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? Lecturer responsible for this course:
‘ Mr.Luechai Tiprungsri
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Room Number: 305
Tel.: 081-972-5793

Email: luechai.ti@ssru.ac.th
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X
' Systems of Linear Equations in n Variables

A linear equation in n variables is an equation that can be
written inthe from

a+axXe+asxs+...+ax,. = b

where
a,, a,, as,...,a, and b are real numbers

and Xi, X3, Xs,...,X, are variables
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S LL Systems of Linear Equation in Two Variables

A systems of linear equations in two variables has the form

ax+by=¢ where a, , b, are both non-zero
ax+by=¢ and a; , b, are both non-zero
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& The following are some examples.

3Xx -y =0 8x - 2y =5 -2X + 6y =3
5x+2y =22, -12x+ 3y =7 , 4x - 12y = -6
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L Deffinition of systems of equation
© Two or more equation considered
é » simultaneously from a system of equations.
AP
4 Deffinition of a solution
@ . :
b A solution of asystem of two linear
B equations in two variables is an ordered pair
(a,b) that both equations of the system.
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L Solution ARIBEH!
Solution set LaNALDRE
UNUEU

U Sy, 52,55,...,5 Bandilu wataan (Solution)
UIANMILLILRY @i +aXo+aAsXs+...+aX, = b

= ' o o =
WIAWNUAT X;=51,X,=5,,X:=S,,...,X,=S, kavinlvaunstiluaie
LALLAAUAINALRRLUAIRNMSLTIFUTBENTT LUAKALRAE
(Solution set)
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E Il; Example 1 Solve the following system of linear equations using
elimination method

® 3x -y =0
/.| Solution 1 SX+ 2y =22
:' WE will eliminate y from the equations and solve for x.
Vv 3x -y =0 ..(1) |From (1); substitute x=2
@ 5x+2y =22 ..(2) 3(2)-y=0
¥ y==6
- 6x -2y =0 ...(3
[ 2x(1) i 1y P 3) The solution of system is the order pair
(2)+(3); s (xy) = (2,6)
x=77=2 or The solution set is {(2, 6)}
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E L. Example 1 Solve the following system of linear equations

luechai

' 3Xx -y =0

© _ 5X + 2y = 22

/.| Solution2

3 -y =0 . (1) substitute x = 2 into equation (1)
f: 5X +2y =22 ...(2) 32)-y=0

o | From(1); y = 3x y=6

p: | substitute y = 3x into (2)

5X + 2(3X) = 22 The solution set is {(2, 6)}

11x = 22
X=2
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‘E |ec_ Example 2 Solve the following system of linear equations _
' 8x - 2y =5
o Yz
-12x+ 3y =7
7 Solution
:’ 8 -2y=5 ..(Q1) The resulting false statement
S12x+3y=7 ... (2) indicates that there is no solution
£ of the system of equations.
@ 3x(1); 24x - 6y =15... (3)
b 2X(2); -24% + 6y = 14 ... (4) Therefore, the solution set is
— ’ the emtry set, and the system is
(3)+(4); 0=29 inconsistent.
BMA | BMA | Lec] system | 5 |67 8] 9 10 11I12IGllGZIGilGlBIHIlﬁlﬂlml21I22I£|24IZSIZEIHIZEIBIiﬂlillEZIBIHIEEIEEIS?IMmamxtnmlﬂﬂly#}»t
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E’ |ec— Example 3 Solve the following system of linear equations |
o -2X+ 6y =3
4x - 12y = -6

7\ Solution

% Since the two equations are exactly

A -2x+ 6y = 3...(1) the same. Therefore, the lines coincide;

£ 4x - 12y = -6 ... (2) we can conclude that every point on the

@ line is a solution of the system.

pi| 2x(1); -4x + 12y = 6... (3) Therefore, the system has infinitely

many solutions.
(2)+(3); 0=0 y SOl
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L. The system of linear equations from example 1 12\:

3Xx -y =0 0]
O 5 + 2y = 22 !
7, 81
@ | Wecan draw both graphs as follows : T
Ab y = 3X fix) =3-x * P/ 7 (2:00,6.00)
4,,
.l -5 (2 !
@ y=ox+1l g(x)—(z)x+11 2|
L?L(] t t _2=5 t t t t _2=(] t t t t _1=5 t t t t _1=(] t t t t _I5 t

The two lines intersect at one point. The system has eXactly one solution.

-6+
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E i: The system of linear equations from example 2 I
) 8x - 2y =5

© -12x+ 3y =7

/>

4 | We can draw both graphs as follows :

A 5

8x - 2y =5 fx)y=4x-\{ =

4 2

@ 7

g 12x+3y=7 g =4x+{3
7.1 + t _;;'5 t t t + _QI'(] + t t t _1=5 t + t + _II(] + t + t _=5 t 5 llc
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-2X+ 6y =3
4x - 12y = -6

We can draw both graphs as follows :

22X+ 6y =3 f(x)= (Z).X,, (E)
4x-12y =-6  9(X) = (12)x+(12)
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The system of linear equations from example 3:
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Unique solution

fix)=4x- (g)

_5 7
© at0= (3 )<+ o =4x+(5)
Y 3
. N/ A
A‘ [Fide Grid] \\ / / /
V
\
< /\ I/
@ PN / /
| S ERER G ATy
Intersecting lines, Parallel lines,
No solution

@)
o= (£)+(3)

[Hide Grig
_—
//
L
l—/ i x

Two lines that coincide,
Infinitely many solutions

BMA | BMA | Lec | system | 5 |6 |7 |89 )10)11]12) G1] 62| G5 G123 |17 | 18] Cramer| 20 21 ] 22) 23] 24) 25 26 27) 25 29 30 51 ] 32 35| 34) 35 36 ) 37 breaktime | matrixtool | 40) [« [ w ]+ .
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the ordered triple (-9, -5, 3)

©| Example Solve the following system of linear equations.
é’ Solution X-2y+3z =10 o
S E y+3z =4 The solution is
A x=-9,y=-5 and z=3
z =3
V4
@ | sustitute z=3 into (2) which can be written as
b

y+33)=4 — y=-5

sustitute y=-5 and z=3 into (1) or The solution set is {(-9,-5,3)}

x-2(-5)+3(3)=10 — x=-9

BMA | BMA | Lec| system | 5 |67 |8 |9 ]10]11]12] G1| G2] G3 | G123 17|18|Cramer|ZU|21|22|2§|2d|25|25|27|ZE|29|E_U|31|31|33|34|35|36|E?|hreaktlme|matr\xtuullﬂﬂut . [
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E .Ie? Example Solve the following system of linear equations.
X +y-3z =11

2x-3y+2z =9

L X+y+z =-3

Using elimination to solve a sistem

YTONPRNO

The solution set is {(2, -3, -2)}

BMA | BMA | Lec| system | 5 |6 |7 |8 |9 |10]11]12] 61| G2] G3| G123 17 15|Cramer|2n|21|22|23|24|25|25|27|2a|29|3_n|31|32|33|34|35|se|37|nreaknme|matmtuulunu« . 3




¢ The Geometer's Sketchpad - [Week11-12 Cramer and Gaussian - Cramer] i T o T

ah X
o uiy wAly vaaska a9 Asudas Asia Fwu as W widee 35T [_]=]x]

=

"™ Cramer's Rule for Solving a System of Linear Equations

Cramer's Rule named after Gabriel Cramer (1704 - 1752).

This rule use determinants to write the solution of
a sistem of linear equations.
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E L For a system of equations written in general form, the =0
“**  following notation is use in connection with Cramer's Rule.
? 1. For a system of equations
4 ax+hby = ¢ a: b, X Cy
A ax+by = G A b| |y
yz C
@ the solution is given by coefficient matrix
- | [

L Ci b, a G

C. b y d a, b, £0

X = T = 12 1 p
a b 4 a, b rla; b,

a, b,

a. b,
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E L Example 1
- | ™™ Use Cramer's Rule to solve the following system of linear equations.
© 1. 3 -y=0
7\ 5X + 2y = 22
4 Solution
ﬁ % We find the determinant of the coefficient matrix.
4 ) _
G 3 -1 3(2)-5(-1) = 6+5 = 11 FIEtermlnant
b Ej 5 2 is not zero
e 0 -1 3 0 Therefore, the
22 2 2 5 22 66 solution is (2,6)
T T TR T
BMA | BMA] Lec] system | 5|6 ] 7 |8 )9 ) 10] 11) 12] 61| G2| G3] G123) 17 18 Cramer] 20 21 |22) 23] 24 25) 26) 27 28 20) 30 31| 32 33) 34 35 ] 36 ) 37 reak time | matrictool | 40| |« [_wm____ ]+ "]
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x K 2 8 -2y=5 ]
: -12x+ 3y =7
O
al S|=83- 122 =0
« B ‘-12 3
=
. B 5 s
D ‘5 _2| ‘ ‘ 116
@ (o 3] 29 y = 12 71 _ 118 no definition
Ead o 0 0 0
The system has no solution.
MmﬂmﬂﬂﬂyyynnucuGz|53|G123|17|1a|£m|z_u|££|£|24|25|2s|z7|za|zs|30|31|32|33|34|35|36|3?|ureaknme matr\xtam|nuu4#yyt
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S L 3 2x+e6y=3
4x - 12y = -6

©
B |2 6
o B 4 _pp| = (2(12)-4(6)=24-24 =0

[
AlE

i
é 3 6 ‘-2 3‘
g |6 -12] 0 g4 62
- B 0 “o0 1 0 0

The system has infinitely many solutions.
BMA | BMA | Lec] system | 5 | 6|7 )8 ]9 10]11]12) 61] G2] 63| 6123|1718 Cramer | 20 2122 23 |24)25) 26| 27 28] 29) 30 31 32) 53] 34 ] 35 36 57 ] break time | matrix tool | 40 | « . »T_
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*.| £ Exercises
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? Use Cramer's Rule to solve the following system of linear equations.
A
A
P 1. X+2y = 2 3. 3x+2y = 2
+y = =
@ 3x+y =15 6x + 4y = 14
b
e 2. Xx-3y =5 4, 3x-2y =6
-2x + 6y =-10 -6X + 4y =-12
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©
) aX + by + ¢,z
ﬁb d.X + bzy + CZ =
A asX + bsy + Gz
< 8
@ m d1 bj_ C1
y: | B
_- d2 b2 C2

d: bs Cs

X =
D

2. For a sistem of equations

d.
d.
ds

y=

The determinant of the coefficient matrix

a b ¢
a b, G
as b G
al d1 cl
a d, G
a d; G
D

D

D#0
H bj_ d1
a2 bz dz
a bs d;

D

BMA | BMA Lec| system | 5 | 6| 789 )10) 11 12) G1] G2) G3] G123 17 18] Cramer | 20 21) 22| 23] 24 05 |26)27) 28] 29) 30 31) 32| 33) 34] 35 36 37 | breaktime | matrixtoo |40 | o [ wm_____ |+
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v X Example

9 X +y-32 =
ﬁb 2x -3y + 2z =
A X+y+z =
2B Ji11-3
© 93 2
id 1

1
3
(o 31
A

11
9

-3

4 1 -3
2 -3 2
111
4
2_
1
r 2=

Use Cramer's Rule to solve the following system of linear equations.

The solution set

is{(2, -3, -2)}




