gesAs |2
P _
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The bug moves in SHM as the wave passes. The maximum KE of a particle in SHM is the total

energy, which is given by E_, =+k4*>. Compare the two KE maxima.

ol

KE, k& (A 2_(2.250m)2m —
KE LtiA> | A 3.0 cm '

1

38.0s

=4.75 s. The spring constant can then be found
8 cycles

The period of the jumper’s motion is 7' =

from the period and the jumper’s mass.
T= Qﬂ\/z L pltmm 47 (650K8) 1oy~ [TaN/m
k

i

T (4.75s)’

"The stretch of the bungee cord needs to provide a force equal to the weight of the jumper when he is
at the equilibrium point.

mg _(650kg)(9.80m/s*)
k 11373N/m

Thus the unstretched bungee cord must be 25.0 m—5.60 m =

kAx=mg — Ax= =5.60 m

The unusual decrease of water COTIESponds to a trough<SEEP s The crest or peak of the

wave 1s then one-half wavelength distant. The peak is 125 ay, traveling at 750 km/hr,

Ax=vt — r.—.-A_xz 125 km (60”“ =110 min
v 750km/hr\ 1hr




25m

|<—5m—/

1. The speed of the pulse is related to the tension F;. and mass density u:

2. Express the mass density and tension in terms of the given parameters:

3. Substitute these values to calculate the speed:

.

. Use this speed to find the time for the pulse to travel the 20 m to the far end:

e
)

5. Find the time it takes Inchy to travel the 2.5 cm to the end traveling at At =
1.0 in/s: -

' _25cn lin

.ktu.l(ﬁ_\.._._,_._.____._.

TN

'F'I'
i

E, = mg

2 and
B F _Jmgl (10 kg)(9.81 m/s*}(25 m)
- I B m, B 1.0kg

=495 m/s

_éf__ 20m
v 495s

= 0405

= X —— =008
o' lin/s 254 em ®

At > At Inchy does not beat the pulse.

We assume that the comparison is to be made from the frame of reference of the stationary tuba.
The stationary observers would observe a frequency from the moving tuba of

75 H
Jau = foe __ . T Hz
I_ 1”lsnul'ce 1_ 10‘0m/s
v, 343m/s

) S gk

fhem =71 HZ_75 HZ:'




The Doppler effect occurs only when there is relative motion of the source and the observer along
the line connecting them. In the first four parts ofthis problem, the whistle and the observer are not
moving relative to each other and so there is no Doppler shift. The wind speed increases (or
decreases) the velocity of the waves in the direction of the wind, and the wavelength of the waves by

the same factor, while the frequency is unchanged.

(@), (&), (c), (@) f'=f=5I/0Hz
() The wind makes an effective speed of sound in air of 343 + 12.0 = 355 m/s, and the observer is
moving towards a stationary source with a speed of 15.0 m/s.

15.0
=l et | = (570 1) 142005 | _s5a g
v, 355mfs
(3 Since the wind is not changing the speed of the sound waves moving towards the cyclist, the
speed of sound is 343 m/s. The observer is moving towards a stationary source with a speed of

15.0 ms.
=gl e (570 ) 14 2975 | 555
v, 343 m/s

2 -, ,
|

i

i

- . both source and observer are in motion. There will be two
Doppler shifts in this problem — first for the emitted sound with the bat as the source and the moth as
the observer, and then the reflected sound with the moth as the source and the bat as the observer.

(V v ) (
fn:mh - f;’ " S fnd | moth /o f;’; - fn’lolh vsnd +vbm) — f;, ; (vsnd +vm0th) Vsm‘l +ubal)

(Vsnd - vhaz ) (vsnd - vmolh ) Vsnd - vba! ) (vsnd - Vrnu!h )

(
@ - (5135 1%) (343+5.0) E343+6.5) _[si531]

(343-6.5) (343-5.0)

It is 70.0 ms from the start of one chirp to the start of the next. Since the chirp itself is 3.0 ms long, it
is 67.0 ms from the end of a chirp to the start of the next. Thus the time for the pulse to travel to tilp},e
moth and back again is 67.0 ms. The distance to the moth is half the distance that the sound can
travel in 67.0 ms, since the sound must reach the moth and return during the 67.0 ms.

d =v,,t =(343m/s)4(67.0x10%s) =[11.5 m]

M

Answers

1. Sketch the position of the plane {Figure 15-29) both at the FIGURE 15-29 Ir':x1 the hmi{ that rf?:ﬂp};ne moves
instant the sonic boom is heard at point P and at the distance u Af, the sound moves dista .
instant that sound was produced. Label the distance the
sound travels v Af, and the distance the plane travels u Al

15 Jam S0 6 = 34.3°

v At v U —
ing = —=— = — 80 = —— = 609 m/s = | 610m/s
siné At 8 u siné /

2. From your sketch and Equation 15-44, calculate 1:



(@) 1. The given wave function is of the form y(x,f) = A sinfkx ~ wf).
Using @ = kv (Equation 15-16), write the wave function as a
function of x — vt. Then, use Equations 15-1 and 15-2 to find
the direction of travel:

2. Because the formis y = A sin(kx — wt), we know A as well as
both w and k. Use these to calculate the speed:

(b) The wavelength A is related to the wave number k, and the period
T and frequency f are related to w:

(c) The maximum displacement of a string segment is the
amplitude A:

(4} 1. Compute 9y/9t to find the velocity of a point on the string:

2. The maximum transverse speed occurs when the cosine
function has the value of %1:

y(xt) = Asinfkr ~ wt) and w = kv
so  y(x,t) = Asinfex — kvf) = Asinfk(x — vi)]

The wave travels in the

A A2 35871
VST Tk 2am MW
=|1l6m/s

.

27 2
A== gp = 286m=|29m]
27 2m
T = ~3ge ~ 180s=[185]

1 1
f—?—m—0.5571{2— 0.56 Hz

8[sin(2.2 m™lx ~ 3.5 5711)]
ot

= (0.030m){(—~3.55 ) o322 m"x ~ 3.5571%)

= —{0.105 m/s) cos(22 m~lx — 3.5571t)

_3_!/_ 0.030
vy = g = (0050m)

Oy max = 0-105 m/s = | 0.11 m/s




| { .

| ‘

%@6\«/\{/ e T @ e guau} L+ ol /”‘W‘C-&

{

| é‘@%ia@( (% Wowg_ ()W Eode ;//,)/‘/'\A’L )(-’l& ]

\wx‘Oulw {/M’?}}%-«v; Qli e (o bine,

//)@ O *e{/(/z’/? /]/EW #;«’;_ 38 g &’ /&WWWW

£ Ve oo i orotns G o/fires

[

o Y Zaacs Q/’b«»ﬁ“ OO vy ? }’L»ﬁ—m__

S ool e seee botio et




R tes e —lew ax

2=l e o
O b
=

Vocoooe iy forie > 5 e pesbining

/

Jrte P patine Y Pi frbies ix 2
/ A

Ko/t Hf (oo (o@Titm .







