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VectorSpace
° Real vector space V is a non- empty set of objects called vectors

satisfying the following axioms

I . If u
,
v EV then Utv EV ⇒ V is closed under

vector addition

2
.
If c ER and UEV

,
then cu EV ⇒ V is closed under scalar

multiplication

PROPERTIES

I - Utv = Vtu commutative

2. Ut Crew) -- Cut v) tw associative

3 . O tu -

- Uto = U additive identity

4. For each u there is a unique vector -u such that

Ut C-u) = C-U ) tu = o inverse

s
. c

,
cuter) = Clut Cir

distributive

6 . (C
,
t Cz) u = C , U t call

7. Iu -
- u multiplicative identity



Examples of vector spaces

1
.
Set of all real no -s IR associated with addition and scalar

multiplication of real no . s (closed under set of all real no . s)

2 . Set of all complex no . s E associated with addition and
scalar multiplication of complex no . s

3 . Set of all polynomials RnCx) with real coefficients associated

with addition and multiplication of polynomials

4 . Set of all vectors of dimension n written as IR
"

associated

with the addition and scalar multiplication as defined for

n - dimensional vectors

5 . Set of all matrices of dimension mxn associated with

addition and scalar multiplication as defined for matrices

01 . Prove that the set of all 2×2 matrices associated with the

addition and scalar multiplication of 2×2 matrices is a

vector space

D Addition
Let A -

- ( q bd ] ,
A
'
-

- [I
'

db! ) s 't Ai A
'
E Vaz

2×2
2×2

→ closed under 2×2Ata
'
-

- fact:: bae:b'd , ]z×
,

matrices

2) Scalar multiplication
let r= constant (scalar)



' A = (rrf Ibd )
, × ,

i
r A E Van

3) Commutativity

Ata
'
-

- la. abt Cai. :D
-

- Lai:
'

a'ta'd
= ( 9! bai ] + [ E f ) -- a' + A

4) Associativity

(At A
'

) t A
" -

- A t CA't A
" )

K: :: :::.tl :: It : we :* :: :#

E::* :: :::*:: ' -- K::* :: :::#his

5) Multiplicative associativity

rel : bd ))
-
- stl : bdl)



is: %
-

- sl:: ::]

Iris: -

- Iris:

6) Zero vector

A- to = A

Lac bdl tf : :] -
- K bdl

7) Negative vector

At - A = O

C : Htt: tail : :: band -
- C : :]

s) Distributivity of sum of matrices

41 : battle: :D -

- Tac : :: g :
-

- I :*:c: : I
-

- tackler In ]



9) Distributivity of sums of scalars

*ya
.
:3

-
- L :c : :: Faisal

-
- rla.ba It slack ]

lo) Multiplication by I

'Egil : :3

Q2. Show that the set of all polynomials of degree n E3

associated with addition and scalar multiplication form

a vector space

the addition of polynomials of degree E 3 results in

a polynomial of degree E3

the multiplication of polynomials of degree E3 with scalar

results in polynomial of degree E3

i. remaining 8 conditions also satisfy



\

03 . Show that the set of integers associated with addition and

multiplication by a real number is not a vector space

addition of int with real no
.
is not always an int

eg : 2+55 = 2+55 Cf Z

04 . Verify whether V is a vector space

"- ( ( Ky ) ;
xzo

, yao , x.y Er }
D closure - holds good

2) associative - holds good

3) zero vector - does not hold

KITE :3 -I :3
Tf v

05 . Verify if W is a vector space

n

w -

- fly Ji 's" }
.
I

,

t

KH Hi " ) # w u

i
. not a vector space



Subspace

A nonempty subset of a vector space is called a

subspace of V if it itself is a vector space under the

same operations ( addition , scalar multiplication) as defined
in a vector space

example

D O E W (zero vector always belongs to a subspace)

2) if u
,
v EW

,
utv EW

3) if c is scalar and u EW
, cu

EW

° If U and W are two subspaces of a vector space V ,
then

U n w is also a subspace of V

° O E U and O EW (since they are subspaces)

° Intersection of any number of subspaces of V is a subspace
of V

Echelon Form by Row - Reduced Echelon Form

unit 1
, pg 4



Pivot variables and Free variables

Rx = O

P:
.

"
it:L

° columns 143 have pivots ⇒ u Ee w are pivot variables

• columns 2 Ee 4 have no pivots ⇒ Vq y are free variables

RANK of A MATRIX

• no
,
of nonzero rows in echelon form U of A

,
denoted by

PCA) or r

• unit I
, pg 11

Qb
. Find cis echelon form v

dis RR echelon form R

iii ) Rank

A-- f.L z )
R" "" R'

off 3g ] = U

R,→ YgRz



V

rank GCA)
-

- 2 ( to 3

,
] R2 [f 9) = R

07
. Find is echelon form v

dis RR echelon form R

iii ) Rank

A-- ( z g
-

f )
"→ a

-3129120 I , ;y ] = u

Rzt -4 , R2 Rc→ Yz Rl
rank = 2

N

R
,
→ R

,
-3 Rz

←to 9.71- l 'o ? I ]
08

. Find is echelon form v

dis RR echelon form R

iii ) Rank

"

l ! Hii::::÷l:÷÷:L
rank = 2

Rz -7123-RL z

re : :*! ! :* :÷:::t÷÷÷tu
R
,
→RitR2



09
. Find is echelon form v

dis RR echelon form R

iii ) Rank

"

III :
"

iii. I ;) -

- u
" -"""if;]

FCA)
-

- I

Rio . Find is echelon form v

dis RR echelon form R

iii ) Rank

A- = [ -2 3 I ] = U

R-→
'Y' R's ( I -3/2 -Yz ]

rank = FCA) = I

Qu. Solve the following system of LE by identifying pivot
and free variables

.

Nt 2g -132=9
2x -22=-2

3kt 2g -12=7

at :÷÷÷÷i÷÷÷:÷l÷÷÷÷÷:L
Rz→ Rz - Rz



FCA) = f. (A :b)
-
- 2 <3

V

i
. consistent

,
infinite solutions ( to -§ ! -9200 )

T
free : 2

free variables : 2

pivot variables : x , y

l :÷÷u÷H÷l
" l ! ] -ist! ) -i. Hot .- lo:o)

Let 2 -- k (free variables)

- hey -8k = -20 at 215 - 2K) -13k = 9

y
t 2K = 5 set 10 - 4k -13k =9

y
-
- 5 - 2K K = k - l

Hey ,
2) = ( K - I

,
5-2k

,
k)

,

k ER



012 . Reduce A

=/ ! { 42
,

2g )
to echelon form

and hence find the special solutions

at : : ! :3 :÷:::ii÷÷÷÷ ,
Rue R3

u -

- l : ÷ :o)

if c-- I
,

U -- f too too § § ) = R

solving Rx -- O

l : : : " t.is
pivot :X
free : y ,z, t



Nt Yt 22 t 2T = O

n
-

- -y
- 22 - 2T

i:÷÷: "i:S

014 . Reduce A

=/
I 3 3 2

)
to echelon form

,

2 6 9 7 RR echelon
- I -3 3 4

and hence find the special solutions

"

l ! ! :& :i÷¥ ! ! ! :3
f Rz → Rz - 2Rz

1 ! ! ! ! ]c" "
"

f ! ! ! ! ]=u
O - IRAR

;
- SR
- f ! ! lo ! ) -- R



Rx = O

l It :L
free : y ,t
pivot :X ,

2

" l ! ) .es/IItzL?Itel ! )

Ztt Kt3yt3zt2t=0
Kt3y -3tt2t=O

x -

- t -3g

if t=o
,
2=0

,
K = -3g

I =

. feel ← "semination.



Lineage COMBINATION

If V is a vector space and o
, ,v. . . .vn are vectors in

V
,
then Civ, t Czltzt . - - t Cn Vn is a linear combination of the

vectors cc
, ,cz . . . en are scalars)

LINEAR INDEPENDENCE of VECTORS

• if the only linear combination of vectors that produces
a zero vector is the trivial solution

,
the vectors are

linearly independent

° trivial combination : Oo
,
t Ovzt . . . -10 on

= 0

. if there exist other nonzero scalars ( c
, , Cz . . . en) where at

least some constants are nonzero and the linear combination

of the vectors produces the zero vector, the vectors are linearly
dependent

° Vectors are independent if null space -- zero vector

check for dependence

i. Place vectors {Y , vz . . . Vn } as columns of matrix A

2 . Apply Gaussian elimination on A

3 . If pivot exists for every column
,
the vectors are linearly

independent rankCA) -- n

4- Else
, linearly dependent



915 . check it

(µ , µ) , µ
are independent in R

'

at: : :L :÷÷÷÷÷l : :
""""

il :
Rf Ry -14> Rs

SCA) -- n =3
✓

i. linearly independent

o

016
. Check whether

fly ) , $1,1 ! )
are independent in Rs

a-- K !
'

tis::
'

:÷÷t"""sit , ÷. :p
i. linearly dependent

f CA)
-
- 2
,
n =3



note

I - columns of invertible square matrix are always
independent

2
.

Columns of matrix Amin with men are always:÷:÷÷÷:÷a÷:÷n÷÷::n¥:i÷:÷reduced matrix R are always independent and
so are the

'
r
'
columns that contain the pivots

BASIS

A subset S -- {v
, , vz . . . Vn } of a vector space is called a basis

for vector space V if

I - S is a linear independent set

2 . S spans the vector space V

3 . Every vector in the space can be represented as a linear

combination of the basis vectors

The dimension of the vector space is the number of basis

vectors

Basis is maximal independent set and minimal spanning set

Unique way to write a vector v as linear combination of

basis vectors



examples of basis sets

1. Basis of IR
'

{ [ 0, ] , ( f))

2- Basis of 1123 { ( too ) ! ! ) , ( § ) )
3. Basis of 2×2 matrices { [ too ] , [ Oo to ] ,

t.sn : :D
4. Basis of n - degree polynomial { I

,
t
,
t
'

, . . . .tn }

On . Decide dependence or independence of the following vectors

vectors : Cl , 3,2)
,
L2 , 1,37 , C.3,2 , l)

a- I 's :{ III.
'

II's:L 's ⇒"""":
FCA) - n=3 ( too ¥ Igf,) -5475
independent



dis. Decide dependence or independence of the following vectors

( I
, -3,27 , (2,1 , -37 ,

C-3,2 , l)

at 's ! :D :
Rz→ Rzt R2

v

f CA )
-
-2 Ln =3

i. linearly dependent
f ! ! § )

019 . Decide dependence or independence of the following vectors

( 1,17 ,
(2,37

,
(1,27

a-- L : 3 I ]
""-5 ' [ ④ ② I ]

f. (A) =L L n =3

i. linearly dependent



020 . If w
, , wz , wz are independent vectors . Show that the

differences

V
,
= Wz-w3

Vz
-

- w
,
- wz are dependent

Vz = W
,
-Wz

w
, i wz , wz are independent

hw
,
t pwzt Vw, = O ⇒ a =p -_ 8=0

C, V, t Czvz t CzVz= O

C
, (wz-wz) t Cz Cw,

-wz) t Cz (W ,
-wz) = O

W
, Ccztcz) t Wzc c , -Cz) t wz C - C, - Cz) = O

Cztc3=0 =) Cz = -Cz

Ci -Cz = O ⇒ c ,
= Cz = -Cz

- C ,
-Cz =O ⇒ c , =

- Cz

C, =
- Cz , Cz = Cz , Cz = -Cz

i
. C

, > Cz ,
c, can assume nonzero values also

i . Y , Va , Vg are linearly dependent

Q2, . Find the basis and hence the dimension of subspaces of
124
is All vectors whose components are equal
c-is All vectors whose components add up to zero



d) 4 components define dimension

V -- ( Ig ) E R" - f!! )
V-- { Kf ! ) : x E R } subspace

basis = { ( l l l 153

.

-

. dimension = I

v. f
. !§y .! Ebay ,z ER}

"- I . ftp..tt?l:asrerI
basic : { [ 100 - ITT , lo lo -DT

.
[ o o l - DT }

.

.

.
dimension =3



022
.
Let u be a subspace of 413 space 124 such that

V= { ( !!! ) E R" ; a-xztaz -KEO }
Find basis and dimension

X
,
= Kz-Kz-1714

i÷÷H"÷÷"
"

I

V= { K2 ) t k! ! ) t 441 ! ) : Kainz , 94 ER}
basis = { [ l l 007T

,
C- I 0 I 03T

,
[ I 00 IT }

dimensions =3



023
.
Find a basis for each of the following subspaces of 2×2
matrices

d) All diagonal matrices

Cii) All symmetric matrices CAT -- A)

Liii ) All skew symmetric matrices CAT -- -A )

2×2 : Lac bd ) j a ,b , c , d ER

basis:{ to :] . [ g ;] . ( 987.189 ) )
dimensions -- 4

is V -- Loa od )
-

- facto ] t d ( g p ] : aider}
basis :{ [ too ] , too ?] )
dimensions = 2

cis V -- ( gab ] -

- faff : ]tb[ 0, ;] -1dL : ;] }

basis :{ [ too ] , lo, ;] , Loo :] )
dimensions =3



ciiisv-f.gg ] -- {but ] }

basis -- { [I, lo ) } dimensions :/

Four Fundamental Subspaces of a Matrix

D CCA) - column space
• subspace of Rm
. linear combinations of column vectors of A
o FCA)

-
- dimensions (CCA)) = K

. basis of CCA) corresponds to columns having a pivot
in echelon form of A

2) CCAT ) - row space
° Subspace of Rn
° linear combination of rows of A
o f CA)

-
- dim ( C CAT)) = K

. basis of CCAT) is set of row vectors in A or in the echelon

form
, corresponding to the pivots in echelon form

3) NCA) - null space
• all solutions of system Ax= O

• subspace of Rn
• if FCA) = k then dim(NCA)) -- n - k

4) NLAT) - left null spaces
° all solutions of system Atx -- O

° Subspace of Rn

• if FCA) = k then dim(NEAT)) -- M - k
- linear combination of rows that gives 0



RANK- NULLITY THEOREM

Amxn

• dim CCA) t dim NCA) -- n
-

- rt Cn-r)

. dim CCAT) t dim NCAT) = m = rtfm-r)

024
.
Let A -- [ I

, I ]
"""PR' If I ]

(CA)
is .

M -

-2
,
n -- 2

,
r -- l

NCA) •

c.CAT)
NEAT ) . . -

I . CCA) is line through 4,3)
c . i ,

x X

2. (CAT) is the line through 4,2)
"

y



3 . NCA) is the line through C-2,1)

I 's :X;H:3

Is : : :] lbs : :]

K -12 y = O

x -- -2g

4 . NLAT) is the line through C-3,1)

is : : : : : :]

x -13g -- O

x -
- - 3g



025 . Find dimensions and basis for each of the four fundamental

subspaces of the matrix

a- l 's : 's :L :: :: :D : : : :3
Rz-3 Rz

- Rz

FCA) -- 2 2 rows v

n -- 4 →

iii.
t :O : :

Tpivot
columns

1 . CCA) -

- { 41 !) t Cz ft ) 14 , Cz ER } 164

basis :{ [ l l 33T
,

C 2 3 75 }

dim -

- 2

2. CCAT ) -- { c , / ! ) t ca ( §) I 4.cz ER )
basis --

{ µ
,

) , µ;) ) , dim -

- 2



3. NCA)

Ax -- O

cool : : : :÷ :o)
t -- O

at 2g -12=0 special
x -- - 2g - z f d

i.÷i. .
Let ye C ,

and 2-- Cz

ma'- f " "t ! ) )
dim -

- 2

4 . NCAT)

at : : " :÷÷÷÷:c : : : : :S



y -12=0 xtyt 32=0

Let y
- C Xtc - 3C = o

L -- - C X -

- 2C

= ( 2C
,
c
,
- c)

NCA'T :{ Cf! ) I c ER }
basis -

- ( ( I ) }
dim -

- I

026 . Obtain NCAT)

* Go ? } )
*HIEI :÷:Il ! ? ! ) i

""

FCAT ) -- 3 ( too § I
,
]



no zero rows : NCAT) -- J
) (trivial solution)

NCAT ) -- { ( Oo ) } origin
0

basis -- (8) dim -

- o

O

027 . Find NCAT )

ca, a -- f ! ! 4) cnn.LI?gsg! )

a. milit
.
! I 's : : ÷ ! !

FCA)
-

- 2 Let 2 = k y -12k
-

- O n
- 2K -12k --O

n =3
y
=
-2K n -- O

¥14;)
NCAT ) = { k¥2 ) , KER )

basis -- { CO -213T }
,

dim -

- I



Rz-7 R2 -3R ,
Cbs B -- [ In }g§! ) ⇒ BT -- ( Ig Ig Ig

,

) Rz -' Rs- 3R
,

Ry -7134-2 R,
y

l! ! """" l : : in. " l ! ! ;)
Let z -- k

3g -16k -- O K - 4k -K -

- O

y
=
-2K K -- 5k

( Ifk) -- ht!] ⇒ Nazis -

- 1h17 ) , her}
basis

:{ 1.5g )}
dim -

- I

028
.
Find vector space

ca c -- fo] Cb ) D= CO - 3] cc) -- fog]
Ca) C

-

- [03=2 ( U :b) -- Lo : O ]

CT - [ O]

smallest vector space C=2= Co]

span v



(b) D= CO - 3]

- v-- x-axis in R
'

cc) -- fo
,]

V= y-axis in R
'

029 . Find column space by null space

rt;÷ ; ÷÷¥.f: :
-

i
O 14 - I -3

Rz→Rzt7Rz

" to: i. ÷,
CCF) :{ Cif} ) -14µg)-15/322/14,4 ,GER } , dim --3

NLF) -7 62 - 24T -
- O -Lytz - 3T

-

- O -2x -12k - 8h - 4h-0

Z - 4t=O -K -1k -4k -26=0

-2g -14k - 3k=O -X - 5k -- O

let t -- K -2ytk=0 x
-
-
- 5k

y
-
- 42

2=44

NCF ) -- { ' f
°

) , CER ) ,
dim -

- I



Qso . Find column space and null space . Give an example of a matrix

whose cot space is same as that of A but the null space
is different

.

a. K. :L :i÷:L : : 's :bO
column space : columns that have pivots

CCA) a { c , f ! ) -1 Crf ! ) / circa ER }
Basis :( III. I :/ }
DimCA) = 2

NCA) ⇒ Ax -- O

7g
-

- o x -- o

y
-

- o

l ! ! !!! ! :-/! !
.

nu" space may :]
origin



column space of B
-

- CCB) -- CCA)

* l ! ! ¥1
OR

columns

Cz
-

- C, +Cz

B .- l ! ! It's't : ; """r.

U

can .- aa,

/ ! ! ! )
null space : Bx

-

-
O

7g -172=0 a -12=0

y-12=0

Let z -- k

n =
-k

y
-

-
-he



Nci -- fkf ) l k ER }

Basis :{ f! ) }
Dim(B) =/

031
.
Let V= ( (a ,b>c.d) I btctd -

- o } and

W -
- { Ca , b) C ,d) l atb -- o & c -- 2nd}

be subspaces of 124
.
Find Dimcvnw)

V-- { ( Ibd ) ,
btctd -

- o )
D= - c -b

" Il Haiti:H:"
Dim =3

,
3D plane in R"



W -

- { / ! ) , atb -- O and c=2d }
b. = - a c -- Ld

w -
- If :L ) -

- faff )tdf{ 1. aider }
Dim -

- 2

w is 2b plane in RY

VAN -9 btctd -
- O ⇒ -at 2dtd= O =) a -- 3d

atb = O ⇒ b. = - a = - 3d

c-- 2nd

Mw -

- { ( Isda ) } -

- Idf} ) , der }
Dimcvnw) -- I

vnw is a ID line in R"

spanned by (3 , -3,211)



032
. Find CLA) and NCA) for the following

in a -17
.

-I } I
"" " f: ÷ :/

" at :3 's ! I :÷±÷l÷÷ ? 's. )

|Rz→RztRz
" t:÷÷÷ ,

um -

- 141} ] tuft ] test! ) )
Basis :{I;] . it:D

Dim =3



NCA) ⇒ An -- O or Un -
- O

62=0 -

2g - 3-1=0
- 2K - 6kt 4k -- O

2=0 Let t -- K -2x - 2K --O

-2g -

- 3k K= - k

y
-
-

-

Ih

NCA) = { k f} ) ,
k ER}

Dim -

- I Basis :{ 1¥ ) }
033

.
Reduce to RREF and determine ranks

. Identify free g
pivot variables.

ciinf! -4g ?

cnn.fi! ! ! ! )



iat÷÷÷÷:÷÷.nl : : It
| Rz→ Rz -Rz

co: :-# ÷ :*:c:c : :÷÷ ,
R, -7 Ri -13/2123

Rz→RztR3

lol : : : t : : :* ,
rank =3 free variables -- t pivot variables - x , y ,z

it! ! ! t ! ! ! :L ..

E. l:
'

: : : "t : : :
U O O O l

l: : : : ÷ ::÷÷,
R , -3121 -Rs



Rz-7122-7/2123
rank =3 v

Fier:::::ii÷. . .tl ! ! ": ! )
034. Examine if following vectors are linearly independent

{ Cao, ] . 1777 .fi ' } ) > 17,4 ) ) in Main

linear combination that produces o vector

4420,7+4971+4781+43,47=18 :]

t.si
,
:3 -' Ii

.

+ ti; :D
-' L'¥44.34: :]

(
c,
- c
, -12cg - ez -12cg -14

= [ Oo Oo )
-2C , tcztcz - 4 Cy c , + Cz -14 Cy

]

C , -10oz - Cz t 24=0

04 - Cz -12cg 1- Cy IO
- 2C

,
+ Cztcz

- 44=0
Cl t Cz to Cz t 4cL, =D



at:÷ : i :L
Re
,
-3 Ry - Rl L Rz -7 Rst ZR,

I :÷÷:¥÷::k÷÷ ,
O o 3 3

{Ry→Ry - 3R3

rank =3 L 4 U -
- Too ! )1 free

,
3 pivot

i. vectors are linearly dependent

035 . Examine if following vectors are linearly independent

{Htt -12
,
2t4t

,
3t2t2t -123

Z
t

eat : : 'd :÷:÷l÷÷÷tt÷÷÷ ,
I

rank -- 2 L n =3

can also do (2,1 , l )

-

'

. linearly dependent



existence of inverses

EXISTENCE of INVERSE FOR RECTANGULAR MATRIX
C . . . . ]

° Let Am×n be a matrix such that FCA) = m (men)

. Then Ax -- b has at least one solution x for every b

if and only if the columns span Rm as many

° In this case
,
A has a right inverse C such that AC=Im×m

Amxn Cnxm = Imxm

° Let Amxn be a matrix such that FCA) -- n Cn em>
I :]

. Then Ax -- b has at most one solution x for every b

if and only if the columns are linearly independent
unique

• In this case
,
A has a left inverse B such that BA -- Inn

Bnxm Amxn = Inxn

Best Right Inverse

( = AT CAAT)
"

Best Left Inverse

B = ( ATA )
"

AT



036 . find right inverse of A

a-- L : : ooh
. .

M =L n =3

A-'=/ !
"

§) = c ← infinitely many
3×2

AC = I
2×2

037. Find left(right inverse for the matrix (whichever exists)

a-- L'
o

'

, :]

Step 1 : Apply GA and obtain rank

step 2 : check if f
-

- m a f
-

- n

Step 3 : if FCA) -- m then RI exists

RI= AT CAAT )
"

if GCA)
-

- n then LI exists

LI = CATA )
- I
AT



A -- [ "
o
! 7)

2×3 inrersmeaff.am
f-- 2

-

- m ⇒ RI exists

RI -- c -- at caa,
-1

dad's ]
!#I

-

ab )

a- n't : : l ! ! )
-

- Kil

ca - Ati
'
-

- [ 2, L]
"

-

-LII ) ( t)

* can't --

tf ! ! !! ? I ?! If! !)
3×2

"

¥,
-"i;D



038 . Find the inverse of A

at : "it.nl : :L
m =3 n = 2

g
-
- 2 -- n ⇒ Left inverse exists

B. = CAT . A )
-'
AT

a' a -

-

C : : ill ! ! )
-

- ti 'd

cat -ai
'
-

- fi, Lj
'
-

-Hill 's)

CAT -Ai
'
- A
'

= (7,3, -1,33 ] ( t ! 7)
× ,2×2

B -

- 174, "
y} 1%72×3



MATRICES of RANK 1

.

every row is a multiple of the first row

. can write matrix as the product of a column vector and a

row vector

° A = UVT

039 .
A-=/ ! , Is Ig .! )

as column x row

(g)
c ' 23 " '

=/ ! , I. Is .! )

040
. Which vectors Cbi

, bz.bz) are in CCA) ? Which
combination of rows of A gives 0 ?

↳ NEAT)

a-- lo: : : :o) o

'

: : :]
O O O -5

|Rz←R3
am.fi/bItal?lknw-4f ! ! ! Is]



Basis -- { Iba] , (& ] } Dimech) --2

NEAT ) ⇒ use CA :b]

ca :b' -- f 's ! ! ! ! !;)
| Rz → Rz - 2R,

too :& 's ::÷ ."!
I RzH R2

too ! ! :S ::÷ . .nl
NEAT) = linear combination of zero rows

NCAT) .- ( of ) bz -- o



041
. Vectors Cl

,4,2) ,
(2,5, D , (3 , 6,07

Let b--

( by;)
Find NCAT)

,
C.CAT )

A -- fly § ! ) from vectors

a-- II : !÷÷K÷÷:l÷÷÷:÷:*.!
|Rz→R3-R2

too :o÷÷:÷:*.'
by - bzt2b ,

= O

Lbl- bztb3=0

NCAT) -- { (F ) } Dim CNCAT )) =/



(CAT ) -- (Cif } ) t Caf!) / C , > GER}

Basis : ( (by] , [ 45g ) ) Dimcccatll
-

- 2

042 . Reduce the following to RREC and determine
their ranks

(a) Identify pivot g free vars

(b) find special solutions to Ax -

- o

cnn.IE -E
-

I

ii. at ! ! ! ! )



" at:* : :÷÷:i÷÷÷.

R, →ER ,
JB
-' RstRz

foot -inky- foot !O l O Ruh -IRL

R,→R ,
-Rz R2→R2+Y2R3 Rz -7¥ Rz

too !! !.IT#....ko::..:nIr
pivots : x. y ,

2

free : t

NCA) -7 2=0

Ytzt=o
NCA) -- ft %) Iter}

y= -3kt

N +3T -12T -- o
MA):{ tf ) Iter)

n= -5T



ii. at ! ! ! ! ¥ ! :L
L Rs→ Rz - R ,

I :*.
""

l : : !
.
"

O O O l

Rz-543 R31Rz -7 42 Rz
Rz→ Rs-7/3 Ryl : : ": :# I .nl÷÷÷ :L
R, -7 Ri - Ry

Rh Ri- Rz f R2→ R2
- 312%

Pivots '

e'
" " t

( boo ! go § )
f Ri

-' Ri - R2

n cats -- 18g ) origin ) flog 7g 8g ooo
,
J -- tax.



043 . For which vectors b -- ca b c) does the following
system Aa -- b has a solution

Kt 2g = a
key -122 =b

3.x - 42 -- c

cnn.li
.
:÷:I÷÷÷E÷÷÷÷,

FCA )=3 -- n I R3→R3 - 6Rz
consistent

, unique f ! I ÷÷zb!:*)
for all values of a

,
b
, c solution exists

day . Let A -- [Ig 162] w -

- f? ]
Determine if w is in CCA)

,
NCA)

a-- f'sH"4L
-

o

'

o

"]



CCA) = { C , ffg ) , Ci ER}

for 4=-43 , v
-

- [2, ]
-

- W

.

: w C- CCA)

NCA) =) -67C -112g
-

- O

x -- 2g

NCA) -- flags] }

-

- {yall

NCA)
-

- { k 12, ] IKER }
for k -- I

,
V-- [ 2,1

'

- w

i . WE NCA)


