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*16.6 T_h;di_stance the waves have traveled is
d = (7.80 km/s)t = (4.50 km/s)(t + 17.3 5)
where £ is the travel time for the faster wave.
Then, (7.80 — 4.50)(km/s)t = (4.50 km/s)(17.3 s)

,_ (450km/s)(17.3 )
= (7.80 - 4.50)(km/s)

=236s, and

the distance is d = (7.80 km/s)(23.6 5) =
16.7 (a) ¢ =1(20.0rad/cm)(5.00 cm) - (32.0 rad/s)(2.00 s) = 36.0 rad

¢ = (25.0 rad/cm)(5.00 cm) — (40.0 rad /s)(2.00 s) = 45.0 rad
A¢ = 9.00 radians = 516° =
(b) A¢=]|20.0x —32.0 - [25.0x — 40.0¢]| = |-5.00x + 8.00¢
At t=2.00 s, the requirement is
A¢=|-5.00x + 8.00 (2.00)| = (27 + 1) for any integer .

For x < 3.20, -5.00x + 16.0 is positive, so we have

—5.00x+160=(2n+1)7, or

_ (2n+1)xn
xr=320 ~ 500

The smallest positive value of x occurs for n =2 and is

4+=
x=320~ 500 - 320-7=(0.0584 cm

- — —_—

{ 1350kg m/s? 0

16.17 If the tension in the wire is T, the tensﬂe stress is
Stress=T/A so T = A(stress)

The speed of transverse waves in the wire is

_ z_,\/A(Stress)_ Stress ,\/ Stress _,\/Stress
=N m/L ~ Nm/AL™ N\ m/(Volume) ~ P

where p is the density. The maximum velocity occurs when the stress is a maximum:

f2.70 x 10° Pa
Umax = 7860 kg/m3 =




e —

16.23 (a) See figure at right. ¥ (cm)
2r 27 10
(b) @ 503° l 0.122?!
0 t(s)
0.1 0.2
—1
R ——
_ 16.24  Using data from the observations, we have A = 1.20 m andf=150s Therefore,
8.00
v=Af=(1.20 m) (]—2—'0*;)= 10.800 m/Sl
- _16._36_ -{aj _w= 27f = 27(500) = 3140 rad/s, k= w/p = (3140)/(196) = 16.0 rad/m
¥ = (200 x 104 m) sin (16.0x - 3140%)
T
(b) =19 m/s= 410 x10° ka7 kg/m
T=|158 N -
16.39  Suppose that NO energy is absorbed or carried down into the water. Then a fixed amount of
power is spread thinner farther away from the source, spread over the circumference 277 of :
expanding circle, The Power-per-width across the wave frong
£
2y
IS proportional to amplitude squared so amplitude is Proportional to
A\ f_d?_
2y
1=500x10%m ;=400 102kg/m  p=300W T=100N '
!"herefore,
v= \/I =50.0m/s
H
L
£ =zuw?A2p
54
o 2P 2(300)
We=—— = PP e~ R
HA%D ~ (4.00 x 10°2)(5.00 x 102)2(50.0)
@ =346 rad/s

[0] Tt
f=5-=[551 Hz]



16.46  Equation 16.26, with v = VT/u is
Py_1Fy
ox2 " p2 g2
}’_fy = eb(x—vt),
then %z—bmﬂx—w and %: Beblx—ot)
a2
jfgi = P2p2pblx—ot) and —;;Z-ZE = p2pblx~vh)
R
Therefore, E;Z'Z = 02% , and e’ j5 3 solution.
. (a) Fromys=x2+0%2 S
R
evaluate %:h #;’2
¥ _ Py_,,
> o2t 552 =20
Py 1 &
Does G =y7ai *

- 1 s s
By substitution: 2= 2 20% and this is true, so the wave function does satisfy the wave

equation. B - —

1
(b) Note %(x + vt)? + 5 (x —vt)?

1 1 1 1
oo casie T BRIt NI =242
—2x +xvt+2vf +2x xvt+2vf

= x? + v#? as required

So f(x+vt)=%(x+vf)2 and |g(x - vt :;(x—a?t)2
(c) y=sinxcos vt makes
gxz=cosxcosvt %:—smxcosvt
%‘1{—=—vsinxsmvt %:—vzsmxcosvt

Py 1%y
Then 52 =150

; =L g g :
becomes  —sin x cos vt = =2 v? sin x cos vt which is true as required.

Note sin (¥ + vt) = sin x cos vt + cos X sin vi
sin (x — vt) = sin x cos vt — cos x sin vt
So sin x cos vt = f(x + vt) + g(x — vt) with

and

glx—vt) = %sin (x —vt)

1
flx +vt) = 5 sin (x + vt)




