Mathematics 234, Fall 2004 Lecture 3 (Wilson)
Second Midterm Exam  November 15, 2004 ANSWERS
Problem 1

(a) Set up but do not evaluate an integral in spherical coordinates to compute the volume of the
part of the sphere of radius 3, centered at the origin, where z is non-negative. (I.e. the region
in the sphere 22 + y? + 22 < 9 which is above the zy-plane.)

Answer:
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Problem 2

The volume of a cylindrical can of radius r and height h is V(r, h) = 772 h.

A certain can is intended to have a radius of » = 2 inches and a height of h = 5 inches. Due to
manufacturing tolerances, the radius changes to » = 2.01 inches and the height changes to h = 4.98
inches.

Use partial derivatives to approximate how much the volume of the can changes from its designed
value.

Answer: V, = 2nrh, which at (2,5) gives 207. Vj, = «r?, which at (2,5) gives 4r. The change
in r is Ar = 0.01 and the change in h is Ah = —0.02. Thus the change in V is approximately
0.01 x 207 + (—0.02) x 47 = 7(0.2 — 0.08) = 0.127. (The actual change is 0.119698.)

Problem 3

Find an equation for the tangent plane to the surface x3 +3zyz+2y3 — 23 = —15 at the point (1, —1,2).
Answer: Letting f(z,y, z) = 234+3zyz+2y3—23, we have Vf = (322+3y2)i+ (3z2+6y2) 7+ (3zy—322)k.
At (1,—1,2) that gives —37+ 127 — 15k. Since the vector from (1,—1,2) to any point in the tangent
plane must be perpendicular to that gradient vector, we can write an equation for the plane through
(1,—-1,2) perpendicular to Vf as —3(z — 1) + 12(y + 1) — 15(z — 2) = 0, which can be simplified to
r —4y + 5z = 15.
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