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-

proving something is a vector

space .



What  is The difference between vector to

the point  and the point  itself ?

One  refers to position ,
the other to motion .

these are
different species of  object .

p Point

•#.



ti '→
Exercises

E 'T ,

•

Q -

(-5,7*1)
-

to €P = C- 8,9
,

-31¥
'

parameterizations
'

' -•P=( 3
, -22,4 )

.
a line through

RQj~¢==l
: { Ptt ( a . p ) : te R } = { ( 3

,
-2,4 ' '' HHHI←,
: t←lR }

Z
. { at u( P - Q ) :t£P }•q: { Ptt ( P . Q ) :teR }

.

•p←t.ie-  is a  coordinate on
the him

KRQ
-

m

( (gives you
a way

of describing point -

to 1

will be important when we talk about

basis )

•

a plane through BQ ,R

{ pt s( a- p ) it ( 13 - P ) : step }

or
other uoimh

.

{ p+ s( a- p ) + t( R -

÷ tea }



6) If P
,

Q an point ,

describe point that

is halfway between .

J = Q - P =  vec .

from P to Q
.

travel half as far :
.

tooP+±o o¥#Q.tt#pttzi
a To =p - a = - IT P

Q + IT .

7) In a parallelogram ,
diagonals bint each

other ( unit  at their midpoint )

Q T 5

•

•

need to eludeµ¥j÷o midpoint metre

p
•
=•a

same .

W R



midpoints of diagonals are

P + I ( T  +6 ) Q + E ( us - T )

but T  = Q - P

Q = Ptv so

Q + tscw - T ) = Pt T + Iii - IT

= pt T - tzv + tzw = Pt ( l - I )T

=P ttzuttzu
+ tz To

=p + { ( i +6 ) a
the same point .

Q

W. need to heck

%¥o÷% midpoint metre

p
•
=•a

same .

W R



✓Here  we are studying the vector space
of

linermotions in the plane We used some

-

.

basic fact about them vectors  in our

afrscussioui
[vs3] o ) There is a special element of V called T

.

i ) If T A EV
,

there is a vector

=
→ Jtwt✓ ( that represent the liiew motion

us

site equivalent to T then it )FED'
!Tr→÷←.it?yaImor

×

Eat
motion by X times asfor in direction

Heyoue of J )
.+ ⇒[ VSH 3)

ftp.w
EV C eth ) tu =  ii + CTFW )

I

[ vsl ) 4) F ii ,T£V ,
ii +5=8+6 .

[ vss ) 5) F TEV
,

Btu =P .

[vs4] 6) to £V
,

FWTV
,

itw =J
. [ Is = - T ]



[VSST 7) tfvev
,

tv =T .

[ vsb ] 8) HJEV
,

F X ,y€R , Afro ) - ( WT .

[

vss
] 9) H T €V

, If hurt R
,

( xtghu =tT+gT .

[

VSH
10 ) FKIEV,

Yte R
,

,l( uitv ) = tutti .

In general ,
a real vector is a

set V with the above structure
.

What about multiplying vectors ?

Examples of Vector Spaces÷
-  all ways of  changing the ingredient list of

a recipe .

2) V= R
"

= { ( x. ,
.

" ,xn ) :xi ER }

J  
= ( o

,
. . .

,
0 ) (far &, ,

,

,xD ,C , . ,
... ,yhtR^ )

( x. ,
.

. . ,xn ) + ( y , ,
... syn ) = ( × ,+y , ,

. . . )×n+yn )

h ( x , ,
. . .

,
Xn ) = ( 2 × , ,

.X×z ,
. . .

,
txn ) ( for XGIR

VSEfails ! #(2Xx.,axx#2xxn)f ( xi ,
.

.HARD
Can IR " have other rector space structures ?



( usually write R "
or columns rather than rows

. )

We must part
that R "

,
will then operators

is a vector space .

This is skipped in the

book so it becomes
your responsibility !

[ vS1 ] Faivepn,

uitv = Ttui .

Proof
- suppose it

,

TER
"

.

Therefore  L  
= ( x , ,

... ,xn ) fwsome x
, ,

.
- . ,×n€R

and T  
= ( y ,

,
... ,yn ) for some y , ,

. - syn
ER

.

Tits = ( x
, ,

. . >×n)+( y , ,
. gyn ) ( def of  ii

,
} above)

= ( x ,+y , ,
. . .

, Xntyn ) (def
.
of + Rn ) .

g+ui  
= ( y , ,

.
.

.

,
bn ) + ( X 's

" >×n )
| same reasons

= ( y ,tx , ,
...

, yntxn )

These one
the same

because Xityiiyitxi

Since + in IR is commutative
ED

.



[ VSH ¥ ,leR
,

fiyutlpi ,
t(u+T)=tn+Xt .

Proof



What  is the field F ?

A field is a
out with 2 special element

071 0,1 e F and two special operations +
,

.

.

With a
bunch of  rules :

[ basically +
,

-

,
× ,÷ behave as expected ]

Ah linear algebra
can be done using

an arbitrary field in place of IR .

Examples of fields

÷{ at bi :  a ,b€R }

Q = { Fn : m ,n  one  integon ,

nto }

:
%

nk is a field iff ^ prime
int

.



Exampllj let f- IR with ¥- tv =  utv we ,v EIR
and F=Q

yy  
= yv if tea

,
vtp

Then R is  a Q - vector space with them operations ,


