
Linear Algebra Workshop
-

① systems of Equations

② Matrices

③ Vector
spaces

④ Linear Transformations

⑤ Inner product spaces

-

Lecturer

IR {real numbers }
① = { complex numbers ,

} s←- ( field )

Tuples of real numbers
"

belongs to
"

t

= { cx , .
. -

-

, xn > I ✗ i. - ixn c- IR }
I1

"

such that
"

set - builder

"

Regard each (xx- - - ixn ) G - tuple ) as a vector
"

-



⇐ The coordinate vector of a point on the plane

is an element of 1122 .

Xz ✗

☒ : the vector

o¥✗
,

represented by laid .

Deftn We can define two operations on IR
"

:

is defined as

t
(x, , - - , ✗n ) + ( Yp - - - - Yr ) (X, -14 , , Xz+Yz , ,

- -

, Xn+Yn )

✗ ( ✗ , ,
- -sxn ) = (2×1) ✗Xz, -→ ✗Xn )

t
scalar multiplications dE1-R_

EI (1,2/3)+2 (-1/2,1) = (1/73)+(-2/4,2)=(-1,6/5)

geometric vector :

collection of all arrows

parallel to a given

☒ with same direction

and magnitude .



Linearequatrtn

✗+yet
1 linear equation

= in 2 variables-

Goal : solve it !

He set 3 ,
where s is any

real

number (parameter , - y is free variable )

X

G-s , s ) is

asoluti-on-I.is
Sonet = { are solutions }

.

S
'

= { f-s.si/sc-lR } C R2

( t -s ,s ) = ( 1,0 ) + C-s ,
s )

"¥÷:¥÷÷÷ . "⇒ + sun
I
im

moving inside

move us from the solution

0 to the point set

Clio ) on the

solution set



NZ
⇐

e.

""""

¥:2-=s
, Y = t ( free )

2x = 2 - Y -147

✗ = I - ¥-127 = I - ¥ + 2s

S = { ( I - É -12s , t , s ) / step } ⇐ 1123 )
t

solution set

( I - tz +2s , tis ) = ( 1
, o ,

o ) + (¥ ,
t
,
o) + (250 , s )

- (1/0,0) + t(¥ , 1,0) + s ( 2,0 , 1)
-

t
Parallel to the

takes us to the 1¥plane of so Inti
solution set

then
this vector moves along the

solution set .

-

Two linear equations

✗ +4=5{ ✗-ya



ÉhtÉdÉe1imaks )

{ ✗ + y= 5

- 2y= -4 ⇒Y

Substituting backward i ✗+2=5 ⇒x

S
'
= { ( 3,27 } Singleton :

"

with an element
"

Fsolutions-- Y a ✗→ =L

¥¥É;t'm G. 2)✗
✗+1=5

EI
✗ + If = I ① multiply ① by -I add to ①

{2×+68=5 ①

s=$→
0 =3 impossible

✓ empty set

the system is

""" "-

inconsistent

t-solnt.in#-- 0



E± {
✗+29=3

4×+89=12
→ {×+}!;3_

# solutions = infinity .

#Solutions ; Oil , ✗

systenofeqnatims

m linear equations in n variables Xi , -inn .

An Xl + Aiz Xzt - - - + Ain Xn = by
Az , ✗ , +922 Xz +-- + Azn Xn= bz
- ;
Amin , +

- - - -
- - + amnxn = bm

aij : coefficients €1m , lEjEn-

bi : constant terms

Define
A solution for a system as above is an

n - tuple Cx , , -→ xn ) C- IÑ

that satisfies all equations of the system .



1

If there is at least one solution
,
we call

the system consist . otherwise
, inconsistent

Two systems of equations are equivalent if

if they have

thesamesolutimset.fr-18=5

① {
✗+7=5 is equivalent

→y✗-8=1 to

51={1%21}

{
✗+4=5 not equivalent to the

0 = 0 above

-

↳ §= {(5-s.SI/sc-1R }

5
,
C Sz
*

__

Elementaryoperatimsn
① switching two equations

② multiplying an equation by a new
scalar

.

③ adding a
scalar multiple of one equation to another .



Proposition Applying an elementary operation produces

an equivalent system .

Definition
-

A system is homogeneous if the

Tconstant terms are all g.

✗ + y - 2- = O
v

always consistent .{ 2×-226+7=0
bkaoin-I.Y.ES

'

1010107 E S -1-01

equivalents

A linear system is homogeneous if

⑤ is a solution


