
 Lecture XXI 53.7 LinearTransformations

So far we've studied.IR subspaces of R li spanningsets bases dem

matrices NA Riatihiispia
Ournextgoal relate subspaces of112 n'alinearhunterscalledlineartransformations

Recall fromCalculus that a function I B Rm takesinputs from

R gives output miR
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Eg tax 2x they X y sin lxty

Is n 3 m s Called VectorFields in Calculus
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1 LinearTransformations

Lineartransformations are function from IR to K for from
subspaces of R to Rm which respect thesector space structure

ie addition scalar multiplication

Definition A linear transformation T A IR is a function

fromIR to IRM satisfying

TIE E Tle Tie for EI miR
T se Tie for it in IR a scalar

I Canrestrict to subspaces T X IR because of S2 S3

taking 5,5 in N

Almost none of the aboveexamples an linear transformations Only

fix y 2 99 R IR is Write T R R T Y extly
Check it's linear
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The point is in thepicture 7 1 I n't is at

thxis Xm
EVERY fi ta fm has to be a linear expression in Xi xu
without a constantterm if F is a lin transf



Example in Let F R2 R2 F y Yy
This is not a linear transformation

I Y Y F YY Mt'd 14,12 notequal
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Find a rector y so that 611 i
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Key If T R R is a linear transf thenTEL m
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Exampleate I 11837 1 9 9 4 8 confirmsFis meta
linear transf

takeX y o intheformula

2 Main examples

Warmup Every lineartransf T R R is determined by a number



auth Tix ax a Try

Check this is a linear transf

Thx t al x the ax taxa Tix l t tix

Tax alex c tax Ctx r

Now check any denial transformationTis completely determinedbyTy
T x TIX 1 X Ty so T is ofthe frm

thinkof x as a scalar x inR ms axil

Main example Fix a matrix A of size m xn

Define T R IRM by TIF AF

Rememberthepicture
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Then T is a linear transformation by the algebraic propertiesof
matrix operations 51.6 Indeed
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Nexttime Linear transfT.IR'tNan completelydetermined by their value on a
basis for R Same istime for T N IR fr N a subspaceof IR


