Lechure, #2: The Geo metny of Linear Equatons

susemS ok \WNea eguairons
Stot with o unning exomple:
2x -2y =0
K +% =5
fuo equattons  tuo unkmmuwns
we can wre v in modni-veche notation:

IRt

L ast +me we falked 0. \pout Matrix - vectr products
0Nd new we're using o vechr of varables

Tver prefocron #1:The ow View

Think of tMatrix—vector praduct o 4—&\/&(\/\3 inner—_
oroduck ok mws ot mafrix and Verwr

&3 EZ ");} S:XX = 2% "35 =D
3

Each row &— Unear nstraint



Ledls draw these $o we can viswalize 1+

2%-%4=0

5

what can we leam £rom s visual?
2
PL: Can wouw Give ma a solu o (3,2)

QL' Ts yne Solakon unRue’

This (s what we expeck o %%p\'(a\\j hagpen when
H variables = H constraints

@31 whatr would ¢+ look libe, i€ Hrare wag
no soluwtion ?

The w0 QquaanS
are, (oS é,rob%

HNW_EU'\

DU What would i kol lleg i€ Thare, was more
Man one Soluwon?



X¥y =5
2% 42y =10

The onsuns ace_
red undant

o™ Q5 Can Yo WS have the 1 of Soldfong be
AN othor than 0, or 687
N

Q

Many quesiang in Lnear alagebra are
help ful 4o think about mul\tiplR ways

Tnierpretaton 21 The Glumn View

Can alse View a Mok —vedor praduct as a
Wnear (ompinatin o€ Glumns ot fhe Mattiy

Q- A '5} gj’s =S
vV Ld

(over ¥ reals) o€
1S a SuM

ded: A \inear Cbm\o\'r!&"ﬂ/"bg
vho Vechis Vi, Yy o Un

G, + QN2 T CmVm

whew each Ci 'S o (eal nam e

RSt




TheS Ques us o new iy o think about  lingar
SRVEMS:

I Ts “hert & linear com\/)('(\ajﬂ’of\ o
BX and Z‘:’S
enak eqas [2]20

Now let's use e Golumn view) o %6'\‘ soMZ. new
in SignTs

Qb: Ts Fhere a linear tombinatiop oF
) e )

Ynar equads [T\ 2
()
N

Riemann 2w funchon
Theorem [Agerg\: £(2) is ircackiona |

Thank {lll“tg (Sd/\fs S Mo (”d&/an{— blc - Aaegp%
nakier uhak fhe right hand Cide gt

Agacn  let's visualize o what does T2 set of
veriors we (ah ger as lnar Combinations ok

REat



Let's Stk wkh ol Linear Gembinadons of ]-j—&

1
=T

What aloud all veche ek are linear Gmbinatng
ok yusy L%_BO

e
i\’\

Puthing i all dogether uR gex a_skewed grcd

_/I——}—Af}

L

and everg¥aing in bekween — al\ ot @2



TY would have been nwdh easter o€ T ashked
wWak yed Could ger oS LinGar Gomdl nattons of-

DX ongd [—;‘3
Buk Fhey are actnally Hhe. same
Queston .
D1: Are ¥here 2 —ditmensiona| vehrs Vo and v,

Sk you Cantt ger e entt® plang as lin€gr
Comlpinaions of—them?

A helpdul dekindion

det The gyglofc vorors Uy, Vs Vg s all
e Vechrs  Yeak con e, obfind as lineur

covdon aktenS o V)~ \m

%'— Are 4nere 2-diensiong| vechn Voand Vy
that AD_QE— cpan e plang?  Ves

Q.q, BX ond E’ZS
12

&2 >
=

3

The, second line Bls on e, S you dw'd get g grd



Things are, wore subtle fr 333 and large~
(33 in Julq

LeXs revisy Larker questmny

Q3 Whak does - lodk Ll T Arer¢ are o
Solkans”

Tn Yhe 2x2 (s Ahiy on\j happened, when Two PUA
were Yhe same ofter vescal mﬁ

/T %X%Q 1]
LB

In parwcular, rescaling o row and the
Congiruint dpes ot change, tae set ot
so\u¥tons

Rut more Cmplicaled Hhings hagpen in genery )

Lets See, throvwah an examphe:



2 3 Dl | X \
SR B VR N
2 2\ 2 3

Are +Hhere, ond WS hat arg Scalar MLLH’L‘Q\ZS
o0& eadh giher?

Tis hardr 4o draw in 3-d (and dent even try
oK kO—g\,\B \\Quj- T (an syl Genvingg Yo there
'S no o Solachion

@> wh a¥ equation A2eS o, ErsY vw omspand o 2

\)

28 =Y \
= X TN + 2% = |

—

2% 2y +2E =2

bd we haw ‘he  constraing-
Q% -2y 422 =3

We, had ¥hrw equations ad thr UNRRWAS |
whayr went wyg, £from e, Column perspective

wel) | e olumns oF e matein do Mot Spay)
\X\%
Ts +harl a way T e this ?
the  Column LOZ} o sl a linear ambengday
2

o 5y e 2



Exer(i5e: Expriss I’%—B S o \inddr Comb. o E}a@ _’.j

deé N set of Ve ViV, | Vm iS l(‘neqrgj

A

indepeny i (& no Vi can be, wriken as a lonear
o on  OF e TS



