
These are all based on the principles of Simple Harmonic Motion! So, what is Simple Harmonic Motion or in short SHM? 
 

Simple Harmonic Motion (SHM) is a repetitive back–and–forth movement through a central or equilibrium position.  
This back-and-forth movement is harmonic and continuous because of a force called the restoring force. 

This restoring force is proportional to and in the opposite direction of the displacement. 
  

 2 types of SHM 

Let us take an example of a system where a mass is attached to a spring. 
 

 
Figure 1 - Linear simple harmonic motion in a mass-spring system. 

 
How can this be explained? 

 
You can see that as the mass stretches the spring, the spring resists and tries 
to bring the mass back to its central/equilibrium position. The spring 
is trying to restore the system’s original unstretched position. This force 
exerted by the spring is called the restoring force. 

 
What to look out for 

 
• The restoring force gets stronger as one increases the stretch on 

the spring. 
• The strength of the resistance of the spring is dependent on its 

spring constant. 
• The more the mass is stretched the more the spring will pull it back. 

 
Let us make sense of this by looking at the restoring force 
equation 

	  
F = −kx  

Where,  
F - Restoring Force 
x  - Displacement  (Distance from the central/equilibrium position) 
k - Spring Constant ( A measure of how stiff/strong the spring is) 

 
The above equation is called Hooke’s Law! From it we can clearly observe 
that: 
• The restoring force (FS) is directly proportional to the 

displacement (x)  
 

• The restoring force (FS) is always pulling the mass towards the 
central/equilibrium position, acting in a direction that is opposite 
to the displacement. (This is represented by the minus sign) 

 

Where can you find Linear SHM in the real world? 

The study and understanding of linear simple harmonic motions helps 
mechanical engineers improve our daily lives. 

Have you ever asked yourselves why today’s cars are more comfortable than 
olden day ones? Because the suspensions on the car help it absorb shocks 
when you encounter a bump on the road. The exact same principle applies 
for the bicycles that many of you use daily to go to school. 

Simple harmonic motion can also be found in rotational movements. The 
exact same principles are applied, but in 2. Let us consider a simple 
pendulum system where a bob is attached to the end of a string. 
 

 
Figure 2 - Rotational simple harmonic motion in a pendulum diagram. 

 
How can we explain what is happening? 

  
Well, the pendulum showcases the same back-and-forth movement as the mass 
attached to a spring.  
 
There exists two forces acting together, resulting in a restoring force that 
brings the mass of the pendulum back towards its original position. 

• Gravity (noted as g) pulling the mass back down 
• Tension in the strings pulling it left or right (depending on which 

side the mass of the pendulum is). 
 

Now, let us understand the theory behind this motion 
 

F = −mgθ 	  
Where,  
F - Restoring Force 
m  - mass  (mass of the bob) 

 
• The pendulum executes SHM only when sinθ ≈θ  which means 

that only when θ <15o 	   the force is proportional to displacement. 
• Restoring force acts in the opposite direction of the displacement. 

(The negative sign represents this)  
 

 
 

Where can you see rotational harmonic motion in the real world? 
 

As Rotational SHM has a constant time period, it is used in grandfather 
clocks and metronomes (tool used by musicians to keep a constant beat). The 
theory is also used to keep you safe on adventure rides in amusement parks 
and for more complex systems such as launching objects into outer space.

 

What do we learn? 

In a nutshell, every mechanical engineer knows about simple harmonic motion. As seen in the application of both linear and rotational simple harmonic 
motions, it can be used in various fields and has different uses such as improving comfort, keeping the right beat/tempo, tracking time or ensuring safety. 

Mechanical engineers use the principles and theory explained here to improve our life and make our world a better place.  

Our last question to you is now: 

Do you want to be part of this? 

Linear	  
SHM	  

Rotational	  	  
SHM	  


