
Math 173 - Final Exam Name
May 15, 2019 Score

Show all work. Supply explanations when necessary. Each problem is worth 12 points (unless
otherwise indicated).

1. (14 points) Determine each limit or explain why the limit does not exist.

(a) lim
(x,y)→(0,2)

x+ 2y − 4√
x+ 2y − 2

(b) lim
(x,y)→(1,0)

sin(x2 − x+ 8y)

24y + x2 − x
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2. Consider the plane passing through the points P (1, 2, 3), Q (3,−2, 1), andR (5,−1,−1).

(a) Find a set of parametric equations for the line passing through P and normal to
the plane.

(b) Determine the angle that the plane makes with the xy-plane. (The xy-plane has
normal vector k̂.)

3. A ball is kicked from ground level with an initial speed of 60 m/s. The ball travels a
total horizontal distance of 200 m. What was the ball’s initial angle and how long was
its total flight? Ignore air resistance and use g = 9.8 m/s2. (You’ll probably also need
to use 2 cos θ sin θ = sin 2θ.)
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4. The position of a particle at time t is given by

~r(t) = 5 ln(1 + t2)̂ı+ tet̂+ (t2 + t+ 1)k̂.

(a) At what time is the particle at the point (5 ln 5, 2e2, 7)?

(b) Compute the unit tangent vector at the point (5 ln 5, 2e2, 7).
(Plug in, then normalize.)

(c) Find the projection of your unit tangent vector onto ı̂+ k̂.

5. Find an equation of the plane tangent to the graph of z = x2 cos(πy) − 8y2

x
at the

point where (x, y) = (2,−1).
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6. Find the critical points of g(x, y) = 2x2 − 4xy + y4 + 2. Use the 2nd partials test to
classify them, and identify all relative extreme values and saddle points.

7. The temperature distribution inside a containment vessel is given by

T (x, y, z) = 750(x2 + y2) cos
( πz

100

)
,

where the x, y, z are measured in centimeters and T is measured in degrees Celsius.
Find the rate of change of temperature (directional derivative) at (10, 5, 50) in the
direction toward the origin.
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8. Use Lagrange multipliers to find the maximum and minimum values of
f(x, y, z) = y2 − 10z subject to x2 + y2 + z2 = 36.

9. Sketch the region of integration, reverse the order of integration, and evaluate the
iterated integral by hand. ∫ 4

0

∫ 2

√
x

cos(y3) dy dx
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10. (16 points) A solid tetrahedron in the 1st octant is bounded by the coordinate planes
and the plane x+ y + z = 1. The density of the solid at (x, y, z) is given by
ρ(x, y, z) = 1 + z2.

(a) Set up the iterated integral that gives the total mass (M) of the solid. Do not
evaluate.

(b) Set up the iterated integral that gives the moment about the xy-plane (Mxy). Do
not evaluate.

(c) Which coordinate of the center of mass would you have if you computed Mxy/M?
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11. Evaluate ∫∫
P

ex
2+y2 dA,

where P is the plane region above the x-axis and inside the circle x2+y2 = 9. Evaluate
by hand, showing all work.

12. Find the volume of the solid inside the sphere x2 + y2 + z2 = 4 but outside the cone
z =

√
x2 + y2. Evaluate by hand.
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