
Math 2130 Name (Print):
Spring 2014
Prelim III Discussion:
4/29/14
Time Limit: 90 Minutes TA:

This exam contains 8 pages (including this cover page) and 5 problems. Check to see if any pages
are missing. Enter all requested information on the top of this page, and put your initials on the
top of every page, in case the pages become separated.

You may not use any electronics on this exam.

You are required to show your work on each problem on this exam. The following rules apply:

• Do not simplify: for example, 2(0.7) + cos(π/5)
is a good number.

• Organize your work, in a reasonably neat and
coherent way, in the space provided. Work scat-
tered all over the page without a clear ordering
will receive very little credit.

• Mysterious or unsupported answers will not
receive full credit. A correct answer, unsup-
ported by calculations, explanation, or algebraic
work will receive no credit; an incorrect answer
supported by substantially correct calculations and
explanations might still receive partial credit.

• If you need more space, use the back of the pages;
clearly indicate when you have done this.

Do not write in the table to the right.

Problem Points Score

1 15

2 20

3 25

4 25

5 15

Total: 100
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1. Consider the vector field ~v = x~i− y~j.
(a) (5 points) Sketch the vector field. Also, sketch the flow line that passes through (1, 1).

(Clearly label everything.)

(b) (5 points) Find the system of differential equations that describes flow lines associated
with the vector field.

(c) (5 points) Show that the flow x(t) = aet, y(t) = be−t satisfies the system of differential
equations.
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2. Consider the vector field ~F = ~r. Calculate the flux through the surfaces S described below.

(a) (5 points) S is the upper hemisphere given by x2 + y2 + z2 = 25, z ≥ 0, oriented away
from the origin.

(b) (5 points) S is a closed cylinder of radius 2 centered on the z-axis with −3 ≤ z ≤ 3, and
oriented outward.
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(c) (10 points) S is the part of the graph z = x2 + y2, oriented upwards, and above the disk
x2 + y2 ≤ 1.
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3. Consider the vector field ~F (x, y) = x2~i and the circulation around the closed curve C =
C1 + C2 + C3 + C4 in the figure below. The segments C1 and C2 are circular arcs centered at
the origin; C2 and C4 are radial line segments. You may find it helpful to sketch the vector
field.
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(a) (10 points) Without computing anything, say whether you expect the circulation,
∫
C
~F ·d~r,

to be positive, negative, or zero. Carefully explain your reasoning.
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(b) (5 points) Is the vector field ~F path-independent? Justify. (You can use computations.)

(c) (5 points) Is the vector field ~F a gradient vector field? If so, find a function f such that
∇f = ~F . Show your work.

(d) (5 points) Calculate
∫
C4

~F · d~r. (Assume the curve C4 starts at (2, 2) and ends at (1, 1).)
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4. You bicycle along a straight flat road with a safety light attached to one foot. Your bike moves
at a speed of 70 cm/s and your foot moves in a circle of radius 20 cm centered 30 cm above
the ground, making one revolution per second.

(a) (10 points) Find parametric equations for x and y which describe the path traced out by
the light, where y is the distance (in cm) above the ground.

(b) (5 points) Calculate the light’s velocity and acceleration.

(c) (5 points) Sketch the light’s path.

(d) (5 points) How fast (in revolution/sec) would your foot have to be rotating if an observer
standing at the side of the road sees the light moving backward?
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5. Consider the vector field ~F = (x+ y)~i+ sin y~j.
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(a) (10 points) Calculate the line integral
∫
C
~F · d~r, where C is the closed curve in the figure

above. (The arc is part of a circle ).

(b) (5 points) Is the vector field path-independent? Explain.


