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1 (15 points). Find the global minima and maxima of the function f (x , y , z) � −x + 2y + z over the
solid ellipsoid given by x2 + y2 + 1

4 z2
≤ 1.
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2 (15 points). Let W be the solid enclosed between the surface z �
√

x2 + y2 and the plane z � h,
where h is a positive constant.

(a) Find the volume of W .

(b) Find the centroid of W . (Recall that the centroid is the center of mass with respect to a
constant density function equal to 1.) You may use the symmetries of W to shorten your
calculations.

(The answers will depend on h.)
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3 (15 points). Find the work done by the force F(x , y , z) � 〈yz , xz , x y〉 along the path r(t) �

〈t , t2 , t3
〉 for 0 ≤ t ≤ T. (The answer will depend on T.)
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4 (15 points). Let a be a constant and let F be the vector field

F(x , y) �
〈
x ln y + yex ,

1
2

x2 ya + ex + 1
〉
.

The domain of F is the planar region D defined by y > 0.

(a) Is D simply connected?

(b) For what value of a is F conservative?

(c) For the value of a you found in part (b), find a potential of F.
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5 (20 points). Let f (x , y) � x3 + y3
− 3x y.

(a) Find all critical points of f in the plane R2.

(b) For each critical point state whether it is a local minimum, local maximum, or saddle point.

(c) Does f have global extrema? Explain your answer.
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6 (20 points). LetW be the solid enclosed by the two spheres x2 + y2 +z2 � R2 and x2 + y2 + (z−R)2 �

R2, where R is a positive constant.

(a) Sketch the solid W . Include sufficient detail, such as coordinate axes and some indication of
scale.

(b) Set up the integral
∫∫∫

W x yz dV in cylindrical coordinates with the variables in the order
dz dr dθ. Write the answer as an integral with explicit limits of integration. Do not attempt
to evaluate the integral.

(c) In the integral of part (b) change the order of integration to dr dz dθ. Do not attempt to
evaluate the answer.


