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Problem 1
In the figure, sound with a 40.0 cm wavelength travels -
rightward from a source and through a tube that @

consists of a straight portion and a half-circle. Part of
the sound wave travels through the half-circle and then
rejoins the rest of the wave, which goes directly through the straight portion. This rejoining
results in interference. What is the smallest radius r that results in an intensity minimum at the

detector? (01/)\E8)

Source Detector

ro= cm At the location of the detector. the phase difference between the wave which travel
straight down the tube and the other one which took the semi-circular detour 1s

2n
AQ=kAd = T(m'— 2r):

For r = rpm Wwe have A¢ = m. which is the smallest phase difference for a destructi
interference to occur. Thus,

= A :4{}.{};:111:115[:“1.
2(m-2) 2(mn-2)




Two identical piano wires have a fundamental frequency of 600 Hz when kept under the same
tension. What fractional increase in the tension of one wire will lead to the occurrence of 6.0

beats/s when both wires oscillate simultaneously? 1R 48 BRI = AR FEAH[E 3R 7] FRVESA &
600 Hz - EMIRARBIRIRER - —IRZFNRDBINZDEZE 6.0 /A ? (01/)\e8)

e A=2L f=v/A=Q1/2L)r/pu. fil fi=(z+AT) T =1+ (AT/ 7).
v=ylz/ = 600 Hz and f> = 606 Hz. Arle=(EL LY =1
02: ANS:=0.02 4 h J2 (fa! 1)
Li=2L)jelg f=0/2IW(r+ Azl =[(606Hz)/(600Hz)] -1 .
=0.020.

Two sounds differ in sound level by 1.00 dB.What 1s the ratio of the greater intensity to the
smaller intensity? i 2 E S RVE LR TEZ= 1.00 dB - 52 ER A B @ EER/\WIEEREZ /D ?
(01/)\i8)

Ap=__

03: ANS:=1.26

AB=10log(R) = R =10"=10"" =1.26.



Problem 1

A 1.0 W point source emits sound waves isotropically. Assuming that the energy of the waves
1s conserved, find the intensity (a) 1.0 m from the source and (b) 2.5 m from the source.1.0 W

RO FOEN MK o ReoRREEEE T ER - SK&8/E (a) BEIR 1.0 m A (b) BB
IR 2.5m - (02/)\E8)

a)l= W/m? " - : : . ;
@) / (a) Since ntensity 1s power divided by area. and for an 1sotropic source the area may

04: ANS:=0.08 be written 4 = 40 (the area of a sphere), then we have

(b)I'=__ W/m? o TN

= — =(0.080 W/m”.
05: ANS:=0.013 A 4rn(l.0m)

(b) This calculation may be done exactly as shown in part (a) (but with » = 2.5 m instead
of ¥ = 1.0 m). or it may be done by setting up a ratio. We illustrate the latter approach.
Thus.

leads to I’ = (0.080 W/m?)(1.0/2.5) = 0.013 W/m">.



A sound wave of frequency 300 Hz has an intensity of 1.00uW /m?. What is the amplitude of
the air oscillations caused by this wave? (01//\28)

. W m

06: ANS:=3.68E-8

2

_ 1 2
= IPVW™S,,.
The intensity is given by I =1 pvw’s. . where p is the density of air. v is the speed of

sound in air. @ is the angular frequency. and s, is the displacement amplitude for the
sound wave. Replace @with 2nf and solve for s,,:

I 1.00x10° W/m® = "
Sy = = = = - — — > =3.68x107" m.
2npv f 2n°(1.21kg/m” }(343m/s)(300Hz)




Earthquakes generate sound waves 1nside Earth. Unlike a gas, Earth can experience both
transverse (S) and longitudinal (P) sound waves. Typically, the speed of S waves 1s about 4.5
km/s, and that of P waves 8.0 km/s. A seismograph records P and S waves from an earthquake.
The first P waves arrive 3.0 min before the first S waves. If the waves travel in a straight line,

how far away does the earthquake occur? (01/)\iE8)

the distance= m

07: ANS:=1.9E6

If d 1s the distance from the location of the earthquake to the seismograph and v; 1s the
speed of the S waves then the time for these waves to reach the seismograph 1s z.. = d/v.
Similarly. the time for P waves to reach the seismograph is #, = d/v,,. The time delay 1s

At = (dlvs) = (dhvp) = d(vp — V) Vst
S0
VLA (4.5 km/s)(8.0kmy/s)(3.0min)(60s /min)
<) I 8.0km/s —4.5km/s

d= =1.9%10° km.

We note that values for the speeds were substituted as given. in km/s. but that the value
for the time delay was converted from minutes to seconds.



