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1. Ablock of mass m = 300 g is attached to a —>
horizontal spring of spring constant £ = 20 N/m.
At 1 =0 the spring is at its equilibrium length and
the block 1s given a velocity v, = 80 cmy/s to the
right. The subsequent motion of the block can
be described by x = x_,_cos (@t + @).

A. [11 pts] Determine the following quantities:
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1l. the phase constant ¢
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B. [5pts] Atr=0.5s, determine:
1. the displacement x of the block (about its equilibrium position.)
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1. the speed v of the block.
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C. [9 pts] As described above, at £ = 0 the block is at its equilibrium position (x = 0) and is moving to the
right. Ats=T/4 (where T is the period of the motion) the block has reached its maximum
displacement (x = x,__ ).

1. Atr=TI/8, is the block 1o the right of, 1o the left of, or at x = x_,_/2? Explain.
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ii. Is the change in velocity of the block (Av,) between ¢ = 0 and 1 = T/8 greater than, less than, or
equal to the change in velocity between t = 7/8 and r = T/4 (Av,)? Explain.

As the o000 sticddhes, Hhe force. on the
blOQK MNeACs unt) .r/l“l s +h€/ o‘me O“d&ﬂy‘\(m

frave T 40 T4 e eac ond e e B

0 copm we o€ AV= opt <o N —FrQN\.
, }“i“ oc n. e,

T/g Yo 'l'/q AT e 190



Name (please print): total points:
(last) (first)

[25 pts] A fishing line consists of two sections. The first has a linear mass density that decreases
smoothly from left to right along its length; the second has uniform linear mass density. At the
boundary, the linear mass densities of the two sections are equal.

The left end of the fishing line is given two quick, identical shakes, causing two pulses to propagate
from left to right along the line. (For this problem, ignore reflections.)
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A. [8 pts] The speed of the first pulse is measured when it passes point A (v,), point B (vg), point C
(ve), and point D (vp). Rank vy, vg, v, and v, in order from smallest to largest. Explain.

v, < Vg <Uc =, The tension is the same everywhere in the two sections of the line, so the speed
of the pulse varies only with the linear mass density of the line on which it propagates. The speed
will be smaller at point A than point B, because the mass density is greater at A than B. The mass
densities at C and D, and thus the pulse speeds, will be equal, because that section of the line has
uniform density. The speed at B is less than that at C because the mass density of the two
sections are matched at the boundary.

B. [6pts] Does the width of the first pulse increase, decrease, or remain the same as it moves from
point A to point B? Explain.

Increase. The first pulse speeds up as it moves along the line from point A to point B. The leading

edge of the pulse always moves with greater speed than the trailing edge. This implies that the

edges become farther apart, and the width of the pulse increases.

C. [6pts] An observer measures the time that elapses between the crests of the two pulses passing
point B (Atg). Another observer measures the time that elapses between the crests of the two
pulses passing point C (At.).

Is At greater than, less than, or equal to At.? Explain.
Equal to. The time between the two crests passing any fixed point on the line is determined by how
much time is taken between shakes of the left end of the line, and is independent of the medium
along which the pulses propagate.

D. [5pts] During the time interval when the first pulse has passed the boundary but the second pulse
has not yet reached it, does the distance between the crests of the two pulses increase, decrease, or
remain the same? Explain.

Increase. During this interval, the first pulse moves with greater speed than the second pulse.

Thus it will have a greater displacement along the line than the second pulse, and the distance

between the two pulses will increase. Once the second pulse moves onto the right hand section of

the line, the distance between the pulses will remain constant.
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3. A wave travels to the right on a string I -y (cm)
with tension 7= 320 N and linear
mass density ¢ =0.2 kg/m. A
portion of the string at t = 0 is shown
in the figure.

A. [6 pts] Ateach of the three points
marked on the figure, sketch a vector
showing the direction of the velocity
of that part of the string at the instant
shown. Explain your reasoning. -1 - Hl
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B. [8 pts] Write an expression that describes the shape of the string at all positions x for all times ¢. Give
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C. [I1 pts] A second wave of the same wavelength and amplitude travels on the same string in the same
direction as the wave above. The phase difference between the two waves 1s A¢ = 0.27 rad.
1. Write an expression for the transverse velocity of the string as a function of x and 1.
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ii. Find the transverse velocity of a marker attached to the stringatx=3.6matt=3s.
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iit. Find the maximum transverse acceleration of the marker attached to the string.
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Question 4 (25 points)

4. 0 pts) A signal from a microphone is shown in the above scope trace. Assuming a time setting of 0.5
ms/division and a voltage sensitivity of 20 mV/ division. state the period, frequency and amplitude
(peak-to-peak) of the observed signal. (Include all units.)
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b. 6 pts) Assume that the above oscilloscope trace is generated by a signal source driving a speaker. /If

the microphone is moved away from the speaker and the scope 1s triggered by the microphone what do

you expect to happen to the trace? What if the scope is triggered by the signal generator driving the

speaker?
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¢. 7 pts) For a 700 Hz signal, one displaces the microphone 40 cm from its original position, and
observes that the first maximum moves by 0.6 ms. What is the wavelength of this signal and what is

the speed of sound. Is this velocity consistent with the speed of sound in air? —
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d. 6 pts) If the lab temperature increased would you expect the speed of sound to decrease or increase”?
Assunung room temperature of 20 C. what % change would one observe in the speed ot sound 1f the

faboratory temperature rose to 50 £ . A
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