Chapter 11

Equivalence
§ 301. Elementary Row operations.
Consider the matrices
A=[1 2 3],B=[4 5 6].C=[3 6 9|.D=[1 2 3}.
4 56 1 2 3 4 5 .6 6 9 12
7 89 7 89 7 89 7 8 9

Here we observe that the matrices B, C, D are rclated to the matrix A in
as much as : . .

(a) B can be obtzinud from A by interchanging first and second rows of A ;

(b) C can be ob:ainzd from A by multiplying the first row of A by 3 and

(c) D can be obtained from A by adding two times the first row to the

second row of A.

Such operations on the rows of a matrix are known as elementary row

operations. Formal definition is given below :

Definition. Let A; denote the ith row of the matrix A= ["U] then the

elementary row operations on the marix A are defined as :

(i) the interchanging of any two rows A; and A; (ie. ith and jth rows).
The symbols Rij or Ri¢<—R; are generally employed for this
operation.

(i) the multiplication of every element of A; by a non-zero scalar ¢ i.e.
replacing the ith row A; by cA;. The symbals R; (c) or Ri = cR; are
employed for this operation.

(iii) the addition to the elements of row A; of ¢ (a scalar) times the
corresponding elements of the row A i.e. replacing the row Aj by
Ai+ cAk.

The symbols Rik (¢) or Ri = Ri+ cRy are used for this operation.

Note : The above operation do not change the order of the matrix.

Example : LetA=| 1 2 3

3 45
56 7
~ The effect of the eclementary row operation R2—Ryp or R21(=1) is to
produce the matrix

B= 1 2 3 |=

3-1 4-2 5-3
1 6 7

W —
ot R
G w
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Again the cffect of elementary row opcrauon Ry+ Ry or K21 (1) 1s 10
produce the matrix

B= | 3 3 =|1 2 3 |ie the matrix A.
241 242 2+3 3 45
5 6 7 5 6 7

Thus the above two operations are the inverse elementary row opecrations.

§ 3402. Row equivalent Matrices.

Definition. If an m % n matrix B can be obtained from an m X n matrix A
by a finite number of elementary row operations, then B is called the row
equivalent to A and is written as

row
B-A
Note : Equivalent matrices have the same order.

Example :| 1 3 4 7]lrow|2 -3 5 6
2 =35 6] = |1 3 47
1 0- <3 2 1 0.3 2

(interchanging first and scZond rows).
§ 3.03. Elementary Row Matrix.

Definition. The matrix obtained by the application of one clementary
row operation to the identity matrix I, is called an elementary row matrix.

Example. Examples of elementary matrices obtained from I3, where

L={1 0 0
0.1 0
0 01
L
(i) Ii~[0 1 0]=E.(say),
1 00
0 0 1]
>btained by mterchangmg first lwo rows.
(ii) Ia~[1 .0 0]=Ep(say),
0 ¢ 0 .
0 01
obtained by multipl)mg the clements of second row by .
(i) - L=[1 2 6]=Ec(say),
010
001

obtained by adding two times the elements of second row to the corresponding
elements of first row ie. replacing Ky by Ri+2R2 ie. R12(2). -
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§ 3.04. Types of Elementary Row Matrices and their symbols.

(i) Ejj denotes the elementary matrix obtained by interchanging the ith
and jth rows (or columns) of an identity (or unit) matrix.

(ii) E;i (¢) denotes the elementary matrix obtaincd by multiplying the ith
row (or column) of the identity matrix by c.

(iti) Ei (c) denotes the elementary matrix obtained by adding to 1hc
clements of the ith row of the identity matrix ¢ tmes the corresponding
clements of the kth row.

(iv) Eix(c) denotes the transpose of Ei (c) and can be obtained by
adding to the elements of the ith column of the identity matrix ¢ times the
corresponding elements of the kth column.

§ 3.05. Theorem. Each elementary row operation on mXn matrix can
be effected by premultiplying it by the corresponding elemntary matrix.

Example: LetA=[g;, a2 an a"‘]

a1 a2 an ax;
ail ajz ai ﬂ}ldJ
(i) Interchanging the first and third rows, we have
A-[an an a3y a|=B(say)
ay| a2 a3 a4
ail a2 a3 a4 ‘
The corresponding elementary matrix (obtained by interchanging first
and third row of I) is given by
E;3=|0 0 1
010 |
1 00

[Here students should note that as we are to premultiply Astherefore the
number of columns of Ej3 should be 3, the number of rows of A].

Now E;3.A=[0 0 1]X|an anz a3 aia
01 0| a1 axn @3 a4
(1 0 0f [an a2 a3 ax

=

=lan a32 a3 an|=B
ay] ap a3 ay
ajl 412 a3 a4

This shows that B can be obtained from A by pre-multiplying it by Ei3,
the corresponding elementary matrix.
(i) LetA=[1 2 3}
4 56
4 89
= |

Multiplying the elements of second row by 2, we gei
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A-{1 2 3|=B(say)’
8 10 12
7 8 9

'.I'h'e corresponding elementary matrix (obtained by multlying the
elements of second row of I3 by 2) is given by

Ez(2)— 0 0
2 0
01

1

4

7

ThenE3 (2) x A= X

-0 o

1 0
0 2
00

00 h N

3
6
9
=[11404+07 12+05+08 13+06+09

01+24+07 02+25+08 03+26+09
01+04+17 02+05+18 03+06+19

=[1 2 3]=B
8 10 12
7 8 9

i.e. B can be obtained fromA by pre multiplying it by E2 (2). ~
- (iii) LetA=] 1 -2 3

-3 4 5
5 6 -7

Replacing R| by R|+ 2Rz i.e. adding two times the elements of second
row to the corresponding elements of first row, we get
A-[-5 6 13|=B (say)
-3 4 5
5 6 -7

The corresponding elementary matrix (obtained by adding two times the
elements of second row of I3 to the corresponding elements of the first row) is
given by

En2(2)=[1 2 0]
0 1 0
0 0 IJ
ThenElz(Z)XA 1. 2 0= 3. =2 3
01 0] [|-3 4 5
0 0 1 5 6 -7
=11 +2(-3)+05 1(-2)+24+406 13+2540(-7)

01+1(=3)+05 0(=2)+14+06 03+15+0(-7)
01+0(=3)+15 0(-2)+04+16 03+05+1(-7)
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=[-5 6 13]=B
-3 4 5
5 & =7

ie. B can be obtained from A by pre-multiplying it by E12 (2).

COROLLARY of Theorem given in 3-05 Page 105.

If the matrix B is row equivalent to the matrix A, then B = SeA, where S
is a product of the elementary matrices.

§ 3-06. Theorem. The e!emenzary matrices Eq, Ei(c), Ejx (1) are
non-singular. (See § 2-18 Page 91)

Proof : (i) The elementary matrix Ejj is obtained by interchanging the ith
and jth rows of I. We shall get back I if we now apply the same row operation
upon E;; which can also be effected by pre-multiplying E;; by Ej

(See § 3-05 Page 105).
~ EjeEjj=L
i.e. Ejits own inverse i.e. E;j is non-singular.

(ii) The eiementary matrix E; (c) is obtained by multiplying the ith row
of the identity matrix by ¢ (where ¢#0). We shall get back I if we now
multiply the elements of ith row of Ei (¢) by 1/¢ which can also be effected by
pre-multiplying E;(c) with the corresponding elementary matrix ‘which is
obtained from I by multiplying its ith row by 1/¢, which is therefore the
inverse of Ei (c). &

For example,letI={1 0 0|andE3(c)=({1 0 O
010 010
0 0 1 0 0 ¢
Then {E3 (c)} ™' = 0 ], where {E3(c)) " is the inverse of E3 (c)
0
/

c

OO =

0
1
01

(iii) The elementary matrix Eik (1) obtained from I by replacing its jth
row by (jth row + kth row).

We shall get back I if we not replace the ﬂh row of Ejj (1) by (jth row
— kth row). (Note)

Hence the inverse of Ejx (1) is the elementary matrix obtained from I by
replacing its jth row by (jth row — kth row).

For example, letI={1 0 O|and Ei3(l)=|1 0O 1
010 010
00 1 40 0 1

obtained from I by replacing its 1st row by (Ist row + 3rd ro“;).
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Then {E13 (1)} = 1 0 =1} oblamcd from I by replacing its first row
00 1 by (1st row — 3rd row)
00 1

§ 3.07. Theorem : If the matrix B is row equivalent 1o the matrix A,
then B = SA where S is non-singular.
From Cor. of § 3-05 Page 107 we know that
row
if B~A, then B=SA, where S is the
product of the elementary matrices and in § 3-06 above we have proved that
elementary matrices are non-singular and hence their product is also non-singular.
This proves the above theorem, '
§ 3.08. Theorem : If a square matrix A of order n is row equivalent to
the identity matrix I, then A is non-singular.
Proof : From § 3-07 above we know that
row ‘
A-1I, , then A=S8.1, wherre § is non-singular.
Now Sel, being the product of two non-singular matrices is non-singular.
“herefore A is non-singular.
Note. The converse of this theorem is also true.
§ 3-09. Theorem : If a sequence of row operations applied 10 a square
matrix A reduces it fo. the identity matrix I, then the same sequence of row

operations applied to the identity matrix gives the inverse of A (i.e. A7),
Proof : From Cor. of § 3-05 Page 107 we know that SA =], where S is
the product of the elementary matrices.

ie. (Ek ... E3 E2 E1) A =1, where E; denotes the elementary matrices
or (Ex'...E3E2. E;) AA™ =1A"]
or (Ex ...E3.E2. ENI=A"" since AA ' =Tand JA7' = A~}

(See § 2:18 Page 91 and Ex. 1 Page 64)

Hence the theorem

Note. With the help of the above theorem we shall find the i inverse of the
given non-singular matrix A. .

In the following examples we shall show the successive matrices row .
equivalent to A and I in the left hand and right hand columns rcspe:..l.ivcly
When ultimately A is reduced to I in the left hand column, I is reduu:d to A7
in the right hand column.

Also Ry, R2. R3 ... etc. stand for first row, second row, third rdw, etc.

Solved Examples on § 3-09.

*Ex. 1 Find the inverse of the matrix A=(1 -3 2

-1
=)
=



Sol.

(Replacing Rz by 1 R2)

-

(Interchanging R1 and R2)

-

(1

1
1

L

-

1
0
0

-

Solved Examples on inverses

£

—_ 0N

‘o o
=3 2
4 1

-

0 0]
-3 2
41

i

(Replacing R2 by Rz~ R) and

(Replacing R2 by R2 - 2R3)

=]
Al=

1
0
0

0 0]
fllO
4 1

109

I
1 0 0
010
0 0 1
1 0 0
1
0+ 0
o 0 1
0 3.0
1 00
0 01
0 (1/72) 0
1 -(1/72) 0
0 —(172) 1
R3 by R3~R1)
1
0o 1 0
1 1 -2
[
2
0 i o0
L S 1. |
i a 1
1
0 -4 i
o i o]
N -
n n u
4 3.3
il n H‘
=A“l

Ans.
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*Ex. 2 A

=1 2 1|, evaulate A_l,
32 3
11 2

& ]

1 2 1 1 00

Sol. 3 2 31l ]o1 0

1 1 2f |0 o1

~f1 2 1)~ 1 0 o

0 -4 0|l |-3 10

0 -1 1}l 1=1 & 1

L . .

(Replacing Rz by Rz~ 3R; and R3 by R3 — R))
RN [ 2 0 -1
0 1 0 I -1 0
0 1 =1 1

O al-

L

(Replacing R1 by R1 — R3 and R2 by —1 R2)

-1 o ol~[~+ 1 -!
010 g =3 #®
o0 1 P 1
4 4
(Replacing R by R1—3 R2 and R3 by R3+ R2)
=1 I =A"
-1
K2f-1 B ~]
i
i
-4 -4
Ex.3. Find the inverxe of the matrix A=| 1
-1
0
Sol. A | I
(1 2 =2]-[1 0 0
-1 3 0 010
0 -2 1 0 0 1
~[ 1 =2 o]|~[1 0 2
-1 30 0O 1 0
LO -2 1 0 0 1

(Repllacing Ry by R1+2R2)
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~[1 -2 o]f~[1 0 2
0o 10 11 2 ’ .
0 -2-1 0 01

-

(Replacing R2 by R2+ Ry)

~[1t 0 o]|~[3 2 6

G-1 0 1 1 2
01 2 2 5

0
(Replacing R1 by R1+ zR2 and R3 by R3 + 2R2)

=1 | =A"
~ A7 ={

B = L
b = B
th D

Ans.
Exercises on § 3-09 -
Ex. 1.FindAT'ifA=[2 4 3 Ans. [ 3 —10 -1]
. 01 1 -2 8 2
2 2 -1 2 -4 -2
Ex. 2. Find the reciprocal matrixof {1 1 1 AI'IS-—;'—G 5 =1]
223 15 -8 1
2 49 |-6 3 0
"Ex.3.Find A7 ifA=[1 2 1 Ans. i[ 0 3 -3
3 12 < | 6 -2 -1
002 -3 15

§ 3.10. Elementary Column Operation and Column Equivalent
Matrices. g =

In § 3-01 Page 103, if the word row is replaced by the word column we
get the definition of the elementary column operation.

Similarly in § 3-02 Page 104 repacing the word row by the word column
we get definition of column equivalent matrices. '

col ;
B~ A  means the matrix B is column equivalent to the matrix A.

Symbols for column operations are similar to those given‘ for row
operations in § 3-01 Page’ 103. Here the letter R in the symbols are to be
replaced by C e.g. Cjj, Cii (c), Cik (), where Cj; stands for the interchange of
ith and jth columns etc or Cj &= C;; Ci — ¢C, Ci = ¢C. ‘

§ 3-11. Theorem. Each elemntary column operation on an m X n matrix
A can be effected by post multiplying A by the n x n matrix obtained from the
n x n identity matrix 1, by the same elementary column operation.
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col
Proof : If B~ A
row
then B’ - A"  where B’ and A’ are the transposed matrices of B and A.
(See § 2-08 Page 69)
Since if B is obtained from A by elementary column operation, then B’
can be obtained from A’ by an clementary row operation.
) Hence B’ = EA’, where E is the elementary matrix obtained from I by
an elementary row operation. 2 (See § 3-05 Page 105)
Therefore B = AE, (Note)
where E’, the transposed matrix of E, can be obtained from I, by the same
elementary column operation.
Hence the theorem.
§ 3-12. Theorem. If there be two mxn matrices A and B, then
col
B~A if B=AT, where T is an n X n non-singular matrix
col col .
Proof : If B~ A, then B'~A’, where B’ and A’ are the transposed
matrices of B and A respectively.
Therefore B’ = SA’, where S is an n X n non-singular matrix.
E (See § 3-07 Page 108)
Consequently B = AS’, where §' is the'transposed matrix of §
= AT, where T = §’, an n X n singular matrix.
Hence the theorem. . _
§ 3-13. Equivalent Matrices (General Definition). (Avadh 95)
‘Definition. Two m X n matrices A and B are called equivalent if one can
be obtained from the other by a finite number of row and column operations (or
elementary operations) and written as B ~ A.
§ 3-14. Triangular Matrix.
Definition. A matrix [aj] is called a triangular matrix if
ajj=0fori>}

ForExample|2 3 1 4jorf2 3 4 5§
01 23 01 3 4

100 5.7 |08 0 2 5

0 0 o0 7

Note 1. Triangular maitrix need not be square. If it is square, then it is
called upper triangular matrix. (See § 2:01 (a) Page 61)
Note 2. The clements ajj for which i < j are not necessarily zero.
*§ 3-15. Theerem. Every matrix can be reduced to triangular form by
elementary row operations.
* Proof : We shall prove this theorem by Mathematical intduction.
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Assume that this theorem holds for all matrices containing »—1 rows
and let A = [ajj) be an n X m matrix given below —

A=|lan a2 a3 ... ... ... Qaim
al an a3z ... ... ... Gum .
g 1
anl 4an? adn3 ... ... ... QOnm

Now the following cases arise :—
Case L If a;1 #0, then replacing Ry by (1/an) Ry (i.e. by applymg
clementary row operation) the matrix A reduces to an n X m matrix

=[bjl=|bn b1z ... ... bim|,
by b2 ... ... bm
bl‘l] bfa ran e bm
where b1 = 1.

Now applying elementary row-operation Rk — bgR| to Ry where k=1, 2,
..., i.e. subtract by times R) from Rk, where k takes values from 1 to n.
This reduces the matrix B to matrix C = [¢;j] where ck1 =0 whenever k> 1 and
we have
C=|1 c12 c3 ... c¢im
0 2 e23 ... cm

0 €n2 Cn]‘ P Cnm
Now by our assumgption that the theorem which we are going to prove
holds for matrices containing (n — 1) rows we find that (n — 1) rowed matrix

0 e 23 ... m
0 cx2 33 ... Gm
0 ¢y cny ... Cnm

can always be reduced to triangular form by elementary row operations and
hence from (i) the matrix C will reduce to triangular form when the same
elementary row operations are applied to C.
Case IL If a11 =0 but ax) # 0 for some value of & then interchanging K
and Ry the matrix A reduces to the matrix D = [dj;] where d1; # 0.
Then the matrix D can always be reduced to the triangular form as in
case | above.
Case IIL. If a1 =0 for all*values of k then we have
A=|0 ap2 a3 ... am
0 a2 a3 ... am

0 an2 ans ... Gnm
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By hypothesis (inductive) the (n — 1) rowed matrix
0 ax@ a3 ... amm
0 am2 an3 ... Gnm
as in case I above can be reduced to triangular form by elementary row
operations and the same elementary operations when applied on A will reduce
A to triangular form. .
‘ Hence the matrix A can always be reduced to triangular form and the

proof is complete by mathematical induction.
~ Solved Examples on § 3-15.

Ex. 1. Reduce the matrix(3 1 4 |to triangular form.
1 2 -5
01 2
Sol. LetA=[3 1 4]
1 2 -5
0 2
K 1 i 4
1 % % , replacing R by ¢ R
1 2 -5
01 2
~f1 L {.rcplacing Riby R2— R
0 5 -1
3 3
0 1 2
~f1 1 47, replacing R3 by R3 - Rz
3 3
s 9 .
b & =%
29
_0 0 ]
This is the required triangular form.
Aliter A=[3 | 4
1 2 =5
0 1 2
~[1 2 -5] interchanging R| and R;
3 1 4
0 1 2

1 2 -5/ replacing R2 by R2 - 3R
. 0 -5 19 '
¢ L. .2
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= 2 —5]| replacing R3 by 5R3
0 -5 19
0o 5 10
-1 2 —5] replacing R3by R3 + R2
0 -5 19
0o 0 29

. ) %
This is also a triangular matnx.

Note. The above shows that reduction of a matrix to triangular form is

not unigue.
Ex.2. Reduce A=[ 5 3 14 4/|to triangular form.
o1 31
11 20 (Agra 95)
Sol. LetA=[ 5 3 14 4
01 3 1
-1 1 2 0

~|-1 1 2 . interchanging R1 and R3
o1 3
5 3 i4
0]
1
4

-1t -1 =2 , replacing Ry by —
0 1 3
5 3 14
~[1 -1 =2 0} replacing R3 by R3—5R1
0 1 31
0 8 24 4
-1 -1 =2 0}. replacing R3 by R3 — 8R2
0 1 3 1
0o 0 0 -4

This is a triangular matrix as here ajj =0 for i > J. [See definition § 3-14
Page 112]
Exercises on § 3-15

Ex. 1. Reduce the matrix| I =1 [|tothe triangular form.
2 3 4
3 -1 4
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Ex. 2. Reduce the matrix | -1 2 1 8 |to the triangular form.
; 21 -1 0
3 2 .01 7
Ans.|1 -2 -1 -8
0 5 1 16
o 0 12 27

MISCELLANEOUS SOLVED EXAMPLES
-Ex. 1. Apply successively the row transfermations (or operation) Rz3 ,
Ra(-Z)den(d)totbemztm: 3121

2 0 3 2
1234
3141
Sol. (i). gpplying R23 opertion to the given matrix we have
(3 1 1 | [Here we have interchanged second and third rows).
1 2 3 4
2 0 3 2
31 41

lgl’

Applying R3 (- 2) operation to the given matrix we have
3 1 2 1 | [Here we have replaced third row R3 by — 2R3)
2 0 3 2
-2 -4 -6 -8
1

3 4 1

(iif) Applying R)2 (4) operation to the given matrix we have
[7 9 14 17][Here we have replaced the first row Ry by Ry + 4R1]

2 0.3 2
12 3 .4
31 4 1

L

Ex. 2. Apply successively the column operation Cji3;Cz2(-4) and
Cxa(-2)tothematrix(1 -1 2 3 4
2 1 -2 1t 3| -
3 2 1-25
4 5 6 7 8

Sol. (i) Applying C13 operation to the given matrix, we have

2 -1 1 2 4| [Here we have interchanged C{ and C3
-2 1 2 1 3|ie. first and third columns.]

1 2 3 =2 .5

6 5 4 7 8

« (ii) Applying C; (- 4) operation to the given matrix, we have
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1 4 2 3 4|[Here we have replaced second
2 -4 -2 1-3|column C; by —-4C3].

3 -8 1.-2 5

4 -20 6 T 8

(iii) Applying C23 (— 2) operation to the given matrix, we have
1 -5 2 3 4|[Herewe have replaced second
2 5 -2 1 3|column C2by C2-2C3].
3 0 1-25
4 -7 6 7T 8

Ex. 3. Compute the following elementary matrices of order 4

E23, E2 (4), E34 (- 2), E'34 (- 2). (Refer § 3-04 Page 105)
Sol. The identity (or unit) matrix of order four is given by
L=f1 0 0 0]
0100
001 0
00 01
0) Exs=[1 0 0 0][Interchanging Rz and
0 0 1 O0|RsorCzand Cj3)
0100
0 0 01 (Note)
(i) E2(4)= [1 0 0 _ 0] [Replacing R2 by 4Rz or C2 by 4C2].
0 4 00 :
0010
00 01 .
(iii) Ez4(-2)=|1 0 O 0 | [Replacing R3 by R3 — 2R4].
010 0
0 01 -2
. 000 1],
(iv) E34(-2)=|1 0 0 Of[Replacing C3 by C3—2C4].
: 01 00
00 10
00 -2 1

[Here students should note that E’34 (—2) is nothing but the transpose
matrix of E34 (— 2)).
Ex. 4. Evaluate the inverse of the following elementary matrices of
order four : E3 (- 2), E23 (4) (Refer § 3.06 Page 107-188)
Sol. The identity matrix of order four is given by :
L=|1 0 -
0

OO =0
(= N = N ]

0
0 0
0 1
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(i) ThenE3(-2)=|1 0 0 O replacing R3by - 2R3
' 0 1 0 0
0 0 -2 0
0 0 0 1
Inverse of E3(—2) ie. {E3(-2)}'=[1 0 0 0
G 1 9 0o
00 -3 0
00 o 1 Ans.
(obtained by replacing R3 of L4 by — 3 R3). (Note)
(i) Ez(@)=[1 0 0 O] replacing Rz of Ls by R2 + 4Rs.
01 40
0010
00 0 1
Then the inverse of E23 (4) i.e. {E23 (4)} is given by
1 0 0 0]} replacing k2 of lsby R2 — 4R3.
0-1 -4 0
o0 1 0 .
0 0 0 1 (Note) -

**Ex. 5. Find the inverse of the matrix A=| | -

Sol.
A
i -1 2 1 0
2 0 2 01
-1 0 0 0
<[ i -1 2)|-[1 o
1 0 1 0 172
-1 0 1 0o 0
(Replacing R2 by R?)
~[i -1 2i||~[1 o
1 01 0 172
0 0 2 L0 172
(Replacing R3 by R3+ R2)
~[i =1 2]|~[1 o
1 01 10 1/2
0 01 0 1/4
(Replacing R3 by 1 R3)

-0 0o

oo
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Iz =1 W= @ 0 |
1 o0 0 i =i

LO 0 1 0 1/4 1/2

(Replacing R2 by R2 — R3)
g =i @pf1 =08 =g
1 00 0 174 —-1/2

_O 0 1 0 1/4 142
(Replacing R1 by Ri—iR2 — 2i R3) (Note)
~fo 1 o]|-[-1 2 L] :

1 00 0 174 =112

0 01 0 174 172

(Replacing R1 by — R1)

It o ol=1|-[ o 174 -122 A1
010 -1 % Li

0 0 1 0 174 172

(Interchanging R} and R2)

Therefore A= o 174 -1/2
=] =i i

0 /4 1/2 Ans.

L

EXERCISES ON CHAPTER III
Ex. 1. Apply the row operation R4 (~3) and R21 (4) to the matrix
4 -1 2 3
-1 8§ -3 -4
2 3 4 -1
-3 -4 -1 8

(Hint ; See Ex. 1 Page 116)
Ans.| 4 -1 2 3land| 4 -1 2 3

-1 8 -3 -4 15 4 5 8
2 3 4 -1 2 3 4 -1
9 12 3 -24 -3 -4 -1 8

Ex. 2. Apply the column operation C3 (4) and Ci2 (- 3) to the matrix

0 1 2 3 4

1 2 3 4 0

3 40 1 2

2 01 3 4

[Hint : See Ex. 2 Page 116]



120

Matrices

and| -3
-5
-9

2

N W—0
[=00 0
: —
O N
W o= b W
SN Oo A
(= A S
—_0 W N
W o= o W
BN O A

Ex. 3. Compute Ez, E2(-2) and E34 (- 1) for the identity matrix of

order 4, ‘ (Hint. See Ex. 3 Page 117)

OFi1 00 O
o]0 0 0
0j]0 1 ~1
1|10 0 1

Ans. 0
-2
0
0

=00

0
0
0
1

COoOOC -
o~o0o0

0
1
0
0

(===

1
0
0

Ex. 4. Evaluate the inverse of the following elementary matrices of order 4 :
E14, E4 (3), E22 (2).

(Hint : See Ex. 4 Page 117). :

Ans. E4,|1

(=T =]
w-0 OO0
(=%
OO O -
|
~
- oD o

0
1
0
0

(== =]

Ex. 5. Find the inverse of the matrix
A=|1 1 1 1 Ans, L 2 16 6 4

1 2 3 -4 M U <3 <
2 3 5 -5 -10 -44 30 -2
3 -4 -5 -8 4 -13 6 -1
(Hint : See Ex. 5 Page 118).
*Ex. 6. Find the inverse of the matrix[ 1 2 -1
-1 1 2
2 -1, 1
(Hint : See Ex. 5 Page 118).
' ‘ ' Aos. [ 3 -1 5
3 -1
-1 5 3
Ex.7. Find the inverse of the matrix[1 ~ 3 3 2 1
’ 1 4 33 -]
1 3 41 1
{ ¥ 11 =i
1 -2 =12 2

(Hint : See Ex. 5 Page 118).
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Ans.;.[ 30 -20 -15 25 -5
30 -11 -18 7 -8
-30 12 21 -9 6
-15 2 6 -9 6
15 -7 -6 -1 -1

Ex. 8. Has the following matrix an inverse ?

2 1 3 1
1 2 -1 4
3 3 2 5

‘1t T1 4 -1

(Hint : It can not be reduced to Ls). ' Ans. No.



