Lecture 15, Oct 7, 2022

Energy and Power of a Travelling Wave

To propagate a wave, we need a power source; we want to find this power
Energy is carried by either kinetic or potential energy
dy 0
Power P = Fv so P(x,t) = Y
z

— P(z,t) = /ur A%w? sin? (kxz — wt + ¢y)
Average power is 5\/u7A2w2

— Max power is /T A%w?

— Note Z = /u7T and Aw = vpaz
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Sound waves propagate in multiple directions, so we define intensity I =

area
VpBA%W?  Ap? Ap?
— Intensity is given by p — 2Pmaz _ ZPmaz
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Attenuation

Energy is lost to the wave medium as heat as the wave passes through

Rate of absorption is proportional to wave intensity
dr

dx
— I(z) = I(xg)e @)
— Higher frequency gives a higher attenuation
Attenuation and spreading are additive

= —al where « is the attenuation coefficient

N-1
— Multiply by (T—O> to add the spreading, where N is the number of dimensions
r

N—1
— I(r) = I(rg)e~r=ro) (T—O)
r
Note usually attenuation is given per unit length, but sometimes it’s given per wavelength

Intensity Level

I
Intensity level is measured in decibels, 8 = (10dB) log (I)
0

For us, every 10x increase in intensity sounds twice as loud

Human range of hearing is from Iy = 1 x 107> W/m? (threshold of hearing) to I = 1 x 10 W/m?
(threshold of pain)

To calculate decibels of (sound) intensity, use Iy = 1 x 107 W/m? (remember to use a base 10 log!)
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