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Instructions

e Mark your section.

Section | Time | Instructor
31 9:00 | Lee
41 10:00 | Lee
51 11:00 | Wunsch
61 12:00 | Catez
71 1:00 | Coles
81 2:00 | Coles

e This examination consists of 11 pages, not including this cover page. Verify that your copy of this
examination contains all 11 pages. If your examination is missing any pages, then obtain a new copy
of the examination immediately.

e This examination consists of 5 questions for a total of 100 points.
e You have one hour to complete this examination.

e Do not use books, notes, calculators, computers, tablets, or phones. Use only material covered in
this course (i.e., in the textbook or lecture) and not any formulas you may know from elsewhere that
we did not cover.

e Write legibly and only inside of the boxed region on each page.
e Cross out any work that you do not wish to have scored.

e Show all of your work. Unsupported answers may not earn credit.
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1. (This problem has four parts and continues on the next page.) Determine whether each of the following
statements is true or false. Justify your answer.

(a) (5 points) The arclength of the curve parametrized by r(t) = (cost,sint, t), 0 <t < 4r is larger
than 4.

(b) (5 points) There is a level curve of f(x,y) = sin(z? 4 y?) that contains a circle.
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¢) (5 points) The limit of f(z,y) = L+ as (x,y) approaches (0,0) exists.
2x24-5y

(d) (5 points) There is a direction in which the directional derivative of f(z,y) = xze™ at (1,2) is 0.
(Either give an example of such a direction vector or justify that none exists.)
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2. Suppose a rocket moves through space with acceleration at time ¢ given by
a(t)=2i—6tj+e'k.

The rocket starts at the point (1,2, 3) with initial velocity v(0) =i+ j — k.
(a) (10 points) Find the position vector of the rocket at an arbitrary time ¢

(b) (10 points) Suppose that at time ¢ = 10 the rocket engine turns off, so that the rocket begins to
follow the path of the tangent line (with no acceleration and velocity equal to the tangent vector)
at the point with position vector r(10). Find parametric equations for the path along the tangent
line the rocket will follow.
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3. (This problem has two parts and continues on the next page.) Suppose z = f(z,y) is a continuous
function with nonnegative values and the following level curves:

3 =
R <°
Couo)
2 /\
)
q g

The labels on the level curves are the values of z at which they occur. Assume that other level curves
occur at values of z strictly between those that are drawn. The z-axis (not drawn) passes through
(0,0) horizontally, and the y-axis (not drawn) passes through (0,0) vertically.

(a) (10 points) Assuming that f, and f, exist and are continuous at all points, determine whether
each of the following is positive, negative, or zero.

fx(P)’ fy(P)7 fx(@) - fy(Q)

Justify your answer for f,(Q) — f,(Q) only.
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(b) (10 points) Determine, with appropriate justification, the value of the following limit.

2y f(x,y)
(@y)—(0,0) (22 + y2)3/2
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4. Suppose f(z,y) is a function with continuous first-order partial derivatives satisfying
fo(-1,4)=4,  f(2,1)=3,  f,(-1,4)=-1, and f,(2,1)=-2.
(a) (10 points) If the coordinates (z,y) of a point depend on variables u and v via
r=u—3v and y=uv,

find the value of % + % at (u,v) = (2,1).

(b) (10 points) Find parametric equations for the line which is perpendicular to the curve with Carte-
sian equation f(z,y) = f(2,1) at (2,1).
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5. Let f(z,y) = 3¢

z2—y"

(a) (10 points) Find the rate at which f is changing at (—3,1) in the direction of \/Lﬁ i+ \/iﬁj.

(b) (10 points) Find the direction in which the rate of change of f at (—3, 1) is as negative as possible
and the rate of change in this direction.
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THERE IS NO EXAMINATION MATERIAL ON THIS PAGE.
YOU MUST SUBMIT THIS PAGE.

If you would like work on this page scored, then clearly indicate to which question the work belongs and
indicate on the page containing the original question that there is work on this page to score.
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THERE IS NO EXAMINATION MATERIAL ON THIS PAGE.
YOU MUST SUBMIT THIS PAGE.

If you would like work on this page scored, then clearly indicate to which question the work belongs and
indicate on the page containing the original question that there is work on this page to score.
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THERE IS NO EXAMINATION MATERIAL ON THIS PAGE.
YOU MUST SUBMIT THIS PAGE.

If you would like work on this page scored, then clearly indicate to which question the work belongs and
indicate on the page containing the original question that there is work on this page to score.
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THERE IS NO EXAMINATION MATERIAL ON THIS PAGE.

DO NOT WRITE ON THIS PAGE.




