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System of Linear Equations

Linear Equations

It is a collection of one or more linear equations involving the same variables—say, X;;
...... ; Xn. An example is

2,"[1 — X2 -+ 1.513 = 8

X1 - 413 = —7

Solution of the system is a list of (Sy; Sp; ..... ; Sn) of numbers that makes each equation
a true statement. For instance:

(5, 6.5, 3) is a solution of the previous system so that substitute the values (5, 6.5, 3) in
X1, Xo , X3 makes the equation true:

U s e Cung (Xq,Xp,Xg) SIosiell (5, 6.5, 3) af de sane 0o 3oke o5 SYaladll (e allai s
Slia | AY) Calally dall dagii aey ol pially akll o3

X1=b, X,=6.5, X3=3

2X1-Xp+1.5X3=8  .eee.., (1) Xy-AXg=-T oo )
2(5)-(6.5)+1.5(3)=8 5-4(3)=-7
10-6.5+4.5=8 5-12=-7

3.5+4.5=8 7=-7

8=8

Linear Equations Solution

Solution set (possible solutions) for the system of linear equations has:

1. Exactly one solution, or 2. No solution, or 3. Infinitely many solution
First state: Exactly one solution

L1 equation : x;-2X,=-1

L2 equation : -x;+3x,=3
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A pair of numbers (x3; X,) that satisfies both equations is intersection point adalill dlass
for two lines, the single point (x;=3 , X,=2).

Second state: No solution

Il - 213 = —l
_Il + 213 -

3 No intersection— no point satisfies both equations
— no solution oxilabeal) DS (583 a8 a3V 13 cla\sj DAY .

Third state: Infinitely many solutions 2V

X —2x, = =1 "/J{"’}’," X,

—4i+ 2% =1 Al points satisfies both equations
Oiabaall SIS ALEin) iy @ L3 Glilabaal) 33a5 Laliill asen

Example 1. Find the point (X;; X;) that lies on the line Xx;+5x,=7 and
on the line x;-2x,=2.

Solution: subtract second equation from first equation: s o 35 sl # 5l

0+5X,-(-2X%,)=7-2 —  7x,=5 — x,=5/7=0.71 substitute in first equation —
X1+5*(5/7)=7 — x1=7-(25/7)=(49-25)/7=24/7=3.43

— The point of lines intersect is : (X1,X,)=(3.43, 0.71) ~

4
3
2
1 543, 0.71)
0
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2
3
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Matrix equations

Include calculate the values of (X , .., X,) </_siall af Qlus 948 shian ) YAl J g3

Example 2: Solve the system: M —26 4 xa— O
2_1'1 _— 8.1’3 = 8
5;:1 - 5.1’3 =10

Solution : in matrix form :

1 -2 1 0
Ez—s s} Gliall Jada alE ) Jasad A 8 Jall

_ <3 10 X o sl Jal e e
Solution :
Ll cYaladll X3 dadd ) yaiul g QA Caall jubat e Jaad
Xy = le + x3= 0 — S ! & : .} - d}y‘ : ‘ ‘—‘)“4-‘ %—5_1'] =+ ]0_1'2 - 5.1’3 = 0
2x; —8x; = 8 G Caall b x (e paldill 5y - 5x3=10
5x) —5x3 =10 10x2 — 10x3 = 10

\ Aol Y alaall b ) il Jay Al o3 ia p00 /

A Caall ga Lgaani s 5o o ) Gl i G Cacall 3 Xy (30 all

2x, — 8x3= 8§ 10x; — l0xa= 10
10x2 = 10x3 = 10 30x: ==-30 — X3:'1

— Substitute X3=-1 in second row —2X,-8X3=8—2X,-8(-1)=8 — X,=0
Substitute X,=0 , X3=-1 in first row — X;-2X,+X3=0 — x;-2(0)+(-1)=0 — x;=1

Thus: Solution of the system is (x;=1, X,=0, X3=-1)
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Existence and Uniqueness Questions

Two fundamental questions about a linear system

* Is the system consistent (at least one solution exist)? /
(S8 Ao 2l g Ja ) (Consistent) s g 4hall c¥alaall alai Ja

+» If a solution exists, is it only one(unique solution)?
Sy da) ks asl g da ga Jed oda cllia oS 1)

In previous example, the system is consistent and unique solution because the values
of X have been computed. 2> 5 Ja 4l 5 252 50 aUail 13} aisl) Glua o5 Lalla

Example 3: Determine if the following system is consistent
X — 4dx3 =8

2x1 = 3x 4+ 2x3 =1
4x; — 8x; + 12x3 =1

Solution :
o 0 1 —-4 8
The augmented matrix is 2 =3 2 1
4 =8 12 1

Interchange rows 1 and 2: ¥ &lie Jus Jia J ¥ AE) cocall Jadus askll slayy

2 -3 2 17 [*1].
0 1 —4 8| |xy|4la¥ a¥aladll
4 -8 12 1] lxg

To emm in the third equation(row 3) , multiply row 1 by -2:

-4 6 —4 <2 .
Sl Caal
aQO 1 —4 8‘ bl 30 2 8 -1
4 -8 12 1 l

1
\ LN Cacall Jay Cacall 138 (4o say
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0 -2w@_) 232l (e paldil) e Janll ()
(2) 2221l ‘;_'1\3]\ Caall Gy (S0 s

Multiply row 2 by 2

-4 6 -4 -
ey 0 2 —8 160 0 0 15— AUl caall Ja caall I g
i giuall 0 -2 8 -

2 -3 2 1 In augmented matrix — -Intin= 1

{]' 1 —4 S X2 —4_?63= 8

0 0 0 15 0 =15

— 0 =15 never true — the system is inconsistent (no solution).
Example 4 Solve the system : A Stm= 7
Solution : 2 = ¥ Adladl s ym =200 = T2 =5

L1=2X1+10X2=14

L,=-2X;-7X,=-5

.............. ERARESNIFIEN

0+3%,=9 — X,=3 substitute in eq. L;— X;+5X,=7 — X;+5(3)=7— X;=-8
HW 3 X 4 4xy = —4

2x) + 4x, = —4
Sxi 4+ 7x =11

B. x4 3x 4+ 3x3 = -2
3xp +7x +5x3= 6

1. Solve the systems : A.

2. Find the point of intersection of the lines (X;-5x, = 1) and (3x; -7X; = 5) .

3. Determine if the system is consistent. . 43 _ 9

X3 —3xy= 3

—2x2 + 3x3 4+ 2xy= |
3.\71 + ?.‘\'_1 = -5
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