




















15. Analysis and Solution

16. Given
24 =2.8cm
Required
wavelength (1)
Analysis and Solution
On a second order maximum the points are 24 farther from one source than the other.
Thus the given distance equals 2A4. Use this relationship to calculate .
24=2.8cm
2.8cm
2
=1.4cm
Paraphrase
The wavelength of the interference pattern is 1.4 cm.
17. Given

£ =290Hz v, =340 =
S

l:

v =720 X _500 M
h s

Required

apparent frequency of the sound (f3)

Analysis and Solution

Use the Doppler effect equation for a source moving toward the observer.
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18.

19.

v

Ja= = st

VW - vS
340 2
= 2 (290 Hz)
340 2 -200 2
S S
=308 Hz
Paraphrase

The apparent frequency of the approaching car horn has increased to 308 Hz.

Given

f,=580 Hz f, =540 Hz

v, =350 =

S

Required

speed of the source (vs)

Analysis and Solution

Use the Doppler equation for a sound moving away from the observer and solve for
the speed of the source.

Ja =[ " ]fs
Yw ~ Vs

o[58,
Ja

=[580 Hz - 540 HZ)(?,SO Ej
580 Hz s

=241 2
S

_g6.9 KM
h

Paraphrase
In order produce the increase in the apparent frequency, the sound must be moving

toward you at a speed of 24.1 m/s (86.9 km/h).
Given

v, =350 = fi=1r
S

Required

speed of the source (vs)

Analysis and Solution

Use the Doppler equation for a source moving away from the observer. Calculate the

speed of the source.
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A source moving toward you at the speed of sound would not be heard until it

produced a sonic boom.

Paraphrase and Verify
For the frequency that you hear to be one half of the true frequency, the speed of the
source would need to be 350 m/s or 1.26 x 10° km/h. The source is moving away
from you at the speed of sound. If the source had been moving toward you, you
would not hear it until it passed you and you heard a sonic boom.

20. Given

4 =0.550m v, = 120 %:33.3 =
S

v, =345 =

S
Required
apparent frequency of the siren (fg)
Analysis and Solution
Use the wavelength from the source and the speed of sound to calculate the
frequency of the source; then use the Doppler effect equation for a source moving
toward the observer to calculate the apparent frequency of the sound.
Vo = fiA

V.

k=3

S

345 1
_ S

©0.550 m

—627 L
S
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345 &
= 2 (627 Hz)
345 B_333 1
S S
=694 Hz
Paraphrase

The movement of the car toward the observer causes its apparent frequency to

increase from 627 Hz to 694 Hz.
21. Given

v, =350 = f, =2f,
S

Required
speed of the source (vs)
Analysis and Solution

Use the Doppler effect equation for a sound moving toward you and calculate the
speed of the source. Then use this calculated speed of the object to calculate the
apparent frequency if the source had been moving away from you.

Ja= a \]f;
Yw ~ Vs

o[t
S f;i w

_[ 2t (350 3)
2f. ]
- Lj(%o Ej
2. s

175 2
S

When the source moves away from you:

Vv
fd: = st
Vy TV

350 1
S
= /s
350 M yp75
S S
= (0.667) 1.
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A more elegant way to state the argument is:

Ja= " st
v, +V

Paraphrase
The object is moving towards you at half the speed of sound or 175 m/s. If the
source is moving away from you, the apparent frequency would be 2/3 the source
frequency.

Extensions

22.

23.

The interference pattern is for two in-phase point sources at a separation of 3
wavelengths. If the speed of sound is 350 m/s, then the wavelength for a source with
a frequency of 512 Hz is about 0.683 m. To create this interference pattern in sound
would require sources that are 2.05 m apart (3 x 0.683 m). The in-phase sources
might be a pair of small speakers connected to an audio frequency generator set at
the desired separation. To detect the maxima and minima using just your ears would
be very difficult. You would need to use a microphone connected to an oscilloscope
or computer. As the requirements to detect this interference pattern are so restricted,
it is very unlikely that anyone would detect the pattern unless they had set up a
system with the intention to do so.

The ratio of the wavelength to the distance between two in-phase point sources
affects the interference pattern because the pattern depends on the phase shift
produced when the waves from one source travel farther than the waves from the
other source. The greatest phase shift occurs on the extension of the line between the
sources. Thus if the sources are 4 apart, then the greatest possible phase shift is 44 ,
which occurs on the fourth order maximum. Thus this pattern will contain a central
maximum with four maxima and four minima on either side of it.
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