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PREFACE

Some key highlights of Oswaal Handbooks are:
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Fill Learning Gaps - 
Get Valuable Concept Insights -
Free Online Assessment -
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1. Sets and Representations : 

2. Relations and Functions

3. Trigonometry

x x x

x y x y x
y x y

1

1

x x x x x
x

2 2 2

2

4. Complex Numbers

1

5. Quadratic Equations

6. Linear Inequalities

7. Principle of Mathematical Induction : 

8. Sequences and Series

9. Permutations and Combinations : 

10. Binomial Theorem: 

11. Straight Lines: 
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16. Continuity, Differentiability and  Application of Derivatives: 
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19. Integral and its Applications: 

20. Differential Equations: 

p q

x p q

y
21.  Mathematical Reasoning: 

22. Statistics: 

23. Commercial Mathematics

24. Probability

.....Contd Syllabus



MATHEMATICS MNEMONICS
Sets, Relations and Functions

Sets And Representations (a)

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

Interpretation :

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. I S
elements.

 4.  Equivalent S
to be equivalent if n(A)

 5. Equal S

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

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

Interpretation :
1.  Idempotent Law -
  (i) (A A)  A
  (ii) (A A)  A
2.  Associative Law -
  (i) (A C  A ( C)
  (ii) (A C  A ( C)
3.  Commutative Law -
  (i) A A
  (ii) A A
4.  Distributive Law -
  (i) A C  (A (A C)
  (ii) A C  (A (A C)
5.  Identity Laws -
  (i) A T  A
  (ii) A F  F

  (iii) A T  T

  (iv) A F  A

6.  Complement Laws -

  (i) A (~A)  T

  (ii) A (~A)  F

  (iii) ~T  F

  (iv) ~F  T

7.  Absorption Law -

  (i) A A  A

  (ii) A A  A

  (iii) ~ A  (–A)

8.  Involution Law -

  (i) ~(~A)  A

Complex Numbers and Quadratic 
Equations

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

number called 'iota' and the value of iota is 

 Types of Linear Inequalities

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



4. Strict Inequality- x<9, 5<10

5. Slack Inequality- x 7, y
6. linear Inequality in One Variable- x<9, y>12

7. linear Inequality in Two Variable- 5x+7y<12

8. Quadratic Inequality- x2+5x

Matrices and Determinants

Identity Matrix-

 

,
 a  = 0 when i  jij

 a  = 1 when i = jij

Zero Matrix-

0 0 0
0 0 0
0 0 0

Singular Matrix

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

Interpretation : 
Singular & Non Singular Matrix -

if A 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 and is given by

Properties Of |A|

Interpretation : 
Properties of |A| -

(i) |A| remains unchanged, if the rows and  
columns of A are interchanged i.e. |A| = |A'|

(ii) 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



Principle of Mathematical Induction

San Francis Principal OM Invited 
Parents
SFPOMIP

 Principle of Mathematical Induction (B)

Provided Test Paper of 1st Term

PTP(1)T

 Principle of Mathematical Induction (C)

Also Test Paper of Kth 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 : 
Step1: 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

 Arithmetic Progression (AP)

(a) Nth Term of Arithmetic Progression -

Limits Continuity and Differentiability

L' Hospital's Rule for Evaluating 
Limits



Interpretation :

Sandwich Theorem for Evaluating Limits

Interpretation :
If  f(x) x a

where a

Mean Value Theorem & Rolle's 
Theorem

Interpretation :  
Mean Value Theorem -

if f: [a,b]  R  Continuous on [a,b] and differential 

on (a,b) , then  some c in (a,b) such that-

Rolle's Theorem -

If f: [a,b]  R continuous on [a,b] and differentia-

ble on [a,b] and f(a) = f(b) then  some c in (a,b) 

s.t. f'(c) =0

You can also remember

Interpretation :

closed interval [a,b] and F be an anti derivative 

of f. Then
  , 

where a and b are called limit of Integration.

Differential Equations



Linear Differential Equations

   SOLDE-YIF-EIQ-IFC

         

Interpretation :

Differential equation is of the form
          

where P and Q are constants or the function of 'x' 

Its solution is given as

                                         

Homogeneous Differential 
Equation

Interpretation :
Differential equation can be expressed in the  

form
   

or 

 

where f(x,y) and g(x,y) are homogeneous 
functions of sum is called a homogeneous 

solved by substituting y=vx so that dependent 
variable y is changed to another variable v, where 

Coordinate Geometry

Equation of Straight Line in Various 
forms :

Interpretation :
(1)  Point Slope form :- y-y1 =m(x-x1)

(2)  Slope intercept form :- y= mx+c

(3) y - y1=

(4) Intercept form:-
 

1

(5) Normal / Perpendicular form :-

x cos y sin P

(6) General Form :- ax + bx + c = 0

Area of Triangle



Eccentricity of conic Sections

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

 
Direction Ratios

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 l , m, n are 
the D. cs of a line, then l2+m2+n2=1

Vector Algebra

Types Of Vectors (A)

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".

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

Properties Of Vectors(C)

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

taken in order is O  i.e



Statistics & Probability

Mutually Exclusive Events
MEE-Mutual Enemies Everywhere

Interpretation :

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 

mutually exclusive events, they cannot occur 
simultaneously

Poisson Distribution

Normal Distribution

Variance and standard deviation 
for ungrouped data-
(a) Standard deviation for un-
grouped data-

Variance for ungrouped data

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 :

square of S.D. It is denoted by " 62"



Sum and Difference of two Angles

 Interpretation :

* sin (A ± 

* cos (A ± 

* tan (A ±  =

Standard General Solution of 
Trigonometric Ratios

Interpretation :

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

* sin n

* cos (2n+1)
2

* tan n

Mathematical Reasoning

Algebra of statements -
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Chapter Objectives
 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, Intersec-
tion and Complement of sets

I. Concept Clarified
1. Sets and their notation :
  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 (read as ‘x belongs to A’) and if x is not a member of the set A, we write

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

 Standard Notation

: A set of natural number.

: A set of whole number.

: A set of integers.

/ : A set of all positive/negative Integers.

: A set of rational number.

 Representation of a set
 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‘ ’.

/ : A set of all positive/negative rational number.

: A set of real number.

/ : A set of all positive/negative real number.

: A set of complex number.

For more details,
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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 

 or {} e.g. a set a = { x : x is an integer whose square root is negative natural number} 
 2. Finite Set: A set which has only finite number of elements is called a finite set.

  Example :
 3.  Infinite set: A set which has an infinite number of elements is called an Infinite set.
  Example : 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.
 4.  Singleton set: A set consisting of a single element is called a singleton set. 
  Example : set A= {3}. Collection of SUN in solar system.
 5.  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 

. It is also called cardinal number of the set. 

  Example : The order of set B is .

 6.  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,

  Example :  Consider set and set B . Since, A and B both have exactly same 
elements,  hence set A is equal to set B.

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

  Example :  Let set A  contain the vowel in the English alphabet and set B is defined as . 

              Since, 5 , so they are equivalent set.

  Note : Equal sets will always be equivalent but equivalent sets may not be equal sets.
 8.  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 .

 9. Proper subset : If A is a subset of B and then A is a proper subset of B and we write .

   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 not in A.

  Example : Let set and , so .

  Example : Let set  and , so

  Note : Every set is a subset of itself i.e. A A  for all A. Empty set is a subset of every set

   

  The total number of subsets of a finite set containing n elements is 2n.
  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 2n 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 = {a, b, c}, 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 

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

   Example : Let two sets  and B

       Since, so we can compare two sets.

 13.  Venn diagram : The diagram drawn to represent sets are called venn – diagrams, where 
universal set U is represented by rectangle and its subsets represented by closed curves within 
the rectangle.

 Operations on Sets with Venn Diagram 
 1.  Union of Two Sets : The union of two sets A and B, written as  (read as ‘A union B’), is the 

set consisting of all the elements which are either in A or in B or in both.

For more details,
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  Example :
 
Let two sets  and 

B  then 

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

  Example :
 
Let two sets  

and B then 4 .

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

  Example : Let two sets and B

  Since, there are no elements in common, therefore, 

 4.  Difference of Two Sets : If A and B are two sets, then their difference A – B is 
defined as Similarly,

   Example : Let two sets  and B  Then, 
 5.  Complement of a set  : Let A is a subset of universal set U, 

then the complement of A with respect to U is the set of all 
those element of U which are not in A. It is denoted by A' 
or Ac 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.,  
A  A’  U 

  Also, the intersection of a set A and its complement A’ gives the 
empty set . i.e., A  A’ =  

  Law of Double Complementation : According to this law if we take the complement of the complemented set A’ 
then, we get the set A itself. i.e., (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-versa i.e. U’   and ’ = U.

 LAWS OF ALGEBRA OF SETS
For three sets A, B and C
1. Idempotent Law 
 (a) 
 (b) 
2. Identity Law 
 (a) 
 (b) 
3. Commutative Law
 (a) 
 (b) 
4. Associative Law 
 (a) 
 (b) 
5. Distributive Law 
 (a) 
 (b) 
6. De-Morgan’s Law 
 (a) 

 (b) 
7. Symmetric difference property
  (B – A)
8. Results on operation on sets
 (a) 

(b) 

(c) 

(d) 
(e) 

(f) 

(g) 
(h) 
(i) 

(j) 
9. More on symmetric difference property

(a) 

For more details,
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 (b) 

 (c) 
 (d) 
 (e) 

10. Universal Set property
 (a) 

 (b) 

 (c) 
 (d) 

 (e) 
 (f) 

II. Important Formulae
 (1) n n n n
 (2) n n n  A, B are disjoint non – void sets. 

 (3) n n n

 (4) n n n

 (5) n n n n

 (6) n n n n n n n n

 (7) number of elements in exactly two of the sets A, B, C n n n n

 (8) number of elements in exactly one of the sets A,B,C 

  n n n

 (9) n n n n

 (10) 

For more details,
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Chapter Objectives
  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 (up to 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.

I. Concept Clarified
1. Ordered Pair :
  An ordered pair consists of two objects or elements in a given fixed order. If a A and b B, then all pairs in the 

form (a, b) is called the ordered pair.

 Example : Let a b . 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 a b  and a b are equal, if a a and b b .

2. Cartesian product of sets                                   
  For two sets A and B ( non-empty sets), the set of all ordered pairs (a, b) such that a A and b B is 

called cartesian product of the sets A and B, denoted by A B. 

 a b a b

  Example : Let x
A f x f f f x f x x and 

 B b c where f x bx cx

 The element Sets are, 

 

x
f x f f f x where f x x

x
x

x x

xA

A

 

b c f x bx cx d f x f x x
B

b c

B

 Cartesian product of A B  is  where A  and B .
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3. Number of elements in the Cartesian product of two finite sets : 

  
n n n 

4. Cartesian product of the set of real with itself (R x R x R)
 The set R R R  represent the coordinates of all the points in three dimensional plane.

 

b c f x bx cx d f x f x x
B

b c

B

  Then Cartesian product of B × B × 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 A× 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 b and (a, b)  R, then it is written as a R b and read 
as a is related to b. 

  Example : Consider a set A = {x : x3 – 6x2 + 11x – 6 = 0} and set B contains elements 
as Set B = {x : x3 – 12x2 + 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 :                                       
  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 a,b and range of b a,b

  Example R y x x , then the domain of the function is {1, 2, 3} correspondingly 

the range of the function is {–2, 1, 6}. The graph of the following relation is as follow.

y

1

1–1
–1

2

2–2

–2

3

3–3

–3

4

4–4

–4

5

5–5

6

x

y=x2 – 3

7. Types of Relation 

 (i) Void Relation :
 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}  since a + b

 elements of set A. Therefore, (a, b)  R for any a, b A  R does not contain any element A  A 
  R is an empty set. 
  R is the void relation on A.
 (ii) Universal Relation :

 Since, so  is a relation 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 a – b a, b  A

For more details, 
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 (a, b)  R for all (a, b) A  A.
  each element of set A is related to every element of set A.
  R = A  A. 
  R is a universal relation on set A.

 (iii) Identity Relation :

 The relation 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 :                        
  A relation R is said to be reflexive relation, if every element of A is related to itself. Thus, 

 a a a  is reflexive. 

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

 (v) Symmetric Relation :                  
 A relation R is said to be symmetric relation, iff 

 
a b b a a b

 i.e. a b b a a b
 R is symmetric. The set A of natural numbers. 

  Example : A relation R is defined on the set Z by “a R b if a – b is 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 b c

 a c a b c

  Example : in the set A of natural numbers if the relation R be defined by ‘x less than y’ then a < b and 
b < c imply a < c, 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 – y is 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. 

  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)  R and (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 a Then, the equivalence class of a denoted by [a] 
or

 a is defined as the set of all those points of A which are related to a 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.
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 (x) Composition of relation :                 
  Let R and S be two relations from sets A to B and B to C respectively, then we can define  

relation composition of S over R or SoR from A to C such that a, c b such that 
a, b b, c

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

 (a) RoS SoR

 (b)  SoR R oS known as reversal rule. 

 Example : Let X = {4, 5, 6}, Y = {a, b, c} and Z = {l, m, n}. Consider the relation R1 from X to Y and R2 from Y to Z.

  R1 = {(4, a), (4, b), (5, c), (6, a), (6, c)}
  R2 = {(a, l), (a, n), (b, l), (b, m), (c, l), (c, m), (c, n)}

4 a

b

c

X Y

5

6

a

b

c

l

ZY

m

n

 The composition of relation (i) R2 o R1 
 The composition relation R2 o R1 as shown in fig :

4

X

5

6

a

b

c

l

ZY

m

n

Fig : R1 o R2

 R2 o R1 = {(4, l), (4, n), (4, m), (5, l), (5, m), (5, n), (6, l), (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). 

  Example : a b 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 f from  to S is called a binary operation on S i.e. f

is a binary operation on set S.

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

x * y
y

x
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a
b

9. Function : 
  A function is like a machine which gives unique output for each input that is fed 

into it. But every machine is designed for certain defined inputs for e.g. a washing 
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.

  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

f f f

 Which reads ‘f is a function from A to B’ or’ f maps A to B.

Function FunctionNot a function
Not a function

A

a p

q

r

s

b

c

d

B
f

A

a p

q

r

s

b

c

d

B
f

A

a p

q

r

s

t

b

c

d

B
f

A

a p

q

r

s

b

c

d

B
f

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

10. Domain and Range of function :                            

  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 (a, b) in the relation aRb.
 Domain of f = {a | a  A, (a, f(a))  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 1 (x) is [ 1, 1] and  respectively.

11. Types of function :

 (a) Polynomial Function : A function f is defined by 

  
n n n

n n nf x a x a x a x ax a
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   where n is a non negative integer and an, an–1, …, a, a0 are real number and an f is called a polynomial 
function of degree n. A polynomial function is always continuous.

 (b) Rational Function :

   A function of type,   
g x

f x g x and h x
h x

are polynomials functions and h(x)
function.

 (c) Exponential Function :

   A function f(x) = ax where (a > 0, a x R) is called an exponential function. f(x) = ax is called an exponential 
function because the variable x is the exponent. It should not be confused with power function g(x) = x2 in 
which variable x is the base. For f(x)= ex domain is R and range is R+.

XX

Y Y

O

f (x) = ax f (x) = ax

(a>1) (0<a<1)

O

  If a > 1 then f is increasing function.
  If 0 < a < 1 then f is strictly decreasing function.
  If a f is strictly monotonic function

 (d) Logarithmic Function : 

f(x) = logax, x > 0 is called general logarithmic function Df

Y Y
f (x) = loga x f (x) = loga x(a>1) (0<a<1)

OO

 (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
y x

x if x

   For f(x) = |x|, domain is R and Range is +  {0}. See 
below for its figure.

 (f) Greatest Integer Or Step up Function :                            

   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 :

For more details, 
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graph of y–[x] Y

X

–1

1

2

3

1 2 3–1

–2

–2

–3

–3

 (g) Identity Function : 

   The function  f : A  B defined by f(x) = x,  x A is called the identity of A and 
is denoted by IA. The domain and range of identity function is entire real range  
i.e. R  f(x) = x

 (h) Constant Function : 

   The function f : A  B  is said to be a constant function if every element 
of A has the same f image in B. Thus f : A  B; f(x) = c,  x  A, c  B 
is a constant function. Note that the range of a constant function is a 
singleton and a constant function may be one–one or many – one, onto 
or into.

 (i) Signum Function :                       

  A function y= f(x) = sgn (x) is defined as follows 
x

x
f x x

x
. It is also written as

  
x

y f x x
x

 

y=sgn x

y=–1 if x<0

y= 1 if x>0Y

X

 (j) One to One (or injection) Function :               
  A function f from X to Y is called one to one

  if different elements of X have different images in Y. 

x] = –1

Y

y=x

X

Y

(0, c)

y=c

X
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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.

 (l) 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 
  X i.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 
  X i.e., if range of f is a proper subset of co-domain of f. 
  Also, a function f is 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 f is both one-one and onto).

12. Composition of Functions :                  
  If f : A  B and 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

g x x

gof x g x

x

x

fog x f x

x

x x

x x

X Y

X Y

surjective
(not injective)

X Y

X Y

Bijective
(injective, surjective)
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13. Sum, difference, product and quotients of functions : 

 The sum of f & g, f + g is defined as (f + g)(x) = f(x) + g(x) 

  For example f x x g x x

f x x x xg x x

 The difference of f &  is defined as ( )(x) = f(x x)

 For example : 

g

f x x g x x

f x x x xx x x x

 The product of f & g, f * g is defined as (f g)(x) = f(x) * g(x) 

 For example f x x g x x

f x x x xx xgx

 

  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 g x x

g
x

x
x

xf

 

II. Sets of Concepts Clarified

Important point related to Cartesian product of Sets.
For three sets A, B and C

 1. if either A or B is an empty set. 

 2. 

 3.

 4.

 5.

 6. If and , then 

 7. If then 

 8.

 9. If either A or B is an infinite set, then is an infinite set. 

 10. 

 11.

 12.  If A and B be any two non-empty sets having n elements in common, then A  B and B A have n2 elements in 
common. 

 13.

 14. If A = B, then A × B = B × A

 15. If A B, then A × C  B × C for any set C. 

Important Facts
 1. If R 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 R is an equivalence relation on a set A, then R-1 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, A B consists of  
mn ordered pairs. So, the total number of relations from A to B is 2mn.



 5. Let A be non-empty finite sets consisting of n elements, respectively. Then, A A consists of n2 ordered pairs. So, 
the total number of reflexive relations from A to A is n n.

 6.  Let A be non-empty finite sets consisting of n elements, respectively. Then, A × A consists of n2 ordered pairs. So, 
the total number of total order relations from A to A is n!.

 7. Let S be a finite set containing n elements 

  (a) The total number of binary operations on S will be nn .

  (b) Then the total number of commutative binary operation on S will be 
n n

n .

 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 f–1 exists with Df
–1 = Rf and Rf

–1 =Df. Also, f–1of (x) = x  x  Df and  
fof–1(x) = x  x  Df

–1 = Rf. Further, f–1 is one one, so its inverse exists and (f–1)–1 = f.
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Chapter Objectives
Trigonometric Functions

Positive and negative angles 

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

Definition of trigonometric functions with the help of unit circle

Truth of the identity sin2x + cos2x = 1, for all x

Signs of trigonometric functions

Domain and range of trigonometric functions and their graphs

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

Deducing identities like the following : 

 tan (x y) = , cot (x y) = 

 sin sin  = 2 sin ( ). cos ( ) 

 cos cos  = 2 cos ( ). cos ( )

 cos cos ( ). sin ( )

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

 Identities related to sin 2x, cos 2x, tan 2x, sin 3x, cos 3x and tan 3x
 Angle and Arc lengths
 Graphs of simple trigonometric functions for all trigonometric ratios
 Addition and subtraction formula : sin (A  B); cos (A  B); tan (A B); tan (A + B + C) etc

 Sum and differences as products 
 Product to sum or difference

Trigonometric equations
in y = sin a, cos y = cos a and tan y = tan a

Properties of triangle 

a b c  

Cosine formula : cos A = b c a
bc

, etc. 

Area of triangle =  bc sin A etc. 

Inverse Trigonometric Functions.

Definition, range, domain, principal value branch. Graphs of inverse trigonometric functions. Elementary 
properties of inverse trigonometric functions



I Concept Clarified : 
1. Positive and negative angles :

  

Here, moving line moves in  
anti clockwise direction w.r.t. base line  

Here, moving line moves in  
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.

   

  

 (iii) French System or Centesimal System : 
  In this system angle is measured in grades, minutes and seconds.
  1 right angle = 100 grades = 100g 

                                       1g = 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

 

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  with the positive x-axis, (such that the 
counterclockwise direction is considered positive), then,

                                      cos  = 
x

 = x and sin  = y  = y

  Then, each point (x, y) on the unit circle can be written as (cos , sin ). Combined 
x2 + y2 = 1, the definitions above give the relationship sin2  

+cos2  =l. In addition, other trigonometric functions can be defined in terms of x 
and y :

                                   

y
x  

                                    

x
y  

X

Y

(x,y)

y

x

l1



  Below diagram shows a unit circle in the coordinate plane, together with some useful values of 
angle  and the points (x, y) = (cos , sin ). These values,

 

y

x

(0,1)

(1,0)(-1,0)

(0, 1)

180 0

30

45

90120

0

60

6

4

33
135

4

2

2

150
6

4 3

4

6

3

21
0

24
0

270

300
315

330

22
5

6

1
3

,
2

2
2

2
,

2
2

3
1
,

2
2

3
1,2

23
1

,
2

2

2

2

,2
22

2
,

2
2 1

3
,2

21
3

,
2

2

1
3

,2
22

2,2
23

1,2
2

  Frequently used angles and their points on the unit circle
 The described values in unit circle can be tabulated as below.

Angles/ 
t-ratios 0° 30° =  45° =  60° =  90° = 180° = 270° =  360° = 2

sin 0
  

1 0 –1 0

cos 1
 

0 –1 0 1

tan 0
 

1 0 0

cot  1 0 0

sec 1
 

 2 –1 1

cosec 2 1 –1

For more details,
scan the code



Trigonometric Identities : 

      sin2 + cos2  = 1

     sec2  – tan2 = 1

 cosec2  – cot2 = 1

5. Signs of trigonometric ratios: 

 

Quadrants I II III IV
sin +ive +ive
cos +ive +ive
tan +ive +ive
cot +ive +ive
sec +ive +ive

cosec +ive +ive
 

 For complementary and supplementary angles.

 Note :  In general, the angle value (n × 2 + ) 

(n × 2 + ) = sin n

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

 Graph of y = sin x :      Graph of y = cos x :
x y x y 

Period : 2 Period : 2

 

1
2

1
2

-

1

1

2-2 -
0 XX’

Y

Y’

-3
2 2

-
2

3
2

–2

2

–1.5

1.5

–1

1

–0.5

0.5

XX’ –4 4–3 3–2 2–
–

– – – – – – –

–

–

–

0

Y

Y’

XX'

Y

Y'

O

I-Q
  ALL T- RATIOS HAVE 
POSITIVE VALUES

II-Q
  ONLY SIN AND COSEC 
VALUES ARE POSITIVE

III-Q
ONLY TAN AND COT 
VALUES ARE POSITIVE

IV - Q
  ONLY COS AND SEC 
VALUES ARE POSITIVE

sin  sin ( ± ) =  sin

 
cos ( ± ) = – cos

 
tan ( ± ) = ± tan

 
cot ( ± ) = ± cot

 
  sec ( ± ) = – sec

 
cosec ( ± ) = cosec



 Graph of y = tan x :           Graph of y = cot x :

 

22
X

Y

X’

2 2 2 2

2

4

2

Y’

0

4

                                                

 Graph of y = cosec x :    Graph of y = sec x :

 

4

-4

2

-2

- XX’-2 -20

Y’

Y

 

 Domain: {x | x , 0,  , 2 , . . .}  Domain: { x | x , , , . . . .}

 & Range : { y | y y   & Range: { y | y y
 7.  Expressing sin (x  y) and cos (x  y) in terms of sin x, sin y, cos x & cos y and Reduction of other Identities.

 (a)  sin (x  y) = sin x. cos y  cos x. sin y .....(i)

   cos (x  y) = cos x. cos y  sin x. sin y  ......(ii)

   

x y x y
x y x y

x y y x

       
A B C A B C

A B C
A B B C C A

 (b)
   2sin x.cos y = sin (x +y) + sin (x – y)
   2cos x.sin y = sin (x + y) – sin (x – y)
   2cos x.cos y = cos(x + y) + cos (x – y)
   2sin x.sin y = cos (x – y) – cos (x + y)
 (c) Let x +y = and x – y = then from above result (b)

  sin sin  = 2sin ( ).cos ( )

  cos cos  = 2cos ( ).cos ( )

2 2

2

0

2

4

4

X

Y

X’

Y’



  cos cos ( ).sin ( )

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

  sin 2x = 2 sin x cos x = 
x

x

  cos 2x = cos2x – sin2x, 2x, = 2 cos2x – 1, = 
x
x

    x
x

x
  sin 3x = 3 sin x – 4 sin3x
   cos3x = 4 cos3x – 3 cosx

  tan 3x = 
x x

x

 Identities for half angle

 

x
x x

x
x

x
x x x x

x
x

x

x
x

Trigonometric Ratios for special angles

Angle/t-ratio 15° 18° 36°

sin 

cos 
 

tan  

9.  General solution of trigonometric equations of the type sin y = sin a, cos y = cos a and tan y = tan a :

  sin y = sin a  y = n  + ( –1)n a, where n  z

  cos y = cos a  y = 2n  a, where n  z

  tan y = tan a  y = n  + a, where n  z

  sin y = 0  y = n , where n  z
  acos y + bsin y = c  y = 2n +  ± , where

  c a b a, b, c  R & n z

  cos  = 
2 2

 ; cos  = 
2 2

 

  and sin  = 
2 2

Identities for one third angle 

       

x x
x

x x
x

x x

x
x

 

  cos y = 0  y = (2n + 1) , where n  z

  tan y = 0  y = n , where n  z

  sin2 y = sin2 a  y = n   a, where n  z

  cos2 y = cos2 a  y = n   a, where n  z

tan2 y = tan2 a  y = n  ±  , where n  z, where n  z



10. Properties of triangles : 

 (a) Laws of sines or sine formula
  The sides of any triangle ABC are proportional to the sines of the 

angles opposite to them

 i.e., 

 (b) Projection Formula: In any triangle ABC,
 (i) A = b cos C + c cos B  
 (ii) B = a cos C + c cos A 
 (iii) C= a cos B + b cos A
 (c) Laws of cosines or cosine formulae : In triangle ABC,

 (i) cos A = 
2 2 2

2

 (ii) cos B = 
2 2 2

2

 (iii) cos C = 
2 2 2

2
 (d) Napier’s Analogies (Laws of tangents) : In triangle ABC,

 (i)  

 (ii)  

 (iii) 

 (e)  Semi – Sum formulae or Half Angle Formulae: If s be the half perimeter of triangle ABC, i.e., 2s = a + b + c, 
then

 (i) s a s a s b
ac ab

 

 (ii) s s b s s c
ac ab

 (iii)  
s a s c s a s bB

s a b c
s s b s s c

 (f) Area of a Triangle :

 bc sin A =  ca sin B =  ab sin C

     
 (g) If A + B + C = 180°, then

 (i) sin 2A + sin 2B + sin 2C = 4sin A sin B sin C

 (ii)

 (iii) sin A + sin B + sin C = 4 cos cos cos  

11. Periods of trigonometric functions : 

p such that 

   f (x + p) = f(x)  x  R

 Each real number in the set { –2 , 2 , –4 , 4 , ……} 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 2 .

 The functions tan x and cot x are periodic and the period of either is .

a

b

A

B C

c

(iv) cos A + cos B + cos C = 1 + 4 sin sin sin  

(v) tan A + tan B + tan C = tan A tan B tan C

(vi) tan tan  + tan tan  + tan tan  = 1



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
 f–1: Y  X: f–1(y) = x f(x) = y, for each y Y x  X.
 It is obvious, 
 Domain (f–1) = Range (f) and Range (f–1) = Domain (f)

Function Domain Range

1. y = sin–1 x [–1, 1]

2. y = cos–1 x [–1, 1] [0, ]

3. y = tan–1 x R

4. y = cot–1 x R (0, )

5. y = cosec–1 x R – ( –1, 1)

6. y = sec–1 x R – (–1, 1)

13. Graphs of inverse trigonometric functions :

 Graph of y = sin–1x      Graph of y = cos–1 x

      

-2

-

X’ X

Y

1
-1 0

2

-

-

-

Y’

 Domain : {x x y y         Domain : {x x y y }

For more details,
scan the code



  Graph of y = tan–1 x     Graph of y = cot–1x

                        

 Domain : All real numbers (– x  & Range : y y     Domain : All real numbers & Range : {y|0<y< }

  Graph of y = cosec–1x     Graph of y = sec–1x

    

2

2

2

0

-2 -1 21

2-

-

Y

Y’

X’ X

 Domain : {x| x x y y y   Domain : {x|x x

y y y



 Principle values for inverse Trigonometric Functions

Principle values for x  0 Principle values for x < 0

0  sin–1x     sin–1x < 0

0  cos–1x    cos–1x  

0  tan–1x <   tan–1x < 0

0  cot–1x    cot–1x < 

0  sec–1x <   sec–1x  

0  cosec–1x    cosec–1x < 0

 Relations Among Inverse trigonometric Functions.

 (a) sin–1x + cos–1x =   for all x  [ 1, 1]

  tan–1x + cot–1x =  for all x  R

  sec–1x + cosec–1x =  for all x (  1]  [1, )

 (b) cosec–1x = sin–1 

x
  for all x  ( , 1]  [1, )

  sec–1x = cos–1 

x
  for all x  ( , 1]  [1, )

  cot–1x = tan–1 

x
 for x > 0,

                       
x for x

x

 (c)     sin–1( x) = sin–1x  for all x  [ 1, 1]
      cos–1( x) =   cos–1x  for all x  [ 1, 1]
       tan–1( x) = tan–1x for all x  R cosec–1(–x) = 

 – cosec –1x
      cot–1( x) =   cot–1x sec–1( x) =   sec–1x

 (d) tan–1x+ tan–1y = 
x y

xy ; xy < 1 

  tan–1x – tan–1y = 
x y

xy
; xy > –1

  tan–1x+ tan–1y =  + 
x y

xy
; xy > 1, x, y > 0

 tan–1x+ 
x
x

 = 
x x

x
; |x| < 

 (e) 2 tan–1x = 
x
x

, |x|  1

          = 
x
x

, x  0

          = 
x
x

, –1 < x < 1

 (f) x x x x

x x x

 

 (g) x x x

x x x

x x x

x x x

x x x

x x x

 

 (h)  

 

(i)

 

x y x y y x

x y x y

xy x y

 

For more details,
scan the code



  

  

  

II. Important Formulae
 Relation among G, R and D 

 

 Angle = , i.e., = 

 Domain & Range of y = sin x x y

 Domain & Range of y = cos x x y

 Domain & Range of y = tan x : 

 Domain & Range of y = cot x : 

 Domain & Range of cosec {x|x , 0, y |y y

 Domain & Range of y = sec x : {x | x  <y | y y

 Sum and Difference as products

 sin sin  (  ( )

 cos cos  (  ( )

 cos cos  (  ( )

     t – Ratios for Compound Angles 

 

 

 

     For general form

 n n

 n n

 n

 Product to the sum or difference

x y = sin (x y x y)

x y = sin (x y x y)

x y = cos(x y x y)

x y = cos (x  y x y)



      Here, n

  
n

  

  n n n n
n nn  

 Product of t – ratios

 
n

n

 Sum of t – ratios

 

nn
n

 

n
n

n B

 Trigonometric Equations

 
nn

, if n is odd 

            
n

 if n is even

 
nn

, if n is odd

            
n

, if n is even

 Inverse Trigonometric functions

 

  if A, B, C > 0 and (AB + BC + CA) < 1

 If tan–1 A + tan–1 B + tan–1 C = , then

 (a) AB + BC + CA = 1
 (b) A + B + C = ABC
 (c) A2 + B2 + C2 + 2ABC = 1  

 If , then 

 If , then AB + BC + CA = 3

 If , then A2 + B2 + C2 + 2ABC = 1

 If , then AB + BC + CA = 3

 If 
x y
a b

, then 
x xy y
a ab b

 

bc sin A = ca sin B = ab sin C = 
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Need for complex numbers, especially 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, Euler's Formula.

 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 x2 – 2x – 6 = 0.

  So far we have used numbers which may all be called 'real'; but no real number satisfies an equation such as  
x2 + 6x + 11 =0, equivalent to (x + 3)2 = –2.

 To continue with this equation

  x + 3 = 2   x = –3 2

  If we now write  = i, we have obtained 'solutions' to the equation in the form –3 i  Such numbers of the 
form a + ib, where a and b are real, are called complex numbers; a is known as the real part and b as the imaginary 
part of a + ib. The quantity 1  is an imaginary number and is denoted by letter ‘i’ called iota.

 (i)  The real negative numbers expressed in terms of square root are called imaginary numbers.

  Examples :  (In general n  where n = 1,2,3,……..)

 (ii)  when a > 0, b > 0

 (iii) 1

 (iv) 

            


