Lecture |F. Coordinate systems

Thw Given o basis QB:WLVL]---,VM O\C a vector spoce \/, every vector

V in V can be umooue\g written as

V= CVi4CoVat+CoVn With CiyCoy ' Cr€IR

Note We can fhus put each vector V into o watrix form

Ci
C

[7]@): EZ

Cn

called the ®-coordinate vector of V.

% We con study vector spoaces using matrices

eq. P+ the space of all Po\gmowﬂa\s of degree at most n with
the standard bosis given by 1, €, t"

= Every polynomiol pcty in [Py can be um%ue‘g written as
Pt = Qo+ Ot + -+ 0nt" with 06,00, 0a€R.

and thus moy be put into the standord coordinate vector

Qo
LpeH]= 9'

Qn

% Standard coordinate vectors for Py have n+1 entries.



Ex Let ® be a basis of R given by

vl:m ond VZ:H_

(1) Find 4he vector We R with ®-coordinate vector

[0],- M |

Sol The given ®-coordinate vector yields

s GHE

Sol Take A to be the wmoatrix with columns Vi, V5 .

\/\]e wont W = X\VT‘\‘XLV;_ —_:> W = AY

|-l 3| e [DO 2
||| O@%—I

A W

= X =2, %=1 =5 W=2V-V, = [W]®= [_ﬂ

Note Geometrically, B-coordinates come from the oxes olong W, ¥,




Ex Determine whether each set of polynomiols is o basis of [P
() pety=2—t, pt) = I1+t* pb) =3t-2t"
Sol Take A fo be the matrix with columns [pct], [pt)], [pH)] .
The stondard basis of P, is given by 1,t,£*
Pt =2:1+(-1)t+0ot*
= | py=11+0t+1t
Pty =0 1+3-t+(2)t*

= [pet]= m [Pt = H pet] = H

2 1 0]
= A=|-10 3 |= det(A)=-8%0
| 2

o L

=y The set is | o basis of ]
(2) Pty =3+2t% pot) =2-t+t" pt) = I1+t+t*
Sol Toke A to be the wotrix with columns [pet], [pet], [pet]
The stondard basis of P, is given by 1, t,+*

pt) =3 1+0-t+2-t
= | PO =21+ (=)t +3
pety =11+ 1t+1-t*

o) 2 I
= [p]= H , [Pt = H , [pt] = [ l}
2 3 I
3 2 |
= F\—|:O -1 |}—>deﬂﬁ\)-0
2 3 |

= The set is @Jr o basis of P




Ex Let V be the subspoce of P sponned by
o(h) = 2t +3E 4 peb) = |-247, peb) = 3+41-2
(1) Find o basis ® of V.
Sol We find +he coordinate vectors [p )] [pB], [pet)] .

The standord bosis of P is given by 1,434
P =01+ 2t +3t +(-1)t

= | ) =11+ 0 t+(2)t*+0-
Pt =31+4t+0 t"+(2)t

o) I 3
2 o) 4
= [reol=]5 | bl =, ] [pbl=| g
] % il

\V is sponned by p ety pet), pet),
=V wmoy be regorded as Col(A) where A is the watrix with

columns [pct)] | [p,cd], [RH] |

(0 | 3] ‘Do 2]
204 | |o@ 3
A= 2 5 0 — RREF(A)= 60 0

402 00 O

L. - L. J

RREF(A) has ‘ea&’mg 1s in column 1 and column 2.
= A bosis of Col(A) is given by [pcd)], [ptH]

col1,col2 in A

= A bosis of V is given by




2) If possible find the B-coordinate vector of
prt) = 2+ 6t+ 5t -3t

Sol We find the coordinate vector [ptt)]

Pt = 21+ 6+ 57+ (-3) -t = [ pet) | =

Take B to be the watrix with coumns [pct)], [pc0)] .
We want pet) = x,p,tt)+ %, p,ct) = [ pct) [ = BX

o1 2 (Do 3

2 0 6| RREF [0 2

3 -2 5 OO0 O

L_l O -3 O 0:0
B [pt)

= Xi=3, =2 = ph) = 3p+2p,h = [ pet)] = [ﬂ

Note It o po\gmomia\ does not lie in V, its ®-coordinate vector
does not exist.
eg. ¢ =1-3t+2t"—t

= The eaouaﬁon BY=[%(JC)] hos no solutions.

(0 | I— -CDo 0|
2 0 3| RREF |0 (D) O
~A~
32 2 o0

B [4t)



