
Math 208 Cheatsheet
Solutions to systems Matrix-vector Multiplication

· any now 10 ... /9) 11a to
· can only multiply if inner dim match,

Row operations indicates no solutions (inconsistent)
e. g.

nXm xIR
**

· multiply row by (non-zero) scalar · exactly one solution iff system is

consistent ,

and there are n free variables

· add/subtract multiple of any row to another

(i . e , givot in every col besides rightmost in Aug [](E)= (7 + -/:)
· sway anyNow

· 00 solutions if free variables [i . e, at least one sol ul no givot

Echelon Form · any lin sys 2/ more variables than equs
cannot have only 1 sold

Defi

· homogeneous lin sys
always has at least one

Solution (zero solution ( :
· all Zero rows at bottom

** * *
· all pivots to right of( ⑧ * * * I pivots above

00 * *

Linear Transformations one-to-one:

the variables associatedul givot colum,

T(M) = T(r) -> n =

are "leading" variables
T : IR"-> IR" - T is a transformation

Ker(t) = 803) T is one-to-one

""W/ non-first column are "free" variables

from Domain Rm todomain R

eXi #
* 2 , are

Range is not necessarily IRV, but instea outdomina
O Free variable

a subset of RV Cequir , image

[m(T) = T(r) :
VERM Y

Reduced Row Echelon Form Im(E) = T(E)

Ref : A function T : IR
"-R" is a lin trans

· in REF
iff V i

,

veR"
,

XcER
· all givots are 1

(1) +(i + i) = T(u) + T(r)

· only zerus above pivots
(2) +((i) = XT(i)

· Allows you to directly read off solutions

Linear combinations

is F a lin. Comb ,
of i

,...,
Am ? Yequir to

i
. e. can we find C

, ...,
Im Sit.

S
is responsi, . ..

m??

<, u
,

+... + Cmi = ?

Just solve for such a
cEIR" vinG .

E.

[...]( = [

(...-eofore
exists.

Linear Independence Emma
Sean

& of L .
D.: A set of rectors

What is the set of vectors that are

Pin comb ,
of, z ,

i

. e. unifying theorem
What are

the possible Js for · ~,...,Am SganIRE A has givot in all rows

D ef L
.
F .: A set of rector i

, ...,
i'm LI

,
E] A has givot in all cols

· Set: if m = n
,

L .
I .

Et span since pirutineverora

· A seat of one vector is L .I ·

If it isn't

·

triviacan
,

....MER
tobe consistent,bb,in the Zero Vector

· any
set containing zero rector is LD.

The following are equir :

(1)
, ,

. . .
, im Span IR"

Theorem : F
, ...,

Tm EIR" are L.
D.

iff some

(2)XXzz
+ Em =

Sean,
....Lit ·

(3) [... in]/ : 5 ha So FER

The following are equir : if is, .....
Im are 6 . I.

(1), ....m are L .
F.

A = 5 has at most one

! (0) A = ( ... in] , theRFCAhasi
a

)hol ,a Contrivial
s lation for every 5

= = 0

Since REF(A) has pivot in

(i) the REF of A = [h, ... ] has a pirot every col -> no free variables

in every column



Math 208 cheatsheet
Some vector spaces : Matrix Multiplication
mu

think about where -

· kornSTSE : T =
the basis rectors go !

VectorSpaces
ie ,

solutions Est . At = O

mm is equir to function
[C][]=

def : Set closed under (H) and Scalar (* ) that
composition x = ae + bg

contains
· Range (A) is sean of columns only defined for

fact: the sean of any
set of rectors forms a sence

* =
af + bb

basis;givenSSS
· Range (T) is everything in codomain

Xy = ce + dy RRmedreachable from domain

= y
= cf + dh

To find a basis :

· All subspaces
are either the kernel or range

· create matrix Aul colvetors
ofSome transformation A(b + c) =

AB + Ac

· RREF

· nonzero NowurbasisRosea b
· for anyplane

A(BC) = (AB)C

busis for 201 space.

ax + by + cz = 0
· must be BR to I

to extend into basis ,
just

keep adding standard brosis
thisplane is kernel of -retreSee

· if det(A) : 0
,

not inv

Vector [abc]
true inverse only def for nxn

·Setofall
quadntand

Solve :

Dimension : cardinality of basis
·toyourectorSpac,na · Fin

A

exibusifor ea
· If [IlB] ,

B = A,

· else impossible
Row sean doesn't change

Note : all bases of a space have

When converting to RREF zoy"=the same size ,

i . e
.

the dim

dim (Ror(A)) = dim(col(A)

change of bases
determinants

what is Iz Writ ,
the standard basis?

Rank Nullity Theorem let B be matrix of cols of basis ingene, v is a basi f R sensingnevoleoa

rank : dim col or now seare
Bl then

U = [Y,
... Un] is the 60.

B .

matrix

R A= [* &7 det(A) = ad-b

nullity : dim ofT space ,
or thatchangeselementsT

# of non givot in RR form what is Twit busis B ? (v)

v = [5] B = [ *] -emeredenichange
of

Item [] = 2 , 17 + &e(f) busis matrix me
= [i](i) let U :

B
,
+ sta A = Can a

h = rank (A) + Nullity (*)

= [] Us :
B -

-
Sta

= B v

then cute a
let A :;

be (n-1)x(n-1 matrox

deleting it row andth col

L.T,
in terms of ron-ste back

cofactor Cij = (1)+ out (Ai))
EX : A = [01] go not in terms of stud .

let U be c
.o

.
B. matrix [? 7 for busis is

def(A) = as a ... + amCi Y Cofactor

to find equir transformation to A but in (or) = 9
, j4j + Pei + ... Hands /expansion

basis of B

do LAU
,

ie.

( convert
- Std

<applynormal
ita

std-1


