



































































































Lecture XIV 52.4 Planes in R
3.1 3.2 R on asectorspace

l Planes in R

A typical equation of a plane m IR is

a x t by c z d f t lunar equine 3riables

where either a b n c to

Geometrically a plane IT m R'is given in 2 possible ways
A point P 2 non parallel direction E E

I
Equivalently 3 non collinear points

R T Po Qo Ro in 1133

E Poto É PR
E

A point Po a normal direction É

g
g

p
g
É oÉ rients theplane via therighthand rule

Et É É 15 so we can

c
take É Ext n Exe

Vector equation Pot É 0

Explicitly P lx y z

Po lx o yo zo
m a x Xo tbly yoltslzz.jo

Example Describe the plane through 11,0 9 19 1 a 10

É Tod x Ezio at f i ji il k

A I lx l i ly o i Iz o to m Xt y 2 1




































Compute the intersection of the plan 2 4 2 2 with the Xy play
2 4 2 2 no 2 4 2 line in R

0 If I x1 x me

Line through 10 2,0 with direction 1
Compute the intersection of theplane 2x 7 2 2 with the line

with direction passing through 139,5

Iff 134th
Parametric epnof the line

11 11 111
Substitute these values in the equation of theplane option 2

21342 19 3 t 5 g't 2 Solvethe 3 3system

Runs of line6 4 51 t 19 3 4 t 2 teenofplane

7 St 2 m t t E Y

ESo P Ix y 21 13 2 4 3,5 4 I 1 1,1 H Y 2 2

Definition Wesay two planes are perpendicular or orthogonal to eachother

if their normal vectors are orthogonal

Definition2 We say two planes are parallel if their normals are proportional

Enfle X Y 2 0 2x 24 22 5 are parallel
Reason R ft 131 25 so they areproportional

In general the angle between z planes is theacute anglebetween

their normal rectors 95



thisone

Ini

y

se FYI notthis

Example X Y 2 7 plan É y
x 47 2 2 plane2 Ex

7 É 1 4 1 2 117 Mill use
So 90 OC1800

It we use É we'll get the acuteangle

0

nifty Im
so o as ke

52 Intro to R as a rector space

Recall the original s componentsof this course

LINEAR
SYSTEMS

C MATRICES

r e

g VECTOR
SPACES

we are here

The Geometry ofrectors in IR's R faircluding lines planes was a

warm up for the algebra ofrectos in n space which is our nexttopic



So far wehave seen 2 constructions

IColumn Vectors m IR IR R

Solutions to homogeneous systems m IR can bewritten in

actor form as i

Xi I t xiz VE t this is kit xia axis are
theindependent
raniablesofthesystem

Example 21444158 B
foggy

taxes indepins

I
as as

Y x if Y't F
Xs oxy tree

Y's l
É É

Q What do these 2amstructureshave in common

I lies in thespace 3 basicproperties

Add Vectors solutions gives a new rector solution forrector spaces

Scalar Multiplication preserves vectors spaceofsolutions subspaces

3DefiningProperties for R same properties for abstractrectorsp

Theorem1 Write N D For 7,5 É in N a b scalarswe have

ClosureProperties ICD If 7,5 in N then I 5 in N
Cz If I in N then at in N fr allscalars a

AdditionProperties Al I 5 5 7 Commutative

AZ I 15 7 51 É 1Associative
NeutralElem As Of satisfies It I to allI'm



AYE
AG Given I in it we can find I in N

satisfying It I I here FEI DE

Scalar MultiplicationProperties

1M albI Iab I Associative

Imy al Tty a tay Distributive I

M3 la b I at BE 1 II

1m41 I 5 7 fall

Note AY followsfrom ca O E

2 SubspacesofIR

Definition A subspace S of IR is a subsetsofR'thatsatisfies
S1 OT is in S
152 for any I F in S I tf is an S

153 for anyscalar a and rector F in S at is in S

Examples 11 S 389 is a subspace.IR
2 S IR is a subspaceofR
3 Subspaces of R are 31819 1dmol

Linesthroughthe origin land

R2 1dmz

91 Subspaces of IR are 31814 demo

Linesthrough theorigin Idemi

Planes din21
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