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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.

| acknowledge the sincere efforts of Mr. D.V. Sridhar and hope this book will assist

in preparation of GATE, ESE and other competitive examinations.

B. Singh (Ex. |ES)
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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nterm= t, =a+(n-1)d

Sumtonterms= S, = g[2a+(n—1)d]

(ii) Geometric sequence:

a, ar, ar’, ar>, ...

n'term=¢, = ar™

n_
a(r” ~1) r>1
(r=1)
_ n
Sumtonterms= S, = HS r)) r<l
—-r
na r=1

(iii) Sum to infinite terms of geometric sequence

a
S.. =atar+ar’+..=——
1-r

-1<r<1

Mean Values of nreal numbers

ay, Gy, .,

4y +a, +..+ a,
n

@i Arithmetic mean:

(i) Geometric mean: (a;.4,....a, )l/ "

(iii) Harmonic mean: n

(1/a)+(1/ay)+..+(1/a,)

Formulas for summation
1. 1+2+...+n:M
2. 143+..+(2n-1)=n?
3. 2+44+.+(2n)=n(n+1)

4. 1P +2%+..+n? =—n(n+1)6(2n+1)

n?(n+1)°

5. 1°+2%+..4+n°= ;
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[ Geometry

1. Two-Dimensional Geometry

Shape Figure Perimeter Area
b, 1
P=by+b,+c+d A=E(bl+b2)h
Trapezoid h by, by =.bases b, b, = bases
1 ¢, d = sides It = height
b,
: A=bh
h P=2b+2c _
Parallelogram b c= sid b = base
1 ) ¢ = sides h = height
b
b
P=2b+2c A=t
Rectangle h=c¢ b c=sid b = base
, €7 sides h = height
b
1
= A=bh=+(dd
Rhombus P_ 43 b= (h)
§ = side d,, d,= diagonals
s
1
d P=4s A=s= —d°
Square - sid 2
d § = side d = diagonals
5
P=uns A= 1.p
Regular Polygon n = number of sides 2
s = side a = apothem
P = perimeter
C=2nr=mnd
Circle r = radius A=
d = diameter r = radius
Ellipse =2n ' 2 ) ) r, = major axis radius
r, = major axis radius #, = minor axis radius
r, = minor axis radius
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2. Three-Dimensional Geometry

Shape Figure Surface Area Volume
e Ao
Sphere 5A = 47:”' =3
r = radius = radius
SA =2nrh + 2nr’ V=nrh
Right Cylinder h = height hi = height
r =radius of base r = radius of base
2 1 2;
SA =mrl + mr V=§nrh
Cone I= slanfc height It = height
r = radius of base _ :
r = radius of base
2 1 2.
SA=2sl+s V=§Sh
Square Pyramid sf base su:l.e length s = base side length
[ = slant height h = height
i SA=2(lw+Ih+wh) | V=Iloh
Rectangular ! I =length [ = length
Prism I w = width w = width
P h = height h = height
0 2 3
! SA = 6s V=s
Cube ! s = side length s = side length
e (all sides) (all sides)
SA=Ph+2B V =Bh
= o =
Right Pri L) | PoPerimeterofbase | g g oo
1ght Prism 4 h = height (or length) | , _ height
B = area of base
b
s A A V4 N 4
Ellipsoid — = - 3 Tabe
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I Analytic Geometry

1. 2D-Coordinate system
(i) Distance between Two points (x,, y;) and (x,, y,)

d:\/(xz _xl)z +(y2 _yl)z

(ii) The point of division of the line joining (x,, y;) and (x,, y,) in the ratio
m:nis

mX2 +1’lx1 my2 +ny1
m+n  m+n

(iif) Midpoint of the line joining (x,, y,) and (x,, y,) is
(xl tX Vit )

2 2
(iv) Area of triangle formed the vertices (x,, y,), (x,, ¥,) and (x,, y5), is
1 oy 1
A=t—|x 1
22 Y2
3oy 1

M The sign is chosen so that the area is nonnegative.

M If the area is zero, then three points A, B and C are collinear (lie on
same line)

v) Distance between two points (r,, 0,) and (r,, 6,) is in polar coordinates is
p 1 2 p

d= \/rl +13 —2n1, cos (0, —0;)
(vi) Equations of transformation
(a) Cartesian to polar coordinates is
x=rcosB and y=rsin®

(b) Polar coordinates to Cartesian coordinates

F=qx> +y2 and 6= tanl(%)

2, Straightline
(i) Slope of line
(a) Slope (m) of line passing through the points (x;, y,) and (x,, y,) is

= 1
run x2 X
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Inclination of the line: The angle made by the line with the
positive direction of x-axis

(b) Slope (gradient) (m) of line with inclination 6 is
m =tan 0, 6 #90°

(c) Slopeof lineax + by +c=0is —%

(ii) Equation of line
(@) Point-slope form: (y -y,) = m (x - x,) where slope =m and (x,, y,)
is the point

(b) Point-pointform: (y—y,)= =N (x—x;) where the points

XX
are (x;, y;) and (x5, ,)
() Slope-Intercept Form: y = mx + ¢ where slope = m and
y-intercept =c
X, Y .
(d) Interceptform: E+E:1 where x-intercept = a and

y-intercept=>b

X=X _¥Y~h
cos® sin®

(e) Point-inclination form: =r where inclination = 0

and (x,, y, ) is the point
(f) Normal form: xcosO + ysin® = p

* p=Length of the perpendicular (normal) from origin to the
line.

* 0=Angle of Inclination of normal with the positive direction
of x-axis.

(g) Verticallinex=a
(h) Horizontalliney =5

(iii) Results
(@) Anglebetween twolines havingslopes, and 1, is tan™ M
1+mymy
(b) Two lines are parallel if m, = m,,.
(c) Two lines are perpendicular if m, . m, = -1.
(d) General Equation of Line is ax + by + ¢ =0.

(¢) Equation of Line parallel tois ax + by + c=0isax + by + k=0.
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3.

() Thelength of perpendicular from (x,, y,) to theline ax + by + ¢ =0

ax; +by; +c¢

Va? +b?

Circle

A circle is the set of all points in a plane that are equidistant from a fixed
point in the plane.

(i) The equation of circle having center (h, k) and radius ris
(-2 + (y - K2 = 12
(ii) The equation of circle with center at origin and radius ris x> + y? = 12
(iii) Parametric equations of circle x? + 2= r? are
x=rcosBandy=rsin0
(iv) The general Equation of circle: x? + y? + 2gx + 2fy + ¢ = 0;

Center (-g, -f) and radius /¢ + f2 —¢

Conic Sections
(i) General equation of conic
The Equation ax?+ bxy + cy? + dx + ey + f= 0 represents
Ellipse if b?-4ac<0
Parabola if b?-4ac=0
Hyperbolaif b? - 4ac > 0

(i) Conic sections are the curves obtained by intersecting a right circular
cone by a plane.

e

Parabola Circle Ellipse Hyperbola

(iii) A conic section is thelocus of a point P which moves so that its distance
from a fixed point [Focus S] is always in a constant ratio [eccentricity e]
toits perpendicular distance from a fixed line [Directrix].

The conic is called

e Ellipse if e<1
e Parabola ife=1
* Hyperbola ife>1
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(@) Principal axis: A straight line passing through the focus and
perpendicular to the directrix.

axis.

(c) Centre: The point which bisects every chord of a conic passing
throughit.

(d) Focal chord: A chord passing through the focus.

(e) Latus rectum: The focal chord which is perpendicular to
principal axis.

(f) Double ordinate: A chord of the conic which is perpendicular
to principal axis.

4. Parabola
The locus of a point (P) whose distance from a fixed point (S) bears a
constant ratio (e =1) to its distance from a fixed line (KZ) is called a
parabola.
() The standard formula of a parabola: y? = 4ax

z Y
M P(x, y)
L
K N X
A S(a, 0)
L'\
P'\

7
Focus: 5(a, 0)
Center: A(0, 0)

Principal axis: y = 0 (x-axis)
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Eccentricity:e=1
Length of Latus rectum: LL"=4aq
Equation of the directrix: x +a2=0
(ii) Parametric equations of the parabola: x = at?> ; y=2at

5. Ellipse

The locus of a point (P) whose distance from a fixed point (S and S’)
bears a constant ratio (¢ < 1) to its distance from a fixed line ((KZ and
K'Z’) is called an ellipse.

2 2
(i) Standard Equation of an ellipse: x_2 + i—z =1
a

, y
z 5 . z
p
/ ———— M
VI Y S ek
k| & S(w0)  |[C NS
S(ae, 0)
’ , L
By

Major axis: The line joining the two vertices A" and A
Minor axis: The line passing through the centre perpendicular to
the major axis, i.e., BB’
Principal axis: Major axis and Minor axis
Length of Major axis: 2a
Length of Minor axis: 2b
a® —b?

Eccentricity: e =
a

Foci: S’(-ae, 0) and A’ (a, 0)
Vertices: A(-a,0) and A’(a, 0)

,_2b?
Length of Latus rectum: LL = —

a
Equation of the directrix: x =+—
e

(ii) Parametric equations of the ellipse: x=acost ; y=>bsint

6. Hyperbola
The locus of a point (P) whose distance from a fixed point (F, and F,)
bears a constant ratio (¢ > 1) to its distance from a fixed line is called a
hyperbola.
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2 2
(i) The standard formula of a hyperbola: x_2 - y_z 1
a b
y
x=-afel x=aje

M B
ENal| c

L ] B’

Transverse axis: The line segment AA” joining the vertices
Conjugate axis: The line segment joining the points B(0, b) and
B’ (0, - b) Principal axis: Major axis and Minor axis

Length of Transverse axis: 2a

Length of Conjugate axis: 2b

Equation of Transverse axis: y = 0 (x-axis)

Equation of Conjugate axis: x = 0 (y-axis)

Vertices: A(a, 0) and A’(-a, 0)

[2 2
. . +
Eccentricity: e = Nam+b

a
Foci: F, (-ae, 0) and F,(ae, 0)

a
Equation of the directrix: x = i;

2
Length of Latusrectum LL": LL" = 267
a

(ii) Parametric equations of the hyperbola: x =asect ; y=btant

7. Planesinthreedimensions

(i) General form:
Ax+By+Cz+D =0
where direction (A, B, C) is normal to the plane.
(ii) Interceptform:
X, Y, z

“+Z2+2 =1
a b ¢

this plane passes through the points (a, 0, 0), (0, b, 0), and (0, 0, ).
(iii) Three point form
X=X Y-Ys 2773
X =X3 Y1~Ys 21—z =0

Xp=X3 Yo—VYs 2Zp—23
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(iv) Angle between two planes:
The angle between two planes:

Ax+By+Cz+D; =0

Ax+By+Cyz+D, =0

A1A, + BB, +C,C,

cos O =
\/A%+A§+A§ \/B%+B§+B§

A_B_G

M The Planes are parallel if and only if A, = B, G,

M The Planes are perpendicular if and only if

(v) TheDistance of P(xy,y;,2,) from the plane Ax+ By +Cz+D =0 is

_ |Ax1 + Bxy +Cx; +D|

d
JAZ 4B 42

Elementary Functions

A function ffrom set A to set B (f: A — B) is a rule which assigns every
element of A to a unique element of B.

Where A is domain; B is co-domain; f (A) is range
(i) Monotonicity (A monotonic function preserves or reverses the given
order) f(x) is
(@) Monotonically increasing if m <n = f(m) < f(n).
(b) Monotonically decreasing if m <n = f(m) = f(n).
(c) Strictly increasing if m <n = f(m) < f(n).
(d) Strictly decreasing if m <n= f(m) > f(n).
(ii) Bounded Function: m < f(x) <M for all x € Domain
(iii) Even Function: f(-x) = f(x) Graph is symmetric about y axis
(iv) Odd Function: f(-x) = -f(x) Graph is symmetric about origin
(v) Periodic Function of period T: f(x + T) = f(x)
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(vi) Basic Functions

(@) Identity Function (b) Squaring Function
fio) = x fly =
() Cubing Function (d) Reciprocal Function
fy=x foy ==+
() Square Root Function (f) Absolute Value Function
flx) =lx f) = x|

(g) Greatest Integer function (int(x) or [x]): Greatest integer less than

or equal to x
Y
=X

3l Y

2_

1 y=Lx]
| | | | x
-2 -1 1 2 3

o

2k
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(h) Exponential Functiony=a* a>0 (a#1)
(i) Logarithmic Function
y=logx a>0 (a#1)
y=log,x=Inx
y y
=X
y=a y=loga*
O<a<1 a>1 a>1
@0
5 x
0,1) 0<a<1
o] x
(vii) Properties
Function Domain Range Symmetry | Bounded | Increasing | Decreasing
1. Identity (oo, +20) (o0, +20) (o0, +20)
function or or Odd No or None
y =x all x ally all x
2.S i —oo,+ 00 oo 0, +o0 —o, 0
quering ( ) [0, <) Bounded | () (=, 0)
Function or or Even or or
Below
y:x2 all x y20 x>0 x<0
3. Cubing (ﬂ”ﬁ‘x’) (*‘x’, +o0)
Function or or Odd No (—eo, +20) None
y = e all x ally
4. Reciprocal (=2,0)U(0,00) | (=o2,0) (0, ) (=e2,0)U (0, )
Function or or Odd No None or
21 x#0 y#0 x#0
Y x
5. Square root [0, ) [0, ) Bounded [0, )
Function or or None or None
Below
y=x x20 y20 x20
6.E ial —oo,+ 00 =00, +oo
xpon.entla ( ) Bounded ( )
Function or (0, +<) None or None
Below
y=¢' all x all x
7.Logarithm (0,+) (o0, +0) (0, +e0)
Function or or None None or None
y=Inx x>0 ally x>0
—c0,+ 00 o 0, —oo, ()
8. Absoluté Value ( ) [0, =) Bounded ( ) ( )
Function or or Even or or
Below
y=|x| all x y=0 x>0 x<0
9. Greatest integer (ﬂ”ﬁ °°) 7
Function or X None None None None
(Set of integers)
y=int(x=[x]) all x

(viii) Polynomial Function

P(x) =

ax"+a, X" ax+a
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(ix) Hyperbolic functions

Hyperbolic function Domain Range
o (o) | (oot
1.sinhx = 5 or or
all x ally
eX+ X (—w’ +°°) L w)
2.coshx= 5 or or
all x y=1
(o0, 0) U (0, o) | (=2, 0) U (0, =)
3.cschy = —— or or
e-e x#0 y#0
] i (=00, +o0) 0,1]
.sechx = ——= or or
ere all x 0<y<1
oo, +o0 -1, +1)
_sinhx _e'-e™ (oo, +eo) 1
5.tanh x = oshx i or or
e"te all x lyl <1
_coshx e'+e™ (2, 0) U (0, =) (==, =1) U (1, =) i
6.C0thx—T= Pa— or ly|>1 | ===~ e x
sinhx  ¥_, 20 0

(x) Function Transformations

Vertical Translation

y = f(x) + c Shift the graph up c units.

y = f(x) - c Shift the graph down c units.
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Horizontal Translation
y = f(x +c) Shift the graph left c units.
y = f(x —c) Shift the graph right c units.
Reflection
y = —f (x) Reflect across the x-axis.
y = f(-x) Reflect across the y-axis.
Vertical Stretch or Shrink
y = c.f(x) Stretch by a factor of cif c > 1.
Shrink by a factor of cif c <1.
Trigonometry
1. Definition of Trigonometric Functions
0 h
sin O = oPP cscO = P
hyp opp .
: h > -
cos 0 = ;ﬂ sec O = % ﬂqo@ g
yp adj > 3
o adj
tan 0 = % cotO= t 0
adj opPP adjacent

2. Trigonometric Functions of common angles

0 0 30 45 60 90
sin® | 0 % % ? 1
cos@ | 1 % % % 0
tan® | O % 1 3 oo

3. Signsof Trig Functions by Quadrant (Quadrantrule)

Signs of Trig Function by Quadrant

sin +
cos —
tan -

sin +
cos +
tan +

sin -
cos —
tan +

sin -
cos +
tan -
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+fn(0) n is even
fn(n.m/2+6) = {ico -m(0) mnisodd

The + sign is decided by quadrant rule

Example:

(@) sin(n+0)=-sin6 (b) tan(n—6)=—tan6
3n . 1

() cos ?+6 =sin6 (d) cot §+6 —tan6

4. Properties

Function | Domain Range Period Zeros Graph
i
. 2T y =sinx
sinx=0 1+
j 3n/2
1.sinx —o < x<oo -1<y<1 21 lff_ \ I | |/ X
n is integer +
2+
Y
cosx=0 2T Y =cosx
iff \(
2.cosx | —e<x<oo -1<y<1 on x=(2n+1)§ -? / } /5\ x
T 2n
n is integer -1+
2+

3.cscx | x#nm y<-lory=1 2m No zeros
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Function | Domain Range Period Zeros Graph

n
4.secx | x#(2n +1)E y<-lory=1| 2n No zeros

I,
a
a
—_ ] ____

=tanx
Yy |y n ,
I 1 i |
I T |
I 1 1 |
tanx=0 i 21 E i i
I iff 1+ /0 | |
+1)= | —e<y<oo 1 !
5.tanx | x#(2n 1)2 y n - | : i i )
nis integer |-1/2! g )
[+ 2 ! 21
I 1 1 |
[N H '
I 1 1 |
I 1 1 |
[ H '
I 1 n |
1
y—cotx—ta—mc
Y 1 |
3+ i !
cotx=0 ! \
; o4 | !
i T ! i
6.cotx | x#nm —co <y < oo n x=(2n+1)5 \ 14 | :
} b x
n is integer i m ! n \
| :
i ! !
! 1
i 1 i
' 1

5. Importantidentities

(i) Pythagorean Identities

2x=1

1+tan® x =sec® x

1+ cot? x = csc’x

(i) Even-Odd Identities

sin(—x)=-sinx

sin” x + cos

cos(—x)=cosx
tan(—x)=—tanx

(iii) Sum-Difference Formulas
sin(x+y)=sinxcosy +cosxsiny

sin(x —y)=sinxcosy —cosxsiny
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cos(x+y)=cosxcosy—sinxsiny

cos(x—y)=cosxcosy +sinxsiny

_ tan(x)+tan(y)
tan(x‘*‘]/)_ 1_tan(x)tan(y)
tan (x—y) = 20— tan(y)

1+tan(x)tan(y)
(iv) Double Angle Formulas

sin2x = 2sinxcosy

cos2x = cos> x —sin’ x
=2cos’x-1
=1-2sin’x

2t
tan(Zx) = Lgx)
1-tan” (x)
sin(2x) = 72 tan gx)
1+ tan” (x)
1-tan’x
cos2x = —
1+tan“x
(v) Power-Reducing/Half Angle Formulas
1- 2
sin” (x) = 1-cos(2%)
2
1 2
cos? (x) = +cos(2x)
2
1- 2

tanz (x) = M

1+ cos(2x)

(vi) Product-to-Sum Formulas
sin (x)sin(y) = %[cos(x ~y)=cos(x+y)]
cos(x)cos(y) = %[cos(x ~y)+cos(x+y)]
sin (x)cos(y) = %[sin(x+y)+sin(x ~y)]

cos(x)sin(y)= %[sin(ﬁﬁy)—sin(x -y)]
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(vii) Sum-to-Product Formulas

sin (x)+sin(y)= ZSin(¥)COS( x—y)

sin(x)—sin (y)= ZSin[x _yJCOS[’C +3/)

cos(x)+cos () = 2cos(x;y ]cos[ﬂ)

-y 52 o 3

(viii) Multiple Angle Formulas
sin3x =3sinx —4sin’ x
cos3x =4cos’® x—3cosx

3tanx —tan’ x

tan3x = 5
1-3tan“x

(xi) Relations to Hyperbolic functions
sinix =isinhx
cosix = coshx

secix =sechx

cscix —icschx
tanix =itanhx

cotix =—icot hx
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6. Inverse Trigonometric Functions

Function

Domain

Range

Ty=sin"x
iff
siny =x

2.y= cos x
iff
cosy=x

3.y=csc x
iff
cscy=x

x<-lorx>1

_E< <£ #0
>SYs5y

4y=sec x
iff
secy =x

x<-lorx>1

b
<y< =
O_y_n,y;&z

5.y=tan x
iff
tany=x

—co <X < oo

6.y= cot' x
iff
coty =x

—co < X < oo

O<y<m
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Theory of Equations

1.

2.

Linear Equation in OneVariable
ax+b=0
b

xX=—
a

Quadratic Equation

ax? +bx+c=0

—b+b* —4ac

2a

Roots: x =

Discriminant : D = b* — 4ac

If D > 0 then Roots are real and distinct

If D =0 then Roots are real and equal

If D <0 then Roots are complex conjugates

Algebraic equation: An equation f(x) = 0 where f(x) contains algebraic
functions (Polynomial, Rational functions).

Transcendental equation: An equation f(x) = 0 where f(x) contains non-
algebraic functions (Trigonometric, Exponential, Logarithmic,
Hyperbolic functions).

Polynomial Equations
A polynomial equation has the form
P(x) = a,X" +a, X" +..+a;x+ay=0

Results

(i) aisrootof f(x) = 0if and only if f{a) = 0.

(ii) Factor Theorem: If ais root of f(x) = 0if and only if (x - a) is factor of
f0).

(iii) Every polynomial equation of nth degree has exactly n roots (real or
imaginary).

(iv) Every polynomial equation of odd degree has atleast one real root.

(v) Descartes’ rule of sign: A polynomial equation f(x) = 0 cannot have
more positive roots than there are changes of sign in f(x), and cannot
have more negative roots than there changes of sign in f(-x).

i.e., in a polynomial equation f(x) = 0.
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(@) Number of positive real roots < Number of sign changes in
coefficient of f(x).

(b) Number of negative real roots < Number of sign changes in
coefficients of f(-x).

M If all the coefficients are positive then the equation has no positive
real root.

M If the coefficients of even powers of x are all of one sign, and the
coefficients of the odd powers are all of opposite sign, then the
polynomial equation f{x) =0 has no negative real root.

M If the equation contains only even powers of x and the coefficients
are all of the same sign, the equation has no real root.

M If the equation contains only odd powers of x, and the coefficients
are all of the same sign, the equation has no real root except x = 0.

4. InaPolynomial Equation
apx" +a X"+ . +a,_x+a, =0

il
Sum of roots = ——
g

. 24
Sum of the products of the roots taken two at a time = (-1)"—%
o

y L

Sum of the products of the roots taken two at a time = (-1
o

a
Product of roots = (-1)" a—"
0





