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SETS, RELATIONS AND FUNCTIONS
(CLASS-XI)

SECTION-A: SETS

INTRODUCTION

The concept of set serves as a fundamental part of the
present day mathematics. Today this concept is being used
in almost every branch of mathematics. Sets are used to
define the concepts of relations and functions. The study
of geometry, sequences, probability, etc. requires the
knowledge of sets.

SETSAND THEIR REPRESENTATIONS

A set is a well-defined collection of objects.

The following points may be noted :

(1) Objects, elements and members of a set are
synonymous terms.

(i) Sets are usually denoted by capital letters A, B, C, X,
Y, Z, etc.

(iii) The elements of a set are represented by small letters
a,b,c, X,z etc.
Ifais an element of a set A, we say that ““ a belongs to
A” the Greek symbol e (epsilon) is used to denote
the phrase ‘belongs to’. Thus, we write a € A. If ‘b’ is
not an element of a set A, we write b ¢ A and read “b
does not belong to A”.
Thus, in the set V of vowels in the English alphabet,
a € Vbutb ¢ V. In the set P of prime factors of 30, 3

e Pbutl5¢P.
There are two methods of representing a set : (i)
Roster or tabular form  (ii) Set-builder form.

(a) Inroster form, all the elements of a set are listed,
the elements are being separated by commas and
are enclosed within braces { }. For example, the
set of all even positive integers less than 7 is
described in roster form as {2,4, 6}.

(b) In set-builder form, all the elements of a set
possess a single common property which is not
possessed by any element outside the set. For
example, in the set {a, e, i, 0, u}, all the elements
possess a common property, namely, each of
them is a vowel in the English alphabet, and no
other letter possess this property. Denoting this
set by V, we write

V = {x:xis avowel in English alphabet}

Example1:

Write the set {x : x is a positive integer and x2 <40} in the
roster form.

Sol. The required numbersare 1,2, 3,4, 5, 6. So, the given set in

the roster formis {1, 2, 3,4, 5, 6}.

Example2:

123456

Write the set {E’E’Z’E’E’?} in the set-builder form.

Sol. We see that each member in the given set has the numerator

one less than the denominator. Also, the numerator begin
from 1 and do not exceed 6. Hence, in the set-builder form
the given set is

n .
{X X = PURE where n is a natura number and 1 <n < 6}

n+
TYPES OF SETS
1. TheEmptyset:

A set which does not contain any element is called the

empty set or the null set or the void set.

According to this definition, B is an empty set while A is

not an empty set. The empty set is denoted by the symbol

¢ or{}.

We give below a few examples of empty sets.

(1 LetA={x:1<x<2,xisanatural number}. ThenAis
the empty set, because there is no natural number
between 1 and 2.

(i) B={x:x?—2=0andx is rational number}. Then B is
the empty set because the equation x2 — 2 = 0 is not
satisfied by any rational value of x.

@) C = {x:xisan even prime number greater than 2}.
Then C is the empty set, because 2 is the only even
prime number.

(iv) D={x:x?=4, xisodd}. Then D is the empty set,
because the equation x2 = 4 is not satisfied by any
odd value of x.

Finite and Infinite Sets :

A set which is empty or consists of a definite number of
elements is called finite otherwise, the set is called
infinite.

Consider some examples :

(1) Let W be the set of the days of the week. Then W is
finite.

(i) LetS be the set of solutions of the equation x —16=0.
Then S is finite.

(i) Let G be the set of points on a line. Then G is infinite.
When we represent a set in the roster form, we write
all the elements of the set within braces { }. It is not
possible to write all the elements of an infinite set
within braces { } because the numbers of elements of
such a set is not finite.
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So, we represent some infinite set in the roster form
by writing a few elements which clearly indicate the
structure of the set followed (or preceded) by three
dots. For example, {1, 2,3 ...} is the set of natural
numbers, {1, 3, 5,7, ...} is the set of odd natural
numbers, {...—3,-2,-1,0,1,2,3,...} is the set of
integers. All these sets are infinite.

3. Equalsets:

Two sets A and B are said to be equal if they have exactly

the same elements and we write A= B. Otherwise, the sets

are said to be unequal and we write A # B.

(i LetA={1,2,3,4}andB={3,1,4,2}. ThenA=B.

(i) Let A be the set of prime numbers less than 6 and P
the set of prime factors of 30. Then A and P are equal,
since 2, 3 and 5 are the only prime factors of 30 and
also these are less than 6.

4. Singleton set :
A set, consisting of a single element is called a singleton
set. The sets {0}, {5}, {—7} are singleton sets.
{x:x+6=0,x € Z} is a singleton set, because this set
contains only integer namely, — 6.

Example3:
Which of the following pairs of sets are equal? Justify your
answer.
(1) X, theset of letters in “ALLOY” and B, the set of letters
in“LOYAL”.
(i) A={n:neZandn?<4}and
B={x:x € Rand x> —3x+2=0}.

Sol. (i) Wehave,X={A,L,L,0,Y},B={L,0,Y,A,L}.Then
X and B are equal sets as repetition of elements in a set
do not change a set. Thus, X = {A,L,0,Y} =B

(i)A={-2,-1,0,1,2},B={1,2}.Since 0 € Aand 0 ¢ B,A
and B are not equal sets.

Example4:
Are the following pair of sets equal ? Give reason.
(i) A={2,3},B={x:xisasolutionofx?+5x+6=0}
(i) A= {x:xisaletter in the word FOLLOW}
B = {y:yisaletter in the word WOLF}.
Sol. We have,
(i) A={2,3},B={x:xisasolutionofx?+5x+6=0}
Now, x2+5x+6=0= x2+3x+2x+6=0
= x(x+3)+2(x+3)=0
= x+3)x+2)=0=>x=-2,-3
Therefore, B= {-2,-3}
Here, we observe that the elements of set A are not
exactly the same to that of set B, hence A & B are not

equal sets.
(i) We have, A= {x:xis a letter in the word FOLLOW}
= A={F,0O,L, W}
And B= {x:xisaletter in the word WOLF}
= B={W,O,L,F}

Here, we observe that the elements of both sets are
exactly same, hence the sets are equal.

SUBSETS
A set A is said to be a subset of a set B if every element of
Ais also an element of B. In other words, A — B if whenever
a € A, then a € B. It is often convenient to use the symbol
“=" which means implies. Using this symbol, we can write
the definition of subset as follows: AcBiface A=aeB
We read the above statement as “A is a subset of B ifais an
element of A implies that a is also an element of B”. If A is
not a subset of B, we write A ¢ B. For example :

(1) The set Q of rational numbers is a subset of the set R of real
numbers, and we write Q c R.

(i) IfAis the set of all divisors of 56 and B the set of all prime

divisors of 56, then B is a subset of A and we write B c A.

LetA={1, 3,5} and B = {x : x is an odd natural number less

than 6}. Then A — B and B — A and hence A= B.

LetA={a,e,i,0,u} and B={a,b,c,d}. ThenAisnota

subset of B, also B is not a subset of A.

(iii)
(iv)

Proper subset : [f Ac B and A= B, then A is called a proper
subset of B, written as A < B.

For example : Let A= {x : x is an even natural number} and
B = {x:xis anatural number}. Then,

A=1{2,4,6,8,......... tand B=1{1,2,3,4,5, ...} > AcB.

Theorems on subsets :

Theorem 1 : Every set is a subset of itself.

Proof : Let A be any set. Then, each element of A is clearly
inA. Hence AcC A.

Theorem 2 : The empty set is a subset of every set.
Proof : Let A be any set and ¢ be the empty set. In order to
show that ¢ < A, we must show that every element of ¢ is
an element of A also. But, ¢ contains no element, So, every
element of ¢ is in A. Hence ¢ < A.

Theorem 3 : The total number of subsets of a finite set
containing n element is 2™.

Proof : Let A be a set of n elements.

The null set is a subset of A containing no element.

. Number of subsets of A containing no element =1 ="C,,.
Number of subsets of A containing 1 element = Number of
groups of n elements taking 1 at a time = "C,.

Number of subsets of A containing 2 elements = Number of
groups of n elements taking 2 at a time = "C,.

Number of subsets of A containing n elements i.e.
A=1="C,

Total no. of subsets of A="C, +"C, +"C, +.....+"C_ =2"
[Using binomial theorem]

Some properties of subsets :
(a) IfAcBandBcC,thenAcC.
Letxe A = xeB (‘- AcB)and xeB = xeC
(-BcC) = AcC
(b)IfA=BandonlyifAcBand Bc A.
LetAcBandBc A .. xe A= xeB (- AcB)
and xeB=> xeA(.- BC A) .. A=B

—
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Conversely, Let Ac B

~x€eA = xeB (+A=B) .. Ac B
Similarly, xeB = xe€ A (- A=B)

L Bc A

Subsets of set of real numbers :

There are many important subsets of R. We give below the
names of some of these subsets.

The set of natural numbers N= {1,2,3,4,5,...}

The set of integers Z={...,-3,-2,-1,0,1,2,3,...}

The set of rational numbers Q= { x : x= P ,p,q €Z&q#0}
q

which is read “ Q is the set of all numbers x such that x

equals the quotient b , where p and q are integers and q is

not zero”. Members of Q include —5 (which can be expressed

-=), — 3l hich canb 7 d—E
as 1), 7295 (which can be expresses as 2)an 3

The set of irrational numbers, denoted by T, is composed
of all other real numbers. Thus T={x:x € Rand x ¢ Q},
1.e., all real numbers that are not rational. Members of T

include +/2,./5 and .

Some of the obvious relations among these subsets are:
NcZcQ,QcR, TcR NgT.

Intervals as subsets of R : Leta, b € Rand a<b. Then the
set of real numbers { y: a<y<b} is called an open interval
and is denoted by (a, b). All the points between a and b
belong to the open interval (a, b) but a, b themselves do
not belong to this interval.
The interval which contains the end points also is called
closed interval and is denoted by [ a, b ]. Thus
[a,b]={x:a<x<b}
We can also have intervals closed at one end and open at
the other, i.e., [ a,b )= {x:a<x<b} is an open interval from
ato b, including a but excluding b.
(a,b]={x:a<x<b}isanopeninterval fromatob
including b but excluding a. These sets can be shown by
the dark portion of the number line.

(a,b) [a,b]
a b a b
[a,b) (a,b]
—o o
a b a b

The number (b — a) is called the length of any of the intervals
(a,b), [a, b), (a, b], [a, b]

POWERSET
The collection of all subsets of a set A is called the power
set of A. It is denoted by P(A). In P(A), every element is a
set.
If A has n elements then its power set has 2 elements.

UNIVERSAL SET
If there are some sets under consideration, then there
happens to be a set which is a superset of each one of the
given sets. Such a set is known as the universal set, denoted

byUor &.

For example, (i) In the context of human population studies,

the universal set consists of all the people in the world.

(i) LetA={1,2,3,4},B={2,5,6}, C={1,3,7,8,9}, then
U={1,2,3,4,5,6,7,8,9} is the universal set.

Example5:
Show that:n {P {P (P (¢))}} =4
Sol. We have, P (¢) = {¢}
P (P (9)= {0, (0})

=P {P(P(0)} = {9, {0}}, {{9}} {4, {¢}}
Hence, nn {P {P (P (¢))}} =4

Example6:
Provethat Ac¢ = A=¢
Sol. We know that,
Two sets A and B are equal ifan onlyif Ac Band Bc A
Also, we know that, ¢ c A andAc ¢
A= q)

VENNDIAGRAMS
In order to illustrate in a clear and simple way, the ideas
involving universal sets, subsets there of, and certain
operations on sets, we make use of geometric figures. These
figures are called Venn-Diagrams.
In Venn diagrams, the elements of the sets are written in
their respective circles.
InFig1.3,U={1,2,3,..., 10} is the universal set of which A
={2,4,6,8,10} and B = {4, 6} are subsets, and also B c A.

ol

o9

OPERATION ONSETS
Union of sets : The union of two sets A and B is the set C
which consists of all those elements which are either in A
or in B (including those which are in both). In symbols,
wewritt AUB={x:xeAorxe B}
The union of two sets can be represented by a Venn diagram
as shown in Fig. The shaded portion in Fig represents
AUB.

—
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Some Properties of the Operation of Union

(1) AuwB=BuUA (Commutative law)

(1) (AuB)uC=AuU(BuUC)(Associative law )

(iii) Aud=A(Law of identity element, ¢ is the identity of L)
(iv) Au A=A (Idempotent law)

(v) UUA=U (Lawof U)

Intersection of sets : The intersection of two sets A and B
is the set of all those elements which belong to both A and
B. Symbolically, we writte AN B={x:x € Aand x € B}
The shaded portion in Fig. indicates the intersection of A
and B.

w

ANB

If A and B are two sets such that An B = ¢, then Aand B are
called disjoint sets. For example, letA={2,4,6,8 } and B=
{1,3,5,7}. Then A and B are disjoint sets, because there
are no elements which are common to A and B. The disjoint
sets can be represented by means of Venn diagram as shown
in the Fig.

In the above diagram, A and B are disjoint sets.

Some properties of operation of intersection

(1) AN B=BnNA(Commutative law).

(i) (AnB)NnC=AnN(BNC)(Associative law).

(i) ¢nA=¢, U A=A (Law of fand U).

(iv) A A=A (Idempotent law)

v) An(BuC)=(AnB)uU(ANC)(Distributive law )
i.e., N distributes over U

This can be seen easily from the following Venn diagrams

[Figs (i) to (v)].

(i) (ANB) (iv) (ANC)

(v) (An B) U(An B)

Difference of sets : The difference of the sets A and B in
this order is the set of elements which belong to A but not
to B. Symbolically, we write A— B and read as “ A minus B”.
Using the setbuilder notation, we can rewrite the definition
of differenceasA-B={x:x e Aandx ¢ B }

The difference of two sets A and B can be represented by
Venn diagram as shown in Fig.

The shaded portion represents the difference of the two
sets A and B. The sets A— B, An B and B — A are mutually
disjoint sets, i.e., the intersection of any of these two sets
is the null set as shown in Fig.

U B-A

(ANB)

Complement of set : Let U be the universal set and A a
subset of U. Then the complement of A is the set of all
elements of U which are not the elements of A. Symbolically,
we write A' to denote the complement of A with respect to
U.Thus,A'={x:xe Uandx ¢ A }.
ObviouslyA'=U-A

We note that the complement of a set A can be looked
upon, alternatively, as the difference between a universal
set U and the set A. The complement of the union of two
sets is the intersection of their complements and the
complement of the intersection of two sets is the union of
their complements. These are called De Morgan’s laws.
These are named after the mathematician De Morgan.
The complement A' of a set A can be represented by a Venn
diagram as shown in Fig. The shaded portion represents
the complement of the set A.

N
\

U
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Some Properties of Complement Sets :

Complement laws: (i) AUA'=U (i) ANA'=f

De Morgan’s law: (i) (AU B)'=A"'"B'(ii)) (AN B )=A'UB'
Law of double complementation : (A')'=A

Laws of empty set and universal set ¢' = U and U' = ¢.
These laws can be verified by using Venn diagrams.

Example 7 :

Sol.

Find the union of each of the following pairs of sets :
(1) A={x:xisanatural numberand 1 <x<6}

B = {x:x1isanatural numberand 6 <x <10
(i) A={1,2,3}, B=¢

(1) A={x:xisanaturalnumberand 1 <x <6}
= A={2,3,4,5,6}

B = { x:xisanatural number and 6 <x < 10}
B={7,8,9,10}

AUB=1{2,3,4,5,6} U{7,8,9,10}
AUB=1{2,3,4,5,6,7,8,9,10}

=

A B=0 U

(ii)
=
=

We have,A={1,2,3}, B=¢
AUuB={1,2,31U¢
AuB={l1,2,3}

Example 8 :

Sol.

IfA={x:x=3n,ne€Z} and B={x:x=4n,n € Z}, then find
(ANnB).

Letxe (AnB)<xeAandx €B

& xisamultiple of 3 and x is a multiple of 4.

< xisamultiple of 3 and 4 both

& xisamultiple of 12

< x=12n,neZ

Hence AnB={x:x=12n,n e Z}

Example9:

Sol.

If X and Y are two sets such that X U Y has 50 elements, X

has 28 elements and Y has 32 elements, how many elements

does X N'Y have ?

Giventhat,n( XU Y)=50,n(X)=28,n(Y)=32,

n(XnY)=?

By using the formula,
n(XuY)=n(X)+n(Y)-n(XNY),

we find that n(XNY)=n(X)+n(Y)-n(XUY)
=28+32-50=10

Alternatively, suppose n ( X N'Y ) =k, then

f

$
(XNY)

n(X-Y)=28-k,n(Y-X)=32-k
(by Venn diagram in Fig. )
This gives 50=n(XUY)=n(X-Y)+n(XNY)+n( Y-X)
=(28-k)+k+(32-k)
Hence k=10.

Example 10 :

Sol.

Q.1

Q.2

Q3

Q4

Q5

Inaclass of 35 students, 24 like to play cricket and 16 like to
play football. Also, each student likes to play at least one
of the two games. How many students like to play both
cricket and football ?

Let X be the set of students who like to play cricket and Y
be the set of students who like to play football. Then X U
Y is the set of students who like to play at least one game,
and X N'Y is the set of students who like to play both
games.
Givenn(X)=24,n(Y)=16,n(XUY)=35n(XNnY="?
Using the formulan (XU Y )=n(X)+n(Y)-n(XNnY),
weget 35=24+16—-n(XNY)

Thus,n (X NY)=>51.e., 5 students like to play both games.

TRYITYOURSELF-1
Let B be a subset of a set A and let
P(A:B)={XeP(A):BcX}
(1) ShowthatP (A:¢)=P(A)
(i) IfA={a,b,c,d} and B= {a, b}.
List all the members of the set P (A : B).

A market research group conducted a survey of 1000
consumers and reported that 720 consumers like product A
and 450 consumers like product B, what is the least number
that must have liked both products ?

In a group of 65 people, 40 like cricket, 10 like both cricket
and tennis. How many like tennis only and not cricket ?

How many like tennis.

In a group 0f 400 people, 250 can speak Hindi and 200 can
speak English. How many can speak both Hindi and English.

LetA={a,e,i,o,u}andB={a,i,u}. Showthat AU B=A

ANSWERS
(1) (ii) {a,b,c}, {a,b,d}, {a, b, c,d}
@) 170 (3)35,25 @) 50

=
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SECTION-B:

RELATIONS AND FUNCTIONS
INTRODUCTION
Functions are an extremely useful way of describing many
real-world situations in which the value of one quantity
varies with, depends on, or determines the value of another.
In this chapter you will be introduced to functions, learn
how to use functional notation, develop skill in constructing
and interpreting the graphs of functions, and, finally, learn
to apply this knowledge in a variety of situations.

CARTESIAN PRODUCTS OF SETS
Given two non-empty sets P and Q. The cartesian product
P x Q is the set of all ordered pairs of elements from P and
Q,ie, PxQ={(p,q):pePqeQ}

If either P or Q is the null set, then P x Q will also be empty
set,i.e, PxQ=¢

(i) Two ordered pairs are equal, if and only if the correspond-
ing first elements are equal and the second elements are
also equal.

(ii) Ifthere are p elements in A and q elements in B, then there
will be pq elements in A x B, i.e., if n(A) =p and n(B) =q,
thenn (A x B) =pq.

(iii) If A and B are non-empty sets and either A or B is an infinite
set, then so is A x B.

@iv) AxAxA={(a,b,c):a,b,c e A}.Here(a,b,c)iscalled an
ordered triplet.

Example 11 :

IfAxB ={(p, q),(p, 1), (m, q), (m, 1)}, find Aand B.
Sol. A = set of first elements = {p, m}

B = set of second elements = {q, r}.

Example 12 :
IfP={1,2}, formthe setP x P x P.

Sol. Wehave,PxPxP={(1,1,1),(1,1,2),(1,2,1),(1,2,2),(2,1,1),
(2,1,2),(2,2,1),(2,2,2)}.

RELATIONS
Arelation R from a non-empty set A to a non-empty set B is
a subset of the cartesian product A X B. The subset is
derived by describing a relationship between the first
element and the second element of the ordered pairs in
A x B. The second element is called the image of the first
element. The set of all first elements of the ordered pairs in
arelation R from a set A to a set B is called the domain of the
relation R. The set of all second elements in a relation R
from a set A to a set B is called the range of the relation R.
The whole set B is called the codomain of the relation R.
Note that range < codomain.
The total number of relations that can be defined from a set
A to a set B is the number of possible subsets of A x B.
Ifn(A)=pandn(B)=q, thenn (A x B) =pq and the total
number of relations is 2P4.

Example 13 :
LetA={1,2} and B= {3, 4}. Find the number of relations
fromAto B.

Sol. We have, A xB={(1,3),(1,4),(2,3),(2,4)}.
Since n (AxB ) = 4, the number of subsets of AxB is 24.
Therefore, the number of relations from A into B will be 24.

FUNCTION

INTRODUCTION

* 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 eg. a juicer is designed for
fruits & not for wood. Similarly functions are defined for
certain inputs which are called as its "domain and
corresponding outputs are called "Range".

General Definition :
Definition-1 :
* Let A and B be two sets and let there exist a rule or manner
or correspondence ‘ f’ which associates to each element
function or
mapping from A to B. It is denoted by the symbol

f:A—>BorA I) B

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

* If an element a € A is associated with an element b € B
then b is called ‘the f image of a’ or ‘image of aunder f’ or
‘the value of the function f at a’. Also a is called the
pre-image of b or argument of b under the function f. We
writeitasb=f(a)or f:a—>b orf:(a,b)

Function as a set of ordered pairs :

* A function f: A — B can be expressed as a set of ordered
pairs in which each ordered pair is such that its first element
belongs to A and second element is the corresponding
element of B.

* As such a function f: A — B can be considered as a set of
ordered pairs (a, f(a) ) where a € A and f(a) € B which is
the fimage of a. Hence f'is a subset of A x B.

f f
A B A~ TAB
a p a p
b > b >
c r c r
d s d S
Function Not a function
f f
A~ B A B
a p
- —
c > r .
d s -
Function

Not a function

[18
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As a particular type of relation, we can define a function
as follows :
Definition-2 :
* Acrelation R from a set A to a set B is called a function if
(i) each element of A is associated with some element of B.
(i) each element of A has unique image in B.
Thus a function © £’ from a set A to a set B is a subset of
A x B in which each 'a' belonging to A appears in one and
only one ordered pair belonging to f. Hence a function f is
arelation from A to B satisfying the following properties :
* Every function from A — B satisfies the following
conditions.
@ fcAxB
(i) VaeA=(af(a)ef and
@) (a,b)ef & (a,c)ef = b=c.
* Thus the ordered pairs of f must satisfy the property that
each element of A appears in some ordered pair and no
two ordered pairs have same first element.
Note : Every function is a relation but every relation is not
necessarily a function.

Domain, Co-domain & Range of A Function :

* Let f: A— B, then the set Ais known as the domain of
f & the set B is known as co—domain of f. The set of all
images of elements of A is known as the range of f.
Domain of f={a | a € A, (a, f(a)) € f}

Range of f= {f(a) lae A, f(a) e B,(a,f(a)) e f}

* It should be noted that range is a subset of co—domain . If
only the rule of function is given then the domain of the
function is the set of those real numbers, where function

is defined.
Domain Co-domain
A B )
Domain = {a,b,c,d} =A
a p
b >q Co-domain = {p,q,r,s} =B
c > T
d S Range = = {p’ 9, I'}

* For a continuous function, the interval from minimum to
maximum value of a function gives the range.
Let f'and g be function with domain D, and D, then the
functions
Note :

f+g f—g, fg, f/g are defined as
(f+g)(x)=f(x) +g(x); DomainD; "D,
(f-g)x)=f(x)—-g(x); DomainD; "D,
(fg)x)=f(x)-g(x); DomainD; D,
() f (x)

LEJ x)= %; Domain={x e D; "D, |g(x)#0}

Graphical Representation of function :

* Let fbe a mapping with domain D such that y = f(x) should
assume angle value for each x,(i.e. the straight line drawn
parallel to y-axis in its domain should cut at only one point.
Eg. y=x3 Here all the straight lines parallel to y-axis cut
y = x3 only at one print.

v

4

Eg. x2+y2=12. Here line parallel to y-axis is intersecting
the circle at two points hence it is not a function.

/YJV
» X

(1,00

-1,0)

Domain :

*  Rule for finding Domain :

(1) Expression under even root (i.e. square root, fourth root
etc) >0.

(i) Denominator 0

(iii) If domain of y = f(x) & y = g(x) are D & D, respectively
then the domain of f(x) + g(x) or f(x) - g(x) isD; "D,

f (x)
g (x)

Domain of

(iv)

isD, N D,— {g(x)=0}.

Example 14 :

2x -1

x—2

Sol. Itis meaningful for all real value of x exceptatx=2
so domain=R — {2}

Find the domain of f(x) =

Classification of Functions:

(i) Polynomial Function: Ifa function fis defined by
f(x)=ayx"+a, xm1 4 a, X244 a,_;x+a wheren is
anon negative integer and a, a,, a,, ..., a, are real numbers
and aj# 0, then f is called a polynomial function of degree
n. A polynomial function is always continuous.

NOTE

* A polynomial of degree one with no constant term is called
an odd linear function i.e. f(x)=ax, a#0

* There are two polynomial functions, satisfying the
relation ;f(x).f(1/x)=f(x) +f(1/x). Theyare :

(a) f(x)=x"+1 (b) f(x)=1-x", wheren is a positive integer.

* A polynomial of degree odd has its range (— oo, ) put a
polynomial of degree even has a range which is always
subset of R.

o
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(i)

Basic algebraic function :

@

(b)

©

(d)

(iii)

(i)

Algebraic Function : A function f is called an algebraic
function if it can be constructed using algebraic operations
such as addition, substraction, multiplication, division and
taking roots, started with polynornials.

2

eg (0= x2+1: 2= f +(x-2)% Yx¥1

Note that all polynomial are algebralc but converse is not
true. Functions which are not algebraic, are known as
Transcidential function.

y:X2 1 y=x
Domain : R > x
Range : R U {0} or [0, ) ©

_1
Y7X

Domain : R {0} orR,,
Range : R— {0}

1
y—x2

Domain : R,
Range : R" or (0, 0)

y=x3
Domain : R ¢ y=x
Range :R 14+

Fractional Rational Function: A rational function is a
k) , where g (x) & h (x)

h(x)”

are polynomials & h (x) # 0. The domain of f (x) is set of real

x such that h(x)=0.

function of the form. y= f(x)=

2x4—x2+1

2 4
Exponential Function: A function
f(x)=a¥=eXM2@>0, a#1,x eR)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) = xZ in which
variable x is the base.

For f(x)=e* domain is R and range is R™".

e.g. f(x)= ; D={x|x#£2}

(vi)

(vii)

0<a<l

For f(x)=e¢!* domainis R — {0} andrangeisR"—{1}. i.e.
(0, 1) (1, )

1
f(x)= e with domain R* — {1}, range is R - {0}
X

Logarithmic function : A function of the form
y=log,x,x>0, a>0, a= 1, is called Logarithmic function.

a>1
a<l

Absolute Value Function: A functiony = f(x) = Ix] is
called the absolute value function or Modulus function.

y=log,x

x if x>0

-x if x<0

Itisdefined as: y=|x|= {

For f(x)=|x |, domainis R and range is R* U {0}.

| x|

1
For f(x)="— or — ,domainis R~ {0} and range is R
X

| x|
Signum Function:
A function y=f (x) = Sgn (x) is defined as follows :

1 for x>0
y=fx)=1|0 for x=0
-1 for x<0

y=1 ifx>0

y=-1 if x<0

X

It is also written as Sgn x = [x|/ x or

| x|
x#0; £(0)=0

Note that Sgn (Sgn x) =Sgn x;

I, |x|>1

0, |x|=1

-1 x|<1

y=Sgn(x*~1)=

=
I20
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(viii) Greatest Integer Or Step Up Function : The function

y=f(x)=[x] is called the greatest integer function where (a)
[x] denotes the greatest integer less than or equal to x . (b)
Note that for :
—1<x<0: [x]=-1 0<x<1:[x]=0 (©)
1<x<2: [x]=1 2<x<3:[x]=2
For f(x)=[x], domain is R and range is I. ®
X

1
For f (x) = i domain is R — [0, 1) and range is
X

G

Properties of greatest integer function :

n eI—{O}}

Properties of fractional part :

0<{x}<1
{x+n}={x},nel

0,xel

xXp+{-x}= 1, x gl

Identity function : The function f: A — A defined by
f(x)=x V x € A is called the identity of A and is denoted
byl,. f:R—->R, fx)=x

y

Constant function : A function f: A— Bissaidtobea
constant function if every element of A has the same f
imageinB. Thus f: A—>B; f(x)=c, VxeA,ceBis
a constant function. Note that the range of a constant
function is a singleton.

vy A

0, ¢

y=¢
—t—x

e.g. £(x)=[{x}]; g(x) =sin’x + cos’x;
h (x) = sgn(x% — 3x + 4) etc, all are constant functions.

Example 15:

Domaintanx=R — {

Find the domain of f(x) = sin x + cos x + e* tanx
Sol. Domain sinx =R ; Domain cos x=R

2n+1
2

Tf} ; Domain e*=R

..Domain f=Domain sin x N Domain cos x N Domain eX tan x

2n+1 2n+1
=RNRNR- > Tr=R- 2 T

Example 16 :

(a [x]<x<[x]+1 and .
x—1<[x]<x, 0<x—[x]<1 (xi)
graph of y=[x] 3 y
2+ —o
1+ —o
—t—t ———+—>x
-3 2 -l 1 2 3
— —]
—o +-2
+-3
(b) [x+m]=[x]+m, if m isan integer.
(© [x]*+lyls[x+yl< [x]+[y]+1
0 if x is an integer
@  XIFEXI= 20 otherwise. ¢
() [x]2n = xe[n,o) Vnel
@ [x]>n = xe[nt+l,0) Vnel
(g [xX]€n > xe(-o,nt+1) Vnel
(h) [x]<n = xe(—o,n) Vnel
(ix) Fractional Part Function : It is defined as:

g(x)={x} =x—[x].
e.g. the fractional part of the number 2.1 is
2.1- 2 = 0.1 and the fractional part of —3.7 is 0.3. The
period of this function is 1 and graph of this function is as
shown.

y graph of y={x}

For f(x)= {x}, domainis R and range is [0, 1)

1
For f(x)= a , domain is R -1, range is (1, o)
X

Sol.

Find the domain of following function

O f&=yx? -5x+6

(i) £(x)=

+log;, (x> —X)
2_4 10

1
(i) f(x)= ﬁ

(iv) £(x)=1log, log, log, , (x)

O f=4x2-5x+6
= x2-5x+620
positive

_ negative  positive
2 3
= x-2)(x-3)20= x e (—x0,2]U[3,%)

[21
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(ii) f(x):LHo 3
x2 4 gp (=)

Following conditions should be followed

x2—420 & x3—x>0
x#+2 x(x2-1)>0
x e R-{-2,2} ...
o ® o o
0 1
= xx-1)x+1)>0
xe(-1,0)u(l, o) ...(ii)

Taking union of (i) & (ii)
xe(-1,00U(1,2)U(2,)

1
(i) f(x)= S
|x|-x>0
|x|>x
This is possible only when x is negative i.e. x <0,
hence x € (—», 0)
(iv) f(x) = log, log, log; , (x)
= log, log, , (x)>0=log, , (x)>(2°)

1
> <|=
= log|,x>1=x (2]

Also0<x = x e (0, 1/2)

Example 17 :

Sol.

Ify=2[x]+3 & y=3[x—2]+ 5 then find [x +y] where [ . ]
denotes greatest integer function.
y=3[x-2]+5=3[x]-1
so 3[x]-1=2[x]+3

[x]=4=4<x<5then y=11
so x+ywillliein the interval [15, 16)
so [x+y]=15

RANGE:

*

()
(i)

(iii)

Range of y = f(x) is the collection of all outputs
corresponding to each real number of the domain.

To find the range of function

First of all find the domain of y = f(x).

If domain is a set having only finite number of points, then
range is the set of corresponding f(x) values.

If domain of y = f(x) is R or R— {Some finite points}, then
express x in terms of y. From this find y for x to be defined
or real or form an equation in terms of x & apply the
condition for real roots.

Example 18 :

Find the range of the following function
(1) f(x)=asinx+b.a>0,beR
(i) f(x)=4tanxcosx

X2

iii) y=
(i) y 1+x2

Sol.

Q) eR
f(x)=asinx+b
-1 <sinx<1
—a+b<f(x)<a+b
Range € [b—a,b+a]

(i) f(x)=4tanxcosx
f(x)=4sinx for cosx#0
-1 <sinx<1
butatsinx==+1,cosx=0
hence points with sin x ==+ 1 will not be included in
range. Range € (-4, 4).

X2

iil) y=
(i) y 1+x2
y is defined V x € R, domain is R

2

X y
fromy= =x2=
R I-y
/L v
=>Xx= -y 20= -y 20=>0<y<l1
Range [0, 1)

EQUAL ORIDENTICAL FUNCTION

Two functions f & g are said to be equal if

(1) The domain of f = the domain of g.
(i) The range of f = the range of g
(i) f(x)=g(x), foreveryx belonging to their common domain.
1 X
eg f(x)= < & g(x)= —5 areidentical functions.
X
Note : Functions are also equal if their graphs are same.
Example 19 :
Find the domain of x for which the function f (x) = In x? and
g (x) =2Inx are identical.
Sol. f(x)=Inx?=21In|x|

g(x)=2Inx
iff(x)=g(x) ; 2In|x|=2Inx
Function are equal only if x € (0, )

Some important points to remember :

)
(i)
(iii)
()
®

If x, y are independent variables, then :
f(xy)=f(x)+f(y) = f(x)=klnx or f(x)=0.
fixy)=fx)-f(y) = f(x)=x", neR

fx+y)=f(x) - f(y) = f(x)=a* = f(x)=A% ,A>0.
f(x+y)=f(x)+f(y) = f(x)=kx, wherek is a constant.
If P(x) is a polynomial function of degree n and

1 1
P(x)- P(;) :P(x)+P[;j forx # 0. Then

P(x)=1+x"or 1 —x".

[4




SOAL

(SETS, RELATIONS AND FUNCTIONS J) ODM ADVANCED LEARNING
FUNCTIONALEQUATIONS Properties of Composite Functions :
Example 20 : (i)  The composite of functions is not commutative i.e.

gof = fog .

1
If f(0)=1,f(1)=2&f(x)= —[f(x+1) +f(x+2)],findthe (i) The composite of functions is associative i.e. if f, g, hare
2 three functions such that fo (goh) & (fog) oh are defined,
value of £(5). then fo (goh) = (fog) oh.

Sol. f(x+2)=2f(x)—f(x+1) Associativety :f: (N) - Ty f(x)=2x
thus f(0+2) = £(2) = 2£ (0)— f(1)=2 (1)~ 2=0

£(3)=2(1)~£(2)=2(2)-0=4
£(4)=2£(2)~£(3)=0-4=—4
£(5)=2£(3)~ F(4)=2 (4)— (-4)= 12

1
g~ Q (V=7

h:Q— R h(x):e%

Example 21 : _ _
If £(x)+2f (1 —x)=x2+2 ¥ x e R, find f(x). (hog) of = ho (gof) =e*
Sol. f(x)+2f(1-x)=x2 ... Example 23 :
Replacingx by 1 —x Iff:R—>R,f(x)=2x+3andg:R—>R, g(x)=x2+1, then
f(1-x)+2f(x)=(1-x)? ...(ii) find the value of gof (x).
Solving (i) & (ii), we get, 3f(x) =2x2—(1—x)? Sol. gof (x)=g {f(x)}
5 f(x)=2x+3
po= 12Xl g(f(X)} =g 2x+3)=(2x+3)2+ 1 =4x2+9+12x+ 1
3 gof (x)=4x2+12x+10
Example 22 :

Let f (x) & g (x) be functions which take integers as  Example 24 :

arguments let f(x +y)=f(x) + g (y) + 8 forall integer x & y. _ ) Y .
Let f(x) = x for all negative integers x let g(8) = 17, find £(0). Let £() = 'x ; g(x)=v2—x find the domain of

_ . (@) (fog) (x) (i) (gof) (x)
Sol. f(x)=x fi less th
0 .-'(xg(ig) zrjéltegers ess than zero (i) (fof) (%) (iv) (s0) ()
fxry)=f()+g()*8 Sol. () (fog) ()= f (g (x))=f (v2—-x)=+2-x
?(78j8):f(78)+g(8)+8 Domain2-x2>0; x<2 =x e (-x,2]
(0)=-—8+g(8)+8
o= (i) (gof) ()= & (F(x) =g (x) =v2-Vx
COMPOSITE FUNCTION 2-x 20 20< Jx <2= x€[0,4]
Letf: A— B & g: B — C be two functions. Then the i) (fof = f(f - _
function gof : A — C defined by () (fo )(?() ( (X)) f (\/;) \/\/_;
(gof) (x)=g(fx) Vx €A Domain = x>0 ; x €[0, )
is called the composite of the two functions f & g. (iv) (gog) (x)= g(g(x)) _ (\/Z—X) _ \/2_m
Diagramatically

S0 V2-x <2 = 0<2-x<4 = 2<x<4
— f&) > g (f(x)). x €[-2,2]
Thus the image of every x € A under the function gof is
the g—image of the f—image of x.
Note that gofis defined only if ¥V x € A, f(x) is an element
of the domain of g so that we can take its
g—image. Hence for gof of two functions f & g, the range

of f must be a subset of the domain of g. HOMOGENEOUS FUNCTIONS

Note that gof in general not equal to fog. * A function is said to be homogeneous with respect to any
set of variables when each of its terms is of the same
degree with respect to those variables.

*  Forexample 5x%+ 3y2 —xy is homogeneous inx & .
f (x, y) is a homogeneous function iff
f(tx,ty)=t* f(x,y)

Example 25 :
Let f(x)=x* & g(x)=x2*, then find f(g (x)).

2 2 2x+1
Sol. f(g(x))=f (sz) = (sz)x T 2xx T 2x X+

y (x)
g{f ()} =h(x) or f(x,y)=x"g [;j =y"h L;J , where nis the degree

of homogenity
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X —yCosX

f(x,y)= is not a homogeneous function and

ysinx + x

X y y X
f(x,y):;m;*;m;; Jx2-y? x5 x+y cosg are

homogeneous functions of degree one.

BOUNDED FUNCTION
A function is said to be bounded if | f(x) | <M , where M is
a finite quantity. e.g. f(x)=sinxisboundedin[-1, 1]

IMPLICIT & EXPLICIT FUNCTION
A function defined by an equation not solved for the
dependent variable is called an Implicit Function.
For eg. the equation x3 +y3 = 1 defines y as an implicit
function. If y has been expressed in terms of x alone then
itis called an Explicit Function .

ODD & EVEN FUNCTIONS
* A function f (x) defined on the symmetric interval (—a, a)
* Iff (—x) =f(x) for all x in the domain of ‘f’ then f1is said to be
an even function.
eg.f(x)=cosx ; g(x)=x>+3.
* If f (—x) =—f (x) for all x in the domain of ‘f” then fis said to
be an odd function.
e.g. f(x)=sinx; g(x)=x+x.

0dd functions (Symmetric about origin)

y =CO0s X
0 0 >

/

Even functions (Symmetric about y-axis)

NOTE:
@ fX-f(x)=0=>f(x)iseven & f(x)+f(—x)=0=f(x)is
odd .

() A function may neither be odd nor even .

(¢) Every even function is symmetric about the y—axis &
every odd function is symmetric about the origin.

(d Every function can be expressed as the sum of an even &
an odd function.

PO +F(=x) | F(0-f(=x)
2 2

EVEN ODD

eg f(x)=

o 22X
2 2
I [ S
EVEN ObD

(e) The only function which is defined on the entire number
line & is even and odd at the same time is f(x) = 0. Any non
zero constant is even.

() Iffand gboth are even or both are odd then the function
f.g will be even but if any one of them is odd then f.g will

be odd.
Example 26 :
Identity the functions, as even, odd or neither even nor
odd.
_ 5 B (2% 41)
1) f®)=(>In x+V1+x7) (i) f(x):x-L2x7J
(iii) f(x)= 2x3—x+1 @) fx)=3

) f(x)=x>—|x]|

f(x)= (In x +V1+x?)
f(-x)=In (—x+\/1+x2) =In (\/1+X2 -X)
( V1+x? —x) Vi+x? +x )
V1+x2 +x

Sol. (i)

=In

=In (V1+x?)=—f (x). Hence odd function.

(2% 41) (27 +1)
(i) f6o=x (% ] fe0=(9 L% ]

(142%)  (2%41)
ool )l

Hence even function

(iii) f(x)=2x3-x+1
3+ x+1#f(x)or—f(x)

Hence neither even nor odd function
@iv) f(x)=3

f(—x) =3 =f(x). Hence even function
V) f)=x|x|

f(—x) =x2—|x|=f(x) ; even function

PERIODIC FUNCTION
A function f(x) is called periodic if there exists a positive
number T(T > 0) called the period of the function such
that f(x + T)=1(x), forall valuesof x within the domain
of x.
e.g. The function sinx & cosx both are periodic over 2n
& tanx is periodic over .

[4
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Graphically :
If the graph repeats at fixed interval then function is said
to be periodic and its period is the width of that interval.
For example graph of sin x repeats itself at an interval of 21t

Hence = is period.
(iii) f(x)=sin(cosx)
Period is 21
@iv) fx)=[x]+[2x]+[3x]+...... +[nx]—
=—{x}—-{2x} —...... — {nx}
Period of {x} =1
period of {2x} =1/2
period of {3x} =1/3

£ (x) = sin x | 11 1
LCM.of | L5 5eeeee s =1
. . . 2°3 n
Properties of periodic function :
() f(T)=f(0)=f(-T), where ‘T is the period. Example 28 :
(i) Every constant function is always periodic, with no sin nx . . .
fundamental period . If f(x)= - has its period as 4, then find the integral
sin —
1
(iii) If f(x) has a period p, then and ./f(x) alsohasa n
f(x) values of n.
period p. 21 X
T Sol. Period of sinnx= ? ; Period of sin H =2nn
(iv) if f(x) has a period T then f(ax + b) has a period m .

(v) If f(x)hasaperiod T & g(x)also has a period T then it
does not mean that f(x)+ g (x) must have a period T.
e.g. f(x)=|sinx|+]|cosx|; sin*x + cos*x has fundamental
period equal to /2.

Iff (x) and g (x) are periodic then f (x) + g (x) need not be
periodic. e.g. f(x)=cosx and g(x)={x}

(Vi)

Example 27 :
Find the period of the following functions.
n fx)= cos2—X - sin4—X
) 3 5 a)
(i) f(x)=cos(sinx)
(i) f(x)=sin(cosXx)

n(n+1)

(iv) fx)=[x]+[2x]+[3x] +...... +[nx]— X

where n € N & [ ] denotes greatest integer function

Sol. (i) f(x)= cos(%} —sin (4%]

Period of COS(z—Xj =0 _
€riod o 3 ) =

4x 2 5 o
Period of sin (?j - X 5= En (i

5
LCM.of3n & En =15%n

(i) f(x)=cos(sinx)
Since cos is even functions
f (m+ x) =cos (sin (7 + X)) = cos (-sin x)
=cos (sinx) =f(x)

Sol.

27
L.C.M. of ?,Zmr =2nm ; 2nm=4n ; n=2,-2

Example 29 :

Find the period of f(x)=|sinx |+ |cosx|.
| sin x | has period © ; | cos x | has period &t
f(x) is an even function & sin X, cos x are complementary

1 T
then period of f(x)= 5 {LCMofrn &t} = 3

BASIC TRANSFORMATIONS ON GRAPHS :

Drawing the graph of y =—f (x) from the known graph of

y=f(x)
To draw y =—f (x), take the image of the curve y=f(x) in the
x-axis as plane mirror.

v, y=ix) y,
=
0 X X
0
y=1x)
Drawing the graph of y =f(—x) from the known graph of

y=f(x)
To draw y =f (—x), take the image of the curve y=f(x) in the

y-axis as plane mirror.
Y4
y=1tx)
0 X

Y x)

Y4
=
0 X
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(iii) Drawing the graph of y =|f (x)| from the known graph of

@)

y=f(x)

[f(x)|=f(x)iff(x)>0and |f(x)|=—f(x) if f (x) <0. It means
that the graph of f (x) and [f (x)| would coincide if f (x) > 0
and for the portions where f (x) <0 graph of |f (x)| would be
image of y = f (x) in x-axis.

Drawing the graph of y =f (|x|) from the known graph of
y=f(x)
f >0

Tt is clear that, f(|x]) = {fgf;’), % 0. Thus f (x]) would be
a even function, graph of f(|x|) and f(x) would be identical
in the first and the fourth quadrants (ax x > 0) and as such
the graph of f(|x|) would be symmetric about the y-axis (as
(Ix]) is even).

y=ix)

/

®

v

Drawing the graph of |y|=f (x) from the known graph of
y=f(x)

Clearly [y| > 0. If f (x) <0, graph of |y| = f(x) would not exist.
Andiff(x) 20, ly|=f(x) would give y==f(x). Hence graph
of | y| = f(x) would exist only in the regions where f (x) is
non-negative and will be reflected about the x-axis only in
those regions.

/—*
o %
e
/%
- \3\/
Drawing the graph of y=f (x+a), a € R from the known
graph of y=f(x)

[ ¥ =)

P
N

y=fixta)ya>0

Y1)
g y—fc-a)
<0
S

eV

(vii)

(a) Ifa> 0, shift the graph of f(x) through 'a' units towards
left of f(x).

(b) If a <0, shift the graph of f(x) through 'a' units towards
right of f(x).

Drawing the graph of y = af (x) from the known graph of
y=f(x)

y=afix), a>1

It is clear that the corresponding points (points with same
x co-ordinates) would have their ordinates in the ratio of
l:a.

(viii) Drawing the graph of y =f (ax) from the known graph of

y=f(x).

y ) a =1 y=1x)

Y=fax)0<a<l

Let us take any point x, € domain of f(x).

X0
Letax=xjorx = — .
a
: . 1
Clearly if 0 <a <1, then x> x, and f (x) will stretch by N

units along the y-axis and if a > 1, x < x, then f(x) will
compress by 'a' units along the y-axis.

Example 30 :

Sol.

Find f(x)=max {1+x,1-x,2}.
YA
=2
€1,0)" AL0)
; N >X
©0,0)
From the graph it is clear that
1-x ; x<-1
f(x)=12 ; —1<x<1
1+x ; x>1

—
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Example 31 :
Draw the graph of y =2 —|x —1]|.

¥ x|
©.1) T
- - .0) .

y=1 x|

le) 1 O 1
01

2]\ y=2 x1| E ¥ 2+ x-1|
9 ! > T a0 |O ED)
Example 32 :

Draw the graph of £ (x) = cos x cos (x +2) —cosZ (x + 1).
Sol. f(x)=cosxcos (x+2)—cos?(x+1)

4/

A
v

Y2cos2 —Va

N
1 1
= E[COS (2x+2) +cos2] —E[COS (2x+2)+1]

1
=—cos2—l< 0
2 2

TRYIT YOURSELEF-2
Q.1 Which of the following relation is a function -
(A) {(a,b) (b, €) (c,€) (b, x)}
(B) {(a,d) (a,m) (b, ¢) (a,b)}
(©) {(a,d) (b, e) (c,d) (e, x)}
(D) {(a,d) (b,m) (b, y) (d, x)}
Q.2 Ifthe set A has 3 elements and the set B= {3, 4, 5}, then
find the number of elements in (AXB).
2
X" +3x+5
Q.3 Find the domain of the function f(x)=————
X —-5x+4
. . . 1
Q.4 Find the domain of the function f(x) = ,
JIxF =7[x]+10
where [ . ] denotes the greatest integer function.
5 1fy=f(x)= ~— . prove that x =
Q. y=1x)= 1+X,prove atx=f(y).

Q.6

Q.7

QS8

Q.9

Q.10

Iff(x)=x2 find w
1.1-1
2
. . . X" +2x+1
Find the domain of the function f (x) = -
X“—-8x+12

Find the domain and the range of the real function f
defined by f(x)=|x—1].

(%2 )
Letf(o=| [ %72 ) * <R

R. Determine the range of f.

be a function from R into

Letf, g: R — R be defined, respectively by f (x) =x+ 1,
g(x)=2x-3.Findf+g,f—gandf/g.
ANSWERS
M © @9 3 R-{1,4}
@ x e (—0,2)U[6,x) 6 2.1
(7) R-{2,6} (8) Domain =R, Range = [0, )
@ [0,1)
( ) X—z,-X 5 2% —3 > 2

USEFUL TIPS

In roster form, the order in which the elements are listed is
immaterial.

All infinite sets cannot be described in the roster form. For
example, the set of real numbers cannot be described in
this form, because the elements of this set do not follow
any particular pattern.

A set does not change if one or more elements of the set are
repeated. For example, the sets A= {1, 2,3} and
B={2,2,1,3, 3} are equal, since each element of Ais in B
and vice-versa. That is why we generally do not repeat any
element in describing a set.

If A is a subset of the universal set U, then its complement
A' is also a subset of U.

Union rule for counting : n (A UB)=n(A)+n(B)-n(ANB)
f(T)=1(0)=f(—T), where T is the period.

Every constant function is always periodic, with no
fundamental period.

If £ (x) has a period T and g (x) also has a period T then it
does not mean that f (x) + g (x) must have a period T.
e.g.,f(x)=|sinx|+|cosx]|.

[4
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Function

Domain

Range

(y=f(x))
@ x*, (neN)

1
(i1) x_“ , (meN)

(iii) x!'", (ne N)

1
(iv) F ,(meN)

(v) sinx
(vi) cosx

(vii) tanx

(viii) sec X

(ix) cosec x

(x) cotx
1

1

(xi) sin~'x

(xil) cos™'x
(xiii) tan' x
(xiv) cot Ix

1

(xv)y =sec™'x

1

(xvi) y=cosec " x

(xvii) e*
(xviii) e!/*
(xix)a*,a>0
(xx)al’X a>0
5 @>0)(@a=1)

(xxii) log, a = (a>0) (a=1)

8a X

(i) [x]

1

(xxiv) [X]

(xxv) {x}
(xxvi) 1/{x}

(i.e. values taken by x)
R = (set of real numbers)

R {0}

R, ifnis odd
RT U {0}, ifnis even

R—{0}, ifnisodd

R*, ifniseven
R
R

R—(2k+1)§,ke[

R—(2k+1)g,kel

R—km kel
R-kn, kel
[-1,1]

[-1,1]

(00, 0)

(—o0, 0)

(—o0,—1]U[1, )

(-0, —17U[1, )

R
R — {0}
R
R— {0}
R+

R {1}

(i.e. values taken by f(x) )
R, ifnis odd
R*uU {0},ifniseven

R - {0}, ifnisodd
R*, ifniseven

R, ifnisodd
RT U {0}, ifnis even

R-{0}, ifnisodd
R, ifniseven
[-1,+1]

[-1,+1]

R

(=00, 1] U [1,00)

(—o0,—1]U [1,0)
R
[-n/2, /2]
[0, 7]
(-m/2, w/2)
(0, m)

R {1}

R {1}
R—{0}

{l,n eI—{O}}
n

[0,1)
(1,00
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(xxvii) | x| R R*U {0}
(xxviii) 1/]x | R- {0} R*
: _Ixl
(xxix)sgn(x) = " , X #0 R {-1,0,1}
=0,x=0
(xxx) f(x)=c R {c}
ADDITIONAL EXAMPLES x-4_, o4
Example1: Sol f(X):|X_4| _ x—4
Let R and S be the sets defined as follows: ) x—4 -(x—-4)
R = {x € Z|xis divisible by 2} 2~ b x>4
S={y e Z|yisdivisible by 3}
then prove that R " S # ¢ |x—4]
Sol.  Since 6 is divisible by both 3 and 2. Thus R N S # ¢ Thus, the range of e {1,-1}
Example2: Example5:
From 50 students taking examinations in Mathematics, (i) Find the domain of the function f(x) = [x] + x.
Physics and Chemistry, each of the student has passed o .
in at least one of the subject, 37 passed Mathematics, 24 (i) Find the range of the function /16_«2 .
Physics and 43 Chemistry. At most 19 passed Sol. (i) f(x)=[x]+x, ie,f(x)=h(x)+g(x)
Mathematics and Physics, at most 29 Mathematics and where h (x)=[x] and g (x) =x
Chemistry and at most 20 Physics and Chemistry. What The domain of h = R and the domain of g =R.
is the largest possible no. that could have passed all Therefore, Domain of f=R
three examination? .. . _ T o
Sol. Let M be the set of students passing in Mathematics. (if) The domain of f, where f(x) = /16 x? is givenby
P be the set of students passing in Physics. [-4,4].
C be the set of students passing in Chemistry. _ 2_ 2
For th lety= ./ 2 th =16—
Now, n (M UPUC)=50,n(M)=37,n(P)=24,n(C)=43 ;r eranfe’ YT Ao x" TRy 6-x“or
n(MNP)<19,n(MNC)<29,n (PN C)<20(Given) x*=16-y*.Sincex € [-4,4]. Range of f=[0, 4].
nMuUPUC)=nM)+n(P)+n(C)-n(MnNP)
~—n(MNC)-n(PNC)+n(MNPNC)<50 Example6:
= 37+24+43-19-29-20+n(MnNPNC)<50 ) ;1
= n(MAPNC)<50-36=>n(MNPNC)<14 () IFf(x)=x"— —, then find £ (x) + £ (1/x).
Thus, the largest possible number that could have passed . X i i
all the three examinations is 14. (i) Let fand g be two functions given by
f= {(25 4)a (Sa 6)3 (8971)9 (105 73)}
Example 3: g= {(23 S)a (7’ l)a (83 4)3 (103 13)3 (1 1775)} then find the
Find the domain of the function : domain of f+ g.
£()=— X Sol. (i) Since, f(x)=x>— %
X" +3x+2 X
Sol. fis arational function of the form g(x) R f [lj = i _L = L _x3
h (x) X NS
where g (x)=xand h (x) =x2+3x +2. X
Nowh (x)#0=>x2+3x+2#0= (x+ 1) (x+2)#0and
hence domain of the given function is R — {-1, -2}. Hence, f(x)+f [lj -3 _%Jr %_ =0
X X" X
Example4: (i) Since Domainof f=D;={2,5,8, 10} and
Ix—4] Domainofg:Dg:{2,7,8,10,11},
Find the range of the function given by YR therefore the domain of f+g= {x|x € Dy "D g}

={2,8,10}

[4
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Example 7:

Find the val f{l}{LL}r [l+%}
ind the value o | 5 1% 5% 1000 | 2" 1000

where [ . | denotes greatest integer function ?

[1} {1 1} [1 499} {1 500}
Sol. |=|+|=+——|+...... —t || =t —
21 L2 1000 2 10001 L2 1000
[1 1499} [1 1500}
+os —t— || =+t — |+
2 1000] L2 1000

|: 1 2499] [ 1 2500:| |: 1 2946}
ot —— |+ =+ —— |+ —+—
2 1000 2 1000 2 1000

=0+1x1000+2x 1000+ 3 x447=3000+ 1341 =4341

Example8:

1
Find the domain f (x) = m where [.] denotes
x| =51 -

greatest integer function.

Sol. [[|x|-5]|>11

so [|x|-5]>11 or [Ix|-5]<-11
[Ix]] > 16 [Ix]] < -6
x| >17 or |x| < =6 (Not Possible)

= x<-170rx2>17
$0 x € (—w0,-17]1U[17,0)

Example9:
X —[x]
Find the range of f (x) = T—[x]’ where [.] denotes
greatest integer function.
_ox—[x] %)
Sol. Y= =
I+x—-[x] 1+{x}
1 1 1 1-
—=—+1:>—:—y:>{x}=L
y &} Xy I-y
0< {x}<1 —0<—2 <1
< -y
Range =10, 1/2)
Example 10 :
1
If 2f (x2) + 3f 2)= x2—1 (x#0) then find f (x2).
1
Sol. 2f(x?)+3f 2)= x2-1 ()

1
Replace x by X

1 1
2f [X—zj +3f(x%)= - 1 ...(ii)

Solving (i) & (ii) we get

1
9f (x)2 —4f (x2)=3 [X—z— 1] —2(x2-1)

3
5f(x%)= "3 —2x>-1
X

4 2
f(Xz) - [%\

X

Example 11 :
Find the range of the following function
@) y=log, (3x2—4x+5)

x% —x _x(x-1)
x24+2x  X(x+2)
(i) y=3-2%
Sol. (i) y=log,(3x>—4x+5)
y is defined if 3x2—4x+5>0
D <0 and coefficeint of x2>0
hence domain is R and log is increaisng function.

i) y=

D
Minimum value of 3x2 —4x + 5 is —4—
a

—(-44) 11 11
= =% =yzlogl >

4(3) 3 3
11
Range € log, 3 »
o xP-x x(x-D)
@ y= o T x(x+2)
Domainisx € R—{-2,0}
x(x—1)
Y= x(x+2)
x—1 1+2y
whenx#0,y= ) = x=7C

If xisrealy—1#0=y=#1

1+2
y;x;tO
I-y

Also forx =

1 -1
hence y # -5 Hence rangey € R — {?, 1}

(i) y=3 -2%
Domainisx € R
0<2X¥<
Range € (—x, 3)

4
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QUESTION BANK

CHAPTER 1 : SETS, RELATIONS AND FUNCTIONS (CLASS XI)

EXERCISE - 1 [LEVEL-1]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

Q.11

PART -1:SETS, SUBSETS

OPERATION ONSETS
Ifaset A= {a, b, c} then find the number of subsets of
the set A —

(A)4 B)6
©38 D)9
n {P[P(¢)]} isequal to—

(A)4 B)6
©)8 D)9

IfA={x:x=2n+1,ne Zand B= {x:x=2n,n € Z}, then
findAUB-

A)Z

©O1
IfA={x:x=3n,neZ}and
B={x:x=4n,n € Z} then find AN B.

(A) {x:x=8n,neZ} B) {x:x=12n,ne Z}

©) {x:x=Tn,neZ} (D) None of these

If A and B be two sets containing 3 & 6 clements
respectively, what can be the minimum no. of elements in
AUB?

(A)4 B)6

©8 D)9

In above question, find the maximum number of elements
inAUB.

(A)4 B)6

©38 (D)9

IfA={2,3,4,5,6,7} and B={3,5,7,9, 11, 13} then find
A-B

B)W
(D) None

(A) {2,4,6} (B) {9,11,13}
(© {5,7,9} (D) {7,11,13}
In the above question, find B — A.

(A) {2,4,6} (B) {9,11,13}
(© {5,7,9} (D) {7,11,13}

Let A and B be two non-empty sets having elements in

common, then no. of common elements inA x B & B x A

are

(A) n?

(C)2n

Choose the correct relation —

(A)n(AuBuUC)=n(A)+n(B)+n(C)-n(ANB)
-nBNC)-n(ANC)+n(AnBNC)

(B)n(AuBuUC)=n(A) +n(B) +n(C)—n(A "N B)
-nBNC)-n(AnNC)-n(AnBNC)

(CO)n(AuBuwC)=n(A)+n(B)+n(C)+n(ANB)
-nBNC)-n(ANC)+n(AnBNC)

(D) None of these

Choose the correct relation —

(A)n(A'UB)=n(AnB)=n(U)+n(ANB)

B)n(A’UB)=n(AnB)=n(U)-n(AuUB)

O)nA'"UB)=n(AnB)=n(U)-n(ANB)

(D) None of these

(B)n
(D)n’

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Choose the correct relation —

(A)n(A’ "B')=n(A UB) =n(U)+n(AUB)
(B)n(A’ nB’)=n(A uUB)' =n(U)-n(AUB)
(CO)n(A’ nB)=n(AuUB)' =n(U)-n(ANB)

(D) None of these

For any set A, choose the correct options —
(A)AUA=A (B)AnA=A
©) Auod=A (D) All of these

For any set A and B, we have —

(A)AUB=BUA (B)AnB=BnA
(OOAUB#BUA (D) Both (A) and (B)

If A, B and C are any three sets then —
(A)(AuB)UC=AUBUC)
B)Y(ANB)NC=ANn(BNC)
(OOAUBNC)=(AUB)N(AUCQC)

(D) All of these

If A and B are any two sets, then
(A)(AuB)Y=A"NnB’ (B)(AuB)Y=A"UB’
(©O)(AnB)Y=A"UB’ (D) Both (A) and (C)

In a group of 1000 people, there are 750 who can speak
Hindi and 400 who can speak Bengali. How many can

speak Hindi only ?

(A) 600 (B)250

(©)150 (D)400

In the above question how many can speak Bangali ?
(A) 600 (B)250

(©)150 (D)400

In the above question many can speak both Hindi and
Bengali ?

(A) 600 (B)250

(©)150 (D)400

The setA=[x:x € R, x2=16and 2x = 6] equal —
Ao (B)[14,3,4]

®)[3] D) [4]

LetA=[x:xeR,|x|<1],B=[x:xeR,|x-1|>1]and
A UB =R-D, then the set D is —

(A)[x:1<x<52] B)[x:1<x<2]

O [x:1<x<2] (D) None of these

The set (A UB U C) " (AN BN COHC N CCisequal to
(A)BnC B)ANC

(C)BNCC (D) None

In a class of 45 students. 22 can speak Hindi only and 12
can speak English only. The no. of students, who can
speak both Hindi and English is —

(A)9 B)11

©)23 (D)17
Lety={1,2,3,4,5},A={1,2},B={3,4,5}; Then
(yxA)n(yxB)=

Ay B)A

©)B D)o

4
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Q.25

Q.26

Q.27

PART -2 : RELATI

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

In a class of 60 students, 25 students play cricket and 20
students play tennis and 10 students play both the games,
then the number of students who play neither is

(A)45 B)0

(©)25 (D)35

ThesetA={x :|2x+3|<7} isequal to
(A)D={x:0<x+5<7} (B)B={x:-3<x<7}

(O E={x:-7<x<T} (D)C={x:—-13<2x<4}
Write the set builder from A= {-1, 1}

(A) A= {x:xisareal number}

(B)A= {x:xisaninteger}

(C) A= {x: x is aroot of the equation x2 =1}

(D) A= {x : x is aroot of the equation x2 + 1 = 0}

DOMALI
TI

AND
E OFF
Function f(x) =x"2+x 3 is-

(A) arational function (B) an irrational function

(C) an inverse function (D) None of these
The period of | sin 2x | is-

(A) /4 B)n2

Or (D)2r

Iff(x) = 2]x — 2| — 3|x — 3|, then the value of f(x) when
2<x<3is

(A)5—-x B)x-5
(©)5x-13 (D) None
The domain of function f(x) = /72X _3% is-
(A) (=0, 0] (B)R
(©)[0,0) (D) No value of x
2

The range of function f(x) = X is—

1+x2
(A)R—{1} (B)R"U {0}
©1lo.1] (D) None

LetA= {1, 2,3}, the total number of distinct relations that
can be defined over A is —

(A)2° (B)6 (C)8  (D)None
Find the range of f(x)=x—[x]

(A)[0,1) B)[0,1]

©©,1) D) [-1,0)

Find the range of f(x) =3 +x—[x+2]

(A)[0,2) B)[0,1]

OI1,2) D) [-1,0)

The domain of the function f (x) = /cos x is—
(A) [31/2,27] (B)[0,7/2]

(©) [-2, /2] (D) [0, w/2] U [31/2,27]
Iff (x) =2x2, find %

(A) 1.56 (B) 156

(©)15.6 (D)0.156

Q.38

PART -3:

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

1 X
f(x):E—tan[Tj—l<x<l and

g (x) =V3+4x —4x* . Find domain of (f+ g).

(A)[-1/2,1) (B)(~1/2,1]
(©)[-1/2,3/2] D)(-1,1)
MBINATI FF TI

Iff(x)= );_j ,then f[f {f(x)}] equals-
B)1/x
(D)-1/x

Iff(x) = cos (log x), then £ (x) £ (y) — % [f(x/y)+f(xy)] =

(A)x
©—=x

(A)-1 B)12
©-2 D)0
2% 427 .
Iff(x)= —— ,thenf(x+y). f(x—y)is equal to

1 1
(&) S Faxry+Hfx=y]  B) 7 [f2x)+2y)]

©) % [fxty).f(x—y)] (D) None of these

Iff:R - R.f(x) =2x+|x|, then f(3x) — f (—x) —4x equals-

(A () B)-fx)
O f(=x) (D) 2f(x)
Iff: R > Ris defined by f(x) = %1 , find f (£ (2))
X“+
(A)1/29 (B)10/29
(©)29/10 (D)29
PART -4 : MISCELLANE

Let f(x) =tanx, g (f(x))=f [x - gj , where f(x) and g (x) are

real valued functions. For all possible value of x, f (g (x))=

(A) tan["‘1] (B)tan (x— 1) —tan (x + 1)
x+1
C f(x)+1 D x-n/4
) F0-1 O /4

The period of the function
4sin® (4X _Enj +2cos [4X —jnj is —
67 3n

(B) 31%/4

(A) 3n?/4
2 (D) 41312

(C) 313/

[4
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Q.46 f(x)=|x—1],f:R">Randg(x)=¢X g:[-1,0)—>R.If

Q.47

the function fog (x) is defined, then its domain and range
respectively are —

(A) (0, 0) and [0, 0) (B)[-1, ) and [0, )

(O©)[-1,)and {l_é’w] (D) [-1, ) and {é—l,oo]

h (x)=|kx+ 5|, domain of f(x) is [-5, 7], domain of f (h (x))
is [-6, 1] and range of h (x) is the same as the domain of
f (x), then value of k is —
(A2
©3

B)4
D)1

Q.49 Ifdomainof f(x)=

(B) f(x) is linear

(C) Number of such functions are exactly one

(D) Number of such functions are exactly two
sin”! (sinx)

J— o0 o (31
2

is (a, b) U (c, o), then find the value ofa+b + 3c.
(A)5 B)4
©3 D)2

Q.50 Iff: (0, ) — (0, o) satisfy f(x f(y)) =x2y? (a € R), then

Q.48 Iff(x)is apolynomial function that f (x) . f(—x) =f(2x),
then— find the value of a.
(A) No such function exists (A)4 B)1
©3 D)2
EXERCISE -2 [LEVEL-2]
Q.1 Domain of definition of the function A1 B)2
. (C) 22008 (D) 22008 -1
f(x)=log (\/10'3)(72 —ox! —1)+\/00871(1—X) 18 Q.6  Iff(x)=x2+bx+cand f(2+t)=f(2—t) for all real numbers
(A)[0,1] (B)[1,2] t, then which of the following is true?
(©)(0,2) (D)(0,1) (A (1) <f(2)<f(4) B) f(2)<f(1)<f(4)
: (© f2)<f(@)<f(l) (D) f(4)<f(2)<f(1)
) ) |sinx |+]cosx|
Q.2 The period of the function f (x) = m Q.7 Let f(x) = max.{sint: 0<t<x
A2 By g(x) = min.{sint: 0<t<x
(A (B) and h(x) = [f(x)- g(x)]
©)n (D)2n
Q.3 Let f(x)=sin?x +cos?x +2 and where [ ] denotes greatest integer function, then the range
g (x)=cos (cos x) + cos (sin x). Also let period of f(x) and ofh(x)is
g (x) be T, and T, respectively then (A) {0, 1} (B){1,2}
(A)T,=2T, (B)2T,=T, (©) {0, 1,2} (D) {-3,-2,-1,0,1,2,3}
OT, =T, (D)T,=4T, {x}
Q.4  The graph of the function y = g (x) is shown. Q.8 Range of the function f(x)= 1+ {x}
y 4 where {x} denotes the fractional part function is
A)[0,1) B)[0,1/2]
5 (©)[0,1/2) (D)(0,1/2)
Q9 Let f(x)=(x+2)*—1, —o<x <-2/3.1fg(x) is the
function whose graph is the reflection of the graph of
—4 -2: 0 2 et f(x) withrespectto line y=x, then g(x) equals
2 (A) %(—2—\/x+1),x2—1
B 1
1 —(=244/ >
The number of solutions of the equation | le(x)|-1 | =5 (B) 3 (F2+vx+D), x2-1
is 1
(A) 4 B)5 (C)E(—l—\/x+2),x2—2
©6 (D)8
Q.5  Consider the function g (x) defined as (D) %(_1 +/x+2),x>2-2
2008
g(x)'(x(2 - -1 =x+DEE+D)E+1)
2007
...... (x2 +1

the value of g (2) equals
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1
Q.10 Ifgx)= [4cos4 x—2c052x—%cos4x—x7j7 ,

then the value of g (g (100)) is equal to

A)-1 B)0
O1 (D) 100

Find the domain of the functions : (Q.11-Q.17)
1-5%
7% -7
(A)(—OO,—I)U[0,00)
B)B-2n<x<3-muB<x<4)
[O L)U[L ! ]
© (*100) 100" V10
D) -1 <x<-12)ux>1)

Q12 y=log,sin(x—3) + V16—x*

(A) (=0, = 1) U [0, 0)
B)B-2r<x<3-muB<x<4)

© (O’ﬁk’[ﬁﬁ]

(D) (-1 <x<-12)U(x>1)

QI f(x)=

(2log x+1)
Q13 £(x)= logipny | ———

(A) (_005_ I)U [Oa OO)
B)B-2n<x<3-muB<x<4)
1 1 1

(© (Om)u[m%j

(D) (-1 <x<-12)U(x>1)

1
Vax2 -1

(A) (=o0,— 1) U [0, 0)
B)B-2n<x<3-muB<x<4)

© (O’ﬁk’[ﬁﬁ]

(D) (-1 <x<-12)U(x>1)

+Inx (x2 -1

Q.14 f(x)=

Q.15 f(x)=,/l°%1 2X
2x"—1

1-5 1+I\
NEPRES
B) (3,-1Ju {0} U[13)

(©) {4} V[5,%)
(D) (-4,-1/2) U (2,)

Q.16

Q.17

Q.18

Q.19

Q.20

Q21

Q.22

Q.23

Q.24

f(x)= x2—|x| +
9—X2

1-5 1+I )
(A) {— 0 { -
(B) (-3,-1]U {0} U[1,3)

(€) 1435, )
(D) (-4,-1/2) U (2,)

£09= \J(x2 ~3x~10).In% (x - 3)

1-5 1+I )
o |50 v |5
(B) (3,-1]u {0} u[13)

(©) {4} V[5%)
(D) (-4,-1/2) U (2,)

3x
The function f (x) = has an inverse that can be
X

+4

x+b
written in the form f1(x) = —— . Find the value of
cx+d

(b+c+d).
A1 B)2
©3 D)4

Suppose that f (x) is a function of the form

ax® +bx® + ex* +dx? +15x + 1

f(x)= x=0).Iff(5)=2
X

then find the value of f(-5).

A)11 (B)28

©)33 (D)48

The function f is not defined for x =0, but for all non zero
real numbers x, f(x) + 2f (1/x)= 3x. Find the number of real
numbers satisfying equation f (x) = f (— x).

A1 B)2

©3 (D)4

Suppose that fis an even, periodic function with period
2, and that f (x) =x for all x in the interval [0, 1]. Find the
value of f(3.14).

(A)0.86 (B)0.76

(©)0.56 (D)0.46

Find the domain of the function log [x2—9) .

(A)R-[-L11] (B)R-[-2,2]

(OR-[3.3] (D)R-[44]

Find the domain of the function f(x) = vVx -1+ 76 —X .
(A)[-1,2] (B)[1,6]

O [14] D) [-1.1]

Find the domain of the function f(x)= 2-2x— Xz) .

(A)-1- 3 <x<-1+ 3 (B)-1-p<x<-1+.f5
(C)-1- 3 <x<-1+ 5 (D)1- .3 <x<-1+.f7

[£
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Q.25 Ifthe range of rational algebric function (A1 B)2
x>+x+k  [53 ©3 100 . 2
fx)= 5———is {E’E} _ then find value of k. Q.34 Let f(x) =-x If f(x) is divided by x“+x, then the
X" +2x+k remainder is r(x). Find the value of r (10).
A1 (B)2 (A)10 B)12
©3 (D)4 ©13 (D) 14

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Find fundamental period of function

SEIERVCIE

(A)120m (B)220=
(©)320m (D)420 1
Find fundamental period of function

X—T X—T
f(x) =4 cos? ? —2cos| = 5

27 2
(A)2r (B)2n2
©)2nt (D)

Letf(x)=xZ+4x—1 and g(x)=|x]|

If h(x)=f(g(x))+ 10. Find range ofh (x).

(A)[9, ) (B) [4,0)

©)[5,%) (D)[8,2)

Let f:R— {-4/3) > R— {4/3) be a function defined as

4x
f(x) = -—— . If inverse of map f'is map g given by

3x+4
g:R—{4/3) > R—{-4/3).Findg (1)
(A)1 B)2
©3 D)4

The function f(x) is defined as
i
f(x)=42%
f(x+1) if x<4

if x>4

3
then find value of f [2 +log, [ED .

(A)1/6 B)1/8

©1/12 (D) 124

f (x) and g (x) are linear function such that for all x,
f(g(x))and g (f(x)) are Identity functions. If f(0) =4 and
g(5)=17,compute f(136).

A)11 B)12

©13 (D) 14

Let f(x)=(x+ D)(x+2)(x+3)(x+4)+5 wherex € [-6,6].
If the range of the function is[a, b] where a, b € N then

find the value of (a + b).
(A) 5049 (B)2049
(C) 1049 (D)3049

Let a and b be real numbers and let
f(x)=asinx+b 3/x +4,VxeR. If f (log, (log310))=5
then find the value of f (log,, (log;,3)) .

Q.35

Q.36

Let P (x)= x*+ax3+bx2+cx+d, where a,b,c,d e R.
Suppose P(0)=6,P(1)=7, P(2)=8 and P(3)=9, then

find the value of P (4).

(A)11 B)18
©)34 (D)44
Match the column

Column I

() f(X)= Jcos2x + /16 — x>

(b) f(x)=log,logslog, log, (2x*+5x> - 14x)
© f(x)=In (Vx> -5x—24-x-2)
Column II (Domains)

= s e
® |73 7y 47474 4

(@) (o0,-3]

(1) [—4 , —3 U (2,)

(A)a-p,b-g,c—r
(C©)a-q,b—p,c—r

(B)afpsbfrsch
(D)afrybfpsch

Passage (Q.37-Q.38)

Q.37

Q.38

If the function f(x) defined on the interval [-2, 2] as

1; -2<x<-1
fx)=1x+2; -l<x<I

4—x; 1<x<2
Find the range of f(x).
(A) [1,3] B)[1,2]
© [2.4] D) [3,5]

Find the number of solution of the equation {f(x)} =1/2.
(where {x} denotes fractional part of x)

A1 B)2

©3 (D)4

Passage (Q.39-Q.40)

Q.39

Q.40

X+a
Consider the function f(x) =— 3 which has the
X°+

greatest value 3/2.
Find the value of constant number 'a'.

A1 B)2
©3 (D)4
Find the minimum value of f(x).
(A)-1/2 B)-1/3
©)-1/4 (D)-1

=
|35
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EXERCISE -3 (NUMERICAL VALUE BASED QUESTIONS)

NOTE : The answer to each question isa NUMERICALVALUE. Q.9

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

Q8

If X and Y are two sets such thatn (X )=17,n(Y )=23
andn (XU Y)=38, findn(XNY).

If X and Y are two sets such that X U Y has 18 elements,
X has 8 elements and Y has 15 elements ; how many
elements does X N Y have?

In a committee, 50 people speak French, 20 speak Spanish
and 10 speak both Spanish and French. How many speak
at least one of these two languages?

In a survey of 600 students in a school, 150 students
were found to be taking tea and 225 taking coffee, 100
were taking both tea and coffee. Find how many students
were taking neither tea nor coffee?

In a group of students, 100 students know Hindi, 50 know
English and 25 know both. Each of the students knows
either Hindi or English. How many students are there in
the group?

In a survey it was found that 21 people liked product A,
26 liked product B and 29 liked product C. If 14 people
liked products A and B, 12 people liked products C and
A, 14 people liked products B and C and 8 liked all the
three products. Find how many liked product C only.

Letf: {1,3,4} — {1,2,5}and g: {1,2,5} — {1, 3} be
givenby = {(1,2),(3,5),(4,1)} and g= {(1,3),(2,3),(5,1)}.
If gofis {(1,X), (3,Y), (4, 3)}. Find the value of X +Y.

Let f: R—(—4/3) - R be a function defined as

4x ) .
I The inverse of f is the map g : Range
4] . Py ..
f >R—- {——} givenby: g(y)= —— . Find the value
3 4 -3y

of P.

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Let P (x) =x0+ax® +bx*+ cx? + dx2 + ex + fbe a polynomial
suchthatP (1)=1,P(2)=2,P(3)=3,P(4)=4,P(5)=5and
P (6) = 6 then the value of P (7) is

7 7 7
IF Y i2x =1, (+1)2x; = 12& 2. (+2)x; =123,
i=1

i=1 i=1

7
S a2
then find the value of Z (i+3)7x; .

i=1
h(x)=|kx+ 5|, domain of f (x) is [-5, 7], domain of f (h (x))
is [-6, 1] and range of h (x) is the same as the domain of
f (x), then value of'k is —

Find the period of function f (x) = tan%[x] , where [ . ]

denotes greatest integer function.

The set of real values of 'x' satisfying the equality

3 4
[;} + {;} =5 (where [ ] denotes the greatest integer

function) belongs to the interval (a, b/c] where a,b,c €N
and b/c is in its lowest form. Find the value of
a+b+c+abc.

Let 1, be the line 4x +3y=3 and 1, be the liney =8x. L;
is the line formed by reflecting 1, across the line y =x
and L, is the line formed by reflecting 1, across the
x-axis. If 0 is the acute angle between L and L, such that
tan O = a/b, where a and b are coprime then find (a + b).

LetE={1,2,3,4} & F={1,2}. Then the number of onto
functions from E to F is

4
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EXERCISE -4 [PREVIOUS YEARS AIEEE / JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

Which of the following is not a periodic function -

(A) sin 2x + cos x (B) cos /x [AIEEE 2002]

(C) tan 4x (D) log cos 2x
The period of sin? x is- [AIEEE 2002]
(A)yn/2 B)n
©)3n2 (D)2rn
. 2+x .
The range of the function f(x) = < X#21s-
(A)R (B)R—{-1} [AIEEE-2002]
(OR-{1} (D)R-{2}
Domain of definition of the function
3
fix)= 2 log,, (x> —x), is- [ATIEEE 2003]
—X

A)L0Ou(d,2)u(2,©) B)(1,2)
O (-1,0)u(1,2) D) (1,2)V(2,0)
Iff: R — R satisfies f(x+y) = f(x) + f(y), forall x,y € R and

f(1)=7, then 2, f(0) is- [AIEEE 2003]
r=1
Tn(n+1) n
®) = ®) -
© @ (D) 7n (n+1)

The graph of the function y = f(x) is symmetrical about
the line x =2, then- [AIEEE 2004]
(A) f(x+2)=1(x-2) B)f2+x)=f2—x)

(© f(x) =f(—x) (D) f(x) =—f(x)

A real valued function f(x) satisfies the functional equation
fix —y) =1(x) f(y) — f (a—x) f(a + y) where a is a given
constant and f(0) = 1, then f(2a — x) is equal to -
(A)-f(x) (B)f(x) [AIEEE-2005]
(O)f(a)+f(a—x) (D) fi=x)

IfA, B and C are three sets such that AN B=A N C and

AUB=AUC, then- [AIEEE 2009]
(A)A=B (B)A=C
(C)B=C D)ANB=¢

Let X = {1, 2, 3,4, 5}. The number of different ordered
pairs (Y, Z) that can formed such that Y < X, Z < X and

Y N Zis empty, is : [AIEEE 2012]
(A) 52 (B) 3°
(©)2° (D)5?
Iff(x) +2f(1/x)=3%, x#0and S= {x e R: f(x) =f(—x)},
then S [JEE MAIN 2016]

(A) contains exactly one element
(B) contains exactly two elements
(C) contains more than two elements
(D) is an empty set

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Leta,b,c € R.Iff(x)=ax?+bx +cissuch thata+b+c=3
and f(x+y)=f(x)+f(y)+xy, V¥ X,y € Rthen

10
> f (n) is equal to : [JEE MAIN 2017]
n=l1
(A) 190 (B)255
(©)330 (D) 165

LetS={xeR:x>0and

2|Vx =3 +v/x ('x —6)+ 6 =0} . Then S:
(A) contains exactly two elements.  [JEE MAIN2018]
(B) contains exactly four elements.

(C) is an empty set.

(D) contains exactly one element.

Two sets A and B are as under:

A={(a,b)eRxR:la-5|<1 and |b-5|<1]}

B={(a,b) eRxR:4 (a—6)>+9(b-5)?<36}. Then:

(A) AnB=¢ (an empty set) [JEE MAIN 2018]
(B) neither Ac BnorBc A

(©)BcA

(D)AcB

1
Forx € R-{0, 1}, letfy (0 = 1x, £ (9= 1 -x & f; (9= T~

be three given functions. If a function, J(x) satisfies
(fyolof)) (x) = f3(x) then J(x) is equal to :-

[JEE MAIN 2019 (JAN)]
(A) f5(x) B)f; ®)
Of,x) D) (1/x) 5 (x)

LetA= {x € R: xisnot a positive integer}

2
Define a functionf: A— Ras f(x) = x_fl then

fis [JEE MAIN 2019 (JAN)]
(A) injective but not surjective.

(B) not injective.

(C) surjective but not injective.

(D) neither injective nor surjective

1-x 2xX
Iff (x) =log, Tex » |x|<1,then f o

+X
is equal to : [JEEMAIN2019 (APRIL)]
(A)2f(x) (B)2f(x?)
(©) () (D)-2f(x)

Let f(x) =a* (a> 0) be written as f(x) = f; (x) + f,(x), where
f}(x) is an even function of f,(x) is an odd function. Then
fix +y)+fj(x—y) equals [JEE MAIN 2019 (APRIL)]
(A) 2£,(x) f1(y) (B) 2f,(x) f,(y)

(©) 2f;(x+y) f(x~y) (D) 2fy(x+y) f; (x=y)

=
I37
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Q.18 Ifthe function f: R - {1,-1} — A defined by Q.23 LetA, B and C be sets such that  # AN B < C. Then
which of the following statements is not true?
2
X
f(x)= <2 is surjective, then A is equal to [JEE MAIN 2019 (APRIL)]
- (A)If(A—C)c B, then Ac B (B) (CUA) N (CUB)=C
[JEE MAIN 2019 (APRIL)] (C)If(A—B) = C, thenAc C(D)B A C %
(AR-[-1.0) (B)R—(-1,0) Q.24 Tfg(x)=x2+x—1and gof (x) = 4x2— 10x + 5, then find
(OR- {1} (D)[0, ) £(5/4). [JEE MAIN 2020 (JAN)]
Q.19 Two newspapers A and.B are pub.lished in a city. It is (A) 172 (B)-172
known that 25% of the city populations reads A and 20%
reads B while 8% reads both A and B. Further, 30% of ©)-173 D) 1/3
those who read A but not B look into advertisements and 5 ,
40% (?f those Whg read B but not A also look into Q.25 The inverse function of f (x) = 8" -8 xe (-1, 1), is
advertisements, while 50% of those who read both A and g2x 4 g=2x
B look into advertisements. Then the percentage of the
[JEE MAIN 2020 (JAN)]

Q.20

Q.21

Q.22

population who look into advertisement is :

[JEE MAIN 2019 (APRIL)]
(A)12.8 B)135
O 139 D)13

The domain of the definition of the function

f(x)= +log;, (x3—x)is

4-x2
(A)(1,2) W (2,0)
B)(-1,0)u(1,2) U3,
O L0V, 2) U2, )
D) (=2,-) v (-1,0)V(2,0)
Let f(x)=x2 x € R. Forany A C R, define

g(A)={x e R, f(x) € A}.IfS=]0, 4], then which one of
the following statements is not true ?

[JEE MAIN 2019 (APRIL))

[JEE MAIN 2019 (APRIL)]
(A) f(g(8)#f(S) B)f(g(S)=S§
©e(E©)=2() D) g(E(S)#S
Forx € (3/2),letf(x) = \/; ,g(x)=tanx and h(x)= 1; zi .
If ¢ (x) = ((hof) og)(x), then ¢ =m/3 isequal to :

[JEE MAIN 2019 (APRIL)]
(A) tan (/12) (B)tan (7n/12)
(O)tan (117/12) (D) tan (51/12)

Q.26

Q.27

Q.28

1l I+x 1 1—x
() o8 (1o B) 508

llo [_l—xj l10 [H—X]
© 781 (D) 7887

x[x] |
x2+1

(where [ . ] denotes greatest integer function)

[JEE MAIN 2020 (JAN)]
1 37
MKQQUGG}

® (3338
©[31)o(1F]

o(03)0(52]

IfA={xeR:[x|<2}and B={x € R:[x—2|>3};then:
[JEE MAIN 2020 (JAN)]
(A)AUB=R-(2,5) (B)AnB=(-2,-1)
(C©)B-A=R-(-2,95) (D)A-B=[-1,2)
LetX={neN:1<n<50}.1f

Letf(x)= (1,3) > R thenrange of f(x) is

A ={n e X:nisamultiple of 2} and

B = {n € X : nis a multiple of 7}, then the number of
elements in the smallest subset of X containing both A
and B is [JEE MAIN 2020 (JAN)]

[4
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Q)

()

€)

CHAPTER-1:
LUTI TOTRYITYOURSELF

TRYITYOURSELF-1
(1) Wehave, P(A:B)={XeP(A):BcX}
= Set of all those subsets of A which contain B.
P (A: ¢)=Set of all those subsets of A which contain ¢
= Set of all subsets of set A=P (A)
(i) IfA={a,b,c,d} and B= {a, b}. Then,

P(A:B) = Set of all those subsets of set A which
contain B={a, b, c}, {a, b, d}, {a,b,c,d}
Let U be the set of consumers questioned, S be the set of

consumers who liked the product A and T be the set of
consumers who like the product B.

Giventhatn (U)=1000,n(S)=720,n(T)=450

Son(SuUT)=n(S)+n(T)-n(SNT)
=720+450-n(SNT)=1170-n(SNT)

Therefore,n (S U T ) is maximum whenn (S N T ) is least.

ButSUTcUimpliesn(SuUT)<n(U)=1000.

So, maximum values of n (S W T ) is 1000.

Thus, the least value of n (S N T ) is 170.

Hence, the least number of consumers who liked both
products is 170.

Let A be the set of people who like cricket and B be the set
of people who like tennis. Then

(AUuB)=65,n(A)=40,n(ANnB)=10
We know that,n (AU B)=n(A)+n(B)-n (AN B)
= 65=40+n(B) —-10 =n(B)=35

No. of people who like tennis only and not cricket =n (B — A)

Q)

®)

)

()
(€)

Also,n(B)=n(B-A)+n(AnB)
35=n(B-A)+10 ; n(B-A)=35-10=25
Let H denote the set of peoples who speak Hindi and E

denote the set of peoples who speak English. We are given
that, n (H)=250, n(E)=200, n(Huw E)=400

We know that, n(HUE)=nH)+n((E)-n(HNE)
= 400=250+200—n(HNE) =>n(HNE)=450—-400=50
Hence, 50 people can speak Hindi as well as English.

We have, AU B={a,e,i,0,u} =A.

This example illustrates that union of sets A and its subset
B is the set Aitself, i.e., if B A, then AU B =A.

TRYITYOURSELF-2

(C). Since in (C) each element is associated with unique
element. while in (1) element b is associated with two ele-
ments, in (2) element a is associated with three elements
and in (D) element b is associated with two elements so. (C)
is function.

Number of elements inAxB=3x3=9
Since x2 —5x + 4 = (x—4) (x —1), the function f (x) is defined

(C)

®)

()

Y

®

(C)

for all real numbers exceptatx =4 andx=1.

Hence the domain of fis R— {1, 4}.

Domain [x]2—7[x]+10>0
(x]-5)([x]-2)>0 = [x]<2and[x]>5
[x]<2=>x<2 and [x]>5=>x2>6

= X e (—0,2)U[6,0)

Given, y =f(x) = ﬁ .G

_1=x
1+x _1+x—1+x_2_x_X
+1—X I+x+1-x 2

1+x

At x=1.1:f(1.1)=(1.12=1.21; f(1)=1)*=1

l-y
Now, f(y) = T4y =

fAD-fD) 121-1 021
(1.1-1) 0.1 0.1

2.1

f(x) is a rational function of x.
f (x) assumes real values of all x except for those values of
x for whichx2—8x+12=0 = (x—6) (x—2)=0= x=2,
6 .. Domain of function=R - {2, 6}
Here, f(x)=|x—1|
The function f (x) is defined for all values of x.

Domain of f(x) =R

whenx>1, |x—1|=x-1>0

whenx=1, |x-1|=0

whenx<1, |[x—1|=—x+1>0

Range of f (x) = all real number > 0 = [0, o)

XZ

Put y= Syt+tyxi=xt=x2(1-y)=y
1

-‘1-X2

2_ ¥ =>Xx=z .

= X
-y -y

For x to be defined y and y — 1 must either be both posi-
tive or both negative.

y>20andl-y>0=y>0andy—-1<0
= y20andy<1=0<y<lI
Alsowheny<0and 1 -y<0=y<0andy—-1>0
= y<0andy>1 which is not possible.

Range of f(x)=[0, 1)
Any positive real number x such that 0 <x <1.

(10) Now,(f+g)(x)=f(x)+gx)=x+1+2x-3=3x-2

-9 =f(x)-g®)=x+1-(2x-3)
=x+1-2x+3=-x+4

()
(€3]

_f(x)  x+1 3

= 2

>

X #
2x -3 2

—
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(€)
(C)

®)

(©6)

Y
@®
(C)

(10

11)
(12)
(13)

(14

15)

HAPTER-1:SETS, RELATI

FUNCTIONS
EXERCISE-1
(C). Sincen(A)=3
. number of subsets of A is 23 = 8
and set of all those subsets is P(A) named as power set
P(A): {9, {a}, {b}, {c}, {a,b},{b,c},{a,c},{ab,c}}
(A). We have P(¢) = {¢}
- PC@)= {0, {0}
= P[PCON]={ b, {0}, L0}}, {6, (0}}).
Hence, n{P[P(¢)]} =4
(A). AUB= {x:xisanodd integer} U {x : x is an even
integer} = {x:x is aninteger} =Z
B).xeAnB<x=3n,neZand x=4n,ne Z
< x is amultiple of 3 and x is a multiple of 4
< x is amultiple of 3 and 4 both
& xisamultipleof 12 << x=12n,ne Z
Hence AnB={x:x=12n,ne Z}
(B). We have, n(AuU B)=n(A) + n(B) —n(An B).
This shows that n(A U B) is minimum or maximum
according as n(A N B) is maximum or minimum
respectively. When n(A n B) is maximum.
This is possible only when A < B.
In this case,n(A N B)=3
~ nAuB)=n(A)+nB)-n(AnB)=3+6-3)=6
So, minimum number of elements in A B is 6.
(D). When n(A N B) is minimum, i.e.,n(A N B)=0
This is possible only when A N B = ¢.
n(AUB)=n(A)+nB)-0=n(A)+nB)=3+6=9.
So, maximum number of elements inA U Bis 9.
(A).A-B=1{2,4,6}
(B).B—A={9,11,13}
(A). Wehave (AxB) N (CxD)=(AnC)x (BND)
On replacing C by B and D by A, we get
= (AXB)Nn(BxA)=(ANnB)x(BNA)
It is given that AB has n elements so (A N B) x (B nA)
has n? elements
But(AxB)n(BxA)=(AnB)*x(BNA)
. (AxB) N (B x A) has n? elements
Hence A x B and B x A have n? elements in common.
(A).n(AuBUC)=n(A)+n(B)+n(C)—n(ANB)
-n(BNC)-n(ANnC)+n(ANnBNC)
(C).n(A’ UB’)=n(AnB) =n(U)-n(ANB)
(B).n(A'nB")=n(AuUB)' =n(U)-n(AuUB)
D). H)AVA={x:xeAorxeA} ={x:xeA}=A
()ANA={x:xe A&xeA}={x:Xx€eA}=A
(li)Avd={x:xeAorxedp}={x:x €A} =A
(D). For any set A and B, we have
(i) AuB=BUAand (i) AnB=BnNA
i.e. union and intersection are commutative.
(D). If A, B and C are any three sets then
H(AuB)UC=AUBUO)
(i) (AnB)NnC=An(BNC)
i.e. union and intersection are associative.
(i) AuBNC)=(AUB)N(AUC)

AND

(16)

17

20

@n

22

23
29

25

(26)
@n

2%

29

(30)
(€2))

(32)

i.e. union and intersection are distributive over intersection
and union respectively.
(D). Let x be an arbitrary element of (A UB)'.
Thenx e (AUB) =x ¢ (AUB)
=>x¢AandxgB=>xeA'nB’
Again let y be an arbitrary element of A" N B'.
yeANB =>yeA'andye B'=>y¢Aandy ¢ B
=>y¢(AuB)=>ye(AUBY
L A'"nB'c(AUB).Hence (AUB) =A"nB'
(A), (18) (B), (19) (C).
Let A and B be the sets of persons who can speak Hindi
and Bengali respectively.
thenn (A " B)=1000,n (A)=750,n(B)=400
Number of persons whose can speak both hindi and
bengali=n(AuUB)=n(A)+n(B)-n(Au B)
=750+400-1000 =150
Number of persons who can speak Hindi only
=n(A-B)=n(A)-n(AnB)=750-150=600
Number of persons whose can speak Bengali only
=n(B-A)=n(B)-n(AnB)=400-150=250
(A).x2=16=x=+4; 2x=6=x=3
There is no value of x which satisfies both the above
equations. Thus A= ¢.
B).A=[x:xe R,-1<x<1]
B=[x:xeR,x—1<-1lorx—12>1]
=[x:xeR,x<00rx>2]
.. AUB =R-DwhereD=[x:xeR, 1 <x<2]
(C).(AUBUC)N(ANBCNCOHCCC
[(ANAS)BUC)NCC=BUC)NCE
BuUCYHUCNCEH=BNCC
B). " n(HUE)=n(HNE)+n(HNE)+n(H NE)
45=22+n(HNE)+12 ~n(HNE)=11
(D). Clearly, AnB=¢ S (YxA)& (Y xB)
Can't have any commom element
(©).n(C)=25,n(T)=20
n(CNnT)=10thenn(CNT)'=?
n(CuT)=n(C)+n(T)-n(CNT)=25+20-10=35
n(CnT)=nmn)-n(CuT)=60-35=25
(A). [2x+3|<T7T>-T7<2x+3<7
-10<2x<4 ; -5<x<2 ; 0<x+5<7
©).x2=1=x=%1

1 1 1
A). " fx)= —t—== % =ratio of two polynomials
X© X X

.. f(x) is arational function.

[ 1—-cos4x
(B). Here | sin 2x | = sin” 2x = \/?

Period of cos 4 x is /2 ; Period of [sin 2x | will be 7t/2
(0).2<x<3 = [|x-2|=x-2; [x-3|=3-x
S f(x)=2(x-2)-3(3-x)=5x-13.
(A). Domain= {x;2*-3*>0} = {x; (2/3)* > 1}

=X €(—0,0]
(D). Range is containing those real numbers y for which
f(x) =y where x is real number.

B
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Now f(x) =y = x? —y = x= _y () = L [cos (logx +logy) + cos (log x —log y)]
Y 2 (1-y) 2

1+x

1
by (1) clearly y # 1, and for x to be real -~ [cos (log x — log y) + cos (log x + log y)] = 0

Ly>0:>y20andy<l. s 0<y<1

-y — OXHY | 97Xy 9XFY | p=X-Y
. Range of function=(0 <y <1)=10,1) @1 (B). fix+y). fix-y)= > >
33) (A).n(AxA)=n(A).n(A)=32=9.
So the total number of subsets of A x A is 2% and a subset P R R
of A x a is a relation over the set A. B 4
(B4) (A). s Weknowx—[x]={x}:
{where {x} is fractional part function} 1 24 . 2 427 1
and0<{x}<1 .. Rangeoff(x)is[0,1) 2 2 P LRSI
@5 (O ) =3 x—[x+2]=1+2+x[x+2] . (@2)  (D).£(3x)—£(x)—4x=6x+[3x|— {-2x+| x|} —4x
{where {.} is fractional part function} = 6x+3 x|+ 2x —[x| —4x =4x+2 x| =2 f(x) .
=1+ {2+x} 0 {2+x})<1
SOHIS 24X HI<IH] o 1<f(x)<2 43) (B).f(z)zizz
.. Range of f(x) is [1, 2) 4+1 5

2/5  2x5 10
4 4425029
25

(B6) D). f(x)=4/cosx =>cosx>0

0<cosx<1,xisinIquador IV quad

i.e., x varies from 0 to 7/2 (in I quadrant)

Also from to 37/2to 2m, cos xis >0

In=[0, /2] U [3w/2,2x],cos x>0

However, [-n/2, /2] also is the domain of the
function. Infact [3/2, 2] and [0, 7/2] are also
domains since cos x > 0 when x belongs to either of
these two intervals.

f(f (2)= f@j =

T tanx —1

@d) (A). &(f() = tan [x ‘Z) _

tanx +1

x—1 x—1
= (0 =" fe) =t ]

f(a)-f(b) 2(a’-b?) 2
37 (©. i b a b 45) (B). f(x)={2sin2[4x_23nﬂ +2cos[4x_23n)
~2(a+b)=2(3.8+4)=2(7.8)=15.6 om 3n
(38) (A). Domainof (f+g)isDomf nDomg 31 8x — 67t 303
As domain of fis (-1, 1), the option (C) can’t be the _E+ECOS[ 32 ] . T:T
answer
3+ 4x—dx? =—[4x? —4x 3] =—[(2x - 1)* - 4] 1-x 0<x<1
=4-(2x—1)? (46) (B). f(x)=|x—1|={x .
—2<2x—-1<2 =>—-1<2x<3 . —%SXS% g(x)=¢e* x>-1

I-g(x) O0<g(x)<!l ie.—-1<x<0
13 1 _
Domain of (f+g) is (is (-1, 1) [—5» ﬂ - [—55 ) (fog) (x) = {g(x)—l o(x)>1 i 0<x

x—3 X
- 1- -1< 0
x—3) :(X+1] 3_x+3 _{ ¢ =

x+1 [x—3] T l-x
+1
x+1

(39) (A).Here f{f(x)} =f [

oo domain =[-1, ]

<43 fog is decreasing in [-1, 0] and increasing in (0, o)

- EIER00 = 5 3=4—X=X fog(—1)=1—l and fog(0)=0
i X+3+1 4 e g
I-x x »>ofog(x)=c .. range[0, )
(40) (D). cos (logx)cos (logy) @47 (A).-55|kx+5|<7 = -12<kx<2

1 where—6<x<1
-3 [ cos (log x/y) + cos (log xy)]

—
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CL))

49

(50)

k
76S5xﬁlwheref6ﬁxsl 1

oo k=2 {- range ofh (x) =domain of f (x)}

(D). Letdegree of f (x) isn

Equating the degree of LHS and RHS, we get
n+tn=n=>n=0

=fx)=c=c?=c

=c¢=0,1=f(x)=0,1

(A). Domain of sin”! (sin x) is whole of R

2x —1
0
3+x)> ()

| (| [2x—1j\ . @
ie. Og("T*“)Lng 34X J<

—log(ﬂ) log, [
2

x+4

Casel: 0< <lije—-4<x<-2

“
2x —1 2x—1

then lo >1 je. >2
en 1082 3+x he 3+x

oo 2x—-1-6-2x
ie. —— >0
3+x
re.x+3<01e.x<-3

So—4<x <=3,

x+4

Casell : If >1ie.x>-2

2x -1 . 2x -1
then 0 <log, 3ix <lie.l<

<2
+X

2x—-1-6-2x
_— <
Xx+3

o 2x-1-3-x
ie. ———>0 and
X+3

0

x—4 -7
3 >0 and

<0
1.€ 3

X+
ie. {x<—3orx>4}andx>-3
Le.x>4
Fromeq.(1)and (2),x € (4,-3) U (4,0)
s.a=—-4,b=-3,c=4andso,a+b+3c=5
(A).f: (0, 0) — (0, )
f(xf(y)=x%y*(aeR)

Putx=1,we get f(f(y)=y?*

®)

I a

1
= — ==y

Put f(y) " ,we getf(1) (f(y))z

puty=1weget (f(1))3=1

s f()=1

fory=1, we have f(x (f(1))) =x2

o fx)=x2; f(x f(x))=x2x?; f(x3) =x2x?

fx3)=x0 .. x0=xxthusa=4

EXERCISE-2
(C). We have forcos (1 -x)>0 = —1<(1-x)<1
= —2<-x<0 = 0<x<2 ...(1)
also10-3x"2-9x-1_1>0
10-3X—9%_9>
10-:3¥-32X_9>(
32X_10-3¥+9<0
(3X=1)(3*=9)<0

1<3*<9=0<x<2 ... )

from (1) and (2)

0<x<2
(C). When p =1/2 then D' — cos x + sin X = /2 can not

be the period
(O). f(x) =sin?*x + (1 —sin?x)2 +2

=3 —sin’x +sin*x =3 —sin®x cos?x

sin? 2x T T
=3- 2 TIZE’ andezg

1
(D).1f ()20, | g()=1]=7

- R
gx)—1= 5 or = g(x)= )
3 .
At g(x)= 5 we getonly 1 solution ... )
1 .
At g(x)= 5 we get 3 solution ... )]
Again if g(x)<0
S R B B
gx)=5or— — sg(X)= - or 5
-3 .
At g(x)= 5 we getonly 1 solution ... 3
-1 .
At g(x)= o we get3 solution ..., @

From (1), (2), (3), (4) we get total 8 solutions

(X22008 ) g(x)(x22008 —xj

(B).LHS—g(x)L =

X

(x— 1)[(){ + D2+ D+ D), (x22007 +1)— 1}

RHS=
(x-1)
) (X22008 Sy = (x—1) ) (xzzoos —x) ) X(XOZOOS*I)—I)
x—1 x-1 x-1

From question

x—1

2008
2008 X(X(z 71) - j
S R B a—

¢
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- X - X} y
g=77 = g(2)=2 ® ©y=1, ==

(©)

™

(B). Since f(2 +t)=f(2-1)
= function is symmetric about the line x =2
Also  x2+Dbx+c=0is symmetric about x =—b/2
-b22=2=b=-4
f(x)=x2—4x+c
Now 3 graphs are possible. In (1) and (2) 'c' is positive
and in (3) 'c' is negative. f(0)=c

A

Let c is positive

Now f(1)=c-3
f(2)=c—4 ; f(4)=c, say c
then f(1)=0; f(2)=-1;
f(4)=3=>1Q2)<f(1)<f@)

again cisnegative Letc=-3
f(l)=-6;f2)=-7;f4)=-3
fQ)<f(1)<f@) = B)

Also if ¢ =0 the statement 'B' is true.

[Note : If must have minimum value at x =2 as 1 is
closed to 2 or compared to 4 = B]

(C)

y

3

(©O).fix) = sinx; 0< x<E
2 (10)

b
=1 ; ESXSZ’E
gx)= 0 ; 0<x<T

. 3n
= sinx, Tc<x<7

=1 ; —<X <— 1)

= 2 ; X = —

Hence the range of h(x)is {0, 1,2}

y
Hence 0 < E <1 = (©

(A). We have f(x) =y =(3x +2)2 -1

-2
3x+2)2=y+1 =3x+2=—/ Asx< —
=(3x+2) =y =3x y+1(Asx 3)

= x= (4_—@} =t (y) =gy
3
y
f(x)
NE
T
2
[5)

(-2—«/@}

Hence g(x)= L 3

1
(D). We have 4cos* x —2c0s2x — Ecos 4x—x’

1
=4cos*x—2(2 cos?x—1)— 5(2 cos?2x—1)—x’

1
=4 cos*x—4 cos?x+2—(2cos?x—1)2+ 5 _x7
3
-
2
1

We get g(x) = (%— x7] !

1

- 307 (-0 -

Hence g (g (100)) =100

1-5%

777 -1

(N'>0 and D*>0) U (N'<0 and D'<0)

A). f(x)=

7X(1-5%)

f(x) 77X_7 - 1_7x+1

B
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(16)  (B).f(x)= y x> | x|+

7X>0 = L1—7"“J >0 0 2
Casel: 1-5%>0 & 1-7%1>0 Let [x|=t

X< 7x+1<1 1

2
x<0 (1) x+1<0 f)= VU —t+ >
x<—1 ..(1) 9-t

HNQ) t(t—1)=0 and 9-t2>0

e L1
Casell: 1-5%<0 & 1-7%"1 <0 0 i and  te(-3,3)

5X>1 7x+121

50 .. (3 & 1150 -1 [x|>1 x21 or x<-1

x20..() X =X (4_) or [x|€<0 =  x=0
©IalC) 1 , |
x>0 I1 (I) Il
Casel U Casell h
x € (—oo,—1) U [0,) T T

I

i
(12) (B). f(x)=log,sin (x—3) + A/ 16— x> -3 0 3

D,: sin(x—3)>0=0<x-3<n 3.~ VI 3) 10}

= 2kn<x-3<(k+D)r A7) (©.fx)=y (x2 -3x~10)In? (x -3)
= 3+2kn<x<3+2k+1)n
D,:xe[-4,4] f(x)= \/(X—S)(x+2)ln2(x—3)
i 9 (x=35)(x+2)In¥(x—3)>0and  x>3
-4 3-2n 3-m 3 4 3+n
(3-2m,3-m)U(3,4] I ]
N 5
(210gX +1) 2
2logjp +1 at x=4 = In(x—3)=0
(13) (©)- 0 =logio| ~ | [5,00) U In (x=3)=0=> [5,0)U {4}
100x#1&100x>0 = x>0 3x -2
18) (A). y=
x# 1/100 as) (A).y 14
X f— —_ — = —
2logyp +1 >0 :>210g{(0+1<0 = xyt+tdy=3x-2= x(y-3)=—4y-2
-X 4y +2 . 4y +2
logjo < :>x<L o >y oher oy
= 10 \/ﬁ
1 j [ 11 j 4x+2 2
0, —|u| —, — ) = <
Xe[ 100/ ~\100° Y10 = =571 —x_3
| 4 4
14 O).fx)= 2 . +Inxx2-1) b=1/2,c=—1/4,d=3/4; b+c+d=1.
v 4x7 -1 (19)  (B). xf(x)=axt+bxS+cex +d2+15x+1  ...(1)
4x2-1>0 and x(x2-1)>0 x—=>—X,—xf(=x)=ax®+bx®+cx* +dx>—15x+1
= (-1,-1/2)u(l, o) xf(=x)=—ax®—bx®—cx*—dx>+ 15x - 1 (2)

Add (1) and (2)

1 _x X - -
15)  (A).f(x)= og% 2 - I-log, T x(f(x)+f(—x)) =30x = (f(x)+f(—x)) =30
X

= (f(5)+f(-5)) =30=>f(-5)=28

1
0< 2 =l @0) (B).f(x)+2f(;] “3x (D)
1-v5 ) [1+45 )
= {T, OJ U{ +2 , 00) Replacing x by %

—
| 45
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() van-a(5] sarl ramo-l5) &=
f . +2f(x)=3 e 2f " +4(x)=6 Ny ) =1+cos 2
_ T
(2)—(1) we get, 3f(x) = " -3x = Period of f(x) = [1 . 27:2) 213

Nowif f(x)=1(—x) (28) (A).h(x)=f(g(x))+10=|x[P+4|x|-1+10

6 6 12 i h() = |xP+4/x|+9= (x| +27+5
3 —3x= 3 +3x; X =6x; x2=2; x=%,/p Hence range of h(x) is [9, «).
21) fis periodic with period 2 and f (x)=x V x € [0, 1] also
f(x)iseven = symmetry about y-axis 29 M).y= 3x + 4 ; (4-3y)x=4y
.. graph of f (x) is as shown
y . A e _4
1 X=3 3y —eW=e)=773=
X 2x X3 Ndx 3 4 3
. i ) (30) ). f|2+log, B =1 log;+log, B
10 12 334y
=f(log, 6)=f(log, 6+ 1)=f(log, 12)
f(3'14)_:4*3'1420'86 =f(log, 12+ 1); Hence [2+10g2 (ED
(22) (C).Domain of log|x>—9]| 2

1X2-9|>0= x2-90

x?#+3 1 1
=f(log,24) = ——=7—".
Domain =R — {-3, 3} (0g,24) = ~log224 =24
(23) B).f(x)=/x-1+6-x (31) (B).Let f(x)=ax+b and g(x)=cx+d
x—1>0and 6—-x>0 as f(g(x))=xhold for all x, we have
x>1 and x<6=x €1, 6] fgx)=a(gx)+b
=a(cx+d)+b=acx+ad+b
249 A fx)= (2—2x—x2) oo acx+(ad+b)=x forallx,
2 2x—x2>0 on comparing coefficients
= 3-(x+1)220= (x+1)2<3 .. ac=1and ad+b=0
c=1/aand d=-b/a
= —.3 Sx-l—lS\/g
- x b x-b
— 1< _ . = — = —=
= 3-1<x<.f3-1 g(x) - -
Domain,x[—\/g—l,\/g—l] also f(x)=ax+b
Now, f(0)=4=b=4 and
2
(25) (D). Ifmaxi Jue of — txtk 3 5-4 1
. If maximum value of —————=— - - - —
2 4+ox+k 2 gd=17= . =17=a= T
then solveandputD=0 = k=4
. X 136
(26) (D). Period of A f00= 17 +4 = f136)= ——~ +4=12.
CLCMof (X2 = n 1 2n (32)  (A)-F(x)=(C+5x T4 +5x+6)+5
()=LCM.of V175213 14> 15" /6" 1/7 =[(x2+5x+5)—1][(:2+5x+5)+1]+5

=(x2+5x+5)2-1+5
f(x)=(x*+5x+5)+4

L[ Xom X—T Hence f(x) has a minimum value 4 when
27) (A).f(x) =4cos ? —2cos F 245x+5=0

S5 ~(5+45)
’ 2

2 .
— X—T 1.6.X=
— | 2cos? (uj ) [—] 2
{ ) cos( 7, 2

Also maximum occurs at x =6
f(x) |, =(B6+30+52+4=(71>+4

P <o = 5041 +4=5045
= |1+cos - —2cos F Range is [4, 5045]

L.CM.of {4r,6m,4m, 5w, 127, 147} =420m.

e [-6, 6]

£
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33

(34

35

(36)

a=4; b=5045=> a+b=5049
Alternatively: f(x)-5=g(x)]

( )
(C).log(log,10) = logk J =—log,,(log,,3)

logyo3

Given f(~logjo(log;p3) =5 (1)
now 1344

f(-x)=—asinx—-bx?+4

f(x)+f(-x)=8
f(log;o(logo 3)) +f(—logyo(logyo 3)) =8
f(logjo(logyg 3)) +5=8

f(logm(loglo 3)) =3 Ans.

(A). We have
fx)=x(x+1) Qx) + (ax+b) (1)
Quotient  r(x)(Remainder )

Put x=0 and x=-1 inequation (1),

we getb=0 . 2)

and -1=-a+b .. 3)
As f(0)=0
and f(-1)=-1

a=1,b=0. So,r(x)=ax+b=x
Hence, r(10)=10.
(C).Let P(x)=6+x, for x=0,1,2,3
Letf(x)=P(x)—x-6
= f(x) is also a polynomial of degree 4.
= fx)=x(x-1)(x-2)(x-3)
As f(x) vanishes at x=0, 1, 2, 3, so
f(x)=Px)—x-6=x-0)x—1(x-2)x-3)
= PX)=x+6+x(x—1)(x-2)x-3)
Hence P(4)=10+(4-3-2-1)=10+24=34
(B).

() f(X)= Jcos2x + /16 — x>

Y T
D, cos2x20:>—5£2xs5
T T
= 2kn75S2xS5+2kn
T T
= kn—z SXSZJrkn kel
D,:16-x2>0
X € [-4,4]
D, D,

37 (A)

[

T 3m Sm
4 4 4 4 4 4

(b) f(x)=log,logslog, 10g2(2x3 +5x% — 14x)
Z
| W !

log; logs log; log,(2x3 + 5% — 14x)

L y 1
log, 1og32 (2x3+5x2 - 14x)> 1
log,(2x° +5x>~ 14x) >3
2x3+5x% — 14x>8
2x3+5x2 — 14x—~8>0
x-2)2x+1)(x+4) >0

f P T

-4 -12 2

1
X e (—49 - Ej U (2, 0)

© f9=In [{x?—5x—24-x2)

Uy syl

T

x2—5x—24 >x+2

If x2—5x—24>0 and
1) (x—8)(x+3)>0 and x<-2

T

x+2<0

-3 8
)
= (—o,-3]
(2) x2-5x-24>0 and  x+2>0

and x2 —5x — 24> (x +2)2
x2—5x—24>x2+4x+4 =9x+28<0

X <— ?;noanswer [0}

Hu@)=>xe(-mw,-3]

SOAL

ODM ADVANCED LEARNING

Drawing graph of y=1f(x)
toy3. (L3
2.2
(-2,1) (-1, 1) y=1
x=-2 x=-1 xF 0 x=1 x=2

From above graph range is [1, 3]

[4
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(3%

39

(40)

)

()

&)

Q)

®)

(©)

(O). When-2<x<-1; {f(x)} =0

= (Asfx)=1,xe[-2,1])

when —1 <x<0; {f(x)} =1/2 is possible for one value of
x, whichis 1/2 when 1 <x <2, {f(x)} = 1/2 is possible for
one value of x which is 3/2. Hence total number of

113
solutions for {f((x)} = 1/2 is three given as { 27’ 2}

3x+a
(C). We have f(x) =
243
3 3x+a
Now, = =" =3x*-6x+9-2a=0
2 x“+3

This must be a perfect square, so
D=0 = 36=12(9-2a) = a=3

ALF_F 3x+3
(A).F=F(xx)= 213

Solving by usual method

l 3
Range | 575 @)

= Minimum value=-1/2

EXERCISE-
2. We know that
n(XuY)=nX)+n(Y)-n(XNY)
38=17+23-n(XNY)
= nXNnY)=17+23-38=2 @®)
5. Here,n(XuwY)=18 n(X)=8andn(Y)=15
We know thatn (XU Y)=n(X)+n(Y)-n(XNY)
18=8+15-n(XNY)
n(XNY)=23-18=5
60. LetF be the set of people who speak French and ‘S’
be the set of people who speak Spanish.
Here,n (F)=50,n(S)=20andn (FN S)=10
We know thatn (FU S)=n(F)+n(S)-n(Fn S)
n(FUS)=50+20-10=60 ©)
Number of people who speak at least one of the
these two languages = 60.
325.Let T be the set of students who like tea and C be
the set of students who like coffee.
Here, n(T)=150,n(C)=225andn(Cn T)=100
We know that, n(CUT)=n(C)+n(T)-n(CNT)
=150+225-100=275
Number of students taking either tea or coffee =275
Number of students taking neither tea nor coffee
=600-275=325
125. Let H be the set of students who know Hindi and E
be the set of students who know English.
Here, n(H)=100,n(E)=50andn (HN E)=25
We know that, n(HUE)=n(H)+n(E)-n(HNE)
=100+50-25=125.
11. Here, n(A)=a+b+c+d=21
n(B)=b+c+f+g=26
n(C)=c+d+e+f=29

(10)

(11

n(An B)=b+c=14 ... @)
n(CA A)=c+d=12 . ()
nBAC)=c+f=14 . (6)
n(ANBNC)=c=8 )

A
\/
AA

B

Putting value of ¢ in (4), (5) and (6),

b+8=14 =b=6

8+d=12 =>d=4

8+f=14 =f=6
Putting value of ¢, d, fin (3),

8+4+e+6=29
= e=29-18=11
Number of people who like product C only=11.
4.1f:{1,3,4} > {1,2,5};f={(1,2),(3,5),(4,1)} and
g:{L2,5) > {1,3};g={(1,3),(2,3),5, 1)}
Now gof exists because range of f'is equal to domain of g.
Then gof: {1,3,4} —>[1,3]
gof(D=g[f()]=g(2)=3,g0f 3) =g[f(3)]
@ =g[f@)]=g(1)=3
Thus, gof={(1,3),(3,1),(4,3)}

=g(5)=1,gof

4x
4. f(X):m. Let y=3x+4

= 3xy+4y=4x=3xy—4x=—4y
4y

=>xQBy-4)=—4y=>x= m

4y
Now, £ (y)=g(y)= ——
ow, £ (y)=g(¥)= 7= 3y

727. Letg (x)=P(x)—x.
Hence g (x) vanishesatx=1,2, 3,4, 5 and 6.
Since it is a polynomial of degree six
s0g(x)=P(x)—x=(x—-1)E-2)x-3)x—-4)x-5)(x—6)
~P(7)=6-5-4-3-2-1+7=727
334.Let, f(x) = x> x; + (X +1)2%, T ... +(x+6)%x,
[if x=1, we get 15t relation, and so on]
note that degree of f (x) is 2
hence f(x) =ax2 +bx + ¢ where f(1)=1, f(2)=12and
f (3)=123tofind f(4)="?
hencea+b+c=1
4a+2b+c=12
9a+3b+c=123
solvinga=50,b=-139,c=90
o f(4) =16a+4b+c¢=800-556+90=334
2.-5<|kx+5|<£7 = -12<kx<2 where-6<x<1

k
-6< 5 x<1 where-6<x<1
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(12)

(13)

. k=2 {- range ofh (x) = domain of f (x)}

2.f(x)= tang[x]

f(x+1):tang [x+1]= cot [x]

F(x+2)=tan — [x+2]

~tan — 2+
> =tan 5 2+[x])

- tan [n +§[x]) - tang[x] =f (x)
. 2isaperiod of f(x)

1 is not a period of f (x)
", 2 is the fundamental period

3 4

20. Case-I: If x <0 then [;} and {;} is—ve

3 4
hence X + < | cannever be equal to 5
Case-I1:If x>0
o L=
= = =
X X X X

3 4
Since each of [;} and [;} is an integer

IA

we have

.. 3 possibilities are there

w3
of2)-
o[-
of2)-

3 3
now, If X =0 = 0<—<1

and

and

and

X
=0<3<x = x>3
4
and | = = 5 —<6
X X
Tox_1 2 _ 4
6 4°-5 3 %%

these two equations are not possible. Hence no solutions
in these cases.

3 3
now, If ; =1 = 1<—<2

(14)

15)

1 x<1 3 <3
— < — =<
= ;<3< = 5 X<
4 4
and —|=4 = 4<—<5
X X
1 E<l - <x<1
= sS4 = 5 X<

not possible simultaneously = no solution

3 3

again If| - |=2 = 2<—<3
X X

1 x<1 | <3

—_ 2z x< >

= 3533 = x<o
4 4

and — =3 = 3<—<4
X X

1 x<1 . <4

.22 cx< —

= 443 7 X23

common solution 1 <x<4/3.Hencex € (1,4/3]
a=1,b=4,¢c=3;
satb+ctabe=1+4+3+12=20

57.1, :4x+3y=3
3-4x
fx)=y= 3 (1)

since f(x) and f1(x) are the mirror images of each other in
the line y = x hence we find £~1(x).
now y=f(x)=f1(y)=x

1 3(-
from (1) (4y)’ Fi(y)= ( 3d-y)
3(1-x)
- flx)=
="
4y=3-3x;L;=3x+4y-3=0; m; =-3/4
lly L, =y=-8x withm, =-8
If 6 is the acute angle between the lines
_8+§
0 m, — 1y 4_ ‘—29
tan@=|——| =
an 1+mym, 1+ (- 8)[—%

2 29 and b=28
:>28:>a an

Soatb=29+28=57

14. From E to F we can define, inall, 2 x2x2 x2=16
functions (2 options for each element of E) out of
which 2 are into, when all the elements of E either

map to 1 or to 2.
No. of onto functions=16-2 =14

¢
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EXERCISE-4

(0)) (B). cos+/x is composite function of periodic and non

periodic function

cosvVXx isnot periodic function.
?2) (B). Period of sin?x is 7.

From graph of sin2x
Period of sin?x is .

®  ®.y-f0-2: x2
Domain of f (x)=R— {2}
2+Xx

Now,y= —— =2 2y-yx=2+x=2y-2=x(1+y)

2—x

_2y-2
I+y

For definingx, | +y=0=>y=-1

yeR-{-1}

3
) (A).f(x):4 5 +log;o (x> —x)

—X

Letf, (x)=
! 4-x?

for domain f|

4-x2#20= x?24=>x#%2

D, =R-{£2}

f, (x)=log,( (x>~ x)

for domain of 1,

X-x>0=x(x2-1)>0

= xx+1)x-1)>0

critical points are 0, 1, —1

- +

-1 0 1
xe(-1,0)u(l, o)
D,=(-1,0)u(1,)
Domain of f(x), D=D; "D,
=(-1,0)0u(1,2)U(2,0)

+

for D; N D, by wave curve method

—eo O&——

Py
@ g
1
T

o -1 0 1 2

Common region=(—1,0) U (1,2) U (2, )

(5)  (A)f:R>Rf(x+y)=fx)+f(y)
and f()=7 (1)

s fEx+y)=fx)+1f(y)
= f(1+)=f()+f(1)=7+7

fQ)=14=72 .. )
fQ2+1)=fQ2)+f(1)
f(3)=14+7=21=73 .. A3)
f3+1)=f3)+f(1)
f(4)=21+7=28=74 .. “)

Similarly, f(n)=7.n

=71 +72+73+........ 7.n

7n (n+1)
2
(B). We know that if curve is symmetric about x = 0 then
fx)=f(—=x)=f(0+x)=f(0—-x)
given curve is symmetric about x =2
fQ+x)=f2-x)

=7(1+2+3+....+n)

A).fx-y)=fx) f(y)—fla—-x)f(aty) ... ¢))
Putx=0,y=0
£(0)=1£(0).f(0)—f(a) f(a) {+ f(0)=1given}
1=1-[f(@P=f@@=0 .. Q)

Now ifwe putin (1) x=aand y=x—a we get
fQRa—x)=f(a)f(x—a)—f(0) f(x)=0xf(x—a)—f(x)
-+ f(a) =0 from (2)
=-f(x) and f(0) =1 given
O©).AnB=AnCandAuB=AuC=B=C

(B). Every element has 3 options. Either set Y or set Z or
none.So number of ordered pairs = 35

B). f[l)-i-Zf(x):é; 3f(x):E—3x: f(x):z—x
X X X X
F0=f (x> 2-x="2+x
X X

i=2x:xz=2:>x=irx/§

X

(O). f(x)=ax2+bx+c
f(l)=a+b+c=3
Now f(x +y)=f(x) +f(y) +xy
Put y=1
fx+1)=fx)+f(1)+x
fx+1)=fx)+x+3
Now, f(2)=7; f(3)=12

S,=3+7+12+....t, (D
S,=  3+T+.t Tt -(2)
On subtracting (2) from (1)
t,=3+4+5+... upto n terms
2 2

n“ +5n (n” +5n)
ty, = 5 5 Sn = Zt1‘1 = ZT

I[n(n+1)(2n+1) Sn(n+1)
S, == +

2 6 2
S10=330

[¢
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12) A 2|Vx -3]+/x fx=6)+6=0
Case-l: \/x >3
2(WX =3)+x—6x +6=0
x—4Jx =0=x=0,16
As x29 = x=16
Case-II: \/;<3:>—2\/;+6+x—6\/;+6=0
= x-8/x+12=0= (Vx-6) x-2)=0

x=36,4.As x <3=>x=4
There are exactly two elements in the given set.

(4,6 (6,6
A | (6.5) B
M@Q

Since SetAis,|a—5|<1 ; 4<a<6
and|b-5|<1;4<b<6

@-6° (-5 _
9 4

17)

13 (D).

Now Bis, as)

It can be seen that all vertices of rectangle lie inside
the ellipse, therefore Ac B
19)

(14) (A).Givenf;(x)=Ux,f,(x)=1-xand f; (x) = ﬁ

(fy0Jof)) (x)=1f3(x)
0 (1 (f; (<)) =59

1
fo(J(1/x))= T’

1_J[l]:L
X 1-x
J[ljzl— I —x _x

X I-x 1I-x x-1

1
1 -
X —>— =X
Now X,J(x) T
——1
X

20

1
:—:f3(x)
1-x

as)y @A.fx)=2 [1+L]
x—1

2
(x—1)?

f(x) is strictly decreasing.
= {fis one-one but not onto.

£ (x)=— <0

22

I-x
(16) (A).f(x)=log, [Ej’ [x|<1

@n

([ 2x )
2x _1+x2
f 3 =In
1+x 1+ 2x
2
1+x
(((x—1)2 _
zlnL(X 1)2J:21n1—X=2f(x)
(x+1D I+x
A).f(x)=a%a>0
a*+a ¥ +a¥-a*
f =
(%) 2
a*+a™* a¥—a™*
= fix= S £, (x)=
= fx+y)+f (x-y)
a7y . a¥ Y 4
- 2 2
a*+a”* _
S ) @) = 00 %26 (9926 09, )

2
X
(A). y=1—2 ; Range ofy: R—[-1,0)
-X

For surjective funciton, A must be same as above

range.
(C). Let population= 100

n(A)=25

n(B)=20 A B

n(AnB)=8

n(An B)=17 °

n(A NB)=12

£x17+ﬂx12+£x8

100 100 100

5.1+4.8+4=13.9
(©0).4-x2#0;x3-x>0
x=%x2; x(x-1)(x+1)>0

-1 0 1
Die (-1,0)U(1,2) U (2, )
©O.g(5=[-2,2]
So, f(g(S))=[0,4]=S
And £(S)=1[0, 16] = f(g (S) #f(S)
Also, g (£(S))=[-4,4] = g(S)
So, g (f(S)#S

©).f(x)= /x ,g(x)=tanx,

1-x2
h(x)= oo ,fog (x) = /tan x

+X

— T
hofog (x) = h +/tan x _l-tanx oy (Z—xj

1+tanx

B
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23

¢ (x) = tan [g_xj
)l ) m

( TE] lln
=tan| T—— | =tan
12 12

(A).ForA=C,A-C=¢= ¢<B. ButAZB
= Option Ais NOT true

Letx e (Cxe (CUA)N(CUB)
xe(CUA)andx € (CUB)
(xeCorxe A)and (x € Corx € B)
xeCorxe(ANnB)

xeCorxeC (ass(AuB)cC) =xeC
(CuA)Nn(CuB)cC .. )
Nowx e C=xe(CUA)andx € (CUB)
xe(CUA)N(CUB)
Cc(CuA)Nn(CuB) ... (@)
From (1) and (2)

C=(CUA)N(CUB) .

L U

U

Option 2 is true
Letxe Aandx ¢ B
x € (A-B)

xeC

Letx e Aandx € B
xe(AnB)=xeC (asAnBc(O)
Hence,x e A=>xeC=>AcC

Uy

(asA-Bc(C)

Option 3 is true.
AsC D (AnB)
BNnC > (AnB)
ANB=#¢
ANB=#¢.
Option D is true.

249

25

(26)

@n

2%

B). g (F(x)=2(x) +f(x) -1
g[f GD =4G)2 —10-%+5:_%
o(¢(3))-r (3 (3

(3] -0 eI

82x _ 8—2x 82x

1+
A y=; e

x+8—2x ’ l_y_872x

1+ (1+y)
84X:ﬁ 4X—10g8L +y] :—10 8L1+—yJ

7710 = Trogg [ 11

——: xe(l,2)
x“+1
®). f (x)=
_2x
x2+1

; x €[2,3)
f (x) is a decreasing function

SENTERCE VY
YN 52 s 2 Y50 2) P s

©).A:xe(-2,2);B:x € (—o0,-1]U[S5, o)
= B-A=R-(-2,5)

29. n(A)=25,n(B)=7,n(AnB)=3
n(AuB)=n(A)+n(B)-n(ANB)
=25+7-3=29

[¢
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