


ENGINEERING
MATHEMATICS

VOLUME - II

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



.

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



ENGINEERING
MATHEMATICS

VOLUME - II

Recommended For B.Tech., Second Year  Students
of JNTU, ANANTAPUR as per New Syllabus R13 (2013-14)

[Common to Mechanical, Civil and Chemical]

S. CHAND & COMPANY PVT. LTD.
(AN ISO 9001 : 2008 COMPANY)

RAM NAGAR, NEW DELHI - 110055

Dr. T.K.V. IYENGAR
        M.A., Ph.D.

Former Professor of Mathematics
National Institute of Technology, Warangal

S. RANGANATHAM
         M.Sc., M.Phil

Former Head of the Dept. of Mathematics
Jawaharbharati College

Kavali

Dr. B. KRISHNA GANDHI
              M.Sc., Ph.D.

Former Vice - Chancellor JNTU (A)
and Professor of Mathematics

JNTU, Hyderabad.

    Dr. M.V.S.S.N. PRASAD
      M.Sc., PGDCA, Ph.D.

Head of General Section
Department of Technical Education

Govt. of A.P.

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



S. CHAND & COMPANY PVT. LTD.
(An ISO 9001 : 2008 Company)
Head Office: 7361, RAM NAGAR, NEW DELHI - 110 055
Phone: 23672080-81-82, 9899107446, 9911310888   Fax: 91-11-23677446
Shop at: schandgroup.com; e-mail: info@schandgroup.com

Branches :
AHMEDABAD : 1st Floor, Heritage, Near Gujarat Vidhyapeeth, Ashram Road, Ahmedabad - 380 014,

Ph: 27541965, 27542369, ahmedabad@schandgroup.com
BENGALURU : No. 6,  Ahuja Chambers, 1st Cross, Kumara Krupa Road, Bengaluru - 560 001,

Ph: 22268048, 22354008, bangalore@schandgroup.com
BHOPAL : Bajaj Tower, Plot No. 2&3, Lala Lajpat Rai Colony, Raisen Road, Bhopal - 462 011,

Ph: 4274723, 4209587, bhopal@schandgroup.com
CHANDIGARH : S.C.O. 2419-20, First Floor, Sector - 22-C (Near Aroma Hotel), Chandigarh -160 022,

Ph: 2725443, 2725446, chandigarh@schandgroup.com
CHENNAI : No.1, Whites Road, Opposite Express Avenue, Royapettah, Chennai  - 600014

Ph. 28410027, 28410058, chennai@schandgroup.com
COIMBATORE : 1790, Trichy Road, LGB Colony, Ramanathapuram,  Coimbatore  -6410045,

Ph: 2323620, 4217136  coimbatore@schandgroup.com (Marketing Office)
CUTTACK : 1st Floor, Bhartia Tower, Badambadi, Cuttack - 753 009, Ph: 2332580; 2332581,

cuttack@schandgroup.com
DEHRADUN : 1st Floor, 20, New Road, Near Dwarka Store, Dehradun - 248 001,

Ph: 2711101, 2710861, dehradun@schandgroup.com
GUWAHATI : Dilip Commercial (Ist floor), M.N. Road, Pan Bazar, Guwahati - 781 001,

Ph: 2738811, 2735640  guwahati@schandgroup.com
HALDWANI : Bhatt Colony, Talli Bamori, Mukhani, Haldwani -263139 (Marketing Office) Mob. 09452294584
HYDERABAD : Padma Plaza, H.No. 3-4-630, Opp. Ratna College, Narayanaguda,  Hyderabad - 500 029,

Ph: 27550194, 27550195, hyderabad@schandgroup.com
JAIPUR : 1st Floor, Nand Plaza, Hawa Sadak, Ajmer Road, Jaipur - 302 006,

Ph: 2219175, 2219176, jaipur@schandgroup.com
JALANDHAR : Mai Hiran Gate, Jalandhar - 144 008, Ph: 2401630, 5000630, jalandhar@schandgroup.com
KOCHI : Kachapilly Square, Mullassery Canal Road, Ernakulam, Kochi - 682 011,

Ph: 2378740, 2378207-08,  cochin@schandgroup.com
KOLKATA : 285/J, Bipin Bihari Ganguli Street, Kolkata - 700 012,  Ph: 22367459, 22373914,

kolkata@schandgroup.com
LUCKNOW : Mahabeer Market, 25 Gwynne Road, Aminabad, Lucknow - 226 018,

Ph: 4076971, 4026791, 4065646, 4027188, lucknow@schandgroup.com
MUMBAI : Blackie House, IInd Floor, 103/5, Walchand Hirachand Marg, Opp. G.P.O., Mumbai - 400 001,

Ph: 22690881, 22610885, mumbai@schandgroup.com
NAGPUR : Karnal Bagh, Near Model Mill Chowk,Nagpur - 440 032, Ph: 2720523, 2777666

nagpur@schandgroup.com
PATNA : 104, Citicentre Ashok, Mahima Palace , Govind Mitra Road, Patna - 800 004,

Ph: 2300489, 2302100, patna@schandgroup.com
PUNE : Sadguru Enclave, Ground floor, Survey No. 114/3, Plot no. 8 Alandi Road ,

Vishrantwadi Pune – 411015  Ph: 64017298 pune@schandgroup.com
RAIPUR : Kailash Residency, Plot No. 4B, Bottle House Road, Shankar Nagar, Raipur - 492 007,

Ph: 2443142,Mb. : 09981200834, raipur@schandgroup.com (Marketing Office)
RANCHI : Shanti Deep Tower, Opp.Hotel Maharaja, Radium Road, Ranchi-834001

Mob. 09430246440  ranchi@schandgroup.com
SILIGURI : 122, Raja Ram Mohan Roy Road, East Vivekanandapally, P.O., Siliguri, Siliguri-734001,

Dist., Jalpaiguri, (W.B.) Ph. 0353-2520750 (Marketing Office) siliguri@schandgroup.com
VISAKHAPATNAM : No. 49-54-15/53/8, Plot No. 7, 1st Floor, Opp. Radhakrishna Towers,

Seethammadhara North Extn., Visakhapatnam - 530 013, Ph-2782609 (M) 09440100555,
visakhapatnam@schandgroup.com (Marketing Office)

© 2001, Dr. T.K.V. Iyengar and others
All rights reserved. No part of this publication may be reproduced or copied in any material form (including
photo  copying or storing it in any  medium in form of graphics, electronic or mechanical means and whether
or not transient or incidental to some other use of this publication) without written permission of the copyright
owner. Any breach of this will entail legal action and prosecution without further notice.
Jurisdiction : All disputes with respect to this publication shall be subject to the jurisdiction of the Courts,
tribunals and forums of New Delhi, India only.

First Edition 2001 Subsequent Editions and Reprints 2004, 2005, 2007, 2010,
2011 (Twice), 2013
Sixth Revised Edition 2014
ISBN : 81-219-3658-6 Code : 10A 478
PRINTED IN INDIA

By Rajendra Ravindra Printers Pvt. Ltd., 7361, Ram Nagar, New Delhi -110 055
and published by S. Chand & Company Pvt. Ltd., 7361, Ram Nagar, New Delhi -110 055.

In our endeavour to protect you against counterfeit/fake books, we have pasted a Hologram
Sticker on the cover of some of our fast moving titles. The hologram displays the unique 3D
multi-level, multi-colour effects of our logo from different angles when tilted or properly
illuminated under a single source of light, such as 2D/3D depth effect, full visible with dynamic
effect, animated “Book”, Pearlogram® effect, emboss effect, mirror effect in which you can
see your image clearly, etc.  A fake hologram does not display all these effects.

S. CHAND’S  Seal of Trust

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



PREFACE TO THE SIXTH
REVISED EDITION

It gives us great pleasure to bringout the Sixth revised edition of the book
“Engineering Mathematics (Volume - II)”. The earlier editions have received positive
response from the teachers and the students. This Textbook has been written strictly
according to the revised syllabus R13 (2013 - 14) of  Second Year B.Tech. students of
JNTU, Anantapur.

This edition is a slight enlargement of the earlier edition, made by the inclusion of
solutions to various problems appeared in the previous JNTU(A) Question Papers in the
approximate places.

The treatment of all topics has been made as elementary as possible and in some
instances with detailed explanation as the book is meant to be understood with a minimum
effort on the part of the reader. However, as Mathematics is a subject to be understood and
practiced, the students are advised to practice the exercises.

We are thankful to Sri. B.V.S.S. Sarma, author of Intermediate and Degree
Text books on Mathematics for his cooperation in bringing out this book.

We are thankful to the Management Team and the Editorial Department of S. Chand &
Company Pvt. Ltd., New Delhi for all help and support in the publication of this book.

We invite constructive criticism from the teachers for further improvement of the
book.

AUTHORS

Disclaimer : While the authors of this book have made every effort to avoid any mistake or omission and have used their skill,
expertise and knowledge to the best of their capacity to provide accurate and updated information. The authors and S. Chand
do not give any representation or warranty with respect to the accuracy or completeness of the contents of this publication and
are selling this publication on the condition and understanding that they shall not be made liable in any manner whatsoever.
S.Chand and the authors expressly disclaim all and any liability/responsibility to any person, whether a purchaser or reader of
this publication or not, in respect of anything and everything forming part of the contents of this publication. S. Chand shall not
be responsible for any errors, omissions or damages arising out of the use of the information contained in this publication.
Further, the appearance of the personal name, location, place and incidence, if any; in the illustrations used herein is purely
coincidental and work of imagination. Thus the same should in no manner be termed as defamatory to any individual.
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1.1  REVIEW
The student is already familier with the definition and properties of matrices. Matrix is

an inevitable tool in the study of many subjects like Physics, Mechanics, Statistics, Electronic
circuits and Computers. Here we will briefly review some definitions and properties of matrices.

Matrix Definition: A system of mn numbers (real or complex) arranged in the form
of an ordered set of m rows, each row consisting of an ordered set of n numbers between
[  ] or (  ) or ||  || is called a matrix of order or type m × n.

Each of mn numbers constituting the m × n matrix is called an element of the matrix.
Thus we write a matrix,

11 12 1

21 22 2

1 2

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

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

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

n

n

ij m n

m m mn m n

a a a
a a a

A a

a a a





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

, where 1  i  m, 1  j  n

In relation to a matrix, we call the numbers as scalars.
1.2   TYPES OF MATRICES
       Definitions :

1. If A = [aij]m × n and m = n, then A is called a Square matrix. A square matrix A of
order n × n is sometimes called as a n-rowed matrix A or simply a square matrix
of order n.

e.g.  1 1
2 2

 
 
 

 is 2nd order matrix.

2. A matrix which is not a square matrix is called a Rectangular matrix.

e.g.  
1 1 2
2 3 4

 
 
 

is a 2 × 3 matrix.

3. A matrix of order 1 × m is called a Row matrix.
e.g. [1   2   3]1 × 3

4. A matrix of order n × 1 is called a Column matrix.

e.g. 

3 1

1
1
2



 
 
 
  

Row and Column matrices are also called as Row and Column vectors respectively.
5. If A = [aij]n×n such that aij = 1 for i = j and aij = 0 for i  j, then A is called a Unit

matrix. It is denoted by In. 3

Real and Complex Matrices
&

Linear System of Equations

Chapter
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e.g. 2 3

1 0 01 0 , 0 1 00 1 0 0 1
I I

 
        

 
6. If A = [aij]m × n such that aij = 0 i and j, then A is called a Zero matrix or a Null

matrix. It is denoted by O or more clearly Om × n.

e.g. O2 × 3 = 
2 3

0 0 0
0 0 0



 
 
 

7. Diagonal Elements of a Square matrix and Principal Diagonal :
Definition : In a matrix A = [aij]n × n, the elements aij of A for which i = j (i.e. a11, a22,

....,ann) are called the diagonal elements of A. The line along which the diagonal elements
lie is called the principal diagonal of A.

8. A square matrix all of whose elements except those in leading diagonal are zero is
called Diagonal matrix. If d1, d2 ,...,dn are diagonal elements of a diagonal matrix A, then A
is written as A = diag(d1, d2 ,...,dn).

e.g. A = diag(3, 1, – 2) = 
3 0 0
0 1 0
0 0 2

 
 
  

9. A diagonal matrix whose leading diagonal elements are equal is called a Scalar
matrix.

e.g. B = 
3 0 0
0 3 0
0 0 3

 
 
 
 

10. Equal  Matrices :
Definition: Two matrices A = [aij] and B = [bij] are said to be equal if and only if
(i) A and B are of the same type (or oder) and  (ii) aij = bij for every i and j.
Algebra of Matrices :
11. Addition of two matrices :
Let A = [aij]m × n,  B = [bij]m × n be two matrices. The matrix C = [cij]m × n where

cij = aij + bij, is called the sum of the matrices A and B. The sum of A and B is denoted by
A + B.

Thus [aij]m × n + [bij]m × n = [aij + bij]m × n and [aij + bij]m × n = [aij]m × n + [bij]m × n
12. Difference of Two Matrices :
If A, B are two matrices of the same type (order) then A + (–B) is taken as A – B.
13. Multiplication of a Matrix by a Scalar :
Let A be a matrix. The matrix obtained by multiplying every element of A by K, a scalar,

is called the product of A by K and is denoted by KA or AK.
Thus if A = [aij]m × n, then
KA = [Kaij]m × n and [Kaij]m × n = K [aij]m × n = KA.
Properties :
(i) OA = O (null matrix), (–1)A = –A, called the negative of A.

(ii) K1(K2 A) = (K1K2) A = K2(K1A) where K1, K2 are scalars.

Created with Print2PDF. To remove this line, buy a license at: http://www.software602.com/



Real and Complex Matrices & Linear System of Equations                   5

(iii) KA = O A = O if K  0.
(iv) K1A = K2A and A is not a null matrix  K1 = K2.

14. Matrix Multiplication :

Let A = [aik]m × n  and B = [bkj]n × p. Then the matrix C = [cij]m×p where 
1

n

ij ik kj
k

c a b


  is

called the product of the matrices A and B in that order and we write C = AB.
In the product AB, the matrix A is called the pre-factor and B the post-factor.
If the number of columns of A is equal to the number of rows in B then the matrices are

said to be conformable for multiplication in that order.
15. Positive Integral Powers of Square Matrices :
Let A be a square matrix. Then A2 is defined as A.A. Now, by the Associative law,

2 2( ) ( )A A AA A A AA AA    so that we write
A2A = AA2 = AAA = A3

Similarly we have 1 1m m mAA A A A   ,  where m is a positive integer..

Further we have m n m nA A A   and ( )m n mnA A  where m, n are positive integers.
Note : In = I, O n = O
Theorem 1: Matrix multiplication is associative.
i.e., if A, B, C are matrices, then (AB)C = A(BC). [JNTU 2002 (Set No. 2)]
Proof: Let A= [aij]m × n, B = [bjk]n × p and C = [ckl]p × q

Then AB = [uik]m × p, where   uik = 
1


n

ij jk
j

a b ... (1)

Also BC = [vjl]n × q, where    vjl  = 
1


p

jk kl
k

b c ... (2)

Now, A(BC) is an m × q matrix and (AB)C is also an m × q matrix.
Let A(BC) = [wil]m × q where wil is the (i, j)th element of A(BC).

Then wil =
1


n

ij jl
j

a v = 
1 1 

     
    

 
pn

ij jk kl
j k

a b c   [by (2)]

=
1 1 

     
    

 
p n

ij jk kl
k j

a b c       [Finite summations can be interchanged]

=
1


p

ik kl
k

u c   [From (1)]

= The (i, j)th element of (AB)C
Hence, by the equality of two matrices, we have

A(BC) = (AB)C
Note : (AB)C = A(BC) = ABC
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 Theorem 2: Multiplication of matrices is distributive w.r.t. addition of matrices.
i.e., A(B + C) = AB + AC and (B + C) A = BA + CA
Note : A(B – C) = AB – AC and (B – C) A = BA – CA
 Theorem 3: If A is a matrix of order m × n , then AIn = In A = A.
16. Trace of A Square Matrix  :

Let A = [aij]n  n . Then  trace of the square matrix A is defined as 
  1

n

ii
i

a

  and is denoted

by ‘tr (A)’.

Thus  tr 11 22
  1

( ) .....
n

ii nn
i

A a a a a


    

Properties : If A and B are square matrices of order n and  is any scalar, then
(i) tr (A) =  tr A.
(ii) tr (A + B) = tr A + tr B
(iii) tr (AB) = tr (BA)

17. Triangular Matrix :
A square matrix all of whose elements below the leading diagonal are zero is called an

Upper Triangular matrix. A square matrix all of whose elements above the leading diagonal
are zero is called a Lower Triangular matrix.

e.g.

1 2 3 0
0 4 2 1
0 0 6 2
0 0 0 8

 
 
  
 

 is an upper triangular matrix

and 

7 0 0 0 0
5 3 0 0 0
4 6 0 0 0
2 1 8 5 0
2 0 4 1 6

 
 
  

 
  

 is a lower triangular matrix.

18. If A is a square matrix such that A2 = A then A is called Idempotent.
19. If A is a square matrix such that mA O  where m is a positive integer, then A is

called ‘Nilpotent’. If m is least positive integer such that Am = O then A is called ‘Nilpotent’
of index m.

20. If A is a square matrix such that A2 = I then A is called Involutory.
21. The Transpose of a Matrix :
Definition: The matrix obtained from any given matrix A, by inter changing its rows

and columns is called the Transpose of A. It is denoted by A or AT.
If A = [aij]m × n, then the transpose of A is A = [bji]n × m, where bji = aij

Also (A) = A
Note : If A and B be the transposes of A and B respectively, then
(i) (A) = A

(ii) (A + B) = A + B, A and B being of the same order.
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