
MATH 10C: Calculus III (Lecture B00)

mathweb.ucsd.edu/~ynemish/teaching/10c

Week 3:

homework 3 (due Monday, October 17)

Midterm 1: Wednesday, October 19 (vectors, dot 
product, cross product, equations of lines and 
planes)

Today: Equations of a plane

Next: Strang 3.1
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Planes
-

wo points determine a line : for any two points P
,
Q

( in IR
'

or Rs ) there exists a unique line passing through
P and Q

.
A point X is in the line through P and Q

if À is a multiple 0f PÔ
,

i.e.
,

PÏ = t PÂ for some TER
.

Three points (that do not all lic on the same line)
determine a plane : for any three points P

,
Q and R in À

that do not all tie on the same line
,

there exists a

unique plane that passes through these three points .

A point X is in the plane passing through P
,
Q and R

if PÎ is a Linear Combination of vector PÂ and ÎR

PÎ = t PÔ + s PÎR for some tis c- IR



Equation of a plane

• R X

û^'.÷Ï→
P

Another way to describe a plane is by identify Ing
a point in the plane and a vector that is perpendiculaire
(orthogonal ) to the plane .

If P is a point in the plane
and vector À is orthogonal to the plane Kaled the

normal vector ) then point X is in this plane if and

◦ n'y if À 1- À
,

À . PÎ = 0 ( vector equation of
a plane )



=giration of a plane
Consider a plane containing point D= (xoiyo ,

-2. ) with

normal Vector À = La ,
b

,
C >

.

Then point ✗ = (x , y ,
2- )

Delong to this plane if and only if

(*)
a (x - x .) + bly - yo ) + ( ( z - z .) = 0

s'atar equation
of a plane

1f we de note d : = - axo - byo - C 2-
◦

,
then (* ) becomes

a Xt by + cz + d = 0
general farm of
the equation of a plane

suppose that we know the cardinales of three points
P
,
Q

,
R in the plane .

How can we find a normal vector

to this plane ? j' = PÔ ✗ PÂ



Example
write the vector equation for the plane containing
points F- ( I

,
I
,
o )

,
Q = ( -2 ,

I
,
I )

,
R = ( 0,0 , 1)

PÔ =L-3,0 , 1) ,
ÎR =L - I ,

-1
, 1)

Compute the normal Vector to the plane

À = PÛ ✗ ÎR = < -3,0 , 1) ✗ L - l , -1 , 1) = ( l , 2,3 >

Point ✗ = (xiy ,
z ) is in the plane if

À . PÎ = o vector equation,

or equivalent "] ] of the plane- ( 1,2 , 3) • ( x - l
, y

- I , Z - O > = 0

equivalent), 1. (x - 1) + 2 ( y - 1) +3 . -2=0 scalar equation
- x t 2g +32--3 = 0 general for m



Distance between a plane and a point

1.
×

D= HRÎH such that

^
•tp RXT to the plane

À
•Îp

①

( HRÎ Il < IIÊXII for any
Q in the plane )

consider a plane with point P and normal Vector Â
.

Suppose that point X does not be long to this plane .

The distance d between X and the plane is the

Smallest distance between X and points in the plane
1f À is orthogonal to the plane (parallel ton ) ,

then RÎLRÊ

for
any point Q ≠ R in the plane ,

HRÏH < HQÎH



Distance between a plane and a point
Conclusion : d = KRÎH

,

where R is in The plane and

ÊX is perpendiculaire to the plane ( RÏ is parallel ton )

Hour to find RÏ ( and HRÎH ) if P and À are

given? où
✗

distance from

^
• R point X to the

plane with p
À

•Îp Ï
À = projn.PT/--PII;I-.n ,

IIRÏH = "Ë÷Î! " rip = "ÎÏÎˢ =D



Distance between a plane and a point

Example
Find the distance between the point ✗ = (0.0.0) and

the plane given by x +29+32--3=0 .

This is the equation in the general forme First find
the normal Vector À =L 1,213 >

Next we need a point in the plane ( any point ) ,
I. e.

, any
number ✗

◦ , yo ,
-20 such that x

.
+ Zyo +32-0-3=0 .

We can fake x:-O , y:-O ,
which requires that z. - I. F- (oui)

PÎ = < 0,0 ,
- is Then the distance from X to the

plane is D= "Ë%Ë"=ÏËç=È



Parallel and interesting planes
et Pi and Pz be two planes in IR? Then the following
possibilities exist :

|
" "
"" & " """ " """° " À"

Y

Normal Vector

/ YES E qua /
Parallel but notequat

of P , and P2

NO Intersect ing
are parallel

If two planes Intersect ,

the intersection is a line !


