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However, recall that for the n'™ normal mode of vibration, the wavenumber, kn = 2471n
and Aln=2L/n,n=1, 2, 3,4, ... etc. Thus, (2knL) = (kn2L) = [(24/An)*2L] = [(22n/2L)*2L]
=2zm. Butsin(2zn) =0forn=1, 2, 3, 4, ... etc. Thus, this integral = L/2. Hence, the
kinetic energy of the standing wave associated with the n" normal mode of vibration of
the entire string, of length, L as a function of time, tis

KE, (t) = 2 sl w?CZ2sin*(w,t) = I mw?C? sin*(w,t)

Note that the last term on the right hand side of the above equation used the relation for
the mass per unit length of the string, «=m/L.

The slope, dyn(x,t)/ox of the the n™ normal mode of vibration as a function of
position, x and time, t is given by:

% = %[Cn cos(w, t)sin(k,x)]=C, cos(a)nt)g[sin(knx)] =k, C, cos(w,t)cos(k, x)

The potential energy of the standing wave associated with the n' normal mode of
vibration of the entire string, of length, L as a function of time, t is given by

X=

X:OL dxcos(k, x)

2
PE,(t)=1T J.XfoL dx(%j =1T k?cos’(w,t)
*= X

Now the integral

- x=L A
[ dcos? (k)= | X+ X)L sinZhoL)
x=0 2 4kn o 2 4kn

Thus, from the above, we know that this integral = L/2. Hence the potential energy of the
standing wave associated with the the n" normal mode of vibration of the entire string, of
length L, as a function of time, t is

PE,(t)=1T L k2CZ?cos?(w,t)
Now, since the longitudinal wave speed, |vx| = an/kn, Or kn = an/|vx|, then

2
PE,(t)=1T Lk2CZcos’(w,t)=1T L TI)Z” C?Zcos®(w,t)

X
However, we also know that vi® = T/x. Thus, the potential energy of the standing wave
associated with the n" normal mode of vibration of the entire string, of length, L as a
function of time, tis

PE, (t) =1 uL @’C? cos®*(w,t) = 1 me’C? cos®(w,t)

The total energy, En(t) (in Joules) of the standing wave associated with the n'" normal
mode of vibration of the entire string, of length, L as a function of time, t is

E, () = KE, (t)+ PE, (t) = 1mw?C’?sin*(o,t)+ I mw’C’ cos®(w,t) = L mw?C?
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