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Problem 1 @

Please match the SI units of the following items with the physical quantities in the questions
below. Enter the number of the item you pick up for each one.

1=N: 2=rad/m: 3=W; 4=kg.1n2; 5=N.m; 6:WH1112; ?me’szg 8=kg.m/s; 9=Hz; 10=rad/s; 11=s; 12=1J;
13=m/s; 14=N.m2; 15=kg/m. (10/]\28)

(a)energy= (Enter the number of the above items you pick up.)
01: ANS:=12 06: ANS:=6
(b)frequency= (g)linear mass density(u)=
02: ANS:=9 07: ANS:=15
(c)moment of inertia= (h)momentum=
facans=d 08: ANS:=8
(dytamaues (i)angular speed=
04: ANS:=5
09: ANS:=10
(e)period=
(j)wave number=
05: ANS:=11

10: ANS:=2



Problem 2

One clue used by your brain to determine the direction of a source of
sound is the time delay At between the arrival of the sound at the ear
closer to the source and the arrival at the farther ear. Assume that the
source is distant so that a wavefront from it is approximately planar
when it reaches you, and let D represent the separation between your
ears. (a) If the source is located at angle # = 60° in front of you (see
figure), what is At in terms of D and the speed of sound v in air? (b) If
you are submerged in water and the sound source is directly to your
right, what is At in terms of D and the speed of sound v,, in water? (c) Based on the time-delay clue,
your brain interprets the submerged sound to arrive at an angle 6 from the forward direction. Evaluate
@ for fresh water at 20°C. D = 20 cm, vy = 343 mV/s, Uygter = 1482 m/s.

AEEREEE R A O CEEXEE S EFNERNE A HRERER 2+ 7 B REIE
B At - BRERE  HIEET2ERR - REBWEAIAAYE - 1ZE D AREHVE I
ZEIRER » (a) IRBURTEARNAEBE 0=60°( RE ) - 7 D f ZTRPHZRe ? (b) U0
R EREKPIBEZREFEMAGE - A8EH D IKPER v, S At 220 ? (0)
RBEEEESR - MRS ESNBEREREIEDRE—(ERE 0 - % 20°C B9 K
150 ° D—=20cm, vy, — 343 M/S, Vyger — 1482 m/s © (03/\EE)

(@)JAt=____s (b)At= S (c)f= degree
11: ANS:=5.05E-4 12: ANS:=1.35E-4 13: ANS:=13



(a)At= S (b)At= s (c)f8= degree Wavelronts

11: ANS:=5.05E-4 12: ANS:=1.35E-4 13: ANS:=13
d Dsin@
(a) From the figure, we find Ar=—= ;
3 v

(b) Since the speed of sound 1n water 1s now v, with # =90, we have

s ﬂﬁi],]gﬂﬁ & D _

i

Vv, v,
Mzﬂsmﬂzﬂ_ v, =1482 m/s
3 v,
i 143 m/
Hzr-:.'m"[1— =sin” ik ]=5in"'{ﬂ.231}=13”
LV 1482 m/s




Problem 3

Suppose that the sound level of a conversation is initially at an angry 70 dB and then drops to a
soothing 50 dB. Assuming that the frequency of the sound is 500 Hz, determine the (a) initial and (b)
final sound intensities and the (c) initial and (d) final sound wave amplitudes.

BaExamlNE=2RBYI2ER 70dB - AR FMEREIEZER 50dB - BRERESHIEZXEE 500 Hz -
tEXE (a) ¥IEH (b) RAEABEREDIK (o) ¥IIEH (d) =& E KRG © (04/)\F8)

(a)initial sound intensity=___ (SI unit) (c)initial sound wave amplitude= m
14: ANS:=10E-6 16: ANS:=70E-9
(b)final sound intensity= (SI unit) (d)final sound wave amplitude= m

15: ANS:=0.1E-6
17: ANS:=7E-9

Thus we find that for a = 70 dB level we have a high intensity value of Jygn= 10 LW/m®.
(b) Similarly, for = 50 dB level we have a low intensity value of fjoww=0.10 ,ﬂW.finz.

= 2 _ , : .
(c) I = 2PV@W S the relation between the displacement amplitude and /. Using the
values for density and wave speed, we find s,, = 70 nm for the high intensity case.

(d) Similarly, for the low intensity case we have s,, = 7.0 nm.

We note that although the intensities differed by a factor of 100, the amplitudes differed
by only a factor of 10.



Problem 4

One of the harmonic frequencies of tube A with two open ends is 325 Hz. The next-highest harmonic
frequency is 390 Hz. (a)What is the fundamental frequency of tube A? (b) What harmonic frequency
is next highest after the harmonic frequency 195 Hz? (c) What is the number n of this next-highest
harmonic?

One of the harmonic frequencies of tube B with only one open end is 1080 Hz. The next-highest
harmonic frequency is 1320 Hz. (d)What is the fundamental frequency of tube B? (e) What harmonic
frequency is next highest after the harmonic frequency 600 Hz? (f) What is the number of this next-
highest harmonic?

HEMEBRORNE AWNEREE—2325Hz ° XEERIEXRZ 390Hz ° (A BETE
2%/D7? (b) EEEIER 195Hz V18 - RSERERENE ? o) EAXRSXREENE n 2
% | ?

HA—EELOMNBERGEEER 7 —21080/4s - XE:EEE=Z 1320Hz © (d) B ERNEE
FZD? () BEEE 600 Hz VEMN RS EEBEZEZLD? () KRB EHNIEZEZ D ?

HoL tube A, (d)For tube B
(a)the fundamental frequency, fi=_  Hz (a)the fundamental frequency, fi= Hz
18: ANS:=65

21: ANS:=120

(b)next higher freqgency after 195 Hz=
(e)next higher freqgency after 600 Hz=
19: ANS:=260
22: ANS:=840
(c)the number (f = nfi) of the frequency of (b), n=
(f)the number (f = nf1) of the frequency of (e), n=
20: ANS:=4
23: ANS:=7



EEMBEROMMNE ARNEBEER—2325Hz° NeaBEERZ 390Hz ° (a)A EREIE
SL/07? () EERIER 1905Hz 7 » REREEEREMNE? o) EEXRSRERNE »n 2
%07

HAE—EFEOMNBEREEIER 7—21080/dk - RSB EEERE 1320Hz ° (d)B ERNEE
FEZ/N? (e)BEEEOHz YENNEERBEERZEZ /D ? () RENERENRERZ /D ?

Since the difference between consecutive harmonics 1s equal to the fundamental
frequency (see section 17-6) then f; = (390 —325) Hz = 65 Hz. The next harmonic after

195 Hz 1s therefore (195 + 65) Hz = 260 Hz.
Since f, = nf; then n = 260/65 = 4.

Only odd harmonics are present in tube B so the difference between consecutive
harmonics 1s equal to rwice the fundamental frequency in this case

=

(S

(1320 -1080) Hz = 120 Hz.
The next harmonic after 600 Hz 1s consequently [600 + 2(120)] Hz = 840 Hz.

Since f, = nf, (for n odd) then » = 840/120 = 7.



Problem 5

A stationary motion detector sends sound waves of frequency 0.150 MHz toward a truck approaching
at a speed of 45.0 m/s. What is the frequency of the waves reflected back to the detector?

77 EEEn i AlzR a2 45.0 nv/s RUEREIZITRYRERZAIERS 0.150 MHz FIBK © 5 [E1F8
=AURAIARZZ D ? (01/\E)

the frequency of the waves reflected back to the detector= Hz

24: ANS:=0.195E6

We are combining two effects: the reception of a moving object (the truck of speed u
= 45.0 m/s) of waves emitted by a stationary object (the motion detector), and the
subsequent emission of those waves by the moving object (the truck) which are picked up
by the stationary detector. This could be figured in two steps. but i1s more compactly
computed in one step as shown here:

Janal = Sinitial (

m/'s — 45m/s

v+ 343m/s + 45m/s
v—u 343

J:({].ISOMHZ) J:U.lQi‘SMHz.



Problem 5

The explosion of a firecracker in the air at a height of 40 m produces a 100 dB sound level at the
ground below. What is (a)the intensity of the sound on the ground and (b)the instantaneous total
radiated power, assuming that it radiates as a point source?

IO 40 m SENZERPEIE - £ SERMMEZES 100 dB NEA ° (a) MH_ERE S8 EA
(b) RRRERINIEREZD - EEEIFE/FRES ? (02/)\8)

(a)intensity= SI unit
25: ANS:=0.01
(b)the instantaneous total radiated power= W

26: ANS:=201

100 dB = lﬁlog(IZ/’I ) = logI, + 12, thus logIy = =2 and
I, =10"2 w/m?;, P = IA = (10~2 w/m?)(4nr2) = 201 W.



Problem 6

A sound source A and a reflecting surface B move directly toward each other. Relative to the air, the
speed of source A is 29.9 m/s, the speed of surface B is 65.8 m/s, and the speed of sound is 329 m/s.
The source emits waves at frequency 1200 Hz as measured in the source frame. In the reflector frame,
what are the (a) frequency and (b) wavelength of the arriving sound waves? In the source frame, what
are the (c) frequency and (d) wavelength of the sound waves reflected back to the source?

FEANNMSNABEENFEILLEZEE - HERTR - FARNRES29.9 m/s - BERMRE&65.8
m/s + BiERA329 m/s » JREESIEEL 1200 Hz A0K - 1 RALZELDRISEMELE - 8l
EZETh . BEZEBEM (a) 1BEM (b) REEZ)V ? ARLEZ2T - RHEEIENERR (c) fBX
A (d) REREZV ? (04/M\FE)

In reflector frame,(a)frequency=__ Hz
25: ANS:=1.58E3

(b)wavelength=_  m

26: ANS:=0.208

In source frame,(c)frequency=__ Hz
27: ANS:=2.168E3

(d)wavelength=_  m

28: ANS:=0.152



BEAN S EBEEHACFHILZE - HENRTER - FANEE/S29.9 n/s - BEIRIERE /658
m/s «+ BERS329 nv/s © IREEHIRELS 1200 Hz BK - MEFLIZLADRENIE - T8
EZch . BEREEM (a) REM (b) RREZN ? £FLELRD - RHEFERE R (o) =
M (d) BREREZD ? (04/NB)

with /= 1200 Hz and v = 329 m/s.

(a) In this case, vp = 65.8 m/s and vs = 29.9 m/s, and we choose signs so that f” is larger
than f:

5 329 m/s+65.8 m/s
/ :f(

~ 1=1.58x10° Hz.
329 m/s—29.9 m/s

(b) The wavelength is A =v/f" = 0.208 m.

(c) The wave (of frequency f’) “emitted” by the moving reflector (now treated as a
“source,” so vg = 65.8 m/s) 1s returned to the detector (now treated as a detector, so vp =

29.9 m/s) and registered as a new frequency /"

's+29.
f”:f’ 329 m/s + 9911L;SJZ2.16><103H2.

329 m/s—65.8m/s

(d) This has wavelength v/ f* =0.152 m.



