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You have two hours to take this midterm. Pace yourself by keeping track of how many problems you
have left to go and how much time remains. 'You don't have to answer the problems in order — move
on to another problem if you find that you're stuck and are spending too much time on one problem.

To receive full credit on a problem, you need to justify your answers carefully (unless the question
specifically says otherwise). Unsubstantiated answers will receive little or no credit! Please be sure to
write neatly — illegible answers will also receive little or no credit. If you're asked to provide a sketch
of something, do so as neatly as possible — you could lose points if your sketch is difficult to
understand.

If you need more space for a problem then use the back of the previous page to continue your work.
Be sure to make a note of that so that the grader knows where to find your answers.

Please note that you are not allowed to use any notes or calculators during this test.

Good luck! Focus and do well!



Question 1. (12 points total)

Suppose F(x,y)=2e"" +2

(a) (i points) Write down an equation for the tangent plane to the graph of F(x, y) at the point where
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(b) (5 points) Estimate the value of F(10.1, 10.2) to one decimal place using the technique of linear
approximation.
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Question 2. (16 points total)

Consider the function F(x,y)=x>+)> +x’y ik ea Pau\.h i
where
(a) (6 points) Find all of the critical points of the function F(x,y). . =Fy o
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(b) (4 pomts) For each of the critical points you found in part (a), decide whether it is a local
maximum, local minimum or a saddle pomt for F(x,y).
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(c) (6 points) Find the maximum value of F(x, y) on the triangular region with vertices (0, 0), (0,-2)
and (2,-2) (the region includes the boundary of the triangle).
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Question 3. (16 points total)

The contour plot of the function f(x, y) is given in the figure below. For statements (i) to (iv) decide

whether the statement is true or false, and give the reason. For part (v) draw your answers neatly on
the figure below.
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(v) (4 points) Starting at (a, b) on the figure, draw a unit vector in the direction of V/(a,5). Then
starting at the point (¢, d), draw a unit vector in the direction of Vf(c,d).



Question 4. (8 points total)

The moth is still flying. This time the moth's position at time ¢ seconds is given by the position vector
r(r) = (rcos(m), tsin(m), 10) (for 0<t<w)

Suppose the temperature at any point in space is given by T'(x, y,z) = 2xz + y* + z* + 40.

What is the rate of change of the temperature per second as experienced by the moth at time ¢ = 1?
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Question S. (8 points total)
Let F(x,y) = g(x*y)where g is a continuous function of one variable with continuous first and second
derivatives. Calculate F, (2,2)+ F, (2,2) if you also know thatg’(8) =3 and g"(8)=1.
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Question 6. (14 points total)
Suppose F{(x, y) is a function such that D _F(1,1)=5 and D F(1,1) =2, where u = (1,0) and
A
V2’2 )
{(a) (6 points) Find the vector VF(1,1)
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Question 7. (14 points total)

Captain Kurt of the starship Interprize has steered his starship towards a wormhole in space. The
Interprize's current location is (0, 2, 2). The wormhole is quite oddly shaped, and its surface is given

by the equation —x* +2y* +2z° =1. Captain Kurt is really eager to get to the wormhole as soon as

possible. Find a point on the wormhole's surface that is nearest to the Interprize so that Kurt knows
where to send the ship. Be sure to write up your solution to this problem carefully, explaining all the
steps involved in getting to your answer.
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Question 8. (12 points total, 2 points each)

Welcome to Sin City! Match the parametric surfaces with their parametrization. No justification is
needed. Write the number of the appropriate surface in the blank next to the correct parametrization.
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