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Exercises 1: Systems of Linear Equations

CECC122: Linear Algebra and Matrix Theory

Manara University

2023-2024
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Graph the system of linear equations. Solve the system and interpret
your answer + y = 4 y
pgever+ v =

Adding the first equation to the second produces a new equation, 3x
=6, or x =2. So, y =0, and the solution1s x =2, y = 0.

x -y =1
@ —2x + 2y =5
Adding 2 times the first equation to the second produces
x —y =1
0 =7

The second equation 1s a false statement, therefore the original

system has no solution. The two lines are parallel
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sx — 3y = 1

2
®—2x+

Multiplying the first equation by 2 produces

=

x =2y =1

-2x + 32y = 4

Adding 2 times the first equation to the second equation produces

Choosing y = ¢ as the free variable, x = (2/3)f + 2.
So, the solution set is x = (2/3)f + 2 and y = ¢, where ¢ 1s any real number.
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Solve the system of linear equations
I, = 2x, = =i

Adding —3 times the first equation to the second equation produces

Xy =Xy = 0
Using back-substitution you can conclude that the system has exactly one solution: x, =
—land x, = -1

x + 2y = 42
®6x+4y=14

Adding -2 times the first equation to the second equation produces
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Ix + 2y = 2
0 =10

Because the second equation is a false statement, the original system of equations has no
solution.

®%x+%y=0
dx + =0
> x + 3y =0

4 + y =0
x + 3y
0 =0

Multiplying the first equation by 3/2 produces

Il
-

Adding —4 times the first equation to the second produces

Choosing x =t as the free variable, y = —(1/4)t

So the solution set 1s x = ¢ and y = —(1/4)¢, where ¢ 1s any real number
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x +y +z.=206
@ 2 —y + z = 3
3x -z =0
Adding -2 times the first equation to the second produces

x + y 4+ z = 6
-3y — 2 = -9
a2 = -l x + y + z = 6
Dividing the second equation by —3 produces vy & = = 3
-3y — 4z = -—18
Adding 3 times the second equation to the third equation produces
x +y +42z = 6
yA4 2z = 3
— 3z = -9
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x +y + z =6
Dividing the third equation by —3 produces y + % z = 3
z =3

Using back-substitution you can conclude that the system has exactly one solution: x =

l,y=2,andz=3

@ x + y - 2z =
2x — 3y + 6z = 8
x — 3y + 3z =1
Dividing the first equation by 3 produces x + y — 2z = 3
2x — 3y + 6z 8

Subtracting the first equation from the second equation produces
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2x — 2PNk 62

= 2 4 = U

X 3y + 3Z 3
S — 10 — 8

3 3Z 3

-3 10 — 22

3y + 3Z By

Equations 2 and 3 cannot both be satisfied. So, the original system of equations has no
solution

2x; + x; £ A=V 4
6 4 + 2x;, = 10
-2x, +45r = SlE8x, = -8
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x, + ix, — 3x, = 2
Dividing the first equation by 2 produces 4x, + 2x;, = 10

=20 N 3., — 13x, = -8

Adding —4 times the first equation to the second equation produces

X + <X, — 3%, = @
-2x, + &, = 2
2%, + 3, — 13x4=N=8
Adding 2 times the first equation to the third equation produces
x, + ix, — 2x, = 2

2 3
—2x, 48 &, = 2
4, — léx, = 4

e

Dividing the second equation by —2 produces
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x, + 3x, — 2x, = 2

X, — 4x, = -1

x, — lox, = —4

Adding —4 times the second equation to the third equation produces

x, + 3x, — 3x, = 2

x, — 4x, = -1

O = 0

Choosing x; = t as the free variable

The solution 1s x, = (5/2)t — 1/2, x, = 41 — 1, x; = t, where 7 1s any real number
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Determine the value(s) of £ such that the system of linear equations has
exactly one solution, no solution, infinitely many solutions equations

@ dx + ky —

kx + y = 3
a. s e = X + Ky — i
Dividing the first equation by 4 produces 4 23
+ y = -

Adding —k times the first equation to the second equation produces

x o+ >
-5y = —3k-3
1-5)=0 =k==2
x + iy = 2 :
. 2 2 = No solution
k =2 = produces 0 s
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1, — 3

X + 3y = 3

k = -2 = produces 0 = 0

= Infinitely many solutions

k #+2 = exactly one solution

Adding —k times the first equation to the second equation produces
X + ky = 0
(1-k*)y = 0
1-k*)=0 =k==1
x +y =0
0 =0

k #+]1 = exactly one solution (trivial solution x =y = 0)

k =+1 produces = Infinitely many solutions
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x + 2y + kz = 6
3x + 6y + 8 = 4
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Reduce the system to row-echelon form

x + 2V o+ kz
(8—3k)z

k = 8/3 = no solution

6
~14

k # 8/3 = infinitely many solutions
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Solve the system using either Gaussian elimination with back-substitution
or Gauss-Jordan elimination

®x+2y=7

2x + y = 8
127 o . (LA . . |8 7
. . 9
[218}’12_)[0—3—6}’2 01 2
x + 2y =17
y =2

Using back-substitution you find that x = 3 and y = 2. Or using Gauss-Jordan elimination

Ll) i‘ ;] 7‘2(1—2)—> [(1) (1) ;il =>x=3andy=2
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—3x + Sy = 22
@ 3 + 4 = 4
4 — 8 = 32 ) i i
3 5 22 - =
3 4 4 (/7P 513 4 4 (r >
4 -8 32 4 -8 32
13 2] 15 i
0 9 -18|n" 50 1 2(r5? >0
G N R g
x — (5/3y = 22/3
y = 2

Using back-substitution you find that x =4 and y = -2

T3
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x -3z = -2
@ x + y — 22 = 5
2 + 2y + z = 4
(1 0 -3 2] (1 0 3 2] 1 0
312 5(r5Y>l01 7 11(r5?Y >0 1
22 1 4] 22 1 4 0 2
(1 0 -3 -2 ] (1 0 -3 2
re?—> (01 711 | 77> (01 7 11
00 -7 -14 00 1 2

Using back-substitution you find thatx =4, y=-3 and z =2
Or using Gauss-Jordan elimination
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X _|_ y _ 5Z — 3 (U p———
y — 3z =2
0 =0

Choosing z =t as the free variable

The solution1s x = 1 + 2¢, y = 2 + 3¢, z = £, where ¢ 1s any real number

2x + 3z
B 4 - 3y + 7z 5
& — 9 + 15z = 10

I
W

2 0 3 3 1 0 3/2 3/2] (1 0 3/2 3/2]
4 3 7 5" >/4 3 7 5 rSY>]0 3 1 -1
18 -9 15 10 8 -9 15 10 | 18 -9 15 10 |
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Because the third row corresponds to the equation 0 = 1, there is no solution to the

original system
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Graph the system of linear equations. Solve the system and interpret your

®_x_|_2y=3 ®4x+3y=7 ®j_ﬁ_3

Solve the system of linear equations

3u + v =240 X, —2x, =0
X +2) —z=6
© 43 = 240 @ & 42 =0 ®2x - .
x +y +z =2 5, — 3x, + 2x, =3
@) —x +3 +22=28 B 2x, + 4x, — x, =7
dx + y = 4 x, —1lx, + 4x, = 3
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Determine the value(s) of £ such that the system of linear equations has
exactly one solution, no solution, infinitely many solutions equations
x +ky =2 4 + ky =0 X + 2y +kz =06
®kx+y=4 ®kx+y:0 ®3x+6y+9z:—1

Solve the system using either Gaussian elimination with back-substitution
or Gauss-Jordan elimination

3 = 11 x +2y =0 2x — 2y + 3z = 22
®;+y:9 @ x+y =6 ® ¥y -z =2
rroE 3 — 2y =8 6x — Ty = 22

x +y +z =2 5, — 3x, + 2x, =3

o0

@ —x +3y +2z = G 2x, + 4x, — x, =7
4 + y =4 x, —I1lx, + 4x, =3
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