Chapter 16.

1. Awave is described by y =0.020 0 sin (kx — wf), where k= 2.11 rad/m, @ = 3.62 rad/s, x and y
are in meters, and ¢ is in seconds. Determine (a) the amplitude, (b) the wavelength, (c) the
frequency, and (d) the speed of the wave.

Ans:

Compare the specific equation to the general form:
¥=(0.0200m)sin (2.11x—3.62¢)=y Asin (kx — ot + §)

(a) 4=[2.00 cml

(b) k=2.11rad/m—>i=27ﬂ=:2.98m:

© @=3.62rad/s—> f= 2ﬂ= 0.576 Hz
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2. The string shown in Figure P16.11 is driven at a frequency of 5.00 Hz. The amplitude of the
motion is 4 = 12.0 cm, and the wave speed is v = 20.0 m/s. Furthermore, the wave is such that
y=0atx=0and 7= 0. Determine (a) the angular frequency and (b) the wave number for this
wave. (c) Write an expression for the wave function. Calculate (d) the maximum transverse

speed and (e) the maximum transverse acceleration of an element of the string.
Ans:

(a) @ =2nf=2n(5.005")= /Ta

v 200m/’s .. = ———t—Nmm—
(b) A=—="—"—--=4.00m B}
f 5.00s —
2 2 )
k=7=4 00m= 1.57rad/ m Figure P16.11

(¢) In y =A4sin (kx—wt+¢) we take 4 =12.0 cm. At x =0 and 7 = 0 we have

y=(12.0 cm)sin ¢ . To make this fit y = 0, we take $#=0.Then

Iy =0.120 sin (1.57x — 31.4¢), where x and y are in meters and ¢ is in seconds

(d) The transverse velocity is % =—Awcos (kx—t).

[ts maximum magnitude is

Aw=(12.0 cm)(31.4 rad /s)=|3.77m/s

ov, 0 2
(e) a,= th =5[—Aa)cos(kx—a)t)]=—Aa) sin (kx — ot)

The maximum value is Ao = (0.120 m)(31.4 s ')* =118 m/s’



3. Transverse pulses travel with a speed of 200 m/s along a taut copper wire whose diameter is
1.50 mm. What is the tension in the wire? (The density of copper is 8.92 g/cm’.)
Ans:

/T )
We use v= [— to solve for the tension:
7,

T= ,uvz = pAvZ = p7l7‘2 v’
T= (8920 kg/m’)(m)(7.50 x 10~* m)* (200 m/s)*

T=31N

4. A sinusoidal wave on a string is described by the wave function y = 0.15 sin (0.80x — 50¢)
where x and y are in meters and ¢ is in seconds. The mass per unit length of this string is 12.0
g/m. Determine (a) the speed of the wave, (b) the wavelength, (c) the frequency, and (d) the
power transmitted by the wave.

Ans:
Comparing the given wave function, y = (0.15) sin (0.80x — 50¢), with the general wave
function, y = 4 sin (kx — wt), we have k= 0.80 rad/m, w = 50 rad/s, and 4 =

0.15 m.
(a) v= f/1—£2—”=2 50.0 ——m/s={62.5m/s
27 kK k  0.800
b A= 2" -[785m
k  0.800
(c) f= 50.0 =|7.96Hz
o

(d P= % Hw’ Ao = %(12.0x 107)(50.0)*(0.150)*(62.5)W=[21.1W

5. Transverse waves travel with a speed of 20.0 m/s on a string under a tension of 6.00 N. What
tension is required for a wave speed of 30.0 m/s on the same string?.
Ans:

The two wave speeds can be written as
=T,/ puand v, =T,/ u

. . T
Since u is constant, y=—2=—-, and

v, Y

2
v 30.0m/s
T,=|=2|T-= 6.00N) = 35N
2 (Ulj 1 (zoom/j( ) -



