] MATH 5230 EXAMPLE COORDINATE MATRICES

Let’s explore coordinate representations of matrices and changes of basis.

Let T : R? — R? be defined by T'(z,y) = (3x + 2y,4y). We will consider the relationships between
matrix representations of 7' in coordinate systems associated with the following bases:

e a={(1,0),(0,1)} (The standard basis)
L4 ﬁ = {(17 1)7 (_27 3)}

o f = {(1’ _1)’ (07 1)}
First, let’s compute [T, (the standard matrix of T'), [T]g, and [Tz
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e T((1,0)) = (3,0) = 3(1,0) + 0(0, 1) so that [T((1,0))]a

o

] and

T((0,1)) = (2,4) = 2(1,0) + 4(0, 1) so that [T((0,1))]a
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e = [0 [0 1= [ 3] -4

o« T((1,1)) = (5,4) = 2_53(1, 1) - é(—z,g) so that [T((1,1))]s = {331//55} and
T((=2,3)) = (0,12) — 2—;(1, 1)+ 15—2(—2,3) so that [T((=2,3))]s = E;‘;g} Therefore,
)= [l T2 ] =3 % ) -
o T((1,1)) = (1,—4) = 1(1,—1) — 3(0, 1) so that [T((1, —1))]y = {_13] and

T((0,1)) = (2,4) =2(1,—1) +6(0,1) so that [T'((1,-1))]g = E] Therefore,

1 = [0l .l ] = [ 2] =

Next, let’s compute change of basis matrices. To convert from [-coordinates to a-coordinates and then
from [’-coordinates to a-coordinates.
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e (1,1) = 1(1,0) + 1(0,1) so that [(1,1)], = L

} and

(—=2,3) = —2(1,0) + 3(0,1) so that [(—2,3)], = {_ Therefore, we can change from /5 to «

coordinates with the following matrix:
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e (1,—1) = 1(1,0) — 1(0,1) 5o that [(1, ~1)], = [

(0,1) = 0(1,0) 4+ 1(0,1) so that [(0,1)],
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with the following matrix:
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] . Therefore, we can change from ' to a coordinates
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e To change from 3 to 8’ coordinates we can follow: 8 — « — ' thus

== etr= [y

(Or directly, (1,1) = 1(1,—1) +2(0,1) and (—2,3) = —2(1, =1) + 1(0,1).)

Notice the following:

[T]s = [alT]all] = PT'AP = B
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Finally, let v = (=1, 3) then [v], = {_31] so that [v]y = [T [v]a = Q" {_31] _ {ﬂ.

L

(T(v)]y = T3 [v]s

On the other hand, T(v) = T((=1,3)) = (3,12) and [T(v)]s = [I]* m _ o H _ m
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