4.4: Coordinate Systems
Math 220: Linear Algebra

Theorem 7 The Unique Representation Theorem

Let B = {by,..., hn} be a basis for a vector space V. Then for each x in V,
there exists a unique set of scalars ¢y,...,c, suchthat
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Suppose B = {bl, S5 g bn} is a basis for V and x is in V. The coordinates
of x relative to the basis B {or the B-coordinates of Xx) are the weights
Ciy...,Cp SUchthatx = ceiby + - + ¢ by,
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Ex1: Consider a basis B = {by,bs} for R, where b = [ ] and by = [2}
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Suppose an x inIR? has the coordinate vector [x]p = [ 3] . Find x.
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4.4: Coordinate Systems

1
Ex 2: The entries in the vector x = [6] are the coordinates of x relative 1o the standard

( basis e = {e1,ea}, since

o= £]o]-ef] - 15 o2

ife = {e1,e2}, then [x], = x.

BRI 8
-
=[] PR
T elgd ] zpam Nedo geam
0 hl :el % (\,
-
FIGURE 1 Standard graph paper. FIGURE 2 B-graph paper.

See Example 3 on page 219.

Ex3: Letb; = !i] , by = {—1] y X = I:::l , and B = {bl,.bg}. Find the

coordinate vector [X] 5 of x relative to B.
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4.4: Coordinate Systems

The matrix Py changes the B-coordinates of a vector X & x— xinto thermm < standar
coordinates for X. An analogous change of coordinates ca € can be ——= arried out
for a basis B = {by,...,b,}. Let

Pg=[b; by --- b,]

Then the vector equation | (

5],

x=cib; + b+ - -+ b

is equivalent to

x = Pp[x|p

We call Pg the change-of-coordinates matrix;from Bto o tothe st- —==ndard bas
R™, Left-multiplication by Pg transforms the coordinate w5 e vector f x] g into

Since the columns of PB form a basis, they are linearly inde=bm depe(ndE nt, and ha
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inverse, which leads to
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