UIUC Physics 406 Acoustical Physics of Music

The net viscous drag force, Farag (t) acting on the entire length, L of vibrating string at a given
instant in time, t is obtained by summing up all the force contributions, dFdrag (X,t) from each of the
infinitesimal string segments, dx along the vibrating string, from0 < x < L:
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Going to the limit of a true infinitesimal, when dx — 0, this sum converts to an integral
representation:
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Similarly, the instantaneous power loss, Pdrag (t) for the entire length, L of vibrating string at
time, tis given by:

dE ra (t) \/5 1 x=L
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For a given mode of vibration of the string, of frequency, . the transverse displacement
amplitude will decay exponentially with time, i.e.

Yo (x,1) = Yon €77 sin(k, ) sin(e, 1)

The decay time constant, tn®" = the time for the transverse displacement amplitude, yon &Y™
associated with the harmonic, n of frequency, fi to fall to e ™™ = ¢~ =1/e = 1/2.71828 = 0.36788
of its initial value, yon att = 0.

The decay time constant associated with air damping associated with a given mode, n of
vibration of the string is given by:

Z'air o pstring ZMnZ
" 27z'pair fn 2\/§M n +1
where psting is the volume mass density (kg/mq) of the string, and
M n :%rsfring \ 272. fon /n*air

This decay time constant, tn®" is linearly proportional to pstring, but depends in a more
complicated manner on the string radius and frequency. The decay time constant, T®" oc pstring
rswing at low frequencies - independent of fn, but " oc pstring string /N at high frequencies. Thus,
the decay time due to viscous air-damping of the strings will be shortest at high frequencies,
affecting the higher harmonics first, and then successively lower harmonics from the time the
strings are initially plucked.
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