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Figure 13.25
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Figure 13.26
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Figure 13.30
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Figure 13.34
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Figure 13.2
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Figure 13.43 (b)
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Definition Dot Product
Given two nonzero vectors u and v in two or three 
dimensions, their dot product is

| || | cos ,q× =u v u v

where θ is the angle between u and v with 0 q p£ £
(Figure 13.44). If u = 0 or v = 0, then 0 q× =u v  and 

is undefined.
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Figure 13.55
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Definition Cross Product
Given two nonzero vectors u and v in 3,° the cross product ´u v
is a vector with magnitude

sin ,q´ =u v u v

where 0 q p£ £ is the angle between u and v. The direction of ´u v
is given by the right-hand rule: When you put the vectors tail to tail 
and let the fingers of your right hand curl from u to v, the direction of ´u v
is the direction of your thumb, orthogonal to both u and v (Figure 13.56).
When ´u v = 0, the direction of ´u v is undefined.
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Figure 13.56
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Theorem 13.6 Evaluating the Cross 
Product
Let 1 2 3 1 2 3u u u v v v= + + = + +u i j k v i j k and . Then

2 3 1 3 1 2
1 2 3

2 3 1 3 1 2
1 2 3

.
u u u u u u

u u u
v v v v v v

v v v
´ = = - +

i j k
u v i j k
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Section 13.5 Lines and Planes in Space
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Figure 13.66

iPad

iPad

iPad

iPad



Slide - 100Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved

Equation of a Line
A vector equation of the line passing through the point

0 0 0 0( , , )P x y z in the direction of the vector 0, , ,a b c t= = +v r r v is or

0 0 0, , , , , , , .x y z x y z t a b c t= + -¥ < <¥       for 

Equivalently, the corresponding parametric equations of the 
line are

0 0 0, , , .x x at y y bt z z ct t= + = + = + -¥ < <¥   for 
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Figure 13-72
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General Equation of a Plane in R Cubed
The plane passing through the point 0 0 0 0( , , )P x y z

with a nonzero normal vector , ,a b c=n

is described by the equation

0 0 0( ) ( ) ( ) 0  ,a x x b y y c z z ax by cz d- + - + - = + + =or

where 0 0 0.d ax by cz= + +
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Figure 13.73
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Figure 13.74
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Figure 13.75
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Figure 13.76
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Figure 13.77
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Definition Parallel and Orthogonal 
Planes
Two distinct planes are parallel if their respective normal 
vectors are parallel (that is, the normal vectors are scalar 
multiples of each other). Two planes are orthogonal if their 
respective normal vectors are orthogonal (that is, the dot 
product of the normal vectors is zero).
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Figure 13.78
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Section 13.6 Cylinders and 
Quadric Surfaces
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Figure 13-79
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Definition Trace
A trace of a surface is the set of points at which the 
surface intersects a plane that is parallel to one of the 
coordinate planes. The traces in the coordinate planes 
are called the xy-trace, the yz-trace, and the xz-trace 
(Figure 13.80).
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Figure 13.80
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Figure 13.81
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Figure 13.82 (a)
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Figure 13.82 (b)
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Figure 13.83 (a)
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Figure 13.83 (b)
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Figure 13.83 (c)
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Figure 13.84 (a & b)
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Figure 13.84 (c & d)
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Figure 13.85 (a & b)
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Figure 13.85 (c & d)
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Figure 13.86 (a & b)
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Figure 13.87 (a)
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Figure 13.87 (b)
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Figure 13.88
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Table 13.1 (1 of 3)

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad



Slide - 136Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved

Table 13.1 (2 of 3)
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Table 13.1 (3 of 3)
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