1. Both parts of this problem are about iterated double integrals.

(a) (5 points) Evaluate the double integral
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(b) (5 points) Arrange the following three double integrals in order from least to greatest:
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(a) (5 points) Find all the critical points of f in the x-y plane.
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(b) (5 points) Determine whether each critical point is a minimum, maximum, or saddle.
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3. Consider the plane 2z — y + 22 = 9 and the sphere 2% + y? + 22 = 25.

(a) (2 points) Find the distance of the origin (0, 0, 0) from the plane. Conclude that the plane intersects
the sphere.
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(b) (4 points) The plane intersects the sphere in a circle. Find the area of this circle of intersection.
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(¢) (4 points) Find the center of the circle of intersection.
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4. Consider the solid tetrahedron with vertices
(0,0,0), (1,0,0), (0,1,0), (0,0, 1).

(a) (6 points) Suppose the density is p(x,y, z) = 1 — z (mass per unit volume). Find the total mass of
the tetrahedron.
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(b) (4 points) Assuming the same density as in part (b), find the z-coordinate of the center of mass.
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5. Bach part is about partial derivatives. 4 The colufion T 4he orcdhiwe has ow evror.
(a) (2 points) Suppose z = 23y? and x = rcos, y = rsin6. Find 2.
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(b) (3 points) Suppose z = 2% + zy + y* and z = g(u,v) and y = h(u,v). Find 2.
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(c) (5 points) Suppose the equations
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6. Evaluate the line integral
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for the following closed curves C'. In each case, the orientation of C' is assumed to be counter-clockwise.
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(a) (3 points) C is the circle 2% + y* = 1.
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(b) (3 points) C' is the ellipse % + % = 1.
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7. Let F be the vector field
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(a) (1 point) Find the divergence V - F.
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(b) (4 points) If S is the surface 22 + y? + 2% = 1, find the flux
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(c) (5 points) Find the equation of a closed surface S such that the flux out of the surface is maximum
among all possible closed surfaces.
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8. Let F be the vector field
F =32+ (v + 22/2)j + 2y + y2)k.

(a) (2 points) Evaluate the curl V x F.
P=3% Q= X*— R=29%42
3 curl (F) = (Ry- 8¢, P - R, Bu=Py) =(2¢2-2,3-0,(-0) ={(2,3,))

(b) (8 points) Evaluate the line integral (circulation)
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with r being the position vector of a point on the closed curve C' (as usual) and C' is the triangle

joining the points
A=(2,1,-1), B=(1,2,-2), C = (4,0,-2).

The orientation of C' is from A to B, B to ¥, and then C' back to A.
C

% The problem Comfa™mg a fypo as ™mdicated obove . Tn oddigion, the

no¥o¥ions ove LOV\(-L«S’MS ag C denoveg a powmt- 0nd O Ccavve

A §: the triowgular surfoce boanded by C
rrr For posive orientafion of 35=C, o norwmal

4TT th}i veckor of S 5 guen by

® - Te A%*Tﬁ?a:(’\.l.-\)x(Z,-\.—\):(-1,—3,-\)_
=) The unit normol veckor of S &
A AR % AC (-1,-3,-) _

\
|AB % Al (-2) % 3y + ) fie

(2,73, -1) .

- - Y _\— -\ ) _‘2 - ‘—\A
| Rar=f F-Arﬂsscw\(ﬂ 19= ] @) ds
Stokes' thw
- \ -
. = 62‘3, '—(‘7-o—)’p-\) = =di4
carlCF): n \) = d

S Sc\:-‘. ?‘=Sgs-més=mP«reaCSh-Fé\“%x ACl =



9. Let F be the vector field
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(a) (2 points) C'is r(t) = costi+sintj with 0 <t < 2.

Evaluate the line integral (circulation)

for the following closed curves C":
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(b) (3 points) C is r(t) = cos(2t) i+ sin(2¢t) j +sin (£) k with 0 < ¢ < 27.
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(c) (5 points) C is r(t) = cos Vti+sinv/tj+sin (5) k with 0 < ¢ < 6472,
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