
Math 173 - Test 3a Name
April 26, 2018 Score

Show all work to receive full credit. Supply explanations where necessary.

1. (6 points) Let g(x, y) =
√

20 + x2 + 2xy − y2.

(a) Find a unit vector in the direction of maximum increase of g at the point (1, 2).

(b) Find the directional derivative of g at the point (1, 2) in the direction of the vector
you found in part (a). (If you were unable to do part (a), just use any vector with
nonzero components.)

2. (4 points) Suppose z = f(x, y) is a differentiable function and (x0, y0, z0) is a point on

its graph. Is it true that ~∇f(x0, y0) is normal to the graph of f at (x0, y0, z0)? Explain
your reasoning.
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3. (6 points) Evaluate ∫∫
P

(x2 − y) dA,

where P is the plane region between the parabolas y = x2 and y = −x2 on the interval
−1 ≤ x ≤ 1. Evaluate the integral by hand, showing all work.

4. (4 points) The region P in the problem above is symmetric about both the x- and y-
axes. Can you take advantage of these symmetries to simplify your integral? Explain.
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5. (6 points) Find an equation of the plane tangent to the graph of z = sin(x cos y) at
the point where (x, y) = (π/2, π/3).

6. (4 points) The graph of f(x, y) = 4x3y − 4xy3 is shown below. f has a single critical
point. Find it. Then use the graph to classify the critical point.
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7. (8 points) Find and classify the critical points of h(x, y) = 5xy − 7x2 − y2 + 3x − 6y.
Find all relative extreme values.
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8. (10 points) Use Lagrange multipliers to find the extreme values of
f(x, y, z) = 2x+ 3y + 5z subject to x2 + y2 + z2 = 19.
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9. (12 points) Sketch the region of integration, reverse the order of integration, and
evaluate your new iterated integral (by hand, showing all work).∫ 1

0

∫ 1

√
x

sin

(
y3 + 1

2

)
dy dx
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Math 173 - Test 3b Name
April 24, 2014 Score

Show all work to receive full credit. Supply explanations where necessary. This portion of
the test is due Monday, April 30. You must work individually on this test.

1. (10 points) Let f(x, y) = x+ y + 1 and let T be the triangle in the plane with
vertices (0, 0), (2, 1), and (3, 0).

(a) Use a Riemann sum over 4 subregions to estimate the volume of the space region
under the graph of f and above T .

(b) Find the volume of the space region by setting up and evaluating (by hand) an
iterated integral.
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2. (8 points) Use a double integral to compute the area of the region in the right half-plane
that lies outside the circle r =

√
2 and inside the lemniscate r2 = 4 cos 2θ.
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3. (12 points)

(a) Use Lagrange multipliers to find the point on the plane x− 2y + 3z = 22 that is
closest to (1, 2, 1).

(b) Find the distance from your solution in part (a) to the point (1, 1, 1).

(c) Use the techniques of section 11.5 to find the distance from the plane to the point
(1, 2, 1).
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4. (5 points) Find the linearization of f(x, y) = yx2/5 + xy1/2 at the point (32, 16). Then
use your linearization to approximate f(33, 15).

5. (5 points) Find the absolute extreme values of g(x, y) = x2 + xy over the
rectangle R = {(x, y) : −2 ≤ x ≤ 2, −1 ≤ y ≤ 1}.
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