MCYV 4UI-Vectors Unit 10: Day 1
Date: June 3\! L= UNIT 10 - EQUATIONS OF PLANES
Section 8.1 — The Vector Equation of a Line in Space

Z
N\ -
b
W
y -
-/ a tb P
r =< ——
4 — sa+th
O b
>y S
P @ sa

The vector equation of a plane can be determined by one point and two non-parallel vectors.

Let P(x, y,z) be any point in the plane T, F(x,,y,z) be a particular point in the plane

and vectors @ and b be two non-parallel direction vectors in the plane.
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/ SUMMARY OF EQUATIONS OF PLANES IN 3-SPACE: \

Parametric Equations

Vector Equation
xX=x+as+bt

F=F +sd+th
y=y +a,s+b,t

or
z=2z,+a,s+bit

(x,3,2) =(x,¥,,2) +s(a,,a,,a;) +1(b,,b,,b;)

where (x,y,z) 1is the position vector of any point in the plane
(x,,,,z,) 1s the position vector of some particular point in the plane

dand b aretwo non-parallel direction vectors for the plane

\and s,t €N are the parameters.




Ex. 1. Determine the vector and parametric equations of the plane through the points
F(-3,7,1), G(-1,2,—3) and H(5,—-1,-2).
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Ex. 2. Determine the vector equation of the plane containing the point P(-2,3,5) and the

line 7 =(-1,4,3)+#(-1,—3,6), t € R.
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Ex. 3. Find the vector equation of the plane that contains the two lines
r=01,2,3)+s5(2,4,—1), seR and 7 =(4,5,1) +t(-2,—-4,1), t €R.
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Ex. 4. Does the point (1,5,3) lie in the plane 7 = (4,—3,1) + s(3,1,—2) +#(6,5,—1), s,t € R?
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MCYV 4UI-Vectors Unit 10: Day 2

Date: ju/]e "l// | ’—l- Section 8.2 — The Scalar Equation of a Plane in Space

A normal vector to a plane is a vector that is V4
perpendicular to every vector in the plane.

Find the general equation of a plane containing
the point P,(x,,,,z,) with normal vector
n=(4,B,C).

Let P(x,y,z) be any point in the plane. 2
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If m,|n, then 7|7, where ii=kii,. If n, L m, then 7, L i, where i, -ii,=0.



SUMMARY: The scalar or Cartesian equation of a plane in space has the form
Ax+By+Cz+D=0
where (4, B,C) is a vector normal to the plane

Ex. 1. Find the scalar equation of the plane through the point A(—2 1 3% having a normal vector

n=(4,-2,5).
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Ex. 2. Find the Cartesian equation of the plane that passes through the points
4443D‘m12 1) and C(1,—2,3).
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Ex. 3. Find the scalar equation of the plane containing the point O(1,2,—1) and the line
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Ex. 4. Find the acute angle between the planes
m o ix+2y—-3z—4=0and &, : x-3y+5z+7=0.

For T7, W= (13,3) ) & R, =(4,73,5)
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Ex. 5. Use vector projections to find the exact distance from the point Q(1,2,3) to the plane
4x—-5y+7z-10=0.
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Ex. 6. a) Show that the shortest distance from a point Q(x,,y,,z,) to a plane with a scalar equation
|Ax, + By, + Cz, + D|

Ax + By +Cz+ D =0 is given by the formula d =
NA* +B* +C?
b) Use the formula to find the distance from the point Q(1,2,3) to the plane 4x—5y+7z—=10=0.
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HW: pg. 285 #1-13 & Additional Questions
1. What is the exact distance from the point O(1,3,—2) to the plane 4x—y—-z+6=07?

2. What is the exact distance between the planes 2x —y—2z+3=0 and 4x—-2y—-4z-9=07?
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MCYV 4UI-Vectors Unit 10: Day 3
Date: Section 8.3 — The Intersection of a Line and a Plane

Warm-up:

Given A(L,5,9), B(-2,6,8) and C(12,7,16) are points in a plane, find:
a) the vector, parametric and scalar equations of the plane.

b) the exact distance the point Q(1,—2,1) is from the plane.
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There are three possible ways that a line and a plane in three dimensions can intersect
The line lies in the plane.

The line intersects the plane.

X X X
There is no intersection. The intersection is a point. The intersection is the line.

The line is parallel and
distinct from the plane.

Ex. 1. For each of the following, find the intersection of the line and the plane
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¢) L:r=(2,1,5+t(11,9,1),teR and n:2x—-3y+5z—-8=0
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Ex. 2. For each of the following planes, find the x, y and z-intercepts and sketch the plane.

a) 2x+3y+4z—12=0 b) 3y+2z-6=0 ¢) y-6=0
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