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n?wH J/H (noE µk;so) Gkr gfjbk gouk shik
(;w?;No-gfjbk)                                        (BASIC QUANTITATIVE METHODS)

(Matrices)

w?fNqe; phi-rfDs (Matrix Algebra) fgSbh seohpB fJe ;dh s'_ e[M f}nkdk ;w/_ s'_ jh j'_d ftAu

nkfJnk j?. w[Zy s"o s/ fJ;dk ;/jok fpqfNF rfDs ftfrnkBh Arthur Cayley ~ iKdk j?. j[D sK

w?fNqe;-phi rfDs ne;o jh tos'_ ftu nkT[D bZfrnk j?. don;b ;kXkoB phi-rfDs i/eo rfDs

dh ;ze/s fbZgh ;h sK w?fNqe;-phi-rfDs, phi-rfDs dh th ;ze/s fbZgh j?. ni'e/ ;w/_ ftu w?fNqe;-

phi-rfDs fiT{w?Noh, o;kfJD ftfrnkB, nzeVk ftfrnkB, noE ftfrnkB, wB'-ftfrnkB, f;Zfynk nkfd

ftfFnK ftu nkgDh EK pDk u[Zek j?. noE ftfrnkB d/ ftF/ ftu j[D f}nkdk s'_ f}nkdk rfDs, phi-

rfDs s/ w?fNqe; phi-rfDs dh tos'_ j'D bZr gJh j?. fJ; bJh noE Fk;so d/ ftfdnkoEhnK ~

w?fNqe;-phi-rfDs dk frnkB j'Dk bk}wh pD u[Zek j?. fJ; dh ;jkfJsk Bkb ;wekbhB ;wheoBK

~ jZb eoBk pj[s ;"yk j' frnk j?. pj[s tZv/ tZv/ ;wheoB-f;;Nw ~ w?fNqe; dh ;jkfJsk Bkb pV/

;zrms o{g ftu fbfynk ik ;edk j?. fJj w[Zy s"o s/ fJe-xksh ;wheoB s/ bkr{ jz[dk j?. fJe-

xksh o/yk iK ;wheoB dh wB"s noE ftfrnkB *u ne;o jh gkJh iKdh j?.

n;b ftu w?fNqe; s'_ Gkt j? nzeK dh fJe nkfJseko soshp. fJ; dh fJe ;"yh, ;kXkoB fijh

T[dkjoB j/mK fdZsh ik ojh j?. co} eo' ;kv/ gk; d' fJe-xksh ;wheoBK jB L

4x + 3y – 5z = 0

6x – 8y + 3z = 0

d'BK ;wheoBK d/ r[DKe j/m fbyh soshp nB[;ko fby/ ik ;ed/ jBL

A
L
NM

O
QP

4 3 5

6 8 3

T[go'es ‘A’ w?fNqe; jh j?. fJ; dhnK d' eskoK (Rows) ns/ fszB ekbw (Columns) jB.

fJ; bJh fJ; w?fNqe; dk eqw (order) 2 × 3 gfVQnk iKdk j?.

w?fNqe; sK nzeK d/ fe;/ ;?&ZN ~ nkfJseko soshp ftu fbyD ~ jh fejk iKdk

j?. i/eo m × n nzFK ~ nkfJseko soshp *u fbfynk ikt/ sK n;hI T[; ~ m × n w?fNqe;

ejKr/, fitI/ fe j/mK fbfynk frnk j? L

A

a a a a .....a

a a a a .....a

a a a a .....a

a a a a .....a

11 12 13 1j 1n

21 22 23 2j 2n

i1 i2 i3 ij in

m1 m2 m3 mj mn m n



L

N

M
M
M
M
M

O

Q

P
P
P
P
P 

1



T[go'es w?Nfoe; dk eqw m × n m n

m n (positive integer) a
11

, a
12

 

‘A’ ith jth

A = [aij], 1  i  m, 1  j  n

(Diagonal Elements) : A aij

i = j a
11

, a
22

, a
33

....

(Equality  of  Matrices)

A = [aij] B = [bij]

(i) A B

(ii) (corresponding elements)

a
ij
 = b

ij
, i j

A
a a

a a

L
NM

O
QP

11 12

21 22 2 2

B
b b

b b

L
NM

O
QP

11 12

21 22 2 2

A B 2 × 2 A = B B = A

a
11

 = b
11

, a
12

 = b
12

, a
21

 = b
21

a
22

 = b
22

A = B B = A

A = B B = C A = C

A = [aij] p × q B = (bij)

p × q A i j

bij = aij B (i,j)th A (j,i)th

B = A' A’ = A

or A' = B

A

L

N

M
M
M

O

Q

P
P
P

3 5 6 7

3 2 4 0

1 3 2 5
3 4

A'

L

N

M
M
M
M

O

Q

P
P
P
P

3 3 1

5 2 3

6 4 2

7 0 5
4 3
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A A

(A1)1 = A

(KA)' = KA' K

(A + B)' = A' + B'

(Types of Matrices)

(Row Matrix)

A = (a
11

 a
12

 a
13

 .......... a
1n

)
1 × n

(Column Matrix)

B

b

b

b

bml m



L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P



11

21

31

1



(Square Matrix)

A
a a

a a

L
NM

O
QP

11 12

21 22 2 2

A 2 × 2

 (Rectangular Matrix)

A

A
a a a

a a a

L
NM

O
QP

11 12 13

21 22 23 2 3

(Diagonal Matrix )
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A

a

a

a

L

N

M
M
M

O

Q

P
P
P

11

22

33 3 3

0 0

0 0

0 0

(Scalar Matrix)

A

a

a

a

L

N

M
M
M

O

Q

P
P
P

11

22

33 3 3

0 0

0 0

0 0
a

11
 = a

22
 = a

33

scalar matrix, diagonal matrix

(Unit or Identity Matrix)

I3

3 3

1 0 0

0 1 0

0 0 1

L

N

M
M
M

O

Q

P
P
P

(Zero or Null Matrix)

O 
L
NM
O
QP

0 0

0 0

(Triangular Matrix)

A = [aij]

A

a a a

a a a

a a a

L

N

M
M
M

O

Q

P
P
P

11 12 13

21 22 23

31 32 33 3 3

a
21

 = a
31

 = a
32

 = 0 a
12

 = a
13

 = a
23

 = 0,

a
21

 = a
31

 = a
32

 = 0

 a
12

 = a
13

 = a
23

 = 0
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1 2 3

0 6 0

0 0 9

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

1 0 0

2 7 0

9 6 5

(Sub-Matrix)

A 4 × 4

A

a a a a

a a a a

a a a a

a a a a

L

N

M
M
M
M

O

Q

P
P
P
P

11 12 13 14

21 22 23 24

31 32 33 34

41 42 43 44 4 4

B

a a a

a a a

a a a

L

N

M
M
M

O

Q

P
P
P

11 12 13

31 32 33

41 42 43 3 3

3 × 3 A

(Symmetric Matrix)

A aij = aji,

A (ij)th A (ji)th A1 = A

A

L

N

M
M
M

O

Q

P
P
P

1 2 3

2 3 4

3 4 5
3 3

B

a h g

h b f

g f c

L

N

M
M
M

O

Q

P
P
P
3 3

A B

(Skew-Symmetric Matrix)

A i j (values) a
ij
 = a

ji

A

aij = -aji
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aij = -aji i = j

aji = 0 (zero) A=-A

A
L
NM
O
QP

0 4

4 0
2 2

B

a b

a o c

b c o

L

N

M
M
M

O

Q

P
P
P

0

A B

(Orthogonal Matrix)

A A'A = 1 = AA'

(Idempotent Matrix)

A

A2 = A i.e. [A] [A] = A

(Idempotent Matrix)

A

L

N

M
M
M

O

Q

P
P
P

1 3 5

1 3 5

1 3 5

A2

1 3 5

1 3 5

1 3 5

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

1 3 5

1 3 5

1 3 5

L

N

M
M
M

O

Q

P
P
P

1 3 5 3 9 15 5 15 25

1 3 5 3 9 15 5 15 25

1 3 5 3 9 15 5 15 25

L

N

M
M
M

O

Q

P
P
P

1 3 5

1 3 5

1 3 5

A

(Conjugate Matrix)

(Corresponding

Conjugate Elements) A

Ã

A = [aij]

Ã = [bij], bij = aij

Ã A ( A ), A
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(Ã) = A A

A

i i i

i i i

i

L

N

M
M
M

O

Q

P
P
P

1 2 2 3 3 4

4 5 5 6 6 7

8 7 8 7

Ã

i i i

i i i

i

A

L

N

M
M
M

O

Q

P
P
P

1 2 2 3 3 4

4 5 5 6 6 7

8 7 8 7

Hermitian Matrix

Hermitian

A = Ae j  A Hermitian

(A) A

Hermitian (Diagonal) real

A

i i

i i

i i

L

N

M
M
M

O

Q

P
P
P

1 2 3 3 4

2 3 0 4 5

3 4 4 5 2

A

i i

i i

i i

 

 

 

 

L

N

M
M
M

O

Q

P
P
P

1 2 3 3 4

2 3 0 4 5

3 4 4 5 2

A

i i

i i

i i

e j
1

1 2 3 3 4

2 3 0 4 5

3 4 4 5 2



 

 

 

L

N

M
M
M

O

Q

P
P
P

Skew-Hermitian Matrix

A A = -A Skew-Hermitian Matrix

A

i i i

i i i

i i

L

N

M
M
M

O

Q

P
P
P

3 3 4 4 5

3 4 4 5 6

4 5 5 6 0

Skew-Hermitian 

Skew-Hermitian pure imaginary zero number

(Nilpotent Matrix)

A A2 = O, p

A
L
NM
O
QP

0 0

2 0
A2 0 0

0 0

L
NM
O
QP
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(Operations of Matrices)

(Addition of Matrices)

A = (aij) B = (bij) A + B = C, A

B

A

a a a a

a a a a

a a a a

n

n

m m m mn m n

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

11 12 13 1

21 22 23 2

1 2 3

...

...

... ... ... ... ...

... ... ... ... ...

...

B

b b b b

b b b b

b b b b

n

n

m m m mn m n

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

11 12 13 1

21 22 23 2

1 2 3

...

...

... .. . ... ... ...

... .. . ... ... ...

...

C A B

b a b a b a b

a b a b a b a b

a b a b a b a b

n n

m m m m m m mn mn

  

   

   

   

L

N

M
M
M
M

O

Q

P
P
P
P

a11 11 12 12 13 13 1n 1n

21 21 22 22 23 23 2 2

1 1 2 2 3 3

...

...

... ... ... ...

...

Commutative

A + B = B + A

(Associative)

A, B C

A + (B + C) = (A + B) + C = A + B + C

(Subtraction of Matrices)

A - B A

B

A = [aij]
m×n

B = [bij]
m×n

C = A-B = [cij]
m×n

[aij]
m×n

 -[bij]
m×n

 = [cij]
m×n
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A

L

N

M
M
M

O

Q

P
P
P

2 5 6

4 3 7

8 7 5

B

L

N

M
M
M

O

Q

P
P
P

1 3 4

2 2 5

4 3 2

A B

L

N

M
M
M

O

Q

P
P
P

2 1 5 3 6 4

4 2 3 2 7 5

8 4 7 3 5 2

L

N

M
M
M

O

Q

P
P
P

1 2 2

2 1 2

4 4 3

(Multiplication of Matrices)

(conformable)

A = [aij]
m×n

B = [b
jk
]
n×p

i

= 1, 2 ...m, j = 1, 2..., n k = 1, 2 ...p A B

= AB m × p

C C
ik

th

c
ik
 = a

i1
 b

ik
 + a

i2
 b

2k
 + ... + a

in
 b

nk

a ij

j

n

1
 b

jk

A i th B K th

(corresponding)

C
ik

A B A (prefactor)  B

(postfactor) B A

B A

A
L
NM
O
QP

2 3

4 1
2 2

B
L
NM

O
QP

4 2 6

5 3 3
2 3

A 2 × 2 B 2 × 3

AB AB 2 × 3
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AB
L
NM
O
QP

2 3

4 1
2 2

L
NM

O
QP

4 2 6

5 3 3
2 3

AB
L
NM

O
QP

2 4 3 5 2 2 3 3 2 6 3 3

4 4 1 5 4 2 1 3 4 6 1 3
2 3

L
NM

O
QP

8 15 4 9 12 9

16 5 8 3 24 3
2 3

L
NM

O
QP

23 13 21

21 11 27
2 3

A

B A B

AB A

B AB

AB

AB

BA BA B A

AB = BA

BA = AB,

(Associative Law) (Distributive law)

 (Associative Law)

(AB) C = A (BC) = ABC A, B, C 

AB, BC ABC

A
m×n

 B
n×p

 C
p×q

 = [ABC]
m×q

(Distributive Law)

(i) A (B + C) = AB + AC B C A B

 C

(ii) (B + C) A = BA + CA

B C B + C A,

B A C

A = (aij) m × n

A

A = ( aij)

A

n?wH J/H (noE Fk;so) Gkr gfjbk gouk shik10



A

a a a a

a a a a

a a a a

n

n

m m m mn m n

L

N

M
M
M

O

Q

P
P
P

11 12 13 1

21 22 23 2

1 2 3

...

...

...

A

a a a a

a a a a

a a a a

n

n

m m m mn m n

L

N

M
M
M

O

Q

P
P
P

11 12 13 1

21 22 23 2

1 2 3

...

...

...

A
L
NM
O
QP

2 1

4 3
2

2
4 2

8 6
A
L
NM
O
QP

A B

(A + B) = A + B

A 1 2,

(i) 1 2 1 2b gA A A (ii) 1 2 1 2A Ab g b g

P

L

N

M
M
M

O

Q

P
P
P

0 1 0

0 0 1

0 0 0

Q

L

N

M
M
M

O

Q

P
P
P

0 0 0

1 0 0

0 1 0

 (i) P2 Q + Q2 P

P

L

N

M
M
M

O

Q

P
P
P

0 1 0

0 0 1

0 0 0

P2

0 1 0

0 0 1

0 0 0

0 1 0

0 0 1

0 0 0

0 0 1

0 0 0

0 0 0

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

Q2

0 0 0

1 0 0

0 1 0

0 0 0

1 0 0

0 1 0

0 0 0

0 0 0

1 0 0

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P
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P2Q

0 0 1

0 0 0

0 0 0

0 0 0

1 0 0

0 1 0

0 1 0

0 0 0

0 0 0



L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P


L

N

M
M
M

O

Q

P
P
P

Q2P

0 0 0

0 0 0

1 0 0

0 1 0

0 0 1

0 0 0

0 0 0

0 0 0

0 1 0



L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P


L

N

M
M
M

O

Q

P
P
P

P Q Q P2 2

0 1 0

0 0 0

0 0 0

0 0 0

0 0 0

0 1 0

0 1 0

0 0 0

0 1 0

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

P = [x y z]   Q

a h g

h b f

g f c

L

N

M
M
M

O

Q

P
P
P

R

x

y

z

L

N

M
M
M

O

Q

P
P
P

P (QR) = (PQ) R

QR

a h g

h b f

g f c

L

N

M
M
M

O

Q

P
P
P

x

y

z

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

ax hy gz

hx by fz

gx fy cz

P (QR) = [ x y z ] 

ax hy gz

hx by fz

gx fy cz

L

N

M
M
M

O

Q

P
P
P

P (QR) = [ax2 + by2 + cz2 + 2hxy + 2fyz + 2gzx]

(PQ) R

P (QR) = (PQ) R = [ax2 + by2 + cz2 + 2hxy + 2fyz + 2gzx]

(Trace of Matrix)

A a
ij

i = j,
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A

a a a

a a a

a a a

L

N

M
M
M

O

Q

P
P
P

11 12 13

21 22 23

31 32 33 3 3

tr (A) or tr A =

= a
11

 + a
22

 + a
33

 = aij
i 1

3

A = (aij)
n×n 

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

a a a

a a a

a a a

n

n

n n nn n n

11 12 1

21 22 2

1 2

... ...

... ...

... ... ... ... ...

... ... ... ... ...

... ...

tr A = a
11

 + a
22

 + ........ + a
nn

 = aij
i

n

1

A

L

N

M
M
M

O

Q

P
P
P

1 2 2

3 0 3

4 4 1

A = 1 + 0 + (-1) = 0

1. An Introduction to the use of Mathematics in Economic Analysis, by D.S. Haung.

2. An Introduction to Mathematics for students of Economics, by J. Parry Lewis (2nd

Edition) (Chap. 29-31).

3. Fundamental Methods of Mathematical Economics, by Alpha C. Chiang (2nd Ed. Chap.

4).

4. Mathematics for Students of Economics, by Om Parkash Bhardwaj and Jagdish Rai

Sabharwal (Latest Edition).

5. Topics in Algebra, by P.N. Arora (Third Edition).

6. Mathematics for Economists, by Taro Yamne. (2nd Ed. Chap. 10, 11).
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A
L
NM
O
QP

3 4

5 6
B
L
NM
O
QP

7 0

6 5
C
L
NM
O
QP

4 0

3 1

(a) (A + B) + C = A + (B – C)

(b) (A + B) – C = A + (B – C)

AB = BA

A
p q

q p

L
NM
O
QP

B
r k

k r

L
NM
O
QP

(AB)'

= B'A' = 1

A
L
NM
O
QP

3 0

10 4
B
L
NM

O
QP

2 3 4

5 1 3
C

L

N

M
M
M

O

Q

P
P
P

3 1

0 4

5 2
AB (C) = A (BC)

A (B + C) = AB + AC

     (B + C) A = BA + CA

A

L

N

M
M
M

O

Q

P
P
P

1 0 0

2 1 0

3 2 1

A3 – 3A2 + 3A – 1 = 0

A
L
NM

O
QP

1 2 0 4

2 4 1 3
B
L
NM

O
QP

2 1 0 3

1 1 2 3

X
1 4

A - 2X = 3B
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(;w?;No-gfjbk) (BASIC QUANTITATIVE METHODS)

(Determinants and its Properties)

[A determinant is a number (Scalar Quantity) associated to a square matrix.]

A
L
NM
O
QP

2 3

1 4

A

A
2 3

1 4

1 × 1 m × m n × n

(i) A
a a

a a
11 12

21 22

(ii) A

a a a

a a a

a a a

11 12 13

21 22 23

31 32 33 3 3

15



(iii) A

a a a

a a a

a a a

n

n

n n nn n n

11 12 1

21 22 2

1 2

...

...

. . . . . . . . .

. . .

2 × 2 3 × 3 n × n

n

(2 × 2)

A
a a

a a

L
NM

O
QP

11 12

21 22

A a
11

 a
22

 –a
21

 a
12

a
11

a
22

a
21

a
12

+

 A
10 4

8 5
  = 10 × 5 - 8 × 4 = 50 - 32 = 18

n?wH J/H (noE Fk;so) Gkr gfjbk gouk shik16

a
1 1

a
1 2

a
2 2

a
2 1



a
1 1

a
1 2

a
1 3 a

1 1
a

1 2

a
2 1

a
2 2

a
2 2 a

2 3
a

2 1

a
3 1

a
3 2

a
3 3

a
3 1

a
3 2

A

a a a

a a a

a a a

11 12 13

21 22 23

31 32 33

A a
a a

a a11
22 23

32 33

a
a a

a a12
21 23

31 33

a
a a

a a13
21 22

31 32

= a
11

 (a
22

 a
33

 –a
32

 a
23

) –a
12

 (a
21

 a
33

 –a
31

 a
23

) + a
13

 (a
21

 a
32

 –a
31

 a
22

)

= a
11

 a
22

 a
33

 –a
11

 a
32

 a
23

 –a
12

 a
21

 a
33

 + a
12

 a
31

 a
23

 + a
13

 a
21

 a
32

 –a
13

 a
31

 a
22

|A|

(Direct Method)

(Sarrus Diagram)

(Sarrus Diagram)

Laplace

Sarrus diagram
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A

3 4 5

2 1 3

6 4 3

= 9 + 72 + 40 – 30 – 36 – 24 = 121 – 90 = 31

Laplace’s Expansion Method

Laplace

(cofactor) (minor)

(Minor of a Matrix) :

A a ij 3 3

i = j = 1, 2, 3 aij A i th j th

 a 2 × 2

ith jth

A

a a a

a a a

a a a

11 12 13

21 22 23

31 32 33 3 3

aij Mij

Mji 2 × 2

Mij 2 2 , a
ij

3 4 5 3 4

2 11 3 2

6 4 3 6 4
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a
11 M

a a

a a11
22 23

32 33

a
12

 M
a a

a a
12

21 23

31 33



a
13

 M
a a

a a13
21 22

31 32

(Co-factor)

aij

aij (–1)i+j

aij 

Aij aij

Aij = (–1)i+j M ij

i j

A ith 

A aij Aij
i l

n

 j jth 

A aij A ij

j

n





1

A

L

N

M
M
M

O

Q

P
P
P

4 5 7

6 3 2

1 8 0

A 

4 5 7

6 3 2

1 8 0

a a a

a a a

a a a

11 12 13

21 22 23

31 32 33
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A = 4 (–1)1+1 3 2

8 0
+5 (–1)1+2 

6 2

1 0
+7(–1)1+3 

6 3

1 8

= 4 (0 – 16) –5 (0 – 2) + 7 (48 – 3)

= – 64 + 10 + 315 = 261

(Properties of Determinants)

i.e. A = A1

A
4 5

3 2
 = 4 × 2 – 5 × 3 = 8 – 15 = – 7

A'
4 3

5 2
 = 4 × 2 – 5 × 3 = 8 – 15 = – 7

A
5 2

3 4
14

3 4

4 2
14

p

p (even) p (odd)

A

1 2 3

2 3 4

1 5 3

6

A

1 5 3

2 3 4

1 2 3

6

n?wH J/H (noE Fk;so) Gkr gfjbk gouk shik20
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A

4 5 0

3 2 0

6 2 0

0

‘k’

k

k = 2 A
L
NM
O
QP

4 5

2 3

A =12 – 10 = 2

2
8 5

4 3
A = 24 – 20 = 4, A (k = 2)

A
L
NM
O
QP

2 3

2 3

A
L
NM
O
QP

2 3

2 3
= 6 – 6 = 0

A
L
NM
O
QP

2 3

1 4
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A
L
NM
O
QP

2 3

1 4
= 8 – 3 = 5

A
L
NM

O
QP

2 3

1 4 4 6

2 3

5 10

L
NM
O
QP = 20 – 15 = 5

A

A

L

N

M
M
M

O

Q

P
P
P

1 2 3

2 3 4

4 6 5

(i)   

L

N

M
M
M

O

Q

P
P
P

1 3 7

2 1 1

1 2 3

(ii) 

L

N

M
M
M

O

Q

P
P
P

1 3 8

4 1 2

8 1 3

(iii)  

L

N

M
M
M

O

Q

P
P
P

2 4 6

8 10 12

10 14 18

1 8 4

3 6 9

1 2 3

0
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(;w?;No-gfjbk) (BASIC  QUANTITATIVE METHODS)

(Inverse and Rank of Matrices)

(inverse)

(Inverse Matrix Method)

(Inverse of a Matrix)

(i) (Adjoint)

(ii) Gauss-reduction 

i (Adjoint)

A (non-singular) A 0 ,

ft gohs  ~ gqhGkFs  eoBk ; zGt  j ' ; ed k j ?.  fJ ;  d k ft gohs  (A-1

A
A

adjA A1 1
0c h

A 

n x n

A

a a a

a a a

a a a

n n

n

nn

n

n n
n n

 

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P



11 12 1

21 22

1 2

2

... ...

... ...

... ... ... ... ...

... ... ... ... ...

... ...

(aij) (Cij) [aij] [Cij]

C = [Cij]

23



C (C') A

C adjA

C C C

C C C

C C C

n n

n

n

n n nn

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

11 12 1

21 22 2

1 2

1
. ..

. ..

.. . .. . . .. . . .

.. . .. . . .. . . .

. ..



L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

C C C

C C C

C C C

n

n

n n nn

11 21 1

12 22 2

1 2

...

...

... ... ... ...

... ... ... ...

...

(expression) (3) A

A

A (A-1)

AA-1 = I

A A

(i) A A

A 0 A 0

(ii) A

C Cij

(iii) C A adj A

(iv) adj A A A-1

(i) (ii) (zero)
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A

L

N

M
M
M

O

Q

P
P
P

3 1 3

1 4 2

0 5 2

A 3
4 2

5 2
1
1 3

5 2
0
1 3

4 2

= 3 (8 – 10) – 1 (2 – 15) + 0 = – 6 + 13 + 0 = 7  0

(ii) and (iii) adj A

Cij adj A

L

N

M
M
M
M
M
M
M

O

Q

P
P
P
P
P
P
P

4 2

5 2

1 2

0 2

1 4

0 5

1 3

5 2

3 3

0 2

3 1

0 5

1 3

4 2

3 3

1 2

3 1

1 4

1

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

2 2 5

13 6 15

10 3 11

2 13 10

2 6 3

5 15 11

1

(iv) A
adjA

A
A

L

N

M
M
M

O

Q

P
P
P

1 11

7

2 13 10

2 6 3

5 15 11

A-1

A-1

AA-1 = I
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i.e.

3 1 3

1 4 2

0 5 2

1

7

2 13 10

2 6 3

5 15 11

1

7

7 0 0

0 7 0

0 0 7

13 3

L

N

M
M
M

O

Q

P
P
P


 

 



L

N

M
M
M

O

Q

P
P
P


L

N

M
M
M

O

Q

P
P
P
 

i.e. A-1 A I
3×3

A
n×n

(i.e. A-1 exists),

A B C

B A AB =BA = I ............... (i)

C A AC = CA = I ............... (ii)

ABC CAB

CAB = C (AB) = C1 = C (i)  ............... (iii)

CAB = (CA). B = 1B = B (ii) ............... (iv)

(iii) (iv) C= B

(AB)-1 = B-1 A-1 A B

(AB) (B-1A-1) = A(BB-1)A-1

       = A1A-1  =  I ( BB-1 = 1)

(B-1 A-1) (AB) = 1

B-1 (A-1 A) B = B-1 IB = I

(AB)-1 = B-1 A-1

(A1)-1 = (A-1)1

AA-1 = A-1 A = 1

(AA-1) = (A-1A)' = 1'

(A-1) A'=' A(A-1) = 1'

(A-1) = (A')-1 '(A)-1 = (A')-1

n?wH J/H (noE Fk;so) Gkr gfjbk gouk shik26



(A-1)-1 = A

(A-1) (A-1)-1 = 1

AA-1 (A-1) = 1

[(A-1)-1 = A]

(A-1)-1 = A

(Rank)

(ii) Gauss Elimination method/Gauss-reduction method :

If A is a square matrix of order n, I is an identity matrix of order n, then a particular

form of new matrix : [A/I] (by placing I matrix by the side of matrix A) is of order n × n.

A has inverse only and only if [A/I] can be transformed to [I/A-1]

The method thus consists in placing an identity matrix of the same order along side the

original matrix A which is required to be investigated. Then by performing the same row

elementary transformations on both A and I portions, we can transform (reduce) A into

an identity matrix ; this transformed identity matrix will then become the inverse matrix.

Gauss-reduction method 

A=

2 2 3

1 0 3

3 4 0

L

N

M
M
M

O

Q

P
P
P

A I/ 





L

N

M
M
M

O

Q

P
P
P

2 2 3 1 0 0

1 0 3 0 1 0

3 4 0 0 0 1

~ ,

1 1
3

2

1

2
0 0

1 0 3 0 1 0

3 4 0 0 0 1

1

2





L

N

M
M
M
M
M

O

Q

P
P
P
P
P

Use
R
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R1 2



R1



~

1 1
3

2

1

2
0 0

0 1
9

2

1

2
1 0

0 7
9

2

3

2
0 1



  

 

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

 , Use R
2
-R

1
, R

3
-3R

1

~ ,

1 0 3 0 0 0

1 1
9

2

1

2
1 0

0 0 27 2 7 1

1





L

N

M
M
M

O

Q

P
P
P

 UseR R ,R 7R1 2 3

~ ,

1 0 3 0 1 0

0 1
9

2

1

2
1 0

0 0 1
9

27

7

27

1

27

3
27



 



L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

Use
R

~

1 0 0
6

27

6

27

1

9

0 1 0
1

6

1

6

1

6

0 0 1
2

27

7

27

1

27

 



L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

~  [I/A-1]

A   

 

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

  



L

N

M
M
M

O

Q

P
P
P

1

6

27

6

27

1

9
1

6

1

6

1

6
2

27

7

27

1

27

1

27

6 6 3
9

2

9

2

9

2
2 7 1

n?wH J/H (noE Fk;so) Gkr gfjbk gouk shik28





If we multiply A A-1 i.e.

=

2 2 3

1 0 3

3 4 0

L

N

M
M
M

O

Q

P
P
P

   ×  

6

27

6

27

1

9
1

6

1

6

1

6
2

27

7

27

1

27

L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

We get    

1 0 0

0 1 0

0 0 1

L

N

M
M
M

O

Q

P
P
P

Hence 
1

27

6 6 3
9

2

9

2

9

2
2 7 1

L

N

M
M
M

O

Q

P
P
P

 is inverse of  

2 2 3

1 0 3

3 4 0

L

N

M
M
M

O

Q

P
P
P

[Important Note : Always remember that only row transformations are to be

performed for finding inverse method by Gauss Elimination Method.]

B. Co-factor Method

(Rank of Matrix)

(Independent)

(linearly independent)

A
m×n

(zero)

A (rho) (A)  (A) r

(non-zero) A r

r
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r × 1  (A) = r

A
m×n

m n

3 × 5

3 ×

3

p (A)   mn (m, n)

A m n

(i) n × n Ap n

 p (A) = n

(ii) null

i.e. p (O) = O

(iii) A

i.e. P (A) = p (A')

(iv) A (r + 1) p (A)   r

(v) A r p (A)   r

A =

1 2 3 4

5 7 6 8

6 9 9 12

L

N

M
M
M

O

Q

P
P
P

3 4

3 × 3

1 2 3

5 7 6

6 9 9

L

N

M
M
M

O

Q

P
P
P

, 

2 3 4

7 6 8

9 9 12

L

N

M
M
M

O

Q

P
P
P

,

1 2 4

5 7 8

6 9 12

L

N

M
M
M

O

Q

P
P
P

1 3 4

5 6 8

6 9 12

L

N

M
M
M

O

Q

P
P
P

A

2 × 2

A (2 × 2)
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1 2

5 7
2 2

L
NM
O
QP 

A

A1 

 L

N

M
M
M
M
M
M

O

Q

P
P
P
P
P
P

1 2 3 2 1 7

0 0 1 0 5 1

0 0 0 1 0 2

0 0 0 0 0 0

0 0 0 0 0 0

A2 



 
L

N

M
M
M
M

O

Q

P
P
P
P

0 1 2 1 8 4 3

0 0 0 0 1 2 1

0 0 0 0 0 1 2

0 0 0 0 0 0 1

A3

L

N

M
M
M
M

O

Q

P
P
P
P

1 0 3

0 1 2

0 0 0

0 0 0

A
1

3, A
2

A
3

A
1

A
2

A
3

(linearly

independent)

(i) 1

(ii) ‘1’
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(iii)

(elementary) (form)

(i)

(ii) (non-zero)

(iii)

            (i)       R
ij

ith jth Cij

ith jth

           (ii) Ri(j) ith k k  0b g C
1

(K) ith ith K k  0b g
          (iii) Rij (k) jth k k  0b g ith

Rij (k), jth

Cij (k) jth

k k  0b g ith

(Equivalent Matrices)

A B (A ~ B)

(a) A A ~ A

(b) B A A B

A ~ B   B ~ A

(c) C, B B, A C, A

A ~ B B ~ C   A ~ C

(d) A C B

A =

9 2 3

6 5 4

8 7 1

L

N

M
M
M

O

Q

P
P
P

~

8 7 1

6 5 4

9 2 3

L

N

M
M
M

O

Q

P
P
P
(Use R

13
)~

1 7 8

4 5 6

3 2 9
1 3

L

N

M
M
M

O

Q

P
P
P

, U s e C
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( )



~ ,

3 2 9

4 5 6

1 7 8

L

N

M
M
M

O

Q

P
P
P

Use R13 ~ ,

1 7 8

4 5 6

3 2 9

L

N

M
M
M

O

Q

P
P
P

Use R13

~ ,

1 7 7 8

4 5 6

3 2 9







L

N

M
M
M

O

Q

P
P
P

 28

21

72 2 1Use C C C ~

1 0 8

4 23 6

3 19 9

L

N

M
M
M

O

Q

P
P
P

A

(Normal form of a matrix)

(A)
m×n

1

0

L
NM
O
QP

1

0
rL
NM
O
QP

1 0

0 0
rL
NM
O
QP

1
r

r × r (r > 0)

1
r

A

A =

2 5 6 10

1 3 2 6

1 2 4 4

L

N

M
M
M

O

Q

P
P
P
3 4

3 × 4

3 × 3

(i)

2 5 6

1 3 2

1 2 4

L

N

M
M
M

O

Q

P
P
P

  (ii)

2 5 10

1 3 6

1 2 4

L

N

M
M
M

O

Q

P
P
P

(iii) 

2 6 10

1 2 6

1 4 4

L

N

M
M
M

O

Q

P
P
P

(iv) 

5 6 10

3 2 6

2 4 4

L

N

M
M
M

O

Q

P
P
P
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(i) 2
3 2

2 4
-5

1 2

1 4
+6

1 3

1 2

= 2 (12 - 4) - 5 (4 - 2) + 6 (2 - 3) = 16 - 10 - 6 = 0

(ii) 2
3 6

2 4
1

5 10

2 4
1

5 10

3 6

= 2 (12 - 12) - 1 (20 - 20) + 1 (30 - 30) = 0

(iii) 2
2 6

4 4
1

6 10

4 4
1

6 10

2 6

       = 2 (8 - 24) - 1 (24 - 40) + 1 (36 - 20) = - 32 + 16 + 16 = 0

(iv)  5
2 6

4 4
3

6 10

4 4
2

6 10

2 6

= 5 (8 - 24) - 3 (24 - 40) + 2 (36 - 20) = -80 + 48 + 32 = 0

3 × 3 p (A) < 3

2 × 2

2 5

1 3
,

6 10

2 6
,

2 5

1 2
,

5 6

3 2

2 5

1 3
= 6 – 5 = 1   0

A (rank) 2

P (A) = 2

A

(Elementary Matrix) (Normal form of Matrix)

A =

2 5 6 10

1 3 2 6

1 2 4 4

L

N

M
M
M

O

Q

P
P
P
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~  

1 3 2 6

2 5 6 10

1 2 4 4

L

N

M
M
M

O

Q

P
P
P
 by R

12

~   

1 0 0 0

2 -1 2 -2

1 -1 2 -2

L

N

M
M
M

O

Q

P
P
P

by C
2
 – 3C

1
, C

3
 – 2C

1
, C

4
 – 6C

1

~   

1 0 0 0

0 -1 2 -2

0 -1 2 -2

L

N

M
M
M

O

Q

P
P
P

by R
2
 – 2R

1
, R

3
 – R

1

~  

1 0 0 0

0 1 -2 2

0 -1 2 -2

L

N

M
M
M

O

Q

P
P
P

by – R
2

~  

1 0 0 0

0 1 0 0

0 -1 0 0

L

N

M
M
M

O

Q

P
P
P

  by C
3
 + 2C

2
, C

4
 + C

3

~  

1 0 0 0

0 1 0 0

0 0 0 0

L

N

M
M
M

O

Q

P
P
P

  by R
3
 + R

2

~  
12 0

0 0

L
NM
O
QP

~ B

P (B) P (A) = 2   1
2

2 × 2

A

(Adj A) A = A (Adj A) = A  1
3
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A =

0 1 2

1 2 3

3 1 1

L

N

M
M
M

O

Q

P
P
P

A =

0 1 2

1 2 3

3 1 1

L

N

M
M
M

O

Q

P
P
P

A =

1 2 3

2 3 4

2 4 5

L

N

M
M
M

O

Q

P
P
P

 (i)
1 3 4

2 6 8

L
NM

O
QP

(ii)  

1 0 0

0 1 0

0 0 1

L

N

M
M
M

O

Q

P
P
P

 (iii)  

1 1 1

1 1 1

1 1 1

L

N

M
M
M

O

Q

P
P
P

  (iv) 

1 3 4 -2

2 6 8 -4

3 0 3 3

L

N

M
M
M

O

Q

P
P
P

A =

2 1 2 -2

4 0 2 6

2 1 3 1

L

N

M
M
M

O

Q

P
P
P

I o

o o

L
NM
O
QP
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(;w?;No-gfjbk) (BASIC  QUANTITATIVE METHODS)

(Solution of Simultaneous Equations)

I.

II.

III.

IV.

V.

a
11

 x
1
 + a

12
 x

2
 + a

13
 x

3
 = b

1

a
21

 x
1
 + a

22
 x

2
 + a

23
 x

3
 = b

2

a
31

 x
1
 + a

32
 x

2
 + a

33
 x

3
 = b

3

AX = B

 A =

a a a

a a a

a a a

11 13

21 22 23

31 32 33

12L

N

M
M
M

O

Q

P
P
P

X =

x

x

x

1

2

3

L

N

M
M
M

O

Q

P
P
P

B =

b

b

b

1

2

3

L

N

M
M
M

O

Q

P
P
P

x
1
, x

2
 x

3
 

II.

(Crammer Rule)

(Matrix Inverse Method)

(Gauss Elimination Method)
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(Gabriel Crammer),

a
11

 x
1
 + a

12
 x

2
 + a

13
 x

3
 = b

1

a
21

 x
1
 + a

22
 x

2
 + a

23
 x

3
 = b

2

a
31

 x
1
 + a

32
 x

2
 + a

33
 x

3
 = b

3

AX = B

A =

a a a

a a a

a a a

11 13

21 22 23

31 32 33

12L

N

M
M
M

O

Q

P
P
P

X =

x

x

x

1

2

3

L

N

M
M
M

O

Q

P
P
P

B =

b

b

b

1

2

3

L

N

M
M
M

O

Q

P
P
P

  X = A-1 B

A-1 = 
1

A
  A

X = 
1

A
 (Adj. A) B

x

x

x

1

2

3

L

N

M
M
M

O

Q

P
P
P
 =  

1

A
  

A A A

A A A

A A A

11 21 31

12 22 32

13 23 33

L

N

M
M
M

O

Q

P
P
P

   

b

b

b

1

2

3

L

N

M
M
M

O

Q

P
P
P

Aij, A aij co-factor

x

x

x

1

2

3

L

N

M
M
M

O

Q

P
P
P

 =  
1

A
  

A b A b A b

A b A b A b

A b A b A b

1 1 1 2 1 2 3 1 3

1 2 1 2 2 2 3 2 3

1 3 1 2 3 2 3 3 3

 

 

 

L

N

M
M
M

O

Q

P
P
P
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x
A

1
11

 b A b A b

A

1 21 2 31 3

x
A

1

1


b a a

b a a

b a a

1 12 13

2 22 23

3 32 33

A

A

1

x
A

2

1


a b a

a b a

a b a

11 1 13

21 2 23

31 3 33

A

A

2

x
A

3

1


a a b

a a b

a a b

11 12 1

21 22 2

31 32 3

A

A

3

2x
1
 + 3x

2
 = 13

 x
1
 + 7x

2
 = 23

AX = B

A 
L
NM
O
QP

2 3

1 7
, X

x

x

L
NM
O
QP

1

2

, B 
L
NM
O
QP

13

23

x
A

A
1

1 , x
A

A
2

2

A 
2 3

1 7
= 14 - 3 = 11

A1

13 3

23 7
 = 91 - 69 = 22
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A2

2 13

1 23
  = 46 - 13 = 33

x
1
 = 

A

A

1  =  
22

11
= 2

x
2
 = 

A

A

2
 = 

33

11
 = 3

  x
1
 = 2, x

2
 = 3

3x
1
 + 2x

2
 - x

3
 = 4

-x
1
 - x

2
 + 3x

3
 = 6

5x
1
 - 3x

2
 + x

3
 = 2

AX = B

A 



 



L

N

M
M
M

O

Q

P
P
P

3 2 1

1 1 3

5 3 1

, X

x

x

x



L

N

M
M
M

O

Q

P
P
P

1

2

3

B 

L

N

M
M
M

O

Q

P
P
P

4

6

2

A 



 



3 2 1

1 1 3

5 3 1

 

= 3 (-1 + 9) - 2 (-1 - 15) - 1 (3 + 5)

= 24 + 32 - 8 = 48

A

4 2 1 

6 1 3

2 3 1
1 
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= 4 (-1 + 9) - 2 (6 - 6) - 1 (-18 + 2)

= 32 - 0 + 16 = 48

A2

3 4 1

1 6 3

5 2 1







= 3 (6 - 6) - 4 (-1 - 15) - 1 (-2 - 30)

= 0 + 64 + 32 = 96

A3

3 2 4

1 1 6

5 3 2

  



= 3 (-2 + 18) - 2 (-2 - 30) + 4 (3 + 5)

        = 48 + 64 + 32 = 144

x
A

A
1

1 48

48
1  

x
A

A
2

2 96

48
2  

x
A

A
3

3 144

48
3  

(Matrix Inverse Method)

x
1
, x

2
x

3
 

a
11

 x
1
 + a

12
 x

2
 + a

13
 x

3
 = b

1

a
21

 x
1
 + a

22
 x

2
 + a

23
 x

3
 = b

2

a
31

 x
1
 + a

32
 x

2
 + a

33
 x

3
 = b

3

AX = B
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A =

a a a

a a a

a a a

11 13

21 22 23

31 32 33

12L

N

M
M
M

O

Q

P
P
P

X =

x

x

x

1

2

3

L

N

M
M
M

O

Q

P
P
P

B =

b

b

b

1

2

3

L

N

M
M
M

O

Q

P
P
P

A  0

X = A-1 B

2x
1
 + 3x

2
 = 5

11x
1
 – 5x

2
 = 6

AX = B

A 


L
NM

O
QP

2 3

11 5
, X

x

x

L
NM
O
QP

1

2

, B 
L
NM
O
QP

5

6

A 


2 3

11 5
 = - 10 - 33 = - 43

A  0 A-1

A
Adj A

A

 1

A 


L
NM

O
QP

2 3

11 5

a
11

 = (-1)1+1 (-5) = -5

a
12 

” ” ” = (-1)1+2 11 = -11

a
21 

” ” ” = (-1)2+1 3 = -3

a
22 

” ” ” = (-1)2+2 2 = 2

 


L
NM

O
QP

5 11

3 2

Adjoint 
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Adjoint of A = 
 


L
NM

O
QP

5 3

11 2

A-1 = 
1

43

5 3

11 2

 


L
NM

O
QP

x = A-1 B

x

x

1

2

L
NM
O
QP  =  

1

43

5 3

11 2

 


L
NM

O
QP
 

5

6

L
NM
O
QP

 =  
1

43

25 18

55 12

 

 
L
NM

O
QP

 = 
1

43

43

43




L
NM
O
QP

x

x

1

2

L
N
M
O
Q
P  = 

1

1

L
NM
O
QP

x
1
 = 1, x

2
 = 1

2x - y + 3z = 9

x + y + z = 6

x - y + z = 2

AX = B

A 





L

N

M
M
M

O

Q

P
P
P

2 1 3

1 1 1

1 1 1

x

x

y

z

B

L

N

M
M
M

O

Q

P
P
P



L

N

M
M
M

O

Q

P
P
P

9

6

2
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A 





2 1 3

1 1 1

1 1 1

= 2 (1 + 1) - (-1) (1 - 1) + 3 (-1 -1)

= 4 - 0 - 6 = - 2   0

A  0 A-1 

1 1

1 1 ,
1 1

1 1
,

1 1

1 1

2, 0, -2

1 3

1 1 ,
2 3

1 1
,

2 1

1 1

-2, -1, 1

1 3

1 1

2 3

1 1

2 1

1 1



-4, 1, 3

2 0 2

2 1 1

4 1 3



 



L

N

M
M
M

O

Q

P
P
P

A Adjoint =  

2 0 2

2 1 1

4 1 3

1


 



L

N

M
M
M

O

Q

P
P
P

= 

2 2 4

0 1 1

2 1 3

 





L

N

M
M
M

O

Q

P
P
P

x = A-1 B

X = 
Adj A

A
 B
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A X 


 





L

N

M
M
M

O

Q

P
P
P




 





L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

1 1

2

2 2 4

0 1 1

2 1 3

1

2

2 2 4

0 1 1

2 1 3

9

6

2

,

X


 





L

N

M
M
M

O

Q

P
P
P


 

1

2

18 12 8

0 6 2

18 6 6

   = 
1

2

2

4

6








L

N

M
M
M

O

Q

P
P
P

 

x

y

z

L

N

M
M
M

O

Q

P
P
P

  =  

1

2

3

L

N

M
M
M

O

Q

P
P
P

  x = 1, y = 2, z = 3

IV. 

x + y + z = 1

x + 2y + 3z = 6

x + 3y + 4z = 6

x + y - z = 3

2x + 3y + z = 10

3x - y - 7z = 1

1. C.S. Aggarwal and R.C. Joshi Mathematics for Students

of Economics

2. Dr. S.C. Aggarwal and Dr. R. K. Rana Basic Mathematics for

Economists
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(;w?;No-gfjbk) (BASIC  QUANTITATIVE METHODS)

(Application of Simultaneous Equations in Economics)

I.

II.

III.

IV.

V.

T [d kj oD 1H L- x, y, z D
1
, D

2
, D

3
,

   D
1

D
2

  D
3

x    2 5   1

y    1 2   3

z    2 2   3

1100 1800 1400

x
1
, x

2
, x

3
, x, y, z,

2x
1
 + x

2
 + 2x

3
 = 1100

5x
1
 + 2x

2
 + 2x

3
 = 1800

x
1
 + 3x

2
 + 3x

3
 = 1400

2 1 2

5 2 2

1 3 3

L

N

M
M
M

O

Q

P
P
P

x

x

x

1

2

3

L

N

M
M
M

O

Q

P
P
P

= 

1100

1800

1400

L

N

M
M
M

O

Q

P
P
P
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Ax = B

A 

L

N

M
M
M

O

Q

P
P
P

2 1 2

5 2 2

1 3 3

X

x

x

x



L

N

M
M
M

O

Q

P
P
P

1

2

3

B 

L

N

M
M
M

O

Q

P
P
P

1100

1800

1400

x
1
, x

2
, x

3

x
1
, x

2
x

3
x

1
, x

2
, x

3
 

A 

2 1 2

5 2 2

1 3 3

= 2 (6-6) -1 (15-2) + 2 (15-2)

= 0-13 + 26 = 13

A1

1100 1 2

1800 2 2

1400 3 3



= 1100 (6-6) -1 (5400 - 2800)

    + 2 (5400 - 2800)

= 0 - 2600 + 5200 = 2600

A2

2 1100 2

5 1800 2

1 1400 3



= 2 (5400 - 2800) - (1100) (15-2)

    + 2 (7000 - 1800)

= 5200 - 14300 + 10400 = 1300

A3

2 1 1100

5 2 1800

1 3 1400
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= 2 (2800 - 5400) - 1 (7000 - 1800)

    + 1100 (15-2)

= -5200 - 5200 + 14300

= 3900

x
A

A
1

1 2600

13
200  

x
A

A
2

2 1300

13
100  

x
A

A
3

3 3900

13
300  

x
1
 = 200, x

2
 = 100, x

3
 = 300

A 

2 1 2

5 2 2

1 3 3

= 13   0

A 

A-1 = 
Adj A

A

2 2

3 3 ,
5 2

1 3
, 

5 2

1 3

0, -13, 13


1 2

3 3
,

2 2

1 3


2 1

1 3

+3, 4,  - 5 
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1 2

2 2


2 2

5 2

2 1

5 2

-2, + 6, - 1 

0 13 13

3 4 5

2 6 1





 

L

N

M
M
M

O

Q

P
P
P

A Adjoint 

0 3 2

13 4 6

13 5 1





 

L

N

M
M
M

O

Q

P
P
P

A-1 = 
1

13
 

0 3 2

13 4 6

13 5 1





 

L

N

M
M
M

O

Q

P
P
P

X = A-1 B

x

x

x

1

2

3

1

13

0 3 2

13 4 6

13 5 1

1100

1800

1400

L

N

M
M
M

O

Q

P
P
P






 

L

N

M
M
M

O

Q

P
P
P

L

N

M
M
M

O

Q

P
P
P

= 
1

13
 

0 5400 2800

14300 7200 8400

14300 9000 1400

 

  

 

L

N

M
M
M

O

Q

P
P
P

 

x

x

x

1

2

3

1

13

L

N

M
M
M

O

Q

P
P
P


 

2600

1300

3900

L

N

M
M
M

O

Q

P
P
P

 =  

200

100

300

L

N

M
M
M

O

Q

P
P
P

x
1
 = 200, x

2
 = 100, x

3
 = 300
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5 p
1
 - 2 p

2
 = 15

-p
1
 + 8p

2
 = 16

5p
1
 - 2 p

2
 = 15

-p
1
 + 8p

2
 = 16

5 2

1 8




L
NM

O
QP

p

p

1

2

L
NM
O
QP = 

15

16

L
NM
O
QP

AX = B

A 



L
NM

O
QP

5 2

1 8
XX x

p

p

L
NM
O
QP

1

2

B 
L
NM
O
QP

15

16

A
5 2

1 8
40 2 38

A 1

15 2

16 8
120 32 152

A 2

5 15

1 16
80 15 95

p
A

A
1

1 152

38
4  

p
A

A
2

2 95

38
2 50   .
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A
5 2

1 8
40 2 38

A  0

8 1

2 5

L
NM
O
QP

Adjoint A = 
8 2

1 5

L
NM
O
QP

A-1 =  
Adj A

A
= 

1

38
 

8 2

1 5

L
NM
O
QP

X = A-1 B

p

p

1

2

L
NM
O
QP

 = 
1

38
 

8 2

1 5

L
NM
O
QP

 
15

16

L
NM
O
QP

= 
1

38
  

120 32

15 80




L
NM

O
QP
 = 

1

38
 

152

95

L
NM
O
QP

 
p

p

1

2

L
NM
O
QP
= 

152

38
95

38

L

N

M
M
M

O

Q

P
P
P

 = 
4

2 5.

L
NM
O
QP

p
1
 = 4, p

2
 = 2.50
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11 p
1
 - p

2
 - p

3
 = 31

- p
1
 + 6p

2
 - 2p

3
 = 26

- p
1
 - 2p

2
 + 7p

3
 = 24

11 P
1
 - P

2
 - P

3
 = 31

- P
1
 + 6P

2
 - 2P

3
 = 26

- P
1
 - 2P

2
 + 7P

3
 = 24

11 1 1

1 6 2

1 2 7

 

 

 

L

N

M
M
M

O

Q

P
P
P

p

p

p

1

2

3

L

N

M
M
M

O

Q

P
P
P

= 

31

26

24

L

N

M
M
M

O

Q

P
P
P

AX = B

A 

 

 

 

L

N

M
M
M

O

Q

P
P
P

11 1 1

1 6 2

1 2 7

X

p

p

p



L

N

M
M
M

O

Q

P
P
P

1

2

3

B 

L

N

M
M
M

O

Q

P
P
P

31

26

24

A 

 

 

 

11 1 1

1 6 2

1 2 7

=11(42-4)+1 (-7 -2)-1 (2+6) = 418-9-8=401

A1

31 1 1

26 6 2

24 2 7



 





= 31 (42 - 4) - (-1) (182 + 48) -1 (- 52 - 144)
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= 1178 + 230 + 196 = 1604

A2

11 31 1

1 26 2

1 24 7

= 11 (182 + 48) - 31 (- 7 - 2) - 1 (- 24 + 26)

= 2530 + 279 - 2 = 2807

A3

11 1 31

1 6 26

1 2 24







 

L

N

M
M
M

O

Q

P
P
P

= 11 (144 + 52) - (-1) (- 24 + 26) + 31 (2 + 6)

= 2156 + 2 + 248 = 2406

p
A

A
1

1 1604

401
4  

p
A

A
2

2 2807

401
7  

p
A

A
3

3 2406

401
6  

P
1
 = 4, P

2
 = 7, P

3
 = 6

III. 

IV. 

3p
1
 - p

2
 + p

3
 = 2

-15 p
1
 + 6p

2
 - 5p

3
 = 5

5p
1
 - 2p

2
 + 2 p

3
 = 1
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A, B, C

  A   B C

 90 100 20 800

130  50 40 900

60 100 30 850

1. C.S. Aggarwal and R.C. Joshi    : Mathematics for Students of

Economics

2. Dr. S.C. Aggarwal and Dr. R.K. Rana : Basic Mathematics for Economists.
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(;w?;No-gfjbk) (BASIC QUANTITATIVE METHODS)

gkm BzL 2H6 b/ye L vkL ow/µ e[wko pK;b

o/fye tkXk ns/ f}nkfwsh tkXk
(Arithmetic Progression and Geometric Progression)

I.ikD-gSkD

II. wzst

III. o/fye tkXk ;koDh

1H gfoGkµk

2H A.P. ;koDh dh n thI wZd

3H n wZdK dk i'V

4H d' nze a ns/ b ftZu o/fye n";s

5H d' nze a ns/ b ftu n o/fye n";s.

IV. f}nkfwsh tkX/ tkbh ;koDh (G.P.)

1H gfoGkµk

2H f}nkfwsh tkX/ tkbh ;koDh dh n thI wZd

3H f}nkfwsh tkX/ tkbh ;koDh dhnK n wZdK dk i'V

4H d' wZdK ftu f}nkfwsh n";s

5H d' wZdK ftu n finkfwsh n";s.

V. ;koKF

VI. gqµB

VII. gVQB :'r g[;seK

I.ikD-gSkD (Introduction)

o/fye ns/ f}nkfwsh tkX/ tkbh ;koDh Ã ;wMD s'_ gfjbK eVh (Sequence) ns/

;koDh (Series) dk gsk j'Dk }o{oh j?. i/eo nzeK d/ ;w{j Ã fe;/ yk; fB:w nXhB fbfynk

iK eqwpZX ehsk frnk j't/ sK fJ; Ã eVh (Sequence) fejk iKdk j?.

T[dkjoD ti'_

(i) 2, 5, 8, 11 ---

(fB:w L jo/e nrb/ nze dk gsk eoB bJh gfjb/ nze ftu 3 i'V fdZsk ikt/)

(ii) 3, 6, 12, 24 ----

(fB:w L jo/e nrb/ nze dk gsk eoB bJh gfjb/ nze Ã 2 Bkb r[DK eo fdZsk

ikt/)

(iii) 1, 
1

2
, 

1

3
, 

1

4
---------

(fB:w L ;kXkoB nzeK d/ T[bN fby/ rJ/ jB)

i/eo fJ; eVh d/ nzeK Ã i'V (O) iK xNkU (-) d/ fuzBQK Bkb f;b;b/ tko fbfynk

ikt/ sK fJj ;koDh (Series) pD iKdh j?. T[&Zgo fbyh eVh s'_ j/m fdZsh ;koDh pD ikt/rh.
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2 + 5 + 8 + 11 + ...........

3 + 6 + 12 + 24 + ........

1 + 
1

2
+ 

1

3
+ 

1

4
+ ...........

i/eo fJ; ;koDh dhnK wZdK ftu brksko tkXk iK xkNk j' fojk j't/ sK fJ; Ã

tZXdh ;koDh (Progression) fejk iKdk j?.

II. wzst (Objectives) L- fJ; gkm d/ wzst j/m fby/ jB.

(i) A.P. ns/ G.P. dh gqhGkµk

(ii) A.P. ns/ G.P. dh yk; wZd dk gsk eoBk

(iii) A.P. ns/ G.P. dhnK wZdK dk i'V gsk eoBk

(iv) AM ns/ GM dk gsk eoBk

III. o/fye tkXk ;koDh (Arithmetic Progression) L-

1H gfoGkµk L- i/eo fe;/ ;koDh dhnK wZdK ftu tkX/ iK xkN/ dh do ;wkB

oj/, noEks i/ eo T[&ZgoEZbh d' wZdK ftu nzso pokpo j't/ sK fJ; Ã o/fye tkX/ tkbh

;koDh (A.P.) fejk iKdk j?. j/m fbyhnK ;koDhnK A.P. dhnK T[dkjoDK jB.

2, 4, 6, 8, 10, HHHHHHHHHHHHHHHHH

3, 6, 9, 12 HHHHHHHHHHHHH

10, 8, 6, 4, 2, 0, -2, HHHHHHHHHHHHHH

fJBQK ;koDhnK d/ pokpo nzso Ã ;kXkoB (;z:[es) nzso fejk iKdk j? ns/ fJ; Ã

‘d’ Bkb do;kfJnk iKdk j? . gfjbh wZd Ã ‘a’ Bkb fbfynk iKdk j?. nth wZd Ã Tn ns/

n wZdK d/ i'V Ã Sn Bkb fbfynk iKdk j? ns/ nyhobh wZd Ã ‘  ’ Bkb do;kfJnk iKdk j?.

A.P. ;koDh dh n thI wZd L- wzB bt' ‘a’ gfjbh wZd ns/ ;kXkoB nzso ‘d’ j?

gfjbh wZd T
1
 = a = a + (1 - 1) d

d{ih wZd T
2
 = a + d = a + (2 - 1) d

shih wZd T
3
 = a + 2d = a + (3 -1)d

---------------------------------------------
---------------------------------------------

nth wZd Tn = a + (n -1)d

T[dkjoD 1 L- ;koDh 2, 4, 6, 8, HHHHHHHHHHdh nthI ns/ 18thI wZd gsk eo'.

jZb L- fJE/ a = 2, d = 4-2 = 2

Tn = a + (n -1)d

= 2 + (n - 1)2

= 2 + 2n - 2 = 2n

T
18

 = a + (18 - 1)d

 = 2 + 17(2) = 36

T[dkjoD 2 L- ;koDh 12, 9, 6, 3HHHHHHH dh 10thI ns/ r th_ wZd gsk eo'.

jZb L- fJE/ a = 12, d = 9 - 12 = -3
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Tn = a + (n - 1)d

T
10

 = a + (10 -1)d

= 12 + 9(-3) = 12 - 27 = -15

r th_ wZd, Tr = a + (r - 1)d

Tr = 12 + (r-1) (-3)

Tr = 12 - 3r + 3 = 15-3r

T[dkjoD 3 L- ;koDh 2, 5, 8 HHHHHHHH dh fejVh wZd 53 j't/rh <

jZb L- fJE/ a = 2, d = 5 - 2 = 3

Tn = 53

go ;kÃ gsk j? fe

Tn = a + (n - 1)d

n;h_ n dk w[Zb gsk eoBk j?, fJ; bJh Tn, a ns/ d dk w[Zb Go d/tKr/

53 = 2 + (n - 1)3

53 = 2 + 3n - 3

53 + 1 = 3n iK n
54

3
18

noEks 18th_ wZd 53 j't/rh.

T[dkjoD 4 L- i/ eo A.P. dh shih wZd 18 ns/ 7th_ wZd 30 j? sK 20th_ wZd gsk

eo'.

jZb L- fJE/ T
3
 = 18, T

7
 = 30, T

20
 = ?

T
3
 = a + (3-1)d

= a + 2d = 18 (i)

T
7
 = a + 6d = 30 (ii)

d{ih ;wheoB ftu'_ gfjbh ;wheoB xNk e/

a  +  6d  =  30

a +   2d  = 18

– – –

-------------------

        4d  = 12           d = 3

d dk w[Zb gfjbh ;wheoB ftu Go e/

a + 2d = 18

a + 2(3) = 18   a = 18-6 = 12

T
20

 = a + (20-1)d

= 12 + 19(3) = 12 + 57 = 69

3H o/fye tkX/ tkbh ;koDh (A.P.)  n wZdK dk i'V L- i/ eo ‘a’ gfjbh

wZd ns/ ‘d’ ;kXkoB tkX/ dh do, ‘  ’ nyhobh wZd, Sn, n wZdK dk i'V j? sK

Sn = a + (a+d) + (a + 2d) + ...........+ (  -2d) + (  -d) +  ................................... (i)

fJ; ;wheoB Ã n;h_ T[bN/ gkf;UI th fby ;ed/ jK
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Sn =   + (  -d) + (  -2d) + ............ + (a + 2d) + (a +d) + a .................................(ii)

(i) ns/ (ii) Ã i'V e/

2Sn = (a +  ) + (a +  ) + .............. n wZdK sZe

2Sn = n (a +  )

Sn = 
n

2
(a +  )

go ;kÃ gsk j? fe   = Tn = a + (n -1)d

Sn =  
n

2
(  + a + (n -1)d)

=  
n

2
 (2a + (n-1)d)

T[dkjoD 5 L- j/m fbyhnK ;koDhnK dk i'V eo'.

(i) .70 + .71 + .72 + .73 + ..............100 wZdK sZe

(ii) 3 +  3
1

3
3

2

3
...............n wZdK sZe

jZb L- (i) .70 + .71 + .72 + .73 + ..................

fJE/ a = .70 d = 0.71-0.70

= .01 =  
1

100

ns/ n = 100

S
n
 = 

n
a n d

2
2 1( ( ) ) 

S
100 

=
100

2
2 70 100 1

1

100

F
HG
I
KJ

F
HG

I
KJ

. ( )

50 2 9970
100

1
100

( )

50 140
100

99
100

50
1195

10

239
100

S
100 

=119.5

(ii) 3 + 3
1

3
3

2

3
 ...............
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 fJE/ a = 3, d = 3
1

3
—3 = 

1

3

S
n
  = 

n
a n d

2
2 1 ( )

   
L
NM

O
QP

n
n

2
2 3 1

1

3
( )

 
L

NM
O
QP

n n

2
6

1

3

Sn
n n


 F

HG
I
KJ2

18 1

3


F

HG
I
KJ 

n n n n

2

17

3

17

6

( )

T[dkjoD 6 L- j/m fdZsh ;koDh dk i'V eo'

51 + 50 + 49 +  +..............+1

jZb L- fJE/ a = 51, d = 50 – 51 = –1

  = 1

;G s'_ gfjbK n;h_ n dk w[Zb gsk eoKr/

T
n
 = a + (n-1)d

1 = 51 + (n-1) (-1)

1 = 51 - n + 1

n = 51

S
n

an  
2



Sn  
51

2
51 1

   
51

2
52 51 26 1326

T[dkjoD 7 L- ;koDh 9 + 12 + 15+ ......... dhnK fezBhnK wZdK dk i'V 306 j't/rk <

jZb L- fJE/ a = 9, d = 12 - 9 = 3

S
n
 = 306, n;h_ n dk w[Zb gsk eoBk j?.

;kÃ gsk j? fe

S
n

a n dn   
2

2 1( )
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306
2

2 9 1 3   
n

n( )

612 = n (18 + 3n-3)

612 = 18n + 3n2 - 3n

3n2 + 15n - 612 = 0

iK n2 + 5n - 204 = 0

n
b b ac

a

  2 4

2

fJE/ a = 1, b = 5, c = -204

n
5 25 4 1( 204)

2 1

    



=
  


 5 25 816

2

5 841

2

= n
5 29

2

 

n
5 29

2
17

 
 iK 

 


5 29

2
12

go n dk w[Zb frDkswe Bjh_ j' ;edk fJ; bJh n = 12 j? .

d' nze a ns/ b ftu o/fye n";s (Arithmetic mean between two quantities a and b) L-

i/eo fszB nze A.P. ftu j'D sK T[BQK ftueko tkbh wZd Ã d{ihnK d' wZdK dk o/fye n";s

(A.M.) fejk iKdk j?. wzB bt' x, a ns/ b dk A.M. j?, sK a, x, b, A.P ftu j'Dr/

x - a = b - x

2x = a + b

x
a b

2

5 H d' nze a ns/ b ftu n o/fye n";s (n  A.M.’s between two quantities a

and b)

wzB bt' A
1
, A

2
, A

3
 ........A

n
, a ns/ b ftu n o/fye n";s jB.

sK a, A
1
, A

2
, A

3
 ............A

n
, b, A.P. ftu j'Dr/.

e[Zb wZdK dh ;zfynk = n + 2

gfjbh wZd = a

T
n+ 2

 = b, n;h_ d dk w[Zb gsk eoKr/.

T
n+ 2

 = a + (n + 2-1)
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b = a + (n +1)d

d
b a

n



1

A
1
 = T

2
 = a + d = a +

b a

n


 1

A
2
 = T

3
 = a + 2d = a

b a

n






2

1

A
3
 = T

4
 = A + 3d = a

b a

n






3

1

A
n
 = T

n+1
 = A + nd = a

n b a

n




1

T[dkjoD 8 L- -18 ns/ 4 ftu fszB A.M’s  gsk eo'.

jZb L- wzB bt' A
1
, A

2
 ns/ A

3
 , -18 ns/ 4 ftu fszB A.M’s s jB.

-18, A
1
, A

2
, A

3
, 4, A.P ftu jB

a = -18, T
5
 = 4

T
5
 = a + 4d = 4

-18 + 4d = 4 iK 4d = 22 , d = 
22

4

11

2

A
1
 = T

2
 = a + d = -18 + 

11

2

25

2

A
2
 = T

3
 = a + 2d = -18 + 2 

11

2
7

F
HG
I
KJ 

A
3
 = T

4
 = a + 3d = -18 + 3

11

2

3

2

F
HG
I
KJ 

IV. f}nkfwsh tkX/ tkbh ;koDh (Geometric Progression) (G.P.)

1H gfoGkµk L- fJe ;koDh f}nkfwsh tkX/ tkbh j't/rh i/eo fe;/ wZd dk nkgD/ s'_

gfjbh wZd Bkb nB[gks µ[o{ s'_ nyho sZe ;fEo oj/. fJ; ;fEo sZs Ã ;kXkoB nB[gks

(Common ratio) fejk iKdk j? ns/ fJ; Ã ‘r’ Bkb do;kfJnk iKdk j?.

j/m fbyhnK ;koDhnK G.P. dhnK T[dkjoDK jB L

1, 2, 4, 8..........

4, 12, 36, 108........

1

5

1

10

1

20

1

40
, , , ........

a, ar, ar2, ar3  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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-18+11=-7

-18+33=-36+33= -3=-1.5
2 2 2



2H f}nkfwsh tkX/ tkbh ;koDh dh n thI wZd (nth term of a G.P.) L- wzB bt'

‘a’ gfjbh wZd ns/ ‘r’ ;kXkoB nB[gks j?, n thI wZd Ã T
n
 Bkb fbfynk frnk j?.

T
1
 = a = a r1-1

T
2
 = a r = a r2-1

T
3
 = a r2 = a r3-1

........................................................

........................................................

T
n
 = a rn-1

;koDh 
1

2
1 2.........  dh 8th_ wZd gsk eo'.

jZb L  fJE/ a r
T

T

1

2

1
22

1

,
½

8th_ wZd = T
8
 = a r8-1 = a r7

= 
1

2
(2)7 = 26 = 64

fe;/ finkfwsh tkX/ tkbh ;koDh dh u"Eh wZd 24 ns/ ;Zsth_ wZd 192

j? sK f}nkfwsh ;koDh ns/ 14th_ wZd gsk eo'.

 ;kÃ fdZsk j? fe

T
4
 = 24 T

7
 = 192

wzB bt' gfjbh wZd ‘a’ ns/ ;kXkoB nB[gks ‘r’ j?.

T
4
 = a r3 = 24 (i)

T
7
 = a r6 = 192 (ii)

;wheoB (ii) Ã (i) Bkb Gkr eoB s/

a r

a r

6

3

192

24

r3 = 8 = (2)3  r = 2

r dk w[Zb ;wheoB (i) ftu Go e/

 a (2)3 = 24,   8a = 24

a = 3

G.P. ;koDh

3, 6, 12, 24, HHHHHHHHHHHH

14th_ wZd = T
14

 = a r13

= 3 (2)13 = 24576

T[dkjoD 11 L- i/eo fe;/ f}nkfwsh tkX/ tkbh ;koDh dh u"Eh_, ;Zsth_ ns/ d;th_

wZd eqwtko a, b, c jB sK f;ZX eo' fe

b2 = ac
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jZb L- wzB bt' fe G.P. ;koDh dh gfjbh wZd A ns/ ;kXkoB nB[gks ‘r’ j?

T
4
 = A r3 = a (i)

T
7
 = A r6 = b (ii)

T
10

 = A r9 = c (iii)

;wheoB (ii) Ã (i) ns/ (iii) Ã (ii) Bkb tzvD s/

A r

A r

b

a
r

b

a
iv

6

3

3 ( )

A r

A r

c

b
r

c

b
v

9

6

3 ( )

(iv) ns/ (v) s'_

b

a

c

b
 iK b2 = ca

3H f}nkfwsh tkX/ tkbh ;koDh dhnK n wZdK dk i'V (Sum of n terms of a G.P.) L-

wzB bt' fe gfjbh wZd ‘a’  j? ns/ ;kXkoB nB[gks ‘r’ j? sK G.P. ;koDh a, ar, ar2, ar3 .........arn-

1 j't/rh. i/ n wZdK d/ i'V ~ S
n
 Bkb do;kfJnk ikt/ sK

S
n
 = a + ar + ar2 + .........+ arn-1

d'B/ gk;/ r Bkb r[DK eoB s/ (i)

r Sn = a r + a r2 + ............ + a rn (ii)

;wheoB (ii) ftu'I (i) xNkT[D s/

(1-r) S
n
 = a - arn = a (1-rn)

Sn
a rn

r






( )1

1
 i/  r < 1

Sn
a n

r






(r )1

1
 i/ r > 1

i/eo r > 1 j't/ sK n wZdK dk i'V gsk eoB bJh ckow{b/

 Sn
a n

r






(r )1

1
dk gq:'r ehsk ikt/rk ns/ i/eo  r < 1 j't/ sK ckow{bk Sn

a rn

r






( )1

1

dk gq:'r ehsk ikt/rk.

T[dkjoD 12 L- ;koDh

2 2 2 2   dk 12 wZdK dk i'V gsk eo'.

jZb L- fJE/ a 2 ,   r
2

2
2 ,   r > 1

r dk w[Zb fJe s'_ f}nkdk j? fJ; bJh n;h_ ckow{b/
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Sn
a n

r






(r )1

1
 dk gq:'r eoKr/

n = 12

S12 2

2
12

1

2 1



F
HG

I
KJ



e j

=
2 1

2 1

2 1

2 1

(64 ) e j

e j

= 2 63

2 1
2 1e j

S12 = 63 2 2e j
T[dkjoD 13 L-

;koDh 3  + 3 + 3 3  dhnK feBQK wZdK dk i'V 39 + 13 3  j't/rk.

jZb L- fJE/ a = 3 , r
3

3
3

r >1

fJ; bJh Sn
a n

r






(r )1

1

;kÃ S
n
 fdZsk j'fJnk j?, n;h_ n dk w[Zb gsk eoBk j?.

39 13 3

3 3 1

3 1
 


F
HG

I
KJ



e j
n

39 13 3 3 1 3 3 1   
F
HG

I
KJe j e j e j

n

39 3 39 39 13 3 3 3 1e j
n


F
HG

I
KJ

2 6 3 3 3 1 
F
HG

I
KJe j

n

26 + 1 = ( 3 )n

27 = ( 3 )n  iK ( 3 )6  = ( 3 )n

fJ; bJh n = 6
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T[dkjoD 14 L j/m fbyh ;koDh dk n wZdK dk i'V gsk eo'.

7 + 77 + 777 + ..............

jZb L-  S
n
 = 7 + 77 + 777 + .............

S
n
 = 7(1+11 + 111 + ............. n wZdK sZe)

  
7

9
9 99 999.................nb g

        
7

9
10 1 10 1 10 12 3) ) ( ) ne j

        L
NM

O
QP

7

9
10 10 102 3 n ne j

Sn

n
n






L

N
M
M

O

Q
P
P

7

9

10 10 1

10 1

( )

Sn

n
n

 


L

N
M
M

O

Q
P
P

7

9

10 1 10

9

Sn
n n

7

81
10 1 10 9  L
NM

O
QP

4 H d' wZdK ftu f}nkfwsh n";s (Geometric Mean between two quantities) L-

i/eo fszB wZdK G.P. ftu j'D sK ftueko tkbh wZd Ã f}nkfwsh n";s (G.M) fejk iKdk j?.

i/ eo G, a ns/ b ftu G.M. j't/ sK a, G, b, G.P. ftu j'Dr/

 
G

a

b

G

G2 = ab

G ab

 a  b  n  (n G.M.’ s between two numbers a and b) :-

wzB bt' G
1
, G

2
, G

3
 .............G

n
, a ns/ b ftu n G.M. jB

sd a, G
1
, G

2
, G

3
............G

n
, b, G.P. ftu j'Dr/.

gfjbh wZd T
1
 = a

T
n+2

 = b, G.M.’s dk w[Zb gsk eoB bJh n;h_ r dk w[Zb gsk eoKr/.

T
n+2

 = a (r)n+2-1 = b

rn
b

a
 1  iK r

b

a

n


F
HG
I
KJ


1

1
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wZdK sZe

wZdK sZe

wZdK sZe



G
1
  = T

2
 = ar  = a

b

a

nF
HG
I
KJ


1

1

G
2
  = T

3
 = ar2  =  a

b

a

nF
HG
I
KJ


2

1

G
3
  = T

4
 = ar3  = a

b

a

nF
HG
I
KJ


3

1

G
n
  = T

n+1
 = ar2 = a

b

a

n
nF

HG
I
KJ

1

T[dkjoD 7 L- 2 ns/ 32 ftu fszB G.M.’s dk gsk eo'.

jZb L- wzB bt' G
1
, G

2
 ns/ G

3
 2 ns/ 32 ftu fszB G.M.’s jB

sZd 2, G
1
, G

2
, G

3
, 32, G.P. ftu j'Dr/.

a = 2, T
5
 = 32

T
5
 = a r4 = 32

2 r4 = 32 iK r4 = 16 = (2)4

r = 2

G
1
 = T

2
 = a r = 2×2 = 4

G
2
 = T

3
 = a r2 = 2(2)2 = 8

G
3
 = T

4
 = a r3 = 2(2)3 = 16

V. ;koKF L- fJ; gkm ftu o/fye ns/ finkfwsh tkX/ tkbhnK ;koDhnK dh

gfoGkµk fdZsh rJh j? ns/ fdZsh j'Jh ;koDh s'_ fe;/ th wZd dk w[Zb gsk eoB dk sohek

th dZf;nk frnk j?, A.P. ns/ G.P. ;koDhnK d/ i'V gsk eoB d/ ckow{b/ th do;kJ/ rJ/ jB.

fJ; s'_ fpBK A.M. ns/ G.M. eZYD d/ sohe/ th dZ;/ rJ/ jB.

VI gqµB L-

1 H S'N/ gqµB

(i) o/fye tkX/ tkbh ;koDh (A.P.) dh gfoGkµk dZ;'.

(ii) finkfwsh tkX/ tkbh ;koDh (G.P.) dh gfoGkµk dZ;'.

(iii) i/eo d' wZdK ftu GM 10 j? ns/ A.M. 34 j? sK wZd gsk eo'.

(i) i/eo fe;/ A.P. dh mthI wZd n j? ns/ nth_ wZd m j? sK (m+n) thI i'V

gsk eo'.

1+3-5+7+9-11+13+15-17+....................

(ii) i/eo fe;/ G.P. ;koDh dh gzith_ wZd 8 j? ns/ d{ih wZd 24 j? sK ;koDh

gsk eo'.

(iii) j/m fdZsh ;koDh dk n wZdK sZe i'V gsk eo'.

1 + (1 + a) r + (1 + a + a2) r2 + -----------n?wH J/H (noE µk;so) Gkr
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(iv) i/ eo d' wZdK a ns/ b dk A.M. T[BQK d/ GM dk n r[DK j't/ sK nB[gks

a/b gsk eo'.

VII . gVQB :'r g[;seK

(Suggested Readings)

1. Bhardwaj and Sabharwal  : Mathematics for students of Economics

2. Aggarwal and Joshi        : Mathematics for students of Economics



gfjbk gouk shik

(;w?;No-gfjbk) (BASIC  QUANTITATIVE METHODS)

(Application of Arithmetic and Geometric Progression in Economic Analysis)

I.G{fwek

II. wzst

III. o/fye tkX/ tkbh ;koDh dk gq:'r

IV. f}nkfwsh tkX/ tkbh ;koDh dk gq:'r

V. ;koKµ

VI. gqµB

VII. gVQB :'r g[;seK

I.G{fwek (Introduction) L- o/fye ns/ finkfwsh tkX/ tkbh ;koDh dk nkofEe

ft;b/µD ftu nkw gq:'r ehsk iKdk j?. nkofEe t/ohJ/pb ftu ;w/_ w[skfpe gqhtosB o/fye

iK finkfwsh tkX/ nB[;ko jz[dk j?. T[dkjoD d/ s"o s/ fe;/ ;zgsh dk w[Zb ;fEo do Bkb

xZNdk iKdk j? iK fe;/ ezgBh d/ T[sgkdB ftu tkXk gqsh ;kb ;fEo do Bkb j' fojk

j? sK fJ; ftu o/fye tkXk j' fojk j? go npkdh ns/ ehwsK ftu tkXk finkfwsh do Bkb

jz[dk j?. fJ; s'_ fpBK f}nkfwsh tkX/ dk r[DB d/ ftµb/µD ftu yk; ;EkB j?. f}nkfwsh

tkX/ dh tos'_ s'_ fpBK r[DB Ã ;wMDk w[µfeb j?.

II. wzst (Objectives) L- fgSb/ gkm ftu n;h_ o/fye ns/ finkfwsh tkX/ tkbh

;koDh gfVQnk j?. fJ; gkm ftu n;h_ fJBQK ;koDhnK dk nkofEe ftµb/µD ftu gq:'r pko/

dZ;Kr/, i' fe T[dkjoDK d/ e/ ;wMkfJnk ikt/rk.

(i) A.P. dk nkofEe ftµb/µD ftu gq:'r

(ii) G.P. dk nkofEe ftµb/µD ftu gq:'r

(iii) o/fye tkX / tkbh ;koDh dk g q: 'r (Application of Arithmetic

Progression) L-

T[dkjoD 1L- e'Jh ezgBh nkgD/ ;z;EkgB d/ gfjb/ ;kb 25 fJekJhnK dk T[sgkdB eodh

j? ns/ jo/e ;kb T[sgkdB ftu 12 fJekJhnK dk tkXk eodh j?. ezgBh d/ ;z;EkgB s'_ 12

;kb pknd d/ ;kb ftu fesBhnK fJekJhnK dk T[sgkdB j't/rk ns/ sd e[Zb fesBk T[sgkdB

j't/rk <

jZb L- fJE/ a = 25 , d = 12 fdZsk j'fJnk j?

sZd ;koDh 25, 37, 49 ..........j't/rh

n;h_ pkoQt/_ ;kb ftu T[sgkdB dk gsk eoBk j?, noEks T
12

T
n
 = a + (n-1)d

T
12 

= a + (12-1)d

T
12

 = 25 + 11 (12) = 25 + 132 = 157

12 ;kbK ftu e[Zb T[sgkdB = S
12

S
n

a dn   
2

2 1(n )



S12
12

2
2 25 12 1 12( )

= 6(50 + 132) = 6 × 182 = 1092

T[dkjoD 2 L- fe;/ ezgBh B/ 1400 o[gJ/ d/ w[Zb dh wµhB brkJh j?. 9 ;kbK d/ nyho

ftu wµhB dk w[Zb 200 o[gJ/ j' iKdk j?. i/ eo fx;ktN dh ;bkBk do ;fEo j't/ sK ;bkBk

fx;ktN gsk eo'.

jZb L- wzB bU ;bkBk fx;ktN dh do d j?.

wµhB dk w[Zb = 1400 o[g?

gfjb/ ;kb d/ nzs ftu wµhB dk w[Zb = 1400 – d

 a = 1400 – d

9 ;kbK d/ nzs ftu wµhB dk w[Zb = 200

T
9
 = 200 ns/ d = (– d)

T
n
 = a + (n – 1) d

T
9
 = a + (9 –1)d

200 = (1400 – d) + 8( – d)

= 1400 – d – 8d

9d = 1200

d = 
1200

9

400

3


= 133.33 o[g?

T[dkjoD 3 L- fe;/ ekoykB/ ftu brkJh rJh wµhB dk w[Zb 6,00,000 o[g? j?. fJ;

d/ w[Zb ftu fx;ktN gfjb/ ;kb 15 gqshµs, d{i/ ;kb 13½ gqshFs ns/ shi/ ;kb 12 gqshµs

dh do Bkb j' ojh j? ns/ fJ;/ soQK jh nrb/ ;kbK ftu fJ; dk w[Zb xNdk iKdk j?. 10

;kbK d/ nzs ftu wµhB dk eh w[Zb j't/rk i/ eo jo/e gqshFs wµhB d/ n;bh w[Zb s/ bkr{

ehsh ikt/.

jZb L- wzB bt' wµhB dk w[Zb 100 o[g? j?, fx;ktN dh gqshµs do gfjb/, d{i/ ns/

shi/ ;kb 15, 13½, 12.........j't/rh. i' fe A.P. ftu j?, fiE/

a = 15, d = 13½ - 15 = 
3

2

10 ;kbK ftu e[Zb fx;ktN = S
10

S a d10

10

2
2 10 1  ( )

F
HG
I
KJ

L
NM

O
QP
L
NM

O
QP

5 2 15 9
3

2
5 30

27

2
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L
NM
O
QP

5
33

2

165

2

10 ;kbK pknd wµhB dk w[Zb 100
165

2

35

2
 go wµhB dk w[Zb 6,00,000 o[gJ/ j?

fJ; dk 10 ;kbK pkd w[Zb 
600000

100

35

2
1 05 000, , o[gJ/ .

T[dkjoD 4 L- fJe cow nkgD/ ;z;EkgB d/ u"E/ ;kb 225 fJekJhnK dk ns/ ;Zst/_

;kb 330 fJekJhnK dk T[sgkdB eodh j?. i/ eo T[sgkdB ftu tkX/ dh ;bkBk do ;fEo

j't/ sK cow dk gfjb/ ;kb ns/ gzit/_ ;kb T[sgkdB gsk eo'.

jZb L- ;kÃ fdZsk j? fe

T
4
 = 225 T

7
 = 330

T
4
 = a + 3d = 225 (i)

T
7
 = a + 6d = 330 (ii)

;wheoB (i) Ã (ii) ftu'_ xNk e/

a  +  6d  =  330

a  +  3d  =  225

–       –          –

____________________

                 3d = 105 d
105

3
35

d dk w[Zb ;wheoB (i) ftu Go e/

a + 3 (35) = 225

a + 105 = 225

a = 225-105 =120

T
5
 = a + 4d

= 120 + 4(35) = 120 + 140 = 260

fJ; bJh gfjb/ ;kb T[sgkdB 120 fJekJhnK ns/ gzit/_ ;kb T[sgkdB 260 fJekJhnK

j't/rk.

T[dkjoD 5 L- wzB bt' s[;h_ nZi fJe o[gJ/  dh pZus eod/ j', nrb/ fdB 2 o[gJ/ ns/

shi/ fdB fszB o[gJ/ ns/ fJ;/ soQK nZr/ pZus eod/ j', s[jkvh 365 fdBK ftu fezBh pZus j't/rh <

jZb L- fJE/ a = 1, d = 2-1=1

n;hA 365 fdBK ftu pZus dk gsk eoBk j?, noEks S
365

 dk gsk eoBk j?

Sn
n

a 
2



S365
366
2

365

2
1 365 365

= 365 × 183 = 66795
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IV. f}nkfwsh tkX/ tkbh ;koDh dk gq:'r (Application of Arithmetic

Progression)

i/eo fe;/ eko d/ w[Zb ftu 25 gqshµs ;bkBk dh do Bkb fx;ktN

jz[dh j? sK eko dk 8 ;kbK pknd eh w[Zb j't/rk, i/ eko dk w[Zb 2048 o[gJ/ j? <

jZb L- eko dk j[D w[Zb = 2048 o[gJ/

fx;ktN = 25 gqshµs ;bkBk

i/eo eko dk j[D w[Zb 100 o[gJ/ j? sK fJe ;kb pknd w[Zb = 75 o[gJ/

”  ”    ”   ”   ”    ”                 1  ”  ”    ”   ”   ”    ”     
75

100

”  ”    ”   ”   ”    ”            2048  ”  ”    ”   ”   ”    ”  
75

100
2048

  = 1536 o[gJ/
fJ; bJh a = 1536

ns/ eko dk w[Zb d{i/, shi/, u"E/, gzit/I ;kb bJh f}nkfwsh ;koDh j't/rk, fi; ftu

r
75

100

3

4

8 ;kb pknd eko dk w[Zb = a r8-1

= a r7

= 1536
3

4

7F
HG
I
KJ

= 
6561

32
 iK  205H03 o[gJ/

i/eo ;hwKs T[gG'r gqftosh 
2

3
 fdZsh j'Jh j? ns/ w[ZYbh ;[szso fBt/µ

10 bZy o[gJ/ bJh nkwdB ftu Bshi/ d/ s"o s/ fezBK tkXk j't/rk < r[DB dk eh nkeko j't/rk<

jZb L- fBt/µ ehsh oew = 10 bZy o[gJ/

gfjb/ uZeo ftu nkwdB ftu tkXk = 10 bZy o[gJ/

;hwKs T[gG'r gqftosh = 
2

3
, gfjb/ uZeo ftu T[gG'r = o[gJ/  10 bZy × 

2

3
 feT[Ife fJe

nkdwh dk youk d{i/ nkdwh dh nkwdB jz[dk j?, fJ; soQK d{i/ uZeo ftu nkwdB ftu tkXk

= 10×
2

3
 , fJ;/ soQK shi/ uZeo ftu nkwdB ftu tkXk 

F
HG
I
KJ10

2

3

2

 ns/ fJ;/ soQK nkwdB ftu

e[Zb tkXk

=  10 10
2

3
10

2

3

2F
HG

I
KJ

F
HG
I
KJ

L

N
M
M

O

Q
P
P

....... bZy o[gJ/
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F
HG
I
KJ 

L

N
M
M

O

Q
P
P

10 1
2

3

2

3

2

..........  bZy o[gJ/

feT[_fe S
a

r
 

1

fJE/ a = 1, r = 
2

3

 




L

N

M
M
M
M

O

Q

P
P
P
P

10
1

1
2

3

 30 bZy o[gJ/

r[DB dk nkeko = 3

T[dkjoD 8 L- i/eo J/ B/ ph s'_ 5115 o[gJ/  T[Xko bJ/ jB, i' T[; B/ 10 wjhBktko

feµsK ftu tkg; eoB/ jB. i/ eo jo/e feµs gfjbh feµs s'_ d'r[Dk j't/ sK gfjbh feµs

ns/ nyhobh feµs dk w[Zb gsk eo'.

jZb L- fJE/ ;kÃ S
10

 = 5115 fdZsk j'fJnk j? ns/ r = 2 j?, n;h_ a ns/ T
10

 dk w[Zb gsk

eoBk j?.

r = 2  r > 1

fJ; bJh Sn
a r

r

n
( )1

1

5115
2 1

2 1

10a( )

5115 = a (1024-1)

a
5115

1023
5

T
10

 = a r10-1 = 5 (2)9

= 5 × 512 = 2560

finkfwsh ;koDh ns/ t;'_ ftu tkXk (Geometric Series and Population Growth)

jZbL- wzB bt' P
i
 (i = 0, 1, 2, 3 ............n) i thI ;kb dh t;'_ j? ns/ r gqsh ;kb t;'_ ftu tkX/

dh do j?

t
0
 ;kb ftu t;'I = P

0

t
1
 ;kb ftu t;'I = P

0
 + r P

0
 = P

0
(1+r) = P

1

t
2
 ;kb ftu t;'I = P

2
 = P

1
 + rP

1
 = P

1
 (1 + r)

= P
0
 (1+r) (1+r) = P

0
 (1 + r)2

fJ;/ soQK P
3
 = P

2
 + r P

2
 = P

2
 (1 + r)

= P
0
(1 + r)2 (1 + r) = P

0
(1 + r)3
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Sn

Sn



fJ; soQK ;kb t
0
, t

1
, t

2
, t

3
 -----------

ftu t;'_ eqwtko P
0
, P

1
, P

2
, P

3
 ----------

finkfwsh tkX/ tkbh ;koDh pDkT[Idh j?, fi; dh gfjbh wZd P
0
 ns/ ;kXkoB nB[gks (r)

= 1 + r j?.

n t/_ ;kb ftu t;'_ P
n
 = P

0
(1+r)n

T[dkjoD 9 L- Gkos dh t;'_ 1971 ftu 54 eo'V ;h, 1981 ftu t;'_ dk nB[wkB brkU,

id fe gqsh ;kb tkX/ dh do 3 gqshµs j?

fdZsk j? fe log 54 = 1.7324

log 103 = 2.0128, log 7251 = 3.8604)

jZb L- 1971 ftu t;'_ = 54 eo'V

gqsh ;kb tkX/ dh do = 3%

i/eo t
0
 ;kb ftu t;'I P

0
 j? ns/ tkX/ dh gqsh;kb do r j? sd P

n
,  n t/_ ;kb ftu t;'_

P
n
 = P

0
(1+r)n

1981 ftu t;'_ x wzB bt' sK n;h_ x dk w[Zb gsk eoBk j?. fJE/

P
0
 = 54, r = 3% = 

3

100
10, n 

x = 54 (1 + .03)10 = 54 (1.03)10

d'B/ gk;/ log b? e/

(log x = log 54 + log (1.03)10

= log 54 + 10 log (1.03)

= 1.7324 + 10 (0.01280)

= 1.7324 + 0.1280 = 1.8604

x = Antilog (1.8604)

= 72.51

1981 ftu t;'_ 72H51 eo'V j't/rh.

[Given log 7251 = 3.8604]

 Anti log (1.8604) = 72.51

T[dkjoD 10 L- e'Jh okµh 10 gqshµs gqsh ;kb ;z:[es ftnki dh do Bkb 5 ;kbK

ftu 8650 o[gJ/ j' iKdh j? sK w[ZYbh okµh gsk eo'.

jZb L- wzB bt' w{b okFh p j?.

fJ; soQK p okµh 5 ;kb pknd  
F
HG

I
KJP

r
1

100

5

F
HG

I
KJP P1

10

100
1 1

5

5( . )  j' ikt/rh

8650 = P(1.1)5
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d'B/ gk;/ log b? e/

log 865 = log P + 5 log (1.1)

3.9370 = log P + 5 (0.0414)

log P = 3.9370 - .2070 = 3.7300

P = Anti log (3.7300)

P = 5370

noEks w{b 5370 j't/rk.

V. fJ; gkm ftu n;h_ A.P. ns/ G.P. ;koDh dk nkofEe ftµb/FD

ftu gq:'r pko/ dZf;nk j?, fJBQK Ã T[dkjoDK dh ;jkfJsk Bkb ;wMkfJnk

frnk j?.

VI. gqµB

1H e'Jh nkdwh gfjb/ ;kb Bkb'_ jo/e ;kb 50 o[gJ/ dh f}nkdk pZus eodk

j?. ftnki s'_ fpBK 10 ;kbK ftu T[; dh e[Zb pZus 3000 o[gJ/ j?, sK gsk

eo' fe T[; B/ gfjb/ ;kb ns/ nyhob/ ;kb ftZu fezBh pZus ehsh<

2H fJZe ehws ;{ue nze 1970 ftu 91 ns/ 1980 ftu 121 ;h. wzB bt' fJj

o/fye ;koDh j? sK 1990 dk ehws ;{ue nze gsk eo' ns/ nkXko ;kb

th gsk eo'.

3H fe;/ wµhB dk n;b w[Zb 10,000 o[gJ/ j? fJ; ftu fx;ktN dh ;z:[es do

10 gqshFs gqsh ;kb j?. fezB/ ;kbK pknd fJ; dk w[Zb 6561 o[gJ/ j' ikt/rk<

4H fe;/ µfjo dh nkpkdh 1982 ftu 8000 j?, i/eo fJ; ftu tkXk 5 gqshµs

gqsh ;kb Bkb j' fojk j? sK 1985 ftu fJ; µfjo dh eh nkpkdh j'

VII. gVQB :'r g[;seK (Suggested Readings)

1.  C.S. Aggarwal and R.C. Joshi  :  Mathematics for Students of Economics

2.  G.C. Sharma and Madhu Jain  :  Quantitative Techniques for Management

3.  O.P. Bhardwaj and J.R. Sabharwal : Mathematics for students of Economics

4.  Balwant Kander  :  Mathematics for Business and Economics

    with Application Vol. I.
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List of Questions

Short Questions

1. When is matrix addition defined?

2. Define the terms (i) Scalar Matrix (ii) Lower triangular matrix

3. State the difference between matrix and determinant.

4. Define the following concepts (i) Inverse of a matrix (ii) Non-Singular matrix.

5. Give an example of 3 simultaneous equations in 3 unknown variables.

6. Find the 20th term of the series 6, 8, 10, 12 ----

7. Define G.P. Series.

8. State the nth term of G.P.

9. Find the 50th term in the series 4, 8, 16, -----

10. Which term of the series 2, 5, 8, ---- is 62?

Long Questions :

1. Find the inverse of 


















4  3  1

3  4  1

3  3  1

A

2. Show that the matrix 


















2  0  0

4  2  2

2-  2  1

A
 satisfies the equation A2-3A+2I=0 and hence

find A-1

3. Find the rank of the following matrices

































2   2   1-

3   4-   3

1    2    3

 (ii)  

4 2  4  2

6  1  2  3

2  1  2  1

 )(i

4. Solve by matrix inverse the following system of equations
2x

1 
+ 3x

2 
+ x

3
=0

4x
1 
+ 8x

2 
- 6x

3
=2

6x
1 
+ x

2 
- x

3
=0

Verify the result through Cramer's rule.
5. Find the sum of all integers between 1 and 500 which are neither divisible by 2

or by 3.
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