1. Consider the function f(z,y) = sin(z? — y?).
a) (2 points) Find the gradient Vf.
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b) (3 points) At the point (z,y) = (1,1), find the direction in which the directional
derivative is maximum.
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¢) (2 points) At the point (z,y) = (1,1), find the direction in which the directional
derivative is zero.
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d) (3 points) Evaluate the limit
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2. Consider the double integral
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a) (6 points) Evaluate the integral if D is the triangular region with vertices (0,0), (1,0),

and (0, 1).
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b) (4 points) Evaluate the integral if D is the square with vertices at (1,0), (0,1), (—1,0),
and (0, —1).
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3. Consider the solid sphere 0 < 22 + y? + 22 < 1. Suppose the density at a point in the solid
is equal to 1/r, where r = /22 + y? + 22 (distance from the origin).

a) (6 points) Find the total mass of the solid.
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b) (4 points) Find a > 0 such that the mass inside the volume 0 < 2?2 + y? + 22 < a? is
equal to the mass outside.
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4. Consider the quarter disc 0 < 2% +y?> < 1, x > 0, y > 0. Suppose the density (mass per
unit area) at a point in the quarter disc is given by p(x,y) = 2% + 3%

a) (3 points) Find the total mass of the quarter disc.
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b) (4 points) Find z, the z-coordinate of the center of mass.
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¢) (3 points) Find the distance of the center of mass from the origin.
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5. Consider the paraboloid surface z = 2 — (2% + y?) and the conical surface 2% = 22 + y? with
z>0.

a) (3 points) Find the value of z at which the two surfaces intersect.
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b) (7 points) Find the surface area of the part of the paraboloid above that value of z.
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6. The first part asks you to change the order of integration in a double integral and the second
part in a triple integral.

a) (5 points) Consider the iterated double integral
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which has y first (innermost) and x second. Sketch the region of integration and rewrite
the iterated integral so that x is first (innermost) and y is second.
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b) (5 points) Consider the triple integral
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which has z first (innermost), y second, and z third. Rewrite the iterated integral in
reverse order: z first (innermost) , y second, and z third.
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7. The first part is a maximization problem and the second part a minimization problem.

a) (5 points) Maximize the product zyz subject to the requirement 2z +y + 3z = 1.
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b) (5 points) Find the point on the paraboloid z = 2? + y? that is closest to the point
P = (6,3,4).
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