
CHAPTER 10

Vectors and the Geometry of Space

1. Three-Dimensional Coordinate Systems

Example 1.1. Find an equation of the set of all points equidistant from the points A(−1, 5, 3) and
B(6, 2,−2). Describe the set.

Example 1.2. Find the distance between the spheres x2+y2+z2 = 4 and x2+y2+z2 = 4x+4y+4z−11.

2. Vectors

Example 2.1.

(a) Find the unit vectors that are parallel to the tangent line to the curve y = 2 sinx at the point
(π/6, 1).

(b) Find the unit vectors that are perpendicular to the tangent line.

(c) Sketch the curve y = 2 sinx and the vectors in parts (a) and (b), all starting at (π/6, 1).

3. The Dot Product

Example 3.1. Let a = 〈1, 4〉 and b = 〈2, 3〉. Find the vectors proja b and ortha b = b − proja b.
Illustrate with a drawing.

4. The Cross Product

Example 4.1. Prove that (a− b)× (a+ b) = 2(a× b)

Example 4.2. Prove that

(a× b)·(c× d) =

∣∣∣∣a · c b · c
a · d b · d

∣∣∣∣
5. Equations of Lines and Planes

Example 5.1. Find the distance between the parallel planes 2x− 3y + z = 4 and 4x− 6y + 2z = 3.

6. Cylinders and Quadric Surfaces

Example 6.1. Classify the surface x2 − y2 + z2 − 4x− 2y − 2z + 4 = 0 and sketch it.

7. Vector Functions and Space Curves

Example 7.1. Find parametric equations for the tangent line to the curve x = et, y = tet, z = tet
2

at
the point (1, 0, 0).

8. Arc Length and Curvature

Example 8.1. Find the vectors T, N, and B at the point (1, 23 , 1) on the curve r(t) = 〈t2, 23 t
3, t〉.
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CHAPTER 11

Partial Derivatives

1. Functions of Several Variables

Example 1.1. Draw a contour map of the function f(x, y) = x3 − y showing several level curves.

2. Limits and Continuity

Example 2.1. Determine the set of points at which the function

f(x, y) =


xy

x2 + xy + y2
if (x, y) 6= (0, 0)

0 if (x, y) = (0, 0)
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