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UNIT – I  

SYLLABUS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matrices & Basic Mathematics of Finance 

Definition of a matrix.Types of matrices; Algebra of matrices. Calculation of values of determinants 

up to third order; Adjoint of a matrix; Finding inverse of a matrix through ad joint; Applications of 

matrices to solution of simple business and economic problems- Simple and compound interest Rates 

of interest – nominal, effective and continuous – their interrelationships; Compounding and 

discounting of a sum using different types of rates 
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Matrix 
 An array of mn numbers arranged in m rows and n columns and bounded by square bracket [  ] brackets 
 (  ) or ||  || is called m by n matrix and is represented as  

        A =  



























mn2m1m

in2i1i

n33231

n22221

n11211

a...aa
....

a

....

...

....

a

....

a
....

a

....

...

....

a

....

a
a...aa

a....aa

 = 



























mn2m1m

in2i1i

n22221

n11211

a....aa

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

a....aa

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

a...aa

a...aa

   …(1) 

(1) is known as m  n matrix in which there are m rows and n columns.Each member of        m  n matrix is known 
as an element of the matrix.  
Note: 
1.  In general, we denote a Matrix by capital letter  A = [aij], where aij are  elements of Matrix in which its position 
is in ith row and jth column i.e. first suffix denote row number and second suffix denote column number. 
2.  The elements a11, a22,...,ann in which both suffix are same called diagonal elements, all other elements in which 
suffix are not same are called non diagonal elements. 
3.   The line along which the diagonal element lie is called the Principal Diagonal. 
 
Different types of Matrices 
Zero Matrix or Null Matrix. A Matrix in which each elements is equal to zero is called a zero matrix or null 
matrix. 

e.g.,  
0 0 0

0 0 0

 
 
 

or 

0 0

0 0

0 0

 
 
 
 
 

or

0 0 0

0 0 0

0 0 0

 
 
 
 
 

 

are zero matrix respectively of order 2 × 3; 3×2 and 3×3. 
In general we denote zero matrix of order m× n by Om × n. Matrix other than Zero Matrix are called Non- Zero 
Matrix. 
Square matrix. Matrix in which number of row becomes equal to number of column is called square matrix i.e. 
If matrix A is of type m  n, where m = n then the matrix is called square matrix otherwise it is called rectangular 
matrix. 

Row Matrix. A matrix of type 1  n, having only one row is called row matrix. For example   1 2 3  is a row 

matrix. 

Column Matrix.A matrix of type m  1, having only one column is called column matrix. For example 

1

2

3

 
 
 
 
 

 is a 

column matrix. 
Diagonal Matrix. A square matrix in which all non diagonal elements are equal to zero is called diagonal matrix 
i.e. 
A square matrix A = [aij], is diagonal matrix if aij = 0 for i≠ j. Thus 
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2 0

0 1

 
 

 
or

2 0 0

0 7 0

0 0 3

 
 

 
 
 

 are diagonal matrices. 

 
Scalar Matrix. Diagonal matrices in which all diagonal elements are equal are called scalar matrix i.e. 
A square matrix A = [aij], is scalar matrix if aij = 0 for i≠ j and aij = k, for i = j .Thus 

2 0 0

0 2 0

0 0 2

 
 
 
 
 

is scalar matrix. 

 
Unit Matrix or Identity Matrix. A scalar matrix in which all diagonal elements are unity are called Unit matrix or 
Identity matrix generally denoted by In. 
A square matrix A = [aij], is Identity matrix if aij = 0 for i≠ j and aij = 1, for i = j .Thus 

1 0 0

0 1 0

0 0 1

 
 
 
 
 

, is identity matrix of order 3 × 3. 

Triangular matrix are of two types: 
(a) Upper Triangular Matrix. It is a matrix in which all elements below the principal diagonal are zero  

e.g.    

2 4 8

0 7 3

0 0 3

 
 

  
 
 

 

(b) Lower Triangular Matrix. It is a Matrix in which all elements above the principal diagonal are zero 

e.g.    

2 0 0

4 7 0

6 5 3

 
 

 
  

 

 Sub Matrix:  A matrix B obtained by deleting some rows or some column or both of a matrix A, is called a sub 
matrix of A. 

For example.If  A=

2 1 5

0 7 9

3 4 3

 
 

 
  

 then the matrices 
2 1

0 7

 
 

 
, 

2 1 5

0 7 9

 
 

 
 etc. are sub matrix of A. 

Transpose of a matrix 
If matrix A is of type m  n, then the matrix obtained by interchanging the rows and the columns of A is known as 
Transpose of Matrix A, denoted by A’  or AT i.e. 
A= [aij] of m  n order then  
A’  or AT=[aji] of n  m order Matrix,  
Now if A’, B’ be the transpose of matrix A and B respectively, then 
(i)    A = (A) i.e. the transpose of transpose of a matrix A is matrixA itself.  
(ii)  (A + B) = A + B i.e. the transpose of the sum of two matrices is equal to the sum of                their transposes. 
(iii)  (kA)=k A, where k is a scalar. 
(iv)  (AB) = BA i.e. the transpose of the product of two matrices is equal to the product of their transposes, taken 
in reversed order. 
 
Conjugate of a Matrix 
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 If A be a matrix of order m  n, over complex number system, then the matrix obtained from A by replacing each 

of its elements by their corresponding complex conjugates is called the conjugate of A and is denoted by A , where 

A is also of same order m  n. If A , A  be the conjugate matrices of A, B respectively, then  

(i)   A A . 

(ii)   A + B A + B, where A and B are conformable for addition. 

(iii)   kA .Ak , where k is any complex number. 

(iv)    AB A.B , where A and B are conformable for multiplication. 
Transpose Conjugate of a Matrix 
The transpose of the conjugate or conjugate of the transpose of a matrix A is called Transpose conjugate of A and is 

denoted by θA . Thus  
θ ' 'A (A) (A )  . 

If θA , θB denote the transposed conjugate of A, B respectively, then 

(i)  (A ) A   . 

(ii)   ( ) A  + B ,A B     where A and B are conformable for addition. 

(iii) ( ) .AkA k  , where k is any complex number. 

(iv)     ( ) B .AB A   , where A and B are conformable for multiplication. 

 
Adjoint of a Square Matrix  
If A is an n- rowed square matrix, then adjoint of A is defined as a transpose of matrix obtained by replacing each 
of its elements by its cofactors. 

Theorem 1.1: If A be an n-square matrix, then nA(adj. A)= (adj.A)A= A I , where nI  denotes the unit matrix of 

order n. 
Theorem 1.2: If A and B are square matrix of the same order n, then adj. (AB)=(adj.B)(adj.A) . 

Inverse of Square Matrix 
Let A be n-square matrix, if there exist an n-square matrix B such that 

nAB = BA = I , then the matrix A is called invertible and the matrix B is called inverse of A. Inverse of a square 

matrix is denoted by A-1. 
 Note. 1. From definition it is clear that A is the inverse of B. 
2.  A non-square matrix does not have any inverse. 
Singular and Non Singular Matrices 

A square matrix A is said to be singular or non singular according as A 0 or A 0 . 

Orthogonal Matrix 

Any square matrix A is said to be orthogonal if  '= 'AA A A=I , this indicates that the row vectors (column vectors) 
of an orthogonal matrix A are mutually orthogonal unit vectors. 
Unitary Matrix 

Any square A with complex elements is said to be unitary if θ θA.A =A A=I . 
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Symmetric And Skew Symmetric Matrices 
Symmetric Matrix 
 A square matrix A = [aij] is said to be symmetric if aij = aji for all i and j. 

Examples 

















cfg

fbh

gha

,   

















743

452

321

 

Skew Symmetric Matrix 
 If a square matrix A has its elements such that aij = aji for i and j and the leading diagonal elements are 

zeros, then matrix A is known as skew matrix.  For example 























013

102

320

,  





















0fg

f0h

gh0

 are skew 

symmetric matrices. 
 
Example  
Some examples of matrices are: 

 9634 A 













73

25
B 
























310

472

614

C

 
 

1.      BA     Given:     














958

634
A 














473

265
B

 
 

Solution:                














497538

266354
BA
















13125

431
BA

 
 

2.       BA     Given:       
























23

54

76

A
























82

13

38

B

 
 

Solution:                  
























8223

1534

3786

BA


























105

67

1014

BA

 
 

3.  













26

34
5

     Solution:   













1030

1520
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4.      BA         Given:         














524

326
A 
























61

54

32

B

 
 

2. Given: 
























34

12
and     

53

01
BA  

Find:   

(a) BA    
1 1

     
7 8

 
    

A B  

 

(b) BA 32    
8 3

2 3      
6 1

 
     

A B  

(c) AB    
2 1

     
26 18

 
   

AB  

(d) BAAB    
1 4

     
31 33

  
    

AB BA  

(e) BAT  (where TA  denotes the transpose of A ) 

     
10 8

     
20 15

T  
   

A B  

(f) ABT    
10 20

     
8 15

 
   

TB A  

(g) BA2    
2 1

     
124 87

 
   

2A B  
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3. Given:  321

3

2

1

and     bbb

a

a

a



















 BA  

 Find AB  and BA  

 

1 1 1 2 1 3

2 1 2 2 2 3

3 1 3 2 3 3

a b a b a b

a b a b a b

a b a b a b

 
   
  

AB  

 1 1 2 2 3 3b a b a b a  BA  (Note, a scalar) 

4. Find the determinant, all minors and cofactors, and the inverse of each of the following 
matrices: 

(a)  

004

322

111















 

 

Determinant = 20 

Matrix of minors: 

0 -12 8

0 4 -4  

5 5 0

 
 
 
  

 

Matrix of cofactors (= signed minors): 

0 12 8

0 4 4  

5 -5 0

 
 
 
  

 

Inverse matrix:   

0 0 0.25

0.6 0.2 -0.25  

-0.4 0.2 0

 
 
 
  
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(b)  

404

302

112















 

 

Determinant: –4 

Matrix of minors:  

0 4 0

-4 12 4  

-3 8 2

 
 
 
  

 

Matrix of cofactors (=signed minors) 

0 4 0

4 12 -4  

-3 -8 2

 
 
 
  

 

Inverse matrix:  

0 1 0.75

-1 -3 2  

0 1 -0.5

 
 
 
  

 

(c)  

202

412

125





















 

Determinant:  –4 

Minors  

-2 -4 2

4 12 -4  

7 22 -9

 
 
 
  

 

Cofactors (= signed minors): 

-2 4 2

-4 12 4  

7 -22 -9

 
 
 
  

 

Inverse matrix: 

0.5 1 1.75

-1 3 5.5  

-0.5 -1 2.25

 
  
  
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(d)  

404

412

1510

















  

Determinant: 4 

Minors:  

-4 -8 4

20 36 -20  

21 38 -20

 
 
 
  

 

Cofactors:  

-4 8 4

-20 36 20  

21 -38 -20

 
 
 
  

 

inverse matrix: 

-1 -5 5.25

2 9 -9.5  

1 5 -5

 
 
 
  

 

The Cofactor Expansion for Determinants 
 
Every square matrix has a determinant.   All matrices with zero determinant are singular. 
All matrices with non-zero determinant are invertible. 
 

The determinant of a (11) matrix  
 A a

  is just  detA  =  a . 
 

From section 2.3, the determinant of a (22) matrix  

a b
A

c d

 
  
  is  detA  =  ad – bc . 

 
The determinants of all higher-order matrices can be expressed in terms of lower-order determinants. 
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Determinants and Inverse Matrices 
 
For any set of square matrices of the same dimensions, the determinant of a product is the product of the 
determinants:  
 
det (AB)  =  (detA) (detB) ,    det (ABC)  =  (detA) (detB) (detC) ,    etc. 
 
It then follows that  

   det det
kkA A

 

   1 1 1det 1 det det 1AA I AA A A       
 

 1 1
det

det
A

A
 

 
 
The adjugate (or adjoint) of any square matrix  A  is the transpose of the matrix of cofactors of  A: 
 

   
T

adj ijA c A 
    [The 22 case is 

adj
a b d b

c d c a

   
       .] 

 
Example 1 
 

Compute  adj (A), Aadj (A) and  det (A) for  

1 9 1

0 2 0

1 4 2

A

 
   
   . 

 
 
The matrix of cofactors is 

11 12 13

21 22 23

31 32 33

2 0 0 0 0 2

4 2 1 2 1 4
4 0 2

9 1 1 1 1 9
22 1 13

4 2 1 2 1 4
2 0 2

9 1 1 1 1 9

2 0 0 0 0 2

c c c

C c c c

c c c

 
   
       

               
       

   
    
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T

4 22 2

adj 0 1 0

2 13 2

A C

  
    
    

 

1 9 1 4 22 2 2 0 0

adj 0 2 0 0 1 0 0 2 0 2

1 4 2 2 13 2 0 0 2

A A I

      
            
             

 
Expand along the middle row to find  detA : 

22det 0 2 0 2A c      
 

Note that   Aadj (A)  =  (det (A)) I

1 adj

det

A
A

A
 

 

Associated with every square matrix is a value called the determinant.  This value for a 22 matrix is the 
number that results from the difference between the products of the numbers in each diagonal of the 

matrix.  If 










dc

ba
A

 represents any 22 matrix, then the determinant is the result of ad – bc.  The 

determinant of A can be represented as detA or as 
A

. 
 

Notation:    

bcad
dc

ba
A det

 
 
 
Examples:  Find the determinant of each of the following matrices: 
 

1.  









27

35

                  2.  













32

46

                 3.  







 

53

24

                4.  













42

83

 
 

     

11

2110

3725





      

10

818

4236





      

26

620

2354



      

28

1612

8243




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The inverse of a 22 matrix can also be determined. If 










dc

ba
A

 represents any 22 matrix, then the 

inverse of A, written as A-1, is found by:  
























A

a

A

c
A

b

A

d

A

detdet

detdet1

 

When a 22 matrix is multiplied by its inverse, the result is the identity matrix









10

01

. 
 
Examples:  Find the inverse of each of the following matrices: 
 

1.  














45

23
A

 
Solution:       The first step is to find the determinant of (A).       

2

1012





A

A

 
 




































































2

3

2

5
12

2

3

2

5
2

2

2

4

2

3

2

5
2

2

2

4

1

1

orA

A

 
 
Do not leave a negative sign in the denominator of any fraction.  Apply the rule for division of integers 
and place the resulting sign in the numerator of the fraction. 
When using the inverse matrix to solve a system of linear equations, it is best to leave all the elements in 
fraction form.  To confirm that the answer is correct, multiply the matrix by its inverse. 
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Check:    





























2

3

2

5
12

45

23




















































10

01

651010

3356

2

12
5

2

20
10

2

6
3

2

10
6

The product of 

    1
 AA is the identity matrix. Therefore the inverse matrix is correct. 

 

2.  







 


31

62
A

 
 
 Solution:     The first step is to find the determinant of (A). 
 

12

66





A

A

 
 





































 

6

1

12

1
2

1

4

1

12

2

12

1
12

6

12

3

11 orAA

 
 
When using the inverse matrix to solve a system of linear equations, it is best to leave all of the elements 
in fraction form with the same common denominator as shown in the first inverse rather than as reduced 
fractions as shown in the second inverse.  
 

Check:    









































































 

10

01

12

12

12

0
12

0

12

12

12

6

12

6

12

3

12

3
12

12

12

12

12

6

12

6

12

2

12

1
12

6

12

3

31

62

 
 

The product of     1
 AA is the identity matrix. Therefore the inverse matrix is correct. 

 
The multiplication above was done using A-1 in which all the elements had the common denominator 12.  
Therefore, the resulting products could be manipulated in order to produce the identity matrix. 
 

3.  










25

410
A

 
 
Solution:    The first step is to find the determinant of (A). 
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40

2020





A

A

 

















 



















 






































4

1

8

1
10

1

20

1

40

10

40

5
40

4

40

2

40

10

40

5
40

4

40

2

11

1

orAA

A

 
 

Check:    









25

410 

















 

40

10

40

5
40

4

40

2

























































10

01

40

40

40

0
40

0

40

40

40

20

40

20

40

10

40

10
40

40

40

40

40

20

40

20

 
 

The product of     1
 AA is the identity matrix. Therefore the inverse matrix is correct. 

 

4.  














25

36
A

 
 
Solution:     The first step is to find the determinant of (A). 

3

1512





A

A

 
 















































 

2
3

5

1
3

2

3

6

3

5
3

3

3

2

11 orAA
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Check:    













25

36 













































































10

01

3

3

3

0
3

0

3

3

3

12

3

15

3

10

3

10
3

18

3

18

3

15

3

12

3

6

3

5
3

3

3

2

 
 

The product of     1
 AA is the identity matrix. Therefore the inverse matrix is correct. 

 
1.  Find the determinant of each of the following matrices: 
 

a)  




















104

32

          b)  









 24

37

          c)













23

25

          d)  













34

58

 
 
Solution : 

a)  




















104

32

          b)  









 24

37

          c)













23

25

          d)  













34

58

 
det = -20- + 12            det = -14- -12             det = 10- + 6              det -24- - 20 
det = -32                      det = -2                       det = 4                       det = -4 
2.  Find the inverse of each of the following 22  matrices.  Check your solution by  

performing the operation of     1
 AA . 

 

a)  











21

34
A       b)  














47

36
A       c) 












24

05
A       d)  














25

39
A  

Solution : 

a)  











21

34
A       b)  














47

36
A       c) 












24

05
A       d)  














25

39
A  

38 A 2124 A 010 A 1518A  

5A 3A 10A 3A  

 































5

4

5

1
5

3

5

2

1A




























3

6

3

7
3

3

3

4

1A





















10

5

10

4
10

0

10

2

1A

























3

9

3

5
3

3

3

2

1A  
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




















5

4

5

1
5

3

5

2

1A

























3

6

3

7
3

3

3

4

1A





















2

1

5

2

0
5

1

1A



























3
3

5

1
3

2

1A  




















2
3

7
11

1A  

Minors and cofactors of a Matrix 
 

  Let A = 

















333231

232221

131211

aaa

aaa

aaa

 

 
Minor of  ijij Ma  , 

 
is determinant obtained by deleting ith  row and jth column. 
 

 

 , , 

 , , 

 , , 

column1st  and row1st  deletingby  obtainedt determinan is  

2221

1211

33

2321

1311

32

3231

2221

13

3231

1211

23

3331

1311

22

3332

1312

21

3231

2221

13

3331

2321

12

3332

2322

11

3332

2322

11

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M

aa

aa
M









 

 
 
   
 
 

 Signs of Cofactors 
 

  For 2x2 – matrix    











 

Cofactor of ij
ji

ijij MCa  )1(  
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  For 3x3 – matrix  






















 

  For 4x4 – matrix  



























_

 

 
Example:1. Find all minors and cofactors of the matrix 

 

   






















452

301

143

A  

Solution:   
 

 

4
01

43
    ,10

01

13
    ,12

30

14

7
52

43
,10

42

13
,11

45

14

5
52

01
,10

42

31
,15

45

30

333231

232221

131211































MMM

MMM

MMM

 

 
 
 
 
 
 

  

4        ,10        ,12

7       ,10         ,11

5         ,10       ,15

333231

232221

131211







CCC

CCC

CCC

 

 

NOTE: Matrix of cofactors , 
























41012

71011

51015

C  

 

Cofactor of ij
ji

ijij MCa  )1(  
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NOTE: Determinant of matrix of Cofactors by the method of  Cofactors 
 

 

333332323131

232322222121

131312121111

)det(

)det(

)det(

CaCaCaA

CaCaCaA

CaCaCaA







 

 
The above equations can be used to check that the cofactors are found correctly as the values of 

determinants found must be equal, we open matrix from any row or column. 

  
 
Example: 2 .Find the determinant of the matrix A by method of cofactors, 

     

    






















452

301

143

A  

 
Solution: :Using the cofactors found in the last example 
  
   131312121111)det( CaCaCaA   

    = 3(-15)+4(10)+(-1)(5) 
    =-45 + 40 -  5 = -10 
 
NOTE: 3.We can find determinant by opening matrix from second or third  

row or first column, the value of the determinant will be same 
 
   232322222121)det( CaCaCaA   

    =(1)(11)+0(-10)+3(-7)=11 – 21 = -10 
 
   333332323131)det( CaCaCaA   

    = 2(12) +5(-10)+(-4)(-4) =24 – 50 +16 = -10 
 
 

NOTE : 4. Determinant of A can be obtained by multiplying any row or any column of matrix A 
with the corresponding row or column of the matrix of cofactors. 

 

NOTE: 5.   Determinant of matrix A  =

















333231

232221

131211

aaa

aaa

aaa
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   det A =  
3231

2221

13

3331

2321

12

3332

2322

11
aa

aa
a

aa

aa
a

aa

aa
a   

  
Inverse by method of Cofactors: 

 
 

A = 
















333231

232221

131211

aaa

aaa

aaa

det A ≠ 0. 

 
Step:1. Find Matrix of cofactors   
    

    C = 
















333231

232221

131211

CCC

CCC

CCC

 

  
Step : 2. Find Adjoint of matrix A ,   adj(A) 
 

   Adj(A) = 

T

CCC

CCC

CCC

















333231

232221

131211

 

 Step: 3.     
 
 
 
 
 
 

Example: 3 . Find A-1 of matrix A 
 

   A = 
















 402

230

302

 by the method of cofactors. 

 
 

If A is an invertible matrix, det(A)  0, then 

 
)]([

det

11 Aadj
A

A 
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Solution:  Cofactors of  the matrix A are 
 

  

6
30

02
      ,4

20

32
     ,9

23

30

,0
02

02
  ,2

42

32
     ,0

40

30

6
02

30
,4

42

20
,12

40

23

333231

232221

131211






















CCC

CCC

CCC

 

 
   
 

                     Matrix of cofactors,   C = 






















649

020

6412

 

 

  Adjoint of matrix A,  adj(A) = 




















606

424

9012

 

 
    

    = 2(-12)+0(-4)+3(6) 
    =-24 +18 = - 6  0 
 
 Inverse of  matrix A is  

 )]([
det

11 Aadj
A

A 
  =  

6

1






















606

424

9012

 

NOTE : 
 
 
 
 
 
 
 
 
 

131312121111)det( CaCaCaA 

If we can find A-1 , then solution of  linear system   

AX = B is   X = A-1B 
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Adjoint:  
The adjoint is the transpose of the cofactors (��) 
 
To find the cofactors you find the ‘minor’ of each element (and use the alternate signs as shown above). 
 

 If: A = �
� � �
� � �
� ℎ �

� 

 

 Matrix of cofactors =   + �
� �
ℎ �

� − �
� �
� �

� + �
� �
� ℎ

� 

 

      − �
� �
ℎ �

� + �
� �
� �� − �

� �
� ℎ

� 

 

      + �
� �
� �

� − �
� �
� �� + �

� �
� �

� 

 
 
Nb. To find the adjoint we then need to transpose this matrix. 

1. Find the inverse of the following matrix:  A = �
� � �
� � �
� � �

� 

 
 

Determinant: |�| 					= 	+2 �
3 2
1 1

� − 1 �
3 2
4 1

� + 5 �
3 3
4 1

� 

 
  
    = 2(1) − 1(−5) + 5(−9)  = −38 
 

Cofactors =   

⎣
⎢
⎢
⎢
⎢
⎡+ �

3 2
1 1

� − �
3 2
4 1

� + �
3 3
4 1

�

− �
1 5
1 1

� + �
2 5
4 1

� − �
2 1
4 1

�

+ �
1 5
3 2

� − �
2 5
3 2

� + �
2 1
3 3

�⎦
⎥
⎥
⎥
⎥
⎤

 = �
1 5 −9
4 −18 2

−13 11 3
� 

 

Adjoint(��): =   �
1 4 −13
5 −18 11
−9 2 3

� 

 

Inverse: A-1 = 
�

|�|
 x adj   = −

�

��
�
� � −��
� −�� ��
−� � �

� 

 

The minors of each 

element 
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1.  

 
 

 

2.  
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3.  

 

 

4.  

 

 

5.  

 

 
6.  
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1.  

 

2.  

 

 

3.  
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4.  
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Nominal and Effective Interest 
An interest rate takes two forms: nominal interest rate and effective interest rate. The nominal interest rate 
does not take into account the compounding period. The effective interest rate does take the compounding 
period into account and thus is a more accurate measure of interest charges. 
A statement that the "interest rate is 10%" means that interest is 10% per year, compounded annually. In this 
case, the nominal annual interest rate is 10%, and the effective annual interest rate is also 10%. However, if 
compounding is more frequent than once per year, then the effective interest rate will be greater than 10%. 
The more often compounding occurs, the higher the effective interest rate. 
The relationship between nominal annual and effective annual interest rates is: 
ia = [ 1 + (r / m) ] m - 1 
where "ia" is the effective annual interest rate, "r" is the nominal annual interest rate, and "m" is the number 
of compounding periods per year. 
 
Example: A credit card company charges 21% interest per year, compounded monthly. What effective 
annual interest rate does the company charge? 
r = 0.21 per year 
m = 12 months per year 
ia = [ 1 + (.21 / 12) ] 12 - 1 
= [1 + 0.0175 ] 12 - 1 
= (1.0175)12 - 1 = 1.2314 - 1 
= 0.2314 = 23.14% 
It may be desired to find the effective interest rate for a period other than annual. In this case, adjust the 
period for "r" and "m" as needed. For example, if the effective interest rate per semi annual period (every 6 
months) is desired, then 
r = nominal interest rate per 6 months 
m = number of compounding periods per 6 months 
and the effective interest rate, isa, per semi-annual period, is: 
isa = [ 1 + (r / m) ] m - 1 
 

2. If a lender charges 12% interest, compounded monthly, what is the effective interest rate per quarter? 

Hint: m = number of compounding periods per quarter 

Let i = effective interest rate per quarter. 
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Choose an answer by clicking on one of the letters below, or click on "Review topic" if needed. 

A i = [ 1 + (0.12 / 3) ] 3 - 1 = (1.04)3 - 1 = 0.1249 = 12.49% 

B i = [ 1 + 0.03 ] 12 - 1 = (1.03)12 - 1 = 0.4258 = 42.58% 

C i = [ 1 + (0.03 / 3) ] 3 - 1 = (1.01)3 - 1 = 0.0303 = 3.03% 

D i = [ 1 + (0.03 / 12) ] 3 - 1 = (1.0025)3 - 1 = 0.0075 = 0.75% 

Continuous Compounding 
Single payment formulas for continuous compounding are determined by taking the limit of compound 
interest formulas as m approaches infinity, where m is the number of compounding periods per year. Here 
“e” is the exponential constant (sometimes called Euler's number). 
With continuous compounding at nominal annual interest rate r (time-unit, e.g. year) and n is the number of 
time units we have: 
F = P e r n F/P 
P = F e - r n P/F 
ia = e r - 1 Actual interest rate for the time unit 
Example 1: If $100 is invested at 8% interest per year, compounded continuously, how much will be in the 
account after 5 years? 
P = $100 
r = 8% 
n = 5 years 
F = P e r n = ($100) e (.08)(5) 
= ($100) e 0.4 = ($100)(1.4918) = $149.18 
Example 2: If $100 is invested at 0.667% interest per month, compounded continuously, how much will be 
in the account after 5 years? 
P = $100 
r = 0.666667% 
n = 5 years * 12 months 
F = P e r n = ($100) e (.00666667)(60) 
= ($100) e 0.4 = ($100)(1.4918) = $149.18 
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POSSIBLE QUESTIONS 
2  MARK QUESTIONS 

 
1. What is an upper triangular matrix? Give example. 
2. Write the formula for calculates Simple interest and compound interest? 
3. Find the simple interest on the sum of Rs.6,000 at 10% p.a. for 3 years? 

4. Find the inverse of   A= �
5 5
8 6

� 

5. What is singular matrix and non singular matrix? 

6. If � = �
3 5
1 9

� then show that (��)� = � 

7. Evaluate � = �
6 4 2
7 1 3
0 −1 6

� 

8. If � =	 �
1 4
2 3

� 	���	� = �
5 4
3 4

�, then find (A+B), (A–B). 

8  MARK QUESTIONS 
 

 1. If   A  =�
1 0 −2
2 2 4
0 0 2

�, Find  the inverse of A. 

 
  2. Mr. Ravi borrows Rs.20000 at 4% compound interest and agrees to pay both the  
principal and the interest in 10 equal installments at the end of each year. Find the  
amount of these installments. 

3. If � =	 �
2 3 5
4 7 9
1 6 4

� 	���	� = 	 �
3 1 2
4 2 5
6 −2 7

�, Show that 5(� + �) = 5� + 5�. 

 
4. Mr. Puthiyanayagam has two daughters A and B aged 10 ½ and 16 years. He has 
 Rs.180, 000  with him now but he wants that both of them should get an  equal amount  when they are 18 

years old. How he should divide the money if it were to be deposited with his friend who gives  only 5 
% p.a. 

5. Verify that ���� = 	 (��)�, when � = �
1 1 2
2 1 0

� 	���	� = �
1 2
2 0
−1 1

� 

 
6.  i) If a term deposit of Rs.4000 earns an interest of Rs.2500 in 50 months find the rate of  
interest. 
          ii) Find the present value of Rs.695 due 2 years from now receiving simple interest at 5% per 

annum. 
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7. If A=  �
1 −1 1
2 3 0
18 2 10

� , find the inverse of the given matrix A. 

    
  8.i) Find the effective rate of interest percent per annum equivalent to a nominal rate 12% per annum the 

interest being payable half yearly. 
           ii). Find the simple interest on the sum of Rs.3000 at 5% p.a. for 2 years? 

9.  Show that� = �
1 2 2
2 1 2
2 2 1

�satisfies the equation �� − 4� − 5� = 0.hence deduce the inverse of A. 

10. A person has two daughters A and b aged 13 and 16 years. He has Rs.40, 000 with  him  now but 
wants that both of them should get an equal amount when they are 20  years  old. How he should divide 
the money if it were to be deposited in a bank giving  9% compound interest p. 

 
11. Find the effective rate of interest equivalent nominal rate of 12% p.a., compounded monthly. Further, 
find the effective rate when interest is compounded continuously.      
 



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

 A rectangular arrangement of numbers in rows and columns is called -------------.set   matrix    order   sub matrix matrix  

A scalar matrix in which all the leading diagonal elements are unity is called----------- square  matrix  unit matrix     null matrix    Identity matrix  unit matrix 

A diagonal matrix in which all the diagonal elements are equal is called --------.diagonal  matrix   scalar   matrix    unit matrix     null matrix  scalar   matrix  

[ 3  8  9  -2 ] is a row matrix of order-------------------  4 x 1    1x 4     1x 1    4 x 4  1x 4

A square matrix such that A’ = A is called------------------  symmetric  skew symmetric  hermitiIan  scalar  symmetric 

An association of a real numbers with a matrix is known as -----------.  real matrix  complex  matrix   null matrix  unit matrix  real matrix

The number of elements in an   m x n   matrix is ---------------------       mn      n m 2   n 2       mn    

If in a square matrix A, aij = 0 for i>j, then it is called a --------------- matrix. lower triangular  upper triangular diagonal scalar matrix upper triangular

(AT)T = -----------. A-1    AT A   1 / A A

A matrix A is said to be  Orthogonal matrix if ---------------. AAT  =I        AAT =0      A=AT    A = 1/ A AAT  =I    

The    addition       of two matrices are possible only when they are -----------.  of  same order of any order     scalar matrices  unit matrices  of  same order

A square matrix is said to be singular if its determinant is    ------------------- 0 1 2 -1 0

If A is non singular ,its inverse is ----------------      Adj A / |A|      |A| / Adj A        1/Adj A      1/|A|      Adj A / |A|    



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

The condition for existing of A-1 is --------------- A is non singularA is singular  AT is singular           A  square matrix A is non singular

in a square matrix A, aij = 0 for i <j, then it is called a --------------- matrix. lower triangular           upper triangular     diagonal     triangular  lower triangular   

A Square matrix such that A’ =  – A is called --------------  symmetric                          skew symmetric  hermit ion  scalar skew symmetric 

The sum of the diagonal elements in a matrix A is the -------------. Trace of A unit of A  Transpose of A  inverse of A Trace of A

If a square matrix A of order n is of the form An = 0, then it is an ----------- matrix. Identity                Idempotent  Nilpotent Orthogonal Nilpotent

If a square matrix A of order n is of the form An = A, then it is an ----------- matrix. Identity                Idempotent  Nilpotent Orthogonal   Idempotent 

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

I*A = ---------------.  A 0 Identity matrix  Zero matrix A

An identity matrix is also found as a ------------- matrix Scalar Diagonal  triangular  scalar and diagonal  scalar and diagonal

In a 3x3 square matrix the minor and the cofactor of the element a23 have  ---------.Same sign and same valuesame sign and different valuesOpposite sign and   opposite sign and different values  Opposite sign and same value           

Every matrix  A and its transpose AT have --------------- determinant value Different  same one as the negative one as the multiple of other  same

The determinant value   of the  unit matrix  of order 2  is ------------------ 1 0 -1 2 1

If A is singular ,its inverse is ---------------- null matrix         does not exists    1/Adj A   1/|A|       does not exists    



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

A rectangular matrix  will not possesses-------------- inverse   cofactor  determinant  transpose inverse 

For any square matrix  (adj A).A = A. (adj A) is -------------- |A| .I   |A |  1 / |A|   AT |A| .I 

For any  two square matrices A and B (adj AB) = ---------------- (adj A). (adj B)  (adj B). (adj A)  (adj BA)   (adj B +adj A) (adj B). (adj A)

The formula for computing simple Interest is ------------------. pnr / 100   p+n+r /100  p-n-r /100 p+n+r pnr / 100 

Simple interest will be an income  for ------------------. lender borrower   customer creditor lender

The simple interest on Rs. 5000 at 10 % for 3 years is ----------------. Rs.500       Rs.1000                 Rs.1500  Rs.2000  Rs.1500 

If the simple interest for 2 years at 12 % is Rs. 3000  the principal is  ----------------20,000 3,000 12,500 10,000 12,500

The formula for compound interest is ------------------ PNR /100     P(1+r/100)n –P                 A/(1+i)n         CI /(I+I)n P(1+r/100)n –P                

The compound   interest on Rs. 1000 at 12 % for  one year is ----------------. Rs.150  Rs.175  Rs.120  Rs.126 Rs.120 

The formula for calculating principal   under compound interest. is-------------.A /(1+i)n  P(1+i)n   Pni   CI /(1+i)n A /(1+i)n 

If the principal isRs.5000 ,Interest is Rs.100 then amount A=-------------  Rs.5100    Rs.4900    Rs.5000   Rs.6000 Rs.5100  

If Rs.6,000  amounts to Rs.8,940 then the interest is ------- 2940 Rs.3450                      Rs.4560   Rs.3540 2940

The simple interest on Rs.6,000 at 10% for 2 years  is-------- Rs.1200                     Rs.1000    Rs.2000   Rs.1250 Rs.1200                     



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

The formula for simple interest is ------- Pni    P-n-r/100            P+n+r/100    Pn Pni  

The formula for calculating amount under compound interest is ------- P(1+r/100)n              P(1+r/100)n-1  Pni    P P(1+r/100)n            

Compound interest  is more than --------- Principal           amount simple interest  compound interest simple interest 

Formula for rate of  interest under compound interest is ------------ 100[(A/P)1/n-1]                 P(1+A /100)n-1   P(1+I)n  P(1+I) 100[(A/P)1/n-1]                

In compound interest the formula for period is-------- log  A-log P/log(1+r/100)   log A-log P/(1+r/100)   log A+log P/(1+r/100)  A+P log  A-log P/log(1+r/100)  

Compound interest for Rs.2,500  for   4 years at 8%  per annum  is ------ Rs.801.32                            Rs.701.22  Rs.601.42   Rs.901.22  Rs.901.22

The effective rate of compound interest is ------- 100[(1-r/100m)m   100[(1+r/100m) P(1+i) n   P   100[(1+r/100m)m –1]

In the effective rate of interest, a unit of time m is quarterly means m= ------ 4 2 3 1 4

In the effective rate of interest, a unit of time m is half yearly means m= ------ 4 2 3 1 2

Interest is compounded continuously means m is ------- large   small  middle  first large 

When  interest  is compounded   continuously    A is ----- Pein   Pe-in  - Pein  P Pein 

When  interest  is compounded   continuously    P is ----- Pein   Pe-in  - Pein  P  Pe-in

When  interest  is compounded   continuously, effective rate of interest S is--------Pein A/ ein     - Pein  100(ei –1) 100(ei –1)



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

In what time a sum of Rs.1234 amount to Rs.5678 at 8% p.a. compound interest 18.72 years         19.27 years        19.72 years         17.95 years  19.27 years      

Under compound interest , interest earns------- interest  principal  amount  discount interest 

The simple interest on a  sum  of Rs.2000 for two   years at 5% p.a. is----------------Rs.800  Rs.700  Rs.1000 Rs.1200 Rs.1200

 If the simple interest is Rs 150  ,number of years is 6 and the rate if interest is5% p.a  then principal  is -----------------   Rs. 500  Rs. 300   Rs.1000 Rs. 500  Rs. 500 

If the simple interest is Rs 72  , the rate if interest is 4 % p.a  the principal  is   Rs. 600 then number of years is -----------------3 4 5 1 3

Compound interest is------------------- Amount - principal Amount + principalprincipal –Amount  Amount x principal Amount - principal 

The amount of money deposited or borrowed  is   called the ------------------ principal     interest amount discount principal   

The extra money which we get or which we pay  is called----------------- principal     interest  amount discount  interest

The simple interest on a  sum  of Rs.1225 for 4   years at 11% p.a. is----------------Rs.539 Rs.700   Rs.100        Rs.120 Rs.539





 same value           



 –P                



-1]                

log  A-log P/log(1+r/100)  

 –1]
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UNIT – II  
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Differential Calculus 

Mathematical functions and their types – linear, quadratic, polynomial; Concepts of limit and 

continuity of a function; Concept of differentiation; Rules of differentiation – simple standard 

forms. Applications of differentiation – elasticity of demand and supply; Maxima and Minima of 

functions (involving second or third order derivatives) relating to cost, revenue and profit. 
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Concept of Functions 
Let A and B be any two non–empty sets. Then a function ‘ff’ is a rule or law which associates each 
element of ‘A’ to a unique element of set ‘B’. 
Notation: 

(i) A function is usually denoted by small letters, i.e. f,g,hf,g,h etc. and Greek letters, 

i.e. α,β,γ,ϕ,ψα,β,γ,ϕ,ψetc. 

(ii) If ‘ff’ is a function from ‘A’ to ‘B’ then we write f:A→Bf:A→B. 
Ordered Pair: 

Let ‘a’ and ‘b’ be any two elements then an element(a,b)(a,b) is called an ordered pair. 
 
Constant Function: 

Let ‘A’ and ‘B’ be any two non–empty sets, then a function ‘ff’ from ‘A’ to ‘B’ is called a constant 

function if and only if the range of ‘ff’ is a singleton. 
Algebraic Function: 
A function defined by an algebraic expression is called an algebraic function. 

e.g. f(x)=x2+3x+6f(x)=x2+3x+6 
Polynomial Function: 

A function of the form P(x)=amxn+an−1xn−1+⋯+a1x+a0P(x)=amxn+an−1xn−1+⋯+a1x+a0 

where ‘n’ is a positive integer and an,an−1,⋯,a1,a0an,an−1,⋯,a1,a0 are real numbers is called a 
polynomial function of degree ‘n’. 
 
Linear Function: 

A polynomial function with degree ‘tt’ is called a linear function. The most general form of a linear 
function is 

f(x)=ax+bf(x)=ax+b 
Quadratic Function: 
A polynomial function with degree ‘2’ is called a quadratic function. The most general form of a 

quadratic equation is f(x)=ax2+bx+cf(x)=ax2+bx+c 
Cubic Function: 
A polynomial function with degree ‘3’ is called a cubic function. The most general form of a cubic 

function is f(x)=ax3+bx2+cx+df(x)=ax3+bx2+cx+d 
Identity Function: 

Let f:A→Bf:A→B be a function then ‘ff’ is called an identity function if f(x)=x,∀x∈Af(x)=x,∀x∈A. 
Rational Function: 

A function R(x)R(x) defined by R(x)=P(x)Q(x)R(x)=P(x)Q(x), where both P(x)P(x)andQ(x)Q(x) are 
polynomial functions is called a rational function. 
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Trigonometric Function: 

A function f(x)=sinxf(x)=sin x, f(x)=cosxf(x)=cos x etc., then f(x)f(x) is called a trigonometric 
function. 
Exponential Function: 
A function in which the variable appears as an exponent (power) is called an exponential function 

e.g. (i) f(x)=axf(x)=ax (ii) f(x)=3xf(x)=3x. 
Logarithmic Function: 

A function in which the variable appears as an argument of a logarithm is called a logarithmic function. 

e.g. f(x)=loga(x)f(x)=loga(x). 
 

 
 
Limit of a Function at Infinity 

 

Defintion Let f(x) be a function defined on R.  



)(lim xf

x means that for any > 0 ,  there exists X 

> 0 such that when x > X ,  
 )(xf

. 
 
 
Theorem  UNIQUENESS of Limit Value 

   If  axf
x




)(lim and bxf
x




)(lim , then ba  . 

 

Theorem  Rules of Operations on Limits 

   If )(lim xf
x 

 and )(lim xg
x 

exist ,  then 

    (a) )(lim)(lim)]()([lim xgxfxgxf
xxx 

  

    (b) )(lim)(lim)()(lim xgxfxgxf
xxx 
  

    (c) 
)(lim

)(lim

)(

)(
lim

xg

xf

xg

xf

x

x

x




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                                                    (d) For any constant k,  )(lim)]([lim xfkxkf
xx 

 . 

    (e) For any positive integer n,   

     (i) n

x

n

x
xfxf )](lim[)]([lim


  

     (ii) n
x

n

x
xfxf )(lim)(lim


  

DERIVATIVES 
 
 
Definition:  The derivative of a function f  at a point a, denoted by f ′(a), is 
 

   
h

afhaf
af

h

)()(
lim)(

0





 

 
provided that the limit exists. 
 

If we denote y = f (x), then f′(a) is called the derivative of  f, with respect to (the 
independent variable) x, at the point x = a. 

 
 
Recall that the value of this limit is, if it exists, is the slope of the line tangent to the curve 
y = f (x) at the point x = a.  As well, it also represents the instantaneous rate of change, 
with respect to x, of the function f  ata.  Therefore, a positive f′(a) means that the function f 
is increasing at a, while a negative f ′(a) means that f is decreasing at a.  If f′(a) = 0, then f 
is neither increasing nor decreasing at a. 
 
 
Equivalently, the derivative can be stated as 
 

   
ax

afxf
af

ax 






)()(
lim)(  

 
ex.  Let  f (t) = t5 + 6t , find f ′(a). 
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ex.  Let  54)( 2  xxf  , find f′(a).  Write an equation of the line tangent to y = f (x) 

when a = 1. 
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At a = 1,  the point on the curve, (a, f (a)) is (1, 3), and the slope of the tangent line is  

3

4
)1( f .  

The equation of the line is, in point-slope form, therefore 
 

)1(
3

4
3  xy  

 
or, in slope-intercept form, 
 

3

5
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4
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ex.  Let  
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)32)(3)(3(

2

)3)(3)(3)(3)((

2
lim

22222220 









 aaa

a

haaaha

ha
h

 

2/32 )3( 




a

a
 

Basic Differentiation Formulas 
 
Suppose f  andg are differentiable functions, c is any real number, then 
 

1.  0)( c
dx

d
 

 

2.  )()()]()([ xg
dx

d
xf

dx

d
xgxf

dx

d
  

 

3.  )()()]()([ xg
dx

d
xf

dx

d
xgxf

dx

d
  

 

4.  )()]([ xf
dx

d
cxfc

dx

d
  
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5.  )]([)()]([)()]()([ xf
dx

d
xgxg

dx

d
xfxgxf

dx

d
  

 

6.  2)]([

)]([)()]([)(

)(

)(

xg

xg
dx

d
xfxf

dx

d
xg

xg

xf

dx

d










 

 
 
 
Or, in short-hand notations: 

1.  (c)′ = 0 

2.  [ f(x) + g(x)]′ =  f ′(x) + g′(x) 

3.  [ f(x) − g(x)]′ =  f ′(x) − g′(x) 

4.  [cf (x)]′ = cf ′(x) 

5.  [ f (x)g(x)]′ = f (x)g′(x) + g(x)f ′(x) 

6.  2)]([

)()()()(

)(

)(

xg

xgxfxfxg

xg

xf 












 

 
The Power Rule:  For any real number n, 
 

   
1)(  nn xnx

dx

d
 

 
 

For n = 1, this means that  11)( 011   xxx
dx

d
. 

And if n = 0, then   00)1()( 100  x
dx

d
x

dx

d
, which is consistent with the 

constant rule of differentiation (rule #1 above). 
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ex.  The instantaneous rate of change of a line 
 
Suppose  f (x) = mx + b , where m and b are constants, then 
 

f ′(x) = (mx)′ + (b)′ = m(x)′ + (b)′ = m(1) + 0 = m 
 
Therefore, any linear function has a constant derivative equals to the slope of its graph, 
which is a line of slope m.  It says that the instantaneous rate of change of a linear function 
is constant, and that the tangent line to the graph of a line is always the line itself (because 
the tangent line has the same slope as the line, and they obviously contain one common 
point, therefore they have the same equation and are therefore the same line). 
 
 
 
ex.  Differentiate  y = 2t3 − t π + t −2 + 9 
 
y′ = 2(t3)′ − (t π)′ + (t −2)′ + (9)′ = 2(3t2) − πt π −1 + (− 2t −3) + 0 
 
= 6t2 − πt π −1 − 2t −3 

ex.  Differentiate  
34

2
5)( t

t
tts   

 
This would be easier to do if we first rewrite s(t) in terms of powers of x. 
 

3/12/12/1 425)( tttts  
 , then 

 

3

2

2

3

2

1
)1

3

1
()1

2

1
()1

2

1
(

3

4

2

5

3

1
4

2

1
2

2

1
5)(


























 










 ttttttts  
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ex.  Differentiate  
23

23
)(

2

2






xx

xx
xf  

 

22

2222

)23(

)23)(23()23)(23(
)(






xx

xxxxxxxx
xf  

 

22

22

)23(

)32)(23()32)(23(






xx

xxxxxx
 

 
 
 

ex.  Differentiate  2

23 532
)(

x

xxx
xg


  

 
The easiest way to do this is to rewrite g(x) as 
 

2

51
32)(

xx
xxg  , then 

 

)2(5)(02)(5)()3()(2)( 3221   xxxxxxg  

 

32

32 101
2102

xx
xx  

 

ex.  Differentiate  )25( 2  xxxy  

 
Simplify first:  y = x5/2 − 5x3/2 + 2x1/2. 
 

2/12/12/32/12/12/3

2

15

2

5

2

1
2

2

3
5

2

5  















 xxxxxxy  
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The longer way to do this is by using the product rule: 
 

)
2

1
)(25()52())(25()25( 2/1222  xxxxxxxxxxxy  

 

2/12/12/32/12/32/122/1

2

5

2

1
52)

2

1
)(25()52(   xxxxxxxxxx  

 

2/12/12/3

2

15

2

5  xxx  

 
Derivatives of logarithmic and exponential functions 
 

Formula.The exponential rule. For the function of the type xaxf )( , where a is a constant, then 

aaxf x ln)('  .  Derivative of xexf )( is xexf )('  . 

 

Example 1.Find  
dx

dy
. 

a. xxxf 103)( 20   b. xx eexf 5)(   

Solution.a. xxx ee
dx

df
bx

dx

df 519 5.,10ln1060   

Formula. For the logarithmic function xxf ln)(  ,
x

xf
1

)('  . 

 Derivative of xxf alog)(  is 
ax

xf
ln

1
)('   . 

Example 2.Find  
dx

dy
. 

a. 10ln3)(  xxf  b. 3log)(  xxf  

Solution.a. 
10ln

1
.,

3

xdx

df
b

xdx

df
  

 

Example 1.Find  'yor
dx

dy
. 

a. 02953 2  xxyy  b. 3log2  xy  

Solution.a. 
xy

y
yxyyyy

56

95
'09'55'6




  

 b. 
10ln2

1
'

10ln

1
'2

xy
y

x
yy   
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Example 2.Find  the slope of the tangent line to the curve 723 2  xxy  at (1, 3). Also compute the 

second derivative. 

Solution.
3

5

)1(3

)3(3)1(4

3

34
'043'3 







x

yx
yxyxy  

For the second derivative we consider again 043'3  xyxy  

Taking derivative we find 
3

14

3

46

3

'64
"04'3'3"3

2








x

xy

x

y
yyyxy  

DEMAND AND SUPPLY 
 
The market and its economic agents 
 
Purpose of this lesson: to study the behaviour of people as they interact with one another in markets. 
 
Market: a group of buyers and sellers of a particular good (or service). 
 
Demand: represents the behaviour of buyers. 
 
Supply: represents the behaviour of sellers. 
 
Main assumption that we will use for the time being: markets are competitive. 
 
Characteristics of a competitive market: 
 

a) Goods offered for sale in one market are all the same. 
b) Buyers and sellers are so numerous, that they individually cannot influence the market price. We 

say that both buyers and sellers are price takers. 
 
Not all markets are competitive. If sellers are few and individually can influence the market price, then we 
say that markets are not competitive (oligopoly, monopoly). 
 
The concepts of demand and supply 
 
To be specific let us concentrate on one particular market: for example, the market for butter. 
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Demand 
 

 Factors that determine the quantity demanded of butter: 
 

a) The price of the good. The higher the price, the lower the quantity demanded. This is the Law of 
demand. 

b) Income. Normally, the richer people are, the more of a good they will buy. Let us call income m. 
c) Prices of related goods. 

x and y substitutes. Think of butter (x) and margarine (y). 

        ;    Therefore  and  positively related.y yp y x p x    
 

 x and y complements. Think of butter (x)and bread (y) 

 
        ;    Therefore  and  negatively related.y yp y x p x    

 
d) Tastes. Some people like butter, others like olive oil. 

 

 The demand curve 
 
Suppose that we give a mathematical form to the relationship between butter (x) and the factors that 
determine the quantity demanded of butter.        
 

10 4 0.005 2x yx p m p   
 

 
Discuss signs. 
 
Normally we do not want to work with so many variables. The ones we are interested in depend on the 
problem at hand. Suppose we are only interested in the price and quantity of butter, and that we are given 

the values of the other variables 
3,000€;  0.5€ym p 

. Then, 
 

10 4 0.005(3,000) 2(0.5)

(10 15 1) 4

26 4

x

x

x

x p

x p

x p

   

   

 
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The expression in the box is the demand curve (or the demand function). 
Suppose we have a market with three buyers: Ana, Víctor and Pilar. Each has the following demand 
curve: 
 

Ana:      10 2A xx p   

Víctor:  20 4V xx p   

Pilar:     15 3P xx p   
 
We obtain the aggregate demand curve by adding horizontally (adding the x’s). 
 

       10 2 20 4 15 3

  45 9

A V P

x x x

x

x x x x

p p p

p

  

     

   
 
Therefore, the aggregate demand curve is 
 

45 9 xx p 
 

2. A consumer buys 100 units of a product when the price is €1. When the price is increased to €1.25 the 
consumer buys 80 units. Calculate the Price Elasticity of demand for this consumer.  
 

 
 
1 + 1.25 x -20 
100 + 80  +0.25 
 
= -1 
 
Demand for this good is unitary elastic as the answer is equal to 1 
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POSSIBLE QUESTIONS 
2  MARK QUESTIONS 

 
1. What are the types of Functions? 
2. Define derivative. 
3. If f(x)=(x2-7)2, find f’ ‘(x). 
4. Find the derivative of x3-3x2+4x+3 
5. Define limit of a function. 

6. Find lim�→�
����

��������
 

7. Define elasticity of supply. 
8. Define elasticity of demand. 

9. Find 
��

��
,if � = (2� + 5)� 

8  MARK QUESTIONS 
 

1.A firm sells a product at Rs.3 per unit. The total cost of the firm for producing x units is  
   given by C=20+0.6x+0.001x2. How many units should be made to achieve maximum  
   profit? Verify that the condition for a maximum is satisfied. 

2. If the demand law is � =
��

���
 find the elasticity of  demand at the point when p=3. 

3. Find the elasticity of supply from the function p = -2+5x. 

4. Find 
��

��
  i) �� + �� = 1 ii) �� = �� 

5.If�(�)=
���������

��
   find ��(5) and  ��(10). 

6.Differentiate the following with respect to x 
          (i) x3-3x2+4x+3          (ii) x5 + 3logx - 4ex 
       
 7.Differentiate the following with respect to x 

          (i) y = (�� + 5)(3� + 1)   (ii)� =
���

����
 

8.Findlim�→�
(���)���

(���)���
 

9. Find lim�→�
��√����

��
 

10. Find lim�→�
�������

������
 

11. If the demand law is � =
��

���
, find the elasticity of demand at the point when p=3. 

12. Find for what values of x, the following expression is maximum and minimum respectively. 
						2�� − 21�� + 36� − 20.find also the maximum and the minimum values. 

 
 

 



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

Quantities which take the same values throughout particular investigation are 

called_________
Constants Variables Functions Integers Constants 

Quantities which change that is  different values in an investigation are 

called_________
Constants Variables Functions Integers Variables

The gross profit ddepends on the sales and the volume of a sphere depends on 

its_________
Circle Square Radius Diameter Radius

Two variables x and y are said to be function of each other when the values of 

one of them  ______ on those of ther. other
Independent propotional depend perpendicular depend

If corresponding to each value of x, there is only one value of y then y is 

called_________Valued
Single many two three Single

If corresponding to each value of x, there existsmore than one value of y then 

y is called_________Valued
Single many two three many

The relation between two variables can be expressed in the form y=f(x), y 

is_________
implicit explicit odd even explicit

The relation between two variables can be expressed in the formf(x,y)=0, y 

is_________
implicit explicit odd even implicit

If f(-x)=f(x) then f(x) is called___________ odd even implicit explicit even

If f(-x)=-f(x) then f(x) is called___________ odd even implicit explicit odd

y=a0+a1x+……….anxn is called________ function. odd even implicit polynomial polynomial

Limit x tends to a f(x)=1 is _______ function. limit even implicit polynomial limit

Limit h tends to 0 f(a-h)=l1 is __________ limit Right hand Left hand finite infinite Left hand



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

Limit h tends to 0 f(a+h)=l1 is __________ limit Right hand Left hand finite infinite Right hand

If left hand limit = right hand limit then limit _______ does not exists zero exists one exists

If the limit is in indeterminant form then apply the method of _______ Induction
partial 

fraction
Integration factorization factorization

If the limit is in indeterminant form then apply the method of _______ rationalisation Induction partial fraction Integration rationalisation

If the limit is in indeterminant form then apply the method of _______ Induction
partial 

fraction
Substitution Integration Substitution

If the limit is in indeterminant form then apply the method of _______ Induction
partial 

fraction
Integration L'Hospitals L'Hospitals

If the limit is in indeterminant form then apply the method of _______ Induction
partial 

fraction
Integration Infinite Limit Infinite Limit

The rate of change of the object is called________ Derivative Induction Integration Velocity Derivative

The process of finding derivatives are called__________ Integration
Differentiatio

n
Induction Acceleration Differentiation

Derivative of exponential is ________ algebra exponential logerthms function exponential

Derivative of constant is ________ one two three zero zero

One of the rule of differentiation is _________ addition commutative assiciative closure addition

One of the rule of differentiation is _________ commutative assiciative closure Difference Difference



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

One of the rule of differentiation is _________ commutative Product closure assiciative Product

One of the rule of differentiation is _________ closure assiciative Quotient commutative Quotient

If x is function of t and y is function of t then it is in _______ form. closure assiciative Quotient Parametric Parametric

Process of finding second derivative ,third derivative etc is called 

________differentiation.
Initial final Successive Single Successive

One of the application of Differentiation is ___________ Boundary Elasticity
Simple 

Interest
Compound Interest Elasticity

If the graph of the function rises then the function is _________ function Decreasing Increasing rising falling Increasing

If the graph of the function fallss then the function is _________ function Decreasing Increasing rising falling Decreasing

If the first dereivative zero and the second derivative less than zero then 

function is _______
Minima Maxima Optima Extrima Maxima

If the first dereivative zero and the second derivative greater than zero then 

function is _______
Minima Maxima Optima Extrima Minima
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UNIT – V 
 

SYLLABUS  
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time-based Data: Index Numbers and Time-Series Analysis 

Meaning and uses of index numbers; Construction of index numbers: Aggregative and average 

of relatives – simple and weighted, Tests of adequacy of index numbers, Construction of 

consumer price indices. Components of time series; additive and multiplicative models; Trend 

analysis: Finding trend by moving average method and Fitting of linear trend line using 

principle of least squares 
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Index Numbers 
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Parabolic Trend Model 

 The curvilinear relationship for estimating the value of a dependent variable 

yfrom an independent variable x might take the form 

yˆ = a + bx + cx2.This trend line is called the parabola. 

 For a non-linear equation yˆ = a + bx + cx2, the values of constants a, b, and c can be 

determined by solving three normal equations. 

Σy = na+ bΣx + cΣx2 

Σxy = aΣx + bΣx2 + cΣx3 

Σx2y = aΣx2 + bΣx3 + cΣx4 
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When the data can be coded so that Σx = 0 and Σx3 = 0, two term in the above expressions 

drop out and we have 

Σy = na+ cΣx2 

Σxy = bΣx2 

Σx2y = aΣx2 + cΣx4 

To find the exact estimated value of the variable y, the values of constants a, b, and c need 

to be calculated. The values of these constants can becalculated by using the following 

shortest method: 

� =
∑� − � ∑��

�
;� =

∑��

∑��
���� =

�∑��� − ∑�� ∑�

�∑�� − (∑��)�
 

Example :The prices of a commodity during 1999-2004 are given below. Fit a parabola to 

these data. Estimate 

the price of the commodity for the year 2005. 

 

 Year   Price   Year   Price 

 1999   100   2002   140 

 2000   107   2003   181 

 2001   128   2004   192 

Solution: To fit a parabola yˆ = a + bx+ cx2, the calculations to determine 
the values of constants a, b, and c are shown in table 
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Calculations for Parabola Trend Line 

Year  Time  Price  x2   x3       x4  xy x2y Trend 

                    Scale          (y)                                                    Values 

                      (x)                                                                                                      
            (yˆ) 

1999   -2   100  4    -8       16  -200     400       97.72 

2000   -1  107  1    -1          1  -107     107     110.34 

2001    0   128  0      0           0    0         0      126.68 

2002   1  140 1       1          1    140     140      146.50 

2003   2  181 4      8        16    362     724      169.88 

2004    3  192 9   27       81   576    1728      196.82 

  3  848 19   27      115           771    3099     847.94 

 (i) Σy= na- bΣx+ cΣx2 

 848 = 6a + 3b + 19c 

 (ii) Σxy= aΣx+ bΣx2 + cΣx3 

 771 = 3a + 19b + 27c 

 (iii) Σx2y = aΣx2 + bΣx2 + cΣx4 

 3099 = 19a + 27b + 115c 

Eliminating a from eqns. (i) and (ii), we get 

(iv) 694 = 35b + 35c 

Eliminating a from eqns. (ii) and (iii), we get 

(v) 5352 = 280b + 168c 

Solving eqns. (iv) and (v) for b and c we get b =18.04 and c = 1.78. 

Substituting values of b and c in eqn. (i), we get a = 126.68. 

Hence, the required non-linear trend line becomes 

y = 126.68 +18.04x + 1.78x2 
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Conversion of Trend Equation 

 Trend equation depends on: 

1. The origin of time reference 

2. The units of time viz., weekly, monthly, yearly etc. 

3. The time series value relate to annual figures or monthly averages. 

 Trend values can be computed by the straight line method. For simplicity and 

convenience, the following methods are also used. They are 

1. Shifting of origin 

2. Conversion of annual trend equation to monthly trend equation when the y 

values are in annual totals and are given as monthly averages 

Conversion of annual trend values to monthly trend equation 

 We calculate monthly tend equation from annual trend equation. When Y unit are 

annual total and X units are in year then the annual trend equation can be converted into 

monthly trend equation i.e. ; we divide ‘a’ by 12 and ‘b’ by 144. � =
�

��
+

�

���
� . If the 

time unit of X in the trend equation represents only 6 months, then ‘b’ is divided by 72 i.e., 

  � =
�

��
+

�

��
�  

 The annual trend equation trend equation is Y = a + b X 

 The monthly trend equation is � =
�

��
+

�

���
�  

Example: 

 The trend of annual production of a company described by the following equation 

  Yc = 18 + 0.6X 

 Origin 1988; X-unit = 1 Year; Y-unit = annual production. Convert the equation to a 

monthly trend equation. 

Solution: 

 Monthly trend equation: 

  �� =
��

��
+

�.�

���
�   

       = 1.50 + 0.0041 X 
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Exponential Trend Model 

 When the given values of dependent variable y from approximately a geometric 

progression while the corresponding independent variable x values form an arithmetic 

progression, the relationship between variables x and y is given by an exponential function, 

and the best fitting curve is said to  describe the exponential trend. Data from the fields of 

biology, banking, and 

economics frequently exhibit such a trend. For example, growth of  bacteria, money 

accumulating at compound interest, sales or earnings over a short period, and so on, follow 

exponential growth. 

The characteristics property of this law is that the rate of growth, that is, the rate of change 

of y with respect to x is proportional to the values of the function. The following function 

has this property. 

y = abcx, a > 0 

 The letter b is a fixed constant, usually either 10 or e, where a is a constant to be 

determined from the data. 

 To assume that the law of growth will continue is usually unwarranted, so only short 

range predictions can be made with any considerable degree or reliability. 

If we take logarithms (with base 10) of both sides of the above equation, we obtain 

Log y = log a + (c log b) x (7.2) 

For b =10, log b =1, but for b=e, log b =0.4343 (approx.). In either case, this equation is of 

the form y′ = c + dx 

Where y′ = log y, c = log a, and d = c log b. 

 Equation (7.2) represents a straight line. A method of fitting an exponential 

trend line to a set of observed values of y is to fit a straight trend line to the 

logarithms of the y-values. 
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In order to find out the values of constants a and b in the exponential 

function, the two normal equations to be solved are 

Σ log y = n log a + log bΣx 

Σxlog y = log aΣx+ log bΣx2 

 When the data is coded so that Σx= 0, the two normal equations become 

Σ log y = n log a or log a =
�

�
Σlog	y 

andΣxlog y = log b Σx2or log b = 
�����	�

���
 

 Coding is easily done with time-series data by simply designating the center 

of the time period as x =0, and have equal number of plus and minus period 

on each side which sum to zero.  

 

Example : 

 

The sales (Rs. In million) of a company for the years 1995 to 1999 are: 

Year :  1995   1996   1997   1998   1999 

Sales : 1.6   4.5   13.8   40.2   125.0 

Find the exponential trend for the given data and estimate the sales for 2002. 

Solution:  

computational time can be reduced by coding the data. For this consider u = x-3. The 

necessary computations are shown in table 
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Fitting the Exponential Trend Line 

Year  Time  u=x-3  u2 Sales y Log y  u log y 

 Period x 
 
1995  1   -2   4  1.60   0.2041  -0.4082 

1996   2   -1   1  4.50   0.6532  -0.6532 

1997   3     0  0  13.80   1.1390   0 

1998   4     1  1  40.20   1.6042     1.6042 

1999   5     2  4  125.00  2.0969     4.1938 

     10    5.6983    4.7366 

loga =
�

�
Σ log y = 

�

�
(5.6983) = 1.1397 

 

logb = 
∑� ����

∑��
=

�.����

��
= 0.4737� 

Therefore log y= log a + (x+3) log b = 1.1397 + 0.4737x 

For sales during 2002, x =3, and we obtain 

logy= 1.1397 + 0.4737 (3) = 2.5608 

y = antilog (2.5608) = 363.80 
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Ratio to Trend Method 

The steps for calculation: 

(i)By applying the method of least squares, we can obtain the trend values. 

(ii)We must divide the original data of time series for each season (month quarter) by 

the corresponding trend values and multiply these ratio by 10, i.e.    
�	�	�	�	�	�	�

�
x100 = S	x	C	x	I	x	100. Thus the trend eliminated values are 

obtained. This percentage will include seasonal, cyclical and irregular 

fluctuation. 

(iii)In order to eliminate the irregular and cyclical movement, the seasonal 

figures are averaged with any one of the measures of central tendency, 

mean or median. Thu we obtain the indices for seasonal variation for 

different season. 

(iv)Thee indices are adjusted to a total of ,200 for monthly data or 400 for quarterly 

data by multiplying each index by a suitable factor 

�
����

�����������	��	�������������
or

���

�����������	�	���������������
� 

Thus we get Seasonal Index. 
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Ratio to Moving Average Method 

The steps for calculation: 

(i)Calculate12 month moving average , which eliminates seasonal and irregular 

fluctuations and represents trend and cycle. i.e., T.C. 

(ii)Express the original values a percentage of centres moving average values for all 

month, i.e., 

 
��������	�����

������	�������	����
x	100 =

����

��
x100 

                                                  = SI x 100 
(iii)As in the above said two methods, arrange these percentages according to year and 

months. By averaging these percentages for each month, we can eliminate irregular 

factors. Mean or Median can be used for averaging. 

(iv)The sum of thee indices should be 1,200 (400) for monthly or quarterly data. If it is 

not so, an adjustment is made to eliminate the discrepancy; i.e., 

�
1200

sum	of	monthly	indices
or	

400

sum	of	quarterly	indices
� 

This express the preliminary index as a percentage of their arithmetic mean. 
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POSSIBLE QUESTION 

2  MARK QUESTIONS 
 
1.Write any two characteristics of index numbers. 
2..Find the trend, where YT = 140 + 20( X – 1981),if x = 1979,1980. 
3.What are the types of secular trend? 

4.Write the formula for laspeyre’s and pasche’s method. 
5.What is moving average? 
 

8 MARK QUESTIONS 
1.Compute Price Index based on the simple average of price relatives by using  Arithmetic Mean. 

Commodity A B C D E F G H 
Price 1997 (in Rs.): 40 120 140 130 60 70 65 75 
Price 1998 (in Rs.)  60 140 170 135 100 80 75 80 

2.Draw a trend line by the method of semi averages. 
               Year  :1987   1988 1989 1990 1991 1992  1993 
      Production :   90    110 130 150 100 150  200 
3.  Construct the Cost of Living Index number for the following data: 

     Item Base Year Price Current Year Price  Weight 
     Food 39 47 4 
     Fuel 8 12 1 
    Clothing 14 18 3 
    House rent 12 15 2 
Miscellaneous 5 30 1 

    4. Fit a linear trend equation by the method of least squares and estimate the  
net profit in 2003. 
        Year : 1995       1996        1997   1998     1999       2000        2001 
       Net profit  :   32          36          44     37       71         72            109 
         (Rs.) 
5.Calculate the Price Index by Weighted G.M method for the following data. 

Item A B C D E 
Weight 40 25 15 10 10 
Price 2001 (in Rs.): 25 50 40 10 20 
Price 2011 (in Rs.)  40 80 60 20 40 
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  6.  Using the four year moving averages determine the trend and short term fluctuation. 
     Year: 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
   Production :  464   515   518   467  502  540   557    571   586   612 
    7. Fit a linear trend equation by the method of least squares and estimate the net profit in 2003. 
      Year : 1995     1996         1997  1998     1999     2000 2001 
      Net profit  :   32       36            44    37       71         72  109 
         (Rs.) 
8.FindLaspeyre’s, Paasche’s and Fisher’s Price Index for the following data: 

Commodity 
2003 2004 

Price (Rs) Quantity (’00) Price (Rs) Quantity (’00) 

Erasers 05 25 06 30 
Pencils 10 05 15 04 
Markers 03 40 02 50 
Ball Pens 06 30 08 35 

9.  Calculate the price index numbers by (i) Simple G.M method (ii) Weighted G.M  method 
for the following data. 

Item     A  B  C  D  E   
Weight    40  25  15  10  10 
Price in 1991(Rs.)   25  50  40  10  20 
Price in 2001(Rs.)   40  80  60  20  40 
 

10.  Fit a straight line trend equation to the following data by the method of Least squares . 
Year: 1979 1980 1981 1982 1983 
Sales  (Rs.): 100  120  140 160  180 

 
 



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

A ­­­­­­­ is an arrangement of statistical data in a chronological order. forecasting evaluation comparison  all the above all the above

Time series helps in ­­­­­­­­­­. 3 4 2 5 4

There are ­­­­­­­ types of components of a time series. multiplicative secular additive cyclical additive

The ­­­­­­­­­­­­ model assumes that the observed value is the sum of four 
component of time series

multiplicative secular additive cyclical multiplicative

The ­­­­­­­­­­ model assumes that the observed value is obtained by 
multiplying the trend by the rates of three other components

5 1 7 3 1

Seasonal variations repeat during a period of­­­­­ years. depression in business 
growth of 
population 

weather and social 
customs

none of these
weather and social 
customs

The most important factor causing seasonal variations is­­­­­ ratio to trend method
simple average 
method

ratio to moving 
average method

none of these simple average method

If the trend is absent, the seasonal indices are known by­­­­­­­­ trend is not clear the trend is linear trend is not linear none of these trend is not linear

The trend can be found by the method of least squares if the ­­­­­­­­ rate of growth is positive
growth rate is 
constant

growth is not constant none of these\ growth rate is constant

The trend is linear if ­­­­­­­­­ ratio to trend method link relative
ratio to moving 
average

none of these ratio to moving average

The most widely used method of measuring seasonal variations is ­­­­­­­­­ graphic method
method of least 
squares

semi average method
moving average 
method

method of least squares

The ­­­­­­­­­­­­­­­­may be used either to fit a straight line trend or a 
parabolic trend.

which year was selected as 
the origin?

what is the unit of 
time represented 
by X?

In what kind of units is 
Y being measured?

all the above all the above

Whenever we fit any straight line trend by the least squares 
method,which things should be specified?

linear trend secular trend non­linear trend
none of the 
above

non­linear trend



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

The simplest example of the ­­­­­­­­­ is the second degree parabola. 1 2 3 0 0

In second deree parabola when time origin is taken between two middle 
years ∑X would be ­­­­­­­­.     

straight line non­linear curve either a or b none of these either a or b

Trends may also be plotted on a semi­loarithmic chart in the form of a­­­­­
­­

1 2 3 4 2

How many types of trend are usually computed by logarithms? exponential tends growth curves both a and b none of these both a and b

The types of trend usually computed by logarithms are ­­­­­­­­­­ seasonal secular cyclical irregular seasonal

A ­­­­­­­­­­­ variations repeat during a period of 1 year. time series data correlation index number time series

The­­­­­­ helps in forescating,evaluation and comparison. non­linear linear clear none of these linear

The trend is ­­­­­­­­­­­ if growth rate is constant. seasonal secular cyclical irregular seasonal

The most important factor causing ­­­­­­­­ variations is weather and 
social customs.

ellipse parabola hyperbola circle parabola

The simplest example of the non­linear trend is the second degree ­­­­­­­­
averages   percentages   economic activity   time series time series

Index numbers are special type of ­­­­­­­­­­ current   past   future    arbitrary current   

The base period should not be too distant from  the ­­­­­ unit test        time reversal test      factor test and circular 
test                

all the above all the above

A good index number is one that satisfies­­­­­­­­­­­­­­­­­­­­­­­­­­­­­ Index numbers     averages   time series     trend Index numbers     



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

­­­­­­­­­­­­­­­ help to calculate the  real wages A.M      G.M       H.M       both A.M and 
G.M

G.M       

The best average to calculate index number is ­­­­­­­­­­­­­­ simple A.M method  Kelly’s method   Laspeyre’s method    Fisher’s 
method

  Fisher’s method

Current year quantity is used in ­­­­­­­­­­­­­­   Base year quartiles      Current year 
quartiles    

  Both of them      Average of 
current and  
base year

  Base year quartiles    

Laspeyre’s index   is based on­­­­­­­­­­­­­­­­­­­­­­­­­­   Laspeyre’s method            Paasche’s 
method 

  Fisher’s method              Bow ley’s 
method

  Fisher’s method              

 Time Reversal test is satisfied by­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­­ 8 90 111.11 110 90

If the price of a commodity is Rs.80 in the base year and Rs.72 in the 
current year, the Price index number is­­­­­­­

               current year      base year        future year       arbitrary year base year       

In Laspeyre’s  index number, importance is given to the quantity of­­­­­­­­
­

Bow ley’s formula       Laspeyre’s 
formula    

Paasche’s formula        Fisher’s 
formula

Paasche’s formula        

 The current year quantities are taken as weights in­­­­­­               P01 xP10 = 0        P01  xP10 < 1        P01 xP10  = 1        P01 xP10  > 1 P01 xP10  = 1        

Time reversal  test condition is­­­­­­­­    P01Q01 = åp1q1/ åp0q0             P01Q01< åp1q1/ 

åp0q0

    P01Q01> åp1q1/ åp0q0                P01Q01 = åp1q1     P01Q01 = åp1q1/ åp0q0             

Factor reversal test condition is = ­­­­­­­­­­      an upward bias                               a downward bias     either upward or 
downward bias      

 no bias      an upward bias                              

Paasche’s index number is generally expected to have­­­­­­­­        å log P/N        åP/N       N/åP      åP/ log N åP/N       

The formula for unweighted averages of relatives’ method by using 
A.M.,

arithmetic mean of 
Laspeyre’s and Paasche’s 
index

geometric mean of 
Laspeyre’s and 
Paasche’s index

median of Lasoeyre’s 
and Paasche’s index 

all of the above geometric mean of 
Laspeyre’s and 
Paasche’s index

Fisher’s ideal index is­­­­­­­­ 151 150 151.61 125.2 151.61



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

If åp0 is 3100 and åp1   is 4700 then P01 =­­­­­­­­­­­­­­   Laspeyre’s formula     Paasche’s  formula     Fisher’s formula  both  a) and b)    Fisher’s formula  

         P = √P01 
L  x P01

P    is ­­­­­­­­­­­­­­­­­­­­
consumer Laspeyre’s Paasche’s Fisher consumer

Family budget method is a method to calculate ­­­­­ price index. median geometric mean arithmetic mean mode geometric mean

The best average in the construction of index number is value index price index quantity index quality index quantity index

Commodities which show considerable price fluctuation could be best 
measured by a

factor reversal test time reversal test t­test f­test time reversal test

The circular test is an extension of the weighted fixed weighted un weighted
fixed un 
weighted

weighted

Most frequently used index number formulae are base year quantities
current year 
quantities

base year qualities
current year 
qualities

base year quantities

Laspeyre’s index is based on Kelly’s Walsch’s Fisher’s price 
Marshall­
Edgeworth’s

Walsch’s

­­­­­­­ index number uses the geometric mean of the base year and 
current year quantities as weights.

Value index Laspeayre’s index Paasche’s index
Fisher ideal 
index

Value index

­­­­­ is the sum of the values of a given year divided by the sum of the 
values of the base year.

(p1 / p­0) *100     (p1 / q­0) *100      (q1 / p­1) *100      (p1 / q1) *100      (p1 / p­0) *100     

Formula for price relative or price index number of a commodity P is­­­­­ Ideal    economic   special    commercial Ideal    

 Fisher’s formula is called ­­­­­­­­­ index number formula Laspeyre’s method   Paasche’s method  Fisher’s method  both  a) and b) Fisher’s method  

Factor reversal test is satisfied by­­­­­­­­­­­­ current       base         average       calculated current       



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

The year for which index number is calculated is called ­­­­­­­­­year. p1         p0           q0           q1 p1        

Notation of price of a commodity in the current year is­­­­­­­ Time series       Mean         Mode       Index number Index number 

­­­­­­­­­­ are the pulse of an economy 100/Price index   Price index /100 Money wage/Price 
index *100          

Price index 
*100  

100/Price index   

Purchasing power = ­­­­­­­­­­­­ p1         p0           q0           q1 p0       

Notation of price of a commodity in the base year is­­­­­­­         p1         p0           q0           q1 q1

Notation of quantity of a commodity in the current year is­­­­­­­ 25% 10% 125% 35% 25%

If the price of a commodity is Rs.40 in the base year and Rs.50 in the 
current year, the Price has increased by­­­­­­­

      P01 x P12   x P20  = 1    P12   x P20  = 1        P01 x P12   = 1              P01 x P12   x P20  

= 0

      P01 x P12   x P20  = 1   

By circular test ­­­­­­­­­­­­­­­ current year base year arbitrary  year     previous year base year 

Link relative is a price or quantity relative with the condition that ­­­­­­­­­­
­­­ is the preceding year.

Consumer price  Consumer price 
index number    

Consumer price index 
number 

price index 
number

Consumer price index 
number 

Cost of living index number is also known as ­­­­­­­­­­­ price quantity both neither price 
nor quantity

price 

In Factor reversal test P01  gives the relative change in ­­­­­­­­­­­  price quantity  both  neither price 
nor quantity

quantity 

In Factor reversal test Q01  gives the relative change in ­­­­­­­­­­­ Time reversal test            Factor reversal test  Fisher’s test                 both a   and    b Time reversal test            

  ­­­­­­­­­­­ satisfies the Kelly’s test. Time reversal test            Factor reversal test   Fisher’s test                both a   and    b both a   and    b



Questions opt1 opt2 opt3 opt4 opt5 opt6 Answer

Fisher’s index satisfy ­­­­­­­­­­­­ price multiplied by quantity  quantity  both  price price multiplied by 
quantity 

In Factor reversal test P01  x Q01  gives the relative change in ­­­­­­­­­­­
ratio  percentage fraction mean percentage

Index number are expressed in ­­­­­­ base year quantities
current year 
quantities

base year qualities
current year 
qualities

current year quantities

Paasche index is based on forecasting evaluation comparison  index numbers Index numbers     
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2 MARK QUESTIONS 

 

1.Find the Arithmetic Mean for the following data. 

60 75 50 42 95 46 

2.Find Median and Mode for the following data. 

13 16 17 15 18 14 19 15 12 

3. Write the relation between Standard Deviation and Variance. 

4. Calculate the Range and its Coefficient for the following data. 
 

X : 12 14 16 18 20 

f : 1 3 5 3 1 
5. Define Quartile Deviation? 

6. Find the Standard Deviation for the following data: 

240 260 290 245 255 288 272 263 277 251 

 

8 MARK QUESTIONS 
 

1. Find median ,quartiles,9thdecile and 56th percentile  on the basis  of the following data. 

Marks:  20-29  30-39 40-49 50-59 60-69 70-79 80-89  90-99 

No. of students:  7 11 24 32 9 14 2 1 

2. Calculate the Standard Deviation and Coefficient of Variance (CV) for 

the following data. 

3. Calculate the G.M and H.M are shown below. 

4. Find the Mean deviations , Median of the following data. 

5. Calculate the Median for the following Continuous Frequency Distribution. 

6. The income distribution of 102 persons is given.Calculate the quartile deviation and its 

coefficient. 

7. Calculate the Arithmetic Mean ,median and mode for the following data. 
 

Height (cms): 160 161 162 163 164 165 166 
No. of Persons : 27 36 43 78 65 48 28 

 

 
 

 

X 0 – 10 10 - 20 20 - 30 30 – 40 40 – 50 

f 2 5 9 3 1 

 

value 0 - 10 10-20 20-30 30-40 40-50 

frequency 8 12 20 6 4 

 

Marks 20 - 29 30 - 39 40 - 49 50 - 59 60 - 69 70 - 79 80 – 89 90 - 99 

No. of students 7 11 24 32 9 14 2 1 

 

Wages (in Rs.) : 0 - 19 20 - 39 40 - 59 60 – 79 80 - 99 

No. of Workers: 5 20 35 20 12 

 

Income (Rs.) 200 250 300 350 400 700 

No.of persons 10 16 30 21 15 10 
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8. Calculate the Coefficient of Variance for the following data. 

77 73 75 70 72 76 75 72 74 76 

9. Calculate the Median for the following. 

Hourly Wages (in Rs.) 40 - 50 50 – 60 60 - 70 70 - 80 80 - 90 90 - 100 

Number of Employees 10 20 15 30 15 10 
 

10. The following data give the details about salaries (in thousands of rupees) of seven 

employees randomly selected from a Pharmaceutical Company. 

Serial No. 1 2 3 4 5 6 7 

Salary per Annum ( ‘000) 89 57 104 73 26 121 81 

Calculate the Standard Deviation and Coefficient of variance of the given data. 
 

11. i) Calculate the range and its coefficient for the following data. 

7 4 10 9 15 12 7 9 7 

ii) Calculate the standard deviation for the following data. 
 

X : 20 22 25 31 35 40 42 45  

f  :  5 12 15 20 25 14 10 6 
 

12. Calculate the Coefficient of Variation for the following data. 

X 12 15 15 18 20 

F 5 7 10 4 2 
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SYLLABUS 
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Bi-variate Analysis 

Simple Linear Correlation Analysis: Meaning, and measurement. Karl Pearson's co-efficient and 

Spearman’s rank correlation Simple Linear Regression Analysis: Regression equations and 

estimation. Relationship between correlation and regression coefficients 
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2 MARK QUESTIONS 
 

1. Define Correlation. 

2. Define Standard Error and Probable Error. 

3. Give any two points on merits and Demerits of Spearman’s Rank correlation and Regression 

4. Distinguish between correlation and Regression 

5. Mention the different type of correlation 6. write the formula for correlation and Regression equstions. 

7. If 𝑟 = 0.78, 𝜎𝑥 = 2.5, 𝜎𝑦 = 3.5 then find 𝑏𝑥𝑦 

8. write the formula for Rank correlation 
 

8 MARK QUESTIONS 

1.  Distinguish between correlation and Regression ( minimum 8 Points) 
2. Marks obtained by 8 students in Accountancy (X) and Statistics (Y) are given 

below. Compute Rank Correlation Coefficient. 

X 25 20 28 22 40 60 20 

Y 40 30 50 30 20 10 30 

3. You are given the following data: 
X Y 

Arithmetic mean 36 85 
Standard deviation 11 8 
Correlation coefficient between X and Y = 0.66 

i)Find the two regression equations. 

ii) Find r. 
 

4. Find Karl Pearson s coefficient of correlation from the following data . 
 

X  :  100 101 102 102 100 99 97 98 96 95 
Y : 98 99 99 97 95 92 95 94 90 91 

5. From the data given below find the two regression lines. 
 

X: 10 12 13 12 16 15 
Y: 40 38 43 45 37 43. 

i) Estimate Y when X = 20. 

ii) Estimate X when Y = 25. 
6. Find the Karl Pearson’s coefficient of correlation from the marks secured by 10 

students in Accountancy and statistics. 

Marks in Accountancy (X):  45   70 65   30  90 40  50  75   85   60 

Marks in statistics (Y):  35   90   70 40   95   40 60   80   80  50. 

7. In a correlation study, the following values are obtained 
 

 X Y  
Mean 65  67 
S.D 2.5  3.5 

Coefficient of correlation = 0.8 

Find the two regression equations. 

8. Find the Spearman’s rank correlation coefficient for the following data. 
 

X: 68 64 75 50 64 80 75 40 55 64 
Y: 62 58 68 45 81 60 68 48 50 70 
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9. Following are the rank obtained by 10 students in two subjects. Find the Spearman’s 

rank correlation coefficient. 

Statistics: 1 

Maths: 

10. Develop the Regression Equation that best fit the data given below using annual 
income as an independent variable and amount of life insurance as dependent variable. 

Annual Income (Rs. in 000’s) 62 78 41 53 85 34 

Amount of Life Insurance (Rs. in 00’s) 25 30 10 15 50 7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

2 3  4 5 6 7 8 9 10  

2  4 1 5 3 9 7 10 6 8 
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