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17 Simple Harmonic Motion

In this section, we use our knowledge of trigonometric functions to describe
motion that repeats itself periodically, such as the up-and-down motion of
a mass attached to a spring or the back-and-forth motion of a simple pen-
dulum. These phenomena are described by the sinusoidal functions, which
are the sine and cosine functions or a combination of these functions.
The motion of body is called a simple harmonic motion if the body oscil-
lates about an initial state known as the equilibrium position. Examples
of such motion are the motions of a pendulum swinging back and forth, a
spring compressing or stretching, radio waves and television signals.
Variables that describe the periodic nature of a sinusoidal motion are: am-
plitude, period, and frequency.

• Amplitude
In a simple harmonic motion a body generally goes back and forth between
two extreme points; the points of maximum displacement from the equilib-
rium point. The point of maximum displacement is known as the amplitude
of the motion. For example, if a pendulum is displaced 1 cm from equilibrium
and then allowed to oscillate we can say that the amplitude of oscillation is
1 cm.

• Period
In a simple harmonic motion, a particle completes a round trip in a certain
period of time. This time, p , which denotes the time it takes for the particle
to return to its initial position, is called the period or cycle of the motion.

• Frequency
Another concept related to time is the frequency. Frequency, denoted by f ,
is defined as the number of cycles per unit time and is related to period as
such:

f =
1

p
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Period is measured in seconds, while frequency is measured in Hertz (or Hz),
where 1 Hz = 1 cycle/second.

Modeling Simple Harmonic Motions
As pointed out earlier in the section, a simple harmonic motion is modeled
by either the function f(t) = a sin (bt) or the function f(t) = a cos (bt). But
the period of either function is known to be p = 2π

b
. Solving for b we find

b =
2π

p
= 2πf.

Thus, a simple harmonic motion can be modeled by one of the following
functions:

y = a cos (2πf)t or y = a sin (2πf)t

where |a| is the amplitude.

Remark 17.1
1. If maximum displacement occurs at t = 0 then the motion is modeled by
the cosine function.
2. If zero displacement occurs at t = 0 then the motion is modeled by the
sine function.

Example 17.1
Find the amplitude, period and frequency of the simple harmoninc motion
described by the equation

y = 3 cos
2

3
t.

Solution.
The amplitude is |a| = |3| = 3. The period is = 2π

b
= 2π

2
3

= 3π. The frequency

is f = 1
p

= 1
3π

Example 17.2
Find an equation of a simple harmoninc motion with frequency f = 1.5 cycles
per second and amplitude 4 inches. Assume that maximum displacement
occurs at t = 0.

Solution.
Since maximum displacement occurs at t = 0 we must have y = a cos 2πft.
But f = 1.5 and a = 4 so that y = 4 cos 3πt
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Example 17.3
Find an equation of a simple harmoninc motion with frequency f = 1 cycles
per second and amplitude 2 cm. Assume zero displacement occurs at t = 0.

Solution.
Since zero displacement occurs at t = 0, we have y = a sin 2πft. Since a = 2
and f = 1, we find y = 2 sin 2πt
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