MATH ZO_Z : L inear A/%&bm
Week 4

Igo_lg_u%: Chapter 4 : Linear Spaces

4.1 : Twntroduction
‘fﬂ, Linear Transformodions avd T so morphisims

4.2 The Matvix of a Linear Transformation

w}h& should T bothee with “absiract noncense ” .7

L

Abstract

Ancwer : Cross - Domon Transfer



Example

cllemis‘hh&: Suppose we want 4o balance
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lohat is o basis Br Hhe hunel ?
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o o 1 'ﬂ’/s X;z‘b'x‘l = /A)=5P4W Z]

2
X3 =’3-Xu

Balonced equation : 2L He +70, —>4CO0; + 64,0




Exomple - Suppose you have. 2 Fieguency bawds: Bose (8), hio (a0, Treble ¢r)
You also have d adjusiable otfects -

1. +Z2 Bass ,+6Mid, +O Treble XD
A- +0Bass, +0 Mid, +2Z Treble ()

3. =1 Rass , +OMid, -7 Treble (%)

q +ORass ~AMidd , -ZTreble (Xq)

Suppt»& ({Dlﬂ waunt fo 'AM"C% redundant ‘Aﬂo‘ dombinoions. T"t‘ﬂ is, appla, dbe
elteds bat agt no chonge 4o Honal balance. Thun we shoald solve

A
Ax =Xy =0 2 o"

_1 o 1\’.
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AX -2xX -x4 =0 x|~
4 6 2 -z -1]/,, 0

é)md-lqs as belore !

' (vector space)
De(?im:4ion: ,4 linear sSpace Vs aLEenJoweol with an oddHion operadion

and a scalar maHiplicadion operation cohic sHisfy Hhe Pllocsing
covditions. (¥ :h eV ond o,k e R)
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¥ The dwansion of a vector

space is the # of clewenis 14
o basis.




é)(aw\ple: ledt A= [2 g'} Shoos Hham A*= ?5] is a laear combivalion

(oal: Find numbers a,b such +hat

AroalZil b5 ]2

;GA‘F 61&

az=3 b=2 Check : [: ;}4[?2]:[@2’:}__ﬂz
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Cxawmple: Find a basis for R

13{[:,23,[3;3, 130 12528
S[5213 = 5o {fsﬁli
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Defumition: W< V i called a sabspace #
1. relW
4. W is closed uader addHion
3. Wis closed under gcalar mdli ph‘ca-l»ion.

Rreak unhl S:lO

Theoren: Zolubions 4o £(x) 4+ ak’(x) +b5tx) =0 form a 2 - dwensional subspace ok C7.
Fwd all soludious 4o Elx) +£°0x) — 6(x) =0

éXmMplel
it Assome I,?lx) = gh* l

Definttions T7: y—>W is called a linear Fransksrmadion i+

1. T(* 4%\ = TCR + T(g)
V £49€V ., heR

2o TD = AT

Also:
. m(T) = f'r(») 3 $eV§

o ban CT) = {‘Pé'/-' T(H =o§



Recall +he panL-NM”H% Thaorem: Lo ony linear 4rausfor modion
TV —W

o This is only +rue for

Finite al‘cwws/'omal vector sPaces,’

Aumlv) = dim her T) + dima (i T)
"

MM"“"a ronk o Mot all vecdor spaces are fuile
dimensional -
éXAMplzi Llonsider D: C® —> O given by E(-F) = /‘
[d) I's D a linear Arans formal ion ?
(65 (hat is the Aumel of D ?

(5'3 Wwhat is the tmarye of b 7?

¥ Rank- Mullidy does net epply.

e @ - ofun seHing.
Solukion *
[ Yes. Choeck: [(B) hn(d) = §Fece: Depy=o}
D(F+4) =D + Dlg) = § consdout funchious §
(F+9) = £ 49" = {80=c eRY
b(a$) = 4 bt} €) Im!d) -
(k$) =kt

%é co‘ $ /)(-P):% ~
for some =C”




De’;mi}ion‘- An m Uer436|e "meaw 4ramsforma4iow is calledd an isomorphismm.

Show Hhat T:R¥*—> R¥** here T(A)=STAS  where Sis uv. ZX2 mai.

Example:
is au is omorphism. (Shos T em’s-l»s)

Colution: Stard L.ﬂ, showsing T is a hnear dravs pruation. Then ind T explicidly .

o T(A +B) = TCA) +T(R) Cind T : p2% — i~
S'(A+R)S = ST'TAS + SRS | such hat TFTADN=A.

e T(LAY = LTLAS
S (AMS = ALSTAS v




Finide - Dimemsions TEAE ' T:v—sw s an isomorphisus

1.

BN S B woN

b;'ﬁeohve +

muerdible £

Jun (T) = {OS omd AV = dim
im(D=W and dmV =dimW

rank (T) = dmV =dimW

»

{V,, .,l/,,,f is a basis for V =? {Ti,',...,‘ryi is a basis for W #*

A—,— is mverdbble

. l‘r&ﬁ [AT‘) = I,,

2 Also App'g, w fo- chwensional settings.



