25.

(a)

The displacement of the string is assumed to have the form y(z,t) = y,, sin(kz—wt). The velocity of
a point on the string is u(x,t) = dy/0t = —wyp, cos(kr —wt) and its maximum value is Uy, = WY,
For this wave the frequency is f = 120 Hz and the angular frequency is w = 2nf = 27 (120Hz) =
754rad/s. Since the bar moves through a distance of 1.00cm, the amplitude is half of that, or
Ym = 5.00 x 1073 m. The maximum speed is u,, = (754rad/s)(5.00 x 1073 m) = 3.77m/s.

Consider the string at coordinate x and at time ¢ and suppose it makes the angle 6 with the z axis.
The tension is along the string and makes the same angle with the x axis. Its transverse component
iS Tirans = 7sinf. Now @ is given by tanf = dy/0x = ky,, cos(kx — wt) and its maximum value is
given by tan#@,, = ky,,. We must calculate the angular wave number k. It is given by k = w/v,
where v is the wave speed. The wave speed is given by v = \/7/u, where 7 is the tension in the
rope and p is the linear mass density of the rope. Using the data given,

v= _ 900N _ 27.4m/s
0.120 kg/m

_ T54rad/s
- 27.4m/s

and

k =27.5m ' .
Thus
tan 6, = (27.5m1)(5.00 x 103 m) = 0.138

and § = 7.83°. The maximum value of the transverse component of the tension in the string is
Terans = (90.0N)sin7.83° = 12.3N. We note that sin is nearly the same as tanf because 6 is
small. We can approximate the maximum value of the transverse component of the tension by
TkYm.-

We consider the string at x. The transverse component of the tension pulling on it due to the

string to the left is —70y/0x = —7Tkyn, cos(kx — wt) and it reaches its maximum value when
cos(kx — wt) = —1. The wave speed is u = 9y/dt = —wy, cos(kx — wt) and it also reaches its
maximum value when cos(kx — wt) = —1. The two quantities reach their maximum values at
the same value of the phase. When cos(kz — wt) = —1 the value of sin(kx — wt) is zero and the

displacement of the string is y = 0.

When the string at any point moves through a small displacement Ay, the tension does work
AW = Tirans Ay. The rate at which it does work is

AW Ay

= Ttrans = TtransU -
At At

P has its maximum value when the transverse component 7i,,,s Of the tension and the string speed
u have their maximum values. Hence the maximum power is (12.3N)(3.77m/s) = 46.4 W.

As shown above y = 0 when the transverse component of the tension and the string speed have
their maximum values.

The power transferred is zero when the transverse component of the tension and the string speed
are zero.

P = 0 when cos(kx —wt) = 0 and sin(kz — wt) = £1 at that time. The string displacement is
Y = £Ypm = £0.50 cm.
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