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Wi () 3x+2y=T7 (b) %X+y—7zz=\/§ iglad

Gha ()X —2x +10x, +x, =0 () (sin%))(1—4)(2:e2 R
ol
igha e (e)@<rz=2 (He)-2y=4 i pt
elda

NonL.inear (g) 2X, —3X; =0 (h)@@: 4 =
\

(he & (bl paidl ds o
0RO

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; :



[

deola
Ethaien @ b ¥l ddea da
ax, +a,x, +---+ax =b
X =5, X =8,..,X, =5 < a8, +a,s, ++---+a,s, =0

(slad) e sanal (o ol Jiaill)2 JUa
x+2x=4 (2,1)d~ie.x=2,x,=1
x=4-2x,
X=t=>x=4-2t
{(4-2¢ 9|ce R} or {(s, 2 —%9)|s € R} Jslall de sana aile
(x, %) =(4,0)+ 1(-2,1) = (0, 2) + 5(1, —1%) < eladll J<illy,
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= a System of m linear equations in 2 variables:
apXy + dpX, + -+ ax, = 4
Xy + ApX, + 0+ Ay X, = b
a.X, + a X, + - +a, X =0

= Consistent 4auia :
da JAYI e csla 1)) A Ll dadl)l c¥aladdl ddaa e J 58,

= INconsistent 4auia e :
o (sl el ¥aleal) dlaa @l ol 1)
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; Gldaadl Notes «
Sl o La) ddad ca¥alee dlea S
baualh as 5 (1)
dslall e 4l Y (2)
da 4l Gl ¥ (3)
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o« EX 3: (ka cValas dea Ja)
3 X + )y

X +
X —

exactly one solution

y
y

-1 2X + 2

|
|
1 2

N

infinite number

no solution
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s EX 4: (hd &¥alaa ddaa Jal (ag saily Jall alaasiul)
X — 2y = 5 (1)
y = =2 (2

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

aa s Ja dohall ¥aled) el x=1, y= -2
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« EX5:
X — 2y + 3z = 9 (1)
y 4+ 3z = 5 (2)
zZ = 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 33l :
Jslall de sana i Janzally LSl 13) i8lSia Lagil dpdad cValas silea e J

= Notes <iaad :
281Sa Agdad ¥ alae Alaa iy baall c¥alaall dea e 06N cllaall e S

Ollaa G Jaadll 1
Dball e calide 2y ddalas @ i 2

Al Alaa L ¥ alaall aaf Cielizas d3Laal 3
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« EX 6: Solve a system of linear equations (4xie 4laa)

X — 2y + 3z = 9 (1)
-X + 3y = -4 (2)
2X — 93y + 5z = 17 (3)
S (1) +(2) > (2)
X — 2y + 3z = 9
Yy + 3z = O (4)
2X — Sy + b5z = 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
y + 3z
27

(6)><%+(6)

X — 2y + 3z
y + 3z
Z

Il HsSh ey x=1, y=-1, z=2
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« EX 7: Solve a system of linear equations (4awia e dlaa)
X - 3% + X3 = 1 (1)
2X, — X, — 2x, = 2 (2)
X + 2x, — 3x;, = -1 (3)
Sol: (1) x(-2)+(2) = (2)
(1) x(=1)+(3) = (3)
X, — 3 + X3 = 1
ox, — 4x; = O (4)
5x, — 4x; = -2 (5)
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(4) x(=1) +(3) = (5)
X — 3 + x5 = 1
oX, — 4x; =
0 = -2 (a false statement)

da 4l el ¥ deall G 5 (an inconsistent system).
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= EX 8: Solve a system of linear equations (Jsial! (e e ¥ <lla dlay)
X, — X3 = 0 (1)
X, - 3x;, = -1 (2)
-X, + 3X = 1 (3)
J (1) © (2)
X, - 3x;, = -1 (1)
X, — X = 0 (2)
-X, + 3X = 1 (3)
(1) +(3) > (3)
X - 3x;, = -1
X, — X3 = 0
3x, — 3x; = 0 (4)
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(2)x(=3) +(4) —(4)
X, - 3, = -1
X, — X5 = 0
0 = 0 (Los (i)

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

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

Jslall e diled Y cllad dadll ca¥alaall dlas 4ia s
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1.2 Gaussian Elimination and Gauss-Jordan Elimination
= 112x 1 matrix: - -

dyy  dp ay,
dyy Ay .. A | m s
_aml amz amn
n J}qr_

= Notes:

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

(2) A matrix with m rows and 2 columns is said to be of size mxzaaall (e 4 siiaa

(3) If m= n, then the matrix is called is,2 (e 42 3« 2 square of order »
(4) For a square matrix &yl <l hadll 3 | 21, 3y, ..., 2, ool kil jalic
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« Ex1:  Matrixdd szl axalISjze
2] 1x1

0 0
_O O:l 2 X2

1
1 -3 0 E} 1x4

e 7T
2 2

3x2
—7 4
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. a system of m equations in 2 variables:

a1 X
dy Xy

a m1X1 + amZXZ

Jf dyp Xy

_|_
_|_

_|_

Matrix form: Ax= b

A=
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« Augmented matrixX 4w sall 4 iadl ;

ap
dyy

a

ml

dyy

dyy

a

m?2

a
d,

a

n

n

mn

h
:

b

m

=[A] 0]

= Coefficient matrix <:Dklasll 48 gdiaa :

dyq
dyq

a

ml

dyy

dyy

a

m?2

dy
d,

a

mn _|

n

n

A
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« Elementary row operation_awY! e 4 o3 Sllaall
(1) Interchange two rows cu b Jus rio Ry < R;

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

(3) Add a multiple of a row to another row Al jlhaul jlau Cielias dila), (k) (AR + R N R

« Row equivalent (g k) il
dj\c_\uaucgﬁ‘ﬁ\upm\a;\ \J\\_\)Luw.ua\&\.qug_\\ CH giaa e (J g8
o e
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« Ex 2: (Elementary row operation Y e 40331 Clleall)

0 1 3 4] , -1 2 0 3

1 2 0 3 —»||0 1 3 4

2 -3 41 2 3 4 1

2 -4 6 -2 o L1 -2 3 —1]

1 3 3 0] 1 |1 3 -3 O

5 2 1 2 5 2 1 2

1 2 -4 3 (-2) 1 2 -4 3

0 3 -2 1| B, (0 3 -2 -1

2 1 5 -2 0 -3 13 -8
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« Ex 3: Using elementary row operations to solve a system
dghall &Yl dlaa drsdll ghad) g;:\é;i“y\ Eillaal
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 rR:QR+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|[/i572°(-2R +R, >R,
-y - z = -1 0O -1 -1 -1

0RO
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Linear System Associated | Elementary
Augmented Matrix ~ Row Operation
X — 2y + 3z = 9 1 -2 3 9]
y + 3z = 5 0 1 3 5 MR, +R, > R,
2z = 4 0 0 2 4
X — 2y + 3z = 9 1 -2 3 9 A g
y + 3z =5 0 1 3 5 % (=)R, > R,
7z = 2 0 0 1 2 -
X = 1
i y - 1
Z = 2
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« Ex 4: (Row-echelon form or reduced row-echelon form 4 siadl o Al JSA)
112 -1 4 0 1|0 5
8 é (i g row-echelon form 8 8 é _81 giigfgg frgnln
1] -5 2 -1 3 f1]0 0 -1
0 0 1| 3 -2/ row-echelonform 0 1(0 2| reduced row-
0 0 O 11 4 O O 1| 3| echelonform
0 00 0 1 0 0 0 0
1 2 -3 4] 1 2 -1 2]
0 2 1 -1 O 0O O O
0O 0 1 -3 0 1 2 -4

0RO
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s EX 5: (s> pusle 48y )k alaainly Golad SV alas ddaa Ja (ORe solution 2= Ja)
X — 2y + 3z = 9

-X + 3y = -4

Sol 2x - 5y + 5z = 17
augmented matrix ) ) i )
1 23 9] [l 2 3 9] o1l 2309
-1 30 422,10 1 3 5/ 2|0 135
2 -5 5 17 0 -1 -1 -1 0 0 2 4

Q1 =2 3 9] 3 3 o1 00 1 -
1o 135r31’r32’r21.010_1ﬂxy :_i
_O 0 1 2_ 0O 0 1 9 7 = 2
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» EX 7: Solve a system by G.J. elimination method (infinitely many solutions)

2x, + 4x,— 2x;= 0

3x, + 95X, = 1
Sol:
A gall 43 shucal FD 3 D p-2)
2 4 -2 0 1 7712 ' 2] 10 5 2
>
35 01 01 -3 -1
>, X + 5X3 = 2 X, X,
X; _3X3 = -1 );j\ ).u:uﬂ\ X,
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X, = 2-— 5X,
X, = -1+ 3x,

il xp = £ OS5 Jslall de sena
{(2-5¢—-1+3¢ 9|te R}
Jslall (e iles ¥ el Ahall ¥ abaal dlea Nl

ORsi0)
ol
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» EX 8: Solve a system by Gauss-Jordan elimination method (no solution)

X - X, + 2x, = 4

X + X, = 0

2x, — 3Xx, + 5x; = 4

3x, + 2x, — x;, =1
Sol:

1 -1 2 4 1 -1 2 4]

1 0 1 6[f s ha h [0 1 -1 2

2 -3 5 4 "o 0 0 -2

3 2 -1 1 0 5 -7 -11
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X, - X, + 2X, = 4
X, — X, = 2
—— 0 = =2

5x, - [x, = -11

Ja el Y ddaall ca¥alaadl dlea ciliaiios A80EN Asladl ) S
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« Homogeneous systems of linear equations 4wilaiall adll ¥ alaall dlaa:
e saza ol il CilS 1) dusilaia Ll dlaall e J g

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

« Trivial solution g2l 12 x =x, =---=x =0
« Nontrivial solution: other solutions

[EicsE
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy ; :



[

ojligJl

= NoOtes:

(2) Valaall dleal daie Gl paiall 2o (e Bl ddiie dlea GValae 220 S 1)
Jslall e 4l ¥ dpkaald),
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= EX 9: Solve the following homogeneous system
X + X, + 3x;, = 0
2x, — X, + 3x;, = 0
Sol:
2 3
1 13 0% %" 1020 X, + 2%, =0
2 -1 3 0 0110 ! X, + X;=0
X, X, letting x; = ¢ then the solutions are:

free variable:  x, {(-2¢ —¢, §|te R}
When £ =0, x, = x, = x, =0 (trivial solution)
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