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Traveling Waves

1. A particular wave traveling along a string is described by:
y(x,t) = (0.0060m)sin((0.0062¢)x + (6002d)t)

a. How much time does any particular point in the string take to move between the
displacements y=+2 mm and y=-2 mm?

Ans. There 2 interpretations to this problem.
Interpretation 1:

The period, T, for this wave is: T=2(:=0.0105 S €

. . +2 mm
The displacement from +2mm to -2mm is 2 A and

therefore the time elapsed is:

£ = ; = 0.00525 s.

-2 mm

Interpretation 2:

This one is more complex. The phase difference ¢ v

between +2mm to -2mm is:

+2 mm
0.0040m /4

p=x oo =

0.0120m,) 3

. . . -2 mm
The time elapsed is related to period, T, by:

= t=

LI 0.0018 s
6

b. Determine the amplitude, frequency, period and wave speed for this traveling wave.

Ans. ym=0.0060 m, f=-2-=95.5 Hz, T= L =0.0105 s, and v= 2 = 1.05x10°2
27 f k
c. What is the equation for the transverse velocity of any particular point along the string?
Ans. v = ‘;’t' = (3.62)sin[(0.00624)x + (6002t ]

d. What is the maximum transverse velocity of any particular point along the string?
ANns. Vq, = Oy = 3.6 m/s
2. A sinusoidal wave of frequency 500 Hz has a speed of 350 m/s.

a. How far apart are 2 points that differ in phase by n/3 radians?

Ans. 1= 3295 _g7m o O7M 27 0117 m
500 Hz AX (%j
3

b. What is the phase difference between 2 displacements at a certain point at times 1.000 ms
apart?

1 At _ 0.001s _ ¢

Ans. T=———=0.002s > —
500 Hz T

= ————— = = ¢ = r rad
0.002s 2x
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Waves on a Stretched String

3. The linear density of a string is 1.5x10™* kg/m. The equation of a transverse wave on a string
is:

y(x,t) = (0.025m)sin((2.02¢)x - (302¢)t)

a. What is the wave speed?

w 30rad
Ans, v=2 =395 _q5m
ns k 2.0 S

b. What is the tension in the string?
Ans. F, = uv? = (1.5x10"%)(15m)° = 0.0338 N
c. What is the average power for this wave?
Ans. P = (V2)Uv®’y,* = 0.00064 W
4. The equation of a transverse wave on a string is:
y(x,t) = (2.0mm)sin((202¢)x - (60024)t)
The tension in the string is 15 N.

a. What is the wave speed?

rad
Ans, v =@ = 800 _ 345
k 20rd
b. What is the linear mass density of the string, in grams per meter?
Ans. u = F—Tz' = 15N2 = 1.67x107%%
Ve (309)

c. Determine the average power transmitted by this wave.

Ans. P = (2)Uv®’yn? = 0.36 W

d. Demonstrate that this transverse wave satisfies the wave equation: gj?z/ =%gi¥ .

The Wave Equation:

5. Consider the following wave: y(x,t) = (0.05m)sin((5.0%24)x - (102¢)t)

a. Verify that this wave satisfies the wave equation: 3)2:2/ =i28%/

Ans. g;' = -(5.0"24)*(0.05m)sin((5.072¢)x-(1072¢)t)= -(1.25m™ )sin((5.072¢)x-(10%2¢)t)
1 9%y  (1072¢)°(0.05m)

o Py sin((5.072¢)x-(10"2¢)t)= -(1.25m™*)sin((5.02¢)x-(1029)t)
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b. Use the wave equation to determine the speed of the wave.

Ans. Setting the above equations together, and not assuming a priori that v = @/k, leads to:

102¢)*(0.05m rad
(10%) (2 ) - (5.02¢)*(0.05m) = v=+v?= 10 = =2.0"7
Vv 5.0md
c. Calculate the frequency, wavelength and period for this wave.
Ans. ym=0.05 m, f=-2 =1.50 Hz, 1 = < = 0.796 m, and T= * =0.629 s
27 27 f

d. Consider a 2" wave (with same frequency and wavelength) traveling in the same direction,
where yomax = 0.01 m and ¢, = n/3. Construct a phasor diagram for the combined waves.

Ans.

e. What is the amplitude of the resultant wave?

Ans. Yy = \/yf + vy - 2y1y2cos(7r-%j = 0.0557 m
Standing Waves

7. A string is attached to a string vibrator (f=120 Hz) at one end and fixed at the other. The
length of the string is 1.2 m.

a. What wavelengths will satisfy the standing wave condition for the string?
Ans. L = n[%) {where n=1,2,3,... etc.}

b. What is the maximum wave speed that will produce a standing wave in this string?
Ans. For the same frequency, the greatest wavelength will produce the maximum speed:
when n=1, 4 = Z—r:' =24 mandv=Af= (2.4 m)(120 Hz) = 2882

c. What string tension will correspond to the wave in (b) is the linear density of the string is
2.5x10™* kg/m?

Ans. F, = uv? = (2.5x109)(288m)" = 20.7 N

d. What string tension would correspond to a standing wave that produces 6 nodes in the string?

Ans. For 6 nodes, n=5, 1 = ZFL = 0.48 mand v = A-f = (0.48 m)(120 Hz) = 57.62

The tension in the string would be: F; = uv* = (2.5x10* k%’)(57.6%)2 = 0.829 N



