

























































































See 4.4 Coordinate systems Idea

IR w the standard basis En En is nice

Put a Coordinate system on any vector space V

so that V acts like IR
I Def of coordinates relative to a basis B

Thm 8 Unique Representation Theorem

Let B be be bn be a basis for a vector space V

Then every element in V can be written as a linear

combination of B in exactly one way I.e

for every element x in V there exist a unique set

of scalars Ca C2 Cn such that

c b cabat Cnbn

Def These weights C1 C2 Cn are called the coordinates of

relative to the basis B or the B coordinates of x

The vector f in IRM denoted by B is called the

coordinate vector of relative to B or the B coordinate vector of x

Ex U B2 with basis D 14 t Ét Ptz Suppose p in V

iffle has coordinate vector relative to B P B f Find p

roblem 2 Ans The B coordinates of p are 5 1 2 so

p 5 F i É 2 ÉÉ
5 5 1 2 2 2t

6 3 t




























































































U IR with basis BEx

bi 52
Suppose x ̅ in V has loordinate vector relative to B

x ̅ 3 Find x ̅

Ans The B coordinates of x ̅ are 2 and 3 so

25 352 2 8 32 1

Ex V IR with standard basis 8,52 x ̅

Then x ̅ 1 f 6 9 so the coordinate vector of x ̅
relative to the standard basis is x ̅ the same as itself

x ̅ to

5

É
of 00 95

Standardgraphpaper B graph paper
for standard basis for B s

9




























































































I How to find B loordinate vector of an element in IR
EI Let B 4 1 This is a basis for IR

Find x ̅ z the coofdinate vector of x ̅ relative to B

Sl The B coordinates Cy C2 of x ̅ are solutions to

a bit case x ̅ 52

c flat 1 or 1
This matrix z

r just Pz is called

the change of coordinates matrix from B

to the standard basis E ez of IR

1 or 11

tSo x ̅ 35 252

thus x ̅
z 3




























































































In general Fix a basis bi bi 5n for IR
The change of coordinates matrix from B

to the standard basis E E Ez E of R is

the mxn matrix EgPB bi bi bn

Then the equation
x ̅ C bi Cabit Cn 5

is equivalent to

x ̅ PB x ̅ aka x ̅ i 5

To solve for EB FL EBpossible way 7

PB x ̅ row reduce
i

Augmented matrix

possible way 2

Since the columns of PB form a basis for Rn

PB is invertible by the Invertible Latrix Im

Multiplying both sides on the left by Pj

PI x ̅ PB PB x ̅

Pj x ̅ x ̅ aka Pj x ̅




























































































Coordinate mapping isomorphism of vector spaces
Fix a basis bi bi 5n for a vector space V

If The map cm V IR

x ̅ Lefka EB
is called the coordinate mapping determined by B

Fact
Cmz is a one to one and onto linear map

Proof Since the standard matrix of this map
is PB which is an invertible nxn matrix

it follows from the IMT

that cmg is one to one and onto

Ex
again v 112 with basis B 1 t 1 2 t

The coordinate
mapping Mz 1R

p B

is a linear map which is one to one and onto

Fits
called vector pacTYsom

rpÉs

if T is one to one and onto

Note If there is an isomorphism from onto W

even if the notation and

terminology for V and W may differ
V and W are indistinguishable as vector spaces

DIP is isomorphin to IR




























































































Thm 9 Let B Ebs bn be a basis for a vector

Face V Then the coordinate mapping
A is an isomorphism from V onto R

This is a big deal This means every
vector space V

is the same as vector spaces as IR if V has a basis

with n elements

Ext Let ñ f
and let H Spank I

Since T and T are not scalar multiples of each other

w̅ are linearly independent So B w̅ V23 is a basis for H

By Thm 9 H is isomorphic to R

a Now determine whether x ̅ p is in H

So Cheat whether c I care x ̅ is consistent

Halit i
S x ̅ Is in H x ̅ 25 35

b Find the coordinate vector of x ̅ relative to B 5,5

501 x ̅ 3 35
Picture 25 25 35
BasisD w̅ Ja imposes a

coordinate system graphpaper

on the plane H in 113











































































General change of coordinates matrix

Sec 4.6 Change of basis Goal

Compute
the change of coordinates matrix P

D B

from a basis B of V to another basis 2 of

Ex 1

Suppose B bebe and 2 da da are bases for a vector space V

and we know b 4 d d2 and b2 6 d dz

Suppose 361 b2 Find

e 2 coordinate vector ofLol The equation tells us

Apply the D coordinate mapping to equation

Cmg x my 3bitba 3 cmy b my be since Cmg is linear

3 biz baby
So My 3 bit be These three are vectors in R so

we can rewrite as a matrix equation

B b

we know bi 4 and be by so 32 4 9 3

Rem 4 Dz baz
is the change of coordinates matrix I

from B to D because we multiply it by Ex to get xp



Thm 15 Let B be b and D driandn be bases of a vector space V

Then the matrix 212 bit baby bn

called the change of coordinates matrix from B to D

is the unique matrix satisfying

32 21 Dz for all x in V

PFact The inverse matrix DEB is
2

Why 32 21 LDB

Multiply both sides by 21

DER 132
input D coordinate o put B coordinate

vector of Vector of



Computation for change of basis in IR

E2 Let 5 52 f and B 5,5

di di 3 and D di di

Find the change of coordinates matrix I from B to D

11 The Main Thm says

ER bi baby

To find bitz To find b
2

we need to solve we need to solve

by di a dz be Y dy Yadz

9 x 1 3 1 11 92 3

7 5 F 5
systems the timeAugmented matrix Augmented matrix

it t.tl kiti l
RREF RREF PREF

1 1 11
So biz so baby 4 DEB

21B
Upshot The onlycomputation

we need to do is

Hide 5,5 a



end of PDF


