
 

First consider 112 ad verify the
definition If x.ge R then

ye
112 Also if xelR ad EF which we flee to alsobe112

then axe IR

Next the y o axis in IR is all vectors of the farm I

Let u f u LI de IR Then

un I
which is on the y o axis Further xu o also is

E

The linear co biation of columns view isaf matrix vector ult.plication

is most appropriate Matar matrix multiplication
versions 2 ad 3

are both appropriate



EI
span Sui run y ai ai diet

No take two vectors x ye span Eu
and ad ref

Then we can write

x Eidiui y Bini

for so Li snip Mn Therefore

Xt y a E Lini t II Bini
or

hits ui Ei Sini
i i w

callthis8

so xtyespa u 6.3 Further

Tx z Lini

u
E Vai Ui
i

Kgailui
Eui

S rx c span Su u3 and it is therefore a subspace



Ext
Lef ue1R3 be a vector on the keet Pla A y such uecker

has the for a I We can write ay such
vector as

a Intuit f I lui ust

Sme u was arbitrary the vectors span the kit plane

Easy
a Yes If not we could write some g as

g I at

but this would require g i
diai contradicting

the linear independence of the ai's

b Not necessarily If b ibn are linearly independent then so are

9 i Ge For example let a au TaiCRI Ther

C at a are linearly independent



ExI
Let x.ge R be orthogonal

and suppose they are linearly depeelet

Then we can write x ay for so c Le IR and so

xty fxyfyn xyty xllg.tl

Assuming yto Kyll
so contradicting the orthogonality of only

Er 7
Suppose they are linearly

dependent so that Ffs easePR

such that µ a Ma tf a O This would mean

A 13 0 Az tf to Az tf o

The last two iply 293 0 so pz o whichimplies

B o and pz o Therefore the only way to have

A a t za tf a D is it A p 13 0 from which

we conclude that a ace as are linearly independent



EI
11 112 x x Eire j pjaj

a g
t sisianEaj

tri Hell

Therefore 11 11 1141

EI
First it is obvious that the

vectors are linearly independent Now

to show thy spas
1127 ate that foray xe Ri

Xi

µ n X e t Kee t en

The vectors are already shown to be Kealy independent We could

simply vote that d.nlR7 3 so thevectors must spar 1123

More directly for Xe R



x 1 x x.tt't't't'tD
x 47 4 1 471

a X tx t Xz are X t Ks Tay X t Xz

Exloy
Among U Un the texian number of linearly independent vectors

is N so the maximum nub of basis vectors for

Spon Sui un is N

Exit
dir S I

Stc sttisespan Ef t e spas I3

These are all vectors of the form E so Stc

is the 1 27 plane ad dir Ste 2

I



Snr ve 1123 re spas I vespan L

Note that these vectors are orthogonal so SMT So

This has infinite dimension

E

Sire all vectors are in IR the maximum
dimension B 3 in which

case the vectors in St T wouldSp IR We need to check

if ay three
are linearly independent We knw that c spas the

1 21 plane so we need to see if either vector in S is

linearlyindependent of these two
We need to see if

III a a It
but this is clearly impossible so dir Stc 3 al Sre

spans
1123

Next note that

lil lil Hee
so f e Sn e St T is Not a direct sum



Ex 13
E3

µµ5

T

e

E

Note that RCA y At ER so NCA is a subspace

of IR By definition St is the subspace of vectors

orthogonal to MCAS Since we have to be able to compute

Lu g
for ye Rttl we must have ve 1km as well

Therefore vectors in St have dinasion m

Since RCA c 1127 its maximum dimension is m Fer Rft to

achievethis the columns of A must be linearly independent

since

RFA span columns of A
In total columns


