
Vectors
Section 9.2
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Vectors
A vector is a quantity (such 
as displacement or velocity 
or force) that has both 
magnitude and direction.

A vector is often 
represented by an arrow or 
a directed line segment.

The length of the arrow 
represents the 
magnitude of the vector 
and

the arrow points in the 
direction of the vector.
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9.2 Vectors

Suggested Time and Emphasis

1

2
–1 class Essential material

Points to Stress

1.The definition and length of vectors, vector addition and scalar multiplication.

2.Unit vectors.

3.The relationship between the vector representation a = 〈a1, a2〉, the point P (a1, a2), and the position

representation

−−→
OP .

Text Questions

• Are the following three vectors parallel? (Some students can be confused by the definition of parallel

vectors.)

ANSWER Yes

• If a = 〈a1, a2, a3〉 has a2 > 0 and a3 < 0, then is the z-component of −3a positive or negative?

ANSWER Positive

Materials for Lecture

• Emphasize that the position representation of a = 〈a1, a2〉 is
−−→
OP , where P is the point (a1, a2) and that

the position representation

−−→
OP for a = a1i+ a2j+ a3k has endpoint P (a1, a2, a3). Indicate why i+ j is

not a unit vector, even though i and j are unit vectors.

• Present geometric examples of the parallelogram law (such as Figure 4) and constant multiplication (such

as Figure 7), then introduce the idea that a line is determined by a point and a vector, and a plane by a

point and two vectors.

• Find unit vectors in the directions of 〈8, 0, 0〉, 〈5, 5, 0〉 and 〈1, 2, 3〉, and explain what is happening

geometrically. Then find a unit vector in the direction opposite that of 〈−1, 1, 1〉.

• Write a as sb + tc where b = 〈1, 1〉 and c = 〈−1, 2〉 and a is chosen by the students. Repeat for a

different vector a. Do not stress the arithmetic for this introduction; instead emphasize the fact that it can

be done for any choice of a. Follow up by letting b = 〈2, 4〉 and c = 〈1, 2〉, and ask the students to
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Parallel?
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Describe c in terms of a and b
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Vector Addition
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Scalar Multiplication
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Vector Subtraction
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Components
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Length
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Using Components
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Graphically
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Properties of Vectors
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Standard Bases
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Handout

Component Vectors
Where do they point? Group Work 3
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Dot Product
Section 9.3
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Work
Work done by a constant force F (in the line of motion) in 

moving an object through a distance d: W=Fd

Need to know the component of the force F 
in direction of motion
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Dot Product
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Dot Product: Component Form
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Properties
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Projections
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Projections
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Handouts

Regular Hexagons
The Right Stuff
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Cross Product
Section 9.4
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Torque

Distance from axis of 
bolt to point at which 
Force is applied:
 | r | = magnitude of 
vector r

Scalar component of 
Force in the direction 
perpendicular to r. 
This is the only 
component of the 
Force which can cause 
a rotation.

Depends on
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Torque

Distance from axis of 
bolt to point at which 
Force is applied:
 | r | = magnitude of 
vector r

Scalar component of 
Force in the direction 
perpendicular to r. 
This is the only 
component of the 
Force which can cause 
a rotation.

Depends on

τ = r F sinθ
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Cross Product
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Cross Product:

Right Hand
Rule
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Cross Product: Properties
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Geometry
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Computing the Cross Product
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Computing the Cross Product:
Determinant Form
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Example

If 

If a=<1,3,4> and b=<2,7,–5> then
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Scalar Triple Product
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Scalar Triple Product
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Vector Triple Product
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Handouts

Mathematica Notebook
Mathematica Dot and Cross Product 
Notebooks
Dot and Cross Product
Messing with the Cross Product
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Preview: Lines
r t( ) = 4,3 + t 2,−1
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Handout

Lines in the Plane
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Lines
r t( ) = 4,3 + t 2,−1
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Homework

WebAssign Assignment 2
Mathematica Assignment 2
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