Section 3: Equation of Planes

For equation of planes we need:

e anormal vector (perpendicular vector)

e apoint
~ r = (z,y,2)
\ n = (a,b,c)
e o = (%0, Yo, 20)

i (7~ 1) = 0

3

<a,b,c> : <ZI? _any_y07z_ZO> =0
a(x — ) + by —yo) +c(z—20) =0
Simplified: ax + by + cz = d

Example 1: Find the equation of the plane through (2, 1, 4) perpendicular to
(—3,1,2).

(xo,Yo0,20) = (2,1,4) and (a,b,c) = (-3,1,2)
—3(zx—-2)+(y—1)+2(x—4)=0

3z +6+y—14+22—-8=0

—3Jr+y+22=3

Example 2: Find the equation of the plane containing
P(0,1,1),Q(3,2,1),and R(1,0,0).

Use the cross product to find 72

n= P@ x PR

PQ=1{(3-0,2—1,1—1)=(3,1,0) PR = (-2,-1,-1)

~

PQxPR=3 1 0]|=(-1,3-1)
2 -1 -1

(a,b,c) = (—1,3,—1)
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—1(z—-0)+3(y—1)—(2—1)=0
—z+3y—3—2z+1=0

—Tz+3y—2z=2

Example 3: Find the equation of the plane through (2, —1, 4) perpendicular to
the line

r=3+4t, y=24T7Tt, z=—t

v=(4,7,—-1)

4(z—2)+7y+1)—(2—4)=0

Parallel planes have the same normal vector.

Example 4: Find the equation of the plane that contains the line
x=2+t, y=3-2t, z=145t

and is parallel to the plane 3z + 5y + 2z = 10

n=(3,52) (xo,y0,20) = (2,3,1)
3(x—2)+5(@y—3)+2(z—1)=0

Graph planes
2c+3y+2=26
z=6—2z — 3y

Intercepts:

xr=0,y=0,2=26
y=0,2=0,2=3
xr=0,2=0,y =2

Paraboloids

Section 3: Equation of Planes


Anudari Gerelt Od
math411.com


z=1z+9y°

%’\’%: ><2'+37'+3; z = z? + y2 + 3

o If coefficients are the same, it is a sphere.

 If coefficients are not the same, it is an ellipsoid.
azr? + by’ +c2=d
TSR
Plane: ax + by + cz = d

Example 5: Turn the equation (:z: — 3)2 + y2 = 9 into a polar equation then
identify and sketch.

(x—3)*+4y*=9 ~ circle withr = 9

$ 22— 6x+9+y =09
X z? — 6z +y? =0
z? +y? = 6z

r2 = 6r cos @

r =6cosf - fardistance

Example 6: Determine if L is parallel or perpendicular to P.
L:iz=1+3t
y=4—1
z=2—-3t
P:2z+4+3y+2=10
0 =(3,-1,-3)
n=(2,3,1)
n-vy=6—-3-3=0

- because the normal vector is perpendicular the line is parallel to the plane.
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Example 7: Determine if lines are intersecting, skew or neither.

L1:$:2—t1 L22$:4—t2
z=-b+1 z=—13+ 3ty
v =(-1,2,1)
= (-1,1 3>

2
V1 Uy =1+2+3=6
- not 0 so no info

Check if it is Intersecting:

24t =4—t, 2t =4—t,

442t =3+t 442t =3+t

—5 4t = —13+ 3¢, ~ Add: 6+t =7
t1=1

2-1=4-t,

ty=3

—-5+1=-13+3-3
Lines are intersecting.
Where? x =1, y=6, z=-4

Example 8: Find values of a and ¢ so that (a, 1, ¢) lies on the line through
P(0,2,3) and Q(2,7,5).

PQ = (2,5,2)

x = 2t a=2t
y=2+4 5t - 1=2+5t
z=3+2t c=3+2t
bt =—1

=4

a:2t:—%
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c=3+2t=3-:=2

Example 9: Find the equation of the plane through (1, —2, 3) parallel to the zz-
plane.

(0,1, 0) is the perpendicular vector to the zz-plane.

Olz—1)+1(y+2)+0(z—3)=0
y+2=0
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