
Math 251 - Fall 2023
“Hands On Grades Up”
T, Dec 5, 7-9 ILCB 229
Final Exam Review

Covering Chapter 16 and
section 14.7

PLEASE SCAN THE QR CODE BELOW

We will begin at 7PM. A problem will be displayed on the table monitors. Collaborate with

your table on how to solve each problem. If you have a question, raise your hand. At the end of

a predetermined number of minutes, the solutions will be displayed on the wall monitors. Feel

free to take a picture of the solution, as the solutions are not posted.

This non solved problem set is posted at https://mlc.tamu.edu/by-course/math-251Hands-on,-

Grades-up

Copyright © 2023 Amy Austin



Problem 1. Evaluate

∫
C

(x2 + y2 + z2) ds, where C is parameterized by r(t) = ⟨ t, cos 2t, sin 2t⟩,
0 ≤ t ≤ 2π.
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Problem 2. Evaluate

∫
C

y2 dx+ xy dy, where C is the positively oriented rectangle with vertices

(0, 0), (3, 0), (3, 2), and (0, 2).
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Problem 3. Given F = ⟨4xez, cos(y), 2x2ez⟩ and r(t) = ⟨sin(t), t, cos(t)⟩, compute

∫
C

F · dr for

0 ≤ t ≤ π

2
.
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Problem 4. Evaluate

∫
C

(x− z + y) ds, where C is the line segment from (2, 1, 1) to (3,−1, 0).
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Problem 5. Set up but do not evaluate

∫
C

xy dx+ 2y dy, where C is the arc of the curve y =
√
x

from (0, 0) to the point (9, 3), then the line segment from the point (9, 3) to the point (6, 0).
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Problem 6. Find the work done by the force field F = ⟨x cos y, y⟩ in moving a particle along

the parabola y = 2x2 from the point (1, 2) to the point (2, 8).
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Problem 7. A particle is moving along a triangular path. The particle starts at the point (1, 1),

then to the point (2, 2), then from (2, 2) to the point (3, 1), then back to the point (1, 1). Find

the work done on this particle by the force field F = ⟨x+ 1, y − 2x⟩.
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Problem 8. Evaluate

∫
C

x dz + y dx+ (xz) dx, where C is parameterized by r(t) = ⟨t2, t3, 2t⟩,
0 ≤ t ≤ 1.
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Problem 9. Consider the part of the plane 6x + 2y + 8z = 24 that lies in the first octant. Set

up but do not evaluate a double integral that gives the surface area of this plane in the order

dA = dzdx.
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Problem 10. Find the surface area of the part of the paraboloid x = 4y2 + 4z2 that lies inside

the cylinder y2 + z2 = 64.
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Problem 11. Consider the surface S bounded by the paraboloid z = 4 − x2 − y2 and the

plane z = 1. Set up, but do not evaluate, an integral in polar coordinates used to evaluate∫∫
S

(x+ y + z) dS.

Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin





Problem 12. Evaluate

∫∫
S

z dS where S is the part of the sphere x2 + y2 + z2 = 16 that lies

above the plane z = 2.

Recall: A sphere of radius ρ is parameterized by r(ϕ, θ) = ⟨ρ sin(ϕ) cos(θ), ρ sin(ϕ) sin(θ), ρ cos(ϕ)⟩,
where 0 ≤ θ ≤ 2π and 0 ≤ ϕ ≤ π. Furthermore, |rϕ × rθ| = ρ2 sin(ϕ). NOTE: When parameter-

izing a sphere, ρ is the radius of the sphere, which is a constant!!

Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin



Amy Austin





Problem 13. Evaluate

∫∫
S

F · dS, where F = ⟨z, x, y⟩ and S is the part of the paraboloid

z = x2 + y2 between the planes z = 1 and z = 4 with positive orientation.
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Problem 14. Set up but do not evaluate a double integral that gives the flux of F = ⟨ z − 3, x, y⟩
across S, where S is the part of the paraboloid z = x2 + y2 + 3 that is below the plane z = 9.

Use the positive (outward) orientation.
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Problem 15. Use Stokes’ Theorem to set up but not evaluate

∫
C

F · dr, where F = ⟨xz, 2xy, 3xy⟩

and where C is the boundary curve of the part of the plane 3x + y + z = 3 in the first octant.

Note: Your limits of integration must be defined with the appropriate differential.
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Problem 16. Use Stokes’ Theorem set up but do not evaluate a line integral used to evaluate∫∫
S

curl F·dS where F = ⟨x2 sin(z − 5), y2, xy⟩ and S is the part of the paraboliod z = 9−x2−y2

that lies above the plane z = 5, oriented upward.
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Problem 17. Use the The Divergence Theorem to evaluate

∫∫
S

F · dS, where

F =
〈
4x, sin(ez),

√
x3 + y2

〉
and S is the surface bounded by x2 + y2 = 4, z = 2, z = 4.
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Problem 19. Find all local extrema and/or saddle points if f(x, y) = y3 − 6y2 − 2x3 − 6x2 +

48x+ 20.
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