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Print names and ID’s clearly, and have your student ID ready to be checked
when you turn in your exam. Write the solutions clearly and legibly. Do not
write near the edge of the paper or the stapled corner. Show your work on
every problem. Correct answers with no supporting work will not receive full
credit. Be organized and use notation appropriately. No calculators, notes,
books, cellphones, etc. may be used on this exam.

Problem Your Score Maximum Score

1 28

2 25

3 16

4 16

5 15

Total 100
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Problem #1 (28pts): Let A = 2i− j + k and B = i + j + 2k be vectors.

(a) Find A ·B.

(b) Find A×B.

(c) Find a unit vector u in direction of A.

(d) Find a vector orthogonal to both A and B.

2



(e) Find the area of the parallelogram spanned by A and B.

(f) Find ProjBA.

(g) Find the cosine of the angle between A and B.
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Problem #2 (25pts): Let w = f(x, y, z) = xyz2 give the temperature at
point (x, y, z).

(a) Find ∇f(x, y, z).

(b) Find the direction of steepest increase of temperature at point P0 =
(2,−1, 1).

(c) Find dw
ds in direction of steepest increase of temperature at P0.

(d) Find dw
ds in direction v = i + 2j at P0.
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(e) Find the equation of the plane tangent at P0 to the constant temperature
surface through P0.
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Problem #3 (16pts): Let r(t) denote the position vector of a particle at
time t. Prove that if |r(t)| = const, then r′(t) is perpendicular to r(t) at
every t.
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Problem #4 (16pts): Let S = (1, 2,−1), and consider the general equation
for a plane ax+ by − z = d where a, b, d are constants, possibly zero. Find a
vector normal to the plane, and without allowing the possibility of dividing
by zero, find a point on the plane. Use these to derive a general formula
involving a, b, d for the distance from the point S to the plane. Draw a
picture.

7



Problem #5 (15pts): Assume each planet moves in uniform circular motion around
the sun, (not a terrible approximation). Then taking the sun to be at the center, the
trajectory of a planet is given by

r(t) = R {cosωt+ i sinωt} ,

where R is the radius of the planet’s orbit, and ω adjusts its speed so that ωT = 2π where
T is the time of one orbit. Kepler’s third law states that

R3

T 2
= H

where H is a constant, the same for every planet. Verify Newton’s inverse square force law
by finding G, depending only on H, such that for each orbit r(t), a(t) = r′′(t) satisfies

a(t) = −G 1

R3
r(t).
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