
Oscillations

Oscillations are motions that repeat themselves.  
They are everywhere.  
Examples:
Guitar Strings, Quartz Crystals in watches, Pistons, 
swings, etc.

Damped oscillations are motions that die out unless 
the energy is replenished.

Simple Harmonic Motion:

Any motion that repeats itself at regular intervals is 
called period motion or harmonic motion.  If this 
motion is a sinusoidal function of time, it is simple 
harmonic motion.  

x(t) = xm cos(ωt + φ)

x is the displacement
xm is the amplitude, or maximum displacement
(ωt + φ) is the phase of the motion.
φ is the phase constant or phase angle, and depends 
on what part of the wave is you are at at t=0
ω is the angular frequency, equal to 2π/T, or 2πf
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Velocity of SHM

Take first derivative of x(t)

v(t) = -ωxm sin(ωt + φ)

The velocity amplitude, vm, = ωxm

Acceleration of SHM

Take second derivative of x(t)

a(t) = -ω2xm cos(ωt + φ)

The acceleration amplitude, am, = ω2xm

Combining the displacement and acceleration 
equations yields:

a = -ω2x

Which is the “Hallmark” of simple harmonic motion.  
Acceleration is proportional to the displacement, but 
opposite in sign.

UNITS:  The unit of frequency is the Hertz, Hz, which is 1 
oscillation per second. (T=1/f)
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Force Law

Using Newton’s 2nd Law and the acceleration:

F=ma =m(-ω2x)

or, F=-mω2 x   which is Hookeʼs Law, F=-kx

with k=mω2

SHM is the motion executed by a particle of mass m 
subject to a force that is proportional to the 
displacement but opposite in sign.

A Linear Oscillator uses a block/spring system.
ω= √k/m

or  T = 2π√m/k

It turns out that every oscillating system has some 
element of springiness, and some element of inertia.
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Examples:
1.  A block whose mass is 680g is fastened to a 
spring of k=65N/m.  The block is pulled a distance 
x=11cm.  Equilibrium is at x=o.  
a)  What force does the spring exert on the block 
just before release?
F=-kx
-7.2N

b)Find the angular frequency, frequency, and period.
ω= √k/m
=9.8 rad/s
ω=2π/Τ   = 2πf, so f= ω/2π
=1.56 Hz
T=1/f
=.64 seconds
c)  Maximum Displacement?
11 cm, same as starting point
d) Maximum speed and acceleration?
vm = ωxm
= 9.78 rad/s(.11m)  = 1.1m/s
am = ω2xm
= 11 m/s
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Energy in SHM

The total energy, E, is equal to U + K, and since xm is 
the maximum value for spring compression,

E=U+K=1/2 kxm2, which you may remember as the 
equation for spring potential energy.

To do actual calculations for any in-between values, 
you would need to substitute the equation for v, and 
the equation for x.  You are better off doing 
everything from the potential equation, and 
substituting for the x value. (see sample problem 
15-3  textbook, )

Simple Pendulum

If a simple pendulum swings through a small angle ø,  
it undergoes simple harmonic motion, and follows 
Hooke’s Law.  The period becomes:
 T = 2π√L/g  with L the length of the string.
If the object swinging is a solid object, not a “bob” 
on a string, we have a physical pendulum, and
 T = 2π√I/mgh  with I as the rotational inertia, and h 
the distance from  pivot point to the center of mass.
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