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Echelon form OR Triangular form of a Matrix

Let A be any matrix of order mxn, then matrix A is said to be
in Echelon form if the following conditions are satisfied:
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1. The first non-zero elements in each non-zero row is unity
which is called the leading entry of the row.
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2. All the non-zero rows, precede the zero rows, if any.
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3. The number of zeros before the leading entry in each row
is less than the number of such zero's in the succeeding rows.
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Rank of Matrix by Echelon Form Method

The Rank of a matrix in echelon form is equal to the number
of non-zero's rows of the matrix.
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For Example:-
1.2 3 2

letA=|2 3 5 1]

1-3—4—5

Operating R, - R, — 2R, and R; = R; — R,, we get

| P 3 2]

A~|0 -1 -1 -3

01— ===1

Operating R, - —1R,, we get
12 02

A~ |0 1 1 3[~R\.
D—1—1—"3r%;




Operating R; - R; — R,, we get

1~ 273 2
A~‘0113|

Thus, number of non-zero rows = 2
Hence/Rank of Matrix A = 2



Normal form or Canonical form of a Matrix

Every non-zero matrix of order m xn can be reduced by means of
elementary row and column operations into equivalent matrix of any
of the following forms:
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(1) [0]

(iii) [/ O]

(iv) I,



Where I, is the identity matrix of order 'r " and ' O ' represents
zero matrix of any order which is called its normal form or
canonical form.
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Rank of Matrix by Normal form Method

The Rank of an m x n matrix A is ' r ' if and only if it can be

reduced to the form [16 8] by a finite chain of elementary

operations.
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Working Rule to Find Rank of Matrix by Normal

form

(i) Interchange rows or column to obtain a nonzero element in first
row and first column of the given matrix.

feu v Afee &t ugel Ul R Ugd Siad H YRR dd U HIA
& fore ufeaal o1 Siad &1 3muH # 9 |
(ii) If this non-zero element is not 1, then make it 1.
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(iii) Obtain zeros in the remainder of first row and first column.
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(iv) Repeat the above three steps starting with element in second
row and second column.
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(v) Continue the procedure down the main diagonal either until the
end of the diagonal is reached or all the elements which are zero.
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For Example:-
1 2 -1 3
letA=|-2 -4 4 —7‘
—=2=1 "
Operating following operations, we get

C2—>C2—2C1;C3—>C3+C1;C4—>C4—3C1

1-—0=1 _ 4
A~|-2 0 2 —1]
Lo =—=d =]

Operating C; — (3 + 2C4; C4 = (—1)C4, we get



(e §
a~|-2 0 ¢ 1]
! S | e |
Now operating R, —» R, + 2R;; R; =» R; — R, we get
1 0 0 0 S e——e
~10 0 0 1
0 0 0 O

Operating C, < (4, we get

R3.Q\A F}% z z] FD

Which is the normal form of the given matrix
Hence Rank of Matrix A = 2



Properties of Rank of Matrices

1. Rank (A) = Rank (A") = Rank (4A") = Rank (4" 4)

2. Let A be a non-zero matrix of order mxk and B be a non-zero
matrix of order kxn, then Rank (AB) < min{rank (A),rank (B)}
3. If A and B be two square matrices of same order and A is non-

singular, then Rank (AB) = Rank (B).

4. If A and B be two square matrices of same order and B_is non-
singular, then Rank (AB) = Rank (4).

5. If A and B be two matrices of same order, then Rank (A + B) <
Rank (A) + Rank (B)
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6. If A and B be two matrices of same order, then Rank (A — B) >
Rank (A) — Rank (B)

7. The rank of real skew-symmetric matrix cannot be 1.

8. If the rank of real symmetric matrix be 1, then the diagonal
elements of the matrix cannot be all zero.

9. If A and B are two n-rowed square matrices, then Rank (4B) >
Rank (A) + Rank (B) — n.

10. If AY is the conjugate transpose of A, then Rank (4%) =

Rank (A) and Rank (4A4%) = Rank (A).
—————— ——\ e ————
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Q. 1 The Rank of the matrix [4 3 1] Is
4—2 3
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Q. 2 The Rank of the matrix [
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d) 0
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Q. 4 Let Rank (AB) = 4, then
HIH o 3P (AB)=4, dl

74) Rank (A) < 4 and Rank (B) > 4
JB) Rank (A) > 4 and Rank (B) < 4
>€) Rank (4) < 4 and Rank (B) < 4

\ﬁank (A) > 4 and Rank (B) > 4
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Q. 5 Rank of a singular matrix of order 5 can be at most
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Q. 6 The value of x for which p(4) < 2, where

x 1 a8 AT forad fergfp(a)<2)R, wiet
3x—8 3 3
A=| 3 3X —0 3 ‘
3 3 3x-8l,,
a) 5/3
\ﬁ) 2/3 Cp
c) 4/3 3 3 3\ =0
d) 1/3 3 S 3R
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Q. 7 If A be a matrix of order mxn and B, C are nonsingular
matrix of order n, then

;ﬁAmen &1 Afee 8 3R B,C W@ﬂ?-ﬁﬁ&maﬁﬁ

|
7a) Rank (ABC) < Rank (4)
<b) Rank (ABC) > Rank (A)

/€) Rank (ABC) = Rank (4) + Rank (BC)
ank (ABC) = Rank (4)
e
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Q. 8 Let A and B be two matrices, then
A1 difore {5 A ok B gt AfcEw §, ot
7a) Rank (AB) = Rank (A" B")
% Rank (AB) = Rank (B"A")
¢) Rank (AB) # Rank (BTAT)
d) Rank (AB) # Rank (AB)"
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Q. 9 If A be a non-singular matrix of order 4, then the rank
of A° is

uﬁAm4mw%ﬁﬁW% CIPER kL

a) less than 4 e
b) greater than 4

j%qual to4

d) equal to 3




Q. 10 Let A be a non-zero nxn real matrix with n > 2. Which
of the following implications is correct?
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a) Rank (A) =1=det(4) # 0
b) Rank (A) =n=det(4) # 1
¢)det(A)=0=Rank (4) =0
d) det (A) =1 = Rank(A) =n
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