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2. [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.)

A. [8 pts]  The speed of the first pulse is measured when it passes point A (vA), point B (vB), point C
(vC), and point D (vD).  Rank vA, vB, vC, and vD in order from smallest to largest.  Explain.

vA < vB < vC = vD  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.  [6 pts]  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. [6 pts]  An observer measures the time that elapses between the crests of the two pulses passing
point B (∆tB).  Another observer measures the time that elapses between the crests of the two
pulses passing point C (∆tC).

Is ∆tB greater than, less than, or equal to ∆tC?  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. [5 pts]  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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