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cdghadl) cN el dlaa Jal dadia 1.1

a,X,+a,x, +---+a x, = b paie 1 @ ddad dlalag

A, Ay, -eey A, b : 4pes dlac

;. Jlapaall 2all

rataa M
a5 ¥ Aila o W Gl paial Hgda Y Gilelaa e (g55a3 Y Tkl ciValadll (1)
Agaiyjle )l

s A Al e 068 o aag &l paidl S (2)
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« EX 1 (aha e 5 had S¥alas)
ks () 3x+2y =T

s ()X —2x,+10x;+x, =0

igha e (e)@<rz:2

;;\J;

NonLinear (g) 2X, —3x, = 0
\

Al Al
&
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A4
(bl jaaiall da
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-EIJLi_ﬂ_Ii . o . . I
B tT XVY ; JE AU.L; Y alaa ‘dAA dﬁ

ax, +ax, +---+ax =b
X, =5,X% =58,..,X, =5 <w &85 +a,5 +-+4,:5,="0
fohall ca¥alaall dlea Jola S e g giad il de sanall & 1 la)) de gans

(U e sanal g ) )2 N
x+2x,=4 2,1)dsie.x,=2,x,=1
x=4-2x,
X=t=>x=4-2t
{(4-2¢ 9)|te R} or{(s, 2 —1ss)|se R} Joall de gana ajle 4
(5 %) = (4, 0) + 6(=2, 1) = (0, 2) + s(L, ~¥) <5 olall JS2,
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= a System of m linear equations in 2 variables:

apXy + AapX, + -+ apx, = 4

Xy + ApX, + 0+ dyX, = b

a.X, + a,x, + - +a, X =0

= Consistent 4auia :
da JiYI e el 13) danitae Ll dpdadll caValaall ddaa e J 58,

= INconsistent 4auia e :
da (sl Lhaall caValaal) dlaa ellas & 13)
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r Glaa M Notes
@llad o L) dudad ca¥alas dlaa S
baualh vy Ja(1)
Jslall e Al ¥ (2)
Ja i Qs v (3)
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s EX 3: (b ¥ alaa ddaa Ja)
X + y = 3

X — y = -1
.“l&.“je

exactly one solution

Py

doo
X + y = 3
2X + 2y = 6
...‘E‘.! . ... “‘E‘*
N
I_

T N

infinite number

no solution
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e EX 4: (ahad cValas dlea Jal (g sailly Jall aladial)
X — 2y = 5 (1)
y = =2 (2

Sol: By substituting y= -2 into (1), you obtain
X — 2(-2) =5
x =1

A g Ja dpbadll OVolaall ddaal: x=1, y=-2
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« EX 5:
X — 2y + 3z = 9 (1)
y + 3z = 5 (2)
Z = 2 (3)
Sol: Substitute z= 2 into (2)
y + 32 = 5
y = -1

and substitute y=-1 and z= 2 into (1)
x — 2(-1) + 32 = 9

x =1
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« Equivalent <l :
Jslall de gana il Janally USLa 13} (ii8lS5a Laghl Tokad ci¥alas ilea e J

= Notes claada :
1S oha Y alae dlea iy Akl c¥alaall dlaa e A kel e S

Oithlaa G daagll 1
Dball e calide 2oy ddalas @ pa 2

Al Alaa I ¥ alaall aaf Cielias diLaal 3
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« EX 6: Solve a system of linear equations (4ia 4lea)

X — 2y + 3z = 9 (1)
-X + 3y = -4 (2)
2Xx — 5y + 5z = 17 (3)
Jali; (1) +(2) > (2)

X — 2y + 3z = 9

y + 3z = 5 (4)
2X — dy + bz = 17
(1) x(=2)+(3) = (3)
X — 2y + 3z = 9

y + 3z = 5

-y - z = -1 (5)
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(4) +(3) = (5)
X — 2y + 3z = 9
y + 3z =

2Z =

B~ O

(6)
(6) % S (6)

X — 2y + 3z = 9
y + 3z = 5
zZ = 2
Jall sS4 x=1, y=-1, z=2
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« EX 7: Solve a system of linear equations (43xie e dlaa)
X - 3% + X3 = 1 (1)
2X, — X, — 2X, = 2 (2)
X + 2x, — 3x;, = -1 (3)
Sol: (1)x(-2)+(2) > (2)
(D>x(=1)+3) - ()
X, — 3 + X3 = 1
5x, — 4x;, = 0 (4)

5x, — 4x; = -2 (5)
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(9 x(=1) +(5) = (5 |
X - 3 + x5 = 1
oX, — 4x; =
0 = -2 (a false statement)

Ja 4l dlla ¥ Al UL (an inconsistent system).
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« Ex 8: Solve a system of linear equations (Jsisl) (e 4l ¥ llas dlas)
X, — X3 = 0 (1)
X, - 3x;, = -1 (2)
-X, + 3X, = 1 (3)
Jal: (1) © (2)
X, - 3 = -1 (1)
X, — X5 = 0 (2)
-X, + 3X = 1 (3)
(1) +(3) = (3)
X - 3x;, = -1
X, — X3 = 0
3x, — 3x; = 0 (4)
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m
() x(=3)+(4) = (4)
" - 3 = -1
X, — X = 0
0 = ©0 (Lo is)

=X, =X;, X =-1+3x

a5 Xy =t Jslall de saaa 5SS
{(3¢-1, ¢ 9)|te R}

Jslall e duled Y @llad ddadll ca¥alaall dlaa 4ia s
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1.2 Gaussian Elimination and Gauss-Jordan Elimination

a 112x 12 Matrix: r a
all alz o 0o o aln
dyy Gy .. Ap | m s
_aml am2 amn
n JJAG

= Notes:

(1) Every entry a; in a matrix is a number.

(2) A matrix with z2 rows and 2 columns is said to be of size mxnzeaall (e 4 shiaa ,

(3) If m= n, then the matrix is called & 3 g dx; 3« 22 square of order 2
(4) For a square matrix da yall Slé dadl A 2, 2, ..., @, )l kil jalic
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« Ex1: Matrixdd siadll axaliSjze
2] 1x1
0 0
_O O:| 2 X 2
i 1
_1 -3 0 E} 1x4
S
2 2 3% 2
7 4

https://manara.edu.sy/



>y

6)jliaJl

= a System of 2 equations in » variables:

a1 X
dy X

a m1X1 + am2X2

Matrix form: Ax= b

A=

Jf Ay X,

-+ éIl nX o =

+ 32 nX .

+ a,X =0
aln Xl
a X

2N ’ X — :2
amn _X/7
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« Augmented matrix daw sall 43 iadll ;

dyy 4
dyy Ay
aml 3m2

a
d,

n

n

a

mn

bl
%=1 b]
b

m

= Coefficient matrix <-Dulasll 48 gdiaa :

dyy  dp
dy Ay
aml 3m2

dy
d,

n

n

a

mn _|

=A
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. Elementary row operation k=Y e 4053 cillaall :
(1) Interchange two rows (ks Juas /’,-/-Z R,- R j

: : K).
(2) Multiply a row by a nonzero constant ~ (s_ta & 232 sl @ /’,-( ). (/() R,- —> R,-

(3) Add a multiple of a row to another row sl jhud jhau Cielias dila), /‘/;k): (KR + R, —> R,
« Row equivalent (s k!l 58Sl

Ll Sl LAY oo Laalaa) it 13 Tyl (0S50 Legil (4 sian G U
bl e
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« Ex 2: (Elementary row operation ! e a3 5¥1 cilileall)

0 13 4| ., -1 2 0 3
1 2 0 3| —=»||0 1 3 4
2 -3 4 1 2 3 4 1
2 -4 6 -2 e 1 -2 3 -1
1 3 -3 0|2, |1 3 =3 0
5 2 1 2 5 2 1 2
12 -4 3 (-2) 1 2 -4 3
03 -2 1|88, |0 3 -2 -1
21 5 -2 0 -3 13 -8
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« EX 3: Using elementary row operations to solve a system
dalaall ca¥alaa) dlea Gagall A ghad) stui"\j\ el
X -2 + 3 =9 [1 =213 9] ™
-X + 3y = —4 -1 3 0 4
2X — 3y + o5z = 17 2 -5 5 17
X — 2y + 32 = 9 1 2 3 9
y + 3 =5 |0 13 5| iR +R, >R,
2X — 3y + 5z = 17 2 -5 5 17
X — 2y + 3z = 9 1 -2 3 9
y + 3z = 5 0 1 3 5|[572°(-2R +R, >R,
-y - z = -1 0O -1 -1 -1
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Linear System Associated _ Elementary
Augmented Matrix ~ Row Operation
X — 2y + 3z = 9 1 -2 3 9]
y + 32 = 5 0 1 3 5 MR, +R, > R,
2z = 4 0O 0 2 4
X — 2y + 32 = 9 1 -2 3 9 ()
y + 3z =5 0 1 3 5 2()R—>R
zZ = 2 0 0 1 2
X = 1
— y = -1
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« Ex 4: (Row-echelon form or reduced row-echelon form 4 siasl a3l JSAN)

row-echelon form

—2 row-echelon form

112 -1 4
0 1] 0 3
0 0 1 -2
1] 5 2 -1 3]
0 0 1| 3
0 0 0 1| 4
0 00 0 1
1 2 -3 4
0 2 1 -1
00 1 -3

O 1|0 5

0 0 113 reﬁucl:ed ;OW=
0 0 0 _OI echelon form
1]o 0 -1

O 10 2| reduced row-
O 0O 1| 3| echelonform
0O 0 O _O\

1 2 -1 2]

O 0 0 O

0O 1 2 -4
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« EX 5 05 posle 48y Hk aladinly plad ¥alas daa Ja (ORe solution 25 Ja)
X — 2y + 3z = 9
-X + 3y = 4
Sol: 2x — 5y + 5z = 17

augmented matrix ) ) )

1 -2 3 9| ,0 .2 1 -2 3 9 P 1 -2 3 9
-1 30 4| -22,/0 1 3 5/ 2|0 135
2 -5 5 17 o -1 -1 -1 0 0 2 4
[P [1 -2 3 9] oo pe0 @10 0 1 x = 1
|0 1 3 5 »0 1 0 -1| — y _ 1
0 01 2 0 01 2 Z = 2
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« EX 7: Solve a system by G.J. elimination method (infinitely many solutions)

2x,+ 4x,— 2x;= 0

3x, + 5Xx, =1
Sol:
das gall 4d siiadll D (3 (D) (-2
24 20] fe i T10 5 2
35 01 01 -3 -1
X, + 5x,= 2 X X

X =3, = -1 Al paiall X,

https://manara.edu.sy/
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X, = 2- 5X,
X, = -1+ 3x,

il xp = £ OS5 Jslall de sana
{(2-5¢ -1+ 3¢, 9|te R}
Jslall e e Y el Apdadll ci¥alaall dlea Ml
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« EX 8: Solve a system by Gauss

Sol:

X - X

X,

2x, — 3X,

3, + 2X,

1 -1 2
1 0 1
2 -3 5
3 2 -1

_I_
_I_
_I_

2X,

X;

DX,

X;

/»'(_1) r(_z) ,'(_3)

12 ' "13 1

Y

6)jliaJl

-Jordan elimination method (no solution)

= 4

= 6
= 4
1

(1)
14 I3

>

O O O -

—2
—11

https://manara.edu.sy/




deola
it

X - X, + 2x, = 4

X, — X, = 2

- 0 = 2

ox, — [x, = -11

Ja dlla Y ddaall ¥ alaall e ciliaiies 280N Asladdl o S
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« Homogeneous systems of linear equations 4wilaiall dpkaall ¥ alaall dlea:
da sama Cal il CilS 13) dsilaie Ll dlaall e J

AnXy + apXy T o+ aX, = |0
ax, + a. x, + - + a, x, =|0
« Trivial solution e2d! 12 x =x, =---=x =0

« Nontrivial solution: other solutions
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« NoOtes:
(1) e hd OValae dlaa S,

(2) Valaall dleal daie Gl adall 2o e Bl ddiie dlea GValae 220 S 1)
Jslall ge 43l ¥ dpladl),
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« EX 9: Solve the following homogeneous system

Sol:

X + X, + 3x;, = 0
2x, — X, + 3x;, = 0

>

0110

X, X, letting x; = ¢ then the solutions are:
free variable:  x, {(-2¢ —¢, §|te R}

When =0, x;, = x, = x, = 0 (trivial solution)

1
B (—=) 4
1 3 017060321020 X, 4 2X, =
g X, + X, =

o O
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