
Simple Harmonic Motion 



Periodic Motion 

 Periodic Motion- a motion that is repeated 

with some set frequency. 

 

 Two common types of periodic motion are:  

 Oscillating spring/mass system – Simple 

Harmonic Motion 

 Oscillating pendulum. 

 



Oscillating Spring/Mass Systems 

 Maximum velocity is 

experienced at the 

equilibrium point, 

where Felastic = 0. 

 At maximum 

displacement, the 

velocity is zero.  

 



Simple Harmonic Motion 
 A restoring force is a force that would tend 

to bring a system back to the equilibrium 

position 

 Any periodic motion that is the result of a 

restoring force which is proportional to the 

displacement can be described as simple 

harmonic motion 

 Since a spring exhibits a restoring force 

which is proportional to the displace, a 

spring/mass system will exhibit simple 

harmonic motion 

 



Damping 

 In an ideal system, the mass-spring system 
would oscillate indefinitely.  

 Damping occurs when friction retards the 
motion. 

 Damping causes the system to come to rest after 
a period of time. 

 If we observe the system over a short period of 
time, damping is minimal, and we can treat the 
system like as ideal. 



Simple Harmonic Motion 

 Back and forth motion that is caused by a force 

that is directly proportional to the 

displacement. The displacement centers around 

an equilibrium position. 
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Springs – Hooke’s Law 
 One of the simplest type 

of simple harmonic 

motion is called Hooke's 

Law. This is primarily in 

reference to SPRINGS. 

 In 1678, Robert Hooke 

proposed this simple 

relationship between 

force & displacement  
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Hooke’s Law 

 The negative sign shows us that the force is a 

restoring force, always moving the object back to its 

equilibrium position. 

 The spring constant has units of  Newton/meter. 

 The spring constant tells us how resistant a spring 

is to being compressed or stretched (how many 

Newtons of force are required to stretch or 

compress the spring 1 meter). 

 When stretched or compressed, a spring has 

potential energy . 



Hooke’s Law 

 Common formulas which are set equal to 

Hooke's law are Newton's 2nd law and weight 

 



Example 

 A load of 50 N attached to a spring hanging 

vertically stretches the spring 5.0 cm. The spring 

is now placed horizontally on a table and 

stretched 11.0 cm. What force is required to 

stretch the spring this amount? 
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Hooke’s Law from a Graphical Point of View 

x(m) Force(N) 

0 0 

0.1 12 

0.2 24 

0.3 36 

0.4 48 

0.5 60 

0.6 72 

graph x  vs.F a of Slope
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Suppose we had the following data: 

Force vs. Displacement y = 120x + 1E-14

R2 = 1
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We have seen F vs. x Before!!!! 

Force vs. Displacement y = 120x + 1E-14

R2 = 1
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Work or ENERGY = FDx 

 

Since WORK or ENERGY 

is the AREA, we must get 

some type of energy when 

we compress or elongate 

the spring. This energy is 

the AREA under the line! 

Area = ELASTIC 

POTENTIAL ENERGY 

Since we STORE energy when the spring is compressed and 

elongated it classifies itself as a “type” of POTENTIAL ENERGY, Us. 

In this case, it is called ELASTIC POTENTIAL ENERGY. 



Elastic Potential Energy 

 The graph of F vs.x 
for a spring that is 
IDEAL in nature will 
always produce a line 
with a positive linear 
slope. Thus the area 
under the line will 
always be 
represented as a 
triangle. 

NOTE: Keep in mind that this can be applied to WORK or can be conserved 

with any other type of energy. 

 



Conservation of Energy in Springs 



Example 
 A slingshot consists of a light leather cup, containing a 

stone, that is pulled back against 2 rubber bands. It takes a 
force of 30 N to stretch the bands 1.0 cm (a) What is the 
potential energy stored in the bands when a 50.0 g stone is 
placed in the cup and pulled back 0.20 m from the 
equilibrium position? (b) With what speed does it leave the 
slingshot? 
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Describing Simple Harmonic Motion  

 Amplitude – the maximum displacement from 
equilibrium.  

 Period (T) – the time to execute one 
complete cycle of motion; units are seconds. 

 Frequency (f) – the number of complete 
cycles of motion that occur in one second; 
units are cycles per 1 second, or s-1  (also 
called Hertz). 



Describing Simple Harmonic Motion 

 Frequency is the reciprocal of period,  so 

  

 

 



Period of a Mass-Spring System 

 The period of a mass-spring system depends on mass 

and the spring constant: 

 

 

 

 Note that the period is independent of amplitude (only 

for springs that obey Hooke’s Law). 



Springs are like Waves and Circles 
The amplitude, A, of a wave is the 

same as the displacement ,x, of a 

spring. Both are in meters. 
CREST 

Trough 

Equilibrium Line 

Period, T, is the time for one revolution or 

in the case of springs the time for ONE 

COMPLETE oscillation (One crest and 

trough). Oscillations could also be called 

vibrations and cycles. In the wave above 

we have 1.75 cycles or waves or 

vibrations or oscillations.  

Ts=sec/cycle. Let’s assume that 

the wave crosses the equilibrium 

line in one second intervals. T 

=3.5 seconds/1.75 cycles. T = 2 

sec. 



SHM and Uniform Circular Motion 

 Springs and Waves behave 
very similar to objects that 
move in circles. 

 

 The radius of the circle is 
symbolic of the 
displacement, x, of a spring 
or the amplitude, A, of a 
wave.  

circlewavespring rAx 



Pendulums 
 Pendulums, like springs, 

oscillate back and forth 
exhibiting simple harmonic 
behavior. 

A shadow projector would show 

a pendulum moving in 

synchronization with a circle. 

Here, the angular amplitude is 

equal to the radius of a circle. 



Simple Pendulum 

 Simple pendulum – consists of a mass 

(called a bob) that is attached to a fixed 

string;  

 

 The restoring force of a pendulum is a  

component of the weight. 



Simple Pendulum 



Simple Pendulum 

 For small maximum displacement angles (less 
than 15°), the restoring force is proportional to 
displacement, and the pendulum exhibits SHM. 

 At maximum displacement from equilibrium, a 
pendulum bob has maximum potential energy; 
at equilibrium, this PE has been converted to 
KE. 

 The total mechanical energy will remain 
constant. 



Comparison of a Pendulum and an 

Oscillating Spring 



The Period of a Pendulum 
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The period of a simple pendulum depends 
on the length of the string and the value for 
free-fall acceleration. 

The period is independent of the mass of 

the bob or the amplitude 



Example 
 A visitor to a lighthouse wishes to determine 

the height of the tower. She ties a spool of 
thread to a small rock to make a simple 
pendulum, which she hangs down the center 
of a spiral staircase of the tower. The period of 
oscillation is 9.40 s. What is the height of the 
tower? 
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