UIUC Physics 406 Acoustical Physics of Music

However, since: | v =—wx_ | and: | @ = /L thus: k=Ma> | Hence, we see that:
M

P.E.(1) :%kxz(t) :%kxj cos” (wt)

K.E.(t) = % MV (t) = % MV, sin® (et :%M @’} sin® (wt) :%kxg sin” (at)

1

kx = =M w°x’ Then:| P-E-()=E, cos (o)
0 2 0 -

K.E.(t)=E, sin’ (a)t)

Let us define: | E El
2

We define the total energy, Etwt(t) as the sum of instantaneous potential + kinetic energies:

Eo (t)=P.E.(t)+K.E.(t) = E, cos’ (wt)+ E, sin’ (wt) = E, {cos2 (ot)+sin® (a)t)}

Using the trigonometric identity 1= cos® X+sin’ X we see that:

1 1
Eo(t)=E, = 5 kx? = 5 M ’x;| = constant (> 0), independent of time!

Thus, the total energy in (spring + mass) system iS constant — due to conservation of energy!!

Graphs of P.E.(t), K.E.(t), and Etwt(t) vs. time (all normalized to Eo) are shown in the figure below:

1-D Simple Harmonic Motion:
Normalized Instantaneous Potential, Kinetic and Total Energy vs. ot
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