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Simple Harmonic Motion

A body is said to have Simple Harmonic Motion (SHM) when its acceleration is acting directly towards a fixed point in its path and this acceleration is directly proportional to its distance from that point.

This is the basis of all periodic, oscillatory and vibratory motion.

E.g. the Reciprocating Motion of a Piston in an engine, or a pendulum.
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This gives way to the equation for the maximum velocity of the pendulum: v=A ω

The  Amplitude, ‘A’ as seen on the diagram above is the term given to the maximum displacement in meters of the pendulum from its equilibrium position.
The Periodic Time in SHM is the term given to the time it takes for the pendulum to complete one whole oscillation.  It is denoted by ‘T’ and is measured in seconds and can be calculated using the following equations:
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The Frequency, is represented by the term ‘n’ and is the number of oscillations completed in a second.
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 and is measured in Hertz.

SHM is shares similarities with circular motion but instead of the object rotating it travels back and forth.

Another equation to calculate the velocity of a body in SHM is as follows:
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where v is the linear velocity,

A is the amplitude,
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is the angular velocity,
x is the current displacement form the equilibrium position.

The maximum acceleration of a body in SHM occurs at the extremities of the motion and can be calculated using the following equation:
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[image: image8.wmf]w

2A
Alternatively the acceleration can be calculated at a displacement ‘x’ away from the equilibrium position.
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From Newton’s Second Law we can also calculate the forces acting on the body during SHM.:

What is Newton’s second Law?
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Where m is the mass of the body.

Hence:
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Sine Wave Forms.

Simple Harmonic Motion is said to be sinusoidal, this means that its periodical motion follows the form of a sine waveform:
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Meaning that the acceleration can be calculated for any point throughout the motion using the following equation:
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Where 
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 is the angle though which the body has moved away from its equilibrium position.

Resonance is the tendency of a system to oscillate with high amplitude when excited by energy at a certain frequency. This frequency is known as the system's natural frequency of vibration, resonant frequency.

Examples of this are:

· Musical instruments.

· Shattering Glasses.

· Tidal Wave forms.

· Bridges and other suspended structures.

The Tacoma Narrows Bridge is a mile-long (1600 meter) suspension bridge with a main span of 2800 feet (850 m) (the third-largest in the world when it was first built) that carries Washington State Route 16 across the Tacoma Narrows of Puget Sound from Tacoma to Gig Harbor, Washington.
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Example
A body of mass 12kg moves with SHM in a straight line over a distance of 0.4m on each side of its central position.  If the frequency of the motion is 2.5Hz, find:

a) the maximum acceleration of the body;

b) the maximum force acting on the body;

c) the maximum velocity of the body;

d) the acceleration and velocity of the body at a point 0.15m from the central position.

Here is an example of SHM in the form of a simple pendulum.  The ‘0’ point is the centre of the pendulums motion or equilibrium point, while the points ‘x’ are the extremities.


‘v’ is the instantaneous linear velocity at any point during its travel and can be calculated by using the equation derived from circular motion � EMBED Equation.3  ��� where r is the distance of the pendulum from the equilibrium position and � EMBED Equation.3  ��� is its angular velocity. 
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