin. Then –  

 (A) Its displacement will be in simple harmonic 

 (B) Its velocity will be in simple harmonic 

 (C) Its acceleration will be in simple harmonic 

 (D) Particle will move with constant velocity 

Sol. [C] 

 Conceptual  

 

Q.17 Two particles A and B execute simple harmonic 

motion with periods of T and 
4

T5
 respectively . 

They start simultaneously from mean position. 

The phase difference between them when A 

completes one oscillation will be -  

 (A) 0   (B) 
2


   

 (C) 
4


  (D) 

5

2
  

Sol. [D] 

  = (1 – 2)t = 






 

4/T5

2
–

T

2
 T = 

5

2
 

 

Q. 18  A simple harmonic oscillator has amplitude 'A' 

angular frequency  and mass m. Then average 

kinetic energy in one time period is - 

 (A)  
2

1
m2A2 (B) 

4

1
m2A2  

 (C) m2A2  (D) zero 

Sol. [B] 

 Kav = 
T

1
  

T

6

222 cosAm
2

1
(t + ) 

 

Q.19 A student says that he had applied a force F = – 

k x  on a particle and the particle moved in 

simple harmonic motion. He refuses to tell 

whether k is a constant or not. Assume that he has 

worked only with positive x and no other force 

acted on the particle. 

 (A) As x increases k increases 

 (B) As x increases k decreases  

 (C) As x increases k remains constant 

 (D) The motion cannot be simple harmonic 

      [A] 
 

Q.20 When the displacement is half of the amplitude. 

The ratio of potential energy to the total energy is -  

 (A) 
2

1
 (B) 

4

1
  

 (C) 1   (D) 
8

1
 

Sol.  [B]  P.. = 
2

1
m2x2  & T.= 

2

1
m2A2 

 So ratio at x = A/2 
.E.T

.E.P
= 

4

1
 

 

Q.21 The distance moved by a particle in simple 

harmonic motion in one time period is – 

 (A) A (B) 2A 

 (C) 4A   (D) zero  [C] 

  

Q.22 The time period of a particle in simple harmonic 

motion is equal  to the smallest time between the 

particle acquiring a particular velocity 

v . The 

value of v is – 

 (A) vmax   

 (B) 0 

 (C) between 0 and vmax  

 (D) between 0 and – vmax   [D] 

 
 

Q.23 Which of the following quantities are always 

positive in a simple harmonic motion ? 

 (A) 

a.F  (B) 


r.v  

 (C) 

r.a  (D) 


r.F              [A] 

 

Q.24 A particle moves such that its acceleration is 

given by  

a = – (x – 2) 

 Here :  is a positive constant and x is the 

position from origin. Time period of oscillations 

is - 

 (A) 2  (B) 2


1
 

 (C) 2 2  (D) 2
2

1


 

Sol. [B] 

      a = – (x – 2) 
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 as a = – 2(x – x0) 

  2 =  T = 2


1
 

 

Q.25 The displacement of two identical particles 

executing SHM are represented by equations 

x1 = 4 sin 






 


6
t10  and x2 = 5 cos t 

 For what value of  energy of both the particles is 

same ? 

 (A) 16 unit (B) 6 unit 

 (C) 4 unit  (D) 8 unit 

Sol. [D]  

 E1 = E2 

  
2

1
1m 2

1
2
1A  = 

2

1
2m 2

2
2
2A  

 but m1 = m2 

  2
1  × 16 = 2

2  × 25  

  100 × 16 = 2 × 25 

  = 8 units 
 

Q.26 A simple pendulum 4 m long swings with an 

amplitude of 0.2 m. What is its acceleration at the 

ends of its path ? (g = 10 m/s2) 

 (A) zero  (B) 10 m/s2 

 (C) 0.5 m/s2 (D) 2.5 m/s2 

Sol. [C]  

  = 
L

g
  amax = 2A = 

L

g
 × A = 0.5 m/s2 

 

Q.27 A particle of mass 5 × 10–5 kg is placed at the 

lowest point of a smooth parabola having the 

equation x2 = 40y (x, y in cm). If it is displaced 

slightly and it moves such that it is constrained to 

move along the parabola, the angular frequency of 

oscillation will be, approximately - 

 (A) 1 s–1  (B) 7 s–1 

 (C) 5 s–1  (D) None of these 

Sol. [D]  

 Restoring force = FR = – mg sin where  

 tan =
dx

dy
 = 

20

x
 

  FR = 
20

mgx
 

  FR = – 2m x 

  = 
20

g
 

 

Q.28  Two identical simple pendulums A and B are 

fixed at same point. They are displaced by very 

small angles   and  (  > ) and released from 

rest. Find the time after which B reaches its initial 

position for the first time. Collisions are elastic 

and length of strings is . 

 

 

A B 

 


 

  (A) 
g


  (B) 

g
2


   

  (C) 
g






 (D) 

g

2 




 

Sol. [B]  

 Time period of both A and B  T = 2 
g


 

 After first collision, B acquires amplitude of A 

and after second collision it acquires its own 

amplitude in this process time taken is  

  = 
4

T
+ 

4

T
+ 

4

T
+ 

4

T
 = T  = 

g
2


  

 

Q. 29 If a simple harmonic motion is represented by 

2

2

dt

xd
+x = 0, its time period is -

 (A) 


2
  (B) 



2
 

 (C) 2   (D) 2   [B] 

 
Q. 30 If the displacement (x) and velocity (v) of a 

particle executing simple harmonic motion are 

related through the expression 4v2 = 25 – x2, then 

its time period is -

 (A)   (B) 2 

 (C) 4  (D) 6  [C] 

 
Q. 31 A simple pendulum has a period T. It is taken 

inside a lift moving up with uniform acceleration 

of g/3. Now its time period will be 
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 (A) 
3

2
T  (B) 

2

3
T 

 (C)  
3

T2
  (D) 

2

T3
  [B] 

 

Q. 32 For a particle executing simple harmonic motion, 

the displacement x is given by x = A cos t. 

Identify the graph which represents the variation 

of potential energy (PE) as a function of time t 

and displacement x -

 

t 

PE 

0 

I II 

III 
IV 

PE 

0 x 
 

 (A) I, III  (B) II, IV 

 (C) II, III  (D) I, IV  [A] 

 

Q. 33 A body of mass 1 kg is executing simple 

harmonic motion. Its displacement x (in cm) at 

time t (in second) is given by,  

x = 6 sin 






 


4
t100  

 The maximum kinetic energy of the body is -

 (A) 6 J  (B) 18 J 

 (C) 24 J  (D) 36 J  [B] 

 

Q. 34 A uniform spring has an unstreched length  and a 

force constant k. The spring is cut into two parts 

of unstreched length 1 and 2 such that  

1 = 2 where  is an integer. The corresponding 

force constants k1 and k2 are : 

 (A) k and k(+ 1)       

 (B) 


 )1(k
 and k( – 1) 

 (C) 


 )1–(k
and k(+1) 

 (D)


 )1(k
and k(+1)   [D] 

Sol.     1 = 2  1 :2 = : 1 

  1 = 
1


  & 2 = 

)1(

1


   

  so k1 = 


 1
 k, k2 = ( + 1) k     

 

Q. 35 A particle is vibrating in simple harmonic motion 

with an amplitude of 4 cm. At what displacement 

from the equilibrium position is its energy half 

potential and half kinetic ? 

 (A) 10 cm  (B) 2 cm 

 (C) 2 cm  (D) 22 cm 

Sol.   

  [D] The total energy E of a particle vibrating 

SHM is given by 

  E = 
2

1
m2a2 .....(1) 

  The kinetic energy K is given by 

  K =
2

1
m2 (a2 – y2) 

  where y = displacements of the particle 

  but K = 







 22am

2

1

2

1

2

E
 

    )ya(m
2

1
am

2

1

2

1 22222 







   

  or 
22

2

ya
2

a
   or  y2 = 

2

a 2

  y = 
2

a
 

  Hence the kinetic energy is half of the total 

energy when displacement of the particle is 

a/ 2 . Given that a = 4cm. 

   y = 4/ 2  = 2 2 . 

Q.36 A pendulum of length 10 cm is hanged by wall 

making an angle 3° with vertical. It is swinged to 

position B. Time period of pendulum will be  

  

 

6° 3° 

A 

B 

 
 (A) /5 sec   

 (B) 
15

2
sec 

 (C) /6 sec   

 (D) Subsequent motion will not be periodic 

    [B] 

Sol.    

 

6° 3° 

A 

B 

C 

 

  Time taken by pendulum in going from A to B 
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  = 
4

T
 where T = 2 

g


 

  Time taken by pendulum in going from B to C 

  = 
12

T
 

    Time period of pendulum 

   = 









12

T

4

T
2  

   = 
3

T2
= 

3

2
.

5


= 

15

2
sec 

   Altier : 

 

30° 

 

    T = 
360

240
. T 

       = T
3

2
 

 
Q.37 Two blocks of mass 10 kg and 2 kg are connected 

by an ideal spring of spring constant 1000 N/m 

and the system is placed on a horizontal surface 

as shown. 

 

 10kg 2kg 

   

 

 The coefficient of friction between 10 kg block 

and surface is 0.5 but friction is assumed to be 

absent between 2 kg and surface. Initially blocks 

are at rest and spring is unstretched then 2 kg 

block is displaced by 1 cm to elongate the spring 

then released. Then the graph representing 

magnitude of frictional force on 10 kg block and 

time t is : (Time t is measured from that instant 

when 2 kg block is released to move) 

 (A) 

 f 

t 
(B) 

 f 

t 
 

 (C) 

 f 

t 
(D) None of these [A] 

 

Sol. fs = kx   

 (where fs is frictional force on 20 kg block and xis 

instantaneous elongation or compression in 

spring) 

 fs = k (A cos t)

   | fs | = kA |cos t| 

 

Q.38 A particle of mass m is allowed to oscillate near 

the minimum point of a vertical parabolic path 

having the equation x2 = 4ay, then the angular 

frequency of small oscillations of particle is – 

 

             

 y 

x 

g 

x
2
 = 4ay 

m 

 

 (A) ga   (B) ga2  

 (C) 
a

g
  (D) 

a2

g
  [D] 

 

Sol.   

 y 

x 


N 

mg sin  mg cos 

 

 ma = – mg sin  

    a = – g sin    or  a = – g tan     … (1) 

         (as  is small) 

 Now,  

  x2 = 4ay 

   
a2

x

dx

dy
  

   a = – g
a2

x


  – 2x = – 
a2

gx
 

   = 
a2

g
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Q.39 If the same weight is suspended from three 

springs having lengths 1 : 3 : 5, the period of 

oscillations shall be in the ratio of - 

 (A) 1 : 3 : 5  (B) 1 : 3  : 5  

 (C) 15 : 5 : 3 (D) 1 : 
3

1
 : 

15

1
 [B] 

Sol.  T 
K

1
 and K  



1
  

 T   

 

Q.40 The displacement of two identical particles 

executing SHM are represented by equations 

  x1 = 4 sin 






 


6
t10  and x2 = 5 cos t 

 For what value of  energy of both are particles is 

same ? 

 (A) 16 unit    (B) 6 unit  

 (C) 4 unit  (D) 8 unit [D] 

 

Sol.  E =
2

1
mA22  i.e., E  (A)2 

 or (A11)2 = (A22)2  

 or A11 = A22  

 or 4 × 10 = 5 ×   

 or  = 8 unit 

   

Q.41 A simple pendulum 4 m long swings with an 

amplitude of 0.2 m. What is its acceleration at the 

ends of its path ? (g = 10 m/s2) 

 (A) zero    (B) 10 m/s2 

 (C) 0.5 m/s2   (D) 2.5 m/s2 [C] 

Sol.  

 

T 



mg cos  
mg 

mg sin  

 

Fig. 

  T = mg cos  

 Fnet = mg sin  

 and acceleration = g sin  = g tan   (sin 

 = tan ) 

  = (10)
4

)2.0(
= 0.5 m/s2 

 

Q.42 A clock with an Iron Pendulum keeps correct time 

at 20ºC. How much will it lose or gain if 

temperature changes to 40ºC? [Given cubical 

expansion of iron = 36 × 10–6 ºC–1] 

(A) 10.368 sec gain (B) 10.368 sec loss

 (C) 5.184 sec gain (D) 5.184 sec loss  

      [B] 

Sol.  T = 2
g

L
 

 and T = 2
g

'L
 

 or 
T

'T
=

L

'L
 

  L = L(1 × t)   

  =
3


=

3

1036 6
 

 = L(1 + 12 × 10–6 × 20) = 12 × 10–6 ºC–1 

  L = L(1.00024) 

  
T

'T
=

L

L00024.1
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 or 
2

'T
= 1.00012 ( T = 2 sec)  

  T = 2.00024 

 Loss in time per day

 =
2

606024)200024.2( 
sec. 

 = 10.368 sec. Loss/day 

 

Q.43 A particle of mass 'm' kept at origin is subjected 

to a force F


 = (pt – qx) î  where 't' : time elapsed 

and x : x-coordinate of position of particle. 

Particle starts its motion at t = 0 with zero initial 

velocity. If p and q are positive constants, then -  

  (A) Acceleration of the particle will continuously 

keep on increasing with time 

 (B) Particle will execute S.H.M. 

  (C) Force on particle will have no upper limit 

 (D) The acceleration of particle varies  

sinusoidally with time  

Sol. [D]  

 F = pt – qx 

  a = x
m

q
t

m

p
  

  a
m

q

dt

ad
2

2









  

 

Q.44 A particle executes SHM of amplitude 5cm and 

period 3s. The velocity of the particle at a 

distance 4 cm from the mean position -       

 (A) 8 cm/s  (B) 12 cm/s  

 (C) 4 cm/s  (D) 6 cm/s  

Sol.  [D]  

 v =  22 xa    

 = 
22 xa

T

2



 = 1625

3

32



 = 6 cm/s 

 

Q.45 The displacement y of a particle executing 

periodic motion is given by  

 y = 4cos2 








2

t
sin (1000 t) 

 this expression may be considered to be a result 

of the superposition of ……independent 

harmonic motions -    

 (A) Two (B) Three  

 (C) Four   (D) Five 

Sol.  [B]  y = 4 cos2 








2

t
sin (1000 t) 

   = 2{1 + cos t} sin (1000 t) 

 y =  2 sin (1000 t) + 2 cos t sin 1000 t 

    = 2 sin (1000 t) + sin (999 t) + sin (1001 t) 

  it is the super of three 

 

Q.46 A particle undergoes simple harmonic motion 

having time-period T. The time taken 3/8th 

oscillation is- 

  (A) (3/8)T   (B) (5/8) T  

  (C) (5/12)T   (D) (7/12)T [C] 

 

Q.47 Two particles are in SHM with same angular 

frequency and amplitudes A and 2A respectively 

along same straight line with same mean position. 

They cross each other at position 
2

A
 distance 

from mean position in opposite direction. The 

phase difference between them is  

(A) 
6

5
 – sin–1 









4

1
 (B) 

6


 – sin–1 









4

1
 

(C) 
6

5
 – cos–1 









4

1
 (D) 

6


 – cos–1 









4

1
  

    [A] 

 

Sol.         

   

 

1 
2 

2

A
 

A 

2A 

 

 sin 
A

2/A
 = 

2

1
  

       1 
6


  

 sin ( – 2) = 
A2

2/A
 = 

4

1
 

                2 =  – sin–1 








4

1
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 Phase difference 

  2 – 1 = 
6

5
 – sin–1 









4

1
 



Q.48 The velocities of a particle in SHM at 

displacements x1 and x2 from mean position are 

v1 and v2 respectively. Its amplitude will be -  

  (A) 

1/2

2
2

2
1

2
2

2
1

2
1

2
2

vv

vxvx

















     

  (B) 

1/2

2
2

2
1

2
1

2
1

2
2

2
2

vv

vxvx


















   

  (C) 

1/2

2
1

2
2

2
2

2
1

2
1

2
2

vv

vxvx


















   

  (D) 

1/2

2
1

2
2

2
1

2
1

2
2

2
2

vv

vxvx


















    [A] 

 

Q.49 A particle of mass m is attached to three identical 

springs A, B and C each of force constant k as 

shown in figure. If the particle of mass m is pushed 

slightly against the spring A and released, then the 

time period of oscillation is - 

   

 C 

m O 

B 

A  

 (A) 2 
k

m2
  (B) 2

k2

m
  

 (C) 2
k

m
 (D) 2

k3

m
    [B] 

Sol. T = 
)cos21(K

M
2

2 
  

   = 
)45cos21(K

M
2

2
 =

K2

M
2  

 

Q.50 A simple pendulum with angular frequency  

oscillates simple harmonically. The tension in the 

string at lowest point is T. The total acceleration 

of the bob at its lowest position is - 

(A) 
m

T
 – g (B) zero 

(C) g – 
m

T
  (D) 

m

T
 + g  [A] 

 

 

Sol.          

           

 

T 

mg 
   

  T – mg = m2R 

  
m

T
 – g = 2R = a 


