P A Handbook for .

Engineering
Mathematics
7

Contains key theory concepts, formulae
and practice problems for

GATE

Also useful for ESE & other competitive examinations

NS

PUBLICATIONS




NE

ERSY
PUBLICATIONS

MADE EASY Publications Pvt. Ltd.

Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro Station), New Delhi-110016
Contact: 9021300500

E-mail: infomep@madeeasy.in

Visit us at: www.madeeasypublications.org

A Handbook for Engineering Mathematics
© Copyright, by MADE EASY Publications Pvt. Ltd.
All rights are reserved. No part of this publication may be reproduced, stored in or introduced
into a retrieval system, or transmitted in any form or by any means (electronic, mechanical,
photo-copying, recording or otherwise), without the prior written permission of the above

mentioned publisher of this book.

First Edition: 2017
Reprint: 2021
Reprint: 2022
Reprint: 2023

Reprint: 2024

Published by: MADE EASY Publications Pvt. Ltd., New Delhi-110016




Director’s Message

When the topic of completion of subjects comes while
preparing for competitive exams, then studying one extra

subject called as MATHEMATICS is often a tough pill to

swallow. This is mainly due to the time constraints; as in
B. Singh (Ex. IES) this competitive environment when everybody is toiling,

there is a lot to do in a limited time frame.

As itis rightly said,” Mathematics is not about numbers, equations, computations
or algorithms it is about understanding.” Understanding mathematics is not
as easy as it is said; to simplify this easy to say but difficult to be done task,
the MADE EASY team has come up with this Handbook of Mathematics which

contains all formulae and theoretical concepts of Engineering Mathematics.

And as we all know” the only way to learn mathematics is to do mathematics”,
so to facilitate all aspirants we have incorporated practice problems for GATE,
which will help you to strengthen the concepts and gain confidence. This book
will act as a two in one tool for preparation, initially will help in preparing the

subject and later will serve as a revision aid with all formulae at one place.

B. Singh (Ex. IES)
CMD, MADE EASY Group
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[} Elementary Algebra

1.

Powers and Roots
) a®=1a=%0 (i) o"a" =™ (i) —=a

(iv) (ab)" = a"b™ v) (Ej’" _a vi) (a") =am™

b b"
s - 1 Ya
vi) 4 =— viil)  %ab=%a¥b ix) p%=N4
(vii) ™" =~ (vii)  ¥ab =¥ ) 4=

Logarithms
Definition: y = log, (x) if and only if 4 = x wherea, x >0and a # 1.
Natural logarithm: ¢ = x if and only if y = log, (x) = In(x)

X
Where €= lim(l + lj =2.71828182846 ...

X—>00 x
(@ log,1=0 (i) log,a=1
(iii) log, (mn)=1log,m+log,n (iv) logu(ﬂj: log,m—-log,n
n
n . 1
(v) log, (m )= nlog,m (vi) log,a=
log, b

. 1
(vii) log(uk) (m)= %logu m
(viii) log,m=1log, m-log,b whereb>0and b # 1

log, m

(X) xlog,ly — ylogux
logy, a

(ix) log,m=

(Xl) x = xlog,lu = alogux (Xll) x= Elnx =lnée*
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3. Binomial Theorem
(i) Factorials
(@) n!=1x2x3x..x(n-1)xn (b) 01=1!=1

n!

(i) Binomial Coefficient "C, =—————
ri(n—r)!

(iii) Binomial Theorem
(x+y)' ="Cox" +"Cyx" 'y +"Cox"?y? + ...+ "C,y"
(iv) Product Formulas
(@) (a+b)2 =4’ +2ab+b?
(b) (a—b)2 =a? -2ab+b?
(© (a+b)’ =a® +3a%b+3ab® +b°
d) (a- b)3 =a° -3a’b+3ab* - b°
(v) Factoring Formulas
@ a*-b*=(a-b)(a+b)
b) o -b :(a—b)(a2 +ab+b2)
© a’+0b° =(u+b)(z/z2 —ab+b2)
(d) a2 _p2n :(an_bn)(an _I_bn)
e a"-b"=(a- b)(a"‘1 +a"2b+a" b + .+ ab" + b"‘l)
Example: (1—x”)=(1—x)(1+x+x2 +x° +...+x”_1)
(f) Ifnisodd then,
a"+b" =(a+ b)(a”_1 —a" b+ a7 . —ab"? + b )
Example:
(g a-b=(a- b)(a4 +a’b+a’b* +ab” + b4)
(h) @ +b° =(a+b)(a*—a’b+a’b> —ab’ +b*)
4. Sequences

(i) Arithmetic sequence

a,a+d,a+2d,a+3d,...
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[} Limit Continuity Differentiability

1.

Limit

lim f(x)=L « lim f(x)=1lim f(x)=L
x—a X—a X—a

Results

Assume lim f (x) and lim g(x) both exist and c is any real number then
X—a x—a

@ lim{ef (x)]=clim f(x)
(i) Lim[ f(x)+g(x)]=lim f (x) +lim g (x)
(i) lim[ f (x)g(x) ]=lim f (x)lim g (x)

{f(x)}_ lim f(x)
g(x)| limg(x)

x—a

provided lim g(x)#0
® tim[f(0)]" =[tim 7 ()]

69 i {70 J= i 7 )

. Continuity

A function y = f(x) is continuous at x = a if liin f(x), f(a) exists and
X—a

lim f (x) = f (a)

X—a

Otherwise, f(x) is discontinuous at x = a.

Derivative
The derivative of f(x) is defined as

sy _ e f(x+h)— f(x)
e = im{CEELE

Provided the limit exists.
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Interpretation of Derivative

(i) Geometrically, the value of f’(x) represents the slope of the line
tangent to the curve y = f(x) at the point (x, f(x))

(@ii) f’ (a)is the instantaneous rate of change of f(x) at x =a.
(iii) If f(x) is the position of an object than f(a) is the velocity of the object

atx =a.

Results

(i) Polynomial function, sin x, cos x and e* are continuous and

differentiable for all x.

(@i If f(x) and g(x) are continuous (differentiable) functions then

(@ flx)+g()
(b) flx) - g(x)
© flx)-g(x)
) ff ;(gio)

(©) fog (x) =f(g(x))

are also continuous (differentiable).

(iii) Every differentiable function is continuous but every continuous
function need not be differentiable.

Rules for Differentiation
s d n|_ n-1
(i) E[x J =nx
see d X — X
(idi) a[e ] =e
d 1
V) E[ln x]= T
(vi) —[cosx]=-sinx
. d 2
(ix) —[cotx]=—-csc™x
dx

(xi) i[csc x]=-cscxcotx
dx

(xiii) diic[cos_1 x} =

d

(id) a[a"]mzx In(a)
d 1
. an _
) dx[ °g.7] xIn(a)
. d..
(vi) —[sinx]=cosx
dx
e d 2
(viii)) —[tanx]=sec” x
dx
d
(x) —[secx]=secxtanx

dx

(xii) %[Sin_l x} 1

(xiv) dii[tan‘l x}z !
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(@) f(x)is NOT differentiable at x =1 for any values of a and b.

(b) f(x)isdifferentiable at x =1 for the unique values of 2 and b.

(6) f(x)isdifferentiable at x =1 for all the values of a and b such that
a+b=e.

(d) f(x)is differentiable at x =1 for all values of a and b.

[EE-2017]
u Answer Keys/Hints
1. (d) Y 3. (d 4. (9 5. (b)
6. () . © 8. (4 9. (-1/+2)
10. (25) 1. (a) 12. (d) 13. (1)
14. (90°) 15. (b) 16. (a) 17. (9) 18. (b)
19. (c) 0. (¢ 21. (a) 22. (b)

Indeterminate Forms

(Omooooo o0, 17 0.00)
0 o

L'Hospital’s Rule

If _jgf Ei; has the indeterminate form 0O z and g'(x) #0forall x #a,
then
hm f(x) _ lim f ,(x )
x—a ( ) x—a g (x)
f(x)

Provide that lim exists or lim f ,(x) == oo,
g (x) g ()
Standards Limit
. sinx tanx
1 =1 li =1
(a) xl_l’)l’(l) X (b) xlilg) X
x_ . In(1+
(C) lim e 1 =1 (d) hmM =1
=0 x x—0 X
© lim X -a _ a1 ® lim sinx -0

x—a X—a x—ve0 X
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u Practice Problems

Find limits:
3,.2
Q1 lim— X
x=02x° =7x
3x%> —4x+5
Q2 Ilim——
x>0 22 4 3x 42
1/3 _
Q3 lim*_—2
x—oo X —
2n
Q4 lim (1 - lj
n—> oo n
. n
Q.5 lim
n—ee \/112 +n
1 1-¢/%
. lim— i
Q6 M0 1R
sin2| x— g
Q.7 Ilim
X —>— X — E
4 4
Q.8 limxsin1
x—0 X
Q.9 lim x—sinx
x—o0 X + COS X
Q.10 lim X —31Y
r—0 1—cosx
x+sinx
J1 I

lim(1+x)"/" =e

x—0

X
lim(l +lj =e
X—yoo x

lim (x)'/* =1

X—>o0

)

(h)

lim (1+ ux)l/x =¢"
x—0

X
lim (1 +£) =e
x>0 x

lim(x)" =1

x—0

[2004]

[ME-2008]

[CS-2010]

[1999]

[IN-1999]

[IN-2001]

[ME-2014]

[CS-2008]

[CE-2014]
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Linear Rlgebra

n Matrices

1. Matrix
Rectangular array of elements
tp  fp Mz o Ay
dp1 Gy 3 °r oy
A=l =| 051 a3 A a4y,
L1 Om2 w3 " On
2. Operations
LetA=[a]], .., B=[b;l, .,

Equal: A =Bifand onlyifa; = b; Vi<i< m, 1<j<n

Matrix addition:
A+B = [a,‘]‘] mxn + [bi]‘]mxn = [uij + bi]‘]mxn
Scalar Multiplication: cA = [cai].] mxn
Matrix multiplication:
EA=[a],,., B=[b,],., then AB=[a;],,.., [b,] ., = [¢]].,

n
k=1
3. Results

(i) Number of multiplications required to find AB=m xn xp
(i) Number of additions required to find AB=m x (n-1) xp

4. TransposeAT
The transpose of a matrix is obtained by interchanging rows and columns
of A.
Properties:
@ (AHT=A
(i) (A+B)T=AT+BT
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(i) (cA)T=c(A)T
(iv) (AB)T=BT AT

5. Square matrix
A=[aij] y whenm=n

Trace of A =|a, ].]n wmt 17 (A) =a;; +a,* .. +a  =sumof main diagonal

element

Upper Triangular matrix: A square matrix 4], , , wherea, =0if i > .
G117 A O3

Example: |0 a,, ay

0 0 a4y

Lower Triangular matrix: A square matrix [4,], ,, wherea, =0if i <j.

Diagonal matrix: A square matrix [al.].]n «, Where a, ;=0 ifi#j.

Identity Matrix: Anidentity matrix is a square matrix [, =[a,], ..,

{0 ifi#j

where a.= o
Vo1 ifi=j

j
Results:
(i) (AB)C=A(BC)

(i) A".AS=A""S 7rs:integers
(i) (A = A"

d 0 - 0 a0 0
O D SV R

0 0 d, 6 0 d*
Note: AB#BA

7. Invertible Matrix (Non Singular matrix)
A, . ,isinvertible (or non-singular) if there exists a matrix B, , ,
Suchthat AB = BA=1,
Wewrite B=A"1
A matrix that does not have an inverse is called non-invertible
(or singular).



80

> A Handbook for Engineering Mathematics

MRDE ERSYH

u Answer Keys/Hints

1. (a+1,0) 2. (2+i0) 3. (1,-1) 4. (4,1)
5. (-1,-2,-3) 6. (0,0,3) 7. (23,24
8. (1,2,-2,-1) 9. -7.5 10. (49)
1. (x=-4,y=10) 12.(3,-5) 13. (3) 14. (6,-8)
5. (a) 16. (d) 17. (o) 18. (b)

19. (b) 20. (b) 21. (d) 22. (a)
23. (a) 24. (7,10) 25. (p-2) 26. (1 & 25)
27. (1) 28. (3) 29. (o) 30. (0)
31. (5) 32.1 33. (¢ 34. (2)
35. (5)
u Practice Problems
Find Eigen vectors (1-4):
1 |2 7

_2 2 a
0.2 3 4]

_4 _3_

0 -1
Q3 1 0|

1 00
Q4 |2 31

0 2 4

0 0 a

Q.5 Theeigen vector (s) of thematrix |0 0 0 |, o #0is (are)

Q.6

000

[EC-1993]

2 1
The number of linearly independent eigen vectors of [0 2} is





