Lecture 5. Linear tronstormations and their matrices

% A function T R'—R" is called o linear transtormation it i+ has

the following properties -
O T@FV)=T@)+ T for any W,V e R
[ TeV)I=cT(V) for any celR, VeR
Note In Math 313, we will use linear transformations to study various

functions.
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% € has | as the i™ entry and 0 as all other entries

(2) The zero vector of R is the vector T e R" whose entries are

all zero

Note Every vector in IR con be written in terms of the stondard

bosis vectors .

Ci C O O
C O C O
V: :Z é V: N + :2 +.+
Ch () Ch
L - L..DJ L L -

:> V — C|€T+CL€z+"'+Cn€>ﬂ

Prop For every linear fransformation T, we have T(0)=7.

pt T@)=T20)=2T(0) = T(0)=0



Del Given on mx@ wmotrix A with columns W, Wy, ", Un ond o vector
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e R, their product is defined by
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Thw  Given o linear transtormation 1 - IR —R", we have

T(X)=AX
where A is the mxn woatrix with columns T(&), T(&), - Tl
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T(?) — T( Xua'\‘Xz?z"’ +Xﬂ€ﬂ )
= T(x&)+ T(%&) + -+ T(Xne)
— XlT(a) +X2T(?2) T +XV\T(€>‘(\) - [‘\Y

Note (1) A is called the stondord matrix of T

2) All coordinates of T(X) are of fhe form

QX+ 0o Xa + -+ 08X (With no constant terms |

2 a2 )] 2t X
o (o] = e [oa X[
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Ex Determine whether eoch function is o linear '\"Y‘QVNS‘QOT‘W\O\ﬁOﬂ.
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Sol The coordinates have power fterms x* and y2.

1 T R — R with T([ﬂ

= T is ‘V\oJr o linear ‘\'mmswcormaﬁ@
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Sol All coordinates are of the form ox+by

@) T, RF— R with T([ﬂ

= T is [a lTnear ‘\‘raﬂswcormaﬁoﬂ

Note In foct, we have
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Sol The first coordinate hos o nonzero constant term.

T,

= T: is \V\oJr o linear ‘\‘mnswﬁorw\aﬁon\

Note In foct, we haove Ta(ﬁ)hlié}#ﬁ




Eﬁ Consider the linear transtormotion T @ IR*— R* with
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Find o formua for T(X) with ¥ =[x |.
Xa
Sol  The standard wmotrix of T is
(21 0|
0 2 3%
A=11 02
-1 | O
with T(@), T(@&), T(®) as columns.
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Note The entries of A yield the coefficients for X, ¥, Xs in the

formula..



