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‘ L - (75 We approximate that each spring of the car will effectively support one-fourth of the mass. The
l , rotation of the improperly-balanced car tire will force the spring into oscillation. The shaking will be
most prevalent at resonance, where the frequency of the tire matches the frequency of the spring. At

- v .
resonance, the angular velocity of the car tire, @ = —, will be the same as the angular frequency of

r
, ’ k
the spring system, @ =  |—.
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The more energetic wave has the larger amplitude.

\S From Eq. 15-7, if the speed, medium density, and frequency of the two waves are the same. then the
intensity is proportional to the square of the amplitude.

We assume that all of the wave motion is outward along the surface of the water — no waves are
propagated downwards. Consider two concentric circles on the surface of the water, centered on the

place where the circular waves are generated. If there is no damping, then the power (energy per
unit time) being transferred across the boundary of each of those circles must be the same. Or, the

power associated with the wave must be the same at cach circular boundary. The intensity depends

on the amplitude squared, so for the power we have this.
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For the particle of string at x = 0,
"\30 the displacement is not at the
\S full amplitude at ¢ = 0. The
L“q particle i.*: movi.ng upwards, and

so a maximum is approaching
from the right. The general form
of the wave is given by
D(x,1)= Asin(kx + ax +¢). At
x=0and =0, D(0.0) = Asing

and so we can find the phase
angle.

D (¢m)

D(0,0) = Asing — 0.80cm =(1
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x (cm)

00cm)sing — ¢=sin" (0.80)=0.93
So we have D(x.0) = Asin(%x + 0.93). x in cm.
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( \O\ We use the given data to write the wave function. Note that the wave is moving to the right,
and that the phase angle has already been determined.

D(x.t) = Asin(kx + ax + @)

A=A DOem s k= —r

—_— =72 00¢c _’; =72 =2 4 z) =1540rad
e m™ ; w=2xf =27 (245Hz) rad/s

D(x,t)=(1 .00cm)sin[(2.09cm" )x+(1540rad/s)t+0.93:| ,x incm, [ ins
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Find the various derivatives for the linear combination.

D(x.1) =C\D, +C,D, = C, f, (x.4) + C, £, (x,1)
oD o af a’D a’f 9’1,
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To satisfy the wave equation, we must have = = — 57 Use the fact that both 7, and £, satisfi
et v ot

the wave equation.
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Thus we see that

a’D 1 9°D
W

EYE o’ and so D satisfies the wave equation.
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()\ (&) The resultant wave is the algebraic sum of the fwo component Waves.
J\'I/ D =D, + D, = Asin(k — ar) + Asin (kx — e + @) = Al sin (Jox —ax) + Asin (kx — ax 4 9)|

= A{2sin | (kx —ax) + (kx —ax + o) Heos £ (kx —ax) - (kv —ax +9)]}

= 2A4{sin1(2kx —znr+ﬂ)}{wﬂs%(#)}'|(2‘“““§)‘i'(h“”+g]]

(b) The amplitude is the absolute value of the coeflicient of the sine function, ?.Jtmz The

wave is |purely sinusoidal| because the dependence on x and £ is ain(h-—nl+§).

(@) If ¢=0,2r.4m, - 2nx, then the amplitude 1s 2Am§| =|24m;$-lu'|umullﬂpdfﬂ‘
=24, which is constructive interference. If ¢ =, 37,5, ~(2n+1) @, then the amplitude
is P‘mq":‘d(h:u#‘ =[2"m[("+f)’]|'“» which is destructive interference. |
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The fundamental frequency of the full string is given by /o ., = 7 =441 Hz. If the length s

reduced to 2/3 of its current value, and the velocity of waves on the strin is not changed, then the
new frequency will be as follows.
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The string must vibrate in a standing wave pattern to have a certain number of lnnps The frequency
of the standing waves will all be 120 Hz. the same as the vibrator. That frequency is also expressed

by Eq. 15-17b, 1 = % . The speed of waves on the string is given by Eq. 15-2, v=/F, /u. The

tension in the string will be the same as the weight of the masses hung from the end of the string,
F, = mg , ignoring the mass of the string itself. Combining these relationships gives an expression
for the masses hung from the end of the string.

(a) Jr='=1l‘“-=i i = |78 - mzdf"':#
2PV WNu n'g
4(1.50m)’ (120Hz)" (6.6 %10 * kg/m
. = 20m) (1 ) ( , ke/ )=ﬂ.723kg=e 8. 7kg
I (9.80m/s")
8.728
(h) m:%: . . 1 2.2kg
m,  8.728kg




mode is given by =
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(@) Ifthe pipe is closed at one end, only the odd harmonic frequencies are present, and are given by
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¥ o 343m/s _ T ETE -‘)QY\
4L 4(1.24m)

Jf,=3f, =|1207THz| /., =5/1,=|346Hz| (., =7/ =|484Hz

L——u—mrgﬁ =

2f
_ v _ 33m/s
4 2¢ 2(1.24m)

=1383Hz ~|I38H=
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\\ ' The difference in frequency for two successive harmonics is 40 Hz. For an open pipe, two
L):)( successive harmonics differ by the fundamental, so the fundamental could be 40 Hz, with 240
\b/ being the 6™ harmonic and 280 Hz being the 7" harmonic. For a closed pipe, two successive
harmonics differ by twice the fundamental, so the fundamental could be 20 Hz. But the on
a closed pipe are odd multiples of the fundamental, and both overtones are even multiples of 30

So the pipe must be an | open pipe |
i o L Y :[331+ﬂ.6ﬂ(23.ﬂ]]mf5=
27 2.F 2(40Hz)
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Since there amld beats's when sounded with the 350 Hz tuning fork, the guitar string must have a
frequency of cither 346 Hz or 354 Hz. Since there are 9 beats/s when sounded with the 355 Hz
tuning fork, the guitar string must have a frequency of either 346 Hz or 364 Hz. The commaon value
is {346 Ha|.




’ (@) The microphone must be moved to the right until the difference 1
in distances from the two sources is half a wavelength. See the .J"\ : —>
diagram. We square the expression, collect terms, isolate the 5 | 7
g remaining square root, and square again. b §ra
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T
S8 =11 — N
J(%D+x)"+!"-J[fD—.r}"H'"=-.',—A s hL
J{-}L‘+x}"+f=%.&+J(J;D—.rf+f" - xL
(§D+.r]3+f"=-1-,1’+2({;J]J{{,—D—r}’+f’+(fD—x}"+¢“"' —

WDk =14 = AJ(ED-2) + €7 — 4D —2(2Dx)1 A + £ A = X [(30-2) +£]

(1p'+-44)
A —DxA+ 2 A =2 DV = DxAP + XA+ A o x=4 (401_‘11)

)

The values are D=3.00m, £ =320m,and A=v/f = (343m/s)/(494 Hz) = 0.694m.

x=(0.694 m)J*(?’“"""""')1 +(3:20m)’ - (0.694m)” _ G571

4(3.00m)" - (0.694m)

() When the speakers are exactly out of phase, the maxima and minima will be interchanged. The
fmaxima are 0.411 m to the left or right of the midpoint, and the intensity

intensity
fat the midpoing.




