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1. (30 points) Let f(z,y) = “”—33 - yai — 222 — 42, Find all of the critical points of f(z,y), and
classify each critical point as a local maximum, local minimum, or saddle point.
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2. (25 points) Let F(z,y) = (ye® + 2z,ze™ — cosy). Evaluate Jo F - ds where C' is any curve
from (1,0) to (0,7/2).
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3. (25 points) A population of bacteria is living on a plate. The density of bacteria at the point
(z,y) is given by the function f(z,y) = !~ -2

(i) (15 points) At the point (z,y) = (1,0), at what rate does the density increase in the
direction (—1,1). (In other words, what is the slope of f in that direction?)

(i) (10 points) At the point (z,%) = (1,0), in what direction does the density increase most

rapidly?
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4. (25 points) Let D be the region in the zy-plane defined by 0 < y <27 and -2 <z <siny as
shown below.

=25

Let 0D be the counterclockwise oriented boundary of D. Compute Jop F - ds, where F(z,y) =
(e®”,sin(y?) — z2).
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5. (15 points) Find an equation for the plane containing the line parametrized by (z,y, z) =
ci(t) = (14 2¢,2 — 3t,3) and the line parametrized by (z,y,2) = ca(t) = (—t,t + 3,1 — 2¢).
Write your answer in the form Az + By + Cz+ D = 0.
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6. (30 points) Let S be the surface which is the boundary of the cylindrical solid given by z2+y? <
9 and 0 < z < 4, with an outward pointing normal vector. Let F be the vector field given by

Set up and evaluate a triple integral which will give you the flux of F across S. You must use a
method that would “always work,” i.e. making up a triple integral which just happens to have
the correct answer will not result in any credit.
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sin(ray) + 2%y — y? + 3. Find the

7. (20 points) Consider the surface defined by z = f(z,y) =
=(2,1,6).

equation for the tangent plane at the point (z,y, 2)
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8. (30 points) Let S be the paraboloid z = (22 + y?)/4 for z <= 4 oriented with upward normal
vector. Use Stokes’ Theorem to calculate I geurl F - dS, where
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sin(2mt)

9. (25 points) Let r(t) = [ cos(t)

} and g : R? — R be a function where 9(0,0) = 3 and

Vg(0,0) = [ - ] Find F'(1/2) where F(t) = g(r(t)).
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10. (25 points) Find the value of the line integral Jo ydaz — xzdy along the quarter unit circle C
from the point (0, 1) to the point (1,0).
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11. (25 points) Consider the surface defined by z = f(z,y) = 22% + 2y + y®> — 3. Find the
quadratlc approximation of the surface (i.e., second-order Taylor polynomial of f) at the point
(z,y,2) = (1, 2 5) Use your approximation to estimate the value of £(0.8,2.1).
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12. (25 points) Let S be the surface z = 2% 4+ y?> — 3 for —2 < 2z < 1. Find the surface area of S.
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