Problem 8.4

Traveling waves on o string.
The equation of a transverse wave traveling along a string is given by y = 0.4sin[x{0.52 — 200¢)] where y
and x are meagured in ¢m and ¢ in seconds.

(a) Find the amplitude, wavelength, wave number, frequency, period, and speed of the wave.
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(b) Carefully draw the wave (y versus z) at ¢ = 0, and at ¢ = 1/400 sec.
(¢) Find the maximum transverse speed of any mass element of the string.

(d) Suppose that you clamp the string at two points L cm apart and you observe a standing wave of the
same wavelength as in part (a). For what values of L less than 10cm is this possible?

Problem 8.5

Standing waeves on a string.

The equation of a transverse standing wave on a string is given by ¥ = 0.3 (sin3x) (cos1200f) where y and =
arc in em, and ¢ in scconds.

{a) What is the wavelength, wave number, frequency, and period, of this wave?
(b) Carefully draw the wave (y versus z) at t =0, at £ = 1.31 x 10™% sec, and at £ = 2.62 x 107 sec.
(¢) What is the maximum transverse speed?

(d) What is the speed of propagation (of a transverse disturbance) along the string?

Problem 8.6

Distance sensing with sound.

A bat can sense its distance from the wall of a cave (or whatever) by emitting a sharp ultrasonic pulse that
reflects off the wall. The bat can tell the distance from the time the echo takes to return.

(a) Ifa bat is to determine the distance to a wall 8 m away with an error of less than =0.2 m, how accurately
must it sense the time interval between emission and return of the pulse?

(b) Suppose that a bat flies into a cave filled with methane (swamp gas). By what factor will this gas
distort the bat’s perception of distances? At 20°C, the speed of sound in methane is 4321m/s.



Jeff
Cross-Out


MIT 8.02 Spring 2002 — Assignment #8 Solutions 4

Problem 8.4

Traveling waves on a string.

(a) For any traveling wave of the form
y = asin(kx — wt) ,

a is the amplitude, k is the wavenumber, A = 27 /k is the wavelength, w is the frequency
in radians per second (f = w/2w is the frequency in Hertz), T = 27 /w is the period, and
v = w/k is the speed of the wave. For our wave,

y = 0.4sin[7(0.52 — 200t)] (x, y in cm, ¢ in sec)

and we have

a = 04cm

k = 057 =157cm™
A = 2r/k=4cm

w = 2007 = 628rad/s
(f = w/2m=100Hz)
T = 2n/w=0.01sec

v = w/k=400cm/s .
(b) At ¢ =0, the equation of the wave is
y(x,t)|t=o = 0.5sin(1.57x) .
At t =1/400sec (= T'/4), the equation is
y(2,t)|¢=1/400 = 0.58in(1.57x — 7/2) = —0.5cos(1.57x) .
Following is a plot of y vs. = for these two times:
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(c) The transverse (y-direction) speed of a point on our string is

YW aw cos(kz — wt)

dt

with maximum value

d
d_?; . =aw=25lcm/s .

(d) If we clamp the string at two points a distance L cm apart and observe a standing wave
of the same wavelength as above, then L must be an integer number of half-wavelengths:

L=n\2 (n=1,2,3,4,.) .

For our value of A = 4cm, the first three possibilities are:

n=1 RN L= 2cm
L= 4cm

L= 6cm

If L is to be strictly less than 10 cm, there are 4 possible values for L: 2cm, 4cm, 6 cm, and
8 cm.

Problem 8.5
Standing waves on a string.
(a) A standing wave of the form
y = asin(kx) cos(wt)
has the same wavelength, etc. as given in 8.3(a) above. Thus, for
y = 0.3sin(3x) cos(1200¢)
with z, y in centimeters and ¢ in seconds, we have

k= 3em™

A= 2r/k=21cm

w = 1200rad/s

(f = w/2r=191Hz)

T = 2n/w=1524x10"%s .
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(b) The times of interest are t =0, ¢ =1.31 x 1073s =T/4, and t = 2.62 X 107%s = T'/2:

y(x,t)|t=0 = 0.3sin(3z)
y(fl:,t>|t:1.31><10—3 = 0.3 Sln(3x) COS(7T/2> =0
y(x,t)|i=0.62x10-3 = 0.3sin(3z) cos(n) = —0.3sin(3z) .

Following is a plot of y vs. z for these three times:
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Compare the evolution of this standing wave with the evolution of the traveling wave of
problem 8.3.

(c) As in 8.3(c), the maximum transverse speed is

dy

o =aw = 360cm/s .

max

(d) One could interpret this question in one of two ways. If by “speed of propagation” we
mean the so-called phase speed, then it is

v=w/k=400cm/s .

If on the other hand we mean the speed with which this particular waveform (standing wave)
travels along the string, then it is zero. (See plot under (b) above.)
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Problem 8.6

Distance sensing with sound.

oA L

bat

(a) The time T between the emission and return of the bat’s pulse to a wall L meters
away is T' = 2L/v,, where v, is the speed of sound in air. Thus a distance uncertainty AL
corresponds to a time uncertainty AT = 2AL/v,. For AL = £0.2m and v, = 344m/s
(1atm at 20°C), we have

AT = +1.2 x 10 3sec .

(b) Suppose the bat in our methane-filled cave sends out a pulse which covers a distance
Lactuar. The bat will receive the reflected pulse after a time T' = 2L,ctyal /Um, Where vy, is the
speed of sound in methane. If the bat perceives that he is in air, he will interpret this time
delay as being due to an apparent distance

v v,

Lapparent = = _Lactual .
2 Um

For v, = 344m/s and vy, = 432m/s, this gives
Lapparent = 0-8Lactual .

So the bat will perceive things as being closer than they actually are by a factor of 0.8,
because the signals return faster than he expects.
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