
Final Exam — Dupuy — Math 121 — Fall 2016

Instructions Remember to show all your work to get full credit. Please leave answers in their exact
form. This is a closed book test. You may not use a calculator. If you need extra paper let me
know. You will be marked off for floating expressions and equalities not related to the problem.
You can potentially be marked off for being vague or imprecise.

Name:

Section: 121A

Problem Possible Score
1 10
2 10
3 10
4 10
5 10
6 10
7 10
8 10
9 10
10 10
11 10
12 10
EC1 10
EC2 10

Total 120

Percentage
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1. Make a level set plot of the function f(x, y) = y − x2.
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2. Compute the following directions derivatives. If the direction is not a unit
vector, normalize it.

(a) (D~uf)(1, 1) where f(x, y) = x2 − y2 and ~u = (0, 1).

(b) (D~vg)(0, 0, 0) where g(x, y, z) = xexy and ~v = (1, 1, 1).
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3. Find a parametrization of the line passing through the points (0, 1, 2) and (1, 1, 0).
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4. Let ~a = (1, 1, 0) and ~b = (0, 1, 1)

(a) Compute ~a ·~b.
(b) Find the angle between ~a and ~b.
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5. Find the line tangent to the curve ~β(t) = (e3t, et, e2t) at the point (1, 1, 1).
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6. Find the plane tangent to the surface x4 + y3 + z2 = 3 at the point (1, 1, 1).
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7. Find an equation of the plane containing the lines (t, 0, 3t− 1), (2t, 3t,−1).
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8. Find and classify the critical points of the function f(x, y) = xy − x− 1.
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9. Compute the volume of the region

T = {(x, y, z) : x+ y + z ≤ 1 & x ≥ 0 & y ≥ 0 & z ≥ 0}
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10. Let E be the region below the xy-plane and above the paraboloid z + 1 = x2 + y2.
Compute ∫∫∫

E

zdV.
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11. Let M = {(x, y, z) : x2 + y2 + z2ez = ez & z ≥ 0} with an upward pointing normal.
Compute ∫∫

M

∇× F · dS

Where F = 1
2
(−y, x, z). (This surface essentially looks like an upper-half sphere)
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12. Compute the flux of F = (x, y2, z) through the boundary of the region given by

E = {(x, y, z) : 0 ≤ z ≤ 1− x2 − y2}.
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EC1 Let M be a simple closed oriented surface in R3. Prove Stoke’s Theorem:∫∫
M

∇× F · dS =

∮
∂M

F · dr.
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EC2 Let C ⊂ R3 be an oriented curve starting at a ∈ R3 and ending at b ∈ R3.
Let f = f(x, y, z) be a scalar function of three variables. Prove the Fundamental
Theorem of line integrals: ∫

C

∇f · dr = f(b)− f(a)
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