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04. The density of oxygen gas is p= M/V =0.0320
kg / 0.0224 m® = 1.43 kg/m®. From v = (B/p)"? we
find

B = v®p = (317 m/s)*(1.43 kg/m®) = 1.44x10° Pa.
05. Let t; be the time for the stone to fall to the
water and ts be the time for the sound of the splash
to travel from the water to the top of the well. Then,
the total time elapsed from dropping the stone to
hearing the splash is t = t; + t.. If d is the depth of
the well, then the kinematics of free fall gives d =
(#)gt?, or t; = (2d/g)%. The sound travels at a cons-
tant speed vs, SO d = vd,, or ts = d/vs. Thus the total
time is t = (2d/g)*? + d/vs. This equation is to be
solved for d. Rewrite it as  (2d/g)"? = t — d/vs, and
square both sides to obtain

2d/g = t? - 2(t/ve)d +d v,
Now multiply by gv¢? and rearrange to get
gd? — 2vg(gt + vd + gV> t? = 0.

This is a quadratic equation for d. Its solutions are

d =% [2vs (gt +Vy) J_r\/4v§(gt +vg)? —4gAvit?].

The physical solution must yield d = 0 for t = 0, so
we take the solution with the negative sign in front
of the square root. Once values are substituted the
result d = 40.7 m is obtained.

08. (a) The amplitude of a sinusoidal wave is the
numerical coefficient of the sine (or cosine) func-
tion: pn = 1.50Pa. (b) We identify k= 0.97and @

= 315 (in SI units), which leads to f = w/27= 158 Hz.

(c) We also obtain 4 = 24k = 2.22 m.
speed of the wave is v = alk = 350 m/s.
16. At the location of the detector, the phase
difference between the wave which traveled straight
down the tube and the other one which took the
semi-circular detour is

AP =KkAd = (274 1) (7r-2r) .
For r = ryin we have Ag = 7, which is the smallest

phase difference for a destructive interference to
occur. Thus

(d) The

_ A 400cm
T 2Ar-2) 2Ar-2)
23. The intensity is given by | = (%)pve’s,’, where
p is the density of air, v is the speed of sound in air,
w is the angular frequency, and s, is the displace-
ment amplitude for the sound wave. Replace o with
2f and solve for sy =3.68x10°% (m).

_ o 1.00x107®
Sm= 2 2 2 2
270° pvf 272 (1.21)(343)(3002)
26. (a) The intensity is given by | = P/4zr? when
the source is “point-like.” Therefore, at r = 3.00 m,

=17.5cm.

I min

| = 1.00x10 %4 2(3.00)* = 8.84x10°° (W/m?. (b)
The sound level there is
— 8.84x107°
f=101log 1.00x10712
30. (a) The intensity is | = PJ4zr? =30.0 W/4z/
(200 m)? = 5.97x10° W/m% (b) Let A (= 0.750
cm?) be the cross-sectional area of the microphone.
Then the power intercepted by the microphone is
P=1A=(5.97x10"° W/m?)(0.750x10™* m?)
= 4.48x10° W.
38. The frequency is f = 686 Hz and the speed of
sound is Vsoung = 343 m/s. If L is the length of the
air-column, then using Eq. 17-41, the water height
is (in unit of meters) h=1.00-L
=1.00- ™ =100 29 1 09 _0.125n,
4f 4(686)
where n=1, 3, 5,... with only one end closed. (a)
There are 4 values of n (n =1, 3, 5, 7) which satis-
fies h> 0. (b) The smallest water height for reso-
nance to occur corresponds to n = 7 with h = 0.125
m. (c) The second smallest water height corres-
ponds to n=5 with h=0.375m.
42. (a) Using Eq. 17-39 with n = 1 (for the funda-
mental mode of vibration) and 343 m/s for the
speed of sound, we obtain
_ Veund _ 343mls

4L  4(1.20m)
(b) For the wire (using Eq. 17-53) we have
fr = n_Vwire -1z '
2L 2LWire H
where 1 = my/Lyire. RECOgnizing that f = f’, both
the wire and the air in the tube vibrate at the same

frequency), we solve this for the tension z.
T= (2Lwiref)2(m/vire/|—wire) = 4f 2rn/\/irel—wire
= 4(71.5 Hz)*(9.60x10° kg)(0.330 m) = 64.8 N.

43. The string is fixed at both ends so the resonant
wavelengths are given by A = 2L/n, where L is the
length of the string and n is an integer. The resonant
frequencies are given by f = nv/2L, where v is the
wave speed on the string. Now v = ()", where ¢
is the tension in the string and x is the linear mass
density of the string. Thus f = (n/2L)(dw)"2
Suppose the lower frequency is associated with n =
n; and the higher frequency is associated with n =
n;+1. There are no resonant frequencies between so
you know that the integers associated with the
given frequencies differ by 1. Thus f; = (n/2L)
( 1)"? and

_m+ljr_n |7 1 |7 _ 1 |7
f,= LAPLL U I L SOy
2L Ve 2L\Vu 2L\ u 2LV i
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= 39.5 (dB).

=71.5Hz.

wire




This means  f, — f; = (1/2L)(z/)"? and
r=4L%u(f, - f,)?

= 4(0.300)%(0.650x10%)(1320-880)* = 45.3 (N).
45. Since the beat frequency equals the difference
between the frequencies of the two tuning forks, the
frequency of the first fork is either 381 Hz or 387
Hz. When mass is added to this fork its frequency
decreases (recall, for example, that the frequency of a
mass-spring oscillator is proportional to 1/m*?). Since
the beat frequency also decreases the frequency of
the first fork must be greater than the frequency of
the second. It must be 387 Hz.
47. Each wire is vibrating in its fundamental mode
so the wavelength is twice the length of the wire (1
= 2L) and the frequency is f = (1/2L)(/)"?, where
7 is the tension in the wire and g is the linear mass
density of the wire. Suppose the tension in one wire
is r and the oscillation frequency of that wire is f;.
The tension in the other wire is z+Az and its
frequency is f,. You want to calculate Az/z for f; =
600 Hz and f, = 606 Hz. Now, f; = (1/2L)(dw)*?
and f, = (12L)[(+A D)/ 1]™2, s0 f.lfy = [(e+A D) Y% =
[1+(A7 D] This leads to Adz = (L/f)* — 1 =
[606/600]> — 1 = 0.020 .
51. Using the notation rule for choosing =+ signs in
the Doppler effect formula, Eq. 17-47, discussed in
817-10, we have v =343 m/s, vp = 2.44 m/s, f’ =
1590 Hz and f = 1600 Hz. Thus,

pofVtVo

= Vg =i(v+vD) —v=4.61m/s.
V+Vg f'

54. We denote the speed of the French submarine

by u; and that of the U.S. sub by u,. (a) The
frequency as detected by the U.S. sub is
f1= 6, "% = (1000 Hz) 2297 70 = 1 02x10° Hz.
vV-U 5470-50

(b) If the French sub were stationary, the frequency
of the reflected wave would be f, = fi(v+u,)/(v—Uy,).
Since the French sub is moving towards the reflect-
ed signal with speed uy, then
f1' =, ViU g (V+u)(v+u,)
v(v—u,)
— (1000 H2) (5470 +50)(5470 + 70)
5470(5470 —70)

57. As a result of the Doppler effect, the frequency
of the reflected sound as heard by the bat is
f= 7 VUt (3 9,1 0%HZ) VHV/ 40
V= Upat v-v/40
=4.1x10* Hz .
77.° The siren is between you and the cliff, moving
away from you and towards the cliff. Both “detec-
tors” (you and the cliff) are stationary, so vp = 0 in
Eq. 17-47 (and see the discussion in the text- book

=1.04x10° Hz.

LERELLREY G G- PRE
immediately after that equation regarding the selec-
tion of + signs). The source is the siren with vs =10
m/s. The problem asks us to use v = 330 m/s for the
speed of sound. (a) With f = 1000 Hz, the freg-
uency f, you hear becomes

f,=Y*0 - 970.6 Hz = 9.7x10? Hz .
V+Vg

(b) The frequency heard by an observer at the cliff
(and thus the frequency of the sound reflected by
the cliff, ultimately reaching your ears at some
distance from the cliff) is

f.=Y*0 - 1031.3 Hz = 1.0x10° Hz .
V—Vg

(c) The beat frequency is f. —f, = 60 beats/s (which,
due to specific features of the human ear, is too
large to be perceptible).

(4o%F 45 377 3+ #v Jyang@mail.ntou.edu.tw, Thanks.)
Ex.1-2: Pbh.17-76.

Pb.21-1, 5, 6, 7, 10, 20, 26, 52, 66 (tentatively)

music sound # 4 ;quality, timbre § ¥ (5 ¢ ~ § &),
pitch, tone % (5 % ); octave ~ & + ; equal-temper-
ed/diatonic scale % #2/p #A 5 F#; Middle C ¢ + C; flute
£ & ,vertical bamboo flute %, pipe panpipe #t § ,oboe
B3 ¥, pipe organ ¢ Rk 3%, horn; French horn i &5,
Bass/Baritone/Tenor/Alto/Soprano saxophone 4/+ i/
¢ [P 1%F e drg, fujara A& e 42 ; marimba A
(& +k = );xylophone A #; noise w4 ; Vienna 2 3;
Doppler 3% 4 #+; Metallica & & & & & =8 ®;

sound wave #-# ; infrasonic/audible/ultrasonic sound I;,
= B/¥ B /423 L, planar/spherical wave T & /3% &

#; wave front j& = ; pressure amplitude /& # 3= t§;
intensity 32 & ;sound level § & %; Decibel scale ~ E 1&;
loudness %8 /& ; beat 47 ; siren ¥ & ; path length difference
¥ 4% £ ; shock wave Z ;4 ; Mach number/cone (angle) 5

/4 (&), subsonic =k (I7)+F i#; supersonic 42 4 i#;
hypersonic4g % 5 i# ; sonic boom  J ; closed tube ¥ ¢ ;
open tube B ¢ ; closed end B x4, open end 3t B =4,
sonar #-h; syrinx 2 #F]¢ ; Emperor penguin B 1 { 4§,

S1<# # 7y #3 & <4 F kHz >

¥ :30; 31 50; sgek: 100; #4i5:120 -

S2. P EVRE S T T T S VRl AR

@?’ Y (cf. S.P17-1)

S3EH5FH p=nRTV=p (RTIM) ~ B=p (11 y

=5/3 » &I+ y=T7/5)

S4.Apm =30 Pa, | = (+4)(30 Pa)¥/[(1.22 kg/m®)(346 m/s)]

= 1.1 (W/m?); Ap,=30x10"° Pa, | = 1.1x10"? W/m?;

fﬂ"j’ W/mZ?JE;l]“{\J\ » s {EL £ B W/em? it 4 .
BRI PP R A Rl

|25 ¥ 32#3,p.209 > W 90> 3 K] o
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ERER -5 17TF #H -l
@i‘i’(@‘ﬁ) PEdp M o AR KR hip A B R
s B2 ik - OF fJegk: £ 20 Hz ~ 20 kHz (Ear:
%f 3 kHz ft @), @i, Wi f <20 Hz; @?ﬁﬁ W f
> 20 kHz .

RB L) v=\Blp > p= TV HE - B=
% [FER o B0+ p=0.998 glem® (20°C) ~ B=
2.2x10° Pa = v=1485m/s ; v (air) = 343 m/s -
#32 Gefl) v =0/ p=IRTIM > R = Sfidijir
(8.314 J/mol-K) ~ M= 55+ &l ~ y=CJC, ~ T = AEHE
B (K) > p= ]y B B= o (IR "y =513
YIRS y=7/5) > N A R L SMESER B = p -
r=CJC ~ C(C) = ’éﬁ*(’é}ﬁ’);‘/ PRV LA
B=p- &g (435)v=233145+0.61 T, (m/s)
BOA 2 Sle—F o7 e
(X, 1) = spcos(k x—wt), Sn= =# 4= 1§

¥4 R ILEATAPX 1) = Apm sin(k x-w t),
Ap = —B(dy/dx) = kBsy sin(k x—awt) » B 4 3=t (&
< B4 R )Ap, = KBSy = (Vpw)sy (<< po) & i
2 dpi=Ad 5 a2 e
RBR CHELE AR e P P E
& fr'ﬁﬂ-‘j'::;é FofT2 o RARREIFECGH

ﬁ’g]l o & o (J/sm?or Wim?, = & ¥ = W/cm?
ey FETFERLE R
PR ET [  AE (A B Ay
S(X, t) = sncos(kx—mt), Ap = (oVaw)sy Sin(kx-w t),
FV/A = pv = (Po+AP)(AS/AL), Y (wlk)? = v = Blp «
I | = <up> = <VAP> = pvo’sy'<sin’(kx-o t)>

I=%pVa)23n2 (pB)lIZ 2 2
EAR ﬂﬁljil E’*’JJ?’?{UB( 25 ) ESel Fa
| = @AP’I2KB = VAP /2B= Apyll2v = Apyl(2,0B)"? -
%%WEL?EI rg vk R (Eﬁ'%ﬁﬁ@’??ﬁ;‘/ ZhEF Py
| = Pddar? (X F )

¢ NIRRT R PR OB g (R PR 30
Pa)th | = 1.1 W/m? (Usm?) o~ = FE 3[4 ezl g
B4 3R L 3x107° Pa» B ER~107 W/m? .
3 £ (#) A= (10 dB) loguo(l/lo), (311 dB) e
SYIE 1o =107 WIm® o GEEJE | 202
FEGE, o RIS TR S o N S AR
E{ I 371 A 102 W/m? ~ 1 W/m?)

PEHEE S REY G

BAHEG 20 a3 ja}_{%,z B4R @brie

R TpER L RE | (R5 @ T70dB H AT 3)
Sn=>Apm=> 1= p

ponlAP A

[T S W B e RS A R
WL P GV I - B

RIS B ¢ — SRR b SR -
BEVHIF f=vii=n(v2L),n=1,23,4,...
BV HEF f=viA=n(v/4L),n=1,3,5, .

Of =W 5 & 5 QYL HIRFIF I Ayt }

[Eh'%__'dfé‘i? » OFIFVELIEE (X - SRR o @
ﬁwﬁ'[ﬁ%‘f% > PNIT D |
FHBAAES RIL 1T g A RAE I

R FRER ORAFIVEEF LRE LM
F 25 B &3 1 N Middle C: 264 Hz, A: 440 Hz;

il ,E ?x@ﬁﬁiﬁﬂ T ISR T [»;wq, 4
ﬁﬂfi*ﬁ«'xﬁ[ﬁ E A LFﬂfiT@I FJIE"%%“@@
[* 1 o5 = 5ic08(ant) & S = $rCOS(at), S(t) = St
+ S = $1C0S(@nt) + SCoS(ant) = 25c0s(at)cos(St),
where a = (Y2)(or~w,), f= (%) (ort+ar) -

B Foear = —F| V@) N UGS PR
6~7 Hz > b)%%ﬁ‘?&ﬁff} Eﬁ FiRalEEid ﬁﬂ%&

P B Tﬁ?ﬁ‘i’ﬂdrﬁﬁ‘“% 5B e AR
AR 5’%@’7‘935’13@’%3\@1 (iﬁ%« SRR
1) o (ve BRI Vst PR, vo o (ERHIEN REF)

fP=f(vxwp)/(V+Vg),V, Vs Vp>0.

5 A 1 TR P A O S PR P o
»@u)g, D1 RLHEN )T % B ~ Mach 0.85 ®4@P

Fifl 1 15 K OB T 1 5 BT

N |DF: 1.8, F16A/B: 2, F16: >2, %141: 2.2, Su-30: 2.4,
SR-71: 3.2 -- 3500 km/h, A& ES: 2.03 - (X-43A:
7—7,700 km/h, 2004/03/27)

RI=ZLEFDFAGEF) 85 PF K529
F(Hd ~F &) s P 2 Hipirtg(d % i)
Ao #EEEP P AEHES  F AL
BEMFNEZ AR TR A A A PR
BaNIRgd 285 3)FR—HEF ] o ¥
4.3k e—F B2 5.3 ﬁv%@ﬁi—&,p—? o g4
%(a‘ﬁﬁéﬁfﬁ BE)d REME RFEB AL D
RS
?W {Mﬁ"“&-‘ R ewy Al ?
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v = [(1.4x8.314x300)/28.8x10°]"* = 348 (m/s),
T=300K;v=332m/s T=273 K(0° C), air #

v = [(1.66x8.314x273)/20.18x10 %2 =432 (m/s),

Ne (#11+,0°C) 4

#]. 1 =10°W/m?, £= 10 log(10>/10 *?) = 70 (dB).
B=35.00B = | = 1,107° = 10?x10*° = 3.16x10°°
(W/m?) [ =10 log(l/ly),10%° = 3162].

B3 E R 95.0 cm 2 Fltid + ¥4 5 4 “-W
% 501 Hz 2 668 Hz 2z 3¢5 » :#iA- % H 547

R E bF’“P(H)m‘?;’rfﬁms‘hp
#® ?Sol. f, = 668-501 = 167(Hz) = f, or 2f; >
501/167 = 3 & 668/167 = 4 = Open Tube! ~
v=(2L)(f) =317 m/s 4

Bl). ML B2 ) SEcrRdia - > Houvoarl

LB FARCOERL - R LTem 2 FliLg 0 &
- AT @ ¥ - AT o PR g
ZEFHF S P PR S 340mis -

Sol. jpl[ VPERL— B F -
L=0.17m > f; = v/4L = 340/ (4x0.17) = 500 (Hz) -
] l}rhgfﬂj“ [Hl@w&n‘ fij\ oAb b;"‘%};ﬂj ﬂil »(4
B o W rhgl}%qsrfu 61.8 kHz - ﬂ{-grrﬁ ﬁchgu [”Fé'—‘ﬁ
i ? [@F%JE:{I#’JF?Q 1o 1 ?;ﬁg v=340m/s
Sol. ' (v—w) = f(v+w,) or (F-f)v = (F +H)v,
=V, =5.02m/s 4
07.* If d is the distance from the location of the
earthquake to the seismograph and vs is the speed of
the S waves then the time for these waves to reach
the seismograph is ts = d/vs. Similarly, the time for P
waves to reach the seismograph is t, = div,. The
time delay is
SO
_ VgVpAt
B \'

_ (45)(8.0)(3.0x60) _
o 8.0-45
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.

=1.93x10° km.

_VS

PFERE R REY G R-PER

63.* (a) The half angle @ of the Mach cone is given
by siné = vivs, where v is the speed of sound and vs
is the speed of the plane. Since vs = 1.5v, sing =
v/i1.5v = 1/1.5. This means @ = 42°. (b) Let h be
the altitude of the plane and suppose the Mach cone
inter- sects Earth’s surface a distance d behind the
plane. The situa- tion is shown
on the diagram below, with P
indicating the plane and O : !
indicating the observer. The ! th
cone angle is related to h and d ‘ AN
by tan@ = h/d, so d = h/tané. 0
The shock wave reaches O in the time the plane
takes to fly the distance d: t = div = h/vtang =
(5000 m)/[1.5%(331 m/s)x tan42°] = 11 s.
19.* Building on the theory developed in §17-5, we
set AL/A=n-1/2,n=1, 2, 3..., in order to have
destructive interference. Since v = f4, we can write
this in terms of frequency:

foo= (2n-1)

2AL

where we have used v = 343 m/s (note the remarks
made in the textbook at the beginning of the exercises
and Pbssection) and AL = (19.5-18.3) m= 1.2 m. (a)
The lowest frequency that gives destructive interfer-
enceis (N=1) fun1 = (1-1/2) (286Hz) = 143Hz.
(b) The second lowest frequency that gives
destructive interference is (n = 2) fhin2 = (2-1/2)
(286 Hz) = 429 Hz = 3fqn,1. So the factor is 3.  (c)
The third lowest frequency that gives destructive
interference is (n = 3) fmin2 = (3-1/2)(286 Hz) =
715 Hz = 5fmin,1. So the factor is 5. Now we set
AL/A = 1/2 (even numbers) — which can be written
more simply as “(all integers n = 1, 2,...)” — in
order to establish constructive inter- ference. Thus,
fraxon = NVIAL = n(286 Hz). (d) The lowest frequ-
ency that gives constructive inter- ference is (n =1)
frax,1 = 286 Hz . (e) The second lowest frequency
that gives constructive interference is (N =2)  frax,2
= 2(286 Hz) = 572 Hz = 2fax,1. Thus, the factor is 2.
(f) The third lowest frequency that gives construc-
tive interference is (N = 3) oz = 3(286 Hz) =
858 Hz = 3fax,1. Thus, the factor is 3.
of# )

Vs
<

JE T---

(2

v= (n—%)(286 Hz),
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