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II - Systems of Linear Equations 
 
1.  Which of the following are linear equations? 
 a) 553 321 =−+ xxx   b) 153 3211 =−+ xxxx   c) π+= 21 3xx  
 
2.  Find a solution set for each of the following linear equations. 
 a)   b)542 =− yx 2324 321 =+− xxx   c) 0223 =+−−+ zyxwv  
 
3.  Write the following systems of linear equations in the form bAX =  and give the augmented 
matrix. 

a) 
354
732

=+
=−

yx
yx

 
b)

7       5
13
432

=+
=+−−
=−+

yx
zyx
zyx

 

c) 

343
13
5233
26

=++−
=−+−
=+−+
=+−+

cbad
badc
acb
dcba

 

d)

0
0
0

3

2

1

=
=
=

x
x
x

 

 
4.  Find a system of linear equations corresponding to the following augmented matrices. 

 a)   b)  
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

−
−

−

603
412
423

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡ −

40500
12300
01032

 
5.  Determine whether the matrix is in row-echelon form, reduced row-echelon form or neither. 

a) 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

000
210
031

 

b) 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

001
000
010

 

c)

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

000
100
001

 

d) 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0100
1010
1001

 

e) 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

10000
30100
20051

 

f)

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

000
000
000

 

 
6.  Solve the following systems of linear equations using Gaussian elimination. 

a) 
82
72

=+
=+

yx
yx

 
b) 

1062
53
−=+−

=−
yx
yx

 
c)

342
5.12

=−
=+−

yx
yx
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d) 

3284
443

253

=−
=+
−=+−

yx
yx
yx

 
e) 

422
523

23        

321

321

31

=++
=−+
−=−

xxx
xxx
xx

 
f)

02
12       
35

321

31

321

=−−
=−
=−+

xxx
xx
xxx

 

g) 
21363

82
−=−−−

=++
zyx
zyx

 
h) 2 2

2 4
2 2 4

x y z
x y z
x y z

7

4

+ + =
+ + =
− − =

 
i) 2 4

2 4 10 18
3 6 9

x y z
x y z
x y z

6

9

− + =
− + =

− + − = −
 

j) 3 3 12
4 2

2 5 20 10
2 8

x y z
x y z
x y z
x y z

+ + =
+ + =
+ + =

− + + =

6

4

6
2
8
2

 

k) 2 3 4
3 2

4 7 3
4 2 3

x y z t
x y z t
x y z t
x y z t

− + − =
+ − + = −
− + − =
− − + =

 

l) 2 3
3 3 10
4 3 11 17
5 3 9 12 3

x t
x y z t
x y z t
x y z t

=
4

0

− − + =
+ + − =
+ + + =

 

 
7.  Solve the systems of linear equations in 6 using the Gauss-Jordan method. 
 
8.  Solve the following homogeneous systems of linear equations by any method. 

a) 0
0

2 0

x y z
x y
x y z

− + =
+ =
+ − =

 
b) 1 2 3

1 2 3

1 2 3

0
2 2 2
3 3 3

x x x
x x x
x x x

0
0

+ + =
− − − =

+ + =
 

c) 2 0
0

2 0

x y z w
x y w

y z w

+ + + =
− + =

− + =
 

 
9.  Find A such that 

  
2 3 1 0
5 1 0 1

A
−⎡ ⎤ ⎡

=⎢ ⎥ ⎢
⎣ ⎦ ⎣
i ⎤

⎥
⎦

1
0
4

5
9

 
10. Solve the following (non-linear) systems of equations. 

a) 2 2 2

2 2 2

2 2 2

3 4
2 2
5 2 7

x y z
x y z
x y z

+ + = −
+ + =
+ + = −

 b) 2 ln 3sin
4 ln 5sin
2 3ln 4sin 2

x

x

x

e t
e t
e t

θ
θ
θ

+ + =
+ + =

− + + =

 

 
11. Find values of a, b and c (if possible) such that the given system of linear equations has 

i) a unique solution 
ii) no solution 
iii) an infinite number of solutions 

 a)     b) 2
2
2
0

x y
y z

x z
ax by cz

+ + =
+ =
+ =

+ + =

0
0
0
0

x y
y z

x z
ax by cz

+ + =
+ =
+ =

+ + =
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12. For which values of a will the following system of linear equations have 

( )2

2 3
3 5

4 14

x y z
x y z

x y a z a

4
2

2

+ − =
− + =

+ + − = +

 

i) a unique solution 
ii) no solution 
iii) an infinite number of solutions 

 
13. For which values of k will the following system of linear equations have  

2

2 0

2 3

x y z
y z k

x y z 1

− + =
− =

− + − =

 

i) a unique solution 
ii) no solution 
iii) an infinite number of solutions 

 
 
14. For which values of a will the following system of linear equations have  

2 2 2
2 1

2 3

a x y z
x y z
x y az

0+ + =
+ + =

− + + =

 

i) a unique solution 
ii) no solution 
iii) an infinite number of solutions 

 
15.  What condition on a, b and c would ensure that the following system of linear equations is 

consistent? 
2 3 5
5 2 3

8 13

x y z a
x y z b
x y z c

+ − =
− + =
− + =
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ANSWERS  
 
1.  a, c 
2.  a) ( 5

2 2 ,t t+ )   b) ( )31 1
2 2 4 , ,s t s t+ −   c) ( )2 2 1 1

3 3 3 3 , , , ,d c b a d c b a− + + −  
3. a) 2 3 7

4 5 3
x
y

−⎡ ⎤ ⎡ ⎤ ⎡
=⎢ ⎥ ⎢ ⎥ ⎢

⎣ ⎦ ⎣ ⎦ ⎣

⎤
⎥
⎦

 
2 3 7
4 5 3

−⎡ ⎤
⎢ ⎥
⎣ ⎦

 

 b) 2 3 1 4
3 1 1 1

1 5 0 7

x
y
z

−⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥− − =⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦⎣ ⎦

 
2 3 1 4
3 1 1 1

1 5 0 7

−⎡ ⎤
⎢ ⎥− −⎢ ⎥
⎢ ⎥⎣ ⎦

 

 c) 1 6 1 1 2
2 3 1 0 8
1 3 1 1 1
3 4 1 1 3

a
b
c
d

−⎡ ⎤ ⎡ ⎤ ⎡
⎢ ⎥ ⎢ ⎥ ⎢
⎢ ⎥ ⎢ ⎥ ⎢=
⎢ ⎥ ⎢ ⎥ ⎢− −
⎢ ⎥ ⎢ ⎥ ⎢−⎣ ⎦ ⎣ ⎦ ⎣

⎤
⎥
⎥
⎥
⎥
⎦

 

1 6 1 1 2
2 3 1 0 8
1 3 1 1 1
3 4 1 1 3

−⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥− −
⎢ ⎥−⎣ ⎦

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

 

 d) 
1

2

3

1 0 0 0
0 1 0 0
0 0 1 0

x
x
x

⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ =⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

 
1 0 0 0
0 1 0 0
0 0 1 0

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

 

 
4.    a)   b) 2 33 2

2 4
3 6

x y
x y
x

+ = −
− =

− =

4 0
13 2

5 4

x y w
z w
z

+ − =
+ =

=

 

5.   Row-echelon form : a, c, d, e, f   Reduced row-echelon form : c, d, f 
6.   a) (    b) ( )    c) No solution   )3,2 5 3 ,t t+

     d) No solution  e)    f)( )4, 3,2− ( )1 2 ,2 3 ,t t+ +  t

)     g) No solution  h) (    i) 3,1 2 ,t t− ( )2 6, ,3t t−  

     j) ( )0,2 4 ,t t−      k) ( )  l) ,2 2, ,s r s r s r− − − ( )3,5−  3 , ,0s s

) )8.  a) (     b) (   c) 0,0,0 , ,r s r s− − ( )3 31
2, , ,r r r r−

2 2
−   

9. 
31

17 17
5 2

17 17

A
⎡ ⎤

= ⎢ ⎥−⎣ ⎦
 

10. a) No solution b) ,  and 0x = 1t = 2 2 n nπθ π= + ∈]  
11. a) (i)   ii)  iii) Never 0a b c+ + = 0a b c+ + ≠

 b) (i) always  ii) never  iii) never 
12.  i)    ii) a = −   iii) a4a ≠ ± 4 4=  
13. i) never   ii) k ≠ ±   iii) k1 1= ±  
14. i) a   ii) a = −   iii) a1,0,2≠ − 1,0 2=  
15. 2 0  a b c− + =
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