Math 415 - Supplementary Handout 2
Computing Coordinates When Basis Vectors Are Orthogonal

Consider the following 8 vectors that represent a basis of R®:

1 1 0 0
1 -1 0 0
0 0 1 1
v = 0 Vg = 0 V3 = 1 Vg = -1
01’ 0 ’ 01’ 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
Vs = 0 Vg = 0 Uy = 0 vg = 0
1|’ 1 ’ 01’ 0
1 -1 0 0
0 0 1 1
0 0 1 -1

Computing the coordinates of a vector v, let us say ( 123456 78 )T rel-
ative to a basis, that is the numbers ¢; in the linear como representation

UV = 11 + CoV2 + C3V3 + C4V4 + C5V5 + CeUg + C7U7 + CgUs,

usually involves Gaussian elimination on the augmented matrix

1 1.0 0 0 0 O 0 |1
1 -10 0 0 O O 0 |2
o o1 1 0 0 0 0 |3
0o 061 -10 0 0 0 |4
0o 0 0o o1 1 0 0|5
0o 0 001 -10 0|6
0o 0 0 0 0 0 1 1 7
o 0 0o 00 0 1 —-1/8

However, if we note that our basis vectors are orthogonal (relative to the dot product),
then a much simpler calculation is possible:

V1V = ClU1 * V1 + CoUy * Vg + C3V1 - V3 + C4V1 - Uy
+ C5V1 - Us + CgU1 - Vg + C7U1 - U7 + CgVU7 - Vg
= vy - V1 + CQO + 030 + C40 + 050 + 060 + C7O + Cgo

=0 ||U1||2



And so

V-V 3
Cl = — = —
loa]* 2
Similarly we have
Vg + U —1
02 pr— 3 = —
[[v]] 2
vgev T
03 pr— 3 = —
los)® 2
Uy + U —1
C4 pr— 3 = —
[0l 2
Vs + U 11
C5 pr— 3 = —
[[os]]
Vg - VU —1
C6 pr—y 3 - —
[vs ]l 2
V7 -V 15
C7 = 3 - —
[ —"
Vg - U —1
CS = 3 = —
[vs]] 2

And as thay say at Staples, “That was easy”.



