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PREFACE

There are numerous competitive exams conducted in India every year. In this age of cut throat
competition, every student aspires to crack the ones he/she appears for in order to begin the
journey towards his desired career. Students preparing for various competitive exams strictly
follow the prescribed syllabus which has details about the official blueprint as well as typology of
questions asked year after year. Along with this, what remains at the core of their preparation is
the clarity of concepts.

Oswaal Books is happy to announce the launch of Oswaal Handbooks for Physics, Chemistry,
Biology & Mathematics which will supplement the need for concept clarity at every step of study.
With the motto of Learning Made Simple, Oswaal Books by the way of these handbooks, aim at
providing the most relevant content to students to make studying even the most difficult concepts,
interactive and fun.

Oswaal Handbooks cover each and every concept which may be required for the preparation
of XI - XII (CBSE, CISCE, IGCSE and all State — Boards), NEET, JEE (Mains and Advanced) and all
State and Central Governments Services Exams.

The Handbooks aim to be a ‘Ready Reckoner” for the students which will help them at every
step with every query that they might have.

Some key highlights of Oswaal Handbooks are:

® Get Concept Clarity & Revision - with Important Formulae & Derivations.

® Fill Learning Gaps - with 300+ Concept Videos.

® Get Valuable Concept Insights - with Appendix, Smart Mind Maps & Mnemonics.
® Free Online Assessment - with oswaal 360°

We have tried to make our books 100% error-free. Yet, we shall be grateful to the users who
point out any errors or make suggestions for the betterment of this book.

We hope that OSWAAL HANDBOOKS will help you at every step as you move closer to
your educational goal. We wish you all great success ahead!

All the Best!!
TEAM OSWAAL
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1. Sets and Representations :

SYLLABUS

Sets and their representations,
Empty set, Finite and Infinite sets, Equal sets, Subsets of a set
of real numbers especially intervals (with notations), Power
set, Universal set, Venn diagrams, Union and Intersection of
sets, Difference of sets, Complement of a set, Properties of
Complement set, Algebraic properties of Union, Intersection
and Complement of sets.

Relations and Functions : Ordered pairs, Cartesian product
of sets, Number of elements in the Cartesian product of two
finite sets, Cartesian product of the set of real with itself (upto
R x R x R), Definition of relation, pictorial diagrams, domain,
co-domain and range of a relation, types of relation, binary
operation, Types of relations: reflexive, symmetric, transitive
and equivalence relations. One to one and onto functions,
composite functions,inverse of a function. Binary operations.
Function as a special type of relation, Pictorial representation
of a function, domain, co-domain and range of a function,
real valued functions, domain and range of these functions,
constant, identity, polynomial, rational, modulus, signum,
exponential, logarithmic and greatest integer functions,
with their graphs, composition of function, sum, difference,
product and quotients of functions.

3. Trigonometry: Trigonometric Functions

e Positive and negative angles

e Measuring angles in radians and in degrees and
conversion from one measure to another

e Definition of trigonometric functions with the help of
unit circle

e Truth of the identity sin?x + cos* = 1, for all x

Signs of trigonometric functions

e Domain and range of trigonometric functions and their
graphs

e Expressing sin (x * y) and cos (x * y) in terms of sinx,
siny, cosx & cosy and their simple applications

e Deducing identities like the following :

tanx ttany

cotx.coty +1

® tan(xty)= ,seot(x+y)=

1+ tanx.tany coty *cotx

1 1
e sina tsinf=2sin—(a £P).cos—(a FP)
2 2
1 1
e €OSO +cosP =2cos— (0 + B).cos—(a — )
2 2

1 1
e cosao —cosP=-2sin—(a + f).sin—(a —P)
2 2

e Double angle, triple angle, half angle and one third
angle formula as special cases.

e Identities related to sin 2x, cos 2x, tan 2x, sin 3x, cos 3x
and tan 3x

e Angle and Arc lengths

e Graphs of simple trigonometric functions for all
trigonometric ratios

e Addition and subtraction formula : sin(A*B);
cos(A=B); tan (A = B); tan (A+B+C) etc

e Sum and differences as products

e Product to sum or difference

e Trigonometric equations: General solution of
trigonometric equations of the type siny = sina, cosy =
cosa and tany = tana

e Properties of triangle in terms of

. a b c
* Sineformula: = =
sinA  sinB sinC

2,22
* Cosine formula:cos A=

4.

10.

11.

(7)

1
* Area of triangle =—bc sin A etc.
2

e Inverse Trigonometric Functions : Definition, range,
domain, principal value branch. Graphs of inverse
trigonometric functions. Elementary properties of
inverse trigonometric functions.

Complex Numbers: Need for complex numbers, especially

J-1 , to be motivated by inability to solve some of the

quadratic equations, algebraic properties of complex
numbers, conjugate complex numbers, Argand plane and
polar representation of complex numbers, modulus and
argument, triangle inequality, loci on the Argand Diagram,
product and quotient for complex numbers in modulus-
argument form, De Moivre’s theorem, square root of complex
number, cube root of unity.
Quadratic Equations : Statement of Fundamental Theorem
of Algebra, Solution of quadratic equations (with real
coefficients), Equations reducible to quadratic form, Nature
of roots — Product and sum of roots, Framing of quadratic,
cubic, biquadratic equation with given roots, Conditions
for common roots in quadratic equations, Properties of
quadratic equation, Understanding the fact that a quadratic
expression (when plotted on a graph) is a parabola, Minimum
and Maximum value of quadratic equations, Sign when the
roots are real and when they are complex, Interval of roots,
Algebraic interpretation of Rolle’s theorem, Descartes’ rule of
sign.
Linear Inequalities : Linear inequalities, Algebraic solutions
of linear inequalities in one variable and their representation
on the number line. Graphical solution of linear inequalities
in two variables. Graphical method of finding a solution of
system of linear inequalities in two variables.
Principle of Mathematical Induction : Process of the proof
by induction, motivating the application of the method by
looking at natural numbers as the least inductive subset of real
numbers. The principle of mathematical induction and simple
applications.
Sequences and Series: Sequence and series, Arithmetic
Progression (AP), Arithmetic Mean (AM), Geometric
Progression (GP),General Term of a GI, Sum of n terms of a
GD infinite GP and its sum, Geometric Mean (GM), Harmonic
Progression (HP) , nth term of Harmonic Progression,
Harmonic Mean, Relation in AM, GM and HM
o Arithmetic - Geometric Progression (AGP), Sum of
Arithmetic-Geometric Series

e Formulae for the following special sums.
k=n  k=n k=n

> k> kand Yk
k=1

k=1 k=1

Permutations and Combinations : Fundamental Principle of

Counting, Factorial and its properties, Permutation and
its properties, Circular Permutation, Combination and its
properties, Exponent of Prime p in n!, Division into Groups,
use of permutation and combination in geometry, use of
permutation and combination in evaluating prime factor, use
of permutation and combination in Integral solution, use of
permutation combination in Sum of Digits, Derangements
theorem.

Binomial Theorem: History, statement and proof of the
binomial theorem for positive integral indices. Properties of
binomial coefficients. Pascal’s Triangle, General and middle
term in binomial expansion, Binomial Theorem for Any Index,
Simple Applications.

Straight Lines: Brief recall of two dimensional geometry
from earlier classes, shifting of origin, slope of a line and
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angle between two lines, Various forms of equations of a

line, parallel to axis, point-slope form, slope-intercept form,

two-point form and normal form, general equation of a

line, equation of family of lines passing through the point

of intersection of two lines, distance of a point from a line,
angle between two lines, equation of lines bisecting the angle
between two lines, condition for concurrence of three lines,

coordinates of centroid, orthocenter and circumcenter of a

triangle

12. Conic Sections: Sections of a cone: circles, ellipse, parabola,
hyperbola, a point a straight line and a pair of intersecting
lines as a degenerated case of a conic section. Standard
equations and simple properties of parabola, ellipse and
hyperbola, Standard equation of a circle.

13.Three Dimensional Geometry: Coordinate axes and
coordinate planes in three dimensions. Coordinates of a
point. Distance between two points and section formula,
direction cosines and direction ratios of a line joining two
points, cartesian equation and vector equation of a line,
coplanar and skew lines, shortest distance between two lines.
Cartesian and vector equation of a plane. Intersection of a line
and a plane in different form, angle between (i) two lines, (ii)
two planes, (iii) a line and a plane, distance of a point from a
plane.

14. Vector Algebra: Derivative introduced as rate of change both
as that of distance function and geometrically, Intuitive idea of
limit, Fundamental theorems on limits, Limits of polynomials
and rational functions trigonometric, exponential and
logarithmic functions, Definition of derivative relate it to scope
of tangent of the curve, Derivative of sum, difference, product
and quotient of functions, Derivatives of polynomial and
trigonometric functions, Derivative of composite functions,
Parametric functions, Derivative of function with respect to
other function, Successive differentiation, Differentiation
using first principles.

15. Limits and Derivatives: Derivative introduced as rate of
change both as that of distance function and geometrically,
Intuitive idea of limit, Fundamental theorems on limits,
Limits of polynomials and rational functions trigonometric,
exponential and logarithmic functions, Definition of derivative
relate it to scope of tangent of the curve, Derivative of sum,
difference, product and quotient of functions, Derivatives
of polynomial and trigonometric functions, Derivative
of composite functions, Parametric functions, Derivative
of function with respect to other function, Successive
differentiation, Differentiation using first principles.

16. Continuity, Differentiability and Application of Derivatives:
Continuity and differentiability, derivative of composite
functions, chain rule, derivatives of inverse trigonometric
functions, derivative of implicit functions. Concept of
exponential and logarithmic functions.

e Derivatives of logarithmic and exponential functions.
Logarithmic differentiation,derivative of functions
expressed in parametric forms. Second order derivatives.
Rolle’s and Lagrange’s Mean Value Theorems (without
proof) and their geometric interpretation.

o Applications of derivatives: rate of change of bodies,
increasing/decreasing functions, tangents and normals,
use of derivatives in approximation, maxima and minima
(first derivative test motivated geometrically and second
derivative test given as a provable tool). Simple problems
(that illustrate basic principles and understanding of the
subject as well as real-life situations).

17. Determinants: Determinant of a square matrix (up to 3 X
3 matrices), properties of determinants, minors, cofactors
and applications of determinants in finding the area of a
triangle. Adjoint and inverse of a square matrix. Consistency,
inconsistency and number of solutions of system of linear
equations by examples, solving system of linear equations in

18.

19.

20.

21.

22.

23.

24.

(8)

two or three variables (having unique solution) using inverse
of a matrix.

Matrices: Concept, notation, order, equality, types of matrices,
zero and identity matrix, transpose of a matrix, symmetric and
skew symmetric matrices, Conjugate of matrix, Orthogonal
matrix, idempotent matrix and Involutory matrix, Operation
on matrices : Addition and multiplication and multiplication
with a scalar. Simple properties of addition, multiplication and
scalar multiplication. Non-commutativity of multiplication of
matrices and existence of non-zero matrices whose product is
the zero matrix (restrict to square matrices of order 2 and 3).
Concept of elementary row and column operations. Invertible
matrices and proof of the uniqueness of inverse, if it exists;
(Here all matrices will have real entries).

Integral and its Applications: Integration as inverse process
of differentiation. Integration of a variety of functions by
substitution, by partial fractions and by parts, Evaluation of
simple integrals of the different types and problems based
on them. Definite integrals as a limit of a sum, fundamental
Theorem of Calculus (without proof). Basic properties
of definite integrals and evaluation of definite integrals.
Applications in finding the area under simple curves,
especially lines, circles/ parabolas/ellipses (in standard form
only), Area between any of the two above said curves (the
region should be clearly identifiable).

Differential Equations: Definition, order and degree, general
and particular solutions of a differential equation. Formation
of differential equation whose general solution is given.
Solution of differential equations by method of separation of
variables, solutions of homogeneous differential equations
of first order and first degree. Solutions of linear differential

d
equation of the type. Y, py = g ;where p and q are functions
dx

dx .
of x or constants. — + px = g ,where p and q are functions of

y or constants.

Mathematical Reasoning: Mathematically acceptable
statements, Connecting words/phrases - consolidating the
understanding of “if and only if (necessary and sufficient)
condition”, “implies”, “and/or”, “implied by”, “and”, “or”,
“there exists” and their use through variety of examples
related to real life and Mathematics, Tautology, Contradiction
and Duality, Algebra of statements, Validating the statements
involving the connecting words, difference among
contradiction, converse and contrapositive

Statistics: Measures of Dispersion : Range & Mean deviation,
Variance and standard deviation of ungrouped/ grouped data,
The Median, Quartiles, Decile, Percentile, Mode of grouped
and ungrouped data, analysis of frequency distributions
with equal means but different variances. Correlation,
types of correlation, Covariance, Karl Pearson Coefficient of
correlation, Regression and its analysis.

Commercial Mathematics: Annuity, Partnership, Bill of
Exchange, Foreign Exchange.

Probability: Random experiments, Outcomes, Sample
spaces (set representation), Events, Occurrence of events:
‘Not’, And” and ‘Or’ events, Exhaustive events and mutually
exclusive events, Axiomatic (set theoretic) probability,
Connections with other theories of earlier classes, Probability
of an event, Probability of ‘net’, ‘and’ ‘or’ events. Conditional
probability, Multiplication = theorem on  probability,
Independent events, Total probability, Bayes’ theorem,
Random variable and its probability distribution, Mean
and variance of random variable, Repeated independent
(Bernoulli) trials and Binomial distribution, Laws of
probability addition theorem, De Morgan’s Law, Poisson’s

Distribution, Normal Distribution.

aaa
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Sets, Relations and Functions

Sets And Representations (a)

Today's Scenario, Equally Talented
Singers Find Infinite New Songs To
Sing.

'll'oday‘s '|5cenario, Equally talented

Types Sets Equivalent

|S'lngers |Find |Infinite

Equal

Singleton Finite Infinite
ll\lew |Songs to sing.

Null
Interpretation :

Sets

Types of Sets :
1. Empty or Null Set - A set which has no element.

2. Finite Set - A set having finite number of
elements.

3. Infinite Set - A set having infinite number of
elements.

4. Equivalent Set - Two finite sets A and B are said
to be equivalent if n(A)=n(B).

5. Equal Set - Two sets A and B are equal if every
element of A is in B.

6. Singleton Set - A sets having one element is
called singleton set.

Sets And Representations (b)
Laws of Algebra of Statements :
lacd and Icai are friends

Interpretation :
1. Idempotent Law -
(1) (ANA) < A
(i) (AVA) < A
2. Associative Law -
(1) (AAB) AC & AA(BACQ)
(i) (AVB) vC <« AV(BVQO)
3. Commutative Law -
(1) AVB < BVA
(i) AAB<BAA
4. Distributive Law -
(1) AV(BAC)< (AVB)A(AVC)
(i) AA(BVC)e (AAB)V(AAQ)
5. Identity Laws -
(1) AVT < A
(i) ANAF < F

(i) AVTI<T
(ivy AVF&A
6. Complement Laws -
(V) AV(~A) & T
iy AA(~A)SF
(i) ~T<F
(ivy ~Fe&T
7. Absorption Law -
) AV(AAB)= A
i AA(AVB)& A
(iii) ~(AAB)= (-A)V(-B)
8. Involution Law -
Q) ~(~A) < A

Complex Numbers and Quadratic
Equations

lodine Equipment Shows Result Negative One

(lota) i=V=1

Interpretation: Complex numbers are expressed
in the form of a+ib where '' is an imaginary

number called 'iota' and the value of iota is E
Types of Linear Inequalities

Linear Inequality

in two variable l___

check Train Live Information|NDLS
L

Varanast | Quota| SLOT

Linear Inequality

Types
yp in one variable

Linear
Variable

(or Literal Inequalities

Slock Numerical +—
Quadratic Double  4—
Inequalities I(_(gtre\r/glriable)
Strict ¢———
Interpretation :

1. Numerical Inequality - 3<5, 8>4
2. Literal or Variable Inequalities - x<5, y>8
3. Double Inequality- 5<x<9, 3<y<10
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4. Strict Inequality- x<9, 5<10

5. Slack Inequality- x>7, y<9

6. linear Inequality in One Variable- x<9, y>12
7. linear Inequality in Two Variable- 5x+7y<12
8. Quadratic Inequality- x?+5x<10

Matrices and Determinants

Identity Matrix-

— a.=0wheni#j
10 0),"
A=l0 1 0 a.U.:lwhenL:J
0 0 1

Zero Matrix-

b d 0 0 0
A=[0 0 0
000

Singular Matrix

L 2
A square matrix is said to be singular matrix if
determinant of matrix denoted by |A|is zero
otherwise it is non zero matrix
Inverse Of a Matrix

- Determinant

"a Determined Artist Can become a Singer,

if he is Optimistic. (Zero)

\@ Determined)Artist|Can Never be Singer
if he is Not|Optimistic
Non Singular

ifq A| = O, then A s Singular Otherwise,
A is non-Singular

#0 (Zero)

"If Determined Artist is Not Optimistic

then Il-\DJust ?elow !nternational

Adjoint _By Inverse

Determinant

"A is(non-singular)ie. |A| # 0 then

Interpretation:
Singular & Non Singular Matrix -

if |A | =0, then A is singular. Otherwise A is non-
singular

Inverse of a Matrix -
Inverse of a Matrix exists if A is non- singular i.e
|A | #0, and is given by

a_ 1
A =—adjA

Al

Properties Of |A|
Possible Clockwise Directions of

l l (of Distance)
/

Properties Determinant
Action

@ "o
Route 1 wale R R - Society wale
Route 2 Se C - Society me
Jaye and Shift hojaye
Route 2 and C Society
Wale Wale R me
Route 1 Se Shift ho jaye,
Jaye to Distance
distance Same Same hi
Nahi{rahegl Rahegi

(-ve)

® Circle 1 Wale Circle 2 Se Jaye
and Circle 2 Wale Circle 1 Se to
Distance same Nahi rahegi

(-ve)
(@ Distance = 0 if R;=R, (Route 1=Route 2)
|A| = 0if Ry=R,

@ Distance = 0 if C;=C; (Circle 1=Circle 2)

Interpretation :
Properties of |A| -

() |A] remains unchanged, if the rows and
columns of A are interchanged ie. |A] = |A|
(i) If any two rows (or columns) of A are
interchanged, then the sign of |A| changes.

(iii) If any two rows (or Columns) of A are
identical then |A| = a
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Principle of Mathematical Induction

San Francis Principal OM Invited
Parents

SFPOMIP

Principle of Mathematical Induction (B)

Provided Test Paper of 1t Term

PTP(1)T

Principle of Mathematical Induction (C)

Also Test Paper of K" Term
ATP(K)T

Principle of Mathematical Induction (D)
Then Test Paper of (K+1)th Term
TPTP(K+1)T

Principle of Mathematical Induction (E)
Hence Paper of nth is Trustworthy
For All Necessary Numbers

HP(n)TFANN

Principle of Mathematical Induction (F)

SFPOMIP-Steps for Principle of
Mathematical Induction Proof

Interpretation:

Stepl: Let P(n) be a result or
statement formulated in terms of n
in a given equation.

Principle of Mathematical Induction (G)

PTP(1)T-Prove that P(1) is true.

Interpretation:
Step2: Prove that P(1) is true.

Principle of Mathematical Induction (H)
ATP(K)T-Assume that P(K) is true.

Interpretation:
Step3: Assume that P(k) is true.

Principle of Mathematical Induction (I)
TPTP(K+1)T-prove that P(k+1) is
true.

Interpretation :
Step4: Using step 3, prove that
P(k+1) is true.

Principle of Mathematical Induction (J)

HP(n)TFANN - Hence, by the
principle of mathematical induction,
P(n) is true for all natural numbers n

Interpretation:

Step5: Thus, P(1) is true and P(k+1)
is true whenever P(k) is true. Hence,
by the principle of mathematical
induction, P(n) is true for all natural
numbers n.

Sequence and Series

Relationship between AM, GM and
HM
Area Of House in Square Gigameter

| ]

Of (Multiplication) | Square  Geometric
Mean

Arithmetic Mean Harmonic Mean
Arithmetic Progression (AP)

(a) Nt Term of Arithmetic Progression -
NOAP

AN~

Nokia Offers Additional Programmers in

ETAPN1BD

N

English To Attract Positive New One Buyer Daily
Nth Term of AP =a + (n — 1)d

Limits Continuity and Differentiability

L' Hospital's Rule for Evaluating
Limits
Numerator fights with Denominator,

both are Critical (Q °°),

0 o

Lao Hospital,

Bulao Dr.

Differentiate

f(x)
g'(x)

(x) x—a

m
X—a

«Q

L' Hospital'S Rule



12 | OSWAAL TOPPER'S HANDBOOK, MATHEMATICS

Interpretation :
if lim f takes— or—form
x—a 9(x) 0 o

. fi . f
thenlim Uy hmﬁ
x—a g(X) x—a g'(X)

df d
) g3
dx dx

where f'(x)=

Sandwich Theorem for Evaluating Limits

Likhil always uses Samesize (L) Middle
bread to make Three layer Sandwich

N

(Three functions f(x), g(x) & h(x)

< h(x) and

limf(x) = L

= limh(x)= LThenlimg(x) =1L
X—a X—a X—a

Interpretation :
If f(x) < g <hX Vxe (a,p)-{a}

andlim f(x)=L=1im h(x) then lim g(x)=L

x—a x—a x—a
where ae (o)
h(x)

g(x)
f(x)

a x=f

Mean Value Theorem & Rolle's

Theorem
differentiable

on open interval

Film abcd MOvie Vs Theater ROle,

| voor N

function Mean Value Theorem

k’f (a, b)>R

Continuous
an closed interval
[a,b]

Rolle's
Theorem

O shows f'(c)=0
in Rolle's Theorem

Some Character Of

3
l l lmt;bh Bachchan
El /-

Some C(ab)

Interpretation :
Mean Value Theorem -

if f: [a,b] —» R Continuous on [a,b] and differential
on (a,b) , then 3 some c in (a,b) such that-
_ f(b) - f(a)

b-a

f'(c)

Rolle's Theorem -

If f: [a,b]— R continuous on [a,b] and differentia-
ble on [a,b] and f(a) = f(b) then 3 some c in (a,b)
s.t. f'(c) =0

SeCond FundAmental Theorem of
Definite Integration

fcc Fad FbFa
Continuous > anti derivative
Closed

You can also remember

fcc is small fashionable Clothes
Counter For adorable dresses

at/ Fbb Fashion

Closed anti Continuous derivative
F(b) - F(a)

Interpretation:

Let f be a continuous function defined on a
closed interval [a,b] and F be an anti derivative

of f Then Lb f(x)dx=[F(x)]" = E(b)~ F(a)

where a and b are called limit of Integration.

Differential Equations
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Linear Differential Equations
=
[ |

OLDE -MBDX - PYQ

b I |

Dr.| Xavier \ at

Equation

SOLDE-YIF-EIQ-IFC
Son Of Liladhar Dixit Eklavya (SOLDE)

[
& WIFe (Y | F) Exploring Indian Qilla
—

for| International | Fitness | Certificate

S — Solution D — Differential
O —Of E — Equation

L — Linear
Interpretation:

d
Differential equation is of the form ?y+Py=Q,
X

where P and Q are constants or the function of 'x'
is called a first order linear differential equations.
Its solution is given as

Y.IF= [ QIF+C

Homogeneous Differential
Equation

Hojayega Geneous Dimag Ekdum
Hoshiyar  First Floor Wale X, Y (f(xy)

A

Glround Ilzloor Wale X, Y (g(xy),
apni S|a_me Degree ke saath

| — Forn aao Ehree Yoga Vashist Xpert

ke pass
Homogeneous
Differential I I
Equations 7]
Homogeneous functions

L f(xy)

——
g(xy) of Same Degree
i ;For
Solution Substitute Y = Vx

Interpretation:

Differential equation can be expressed in the

dy dx
form —=f(xy) or ——=9y)
dx dy

where f(xy) and g(xy) are homogeneous
functions of sum is called a homogeneous
Differential equation. These equations can be
solved by substituting y=vx so that dependent
variable y is changed to another variable v, where

v is some unknown function.

Coordinate Geometry

Equation of Straight Line in Various

forms :
Point-Slope Intercept
Slople Normal
Intercept General
I Two Point
t
ESL PSIT ING

Engineering Students Likes PSIT (Pranveer
Singh Institute Jof( Technology IN General

Equation  Straight Line

Interpretation:
(1) Point Slope form :- y-y, =m(x-x,)
(2) Slope intercept form :- y= mx+c

Yo =N

(3) Two point form -y -y, = —=——(x — xl)

X, =X

X
(4) Intercept form:- —+ Yo 1
a

(5) Normal / Perpendicular form :-
xcoso+ysina=P
(6) General Form:-ax + bx + c =0

Area of Triangle
xg(vfw

ArEa Of Triangle

(one)
Area  Equal to ]/2 (two)

Area =% [Xl(yz_yg)+X2(y3_y1)+X3(y1_y3)]
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Eccentricity of conic Sections
English alphabet Counting Sequence

C--mmooes T --------- P
Circle ellipse Parabola
(e=0) (0<e<1) (e=1)
HypErbola

Highest ECcentricity i.e. @>1

Interpretation :

Eccentricity of Conic Sections-

(a) If e=1, the conic is called parabola.
(b) If 0<e<1, the conic is called ellipse.
(c) If e>1, the conic is called hyperbola.
(d) If e=0, the conic is called circle.

Three Dimensional Geometry

Direction Cosines
Dance Choreographer Prefer Dieting

DlrectlonT

Cosines Positive Direction

lglassLe Mo N juice

12+ m2+n2=1

Direction Ratios
Director Remo a Professional Dancer

Direction Ratios Proportional  Direction

Choreographer created

Cosines

3 Lifetime Movies with New facesa b ¢

\/ m n
I“=/ a \ b/ c

Va2 +bh24c2 " VaZ+b24c? ' VaZ+b2+c?
Interpretation:
Direction cosines of a line are the cosines of
the angles made by the line with the positive
directions of the co. ordinate axes. If |, m, n are
the D. cs of a line, then 12+ m2+n?=1

Vector Algebra
Types Of Vectors (A)

Collinear  Unit

Teachers of Various New Colleges Using

Types Vectors  Negative

Zoom Conferencing during Epidemic

!

Zero  Coinitial Equal

Interpretation :
Types of Vectors-

1. Zero Vector - Initial and terminal points
coincide

2. Unit Vector - Magnitude is unity

3. Coinitial Vectors - Same initial points

4. Collinear vectors - Parallel to the same Line
5. Equal Vectors - Same magnitude and
direction

6. Negative of a vector- Same magnitude,
opp. direction

Properties Of Vectors(B)
"Neither choose East nor choose north, always
choose North-East and save your time".

North
C D
%’bﬁ}
é§
A B East

Interpretation :

The vector sum of two coinitial vectors is given
by the diagonal of the parallelogram whose
adjacent sides are given vectors.

A B

AB + AC = AD

Properties Of Vectors(C)

Aao Bnaye Circle Tirahe par

Interpretation:
The vector sum of the three sides of a triangle

taken in orderis O e

AB+BC+CA=0
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Statistics & Probability

Mutually Exclusive Events

MEE-Mutual Enemies Everywhere
Morning Evening Everyday Cannot Occur

Mutually  Exclusive Events cannot  occur

Sametime

simultaneously

Interpretation :

Events A & B are called mutually exclusive
events if occurrence of any one of them excludes
occurrence of other event, i.e. they cannot occur
simultaneously.

eg: A die is thrown. Event A=All even outcomes
& events B=All odd outcomes. then, A & B are
mutually exclusive events, they cannot occur
simultaneously

Poisson Distribution
DPD - Directions for Pure Dishes
Distribution—Poisson Distribution

Perfect Restaurant Established

near Lajpat| Nagar|In NCR Provides

Here LemoN Quinoa Is Costliest Pure Dish
Here A =nq is called Poisson Distribution

Normal Distribution
DND — Do Not Disturb

—/

Distribution Normal Distribution
Parking x Entry Ticket is One rs.

Per(Single\ Root for(2 Persons and

1 | |

Here Zone Entry for EXIIVIIS

(Electronic Exam Management System)

in Rajasthan for National Professional

Qualification

[ \
[Minus] [ Meu | [Sigma] [Root |

|/

Variance and standard deviation
for ungrouped data-

(a) Standard deviation for un-
grouped data-

]

Subject me Distinction Un Groups ki

Here

(Standard)  (Deviation)  (Ungrouped data)
Ifhti, jo "Il\dd kre Xtra Mehnont

(Root) (‘X' sign)
X Bar Double Power ke saath"

(minus)

Distinction wale Number ke Saath".

"Mere Naam me mera Sign-S se sigma

Variance for ungrouped data
"Vedic Fundamentals Under Graduates

|

(Variance) (for) (Ungrouped data)

lagaao Slquare me Il)istinction

v v
(Square) (Standard) (Deviation)
number Paao"

Variance = (Standard dev'tat'ton)2

Interpretation :
Standard deviation of ungrouped data :

S.D. of ungrouped data is the square root of
squared deviation from the mean of data. It is
denoted by the symbol " 6 "

Variance for ungrouped data :

Variance for ungrouped data is defined as the
square of S.D. It is denoted by " 6"
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Sum and Difference of two Angles
|Shape ;lAnd |Design Of 'll'hree ?lphabets

Sum and Difference| two Angles
of

o e shape ofsmay
. 6\@«\‘) ,
& sin A\

»

sin(A+B) =

-1 COs A

DY
- cos B
sin B
Same Sian as inside the bracket in the expansion
‘Oe" {he curve of c

e! g
o< oswe the Curve os A

OQQ 0f c . i sin A\
/ // : \\\
cos(A+B) = ! i !
\\‘ i A’l

cosB ! sinB

Opposite Sign in the expansion

«\em‘oer the shapg
e

tan(A+B) =

tan A

tan Atan B

Twin  Sign in

(same) numerator
Interpretation :
*sin (A £ B) =sin Acos B + cos Asin B
*cos (A + B) =cosAcosB FsinAsinB

tanA * tanB
*tan(A+B)=7—"——"_
1 FxtanAtanB

Standard General Solution of
Trigonometric Ratios

SGSTR

v I OSSTT—

Shabd ka Ginti Se Trigonometric Rishta

/\p (PY)

sn6=0<0=n T

\\\E/P (PD)

cos0=0<0=2n+1) %

t—(t for two-2 times 2)
+1

+2 )
/\p (PY)

tan0=0<0=nT7TT

\\\‘J/P (PY)
+1 +1
0

Interpretation :

The solution consisting of all possible solutions
of a trigonometric equation is called its general
solution.

*sinf=0&0=nn

T
*cos0=00=(2n+1)—
2

*tan0=0< 0=nn

Mathematical Reasoning

Algebra of statements -

-
All Old Students of llIt If‘lways

Associative Law

II\va'Llable in CCD

— Algebra of Statements

—> Absorption Law

— lll»ldempotent Law
Identity Law
Involution Law

Commutitative Law
Complement Law «——
Distributive Law <«——

AND
Ll_l—» Mere Naam Me Mera Sign
/A (And Sign)

> Mere Naam Me Mera Sign
Or V (or Sign)
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Chapter Objectives

CHAPTER

STUDY MATERIAL

—r

l. Concept Clarified

. Sets and their notation : scan the code

For more details,

A set is a collection of well-defined and well distinguished objects of our perception or thought
which are distinct from each other.

Notations

The sets are usually denoted by capital letters A, B, C, etc. and the members or elements of the set are denoted by
lowercase letters a, b, c, etc.

If x is a member of the set A, we write x € A (read as “x belongs to A’) and if x is not a member of the set A, we write

x ¢ A (read as ‘x does not belong to A). If x and y both belong to A, we write x,y € A .

Standard Notation
N - A set of natural number Q*/Q~ :Asetofall positive/negative rational number.
W : A set of whole number. R : A set of real number.
VA : A set of integers. .

R™ /R~ :Asetofall positive/negative real number.
77/7" - Asetof all positive/negative Integers.

C : A set of complex number.

Q : A set of rational number.

For more details,

Representation of a set scan the code

Sets are represented in the following two ways:
(i) Roster form or Tabular form
(ii) Set Builder form or Rule Method

Roster Form or Tabular Form

In this method a set is described by listing elements, separated by commas and enclose then by curly brackets. For
example, the set A of all odd natural numbers less than 10 in the Roster form is written as : A = {1, 3, 5,7, 9}

Note

(i) In roster form, every element of the set is listed only once.

(ii) The order in which the elements are listed is immaterial. For example, each of the following sets denotes the
same set {1, 2, 3}, {3,2,1}, {1, 3, 2}.

Set-Builder Form or Rule Method

In this case we write down a property or rule which gives us all the elements of the set by that rule.

For example, the set A of all prime numbers less than 10 in the set-builder form is written as A = {x | x is a prime
number less that 10} The symbol ‘| stands for the words ‘such that’. Sometimes, we use the symbol:” in place of the
symbol’|'.
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» Types of Sets

1.

Null set or Empty set : A set having no element is called an empty set or a null set or void set. It is denoted by
dor{}eg aseta={x:xisaninteger whose square root is negative natural number}

. Finite Set: A set which has only finite number of elements is called a finite set.

Example : A = {x: x> +5x+6 =0}

. Infinite set: A set which has an infinite number of elements is called an Infinite set.

Example : A = {y =2x:xand y € R} since x can be any real number so the set contains any real number. Since
the number of elements in the set is not defined so the given set is an infinite set.

. Singleton set: A set consisting of a single element is called a singleton set.

Example : set A= {3}. Collection of SUN in solar system.

. Order of a finite set: The number of elements in a finite set is called the order of the set A and is denoted by

O(A)or n(A).1tis also called cardinal number of the set.
Example : The order of set B ={-2,-3} is O(B)or n(B) =2.

. Equal sets : Two sets A and B are said to be equal if every element of A is a member of B, and every element of

B is a member of A. We write A = B, if sets A and B are equal and A # B when A and B are not equal.

Example : Consider set A ={x: x*+5x+6=0}and setB= {—2,—3} . Since, A and B both have exactly same
elements, hence set A is equal to set B.

. Equivalent set : Two finite sets A and B are equivalent if their number of elements are same i.e. n(A) = n(B).

Example : Let set A contain the vowel in the English alphabet and set B is defined as B = {xz :1<x<5,xeN }
Since, n(A)=n(B) =5, so they are equivalent set.

Note : Equal sets will always be equivalent but equivalent sets may not be equal sets.

. Subsets : Let A and B be two sets. If every element of A is the element of B, then A is called a subset of B. If A is

a subset of B, we write Ac B .

. Proper subset : If A is a subset of Band A # B then A is a proper subset of B and we write Ac B .

In other words, if A is a proper subset of B, then all elements of A are in B but B contains at least one element
that is notin A.

Example:LetsetA:{xz:1<x<5,xeN}andB:{x2:2Sx£4,xeN},soAgB.

Example : Let set A={x2:l<x<5,xeN} andB={x2:1<x<10,xeN},soAcB

Note : Every set is a subset of itself i.e. A< A for all A. Empty set is a subset of every set
NcWcZcQcRcC
The total number of subsets of a finite set containing n elements is 2".

A set is a subset of itself but not a proper subset of itself.
If A has n elements, then its power set P (A) contains exactly 2" elements.

10.Power set : Let A be any set. The set of all the subsets of A is called power set of A and is denoted by P (A).

Example : Let set A = {g, b, ¢}, then Power Set of A is given as P(A) = { {}, {a}, {b}, {c}, {a, b}, {a, c}, {b, c},
{a, b, c}}

11.Universal set : A set consisting of all possible elements which occur in the fixed domain, is called a Universal

12.Comparable sets : Two sets A and B are comparable, if Ac Bor Bc A.

13.Venn diagram : The diagram drawn to represent sets are called venn — diagrams, where

» Operations on Sets with Venn Diagram ]
1.

set and is denoted by U. All sets are contained in the Universal set.

Example : Set of Real numbers is a universal set for natural numbers, whole numbers and

rational numbers. For more details,
scan the code

Example : Let two sets A = {xz :1<x<5,x€ N} and B={4,9,16}

Since, Ac Bor Bc A so we can compare two sets.

For more details,

. . . i1 the cod
universal set U is represented by rectangle and its subsets represented by closed curves within | *" ¢ %€

the rectangle. [=]; #E‘

53

Union of Two Sets : The union of two sets A and B, written as AU B (read as ‘A union B’), is the
set consisting of all the elements which are either in A or in B or in both.
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Example : Let two sets A ={xZ :1<x<5,xe N} and U

B={1,2,3,5) then AUB={1,2,3,4,59,16}

—» Combination of the
£ 7 shaded regions
{\ :. together represent
\ \ .
\ Y the union of sets.
A B

2. Intersection of Two sets : The intersection of two sets A and B, written as AN B (read as ‘A’ intersection ‘B’) is
the set consisting of all the common elements of A and B.

Example : Let two sets A = x* :1<x<5,xeN}

and B={1,2,3,4,5} then A" B = {4}

u The shaded region

which is common

to both the shaded
regions represents
intersection of sets

3. Disjoint Sets : Two sets A and B are called disjoint, if A mB= ¢ . They do not have any common element.

Example : Let two setsA:{x2 :1<x<5,xeN} and B={1,5,6} U

Since, there are no elements in common, therefore, ANB=¢

4. Difference of Two Sets : If A and B are two sets, then their difference A — B is

defined as A-B={x:xe Aandx ¢B}. Similarly, B-A={x:xe Bandx ¢A}.
Example : Let two sets A:{x2 :1<x<5,xeN} and B={1,2,3} Then, A-B={4,9,16}

5. Complement of a set : Let A is a subset of universal set U, U

then the complement of A with respect to Uis thesetofall A_B « » B-A

those element of U which are not in A. It is denoted by A'
or A°or U — A. The union of a set A and its complement A’
gives the universal set U of which A and A" are a subset, i.e.,

AUVA =U

Also, the intersection of a set A and its complement A" gives the

empty set¢.ie, ANA = ¢

Law of Double Complementation : According to this law if we take the complement of the complemented set A’
then, we get the set Aitself. ie., (A) = A
Law of empty set and universal set : According to this law the complement of the universal set gives the empty set

and vice-versaie. U =¢ and ¢’ = U.

» LAWS OF ALGEBRA OF SETS
For three sets A, B and C

1.

Idempotent Law

(@A AUA=A

(b) AnA=A

Identity Law

(@A) Aud=A

(b) AnU=A

Commutative Law

(a) AuB=BUA

(b) AnNB=BnA

Associative Law

(@) (AUB)UC=AU(BUC)

(b) An(BNC)=(AnB)nC
Distributive Law

(@) AU(BNC)=(AUB)n(AUCQ)
(b) An(BUC)=(AnB)U(ANC)
De-Morgan’s Law

(@) (AUB)'=A'NB

For more details,
scan the code

For more details,
scan the code

(b) (ANB)'=A'UB'
7. Symmetric difference property
AAB=(A-B)u((B-A)
8. Results on operation on sets
(a) A-(BNC)=(A-B)U(A-C)
(b) A-(BuC)=(A-B)n(A-C)
(C) A-B=AnB'
(d) B-A=BnA'
() A-B=A< AnB=¢
(f) (A-B)UB=AUB
(8) (A-B)nB=¢
(h) AnBc AandAnBcB
i) AU(ANB)=A
() An(AUB)=A
9. More on symmetric difference property
(@) (A-B)u(B- A)=(AUB)-(ANB)
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10.

(b) An(B-C)=(AnB)-(ANC)
() An(BAC)=(ANB)A(ANC)
(d) (AnB)U(A-B)=A

() AU(B-A)=AUB
Universal Set property

@@ U=¢

(b) ¢'=U

(@ (A)=A

(d) AnA'=¢

(e) AUA=U

(f AcBeSB A

For more details,
scan the code

Important Formulae
(1) n(AuB)=n(A)+n(B)-n(AnB)
(2) n(AUB)=n(A)+n(B)< A, Bare disjoint non - void sets.

n
(3) n(A-B)=n(A)-n(ANB)
(4) n(B-A)=n(B)-n(AnB)
(5) n(AAB)=n(A)+n(B)-2n(ANB)
(6) n(AuBUC)=n(A)+n(B)+n(C)-n(AnB)-n(BNC)-n(AnC)+n(AnBNC)
(7) number of elements in exactly two of the sets A, B, C =n(A ) B)+n(B N C)+n(C N A)— Bn(A NBN C)
(8) number of elements in exactly one of the sets A,B,C
=n(A)+n(B)+n(C)-2n(AnB) -21(BNC)-2n(ANC)+3n(AnBNC)
9) n(A'UB)=n((ANB))=n(U)-n(ANB)
(10) n(A'"B)=n((A UB))=n(U)-n(AUB)
( X J
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CHAPTER

Chapter Objectives

DY MATERIAL

l. Concept Clarified
1. Ordered Pair :

An ordered pair consists of two objects or elements in a given fixed order. If 2 € A and b € B, then all pairs in the
form (g, b) is called the ordered pair.

Example : Let 2° =7" . the solution of this set that is (0, 0) will be ordered pair where a = 0 and b = 0.
Equality of ordered pairs : Two ordered pairs (4,,b,) and (a,,b,)are equal, if 2, =a,and b, =b, .

2. Cartesian product of sets
For two sets A and B ( non-empty sets), the set of all ordered pairs (g, b) such that a€ A and beBis
called cartesian product of the sets A and B, denoted by Ax B.
AxB ={(a,b):aeAand beB}

For more details,
scan the code

1

Example : Let Set A = {f(x)f(él) _E[f(i) + f(4x)J where f(x)= coslogx} and

Set B={b,cwhere f(x)=bx*>+cx +dand f(x+1)— f(x)=8x+3}
The element Sets are,

f(X)f(4)—%(f(§)+ f(4x)j where f(x)=coslogx
Set A== cos(log x)cos(log4) —%(coslog% + coslog4x)

= cos(log x)cos(log 4) — %[Zcos(logx)cos(logél)

=0
Set A={0}
Set B b,cwhere f(x)=bx* +cx+dand f(x +1) - f(x)=8x+3
S b=4,c=-1
Set B={4,~1}

Cartesian product of AxB is {(0,4)(0,—1)} where 0eSetA and 4,-1€SetB .
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3. Number of elements in the Cartesian product of two finite sets :
n (AxB) =n(A).n(B)

4. Cartesian product of the set of real with itself (R x R x R)
The set RxRx R represent the coordinates of all the points in three dimensional plane.
Sot B {b,cwheref(x)= bx* +cx+dand f(x+1)- f(x)= 8x+3}
b=4,c=-1
Set B = {4,-1}

Then Cartesian product of B X B X B will contain{(4, 4, 4), (4, 4, -1), (4, -1, 4), (-1, 4, 4), (4, -1, -1), (-1, 4, -1),
-1,-1,4), (-1, -1,-1)}
These are also known as ordered triplet.
5. Relation
If A and B are two non-empty sets then any subset of AX B is called relation from A to B. Such relations between two

non-empty sets is called binary relation and if R is a relation from a to band (4, b) € R, then it is written as a R b and read
as a is related to b.

Example : Consider a set A = {x: ¥*~ 6x® + 11x — 6 = 0} and set B contains elements
as Set B = {x: x>~ 12x* + 44x — 48 = 0}. Then the relation between Set A and B from

A to B will be set of any combinations from set A to set B.

6. Domain And Range of A Relation : A B
Let R be a relation from a set A to set B. Then, set of all first components or x-coordinates of the ordered pairs
belonging to R is called the domain of R, while the set of all second components or y-coordinates of the ordered
pairs belonging to R is called the range of R.

Thus, domain of R = {a: (2,b) € R} and range of R = {b: (a,b)eR} For more details,
scan the code

Example R = {y =x"-3,where xeN < 4} ,then the domain of the functionis {1,2,3} correspondingly
the range of the function is {-2, 1, 6}. The graph of the following relation is as follow.

v y=x>-3

; 1
\ /
\ s /
VI

7. Types of Relation
(i) Void Relation :

As g c Ax A, for any set A, so ¢ is a relation on A, called the empty or void relation.
Example : The relation R on the set A = {1, 2, 3, 4} defined by R = {(a, b) : a + b = 10} sincea + b # 10 for any two
elements of set A. Therefore, (4, b) ¢ R for any a, b € A = R does not contain any element A x A

= Ris an empty set.
= Ris the void relation on A.
(ii) Universal Relation :

Since, AXAc AxA, so AxA is arelation on A, called the universal relation.
Example : Relation on the set A = {1,2,3,4,5,6} by R = {(a, b) € R: |a—b| =0} since |[a-b|=0foralla be A
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=(a, b)e Rforall (a, b) eA x A.

= each element of set A is related to every element of set A.
=>R=AxA.

= Ris a universal relation on set A.

(iii) 1dentity Relation :

The relation I, ={(a, a) : a € A} is called the identity relation on A..

Example : suppose A={1, 2, 3}, then the set of ordered pairs {(1, 1), (2, 2), (3, 3)} is the identity relation on set ‘A’.

(iv) Reflexive Relation :
Arelation R is said to be reflexive relation, if every element of A is related to itself. Thus,
(a,a)eR,Vae A=R isreflexive.

Example : A relation R is defined on the set Z (set of all integers) by “a R b if and only if 22 + 3b is
divisible by 57, for alla, b € Z. So let say, a € Z. Now 2a + 3a = 5a, which is divisible by 5. Therefore
aRaholds for allain Z i.e. R is reflexive.

(v) Symmetric Relation :
A relation R is said to be symmetric relation, iff
(a,b)eR=(b,a)eR,Va, beA

ie.gqRb = bRa,Va, beA
= Ris symmetric. The set A of natural numbers.

Example : A relation R is defined on the set Z by “a R bif a — bis divisible by 5” for a, b € Z. So let say
a,b € Z and aRb hold. Then a — b is divisible by 5 and therefore b —a is divisible by 5.

Thus, aRb = bRa and therefore R is symmetric.

(vi) Transitive Relation :

A relation R is said to be transitive relation, iff (a, b) eRand (b, c)eR
=(a,c)eR,Va, b ceA

Example : in the set A of natural numbers if the relation R be defined by “x less than i’ thena < band
b < cimply a < ¢, that is, aRb and bRc = aRc. Hence this relation is transitive.

(vii) Equivalence Relation :

A relation R is said to be an equivalence relation, iff it is simultaneously reflexive , symmetric and
transitive on A.

Example : Let assume that R be a relation on the set R of real numbers defined by xRy if and only
x —yis an integer. Prove that R is an equivalence relation on R.

Reflexive : Consider x belongs to R, then x — x = 0 which is an integer. Therefore xRx.

For more details,
scan the code

For more details,
scan the code

For more details,
scan the code

For more details,
scan the code

Symmetric : Consider x and y belongs to R and xRy. Then x -y is an integer. Thus, y —x = — (x —y), y — x is also an

integer. Therefore yRx.

Transitive : Consider x and y belongs to R, xRy and yRz. Therefore x — y and y — z are integers. According to the

transitive property, (x —y) + (y —z) = x —z is also an integer. So that xRz.
Thus, R is an equivalence relation on R.

(viii) Partial Order Relation :

A relation R is said to be a partial order relation, iff it is simultaneously reflexive, anti symmetric and
transitive on A.

Example : (4, 2) € Rand (2, 1) € R, implies (4, 1) € R. As the relation is reflexive, anti-symmetric and
transitive. Hence, it is a partial order relation.

(ix) Equivalence classes of an equivalent relation.

Let R be equivalence relation in A (# (I)). Leta e A.Then, the equivalence class of a denoted by [4]
or

{@ }is defined as the set of all those points of A which are related to @ under the relation R.

Example : f(x) is the set of all integers, we can define the equivalence relation ~ by saying ‘a ~ b if
and only if (a - b) is divisible by 9". Then the equivalence class of 4 would include -32, —23, 14, -5, 4,
13,22, and 31.

For more details,
scan the code

For more details,
scan the code
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(x) Composition of relation : For more details,
Let R and S be two relations from sets A to B and B to C respectively, then we can define | scan the code
relation composition of S over R or SoR from A to C such that (a,c)e SoR < 3 b e B such that
(a,b)eRand (bc)eS.

This relation S o R is called the composition of R and S.

(a) RoS# SoR
(b) (SOR)_1 = RS known as reversal rule.
Example : Let X = {4,5,6},Y = {a, b, ¢} and Z = {I, m, n}. Consider the relation R; from X to Y and R, from Y to Z.

Ri={(4a), (4 b), (50¢), (6, a),(6 0}
R, =A{(@ 1), (a n), (b 1), (b m), (1), ( m),( n}

The composition of relation (i) R, o R;
The composition relation R, o R; as shown in fig :

Fig:R;0R,
R,oR; = {4 1), 4, n), (4 m), (5, 1), (5 m), (5, n),(6,1), (6, m), (6, n)}

(xi) Congruence Modulo m :
Let m be an arbitrary but fixed integer. Two integers a and b are said to be congruence modulo m, if
a— b is divisible by m and we write a=b (mod m).

For more details,
scan the code

Example : a2 =b (mod m) < a-b is divisible by m. For example 26 = 11(mod 5) < 26 — 11 is divisible
by 5.

8. Binary Operation :

Let S be a non-empty set. A function ffrom SxS to Sis called a binary operationonSi.e. f : SxS—S

. . . For more details,
is a binary operation on set S.

scan the code

Example : Consider the binary operation ™ on the set {1, 2, 3, 4, 5} defined by 2 ™~ b = min {a, b}.

A A

5| Binary operation (*)
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a
b 1 2 3 4 5
1 1 1 1 1 1
2 1 2 2 2 2
3 1 2 3 3 3
4 1 2 3 4 4
5 1 2 3 4 5

9. Function :
A function is like a machine which gives unique output for each input that is fed
. o . : - . . INPUT x
into it. But every machine is designed for certain defined inputs for e.g. a washing 3
machine is designed for washing cloths and not the wood. Similarly the functions are
defined for certain inputs which are called as its domain and corresponding outputs

are called Range. FUNCTION f:

OQUTPUT f(x)

Let A and B be two sets and let there exist a rule or manner or correspondence ‘f which
associates to each element of A to a unique element in B, then f is called a Function or Mapping from A to B. It is
denoted by symbol

fi(A,B)or f:A—>Bor A—L>B

Which reads ‘fis a function from A to B or” f maps A to B.

A/f\B A/fNB A/f\B A~ SNB

a p a P a p
b > q b » q b > g
c r c » 7 c r
d s d s d s
Function Not a function Function

Not a function

Note : Every function is a relation but every relation is not necessarily a function.

10. Domain and Range of function : For more details,
scan the code

For a relation from set A to set B i.e. aRb, all the elements of set A are called as the domain of the
relation R while all the elements of set B are called as the co-domain of the relation R.

Range is the set of all second elements from the ordered pairs (4, b) in the relation aRb.
Domainoff={a |a € A, (afa)) € f}
Range of f = {f(a) |a € A, f(a) € B, (a, f(a)) € f}

For the relation aRb, domain is considered as the input to relation R while the co-domain is the possible outputs and
range is the actual output.

Example : Domain (D) and Range (R) of f(x)=sin"! (x) is [-1, 1] and [%ﬁ,gil respectively.
11. Types of function :
(a) Polynomial Function : A function fis defined by

_ n n-1 n-2
f(x)=ax"+a,_ X" +a,_x"? +....+ax+a,
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where 1 is a non negative integer and a,, a,,_;, ..., 4, 4y are real number and a,, # 0, then fis called a polynomial
function of degree n. A polynomial function is always continuous.

(b) Rational Function :

A function of type, f(x)= i—x) ,where g (x)and h(x)are polynomials functions and /(x) # 0, is called rational
function.

(c) Exponential Function :

A function f(x) = a* where (2 > 0,a # 1, x € R) is called an exponential function. f(x) = a*is called an exponential
function because the variable x is the exponent. It should not be confused with power function g(x) = x* in
which variable x is the base. For f(x)= ¢* domain is R and range is R™.

AY AY
f@) =a f(x) =a*
(@>1) (0<a<1)
-
0 >X 0 >X

If 2 > 1 then fis increasing function.
If 0 < a < 1 then fis strictly decreasing function.
If 2 # 0 then fis strictly monotonic function

(d) Logarithmic Function :
Ifa > 0and a # 1 then a function of the form f(x) = log,x, x > 0is called general logarithmic function D = (0, ).
Y Y
A f(x) =log, x 4 f(x) =log x
(a > l) (0 <a< 1)

(e) Absolute Value Function (or Modulus Function) :

A function y = f(x) = |x| is called the absolute value function or modulus function. It is defined as :

| | {x if x>0 Y
y=|x|= . 4
—x if x<0 " y=|x| )
7/
For f(x) = |x|, domain is R and Range is R * U {0}. See N 3 v
below for its figure. AN e
N 7/
7/
AN 2 7
AN 7/
AN 7
\ 1 s
N 7/
N Z
N\ 7/
x -3 =2 -1 0 1 2 37X

(f) Greatest Integer Or Step up Function :

For more details,
scan the code
[=] 3 m]
'-:1,.1'._'__\
S
[=]2e

The function y = f(x) = [x] is called the greatest integer function where [x] denotes the greatest
integer less than or equal to x. Note that for :
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graph of y—[x] A Y
34
2+ ——0
1+ ——o0
-1=x<0;[x] =-1
t ; } } } > x 0=x<1; [x]=0
-3 -2 -1 1 2 3

I=x<2%[x]=1

(g) Identity Function : Y
The function f: A — B defined by f(x) = x, V x €A is called the identity of A and y=x
is denoted by I, The domain and range of identity function is entire real range
ie.R f(x) =x X
¥
Y
(h) Constant Function : 0,0
The function f: A — B is said to be a constant function if every element
of A has the same fimage in B. Thusf: A > B; f(x) =c, Vxe A, ceB y=c
is a constant function. Note that the range of a constant function is a »X
singleton and a constant function may be one—one or many — one, onto
or into.
(i) Signum Function : For more details,
| x| scan the code
A function y= f(x) = sgn (x) is defined as follows f(x)=1 x ’ . Itis also written as
0,x=0
1if x>0
y=f(x)=40if x=0
-1if x<0
Y y=1if x>0
X
0 y=sgn x
y=-1if x<0
X Y For more details,
[ ] [ ] scan the code
50 S jon :
(i) One to One (or injection) Function .><I o
A function f from X to Y is called one to one .
.
if different elements of X have different images in Y. ﬁ.
. °
. °

One to One function

(injective)
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(k) Many to One Function :

A function f from X to Y is called many to one
if two or more elements of X have same image

in Y. A function is many to one if it is not a one-one function.

(I) Onto (or surjection) Function :

A function f from X to Y is called onto (or surjection)
if each element of Y is the image of at least one element of
Xi.e., co-domain of f= range of f.

(m) Into Function :

A function f from X to Y is called into

if there is at least one element in Y which is not the image of
Xi.e., if range of fis a proper subset of co-domain of f.

Also, a function f1is said to be into iff it is not onto.

(n) One to One Correspondence (or bijection) :

A function f from X to Y is called one-one correspondence
(or bijection) if fis both one-one and onto).

12. Composition of Functions :

Iff: A—> Band g: B — C are two real valued functions then their composite or resultant of f and g

i.e. gof is defined as, gof(x) = g(f(x)) for all x belonging to A.

Given f(x) =x’+6
g(x) = 2x -1
gof (x) = g(x2+ 6)
= 2(x*+6)-1
= 2x*+11
fog(x)= f(2x - 1)
= (2x -1)'+6

=4x" —4x+1+ 6
= 4x* — 4x+7

il

x
<

W

surjective
(not injective)

X
e o o o o <

WX

e 6 o o o

XA

e o o o o

Bijective

(injective, surjective)

For more details,
scan the code

For more details,
scan the code

For more details,
scan the code

[=] 4 5]
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13. Sum, difference, product and quotients of functions :
e Thesumof f& g, f + gis defined as (f + g)(x) = f(x) + g(x)
For example f(x) =x*+ 6 and g(x) = 2x -1
then f(x)+g(x)=x*+6+2x —1 =x>+2x+5
o The difference of f & g, f — g is defined as (f — g)(x) = f(x) — g(x)
For example : f(x) =x*+ 6 and g(x) = 2x-1
then f(x)-g(x)=x*+6—-(2x-1)=x’+ 6-2x+1=x>-2x+7
e The productof f& g, f * gis defined as (f g)(x) = f(x) * g(x)
For example f(x) =x’+ 6 and g(x) = 2x-1
then f(x)x g(x)=(x*+ 6)x(2x—1)=2¢" -x* +12x -6
e The quotient of f & g, f/ g is defined as (f/ g)(x) = f(x) / g(x), where g(x) # 0

For example f(x) =x’+6and g(x) = 2x-1

then f(x)+g(x)= E;j:_i;

Il. Sets of Concepts Clarified
Important point related to Cartesian product of Sets.
For three sets A, Band C

1. AxB =4, if either A or B is an empty set.
2. Ax(BuC) = (AxB)u(AxC)
3. Ax(BnC) = (AxB)n(AxC)

4. Ax(B-C) = (AxB)-(A xC)

5. (AxB)n(CxD)=(ANC) x (BND)

6. f AcBand Cc D, then AxCcBxD

7. If AcB,then AxAc(AxB)n(BxA)

8. AxB=BxA< A=B

9. If either A or B is an infinite set, then A x B is an infinite set.
10. Ax (BuC) = (AxB)n(AxC)

11. Ax(B'nC) = (AxB)U(AxC)

12. If A and B be any two non-empty sets having n elements in common, then A x B and B x A have n* elements in
common.

13. If A= B,thenAXB =B X A
14. f A=B,thenAXB=B XA
15. If Ac B, then A X Cc B x C for any set C.

Important Facts

1. IfR and S are two equivalence relations on set A, then R S is also on equivalence relation on A.

2. The union of two equivalence relations on a set is not necessarily an equivalence relation on the set.
3. If Ris an equivalence relation on a set A, then R is also an equivalence relation on A.
4

. Let A and B be two non-empty finite sets consisting of m and n elements, respectively. Then, Ax B consists of
mn ordered pairs. So, the total number of relations from A to B is 2"".
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5. Let A be non-empty finite sets consisting of 1 elements, respectively. Then, Ax A consists of n* ordered pairs. So,
the total number of reflexive relations from A to A is 2" ",

6. Let A be non-empty finite sets consisting of n elements, respectively. Then, A X A consists of n* ordered pairs. So,
the total number of total order relations from A to A is n!.

7. Let S be a finite set containing 7 elements

(a) The total number of binary operations on S will be n",
n(n+1)
(b) Then the total number of commutative binary operation on S will be n 2

8. All the polynomials are algebraic but converse is not true. Functions which are not algebraic, are known
as Transcendental Function.

9. If f is one-one and onto then f7 exists with Df‘1 = Ry and Rf‘l =Dy Also, flof @) = xV x e Dy and

fofl(x) =xVxe Df‘1 = R;. Further, f"is one one, so its inverse exists and (f!)! = f
[ X J
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STUDY MATERIAL

I Concept Clarified :

1. Positive and negative angles :

Base Intitial Line

Negative Angle

Op,»
Positive Angle ‘g Vo
117 o ( .
Base Intitial Line 5}0'@ )
Here, moving line moves in Here, moving line moves in
anti clockwise direction w.r.t. base line clockwise direction w.r.t. base line.

2. Measuring angles : An angle can be measured by three systems. Angles are measured in three systems

(i) English System or Sexagesimal system
In this system angle is measured in degrees, minutes and seconds.
One complete revolution = 360°
One fourth revolution = 1 right angle = 90°
1 degree = 60 minutes and 1 minute = 60 seconds or 1° = 60" = 3600”
(ii) Circular System (Radian system)
In this system, angle is measured in radians. Radian is the angle subtended at the centre of a circle by an arc.

Angle (0) = length of arc(1)
& radiusof circle(r)

lradian = @degree ( n= g)
T 7
(iii) French System or Centesimal System :
In this system angle is measured in grades, minutes and seconds.
1 right angle = 100 grades = 100%
18 = 100" and 1" = 100”
Note : The value of minutes and seconds in grade system is different from degree system.
Relation among Grade (G), Radian (R) and degree (D)

G _R_D
200 w180

3. Definitions of Trigonometric Functions with the help of Unit Circle

In the unit circle, one can define the trigonometric functions cosine and sine as follows. If (x, y) is a point on the unit
circle, and if the ray from the origin (0,0) to that point (x, y) makes an angle 6 with the positive x-axis, (such that the

counterclockwise direction is considered positive), then, Y
C056=%=xandsin9=%=y I(xry)
78
Then, each point (x, ) on the unit circle can be written as (cos 6, sin 8). Combined
with the equation x* + > = 1, the definitions above give the relationship sin® 0 C X
+cos? 0 =1. In addition, other trigonometric functions can be defined in terms of x
and y:
tan6=sme=l secO = 1 =1
cos 0 X cos 0 X
1 1
cos 0 X cosec) =—— = =
coth =— = - sin® y
sin O y
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Below diagram shows a unit circle in the coordinate plane, together with some useful values of
angle 8, and the points (x, y) = (cos 0, sin 8). These values,

y

For more details,

scan the code

Ofa0]

(-10) i}
Q 3
Q / \L\ /
2
Frequently used angles and their points on the unit circle
The described values in unit circle can be tabulated as below.
Angles/
. 0° o_ T n T T 180° == o_ 3T 360° = 21
) 30 - o_ — 600 - 900 = — 270 = —
t-ratios 6 45 1 3 2 >
1 1 J3
i 0 — - — 1 0 -1 0
s 2 V2 2
J3 1 1
1 - - — -1 1
cos 5 NG > 0 0
t 0 ! 1 NE) 0 0
et o0 [}
an \/E 3
t 3 1 ! 0 0
o —
co 3 \/5 © 0
1 2 NG 2 1 1
= o0 — [ee)
sec N
2 V2 2 1 1
cosec o) 2 \/5 [e) — 0
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Trigonometric Identities :

sin?0+ cos?0 = 1
sec’0 —tan’0 = 1

cosec?0 — cot?6 =1

5. Signs of trigonometric ratios:

Quadrants I II II1 IV
sin +ive +ive —ive —ive
Ccos +ive —ive —ive +ive
tan +ive —ive +ive —ive
cot +ive —ive +ive —ive
sec +ive —ive —ive +ive
cosec +ive +ive —ive —ive

For complementary and supplementary angles.

I-Q
ONLY SIN AND COSEC
VALUES ARE POSITIVE

I-Q
ALL T- RATIOS HAVE
POSITIVE VALUES

sin (m+0) = F sin0

cos (m = 0) = — cosO

tan (r £ 0) = * tan®

cot (m = 0) = = cotd

sec(E +0
2

sec (m+0) = —secO

Cosec(E +0 =
2

~—
|
+
)
[¢°]
0
[es}

cosec (m+0) = F cosecO

II-Q
ONLY TAN AND COT
VALUES ARE POSITIVE

IV-Q
ONLY COS AND SEC
VALUES ARE POSITIVE

Note : In general, the angle value (n X 27 + 6)
lies in first quadrant, so all t-ratio’s values will be
positive e.g. sin (n X 2n+0) = sin6. Here, 7 is the
number of cycle in the rotation.

6. Domain and range of trigonometric functions and their graphs:

Graphofy =sinx:
Domain: —» <x <t+w &Range: -1<y=<1

Period : 21

Graphofy = cos x:
Domain: —o© < x < +o &Range: -1 <y <1
Period : 2n
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Graphofy = tanx: Graph of y = cot x :
| ' Y | . Y
1 1 1 | ! ' ;
1 : 1 | 4 | |
| I | ! | I
I 1 I | | | I
: \ | | | | :
: | : | 2T ! :
1 1 1 | | |
| | | I | [ :
7 ) . T LX
Z(27t -3n /g & /Sn 3 on X + : > X
2 2 2 2 —2n i 0 T 2m
1 : 1 1 | | | |
: ! \ | ' | ' |
| | : | | S . |
I : | I | | | |
: ! | | | | ! !
1 , : 1 | | —a+ | |
: ! Y’ H I ' - | |
H 1 ! v | |
2K+1) (2K+3 Y
Domain: U(( )Tt,( )TCJ& Domain: U (K7, (K +17)&
KeZ 2 2 KeZ
Range: All Real Numbers, Period Range:AllReal Numbers, Period n
Graph of y = cosec x : Graphofy = secx:
| | Y | | Y
-4
-3
L2
31 T 3 St
2n | T = 2 o 2 mn |2 2=n
F—1
-2
-3
-—4
v
— — 3
Domain: {x | x#...-2n,—n,0,7,2%,...} Domain: { x | x #.... %, 711, g, ?Tc}
&Range:{y |y =< —1ory =1}, Period 2n & Range: {y | y < —1ory = 1}, Period 2n
. Expressing sin (x £ ) and cos (x £ ) in terms of sin x, sin i, cos x & cos y and Reduction of other ldentities.
(a) sin (x £y) = sinx. cosy £ cos x. siny . @)
cos (xty) =cosx.cosy Fsinx.siny L. (ii)
+ ’ -
fan(x£y) = tanxttany ; cot (xty)= cotx.coty¥1
lFtanx.tany coty +cotx
tan(A + B+ C) = tan A +tanB+tanC —tan A.tan B.tanC
1-tan A.tanB-tanB.tanC —tanC.tan A

(b) From equations (i) and (ii) in (a) part
2sin x.cos y = sin (x +y) + sin (x —y)
2cos x.siny = sin (x + y) —sin (x — y)
2c0s x.cos iy = cos(x + y) + cos (x—y)
2sin x.sin y = cos (x — y) — cos (x + y)
(c) Letx +y = aand x-y = P then from above result (b)

sin o * sin = 2sin % (o £ B).cos % (o FB)

cos o + cos B = 2cos % (ot + B).cos % (e —B)
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cos ou — cos f = —2sin % (o0 + B).sin % (o —B)

8. Identities related to sin 2x, cos 2x, tan 2x, sin 3x, cos 3x and tan 3x:

2tan x
sin 2x = 2 sin x cos x = 1—2
+tan® x ,
cos 2x = cos®x —sin%x, = 1— 2sin%x, = 2 cos’x—1, = w
1+tan“x
2tanx
tan2x = ————
1-tan“x
sin 3x = 3 sin x — 4 sin®x
cos3x = 4 cos®x — 3 cosx
3tanx — tan’ x
tan 3x = 1-3tan*x
Identities for half angle Identities for one third angle
X 2tan£ X X
*sin x =251n—.c0s—=—2x e sinx =3sin=—4sin’ =
1+ tan? E
o cosx =4cos* = —3cos>
1—tan? X 3 3
e cosx = cos* X —sin*Y, = 2cos? X —1=1-2sin>2 = —i 3tan’ —tan® >
2 2 2 1+tan®*= e tanx =
2 1-3tan? g
2tanE
* tanx = 2x
1-tan®*=
2
Trigonometric Ratios for special angles
Angle/t-ratio 71 15° 18° 22% 36°
2
sin 0 2-42+43 */25—\/; —\/34‘1 %\/ -2 i'JlO-Z\/g
2

cos 0 N2+N2+43 V2+43 \/25\/%1 i\/ 10+2+/5 %\/ 2++2 J§4+ 1
2

J5-1 -
tan 0 (V3-+2)(v2-1) '3 = 5ot Jlf/%ff

9. General solution of trigonometric equations of the type sin y = sina, cosy = cosaandtany = tana :

siny =sina=y = nn+ (-1)"a, wheren e z cosy=0=y=(2n+1)% wheren ez
cosy=cosa=y=2nnta wheren ez 2
tany = 0=y = nn, wheren € z
tany =tana =y = nn + a, wheren € z Sin2y=sin2a:y:nn+u where n < 2
siny=0=y = nn, wheren € z R =%

acosy + bsiny =c=y =2nn + a = 3, where

|c|£\/{12+b2 a,bceR&nez

cos’y = cos*a=>y = nnta, wheren €z

tan’y = tan’a=y =nn + o, wheren € z, wheren € z

B= <
cosf= ——— ;cos0 = ———
a’ + b’ Na® +b*
b

and sin o = _—
Na*+b
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10. Properties of triangles :
(a) Laws of sines or sine formula \
The sides of any triangle ABC are proportional to the sines of the / 3

angles opposite to them C

. a b c /

Le., = =
sinA sinB sinC

(b) Projection Formula: In any triangle ABC, B a C
(i) A=bcosC+ccosB
(i) B=acosC+ ccosA
(iii) C=acosB + bcos A

(c) Laws of cosines or cosine formulae : In triangle ABC,

(i) cos A = M
2bc
2, 2 32
(i) cosB = cra b
2ac
2,12 2
(iii) cosC = arb -
2ab
(d) Napier’s Analogies (Laws of tangents) : In triangle ABC,
(i) tan B-C = Ecot A
2 b+c 2
(ii) tan c-A =% ot 5
c+a 2
(ili) tan A;B = “—_Zcot %
a+
(e) Semi - Sum formulae or Half Angle Formulae: If s be the half perimeter of triangle ABC, ie., 2s=a + b + ¢,
then
(@) sin2 (s—b)(s c) B (s—a) (s—c), sin£= (s—a)(s—D)

ab

(ii) cos s(s /s(s - }s(s -
2

G-0)6-0 B [6=06=0 . C_ [c=aG=b)

, , ,where 2s=a+b+c
s(s—a) 2 s(s—b) 2 s(s—c)

A
iii) tan—=
(iii) 2
(f) Area of a Triangle : In a triangle ABC, its area of A is given by

A= 1 be sin A = % casin B = % ab sin C

=./s(s—a)(s—b)(s—c)
(g) If A+ B + C = 180°, then A B C
(i) sin2A + sin 2B + sin 2C = 4sin A sin B sin C (iv)cos A + cos B + cos C = 1 + 4sin > sin 2 sin —

(ii) cos 2A + cos 2B + cos 2C = —1 — 4cos A cos B cos C
c (v)tan A + tan B + tan C = tan A tan B tan C

A
(iii) sin A + sin B + sin C = 4 cos — cos — cos
2 2 2 (vi)tan %tan g + tan gtan % + tan %tan % =1

\S]

11. Periods of trigonometric functions :
A function is said to be periodic if there exists a constant real quantity p such that
fr+p) =fx)¥xeR
Each real number in the set { -2m, 27, —4m, 4m, ...... } will be periodic for both sin x and cos x functions.
The functions sec x and cosec x are periodic and the period of either is 2m.

The functions tan x and cot x are periodic and the period of either is .
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12. Inverse Trigonometric Functions :

A one-one onto function is called invertible function.

For the one-one onto function, f: X =Y, f 1 is defined as
LY s Xifly)=x<fix) =y, foreachy e YIx e X.

It is obvious,

Domain (f') = Range (f) and Range (f') = Domain (f)

Function Domain Range
1.y =sinlx [-1,1] (_2, E]

2'2
2.y =cosx [-1,1] [0, ]
.y= tan!x R (_E, E]

2" 2
4.y= cot™lx R 0, )
5.y = cosec x R-(-1,1) —g, ﬂ—{ !

-1 T
6.y =secx R-(-1,1) [0, n]- >

13. Graphs of inverse trigonometric functions :

Graph of y = sin”x
Y

5m|
7)
27
_|3n
< 2
|
22—
1
X
bis

m
0

S

n .
Domain : {x| -1 < x < 1} & Range : {y|7<y<5}

Domain : {x| -1 < x < 1} & Range

Graphof y = cos ' x
Y

N

el

2n -

_3n
=

=~
Nl‘;,"

For more details,
scan the code

{y|0 <y <n}
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Graphof y = tan™'x

Graph of y = cot™x

—T T
Domain : All real numbers (—o < x < ) & Range : {y |7 <y <E} Domain : All real numbers & Range : {y|0<y<n}

Graph of y = cosec”

Domain : {x| x < -1 orx = 1} & Range: {yl—gﬁyﬁgf}/io}

Ly

Graph of y = seclx
Y

Domain : {x|x < -1 or x = 1} & Range :

{leSySn,y;&g}
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Principle values for inverse Trigonometric Functions

Principle values for x >0

Principle values for x < 0

. T
0<sin 1xSE

1

b1 .
—ESsm x <0

_ n
0 < cos 1xsE

T -1
E <COS xX<T

T
O<tan'x < =
2

b1
-~ <tan'x <0
2

_ T _
O<cotlx< = Z<cotlx<nm
2
b1
O<secx < = — <seclx<n
_ b1 1
0 < cosec x < 5 Y < coseclx <0

Relations Among Inverse trigonometric Functions.

T
(a) sin”lx + coslx = 5 forallx € [-1, 1]

T
tan"x + cot™lx = by forallx e R

1

sec™'x + cosec”lx = g forall x (-0 -1] U [1, )

(b) coseclx = sin”! [1) forall x € (-0, =1] U [1, )
x
seclx = cos™ (1) forall x € (-0, =1] U [1, x0)
x

cot™x = tan™! (1) forx >0,
x

1
tan™ (—) =-n+cot™x, forx<0
x

() sin"}(-x) = —sinlx forall x € [-1,1]
cos(—x) = m—coslx forall x € [-1, 1]
tan~!(—x) = —tan"!x for all x € R cosec”!(-x) =
— cosec lx
cot}(—x) = m — cot'x sec}(=x) = 1 — sec”lx

af x+
(d) tan"'x+ tanly = tan l(ﬁ] ;ay <1

_ _ a| XY
tanx — tan"y = tan™'| — | xy > -1
an"lx — tanly (1+xy] xy

tan"'x+ tanly = + tan™ fﬂJ ;xy>1,x%y>0
xy

tanx+ tan™ 2x ) tan™ o), [x] < =
1-x° 1-3x2 )’ 3

oo 2
() 2tanx = sin™ = |x] <1
1+x* )

|
1)
]
ml
~—
= =
+ |1
L Rat
[0 N S
N—
=
\Y%

= tan™ 2x
= 1 s, -1<x<1

1 1
sin? (2xv1-x%)=2sin"x, - <x<—
() ( ) N N
cos™(2x* —1)=2cos™ x, if0<x<l1
(&) sin(sin”x)=x, ifxe[-1,1]

cos(cos™x)=x, ifxe [—1,1]
tan(tan” x)=x, ifxeR
cot(cot'x)=x, ifxeR

1,0]
1,0]

sec(sec”' x)=x, xe[-w,~1|u

cosec(cosec'x)=x, ifxe [—oo,—1| @)

h in”!(sin0)=0, if0e|-=,2
(h) sin™ (sin0) i 6[22
cos™(cosB) =0, if 0e [O,Tc]
tan™'(tan0) =0, if0e (—E,E)
2°2
cot™ (cot0) =0, if 6e(0,7)

sec” (sec0) =0, ifoe [O,Tc],@;tg

cosec™'(cosecB) =0,

(i) sin™ x +sin”' y =sin™ {x\ll—yz +y\/1—x2},

if —1<x,y<landx®+y*<1

ifoel-Z 020
22

or,ifxy<Oandx® +y* > 1

For more details,
scan the code
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sin" x—sin”' y =sin™ {x,/l—yz —yx/l—xz},
if —1<x,y<landx®+y*<1

or,xy>0andx® +y* >1

cos™ x+cos™ y =cos™ {xy—\ll—xzdl—yz},

if -1<x,y<landx+y >0

cos ' x—cosy = cos‘l{xy-v—\/l -x*1 —yz},

if —1<x,y<landx<y.

Il. Important Formulae
> Relation among G, R and D

G _R_D
200 w 180
> Angle = M,i.& 0= !
radiusof thecircle r

» Domain & Rangeof y =sinx: —o<x< +o& -1<y <1

» Domain & Rangeof y =cosx: -0 <x< +two&-1=<y=<]

2K+1) (2K+3
> Domain&Rangeofy=tanx:ng(( ) )TE/( 5 )“)&R

\7%

Domain & Range of y = cot x : KEZ (Kn,(K + 1)“)& R
» Domain & Range of cosec {x|x # .. —2n, —n,0,7,2n,...} {y [y< —lory =1}

-3n -m m 3n

» Domain & Rangeof y =secx:{x |x= .. ==~ ~ 2=  <y|y<-1y=2}
2222
» Sum and Difference as products » Product to the sum or difference
e sinoa+sin = 2sin % (o £ B). cos % (¥ PB) e 2sinx.cosy = sin (x + y) + sin (x —y)

e 2cosx.siny = sin (x + y) —sin (x —y)
e cos o+ cos f§ =2cos 1 (o + B). cos 1 (o= B) * Z2cosx.cos y = cos(x + y) + cos (x-y)
2 2 e 2sinx.siny = cos (x —y) — cos (x + y)

® (Cos a—cos f= —2sin % (ot + B). sin % (=)

t — Ratios for Compound Angles
» sin (A+B+C) = cos A cos B sin C + cos A sin B cos C + sin A cos B cos C —sin A sin B. sin C
» cos (A+B+C) = cos A cos B cos C —sin A sin B cos C — cos A sin B sin C —sin A cos B sin C

> tan (A+B+C) = tanA +tanB + tanC —tan A tanB tanC
an ( )= 1-tan A tanB —tanB tanC —tanCtan A

For general form

> sin(A+A,+ A+ A,)=(cosA cosA,cosA,.....cosA ) x (5, =S, +5,-S,+.......)

> Cos(A+ A+ A+ A,)=(cosA cosA,cosA,....cosA )x(1-5,+5,-5,+.......)

> tan(A+A,+A+..... A)
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Here, S, =tan A+ tan A,+ tan A, +........ tanA
S, =tan A tanA,+tanA,tanA,+tan A tan A +........ tanA,_ tanA_

S, =tanA,tanA, tanA,+ tanA, tanA  tanA + .........

If All angles are equal to A, then

Product of t — ratios

» €0sAcos2Acos4A.....cos2" A =

——sin(2" A)
2"sin A

Sum of t — ratios

sin[A +(n- 1)2] sin7
» sinA+sin(A+B)+sin(A+2B)+........ sin(A+n-1B) =

sin—

2
. nB
sin — -1
» C€0sA+cos(A+B)+cos(A+2B)+........ cos(A+n-1B) = é xcos[A+—B}
sin 2 2

Trigonometric Equations

n

> sin(n—zn+6] = (-1)? cos0, if nis odd

=(-1)sin®, if nis even

n-1

> COS(%+ GJ = (—1)T sin0 | if 1 is odd

n
=(~1)2cos0, if n is even

Inverse Trigonometric functions

> tan"A+tan”'B+tan” C=tan™ (MJ

1-AB-BC-CA
ifA,B,C>0and (AB + BC+ CA) <1
> Iftan'A + tan'B + tan”'C = %, then

(@ AB+BC+CA=1
(b) A+ B+ C=ABC
() A2+ B>+ C2+2ABC=1

> If sin'A+sin? B+sin" C=n, then AY1—A? +By1-B? +Cy1-C? =2 ABC
> If sin‘1A+sin‘lB+sin_lC=37n,thenAB+BC+CA=3

> If cos?’A+cos'B+cos'C=m,then A+ B>+ C2+2ABC =1
» If cos?A+cos'B+cos?'C=3n,then AB + BC + CA=3

2 2
> If COS_I§+COS_1%=9,then x—z—z—zycose+-:b/—2=sin26
@ a

> Ina triangle ABC, its area A is given by

= %bcsinA= %casinB= %absinC: \/S(s—a)(s—b)(s—c)
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Chapter Objectives

CHAPTER

STUDY MATERIAL

l. Concept Clarified

1. Introduction
Integers (positive or negative) solve equations of the form (x +1) (x - 3)=0.
Rational numbers (ratios of integers) solve equations of the form (3x +5) (2x—1)= 0.
Irrational numbers solve equations of the form x%—2x—6 = 0.
So far we have used numbers which may all be called 'real’; but no real number satisfies an equation such as
x* + 6x + 11 =0, equivalent to (x + 3)*= -2.
To continue with this equation

x+3=2/2 ox=-3/2
If we now write /(-1) = i, we have obtained 'solutions' to the equation in the form -3 +i/2. Such numbers of the
form a + ib, where a and b are real, are called complex numbers; 4 is known as the real part and b as the imaginary
part of a + ib. The quantity J-1 isan imaginary number and is denoted by letter i’ called iota.
» Important Points :

(i) The real negative numbers expressed in terms of square root are called imaginary numbers.
Examples : \/—_2,\/—_3,\/—_5 (In general J-n wheren = 1,2,3,........ )
(i) Vab=a\b whena>0,b>0

(i) -ab =v-1Va b
(iv) V-abz—Jab  (-V-1=i)

2. Integral power of iota

i'=1,i="-1andi*=-1
P =i(i?) =i(~1)=—i
1‘4 — (i2 )Z _ (_1)2 _ 1



