Short answer questions (12 points each):

1. Recall that Green’s Theorem can be used to express the area of a region as a line integral
over the boundary of the region (Stewart gave three formulas, but any vector field for
which the integrand in the double integral of Green’s theorem equals the constant function
1 will work). Express the arca inside one leaf of the three leafed rose given in polar
coordinates by » = cos36 as a line integral, and write the line integral as an ordinary
integral by using the parametrization provided. Do not evaluate the resulting integral.
The boundary of one leaf is given parametrically by
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2. The vector field on the plane H{z,y) = (y cos(zy) + 1))i+ (z cos(zy) — 1)7 is conservative.
Find a potential function i such that Vh = H,
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More short answer questions:

3. Express the flux of the vector field H (z,y,2) = wi +y2] + 28k through the portion of the
graph of z = 2 — y? lying above (below, or on) the square [0,1] % {0,1] in the zy-plane
as an ordinary iterated integral. Do not evaluate the iterated integral.

Pacomedrt P surfre €) « Yol Pyvy=<Ly v, ue vy
- b 23_3
s [leme) = w7+ VE] #he-vDE

To = <) 0, 20D LS = (P"“xf:} dudv = (—zu'jt./, WS dwdy

ty= o1 -2
l \

s flx = S g ~20 ¥ HE-VN) duds

O

<

4, Express the average value of the function f(x,%,2) = z + y? + 2% on the portion of the
graph of z = 2% — y® lying above (below, or on) the square [0,1] x [0,1] in the zy-plane
as a ratio of ordinary iterated integrals. Do not evaluate (either of} the integrals.
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Yet more short answer questions:

5. Find the flux of the vector field ﬁ(m, Y, 2) = yi— @] through the sphere of radius 3 about
the origin. "
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6. Give a vector equation for the plane passing through the point (1, -3, %) and perpendicular
to the line 7{£) = (2, -1, 1) + (1, 2, —1).
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7. Write, but do not solve, the system of (scalar) equations in the variables z,y, z, and A
that you would need to solve in finding the maximum and minimum values of f(=z,y, z) =
z +y% + 2% subject to the constraint 922 + 492 + 22 = 36 by the method of Lagrange
multipliers.
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Matching (20 points)

8. Ten formulas are given in the left column. The ten lettered items in the right column are
descriptions or other formulas, each of which applies to exactly one item in the left column
in the sense of correctly describing it or being equal to it. Put the letter of the item in
the right column which applies to each item in the left column in the blank provided next
to the corresponding item in the left column. Please uses block capital letters.
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an irrotational vector field, which could also repre-
sent the flow of an incompressible fluid

. gives unit normal vectors to level surfaces

. useful in finding the average value of a function on

a surface

. useful in finding the net amount of fluid flowing

through a surface in 3-space

. an irrotational vector field which could not repre-

sent the flow of an incompressible fluid

.fFOdf’

. a vector field which is not irrotational but could

represent the flow of an incompressible fluid
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. a curve lying on the cylinder 22 + 22 =1

. gives unit normal vectors to a parametric surface




Long questions (26 points each)

9. Find the length of the curve given parametrically by

(t) = (4 cos(t), 4 sin(t), 2t2) t € [0,2n]
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10. Find the critical points of the function
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11. Recall that the helicoid is the surface given parametrically by

u,v) = (ucosv,usinv, v)

(a) Find the equation of the plane tangent to the helicoid at (2,2, ).
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(b) Find the flux of the vector field yi — 3] — k through the portion of the helicoid with
0<u<3and0<v <27 (in the direction given by the normals determined by the
parametrization as given).
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12, Fvaluate the triple integral
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where R is the region bounded by the circular paraboloid z = z? + y2, the plane z = 4
and the zz-plane, which contains the point (3,1,1}). (Notice there are two bounded and
four infinite regions bounded by those surfaces, so it is necessary to have some way of
distinguishing them.
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