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Matrices for LLinear Transformations

= TWwo representations of the linear transformation 7:R*—R?:

(L)L GG ) = (2%, X, — 5, %, 3%, —2x_3Sx.+t4x,)

Z 1 —1 -.\‘l
QI'(x)=Ax=|—1 3 =2 | x,
O 3 4 || x,

= [hree reasons for matrix representation of a linear transformation:
- It 1s simpler to write.

-« It is simpler to read.

- It is more easily adapted for computer use.
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= | heorem: (Standard matrix for a linear transformation)

lLet 7 - R”" — R be a linear trtansformation such that

(111 czl.”'
ol : (&4
e Y — It = e = |,
_alul =] _anaz 3 §

Then the 77 < matrix who se 7z columns correspond to 7 (e.)

A=[T(e) | T(D | --- | T(e,)]

—

<

<, > >
_ | 92 s ;
= alnl anz 2 &

1s such that 7(v) = Av for every v in R”.
A 1s called the standard matrix for 7.
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Proof:

v=| ° |=wve +Vv,e

TisalL.T. = 7T(v) =

oy, s G
A= ok W SR VO
_Cl:n] (Iru'.’ -
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e +ve +---+ve)
T(\-’;e,)—i—T(\-’,e,)+~-+T(v
vi(e)+vi(e)+---+vT(e )
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vwI'(e)+v,T(e,)+---+v,T(e,)

Therefore. 7(v) = Av for each v in R”
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Find the standard matrix forthe LT.T : R® — R® define by T(x,y, z) = (x— 2y, 2x + V)
Sol:

Vector Notation Matrix No:[ation
_ _ 1
T(e)=T(@0,0)=(12) T(e)=T(0 ):H
_O_
- :
T(e,)=T(0,10)=(-21) T(e,)=T( 1 ):{‘1}
0
o o
T(e,)=T(0,0,1) = (0, 0) T(e;)=T(O )=M
1
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A=[T() | T(e) | T(e)]

L =2 .0
Nl 355 1 0O

1e.7(x,y.z2)=(x—2y.2x+ V)
= NNote:

R Lol 1 =2 0O <— x—23 30z
o] P 1 O] < Z2x+1y+0=
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= EX : (Finding a matrix relative to nonstandard bases)
Let7: R° — R® beal.T.defined by
T'(xx,x))=(0q +Xx,,2x; — X5 )
Find the matrix of 7 relative to the basis

B={(.2).(—1L.D}and B'= {(1.0). (0, 1)}
Sol:
7(1.2)=(3.0) =3(1,0) + 0(0. 1)

7(—1.1) = (0, —3) = 0(1, 0) —3¢0, 1)
| 3 O
el — [0] [7(—1.D].. = [_ 3]

the matrix for 7 relative to B and B’

A=lrda. 2. [FTda 21— [?) —03]
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- EX :
Forthe L. T.7: R® — R° given in Example 5, use the matrix 4
to find 7(v). where v = (2. 1)

Sol:
v=(2.D=11.2)—1(—1.1) B={(12).(—1.1);
=" [V]B =[:_ll:|
3 O 1 3
= [Fl.,. = 4dlv] = [0 _3][_ 1] — [2]
— 7 (v)=3(1,O)+3(0. 1) = (3. 3) B'= {(1, 0), (0,1)}
=« Check:

7C2. D=2 +1L.22)—1D)=(.3)
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