SIMPLE HARMONIC MOTION

Motion that repeats itself over time is called periodic motion.  The time to complete one cycle of the motion is called the period, T. The frequency f = 1/T, is the number of cycles of motion per second. Oscillatory motion is periodic motion where the displacement from equilibrium varies from a maximum in one direction to a maximum in the opposite or negative direction.  Simple harmonic motion (SHM) is the least complex example of oscillatory motion. For SHM, the linear and angular position functions contain only one variable, time. 
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A restoring force or restoring torque will produce SHM.  
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(1) and (2) can be shown to result from (3) and (4) with a little math.  The vector signs will be dropped for convenience in the derivation.
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Applying (1) and (2) to (5) and (6) proves that (1) and (2) are motion solutions for a restoring force or a restoring torque.  
SHM has 3 sets of constants.  
A and 
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 are the linear and angular amplitudes of the motion.  The amplitude is the maximum displacement from equilibrium.
The total mechanical energy for a linear oscillator is:              

 E = kA
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The total mechanical energy for a rotational oscillator is:

 E = 
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When x =A, the potential energy is equal to E and the kinetic energy is zero.  

When 
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, the potential energy is E  and the kinetic energy is zero.
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is the angular frequency.  In one cycle of the motion, the cosine function goes through 2
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phase radians.  Thus, 
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is the phase constant.  At t = 0, the object could be anywhere in its cycle of 2
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phase radians.  Since all transcendental functions are double valued, there are two different phase angles that yield the same cosine or sine value.  The cosine or sine function needs two constants to specify its initial phase.  These constants are the initial position and velocity vectors.  
Solving (1) and (2) and the time derivatives of (1) and (2) for t =0 yields:
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The 3 sets of constants in SHM are independent of each other.   With the exception of E, T, and A, all other mechanical quantities oscillate at the same frequency and are time dependant.
SIMPLE PENDULUM

The simple pendulum is an approximation of SHM for small amplitude oscillations.   A simple pendulum has a point-like moment of inertia with respect to the pivot.
I = mL
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 where L is the length of the wire.

If the pendulum is displaced an angle 
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 clockwise, a restoring torque in the counter clockwise direction is generated.


[image: image56.wmf]t

r

= - (mgL) sin 
[image: image57.wmf]q

r



 EMBED Equation.3  [image: image58.wmf]»

- (mgL) 
[image: image59.wmf]q

r



 EMBED Equation.3  [image: image60.wmf]»

 - (
[image: image61.wmf]k

)
[image: image62.wmf]q

r


for sin
[image: image63.wmf]m

q



 EMBED Equation.3  [image: image64.wmf]»



 EMBED Equation.3  [image: image65.wmf]m

q

 with 
[image: image66.wmf]q

 in radians.

[image: image67.wmf]w


[image: image68.wmf]2

 = 
[image: image69.wmf]k

/I = mgL/mL
[image: image70.wmf]2

= g/L

T = 2
[image: image71.wmf]p

/
[image: image72.wmf]w

 = 2
[image: image73.wmf]p



 EMBED Equation.3  [image: image74.wmf]g

L

/


E = 
[image: image75.wmf]k



 EMBED Equation.3  [image: image76.wmf]m

q



 EMBED Equation.3  [image: image77.wmf]2

/2 = mgL
[image: image78.wmf]m

q



 EMBED Equation.3  [image: image79.wmf]2

/2
The linear motion and the rotational motion are related by the string length, L. 
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PHYSICAL PENDULUM

A physical pendulum is also a small amplitude approximation (sin
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) of SHM which is valid for objects that have a non-point–like moment of inertia with respect to the pivot. 
If D is the distance from the center of mass to the pivot, then 
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The linear and rotational motions are related by D. 
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