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1. (10 points) Let S be the part of the cone z = 24/y? + 22 where(z > /9
and 0 < z < 3° Electric charge has accumulated on this surface so that

its charge density (per unit area) at each point is

é(z,y,z) = x2.

What is the total amount of charge on the surface S?

| Wzy wzt/ﬂf 1, ] /ﬁa;/",@ // X 7 4{§ | ( méf {aﬁ]Q&@ //z%gf/z@//
7

g
PM{M(/ILF[ZC S w=3-7 f?‘\v‘?
f—f%m
4/{4 g

Leth we ,M/ 2 Wf)s//vc'f?ﬁf“ I ol 2

= ?Fﬂ 0Lrs 5
( 05 y - /
‘1& 7 Ak

: T ;( |
] *f 7 e (/ < - 2rad) ~2rsinfl)
0 ( »Zayf(é)/ jf//iﬂ} ,,,,,,,,,,,,

Ar<

=0

- o5 -alfet-o)- 25248 3]

| = 2]57 ;/:Mﬁ fﬁr b = Z/»[ﬂwﬂ/ [Z;Tq]/y




2. (10 points) A street vendor on Tatooine sells you a pallie, a fruit in the
shape of a perfectly round ball, with a radius of 2. Assume a coordinate
system with the origin at the center of the fruit. You slice the fruit along
the plane z = 1 and find that the mass density ¢ at each point inside the
fruit is inversely proportional to the distance from the center:

3 .
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Find the center of mass of the top piece that you sliced off, i.e., the portion
of the object above z = 1.
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3. (10 points) Let C be the curve parametrized by
r(t) = (e +e i+ 2tj + (e —e Mk, 0<t<1

Compute the average value of the function f(z,y,2) =z on C. ,
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4. (10 points) Let D be the region in the first quadrant between the curves
zt +y* = 1 and z* + y* = 16. Use the transformation z = r+/cos 0,

y = r/sin § to compute the double integral
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5. (10 points) Let W be the region inside the cylinder z* + y* = 4 where
T > \/5, between the planes z =0 and z = z. Let

F(z,y,2) = <1na: 62 aZ3>

Compute the ﬂuX of F flowing outward through the boundary of W.
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6. (10 points) Let S be the portion of the cylinder 22 + y? = 9 where 2 <
z < 7, oriented with normal vectors that point in j;ovvardwthe z-axis. (Note
this is just the cylinder, without a disk at the top or bottom.) Let

F(z,y,2) = yzi — zzj + zyk.
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Compute / /S curl(F) - dS. |
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7. (10 points) Let C be the path shown in the figure below. Compute

]{ (ze” MV — 22%y) dz + (ye* ™V + 2%?) dy
c
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8. (10 points) Let S be the portion of the cone z2 + y*> = 2% from z = 0
to z = 4, oriented with downward (outward) pointing normal vectors.

Compute the flux through S of the vector field

F(z,y,z) = (ye¥, ze”,5z) .
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9. Suppose F is a vector field in R? that is undefined at (—2,2), (1, —2), and
(3,1). Everywhere it is defined, 922 — 3F g = 0. The plot below shows four
oriented curves. Suppose you know that

/F-dr——-4, /F-dr=9, and /F‘dr=—6.
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(a) (3 points) Is F conservative? Why or why not‘7
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(b) (7 points) Compute / F - dr. For full credit, you ‘must Justlfy your
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10. Define a vector field F by

- B x Y <
(z,y,2) = (@2 + 2+ 22 (@2 + 2+ 27 (22 + 2 + 22) )

At every point where this vector field is defined{div(F) = O.\ In this
problem, you will compute the (outward) flux of F through any closed
surface that does not touch the origin. For each of these steps, be sure to
justify your answer sufficiently!

(a) (3 points) Suppose S is any closed surface for which the region en-
closed by S does not contain the origin. Orient S with outward-

pointing normal vectors. Compute / / F - dS.
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(b) (3 points) Now suppose S is a closed surface for which the region
enclosed by S does contain the origin, again oriented with outward-

pointing normal vectors. Can you use the Divergence Theorem to

compute / / F - dS? Why or why not?
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Question 10 continued. ..

(c) (5 points) For any positive number R, let S be the sphere of radius
R centered at the origin:

2’ +y’ + 2" =R’

As usual, orient Sy with outward normals. Compute / / F-dS.
S
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Question 10 continued. . .

(d) (4 points) Finally, let S be any closed surface for which the region
enclosed by & does contain the origin, oriented with outward normal
vectors, exactly as in part (b). Choose a sphere Sg (as in part (c))
that is small enough that it is entirely inside of S, and let W be the
region outside Sg but inside §. Apply the Divergence Theorem to

the region W to compute / / -dS. (Hint: This is just like problem

9, but “one dimension hzgher” )
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