UNIT 13 READING A

(Raymond A. Survey & Robert J. Beichner, Physics for Science and Engineers, Saunders College Publishing, Fort Worth, TX, 2000.)
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the speed of the waves relative 0 the observer is v’ = v + vg, s in the case of the
boat, but the wavelength A is unchanged. Hence, using Equation 16.14, v = Af, we
can say that the frequency heard by the observer is inareased and i given by

v vt
r=rons g

Because A = v/f, we can express f as
Sl (1 + "—:)/ (observer moving toward source)  (17.11)
If the observer is moving away from the source, the speed of the wave relative

to the observer is v’ = v — v, The frequency heard by the observer in this case is
decrvased and s given by

s (1‘-',3'1/1)/ (observer moving away from source)  (17.12)

In general, whenever an observer moves with a speed up relative to a stationary
source, the frequency heard by the observer is

e it b il (, e lf) )/ 17.13)

where the positive sign is used when the observer moves toward the source and the
negative sign is used when the observer moves away from the source.

Now consider the situation in which the source is in motion and the observer
isat rest. If the source moves directly toward observer A in Figure 17.11a, the wave
fronis heard by the observer are closer together than they would be if the source
were not moving. As a result, the wavelength A’ measured by observer A is shorter
than the wavelength A of the source. During each vibration, which lasts for a time
T (the period), the source moves a distance usT = vs// and the wavelength is
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Figure 17.11 (@) A source  moving with a speed vs (-
ward a sationary observer A and sway from a statonary
observer B, Observer A hears an increased frequency, and
observer B hears  decrease frequency. (b) The Doppler
efectin wate,observed in a ripple ank. A point source is
‘moving 10 the ight with speed. v (Couriey o theEducaional
Decopmens G, Newto, MA)
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by this amount. Therefore, the observed wavelength A’ i
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changes due 1 the Doppler ffect.™

at s, the observed frequency is increased whenever the source is moving toward (i Hom

¢ observer:

e source moves away from a stationary observer, as is the case for ob-
ure 17.11a, the observer measures a wavelength A’ that is greater than
hears a decrased frequency:

(17.15)

Combining Equations 17.14 and 17.15, we can express the general relationship
the observed frequency when a source is moving and an observer is at rest as

’:(,_’

Finally, if both source and observer are in motion, we fi
relationship for the observed frequency

- S

expression, the upper signs (+ v and — ) refer to motion of one toward
be other, and the lower signs (— 1 and + vg) refer to motion of one away from
he ot

(17.16)  Frequency heard with sousce i
motion

nd the following gen-

g signs for you to remember when working with
ll Doppler-effict problems is as follows:

Although the Doppler effect is most typically experienced with sound waves, it

2 phenomenon thatis common to all waves. For example, the relative motion of

fource and abserver produces a frequency shift in light waves. The Doppler effect

used in police radar systems to measure the speeds of motor vehicles. Likewise,

ironomers use the effect o determine the speeds of stars, galaxies, and other ce-
sial objects relative to the Earth.




