











































































































Chapter 1 Vector Geometry

1 I Vectorsflinese

IR the set of all real numbers
belongsto

e g 1 ER 2 ER 3E IR Te IR thEIR 52ER

We often think of IR as a 1dimensionalspacey the real line

negative real s positivereal s

3 T2 O 112 I 2 T
T

theorigin

112 has many nice properties
here are two very special ones

Wecan add

ITfxekandyc IR.the.nlty
IR is closed under addition

We can scale stretch

1IfxeR.thentxelRforaltreaenumberst

IR is closed under scalar multiplication














































































































Loosely speaking a set with properties is called a

real vector space or a vector space over IR

In this course we'll study real vector spaces

in higher dimensions

1122 2 Dimensional space Kz
A

plp.pe
Pz qWe can represent elements

in 2 dimensions as points
K0 6,0 Pi

origin

Kz
But it can also be very A

useful to view them as arrows y

starting at the origin µF L
These arrows are called vectors

K

Notation The point xfse.pe corresponds to the vector I

The Zerovector is 8 g














































































































Uz

EI The vectors a

1151 f ft and C2.3.51 att
4 2 3 1 T

their corresponding points I
are plotted on the right ze

Cit 15 f

Definition R2 is the set of all
redtorsionfthe form

I where Xi Xa are real numbers i e

TR2t E a xzeR

We'll often switch between thinking of elements in 1132

as points Pcp pz and vectors f If

Q can we add and scalelstretch in R2 YES

Addition If 5 1 L
and 5 Yy

then

iI














































































































ScalarMultiplication If F sea and tek then

tx theD LEE

These operations can be viewed geometrically

To add connect vectors
tiptotai.kz

Ex Htt 1341 a
naila
Ht

se

To scalar multiply by t stretchcontractector by a

factor of t
Nz

Ex 317 11 f
se

Reversedirection if t is negative














































































































EE z

ie

ti

This also gives us a way to subtract

If I 1 and j fly then

x 5 IttHy

f's Ig f
Rza

Graphically reverse J
µ

5
se














































































































Rza

1 a
and add to IT 1

se

Rza
As we would expect

at

ft E g I I L

H whydo these pictures include

T.FIffarrowsthatdoitstartatco
u

I thought vectors had to

Vest start at the origin

Vectors to start at the origin

In many geometrical
problems however it is useful to

consider directed line segments that dont start at

the origin














































































































Nz
Definition The directed line R

ar
segment from point Q to

point R is denoted OTR
se

We will consider the directed line µ
segment of from the origin o P

p

to a point P to be the sac of
as the vector p T

se

In many problems we'll beinterested in the lengthanddirection

of a directed line segment but hotitspo sition

So we'll consider all of these directed line segments
see

fP

se

to be the same as of p














































































































Hz
Thus the line segment QT n R

ar
from to T2 is the f of p µsame for us as F I r µ yoI se

Vectorsin
Everything above can also be done in higher dimensions

1123 Ig ri na Rs e R 1

We can visualize vectors
a

I f
in 1123 just as we did in R

II
197

K
za

Here the three axes

are
ggiftefandaa.IE stoE

0
the

g a l














































































































More generally if n is anypositiveinteger

i IR 1µm se se an e R 1

Definition If I J
Yg

are vectors in IR

and EE IR then

I µ Addition

ta
qq.gg

guar mu

E In R It f t It














































































































Lines in IR
Nz
a 7

The set of vectors of the form Iftp.at.t 9 724
describes a line through the origin 1that moves in the same direction as f's

Whatabout the set ofvectors of the form
I Ittf te k1 2

This new line passes through f 1,1 but still moves in the

same direction as 1a i.e it is parallel to E

Properties of addition, scalar multiplication














































































































We could have also described each

t.sk coordinate separately

reg f

j x fY ttff t
E 1

tf I
Eo E

x
ffyui

t.tt
zt 16

Nz I t 2 t gv
1

Definition Let f Yu I L n

be vectors in R

The vectorequation of the line passing through P and in the
direction of I is

yI p t t d te IRi

The parametric equation of this line is

T

X pit Ed
X pet t dz

ii pm
teri
















































Two lines

I _Ft TI te IR

g of te te IR

are parallel if I is a non zero scalar multiple of E

E Find the vector equation of the line

a through Rho and in the direction of 143

b through PGA and parallel to the line I E t t 6 ter2 I

c through Pco3 and Q 3,2

Solution

a p I and I I so I E ttfY te

b Here D I Since our line is parallel to

I E TEE ter

I any non zero multipleof fE Let's pick d LE
Our line is I Iz tf 62 te IR



c What's the direction vector It's the line segment from

P 0,3 to Q 3,2
Nz q

PaigeF

K Soundfamiliar

It's exactly

d Fa E p f g L
note I OTP alsoworks

we can use either P or Q as a point on the line

One equation I g t t TERI

Exercise Are any of the lines from parts
a cc above parallel to each other

Explain



E Determine vector and parametric equations for the

line through P4,0 l and Q ii ol in IR

Solution Let's start with the vector equation
Direction vector d moves from P 4,91 to Q 1,1 o so

I Fa q F LEI LEI I
We may use either P

or Q as a point on the line

One equation 5 14 Ittf te IR
1 I

Write I f to get the parametric equation

go.fi tf ftp.tfo.lttf

µ t ter
Ks I E


