
Outline

1 Vectors in the plane

2 Vectors in three dimensions

3 Dot product

4 Cross product

5 Lines and planes in space

6 Quadric surfaces
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Parametric form of the equation of a line

Let
P0 = (x0, y0, z0) point in R3

v = Èa, b, cÍ vector
Then the parametric equation of a line
passing through P0 in the direction of v is

Èx , y , zÍ = Èx0, y0, z0Í + t Èa, b, cÍ , t œ R.

For coordinates, we get
Y
__]

__[

x = x0 + a t
y = y0 + b t
z = z0 + c t

Proposition 8.

Samy T. Vectors Multivariate calculus 37 / 78

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User

Mobile User



Line in space: illustration
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Example of parametric form (1)

Problem: Find the equation of a line

Through point (1, 2, 3)
Along v = È4, 5, 6Í
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Example of parametric form (2)

Vector form:

Èx , y , zÍ = È1, 2, 3Í + t È4, 5, 6Í , t œ R.

Coordinates form: Y
__]

__[

x = 1 + 4 t
y = 2 + 5 t
z = 3 + 6 t
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Example of line segment (1)

Problem: Find the equation of line segment

From P(0, 1, 2) to Q(≠3, 4, 7)
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Example of line segment (2)

Direction vector: v = P̨Q = È≠3, 3, 5Í

Initial vector: ǪP = È0, 1, 2Í

Equation:

Èx , y , zÍ = È0, 1, 2Í + t È≠3, 3, 5Í , t œ [0, 1].
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Points of intersection for lines

Problem:
Determine if ¸1 and ¸2 intersect and find point of intersection, with

¸1 : x = 2 + 3t, y = 3t, z = 1 ≠ t
¸2 : x = 4 + 2s, y = ≠3 + 3s, z = ≠2s
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Points of intersection for lines (2)

Step 1: Check that v1 not parallel to v2. Here

v1 = È3, 3, ≠1Í , not parallel to v2 = È2, 3, ≠2Í

Step 2: Equation for intersection
Y
__]

__[

2 + 3t = 4 + 2s
3t = ≠3 + 3s
1 ≠ t = ≠2s

This system has no solution
Òæ ¸1 does not intersect ¸2
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Points of intersection for lines (3)

Some conclusions:
1 If v1 Î v2,

Òæ ¸1 does not intersect ¸2
2 Even if v1 not parallel to v2,

Òæ we can have that ¸1 does not intersect ¸2
3 In the latter case, we say that the lines ¸1 and ¸2 are skewed
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Equation of a plane in R3

Let
P0 = (x0, y0, z0) point in R3

n = Èa, b, cÍ vector
Then the parametric equation of a plane
passing through P0 with normal vector n is

a(x ≠ x0) + b(y ≠ y0) + c(z ≠ z0) = 0

Proposition 9.
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Remarks on plane equations

Plane and dot product: The plane is the set of points P such that

˛P0P · n = 0

Other expression for the plane equation:

a x + b y + c z = d , with d = a x0 + b y0 + c z0
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Plane: illustration
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Computing plane equations (1)

Problem: Compute the equation of the plane containing

u = È0, 1, 2Í , v = È≠1, 3, 0Í , P0(≠4, 7, 5)
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Computing plane equations (2)

Computing the normal vector:

n = u ◊ v = ≠ È6, 2, ≠1Í

Equation for the plane:

6x + 2y ≠ z = ≠15
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	Lines and planes in space

