
SIMPLE HARMONIC MOTION







Velocity and Acceleration of SHM
• We already got the solution of the SHM, with specific initial 

conditions(𝐴𝑡 𝑡 = 0, 𝑥 = 𝑎 𝑎𝑛𝑑 𝑣 = 0) as,
𝒙 𝒕 = 𝒂𝐜𝐨𝐬(𝝎𝒕)

• We have also seen the velocity as,
𝒗 𝒕 = ሶ𝒙 = −𝒂𝝎𝐬𝐢𝐧(𝝎𝒕)

• The Acceleration is,
𝒂 𝒕 = ሶ𝒗 = −𝒂𝝎𝟐𝒄𝒐𝒔𝝎𝒕

• Thus position, velocity and acceleration changes sinusoidally with 
different phases with respect to time.

• Thus we can conclude that:
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• Here the potential energy can be found as follows:

𝑈 = 𝑚𝑔Δx = mg l − lcos𝜃 = 𝑚𝑔𝑙 1 − 𝑐𝑜𝑠𝜃 = 2𝑚𝑔𝑙𝑠𝑖𝑛2
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Let U=0 when x=0(or 𝜃 = 0). At x=A(the maximum amplitude-> 𝜃 =
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• Also we can find the kinetic energy as follows:
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Thus,
Total energy, 𝐸 = 𝑈 + 𝑇 = 𝑈𝑚𝑎𝑥 ⇒

𝐸 = 2𝑚𝑔𝑙𝑠𝑖𝑛2
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The solution to equation motion of simple pendulum,
𝑑𝜃2

𝑑𝑡2
+
𝑔

𝑙
𝜃 = 0,

is give by,
𝜃 = 𝜃0cos(𝜔𝑡 + 𝜙)

Where, angular frequency, 𝜔 =
𝑔

𝑙
and 𝜙 is the initial phase(the phase when t=0)









5) A block oscillates without friction on the end of a spring as shown. The minimum and 
maximum lengths of the spring as it oscillates are, respectively,𝑥𝑚𝑖𝑛and 𝑥𝑚𝑎𝑥. The 
graphs below can represent quantities associated with the oscillation as functions of 
the length x of the spring.

a) Which graph can represent the total mechanical energy of the block-spring system 
as a function of x ? 

b) Which graph can represent the kinetic energy of the block as a function of x ? (A) A 
(B) B (C) C (D) D



6)

7) A simple pendulum consists of a bob of mass 0.085 kg attached to a string of 
length 1.5 m. The pendulum is raised to point Q, which is 0.08 m above its 
lowest position, and released so that it oscillates with small amplitude θ 
between the points P and Q as shown below. 
(a) On the figures, draw free-body diagrams showing and labeling the forces 

acting on the bob in each of the situations described when bob is at lowest 
position and the bob is at Q.

(b) Calculate the speed v of the bob at its lowest position.
(c) Calculate the tension in the string when the bob is passing through its 
lowest position.


