APPM 2350 Exam 3 Fall 2025

This exam is worth 100 points and has 6 problems.

Show all work and simplify your answers! Answers with no justification will receive no points unless otherwise noted.

Begin each problem on a new page.

DO NOT LEAVE THE EXAM UNTIL YOUR HAVE SATISFACTORILY SCANNED AND UPLOADED YOUR EXAM TO GRADESCOPE.

You are taking this exam in a proctored and honor code enforced environment. No calculators, cell phones, or other electronic devices
or the internet are permitted during the exam. You are allowed one 8.5”x 117 crib sheet with writing on one side.

4.

At the top of the page containing your solution to problem 1, write the following statement and sign your name to it: “I will abide by
the CU Boulder Honor Code on this exam.” FAILURE TO INCLUDE THIS STATEMENT AND YOUR SIGNATURE MAY RESULT IN
A PENALTY.

. [2350/111225 (10 pts)] Write the word TRUE or FALSE as appropriate. No work need be shown. No partial credit given. Please write

your answers in a single column separate from any work you do to arrive at the answer.

(a) The vector field V = yzi+ zz j + xy k is incompressible but not irrotational.

(b) The following all represent the same point in space:

o= (BREED) Gao-(AT5) wea-(359)

1 pl4v/1—22 w/2 2sin6
(c) The area of a certain region in the zy-plane is given equivalently by / / dy dx or / rdrdf
0 J1 /4 Jesc

d Ifr=zi4+yj+zkandr = |r|, then V- (rr) = 4r.

(e) If f(x,y,z) is a scalar field possessing continuous second derivatives and F(z,y, z) is a vector field, both V x (V f) and
V(V x F) are valid operations.

. [2350/111225 (28 pts)] Buzz Lightyear has a cool new shield to protect himself from Emperor Zurg and he needs to know the shield’s

area. It can be modeled as the region above the line y = 2z, 0 < 2 < 1 and below the function f(z,y) =1 + .

(a) (14 pts) Use a scalar line integral to compute the area of the shield for Buzz. Tom Sawyer and his aunt did a similar calculation in
the homework.

(b) (14 pts) Star Command is requesting that Buzz verify his calculation from part (a) by using a scalar surface integral. They have
told him that the shield can be parameterized as r(u, v) = (u, 2u,v(1 + u)) with the parameter range 0 < u <1, 0 < v < 1.
Please fulfill Star Command’s request by showing Buzz that your answer here agrees with that from part (a).

. [2350/111225 (24 pts)] Unlike the previous exams, this time there is a whole bunch of hummingbirds. The density of the little creatures

is h(x,y, z) = zy/x2 + y? hummingbirds per cubic foot. A new bird sanctuary has just opened and the special area set aside for the
hummingbirds is the region above the second quadrant bounded by the cones z = /22 + 32 and z = /3 (22 4 y2) and between
the cylinders 22 4+ 32 = 1 and 22 + y? = 4. In each part below, set up, but DO NOT EVALUATE, integral(s) that will compute
the total number of hummingbirds that visitors will experience when viewing the special area. Use the given coordinates and order of
integration provided in each part. Be sure to simplify your integrands and use bounds that describe the region exactly as given without
exploiting any symmetries.

(a) (8 pts) Cylindrical coordinates; dz dr df
(b) (8 pts) Spherical coordinates; dp d¢ d6

(c) (8 pts) Rectangular/Cartesian coordinates; dz dy dx

[2350/111225 (10 pts)] Evaluate /(33 +y+ z)dz 4+ 2 dy — yz dz where C is the line segment from (1,2,1) to (2,1, 0).
c

MORE PROBLEMS BELOW/ON REVERSE




5. [2350/111225 (18 pts)] A thin plate in the shape (R) shown below is made of material having a density of p(x,y) = e**¥. We need to
find the mass of the plate.

(a) @ pts) Without exploiting any symmetries or formally setting up any integrals, state the number of integrals required to do this
mass calculation directly using dA = dz dy and again using dA = dy dz.

(b) (14 pts) Now compute the mass of the plate using the change of variables u = x + y,v = x — y.

6. [2350/111225 (10 pts)] Match the following vector fields to the appropriate graph. Write NONE as needed.
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