
Solution 5 
Sec3.2 
3.2.2 
Find the rank of the following matrices 

(b) 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

111
112
011

  (f) 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−− 13184
15263
03142
11021

 

Ans.: 

(b) ∵ 01
111
112
011

det ≠−=
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
 ∴rank=3 

(f) ∵

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−− 13184
15263
03142
11021

→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−− 13104
15203
03102
11001

→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−
−−

16106
11201
00100
11001

→ 

  
 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

10106
10201
00100
10001

 ∴rank=3 

 
3.2.5 
For each of the following matrices, compute the rank and the inverse if it exists. 

(g) 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−
−−

3243
3032
1552
0121

 

Ans.: 

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛
−

−−−

⇒

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

−−
−−

1003
0102
0012
0001

3520
3210
1310
0121

1000
0100
0010
0001

3243
3032
1552
0121

 

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



⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

−
−−

−
−−

−

−

⇒

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

−
−

−

−

−−

⇒

1113
0114
03210
05315

1000
2100

7010
12001

1027
0114
0012
0025

1100
2100
1310
2501

 

⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜

⎝

⎛

−
−

−−−
−

⇒

1113
21310
74931

1271551

1000
0100
0010
0001

 ∴rank=4 

Inverse matrix is 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

−−−
−

1113
21310
74931

1271551

 

 
3.2.7 
Express the invertible matrix 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

211
101
121

 

As a product of elementary matrices. 
Ans.: 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
=

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

100
010
101

110
010
001

100
010
021

100
020
001

101
010
001

100
011
001

211
101
121

 

Sec3.3 
3.3.2 
For each of the following homogeneous systems of linear equation, find the 
dimension of and a basis for the solution set. 

(c) 
02
02

321

321

=++
=−+

xxx
xxx

  (d) 
022

0
02

321

321

321

=−+
=+−
=−+

xxx
xxx
xxx

 

Ans.: 

(c) x1=-x2=-x3⇒dim=1, Basis is 
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−

1
1

1
 



(d) x1=0, x2=x3⇒dim=1, Basis is 
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

1
1
0

 

 
3.3.3 

(c) 
62
32

321

321

=++
=−+

xxx
xxx

 (d) 
422

1
52

321

321

321

=−+
=+−
=−+

xxx
xxx
xxx

 

Ans.: 
(c) 3x1+3x2=9, x1+x3=3, let x1=1, x3=2 ⇒ x2=2 

⇒
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧
∈

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
+

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
Rtt   ,

1
1
0

2
2
1

  

(d) 
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧
∈

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
+

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
Rtt   ,

1
1
0

0
1
2

 

 
3.3.7 
Determine which of the following systems of linear equations has a solution. 

(b) 
232

1

321

321

=++
=−+
xxx

xxx
  (c) 

32
0

132

321

321

321

=++
=−+
=++

xxx
xxx

xxx
 

Ans.: 
(b) linear independent⇒  has a sulotion 

(c) 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−=
121
111

321
A , 

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−=

3121
0111
1321

| bA  

   ∵rank(A)= rank(A|b)=3 ∴has a sulotion 
Sec3.4 
3.4.1 
Label the following statements as true or false. 
(b) If )|( '' bA  is obtained from )|( bA  by a finite sequence of elementary row 
operations, then the systems bAx =  and '' bxA =  are equivalent. 
Ans.: 



(b) True. 
3.4.2 
Use Gaussian elimination to solve the following systems of linear equations. 

(b) 

9   5            
7         53
632
1    2

31

21

321

321

=+
=−
=+−
=−−

xx
xx

xxx
xxx

 

(c) 

7117         2
12242
17653
62         2

431

4321

4321

421

=+−
=+++
=+−+
=++

xxx
xxxx
xxxx
xxx

 

Ans.: 
(b)∵ )7         53()632()1    2( 21321321 =−==+−⊕=−− xxxxxxxx  

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
→

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛ −−
→

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−

−−
→

0000
4310
9501

8620
4310
1121

9501
6132
1121

 

⎩
⎨
⎧

−=
−=

⇒
⎩
⎨
⎧

=+
=+

⇒
32

31

32

31

3
5

43
95

xx
xx

xx
xx

 

⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧
∈

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−
−

+
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
⇒ Rtt ,

1
3
5

0
4
9

 

(c) 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−
−

→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−
−

−−−
→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−

−

57740
02100
10110
62021

57740
02100
10110

62021

711702
122142
176153
62021

 

⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

−

→

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−−
−

−

→

1
2

3
2

11000
20100

30010
20001

11000
02100
12010
42001

17300
02100
10110
42201

 

 
3.4.4 
For each of the systems that follow, apply Exercise 3 to determine whether the system 
is consistent. If the system is consistent, find all solutions. Finally, find a basis for the 
solution set of the corresponding homogeneous system. 



(a) 
2232

32
2-2

4321

4321

4321

=+−+
=−++
=++

xxxx
xxxx
xxxx

 

Ans.: 

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

−
−
−

→
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−−−

−
→

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

−
−

−

02
1100

3
11110
21121

01200
13330

21121

22321
31112
21121

 

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

−

−

→

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

−
−

−

→

02
1100

3
1

2
1010

3
4

2
1001

02
1100

3
11110

3
41101

 

0
2
1

3
1

2
1

3
4

2
1

43

42

41

=−

=+

=−

xx

xx

xx

⎪
⎪
⎪

⎭

⎪⎪
⎪

⎬

⎫

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

∈

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
−

+

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

→ Rtt ,

2
1
1

1

0
0
3
1
3
4

 The basis of Homogeneous part: 

⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
−

2
1
1

1

 

 
 


