Chapter 16

Wave Motion. Solutions of Home
Work Problems

16.1 Problem 16.17 (In the text book)

A transverse wave on a string is described by the wave function

y = (0.120 m) sin [(%) + 47?15}

(a) Determine the transverse speed and acceleration at ¢ = 0.200 s for the point on the
string located at x = 1.60 m.

(b) What are the wavelength, period, and speed of propagation of this wave?

Solution

(a) The transverse velocity of the wave is given by:
Ay
ot

_ % {0120 m)sin | (57) +4mt) }

= (0.120 x 4 x 7) cos [(%) + 47rt} = (0.480 x 7) cos [(%) + 47‘(‘4

1.60 x 7
8

= 0.480 x 7 x c0s[0.2 x 4 0.800 x 7| = 0.480 x 7 X cos ()

= —15m/s

v(x,t) =

v(1.60 m,0.200 s,) = 0.480 x 7 X cos {( > +4 % 0.200 x 7T:|
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The transverse acceleration is given by:

Py O
a(x,t) = Eroiaien
= gt{(0480X7T cos[( )+47rt]}
— (0480 x 4 x 77 n[( ") + 4nt]
a(1.60 m,0.2005) = —1.92 x 72 ><sm{<1 0X7T)+4><0.200><7T]

= —1.92 x 7 x sin(7) =

(b) The general function for a wave is:
y = Asin(kx + wt)

comparing the general wave function with the given wave function we get:
k=—-—=— or A=160m

and

The wave speed is then given by:

A 160
A DY gy
7 = o500 Sx0m/s

v =
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16.2 Problem 16.24 (In the text book)

A transverse traveling wave on a taut wire has an amplitude of 0.200 mm and a frequency
of 500 Hz. It travels with a speed of 196 m/s.

(a) Write an equation in SI units of the form y = Asin(kz — wt) for this wave.

(b) The mass per unit length of this wire is 4.10 g/m. Find the tension in the wire.

Solution

(a) We need to find w and k:
w=2nf=2xmx500=3142 rad/s

and 3142
w

The wave equation then becomes:

y = (2.00 x 10~* m) sin (16.0z — 3142¢)

(b) The wave velocity is given by:
T

v=4/—
p

where T is the tension in the wire and p is its linear density, since v = 196 m/s and
p=4.10g/m = 4.10 x 1073 kg/m, then T is:

T = pv* = 4.10 x 107*(kg/m) x (196 m/s)* = 158 kg - m/s*> = 158 N
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16.3 Problem 16.38 (In the text book)

It is found that a 6.00-m segment of a long string contains four complete waves and has
a mass of 180 g. The string is vibrating sinusoidally with a frequency of 50.0 Hz and a
peak-to-valley distance of 15.0 em. (The “peak-to-valley” distance is the vertical distance
from the farthest positive position to the farthest negative position.)

(a) Write the function that describes this wave traveling in the positive = direction.

(b) Determine the power being supplied to the string.

Solution

(a) From the given information we can find the wave length A, the linear density p and the
amplitude A and from this and the given frequency we can find £ and w and be able to
write the wave function.

180 g _9
b= e 0m 30.0 g/m = 3.00 x 107 kg/m
and 6.00
A= —=1.50
.00 "
The amplitude A is:
15.
Az%z?bcm:?ﬁx 1072 m
The angular frequency w and the wave number k are;
2 2
w=2rf=2x7mx50.0=314rad/s and k:¥:1—7;24.197“ad/m

The wave function is then:

y =T7.5x 10"?sin(41.9z — 314t)

(b) The wave velocity is:

w 314
and the power supplied to the string is:
1 1
P= §W2A% = 5><(3.00><10’2 kg/m)x (314 rad/s)*x (7.5x107% m)x (74.9 m/s) = 623 W
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16.4 Problem 16.46 (In the text book)

(a) Show that the function y(x,t) = x? + v*¢? is a solution to the wave equation.

(b) Show that the function in part (a) can be written as f(x+vt) 4+ g(z —vt), and determine

the functional forms for f and g.

(c) What If? Repeat parts (a) and (b) for the function y(z,t) = sin(z) cos(vt).

(a)

Solution
The wave equation is:

Py 10%

0x2 w2 o2

The given function is a solution to the wave equation if the function satisfies the equation,
i.e. if the second time derivative of the function divided by the square of the wave sped
equals the second x derivative of the function. Taking the derivatives of the function we
get:

83/ 0 2 2,2 2 823/ 0 2 2
aza{x +vt}:2tv and %:a{%v}:%
Similarly:
dy 9 2 2,2 0y d
== 2} =2 d = =_—{22}=2
or Ox {:p v } oA 0x? 693{ v}
Substituting with the derivatives in the wave equation we get:
1
2= — x2°
v

So, the function y = x? + v*t? is a solution of the wave equation.

Note that:

1 1 1 1 1 1
§(x + vt)? + é(x —ot)? = §x2 + §v2t2 + zvt + §x2 + 51)2752 — zvt = 2% + v*?

SO,

flx+ot) = %(x + vt)? and gz —vt) = %(1’ — vt)?
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(c) Using the same procedure followed in (a), we get:

Oy = cos x cos vt and _82y = —sinx cosvt
or or2
similarly:
0 0?
8—12 = —wvsinzsin vt and a—t:zy = —v?sinx cos vt

Substituting in the wave equation we get:
—sinxcosvt = — X —v%sin x cos vt
v

So, once again the function y = sin x cos vt is a solution of the wave equation. Similarly,
note:

sin(z + vt) =sinzcosvt +cosxsinvt  and  sin(x — vt) = sinx cosvt — cos x sin vt

So,
1 1
sin x cos vt = 5 sin(z + vt) + 5 sin(z — vt) = f(x + vt) + g(xz — vt)
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16.5 Problem 16.52 (In the text book)

A block of mass M, supported by a string, rests on an incline making an angle # with the
horizontal (Figure (16.52)). The length of the string is L and its mass is m < M. Derive
an expression for the time interval required for a transverse wave to travel from one end of
the string to the other.

m, L

Figure 16.52:

Solution

Assuming the incline to be frictionless and taking the positive z-direction to be up the
incline:

ZFI =T — Mgsinf =0
where T is the tension in the string, so:
T = Mgsinf

The speed of the transverse wave in the string is:

T Mgsin 6 | MgLsin 6
V= —_— = =
y T m

The time interval At for a pulse to travel from one end of the string to the other is:
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At =

SN R

m
MgLsin6
mL?

MgLsin @

mL
Mgsin 6
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