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Energy in Simple Harmonic Motion:- 

 

The graph shows how the P.E and K.E 
vary with displacement in a S.H.M. 

All Simple Harmonic Motions involves 
continual transfer between K.E and P.E 

The total energy(T.E) in simple harmonic 
motion is the sum of its P.E and K.E 

The total amount of energy in the system 
remains constant. 

                                        P.E(Ep) + K.E(EK) = T.E (ETotal) 

 

Damped Oscillations and Forced Oscillations:- 

Damping occurs when a force is exerted on 
the oscillating object that causes the amplitude 
of its oscillations to get smaller and smaller 
over time.  

When an outside driving force is exerted on an 
object to make it oscillate at a certain 
frequency, the resulting oscillations are 
called forced oscillations. 

Resonance:- It is the tendency of a system to vibrate with increasing 
amplitudes at some frequencies of excitation. These are known as the 
system's resonant frequencies (or resonance frequencies). 
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                 Resonance is “the state of a system in which an abnormally large 
vibration is produced in response to an external stimulus, occurring when 
the frequency of the stimulus is the same, or nearly the same, as the 
natural vibration frequency of the system.” 

Applications of resonance:- 

* In music, resonance is used to increase the intensity (loudness) of a 
sound. (Eg: A guitar produces sound entirely by vibration.) 

* A playground swing 

* A simple pendulum 

* The food is heated quickly in a microwave because of resonance.  

* Radio 

Disadvantages of Resonance:- 

* Waves hitting a rock face causes cracks and eventually great slabs of the 
cliff fall into the sea. 

*Avoiding resonance disasters is a major concern in every building, tower 
and bridge construction project. 

Question-Answers 

Q. The diagram shows the motion of a simple pendulum  

 in Simple Harmonic Motion. In which position the velocity  

 of the pendulum will be at its maximum value ? 

Ans. The velocity of the pendulum will be at its maximum 
value at the equilibrium (mean/central) position. 
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 Q. A 4kg mass attached to a spring is moving with S H M of period 24s  

      between two points A and B as shown below:  

     

   
                                    A                    D                   O                 C                   B 

 

 Find the time taken for the particle to travel from (O) to (C) ?    

      (Calculations in Radian mode) 

Answer:      

x  = x0 sin(ωt)          Or      x  = A sin(ωt)                  x = 2m       (from O to C),       

2 = 4 sin(0.26t)                                                          x0 = 4m       (amplitude, A) 

sin(0.26t)    =        =                                             ω = 2π/T ,    T = 24s 

       sin-1     =    0.26t                                              ω  =    =      or 0.26rad/s   

         0.524  =   0.26t                                                 t  =  ? 

                 t  = 0.524/0.26  =   2 s 

Q.  State two characteristics of the acceleration of this object.                             

Ans:     (i) Acceleration is directly proportional to displacement.  

             (ii) Acceleration is always back towards the centre. 

                              OR  

            Acceleration is always in the opposite direction to the displacement      

4m 

2m 



 
الخاصة مدرسة ابن خلدون  

وزارة التربیة والتعلیمإشراف تحت   

 سلطنة عمان

Ibn Khaldoun Private School 

Under the supervision of MOE 

Sultanate of Oman 

Q. Four simple pendulums of different lengths and masses are shown in the 
below figure. Which pendulum has the largest angular frequency (ω)? 

    

               (a) A                    (b) B 

   ⃝ 0.2 Kg  

                            ⃝ 0.8 Kg   (c) C   (d) D 

                        ⃝ 0.8 Kg                    Answer :  C    

        ⃝ 0.2 Kg                       

*( Note:- Shorter the length, shorter will be the time period ,T & larger 
will be the angular velocity, ω )   

Q. The graph below shows an object moving in simple harmonic motion. At  

    which of the following points on the graph the displacement is maximum: 

(a)    (a,c) 

(b)    (b,f) 

(c)    (a,e) 

(d)    (c,g) 

Answer:  (b,f) 

 

Q. What do you mean by amplitude? 

.......................................................................................................................... 

.......................................................................................................................... 

  

A              B              C           D 

Velocity 

a 

b 

c 

d 

e 

f 

g 

h 
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Q. The graph shows two waves ( A and B ) travelling to the right: 

 

 

 

 

 

     

Calculate the following : 

(i) The amplitude of wave (A)                                                           

A = 20/2 = 10cm 

(ii) The frequency of wave (A)                                                            

f = 1/T                                          T = 0.2s  

f = 1/0.2 = 5Hz 

(iii) The velocity of wave(B)                                                               

V = f                                                    f = 5Hz 

   = 5 x 30 x 10-2                                  =  30cm 

V = 1.5m/s                                         = 30 x 10-2m 

 

Q. What do you mean by frequency? 

.......................................................................................................................... 

.......................................................................................................................... 

t(s) 

20 

30cm 

X(cm) 

0.2 0.4 0.6 

A B 
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Q. An object is undergoing simple harmonic motion. The Graph below                                                         
shows  the position of the object as a function of time. 

 

 

 

 

 

(i) Show that the maximum acceleration is equal to (a= -6 2cm/s2)                

    Answer:        a = - (2πf)2.x                            x = A = 6 cm 

                             = - 4π2 x 0.25 x 6          T = 2s,   f2 = (1/T)2 = (1/2)2 = 0.25 Hz 

                            = - 6π2 cm/s2 

 

(ii) After the object starts moving, when will it reach its maximum speed for 
the first time?                                                                                                                              

Ans:   The object will reach its maximum speed for the first time at T = 1s.          

*( Note:- The speed (velocity) of the object will be at its maximum value 
at the equilibrium (mean/central) position.) 

 

Q. Which of the following will be at its maximum value when a simple 
pendulum in simple harmonic motion is at equilibrium position? 

  (a) Velocity    (b) Amplitude        (c) Acceleration       (d) Displacement 

Answer:   Velocity 

6 
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Q. The graph below represents the motion of mass (m) oscillating with 
(S.H.M) on a spring of constant (k). 

   
    

 

 

Find the amplitude of the motion.       

             a = - ω2x                                                                T = 4s                                             

       amax  = ω2A                                                                         f = 1/4 = 0.25Hz 

      amax  = (2πf)2A                                                            amax  =  2π (from graph) 

           A  =  amax/4π2f2   

               = 2π/4π2x(0.25)2   

              = 2.5m 

Q. An object is moving with simple harmonic motion, at the greatest 
displacement from the centre (extreme). Which of the following quantity is 
maximum? 

(a)  Velocity       (b) Kinetic Energy      (c) Frequency      (d)  Acceleration      

Answer:   Acceleration 

 

Q. What do you mean by time period? 

.......................................................................................................................... 

.......................................................................................................................... 

2π 
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Q. A pendulum of mass (m) oscillates back and forth around the point (A) as 
shown in the figure below. When mass (m) passes through point (A), which 
of the following combinations describes it’s velocity (v) and acceleration(a)?  

Acceleration (a) Velocity (v) 

Maximum Maximum 

Maximum Zero 

Zero Maximum 

Zero Zero 

                                                                                                                                         

Answer:    (c)  

 

 

Q. The below graph shows two plots of displacement (x) versus time (t) for 
two objects undergoing simple harmonic motions. 

 

 

 

 

 

   Which object (1) or (2), has the greatest maximum velocity? Why?  

 Answer:-    Object – 2, Because frequency of wave 2 is greater than that 
of wave 1. 

Acceleration (a) Velocity (v) 

     Zero   Maximum 

A 

(a) 

(b) 

(c) 

(d) 
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Q. An object is undergoing simple harmonic 
motion. The graph shows the position of the 
object as a function of time. 

Show that the maximum acceleration is equal 
to (a = 9π2 cm/s2).   

Ans:     amax  =  ω2A                                                 T = 2s      

                      =  (2πf)2A                                           A = 9cm 

                      =  4π2f2A                                             f = 1/T 

                     =  (4π2/T2) A =( 4π2/22)9  

          amax     =   9π2cm/s2 

Q. The below graph shows the simple harmonic motion of a pendulum. 

                                                                               X(m)               

 

                                                                                                   

 

                                                                                                        

   Calculate the value of acceleration at time (t=5s)                          

a = -ω2x                                                         x = Asin(ωt) 

   =  -ω2Asin(ωt)                                          A = 10m 

  =  -(π/4)2 x 10 x sin[(π/4)5]                     t = 5s 

  = - 4.36 m/s2                                              ω =  π/4 rad/s     

t(s) 

   10 

     5 

     0 
2 4 6 8 10 12

2 

(i) Find the angular frequency for this 
harmonic motion. 

ω  =  2πf 

     =  2π/T                       f = 1/T ,       T = 8s     

    =  2π/8  =  π/4 rad/s    or  0.78 rad/s 

(ii) 

     ********************                               Prepared by: Tr. Divya 


