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(i)

Number System

Natural Numbers
The set of numbers {1, 2, 3, 4, ...} are called
natural numbers, and is denoted by N.
e, N={1,2,3,4,..}
Integers
The set of numbers {..., -3,-2,-1,0, 1, 2, 3, ...} are
called integers and the set is denoted by I or Z.
Where we represent;
(A) Positive integers by 1t = {1,2,3,4, ...}

= Natural numbers.
(B) Negative integers by 1™ = {..., 4, -3, -2, -1}
(C) Non-—negative integers I; (or Np)

=1{0, 1,2, 3,4, ..} = Whole numbers

(D) Non—positive integers I; = {..., -3, -2, -1, 0}

(iii) Rational Numbers

A number which can be written as a/b, where a
and b are integers, b # 0 is called a rational
number and their set is denoted by Q.

ie., Qz{% a,b elandb=0}.

Note: =

Every integer is a rational number as it could be
written as Q = % (where b= 1)

All recurring decimals are rational numbers.

e.g, Q =0.3333 =%

Q=0.9999...=1

(iv) Irrational Numbers :

™)

Those values which neither terminate nor could be
expressed as recurring decimals are irrational

. a
numbers. (i.e., it cannot be expressed as Y form),

their set is denoted by Q° (i.e., complement of Q).

e.g., V2,m+ \/5%%

1
V3,01 + 3, + ——, m..etc.
9 9 \/g’

Real Numbers :

The set which contains both rational and irrational
numbers is called real number set and is denoted
byR. i.e., R=QuQ°

R=4{..-2,-1,0,1,2,3, ...,
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Note: =

As from above definitions;
NclcQcR,it could be shown that real

numbers can be expressed on number line with
respect to origin as;
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Intervals :

The set of numbers between any two real numbers
is called interval. The following are the types of
interval.
(i) Closed Interval: [a,b]={x:a<x<b}
(i) Open Interval: (a,b)or Ja,b[ = {x:a<x<b}
(iii) Semi open or semi closed interval:
[a,b] or [a,b)={x:a<x<b}
Ja, b] or(a, b]= {x: a<x <b}
Inequalities
The following are some very useful points to
remember:
1. a<b=ecithera<bora=b
2. a<bandb<c=a<c
3. a<b = -a>-bi.e, inequality sign reverses
if both sides are multiplied by a negative
number
4. a<bandc<d
—a+tc<b+tdanda-d<b-cVceR
5. a<b=>ma<mbifm>0and ma>mbifm<0
6. 0<a<b=a'<b'ifr>0anda™>b"ifr<0

1
7. (a +—j > 2 for a> 0 and equality holds for a=1
a

1
8. (aJr—] <-2 fora<0 and equality holds fora=-1
a

The Absolute value of a real number

The absolute value (or modulus) of a real number
x (written [x|) is a non negative real number that
satisfies the conditions.

[x|=x if x>0

|x|=—xifx<0

Example:

|2|:29|75|:55‘0|:O
From the definition it follows that the relationship
x < [x] holds for any x.
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The properties of absolute values are

(i) the inequality | x | < o0 means that— o <x < a;
ifo>0

(ii) the inequality [x| > . means that x >a or
x<—a;ifa>0

(iii) [ x £ y[ < x|+ |y| () | x £y 2 [[x [y |

x| x|

(Vi)‘ ‘ — (y=0).
y

V) xyl[=Ix]]yl
|y

2. Definition of Function
Let A and B be two non—empty sets. Then a function
‘f' from set A to set B is a rule which associates
elements of set A to elements of set B such that an
element of set A is associated to a unique element in
set B. All elements of set A are associated to element
in set B. Terms such as “map” (or mapping),
“correspondence” are used as synonyms for function.
If f is a function from a set A to set B, then we write

f:A—> Bor A ——> B. which is read as f is a
function from A to B or f maps A to B.

Example :
Let A={2,4,6,8} and B = {s, t, u, v, w} be two
sets and let f), f;, f; and f; be rules associating
elements of A to elements of B as shown in the
following figures.

Now see that fj is not function from set A to set B,
since there is an element 6 € A which is not associated
to any element of B, but f; and f; are the function from
A to B, because under f, and f; each elements in A is
associated to the element in B. But f; is not function
from A to B because an elements 8 € A is associated
to two elements u and w in B.

e Domain: Set A is called domain of f i.e. Set of
those elements from which functions is to be
defined.

e Co-Domain :Here set B is called co-domain of
function.

¢ Range:

Set of images of each element in A, is called range
of f.

FUNCTION

Note:x= Range = Co—domain

Real Valued Function :
All those functions of which domain and Co—Domain
are subsets of R are called real valued functions.
In this case for a given function we have to find
domain and Range.

Bounded Function :
A function ‘f"is said to be bounded if | f(x)|<m,

for some finite ‘m’ & for every x in Domain of f.
Equality of two functions :
Two function f and g are said to be equal
functions, if and only if
(i) domain of f= domain of g
(ii) co-domain of f = co—domain of g
(i) f(x) = g(x) V x € their domain
Example :
If A= {12}, B= {1013}, f: A>B, f(x) =x*+9
andg=A - B, g(x)=3x+7,
then f = g because domains and co—domains of
both f and g are same also
flA)=10=g(A); f(B)=13=g(2)

'Examples :- 1'

(i) Determine the values of x satisfying the

equality:
|(xX* + 4x +9) + (2x -3)| = [x* + 4x + 9| + [2x -3;
f(x).f(x*) 1
(i) IFf(x) = 27X, show thatL(xz ==
1-x 1+ 2

Solution:

(i) The equality |a + b| = |a| + |b] is valid if and only if
both a and b have the same sign.
Since x> +4x + 9 = (x +2)>+ 5> 0 at any values
of x, the equality is satisfied at those values of x at
which 2x -3 >0, i.e., atx > 3/2.

. By 1+x2 1+ x>
@ 1) = T " drni—x)
(ﬂj 1+ x2
= H)F0¢) _U=x)(1+x)(1-x)
TP ()
(1-x)’

1+x°
_ (lfx)2 _ 1+x2 =l
(1-x) +(1+x)° 2+2x* 2

(1)

3. Domain and Range
Domain = All possible values of x for which f(x)
exists. Range = For all values of x, all possible
values of f(x).

A B
a p
b

C r
d S
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4. Domain and Range of some important functions
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(y =f(x))

DOMAIN
(i.e. values taken by x)

RANGE
(i.e. values taken by f(x))

Algebraic Functions

@@ x",(m e N)

R = (set of real numbers)

R, ifnis odd
R'U {0}, if n is even

i) L meN)
X

R- {0}

R — {0}, if n is odd
R", if nis even

(i) '™, (n € N)

R, ifnis odd
R"U {0}, if nis even

R, ifnis odd
R'U {0}, if n is even

) . (0 e N)
X

R- {0}, ifnis odd
R", ifnis even

R - {0}, if nis odd
R", ifnis even

Trigonometric Functions

(i) sin x

R

(ii) cos x

R

(iii) tan x

Rf(2k+1)g,kel

(iv)sec x R-@k+ D7, kel (o0, ~1] U [1, )
(V) cosec x R-km kel (-0, —17 U [1, 0)
(vi) cot x R-krn, kel R
Inverse Circular Functions
(i) sin”' [-1, 1] z
X -1, ==
2
(ii) cos ' x -1, 1] [0, 7]
(iiii) tan ' x R

(iv) cosec ' x

(—o0, —1] U [1, )

|
pla | la [Llvla
o
N—

[
DA
| |
\
~—
()
-~

T
w) sec ! x (-0, —1T U [1, 0) [0, ] - {5}
(vi) cot ' x R (0, ™)
Exponential Functions
(i) R R’
(i) e R - {0} R'— {1}
(i) 2, a > 0 R R
(iv)a *,a>0 R— {0} R'— {1}
Logarithmic Functions
(i) log.x, (a>0) (a= 1) R’ R
(i) logwa = log, x R™— {1} R — {0}
(a>0)(a=1)
Integral part Functions
@ [x] R I
(ii)L R -0, 1) {l neI{O}}
[x] ’ n’
Fractional part Functions
(i) {x} R [0. 1)
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(i) — R-1 (1)
_— . o
{x}
Modulus Functions
@ [x| R R'U {0}
1
(i) — R - {0} R"
| x|
Signum Function
- Ixl
sgn(x) t x#0 R 10,1}
=0,x=0
Constant Function
say f(x)=c¢ R | {c}

5. Rules of domain
Dom (f+g+h......)

=Dom fnDomgn Domh..........
Dom (f-g)=Domfn Dom g

=Dom fnDomgn Domh..........
Dom (f/ g)
=DomfnDomg- {x:g(x)= 0}

'Examples :- 2'

Find the domain of following functions:
1

o —1
S f(x) =25 % . /x+2 +
(0 fx) log,o (x+1)

(i) f(x) = sin~' V4 - x*
(iii) f(x) =In (- 2 + 3x — X%
Solution :

(i) For f(x) to be defined — 1 <x <1,
x+220ie., x>-2,
x+1>0ie.,x>-1and
x+1=1lie,x#0
0, domain of f: (— 1, 0) U (0, 1]

(i) f(x) = sin ' V4 — x>
for f(x) to be defined 0 < 4 —x’< 1
=x -4<0andx’~3<0
=>xe[-2,2]and

xe(—oo,—%]u[\/g, oo)

s xe[2-B]o[V5.]
so domain (f) : x € [—Z—ﬁ]u[ﬁ,z]

(i) f(x)=In(-2+3x—x7)
for f(x) to be defined — 2 + 3x — x>0
= x>-3x+2<0
=>x-1)(x-2)<0= xe(1,2)
so domain (f) : x € (1, 2)

(Examples :- 3)

Find the range of the following functions:

G) f(x)= — G) f)=x'-Tx+5
8 - 3sinx
(iiii) f(x) = log, (log;» (x* + 4x + 4))
Solution: ()  f(x)= — . We know that
&—3sinx
—1<sinx<1

=-3<3sinx<3=>5<8-3sinx<11

i
.. Range (f) =

11’
(i) f(x)=x>-7x+5
2 29
= fx)= (x—%) —%Range = {—T,wj

(iii) f(x) = log, (logy, (x* + 4x + 4))
since 0 < log;» (x* + 4x + 4) <oV x € Domain (f)
= —w<log, (logy, (x> + 4x + 4)) <o
Range (f) = (— o0, )

'Examples :- 4'

If f(x) = X +1, g(x) = Ll’ then find (fog) (x) and

(gof) (x).

Solution :

Given, fx)=x*+1 .. (1)

g(x) = L )
x—1

1
Now (fog) (x) = f(g(x)) = f(;j =1(2),

where z =

x—1

1 2
=27+1 [ fx)=x’+1]= (—j +1
x—1
Note:=
Domain of fog(x) is x € R — {1}
(gof) (x) = g(f(x)) = g(* + 1) = g(w),

whereu=xz+l=L ; L

u-1 x2+1-1 x°
Note: = Domain of gof(x) isx € R — {0}
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'Examples :- 5'

, then find (fof) (x).

I £ = 2+x,if x>0
=15 s if x<0

Solution :
f(x) =2+ [x]
f(fi(x)) =2+ |f(x)|=2+2+ x| =4 + [

'Examples :- 6'

Let f{x) =sin'lx, g(x) =,l(3 —x)(x +1) .Find f+g,

f-gf.gandf/g
Solution :

(f+ g)x=sin"' x +/(3-x)(1+x) ,defined on -1< x<1

(f—g)x =sin"' x —/(3-x)(1+x), defined on -1< x<1

(- g)x=sin"' xx,/(3-x)(1+x), defined on -1< x<I
sin”' x

(f/g)x = —— defined on -1 <x <1
(3-x)(x+1)

'Examples :- 7'

Solve for x, log,x21
4
Key concept:
First make the base of log same both the sides.
Then solve.
e Common Mistake:

1
Given.log,x21 = log,x >log, —
< = -4
4 4 4
o After this step students used to solve in this
manner

1
log,x >log, 1 => x> %They forget to check the
4 4
base of log. Hence the answer is wrong.
Solution :

Given. log,x >1 = log, x > log, l
& - -4
4 4 4
We know

a, =a, ifb>1
a,<a, 1if0 <b<l
The base of log lying between 0 and 1 hence inequality

log,a, >loga, :>{

sign will change, hence x < % Also log x is defined

1
only when x>0. Hence the answer is X € (O,Z}

6. Classification of Function
The following are the kinds of function :
(i) One—One Function (Injective) :
If each element in the domain of a function
has a distinct image in the co—domain the
function is said to be one—one function and is
also known as Injective Function.

MATHS-XII

e.g. f:R—>R" givenbyy=¢"
g:R—>R, g(x)=3x-7
are one — one functions.
or, f: A — Bis one —one
Sazb= f(A)=f(B)foralla,b e A
& f(A)=f(B)y=a=bforalla,be A

(ii) Many—One Function :
If there are two or more than two elements of
domain having the same image then f(x) is
called Many — One function.
eg. f:R->R' fx)=x"+4
g:R>R" g(x)=x8+x4+x2+4
Both functions are many one
If the graph of y = f(x) is given and a line
parallel to x—axis cuts the curve at more than
one point then function is many one.
or, f: A — B is a many — one function if there
exist X, y € A such that x # y but f(x) = f(y).
egy=sinx,y=cosx,y=tanx,y=x,y=x",
etc are many one functions.

(iii) Onto Function (Subjective) :
Let f: X — Y be a function. If each element
in the co-domain Y has at least one pre-image
in the domain X i.e. Range f = Co-domain,
then f'is called onto.
Onto function is also called subjective and if
function be both one-one and onto then
function is called bijective.
or, f: A — B is a surjection if for each b € B
[x#—1,1 & f(x)#0] a € A such that f{A)=b.

e.g. If f:R'— R is defined by y = log,x,then
f(x) is Onto function.

(iv) Into Function :
If there exist one or more than one element in
the Co—domain Y which is not an image of
any element in the domain X. Then fis into.
In other words f: A — B is an into function if
it is not an onto function.
e.g. Let f: R — R is defined by y = x* + 1,
then f(x) is an into function. But when f: R —
R" is defined by y = x* + 1, then f(x) is not
into function.

(v) One-one onto Function or bijection :
A function f is said to be one-one onto if f is
one-one and onto both.

(vi) One-one into Function:
A function is said to be one-one into if f is
one-one but not onto.

(vii)Many one-onto Function:
A function f : A—>B is many one-onto if f is
onto but not one-one.
(i) f: R > RTU{0}, f(x) = x2.
(i) f: R - [0, ), f(x) =[x

(viii) Many one-into Function:
A function f'is said to be many one-into if it is
neither one-one nor onto.
(i) f:R->R, f(x)=sinx
(i) f: R > R, fx)=[x]
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(ix) Identity Function:

Let A be any set and the function f: A — A be
defined as f(x) = x,V x € A ie. if each
element of A is mapped by itself then f is
called the identity function. It is represented
by IA'

If A= {x,y,z} then I, = {(x, X),(y, ¥), (z, z}

Note :x=

1. If domain of f(x) is continuous and j—y> 0, v
X

x in domain then f is One — One, where
equality exist at discrete point.

2. If domain of f(x) is continuous and j—y< 0,V
X

x in domain then f is One — One, where
equality exist at discrete point.

3. If a continuous function f(x) which has either
local minima or local maxima or both then
f(x) will be Many — One

4. Every even function is Many — One

5. Every periodic function is Many — One

'Examples :- 8'

Let f : (—o0, 0) = [2, 0) be a function defined by
f(x) = Vx> -2a+a’, a € R. Find a for which f is

onto.

Solution :

For f to be onto range of the function should be [2, «).
So, a’-2a=4

:>a=1i\/§.

'Examples :- 9'

+
If : R> R where f(x)=—>"", find whether
x"+x+1
f(x) is one — one or many one.
Key concept :

If f(x) is a rational function then f(x;) = f(x;) will
always be satisfied when x; = x, in the domain.
Hence we can write

J(x)- (%) =(x; - x;) g(x;,X,) = 0 where
g (x;,x,) is some function in x; and x,. Now if

g (x;,X,) =0 gives some solution which is different

from x; = x, and which lies in the domain, then f is
many — one else one — one.
Solution :

X, +1
Jx)=/(x)=>— =

X, +x+1 x,7+x, +1

One solution of this is obviously x; = x,. Also we have
got a relation in x; and x, and for each value of x; in
the domain we get a corresponding value of x, which
may or may not be same as X;.

X, +1

If x; = 1 we get x, =_71¢x1, and both lies in the

domain of f.

FUNCTION

Hence we have two different values x; and x, for
which f{x) has the same value.
Hence ¢f"' is many one.

' Examples :- 10 '

Let f: R — [2,0) defined by

f(x) = x> +2x+bis an onto function, then find the
value of b.

Key concept:

Given function is an onto function. Hence range
should be equal to co-domain.

Solution :

Given f{x)= X" +2x +b= (x + 1)2+b- 1.

Hence range of f{x) is [b—1, o).
Since f(x) is an onto functionb-1=2=b=3

7. Even and Odd function
Even function
If we put (—x) in place of x in the given function
and if f(—x) = f(x), V x e domain then function
f(x) is called even function.

Odd function

If we put (—x) in place of x in the given function
and if f(—x) = — f(x), V x e domain then f(x) is
called odd function.

Properties of even and odd Function

(i) The product of two even functions is even
function.

(ii) The sum and difference of two even functions
is even function.

(iii) The sum and difference of two odd functions
is odd function.

(iv) The product of two odd functions is even
function.

(v) The product of an even and an odd function is
odd function.

(vi) The sum of even and odd function is neither
even nor odd function.

' Examples: - 11 '

Determine the nature of the following function for
even and odd:

() f(x) =log (x + \/ﬁ)

(i) f(x)=x (a:'lJ
a

+1
Solution :

() f(x)=1log (x+Vx2+1)
= f(-x)=log (—x+Vx% +1)

1
=log | —F— =1 +Vx* 1)
Og(x+\/x2+1j o x )
=—log (x +Vx* +1)=—1f(x)
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10.

So, f(x) is an odd function

(i) We have f(x) = x[a ‘1]
a*+1

f-x)=—x = f(x)

So, f(x) is an even function.

Explicit and Implicit Function

Explicit Function

A function is said to be explicit if it can be expressed
directly in terms of the independent variable. y = f(x)
or x=§(y)

Implicit Function

A function is said to be implicit if it cannot be
expressed directly in terms of the independent
variable.

ax2 + 2hxy + by? + 2gx + 2fy +c =0

Increasing and Decreasing Function
Increasing Function

A function f(x) is called increasing function in the
domain D if the value of the function does not
decrease by increasing the value of x.

Ile > Xy = f(Xl) > f(Xz)

or xi< X, = f(x9) < f(xy) or f'(x) > 0 for
increasing and f'(x) > 0 for not decreasing.
Decreasing Function

A function f (x) is said to be decreasing function in
the domain D if the value of the function does not
increase by increasing the value of x (variable).
IfX1> Xy = f(Xl) < f(Xz)

or x;< X, = f(x7) > f(xy)

or f'(x) < 0 for decreasing and f '(x) < 0 for not
Increasing.

Greatest Integer and Fractional Part
Greatest Integer:
Any real number x can always think of lying
between two consecutive integers say P and P+1.
ie. P £ x < (P + 1). That means, there always
exist an integer, say ‘P’ which is just less than or
equal to x. This unique ‘P’ is called the greatest
integral value of x and is symbolically denoted as
[x] i.e. [x] stands for the greatest integer that is
less than or equal to x.
eg x=354=3<x<4 = [x]=3,x=-295
=>-3<x<2=[x]=-3
It is obvious that if x is integer, then [x] = x.

YA

2
y=[x] |

]

N
I_o’

— )___

ol

Xy
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Domain — R;

Range = I;

Period — non periodic;

Nature — neither even nor odd
Properties of G.L.F :

(i) [x]=xifx is integer

(i) [x +I]=[x]+1, if L is an integer
(i) [x + y] = [x] + [y]

@iv) If [¢(x)] = [ then ¢ (x) > 1

) If[¢ (x)] <Tthen o(x) <I+1
i) If[x]>n=>x>n+1

(vi) [f [x]<n=>x<n,nel

(viii) [x] =—[x]ifvx el

(ix) [-x] =—[x]—1if x ¢ Integer
® [x+yl=[x]+[y+x-[x]]Vx yeR

el
(xi) [X]+| X +— |+ X+= |+t | x+——
n n n

= [nx];ne N

Fractional Part:

Fractional Part of any real number is defined as the
difference between the number ‘x” and it’s integral
value ‘[x]’ and is symbolically denoted as {x}.
Thus, {x} = x — [x], e.g. if x = 5.68, then [x] =5
and {x} = 0.68.

If x is an integer = x = [x] = {x} =0

={[x]} =0

If xe[0, 1), then [x] = 0= {x}=x

Xe[l, 2),then x]=l= {x}=x-1
Y 4

o, 1) y={x}

2 a4 0
Domain — R;
Range — [0,1);
Period — 1;
Nature — neither even nor odd

IMPORTANT POINTS:

0<{x}<1
[{x}]1=0,{[x]} =0

x—1<[x]<x,0<{x} <1

0, if x € integer
Xprixi=q .. .
1, if x ¢ integer

' Examples :- 14 '

Solve for x, [x]+

1 1
x=-2.7 x=-2.7
Common Mistake:
Student used to solve in this manner
First they cancel the common term both the
sides.= [x]=2=>x € [2, 3) .
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Solution :
First step is correct. Cancel common term. But

The important point is that is not defined when

x—2.7
x=2.7, hence exclude this from the solution set.

11. Signum Function

The signum function f is defined as

1, if x>0 x| 0
Sgnx=lo irx=0 =|x > 7
—1,ifX<0 0 5 x=0
12. Modulus Function
. X, x20
Itisgivenn e Nbyy=[x|=
-X, x<0

e Properties of Modulus function:
(i) x|l<a=>—-a<x<a
(ii) x>a=>x<—-aorx>a
(i) x +y|=x|+ly=x,y200rx<0,y<0
(v) x—y|=x|- |y =2 x=20 & x| > |y or x < 0 and
y<0and [x| > |y|
(V) x£y[<[x+lyl
(vi) [x £ y| = [x| —ly]

13. Periodic Function

e Definition :
A function f(x) is said to be periodic function if,
there exists a fixed positive real number T
independent of x, such that, f(x + T) = f(x) V x €
Domain & x + T € domain.
T is called one of the period of the function
In other words, a function is said to be periodic
function if its each value is repeated after a
definite interval.
Here the least positive value of T (independent of x)
is called the fundamental period of the function.
Clearly
f(x)=f(x+T)=fx+2T)=f(x +3T)=......

e For example :

(A) sin X, cos X, sec x and cosec x are periodic
functions with period 2.

(B) tan x and cot x are periodic functions with period 7.

(O) |sinx|, |cosx|, [tanx|, |cotx|, |secx|, |cosecx| are
periodic functions with period 7.
(D) sin’x, cos’x, sec'x, cosec’x are periodic functions
with period 27 or 7 according as n is odd or even.
(E) tan"x and cot"x are periodic function with period n
whether n is odd or even.
e Properties of Periodic Function :
If f(x) is periodic with period T, then
f(x) is periodic with period T.
f(x + ¢) is periodic with period T.
f(x) £ c is periodic with period T.

f(ax + b) has period |l, i.e., period is affected
a

only by coefficient of x where; a, b, c, are
constants with a, b# 0.
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If f(x) and g(x) be two periodic function with
period p & q respectively, then their any
combination will be periodic function with one
period equal to L.C.M of p & q provided L.C.M of
p & q exists.

Note = All periodic functions can be analyzed over
an interval of one period within the domain as the
same pattern shall be repetitive over the entire
domain.

' Examples :- 15 '

Find the period of f(x) = |sin x| + | cos X|

Solution :

|sin x| has period =, |cos x| has period 7t

Hence, according to the rule of LCM, period of f(x)
must be .

(T
But |Sln(5+Xj| = |cosx| and

| cos (§+ x)| = |sin x| Since, §< 7, period of f(x) isg

' Examples :- 16 '

If f(x) = sin x + cos ax is a periodic function, show

that a is a rational number.

Solution :

Period of sin x =21 = 21—n and period of cos ax = 2
a

.. Period of sin x + cosax = L.C.M of 21_7'5 and 2n_
a

W = 2—n where A is the H.C.F. of 1
HCFoflanda A

and a.

Since A is the H.C.F of 1 and a, % and % should be

both integers.

Suppose % =m and % =n, then ,wheren,m € |

n
m

> > =

. n L . .
ie., a= — . Hence, a is rational number with period = 2
m

14. Inverse Function
If f: X > Y be a function defined by y = f(x) such
that f is both one—one and onto, then there exists a
unique function g : Y — X such that foreachy € Y,
g(y) = x. The function g so defined is called the
inverse of f and denoted by f .Also f is the inverse
of g and the two functions f and g are said to be
inverse of each other.
ff'(x))=x,VxeYand f'(f(x)=x, VxeX
Notew.:-That f and f ' are symmetric about the
line y = x.

e Method of finding inverse of a function :

1. If you are asked to check whether the given
function y = f(x) is invertible, you need to check
that y = f(x) is one—one and onto.
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2. If you are asked to find the inverse of a bijective
function f(x), you do the following : if f ' be the
inverse of “f” , then f{(f "'(x)) = x . Apply the formula
of f on f ~'(x) and use of the above identity to solve

for £ (x).

Some standard functions given below along

with their inverse functions

FUNCTION INVERSE

FUNCTION

@ |f:[0, ©) > [0, ) |f ':[0, %) [0,c0)

defined by f(x) =x* | defined by
£ x) = Vx
(i) T -1 >
f:[—a,a}—) [-1,1] [ - n}
——,= | defined by
defined by 22
f(x) = sinx £! x)= sin 'x
(i) |£:[0, 7] > [-1, 17| f ":[=1, 1] > [0,x]
defined by defined by
f(x) = cosx £ (x)=cos 'x

' Examples :- 17 '

Find the inverse of the function

f(x) = In(x* +3x+1); x [1, 3] assuming it to be an

onto function.
Solution :

Given f(x) = /n(x* +3x +1)
£(x) 2x+3

=m>0Vxe[l, 3]

Which is a strictly increasing function. Thus f(x) is
injective, given that f(x) is onto. Hence the given

function f(x) is invertible.

Now f (f'(x)) = x

= (' x)?* +3(f ' (x))+1)=x
=SE'x) +3(F' X)) +1-e* =0

LX) = —3£49-4.11-€")  3+./(5+4e")
2 - 2
“3+4/(5+4€"
Dfl(x):(—e)

5 (asf'(x)e[l, 3])

Hence f'(x) _—3+VG+4e)

2

' Examples :- 18 '

Find the inverse of the function

X, x<1
f(X)— xz, 1<x<4
8\/;, x>4
Solution :
X, x<1
Given f(x) =] .2 1<x<4
8vx, x>4

MATHS-XII
Letfx)=y=x=f'(y) .o ()
Y, y<1
x=1\y, 1< Jy<4
vy
64" 64
Yy, y<l1
=fly)=1Jy, 1<y<i6 [From ()]
2
y
—, >16
64’ 7
X, x <1

Hence f'(x)= Jx, 1<x<16

2
—, x>16

' Examples :- 19 '

Find the period of function sin4x + tan2x.
Solution :

Period of sin4x is %, also period of tan 2x is g .

Hence period of f(x) is g

®
(i)

Properties of Inverse Function

The inverse of a bisection is unique.

If £ A —> B is a bisection & g: B > A is the
inverse of f, then fog = Iz and gof = I, where I
and Iy are identity functions on the sets A and B
respectively. Note that the graphs of f and g are the
mirror images of each other in the line y = x. As
shown in the figure given below a point (x', y)
corresponding to y = x*(x > 0) changes to (y, x')

corresponding to y = +\/; , the changed form of

X=4Y.
¥
y=x
0 >
fig. 1 fig. 2 fig. 3

(iii) The inverse of a bisection is also a bisection.
(v)If f & g are two bisections f: A —»> B, g :

B — C then the inverse of gof exists &
(gof) " =fog”

' Examples :- 20 '

The function f: [1, ©) — [1, ) is defined by
f9=2*"", find f~'(x).
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Key concept:
First check the function for one — one and onto.
And if function is one — one and onto then find

inverse using the identity f ( ! (x)) =x

Solution :
Given, f(x)=2"*"V
=logf(x) = x(x — 1) log.2

1
>—fF'x)= -
I S'x)=(2x -1)log.2

=7 (x) =2x" log2 2x - 1)
Thus f(x) is an increasing function in [1, ), therefore,
f(x) is a one — one function.
Also range of f{x) is [1,00) which is equal to co —domain.
Hence the function is also onto.
e TOFIND f'(x):

Letf™ " be the inverse function of f, then by rule of

identity f(f'(x))=x

) _ 2f"(X)(f"(X)-I)

£

RPN
=log,x=(1"0)) = (x)
1+ /1+4log,x

= 5
but £~ (x) = 1+4/1 +2410g2x

[ 1< £ (x) <0 1+4log,x 1 and x > 1}

Therefore only positive sign is acceptable.

15. Composite Function
Iff: A—>Band g:B — C are two function then
the composite function of f and g, gof A — C will
be defined as gof (x) = g [f(x)], V x € A.

e Properties of Composite Function

(i) If fand g are two functions then for composite of
two functions fog = gof .

(ii) Composite functions obeys the property of
associatively i.e. fo (goh) = (fog) oh.

(iiif) Composite function of two one-one onto functions
if exist, will also be a one-one onto function.

Algebra of function

(i) (fog) (x)=f[gx)] (i) (fof) (x) = f[f(x)]
(iii) (gog) (x) = g[g(¥)] (i) (f2) () = 1f(x) . g(x)
V) (f+g) (x)=f(x) = gx)

(Vi) (Fg) (x) = f(X;  g(x) %0

g(x

e Composite functions in not commutative

e Letfand g are two functions then if f & g are
injective or subjective or bijective then "gof"
also injective or subjective or bijective.
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16. Even and Odd function
e Even Extension:
If a function f(x) is defined on the interval
[0,a],0 <x<a=—a<-—x<0 we define f(x) in
the [— a, 0] such that f(x) = f(-x).
Let I(x) = {f(x) :x €[0,a]
f(—x):x €[-a,0]
e Odd Extension:
If a function f(x) is defined on the interval
[0,a],0<x<a=>—-a<—x<0
- X € [—a, 0], we define f(x) = — f(—x) Let I be the
f(x), x €[0,a]

odd extension then I(x) = {
—f(—x),x €[-a,0]
17. Some very important point
(A) If x, y are independent variables then:
(i) Iff(x,y)=1(x)+ f(y) then = f(x) = k logx
(i) Iff(x,y)=1(x). f(y) then = f(x) =x", n e R
(iii) If fi(ix + y) = f(x).f(y) = f(x) = ak*
>iv) If f(x + y) = f(x) + f(y) = f(x) =x
W) If fix +y) = f(x) = f{y) = f(x) =k, here k is
constant
(vi) By considering a general nth degree
polynomial and writing the expression

f(x) . f(l] — flx) + f(l] = fx)=+x+ 1
X X

(B) Algebraic Functions
(i) Polynomial function:
A function having the form
y =a;,+t ax + ax? + ax’ + ... a,x",

where ay, a;, a, ....... a, are real constant, a,# 0

and n € N called rational integral function or
polynomial of degree n.
(ii)Rational Function:
The ratio of two polynomial is called Fraction
Rational function or simply rational function.

(iii) Irrational Function:
Functions with operations of addition,
subtraction, multiplication, division and raising
to power with non-integral rational exponent are
called irrational functions.

M y=+x anyy= Yo 13"
\/x2+x+1

Such type of function are called Irrational function.
(iv) Transcendental function :
All those function who has infinite terms while
expanded are called transdental function. for
example all trigonometrical function.
Inverse trigonometrical function,
function, logarithmic function etc.
e.g. f(x) =sinx, y=cos ' x

y =logx, y = y/log, x —sin”' x

exponential

10
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(C) Mapping : (ivyy=f(—x):
One-one or injective mapping or homomorphism.
If f: A — B is one-one mapping A has m element
and B has n element hence the no. of mappings =

P, N2m
0 ,n<m

Reflection of y = f(x) w.r.t. axis of y is y = f(—x)

(D)If graph of y = f(x) be known then to find the (v) Tofindy=kf(x):
graph of
() y=f(x—a)ory=f(x+a) . Rule — Stretch the previous graph k times
To find yY= f(x —a) (Leta=2) vertically

* e.g. see below y =2 sin x, y = 3 sin x

y = f(x+2) y = (x) y = f(x-2) Y

shifted ,’ N /\ T / 1\ y =3 sinx

y = 1(x) ._/\ { \\ J[-wy =2 sinx

2 units AN =si

towards left \/ \/ shlfted y = 1f(x) R > X
~ horizontally 2 units k ‘j H 3

distance rightwise TN

(i) y=f(x)+a:ory=f(x)—a (Leta=2) / U/
Shifted vertically up o
A v the pervious graph (Vi) y=-1(x):

54 = f(x) by 2 units Y
gl = f(x)

37T y=f(x) +2 o
27 < S »X

1 T k_» y:f(x) //,’

0 - »X L y=-f(x)
o1 "yt 2 | e
27 Reflection of y = f(x) w.r.t. axis of x is y = —f(X)
3T Shifted vertically down (vii)To find y = f]x] :

the pervious graph v
y = f(x) by 2 units T
(iii) y = f(x/a) or y=f(ax): (Leta=2,1/2) e
y=fx) .-~
y=1f2x) |

Xl
e RULE:
_________ 2 times horizontally Neglect th b Tving in 1 and I quad
2\ compressed the graph eglect the graph lying 1n an quadrant
v’ 2 times horizontally and, Take the image of graph lying in I and TV"
See more examples about the same. quadrant w. r. t. axis of y.
X The original graph including its image is called
PX| X | —PIX > —— y=1f|x]
= 2T T T T T Uy = fix . . L
co}r,npregs:e)g7 : \,‘,,‘%’ ‘ E \‘\‘z’meft(c’dhié Here we took the image of the portion lying in first
(made half) :' :r ‘,E E d\o\”ble)i quadrant about axis of y and left the portion which
4 ] I| 1 \ 1
e r ey was lying in second quadrant.

11
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(viii)To find y = [f(x)| :

Y y=f() Y .
2 I X I s
7ol St — X
< Rule:

Take the image of the portion line below axis of x
about axis of x. Remain as it is the portion above

the axis of x.

' Examples :- 21 '

Draw the graphs of the following functions:
(i) y=|sinx|, x e [0, 2]

(i) y=sin |x|, x € [-2m, 27]

(iii) |y| = sinx, x € [- 2m, 2]

(iv) |y| =-sinx, x € [-2x, 27]

Solution:
® IJV\/\
@) ' 2T
(i) #
2 o
(iii) o~ 4
“oi—Fr O T 2n
o n\_ﬁo T"__on

FUNCTION
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Based On Domain Based On Kinds of functions
) 5x—x* 10. Let f : R > R be a function defined by
Domain of y = log,, : X2 +0x+5
4 f(x)=———is:

(A)O,5) (B) [1, 4]
(O)=0,0) U (5,0) (D) (o, 1)U (4, )
The domain of definition of

f(x) = VT logg;(x=1) .

1S:

11.

x2+x+1
(A) One-one and into  (B) One-one and onto
(C) Many-one and onto (D) Many-one and into
The function f: [2, o) — Y defined by
f(x) = x> — 4x + 5 is both one—one & onto if:

VX2 +2x +8 (A)Y=R (B)Y =1, )
A)(1,4) B) (24 ©O)2,49 D)2, ©Y=[4, ) D) Y =[5, )

The function

fx) = cot J(x+3)x + cos'Vx? +3x+1 is

defined on the set S, where S is equal to:
(A) {0,33(B)(0,3)  (C) {0,-3}(D) [3, 0]

The domain of _[sec™ (#j is

(A)R B)R-(-1,1)
(CO)R-(-3,3) (D)R-(-6,6)

The domain of the function
f(X) = 24—XC3X_ ! + 40—6XC8X_ 10 is -

12.

13.

Based On
14.

Let f: R — R be a function defined by

f(x) = x* + x* + 3x + sin x. Then f is:

(A) One— one & onto (B) One —one & into
(C) Many one & onto (D) Many one & into

Which of the following function from

A = {x: -1 £x <1} to itself are bisections-
(A) f{(x) =x/2 (B) g(x) = sin (nx/2)
(©) h(x) = x| (D) k(x) =x*

Inverse function

If f (x) = x> - 1 and domain of f = {0,1, 2, 3},
then domain of ! is -

(A) {2,3} (B) {1,2,3} (A){0,1,2,3} (B) {1,0,-7,-26}
(C) {1,2,3, 4} (D) None of these (©) 1-1,0,7, 26} (D) {0, -1,-2, -3}
exie—x
Based On Range 15. The inverse of the function y = — is
€ +¢
. 1.
=__ - is: 1 1+ 1 2+
The range of the function y ik is : (A)= log X (B)= log X
2 1- 2 T 2-x
A 1 B 1 C 1y D)N (€)X log 12X (D) 2 log (1+x)
()3, ()3, ()3, (D) None 2 %8

The value of the function Based On Composite function
x> -3x+2 16. The function f(x) is defined in [0, 1] then the
(%) :m lies in the interval - domain of definition of the function

fl/n (1-x2)] is given by :

1
(A) (=00, ) — {ga 1} (B) (= o, ) (A)x € {0}
(C) (— o0, o) — {1} (D) None of these ?3 z i E:ool’ ;? -v Ell);_Nolnze ]

Find the range of the following function,
y= logﬁ(\/i(sinx —Cosx)+5)

(A)R (B)Z

(C) [log; 4,log; 5] (D) [2 log; 3, 2]

Which of the following function (s) has the
range [—1, 1]
(A) f(x) = cos (2 sin x)

1
(B) g(x) = cos | 1=

(C) h(x) = sin (log, x)
(D) k(x) = cos (")

Based On
17.

18.

Periodic function

If £: R — R is a function satisfying the property
f(x +1) + f(x + 3) =2 V x R then the period
(may not be fundamental period) of f(x) is
(A)3 (B)4 ©)7 (D)6

The fundamental period of the function:

f(x) =x+a—[x+b] +sin nx + cos 2nx

+ sin 3nx + cos 4nx + .... + sin (2n — 1) nx+ cos
2 nnx for everya, b € Ris:

(where [.] denotes the greatest integer function)
(A)2 B)4 <1 (D)o

13
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19. Let f(x) = sin \/Ex (where [ ] denotes the

greatest integers function). If f is periodic with
fundamental period =, then a belongs to -
(A)[2,3) B) {45} (O[45] DI[45)

Based On Even and odd function

20.  Which of the following is an even function?

a* —1
(A)x — (B) tan x
a”+1
=2 o)
2 a* —1
21. Which of the following function is an odd
function

(A) fx) = VT+x+x> —l-x+x°
(B) f(x)=x[ax+1]

a* -1

(C) f(x) =1log (1 _HZ;j (D) f(x) = k (constant)

Based On Miscellaneous

22.  The set of points for which
f(x) = cos (sinx) > 0 contains -
(A) (0, 0] B) [-1, 1]
(C) (—o0, o) (D) All are correct

23. If [x] stands for the greatest integer
function, then the value of

11 ) 1 999
e el Il B el STl e
{2 1000} [2 1000} [2 1000}

(A)498 (B)499 (C) 500 (D) 501

24.  Let the function f{x) = 3x2—4x + 8 log (1 +|x |) be
defined on the interval [0, 1]. The even
extension of f(x) to the interval [-1, 0] is -
(A) 3x% +4x + 8 log(1 + | x|)
(B) 3x2 —4x + 8 log(1 +| x )
(C)3x2+4x -8 log(l +|x|)
(D) 3x* —4x —8 log (1 +|x|)

25. Letf:N— Nwhere f(x)=x+(-1)*" then fis-
(A) Inverse of itself (B)Even function
(C)Periodic (D)Identity

26. The function f(x) = \/log,, cos(2mx) exists -

(A)For any rational x

(B)Only when x is a positive integer
(C)Only when x is fractional

(D)For any integer value of x including zero

27. The domain of the function sec™![x? — x + 1], is

given by—

where [] is greatest integer function -

(A) [0, 1] (B) (=, 0] U [1, )
1-+/5 1++/5

(o)) {T\/_, 2\/_} (D) None of these

28.

29.

30.

31.

32.

33.

34.

FUNCTION
The domain of definition of the function
4
fix) = _ oot X , where [x] denotes the
x*-[x’1}

greatest integer less than or equal to x is -
(AR

(B)R—{=n :nel'U {0}

(©) R - {0}

(D)R—-{n:n el}

The domain of the definition of

f(x) = log{(log x)> — 5 log x + 6} is equal to-
(A) (0, 10 (B) (10°, )

(©) (107, 10°) (D) (0, 10%) L (10°, =)

/e T
IfA= {XIESXSE}and

f(x) = cos x — x (1 + x) then f(A) is equal to-

A_EE}

™63

B__E_E}

®)| 3

© l_z(“zj,ﬁ_z(lﬂﬂ
2 3073)72 6l 6

©) lﬂ(l‘zj’ﬁﬂ(l‘ﬁﬂ
2730 3)72 76l 6

If A be the set of all triangles and B that of positive
real numbers, then the mapping f: A — B given
by f(A) = area of A, (Ae A) is

(A)One-one into mapping

(B)One-one onto mapping

(C)Many-one into mapping

(D)Many-one onto mapping

T
Letf:R > A = {Y|OSY<E} be a function

such that f (x) =tan! (x2 + x + k), where k is a
constant. The value of k for which f is an onto
function, is -

A1 B)O0

(C) 1/4 (D) None of these

Which of the following functions are not
injective mapping-
(A) fx) =[x+ 1|, x € [-1, )

(B) g(x) = x + 1 x & (0, )
X

(O h(x)=x2+4x-5;x € (0, )
D) k(x)=e*;x € [0, »)

Let f be an injective map. with domain {x, y, z}
and range {1, 2, 3}, such that exactly one of the
following statements is correct and the
remaining are false : f(x)=1, f{y) # 1, f(z) # 2

The value of £ '(1)is -

(A)x By (©)z (D) None

14
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35.

36.

37.

38.

39.

40.

41.

42,

43.

Letf: R —> Rand g: R — R be two one-one onto
functions such that they are mirror image of each
other about the line y = 0, then h(x) = f(x) + g(x)
is-

(A)One-one and onto  (B)One-one but not onto
(C)Not one-one but onto

(D) Neither one-one nor onto

Which of the following functions is inverse of
itself -

(A) F(x) = (B) g (x) = 5'°ex

1-x
1+x
(O)h(x)=2x&1D (D) None of these

Period of f(x) = e= * + sin = [X] is (where, [.] and
{ } denote the greatest integer function and
fractional part of function respectively).

A1 (B)2 ©O)r (D) 2n

If f(x) = cos (ax) + sin (bx) is periodic, then
which of the followings is false -

(A) a and b both are rational

(B) Non-periodic if a is rational but b is irrational
(C) Non-periodic if a is irrational but b is rational
(D) None of these

The function

f(x) = 2(x — [x]) + sin?rm (x —[x]) is -

(Where [.] denotes greatest integer function)

(A) Non periodic

(B)Periodic with period 1

(C)Periodic with period 2

(D) None of these

2
If £: [-20, 20] — R is defined by f(x) = [X—}
a

sin X + cos X, is an even function, then the set of
values of a is-

(A) (—o0, 100) (B) (400, )

(C) (=400, 400) (D) None of these

Let f'be a function satisfying f (x +y) = f (x).f (y) for
allx,y e R.Iff(1)=3 then Zf(r) is equal to -
r=1

(A)% 3r-1) (B)%n(n+ 1)

(C)3ntl 3 (D) None of these
If
f(e) — (2cos O —1)(2cos 20 —1)(2cos 40 —1)..... (2cos 2"1g—1)

2cos 2"0 +1

forn e Nand 0 #2mr+ 23—n,meI,

then f(n/4) =
(A)1-~2 (B)V2-1
©) \/5 +1 (D) None of these

If f(x) = [x3] — [x]*> where [-] denotes the
greatest integer function and x e [0, 2], the set
of values of f(x) is -

(A) {-1,03(B) {-1,0, 1} (C) {03(D) {0, 1, 2}

44.

MATHS-XII

Domain of y = \/—logH4 (log2 2X - 1)
N 3+x

(A) (4, -3) v (4, 0) (B) (-0, -3) U (4, )

(©) (0, 43,0 (D)(H4-3)VE3E,4

Based On Domain
45. The domain of definition of
log, (x—3)
f(x)=——""1s
®) x> +3x+2
(A) R—{-1,-2} (B) (-2, )
(O R-H{-1,-2,-3} (D)3,
Based On Even and Odd
46. Among the following which is odd function
a*+a™™ X X
A B + 2
(A) 5 (B) =113

47.

48.

Based On
49.

50.

51.

52.

ON1+x+x> +1-x+x> (D)X’ +sinx

Let f be a function satisfying 2f(x) — 3f(1/x) = x*
for any x # 0, then the value of f(2)is
(A)-2 (B)-7/4

7
©-3 (D)4
If f(x + 2y, x — 2y) = xy, then f(x, y) equals

22 22
X -y X -y
A B
(A)—g (B)—,
2, .2 2
X +y X -y
D
4 ) 2

2

©

Periodic Function
The period of the function

sinx | .
+— | is
|cosx|J

(B) 2 (C)g (D>§

fx) = l(| sinx |
2\ cosx

(A)n

The function f(x) = cosvX is
(A)Periodic with period X

(B)Periodic with period \/2_1t
(C)Periodic with period 47*
(D)Not a periodic function

If f(x) + f(x +a) + f(x + 2a) + ... + f(x + na) =
constant; V xeR and a > 0 and f(x) is periodic,
then period of (x), is
(A) (n+ 1a (B) g™ ®
(C) na (D) e™
If f(x) + f(x +4)=f(x +2) + f(x + 6) VxeR,
100
and f(5) = 10, then Zf (5+8r) equal to
r=1
(A) 1000
(C) 10000

(B) 100
(D) 10
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53, f(x)= 10g[1+' j g(x

3x+x°
h(x) =m , then f(g(x)) + f(h(x))

(A0 (B)x (O5f(x)  (D)3f(x)

54, If fix) = 3x, g(x) = % h(x) =

h(h(..... n times)) equal to

A)x"  B)x (©) 3% (D) 2x

f: [2 ) — (— o, 4], where f(x) = x(4 — x) then

1 (x)is
(A)2 —V4—-x (B)2 + v4-x
(C)y-2++V4-x (D)-2- VJ4-x

56. The value of the parameter o, for which the
function f(x) = 1 + ax, o # 0 is the inverse of

itself; is
(A2 (B)-1 O D)2

Complete solution set of the inequality

x(e* = 1)(x +2)(x - 3)’< 0 is
(A2, 3] (B)(=2,0]
(O)(= o0, -2]u{0,3} (D)=, 2)V[0, 3]

58. The entire graphs of the

and only if

(A k<7 (B)-5<k<7 (C)k>-5(D)-7<k<5

The domain of the function
2
f(x) = sin”" (log2 X?] is given by

(A)[-2,-1]U[L,2] (B)[-3,-1]UIL 3]
©) (2,-)u(l,2) ([D)[-2,-1)U(l,2]

Range of the function f(x) = x* + , 1S
x?+1

(A) [1,0)  (B) [2,0) (C) [3/2, ) (D) (o0, )

61. If the function f : R —» A given by f (x) =

2

> is a surjection, then A is

x“+1
(AR B0, 1] (OO, 1] D)0, 1)
X" +e
62. If6= sinlf1 <2 +1 || thenrange of 0 is
(A) (0, m/2) (B) [0, ©/2)
(©) (0, m/2] (D) (-n/2, n/2)

f(g(x)) then

equation
y=x" + kx — x +9 is strictly above the x-axis if

FUNCTION

Which of the following functions is periodic ?
(A) f(x) = x — [x] where [x] denotes the greatest
integer less than or equal to the real number x

(B) f(x) = sin— for x # 0, f(0) = 0
X

(O) f(x) =x cos x

(D) f(x) = sin~/x

65.

66.

67.

Let f : N —> Y be a function defined as
f(x) =4x + 3 where Y = {yeN : y = 4x + 3 for
some x € N}. its inverse is

A) gy) = Y2 -3

=Y~
(B) gy 2

© gly)=" (D) g(y) =

+3

If the function f:[2, ) —>[-1, o) is defined
by f(x) = x> — 4x + 3. Then its inverse is

(A)2—-vx+1 (B)2++vx+1
C)2——2x+1 (D) not defined

Let f:[-n/3, 2w/3] — [0,4] be a function defined

as f(x) = \/§ sin X — cosx + 2. Then
f7(x) is given by

Aﬁf{ﬁﬁ}ﬂ 5 ~{£ﬁ}£
@sin!| == = @)sin!| =7+

2 4 x
(C)?COS T (D) None of these.

Let f(x) =(x+1)2—l, (xz—l). Then the set
S={x:1fx)="f *l(x)} is, if f is onto

(A){O, o —3+i\/§, —3—1\/5}
2 2
(B) {0, 1,-1}(C) {0, -1}  (D)Empty

68.

If the function f: [2, ) — [1, ©) is defined by
£(x) =32 then f' (x) is

(A) 1 +1+logyx (B) 1 —4/1+log; x
(C) 1 +4/1-log; x (D) does not exist

If f(x) = cos(/nx), then
£(x)f(y) - %{f (5] + f(xy):| has the value
y

(A)-1 @% ©-2 (D)0
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70.

71.

72.

73.

74.

75.

76.

Solution set of log( 2 [ﬁ - xj >0 is
N [x

(A) (—0,0)(1,2)
(C) (—o0,— 1) (0,1)

(B) (—o0,1) LU (2,0)
(D) (—o0,—2]w(0,1)

If f(x) = x> + 3x” + 12x — 2 sinx, where
f:R — R, then

(A) f(x) is many-one and onto

(B) f(x) is one-one and onto

(C) f(x) is one-one and into

(D) f(x) is many-one and into

1 1
If f(x) f(;} f(x) + f(;)v x € R- {0},

where f(x) be a polynomial function and f(5) = 126
then f(3) =
(A) 28

(B) 26 (C)27 (D)25

If £:][0, 00)—>[0, o) and f(x) = IL then f is
+X

(A) One - one and into

(B) Onto but not one - one

(C) One - one and onto

(D) Neither one - one nor onto

If fog = |sin x| and gof = sin’ Jx then f(x) and
g(x) are:

(A) f(x) = vsinx , g(x) =x"

(B) f(x) = [x|, g(x) =sin x

(C) fx) = Vx , g(x) = sin’x

(D) f(x) = sinvx , g(x) = x°

If f(x) = sinx + cosx, g(x) = x" — 1, then g(f(x))
in invertible in the Domain

2 4’4
T T
(©) {—5,5} (D) [0, m]

Let R be the set of real numbers. If f : R — R is
a function defined by f(x) = x” then fis

(A) Injective but not subjective

(B) Subjective but not injective

(C) Injective

(D) Neither injective nor subjective

77

78.

79.

80.

81.

82.

83.

MATHS-XII
If £ "(x) = — f(x) and g(x) = £'(x) and

F(x) = [f[%jz + [g[%DJZ and given that F(5) =

5, then F(10) is equal to
(A)S (B) 10 ((OX!

If g(f(x)) = sin x| and f(g(x)) =(sinvx )2, then
(A) f(x) =sin’ x, g(x) =~/x
(B) f(x) = sin x, g(x) = [x|

(C) f(x) = x2, g(x) =sinvx
(D) fand g cannot be determined

(D) 15

If log; (x> — 6x + 11) < 1, then the exhaustive
range of values of x is
(A) (—x,2) U (4, )
(B) (2,4)
©O)(~xo, DHu(l,3)u (4,
D) (oo, 1)u(l,3)
3

Given f(x) = In 1 X and g(x) =
—X

. Then

1+3x°
f(g(x)) is equal to
(A) —f(x)

(©) [fx))* 5y oo

(D) none of these

If f(x) = cos 'x and g(x) = x%, then range of
f(g(x)) equal to

T
(A) [O, 5}

o3
©| 5
2

If f(x) = In (X;e
X" +1

(A) (0, 1) (B) (0, 1]
©1[0, 1 (D) {0, 1}

If f(x) is a function that is odd and even
simultaneously, then f(3)— f(2) is equal to
@1 ®B-1 (O (D)2

(B) [0, 7]

(D) none of these

], then range of f(x) is
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One or More Than One Correct Answer

Question Type Questions
1
1. If flx) =yx’—|x|, gx) = then
NCESS
Dy, ,contains —

(A3, -1D(B) [1, 3)(C)[-3, 3] (D) {0} W [L,3)

3x -1
3x% +2x2 -

then S contains —

If f(x) = and S = {x| f(x) >0}
X

1
(B)(E,SJ
D)0 {1}
(D) (0, ) — 3

If D is the domain of the function

3
fix) = V1-2x +3sin‘1( z

2
11 1 1 1
-, = —,0 —, 1 —1
“{ fz}m{3’}@{ f}a”&’}
Let A = R — {2} and B = R — {l}.
Let f : A — B be defined by f(x)=x—_; then—
X —

(A) (=0, -2)

(©) (=0, -1)

Jthen D contains-

(A)fis one-one (B) fis onto
(C) fis injective (D) None of these
IfF(x) = sinT{x] , then F(x) is:

(A)Periodic with fundamental period 1
(B) Even
(C) Range is singleton

(D)Identical to sign[Sgn X} ]_1, where {x}
Jixy

denotes fractional part function and [.]
denotes greatest integer function and sign (x)
is a signum function.

Let f: [-1, 1] —> [0, 2] be a linear function which
is onto then f(x) is/are.
(A)1-x (B)1+x

(©x-1 (D)x+2

Function f(x) = sin x + tan x + sgn (x> — 6x + 10) is
(A)Periodic with period 27

(B)Periodic with period &

(C)Non-periodic

(D)Periodic with period 4n

In the following functions defined from

[-1, 1] to [-1, 1] the functions which are not

injective are:

(A) sin (sin_lx) (B)zsin_1 (sinx)
T

(C) (sgn x) fne* (D) x° sgn x

9.

10.

11.

12.

13.

14.

15.

16.

FUNCTION

Let f(x) = tan (log. x), then
_ ) -1(y)
1+f(X) f(y)
T +1(y)
f
Bf(x ) 1-f(x) f(y)
() E(y) () 1) ()1 ()
O ()T H 008 ()T G e) T ()

(D)f( n/4)

Let f(x) = cos x + sin x
(A)Domain of f(x) is R
(B)Range of f(x) is [-2, 2]

(C)Range of f(x) is [—\/5 N2 J
(D)Period of f(x) is 2w

Among the following which is / are periodic
functions

)X
X

(B)sinmtx + {x} where {-} to decimal part of x

(C) cos x + tan x
(D) max {sin X, ;}

Among the following which is / are true

(A)If f, g are only two functions then
fog = gof always

(B) f(f(x)) is always defined, where ‘ f'is any
function

(©) flg(x) =x= g(x) =1 (x)

(D)None

1+ -+ -1+ =1 +..0upto

terms =

o then x belongs to

- X

(A) (0.+2) (®) (~2.42)
(€) (_ﬁ, V2 ) — {0} (D)None of these

The value of f(x) = 3 sinx — 4 cosx + 5 lies in the
interval

(A) [0, 10] (B) (0, 10)

(©) [-5, 10] (D) none of these

If f(x) = 1(2_|X|j -1 .
(x) = cos 1 + [log (3 —x)] ', then its

domain is

(A)-2, 6] B)-6,2) v (2,3)

(©)[-6,2] D)[-2,2)U (2.3]
Let f:[0, 2] — [0, o) defined as

f(x) =-x*+4, then the values of ‘x’ for
which f(x) = £~ (x) is
AR2 B2

(©)[0,2] (D)none

18
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17.

18.

19.

20.

21.

22.

23.

24.

Let f(x) = tan x, g(x) = cot X, then

(A)f(x) + 21(2x) + 4f(4x) + 8(8x) + 16 f(16x)
= g(x)

(B)f(x) — g(x) =—2g(2x)

1+f2 (x)
(Of(x) + g(x) = Tt [f(x)#0]

(D)The least value of [4f(x)+9g(x)| is 12

Let g(x) be a function on [-1, 1]. If the area of the
equilateral triangle with two of its vertices at (0, 0)

and [x, g(x)] isg , then the function g(x) is
(&) g = £J(1-x7) B)g(x)=,[(1-x’)

©e0=—[1-x*) @ =,/[1+x)

-x-3 x <0
Letf(x)=< 4 x =0, then
x> +7 x>0
(A)f(-5)=5 (B) f(-=5)=-5
(O) f(5)=32 (D) f(=1) + f(A)=6

If f(x)= cos? x + cosz(g + xj —cosx.cos(%-ﬂ— xj

then
(A) f(x) is an even function

wiEi i

(C) f(x) is a constant function
(D) f(x) is not a periodic function

Let f(x) = secfl[l + coszx] where [.] denotes the
greatest integer function. Then

(A)The domain of fis R

(B)The domain of fis [1, 2]

(C)The range of f'is [1, 2]

(D)The range of fis {sec '1, sec '2}

Let f(x) = V9 —x* +/x* =9, then
(A)domain of f(x) is {£3}

(B)f(x) is many one function
(C)Range of f(x) is {0}

(D) 'f'is an even function

f(x) = sinx, g(x) = x(x> — 1), h(x) = (x* = )x
then which of the following is/are periodic
functions

(A) g(f(x)) (B) f(g(x))

(O) h(f(x)) (D) g(h(x))

Let f(x) = [x]* + [x + 1] — 3 where [x] = the
greatest integer < X. Where f: R > R. Then

(A) f(x) is a many-one and into function

(B) f(x) = 0 for infinite number of values of x
(C) f(x) = for only two real values

(D)None of these

25.

26.

27.

28.

29.

Question

MATHS-XII

x| +cos?| S -
Let f(x) = cos” x + cos’ 3 x 3 X ,
then

(A)£(0) =% B)f [gj -

3t} 3
12222
© (17} 2

I f(x) = x> + 1 and g(x) = Ll then
X —

N w

(D)f(-1)=

N | W

(Af (2(2) =2 B®)f(g3)) =%

on )

Which of the following statements are true for

X—1]+x—-2]+x-3+....... + [x — 100]

(A)Range of the function is [2500, o0)

(B) The function is symmetrical aboutx = 50.5

(C) The number of solution of max(]x|, |y|) =
2500 with the curve is 1

(D)None

Which of the following statements are true for

the function
+  |coslog X te
x> +1

(©)e(f(#)) =%

2
f(x) =\/sin10g[x2 re
x“+1

(A)Range of the function is (1, 64" 8}

(B)Domain of the function € R
(C)Function is even
(D)Function is invertible

Which of the following statements is/are correct
(A) fl(x) =|sinx|+|cosx| has a period of g if
An<x<4n

(B) fz(x)lesinercosx,XZOis a periodic

function
(1+sinx)(1+secx)

C)The period off;(x)=

© P (%) (1+cosx)(1+cosecx)
is .

(D) If derivative of a function is periodic, then
the function may be periodic.

Passage Based Type Questions

Passaget# 1 (Q.30 to Q.32)

30.

Let f(x) = x2 - 3x + 2, g(x) = f(|x])

h(x) = [g(x)] and I(x) = |g(x)| - [x]

Are four function, where [x] is the integral part
of real x.

Find the value of 'a' such that equation
g(x) —a = 0 has exactly 3 real roots-
(A)2 B)1

©o (D) None of these

19




MATHS-XII

31.

32.

Find the set of wvalues of 'b' such that
equation h(x) — b = 0 has exactly 8 real solution
(A)b € [0, 1/4] (B)b [0, 1/4)

(O)b e (0, 1/4) (D) None of these

Which statement is true for I(x) =0 -

(A) Two values of x is satisfied for I(x) = 0

(B) One value of x is satisfied for I(x) = 0 and
that x lie between 1 and 2

(C)One value of x is satisfied for I(x) = 0 and
that x lie between 3 and 4

(D)None of these

Passage # 2 (Q.33 to Q.35)

33.

34.

35.

Iff(x)=0;ifxeQ
=1;ifx ¢ Q.
then answer the following questions-
fx)is -
(A) An even function (B) An odd function
(C) Neither even nor odd function
(D) One-one function
JS(fx)) is-
(A) A constant function (B) An even function

(C) An odd function (D) Many one function

Domain of g(x) = In (sgn f{x)) is-
(A)R

(B) set of all rational numbers
(C) set of all irrational number
(D) R

Passage # 3 (Q.36 to Q.38)

36.

37.

38.

Consider the function

1.
f(x) = {"‘["]‘z’

0 ; if xel

if xel

where [.] denotes greatest integer function.
If g(x) = max. {x2, f(x), | x |} ; 2 <x <2, then.

Range of f(x) is-

11
(A) [0, 1) (B) {_5’ ﬂ
11 11
(Qth ©) 3]
f(x) is-
(A)Non periodic

(B)Periodic with period 1
(C)Periodic with period 2
(D)Periodic with period 2

The set of values of a, if g(x) = a has three real
and distinct solutions, is -

(A) (0, 1/2) (B) (0, 1/4)

(C) (1/4,1/2) D) (©,1)

FUNCTION
Passage # 4 (Q.39 to Q.41)

Consider the function

2
) = {x ~1, -1<x<I1

/nx, I<x<e
Let f;(x) = f([x])
f(x) = [f([x])] f3(x) = f(-x)

39.

40.

41.

Now answer the following questions.

Number of positive solutions of the equation
2f (x) -1 =0 is-

(A)4  (B)3 ©)12 (D)1

Number of integral solution of the equation
fix) =fH(x) is
A1 B2 ©3 (D)4

If f4(x) = logy; (f3(x) + 2), then range of fy(x) is

1 1
(A)[1,9] (B) {5’ Ooj © [0,5} (D) 1, 27]

Passage # 5 (Q.42 to Q.43)

42.

43.

If notation [x] denotes integer less than or equal
to x and (.) denotes integer greater than or equal
to x, then

The solution set of the equation

X2+ [xP>=[x— 1P+ (x+ 1)?is -

(A) {x;x e R} B) {x;xe R-7Z}
©) {xsxeZj (D) {x; x ¢}
Letf(x)=x+(x);x<0,3x—-2(x) ;x>0
Range of sgn f(x) is -

(A) {-1,0, 1} B) {-1, 1}

(©) {1, 0§ (D) {-1,0§

Passage # 6 (Q.44 to Q.46)

44.

45.

46.

Let fx +y) +f(x—y) =2f(x) fly) VX, y € R
and f(0) # 0. Then

The function f(x) is

(A)Even (B)Odd
(C)Both even & odd
(D)Neither even nor odd

The value of £(2), if f(1) =k is

Ak (B)2k*+1 (C)2k*—1(D)—k
The value of f(3)— 2kf(2) if f(1) =k is
Ak  (B)-k (C)2k (D) -2k

Passage # 7 (Q.47 to Q.49)

47.

A function f : A — B is said to be injective if
distinct elements in A have distinct images in B.
And subjective if A = B. Then answer the
following

If the function f: A — B defined by

I+cos2x . .
f(x)= s injective then the set A can be

(A) [0, m] (B) [, n]
(©) [-n/2, 0] (D) [-m, 0]
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48.

49.

If the function f: R — B defined by f(x)=vx>
is subjective then the set ‘B’ can be

(A) (0, 0] (B) [0, ) (C) (0,0) (D)R

The function f : RB defined by f(x) = [x] + [X]
(where [.] is g.i.f) is subjective then B =

AR B0, 1] (©)[-1,0] (D){-1,0}

Passage # 8 (Q.50 to Q.52)

50.

51.

If a function y=f(x);f:A—>B then the set A

is called as domain of the function & B is called
co-domain of the function. For all x € A, the
values of y thus obtained comprise the set ‘C’
where C is called as range of function

1

ln[cos_l x}
is where [.] indicates greatest integer function
(A) [0, 1] (B) [1, cos2]

(C) [-1, cos3) U (cos3, cos4)

(D) [-1, cos3) U (cos3, cos2)

The domain f the

f(x)= \/cos(sin X) + \/logx {x}

indicates fractional part function
(A) [1, m) (B)(0,2m) —[1,m)

(© (Oagj—{l}

The domain of the function f (x) =

function

where  {.}

(D) (0, 1)

52.

MATHS-XII

The range of the function of

f(x):sin_1 Vx2+x+1 is

T T T T T T
wlo3|olo3] ©[35] w[3]

Passage # 9 (Q.53 to Q.55)

53.

54.

Mr. X is a teacher of mathematics. His students
want to know the ages of his son's S; and S,. He
told that their ages are 'a' and 'b' respectively
such that f(x + y) — axy = f(x) + by’ V X,y eR
after some time students said that information is
insufficient, please give more information.
Teacher says that f(1)= 8 and f(2)= 32.

The age of S;& S, will be respectively

(A) 4,16 (B) 8, 16
(C) 16, 8 (D) 32,8
The function f(x) is

(A)Even (B)Odd
(C)Neither even nor odd

(D)Periodic as well as odd

The function f : R — R, then function will be
(A)One one onto (B)One one into
(C)Many one onto (D)Many one into
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Question  Column Match Type Questions 4. Columnl Column II
Match the entry in Column 1 with the entry in (A) The period of the function (P)1/2
Column 2. y = sin (2nt + 1/3)

1. ColumnI Column IT +2 sin (3nt + n/4)

(A) Range of P){1, 2,3} + 3 sin 5nt

J[sin2x] —[cos 2x] (B)y = {sin (nx)} isamany one  (Q) 8
(B) Domain of Q){1} Function for x € (0, a) where

{} denotes fractional part of

X2+4x C

\/ %243 x and a may be
(C) Range of (R){0, 1} (C) The Fundamental period of (R)2

- The function
log(cos(sinx))
_ 1 [sin(m/4)x | N sin(m/ 4)x

(D) Range of ®)103 2 cos(n/A)x  [cos(n/ x|

[|sinx| + |cos x|]

[where [ ] denotes G.LF] (D)Iff: [0, 2] — [0, 2] is injective (S) 0

Function defined by f(x)

=ax?+bx +c, wherea, b, ¢

2. Column I Column II A | b
(A)Period of P)2 re non - zero real numbers,
) Then f(2)is equal to
1 |s1nx|+|cosx|
2 | cosx  sinx 5.  The domain of the function
(B) Range of (Q)2n Column-I
— | 3-2x
cos”! /log[x] x| (A) V3—x +sin ( 5 j
X
2
(C) Total number R) 1 (B)log;(1~log;y(x” = 5x +16))
of solution x?—4—[x]=0 (€) 008—1(2 : j (D)sinx +16 - x>
+SInXx
. n
(D) Period of (S) 3 Column-II
o005’ obx-[xscos” s P)[(2km, 2k + )] ke 1(Q)[-4, — ] V[0, 7]
[where [ ] denotes G.I.F] R)(2,3) (S) [-1, 3]
6. In this question each entry in column 1 is
3. Column I Column II i ]
related to exactly one entry in column 2. Write
(A) Domain of f(x) = v2% - 3" (P) [0, 1] the correct letter from column 2 against the
+log;log, X is entry number in column 1. Let the function
(B) Solution set of equation (Q) [0, ) defined in column 1 have domain
2008’ x/2sin’x =X+ 1/x* is (-n/2,n/2) and co-domain (—oo, oo) .
(OIFA={(xy): y= kxR & (R)[1,) Column 1 Colurmn I
B={(xy)s;y=-xxeR} (A)1+2x  (P)Onto but not one-one
then AN B is (Q) One-one but not onto
(D) The functions fx) =vx vx—1 (S) ¢ (B) tan x (R) One-one and onto

(S) Neither one-one nor onto

& d(x)= Vx? — x are identical in
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FUNCTION

7.

Question
10.

11.

12.

Match the following with their least periods
Column II

27
(P) 5

Column 1

(A) sin 3x

(B) 2x — [2x] (where is [.] gif) Qmn

(C) tanx + tan% (R) 3n

(D) cos (sin x) (S) 172

Column-I Column-II

(A) The number of values of P)o0
‘x” satisfying e"lnx = 1 is/are

(B) The number of real Q1
solution of the equation
X210g,((x+3) =16 is

(C) The number of roots of the (R)2
. T .
equation x +2 tanx = > n

the interval [0, 27] is
(D) The period of the function (S)3
sin3mt + sindt is

Column-I Column-II
(A) The period of the function P) 1

sin 1og{§} (where {x} denotes
3

the fractional part of x’) is
(B) The total number of solutions of (Q) 4
the equation

‘10ge ‘XH =‘sinx‘ in [—7‘6/2, 7'6/2] is

(C) The least value of the function (R) 5
f(x)=sec” x +cosec’x is

(D) Let f(x) = sin x | + | cos x | then(S) 3
Number of elements in range set

Of [f(x)] where ([] is G.LF is)
(T) Infinite

Numerical Type Questions
If f(x) = (100° — x'%)"'°, then find the value of

2%f(f(1024)).

Iff(x + f(y)) =f(x) + y V x, yeR and f(0) = 1,
then find the value of @ . f(x) is not a

constant function.

An odd function is symmetric about the
vertical line x =a (a> 0) and if

D If(1+4n)]" = 8, then find the value of
r=0

8£(1).

13.

14.

15.

16.

17.

18.

19.

20.

21.

MATHS-XII

Let f: R —> R such that f(x — f(y)) = f(f(y)) + x
f(y) + f(x) — 1 x, yeR. Then find the value of
|(f(16))] — 125.

Let f be a function from the set of positive
integers to the set of real number such that

@ f(H)=1
(ii) irf(r) =n(n+ 1) f(n), V n > 2 then find

r=1

the value of 2126 f(1063).

Let f(x) be a function such that
flx-1) + fix + 1) = N2 fx) VeR. If f2)= 7

17
then find the value of Y [f(2+8r)—7].
r=0

3 1 2 1
If f(x) =x"+ — —4 | X +— | + 13, then
X X

find the value of £(2++/3).

If £° (x) - 3f 2 (x) + 3f(x) — 1 = x° then find
the value of f(0).

If f(x), g(x) are any two real valued functions
such that |f(x) + g(x)| = |f(x)] + |g(x)| and
g(x) # 0, f(x) g(x) <0 then find the value of

100

D f(r) -
r=1

If f(x) =x"+x*+1, then find the value of f(®")
x2—-x+1

where ‘@’ is the non real root of the equation

7’ =1and ‘n’ is a multiple of ‘3’

1—
If £(x) f(—x) =x’ [x #-1, 1 & f(x) # 0]
I+x
then find |[f(—2)]| (Where [.] is the g.i.f).
If “f is  polynomial such  that
¢ I-x ,f I+x _ ¢ 1-x of I+x
I+x 1-x 1+x 1-x
where (x # 0, = 1) and f(3)= 28, then find the

value of _1 (¥ 1l
605[§(f(n) 1)]
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(5

Question

Previous Year (JEE Main) 7.

>

The function f: R — [_l l} defined as
2°2

X
P

f(x) = is [JEE Main-2017]
1+x
(A) Injective but not subjective

(B) Subjective but not injective

(C) Neither injective nor subjective 8.
(D) Invertible
Forx e R—{0, 1}, let fix)=1/x, f, x)=1—x
and f3 (x) = 1; be three given functions. If
- X
a function, J(x) satisfies (f,0Jof}) (x) = f3(x)
then J(x) is equal to :- [JEE Main-2019]
A) ) B)fix)(O) L (x) (D) (1/x)f(x)
Let A = {x € R : x is not a positive integer} 9.
Define a function f: A — R as f (x) = 2x_
x—1
then fis [JEE Main-2019]
(A) injective but not subjective.
(B) not injective.
(C) subjective but not injective.
(D) neither injective nor subjective 10.
Let N be the set of natural numbers and two
functions f and g be defined as f,g : N - N
"+l s odd
such that : F(n) =
E, if nis even
2
and g (n) =n— (-1)". The fog is : 11.
[JEE Main-2019]
(A) Both one-one and onto.
(B) One-one but not onto.
(C) Neither one-one nor onto.
(D) onto but not one-one.
1-x
If f(x)=1logsl—— |, | x| <1, then
1+x 12.
2x ).
f > |is equal to : [JEE Main-2019]
I+x
(A) 2f (x) (B) 2f (x)
(©) (f ()’ (D)2t ()
Let f (x) = a* (a > 0) be written as
f (x) = fi(x) + £5(x), where fi(x) is an even
function of f5(x) is an odd function. Then fj(x
+y) + fi(x — y) equals [JEE Main-2019]
(A) 26,(x) fi(¥) 1.

(B) 2f1(x) fa(y)
(©) 2fi(x +y) Hhx—y)
D)2fi(x +y) fi (x—y)

FUNCTION

If the function f: R — {1, -1} — A defined by
2

f(x)= is subjective, then A is equal to

1-x%’
[JEE Main-2019]

(B)R—(-1,0)

(D) [0, )

(A)R-[-1,0)
(OR-{-1}
The domain of the definition of the function

f(x)= + logyo (x* — X) is —

4-x*
[JEE Main-2019]

(A)(1,2) VU (2, )

B) 1,0 v (1,2)U (3, )

O E,L0uv(1,2)U (2,0

D) (2,-1) U (-1,0) U (2,)

Let f (x) =x, x € R. Forany A C R, define

g(A)={x e R, f(x) € A}. If S=10, 4], then
which one of the following statements is not
true ? [JEE Main-2019]

A fEe®H=fE) B Ff@E®)=:S
©egEE®)=2() DegEE)#S

Let f (x) = log. (sin x), (0 < x <m) and
g (x) =sin"' (€7, (x = 0). If o is a positive
real number such that a = (fog) (o) and
b = (fog) (), then : [JEE Main-2019]
(A)ac’ —bo—a=0 (B)ao’+bo—a=-20"
(C)ao’+bo+a=0 (D)ac’ —ba—a=1

For x € (0, 3/2), let f (x) = VX, g (x) = tan x

and h (x) = 1= Xz If ¢ (x) = ((hofog)(x), then
I+x

¢ (1/3) is equal to : [JEE Main-2019]

(A) tan (11/12) (B) tan (77/12)

(C) tan (117/12) (D) tan (51/12)

For x € R, let [x] denote the greatest integer < x,
then the sum of the series

1 11 1 2
307173 100 | 3 100
L9
3 1000

[JEE Main-2019]

(A)-153 (B)-133 (C)-131 (D)-135
82X _ 8—2X
The inverse function of f (X)= W s

xe (-1, 1), is [JEE Main-2020]
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14.

15.

16.

17.

18.

19.

20.

() log, (H—Xj (B log, (ﬂj
4 I-x 2 I+x

(©)log, (ﬂj (D) log, (H—Xj
4 I+x 2 I-x

If f'(x) = tan_l(sec X + tan x), —§< X <§,

and f (0) =0, then (1) is equal to :
[JEE Main-2020]
n+2 m+1

1
O = ©)

Ifg(x)= x*+x— 1 and gof (x) = 4x*~ 10x + 5,
then find £ (5/4). [JEE Main-2020]
(A)172 (B)-12 ©)-1/3 (D) 1/3

Let f (x) = [ 1. :(1,3) > R then range of
x?+1

f (x) is (where [.] denotes greatest integer
function) [JEE Main-2020]

A (0 lju(é Z} B (g lj (E ﬂ}
()’2 5'5 ()52 55

2 4 1 2 4
o3 wlog)3]

Let [t] denote the greatest integer < t. Then the

equation in x, [x]*+ 2 [x +2] = 7=0 has :
[JEE Main-2020]

(A) no integral solution

(B) exactly four integral solutions

(C) exactly two solutions

(D) infinitely many solutions

ky(x - n)’

k, cosx, X>n

-1, x<n

If the function f (x) = {

is twice differentiable, then the ordered pair
(ky, k) is equal to : [JEE Main-2020]
(A)(172,1) B) (1, 1) (C)(172,-1)(D) (1, 0)

Let f: R — R be a function which satisfies

fx+y)=fx)+f(y) VxyeR Iff(1)=2and
(n-1)

g(n) = Z f (k),neN then the value of n, for
k=1

which g(n) =20, is : [JEE Main-2020]

(A)S B)9 (©)20 (D)4

Iff(x+y)=f(x)f(y)and

Zf (x)=2,x,ye N ,where N is the set of all

x=1

natural numbers, then the value of f g; s —
[JEE Main-2020]

(A)1/9 (B)4/9 )13 (D) 2/3

21.

22.

23.

24.

25.

27.

28.

MATHS-XII

For a suitably chosen real constant a, let a
function, f: R — {-a} — R be defined by f (x)
a—x

. Further suppose that for any real
a+x

number x # —a and f (x) # —a, (fof) (x) = x.
Then f(-1/2) isequal to : [JEE Main-2020]
(A)1/3 (B)3 (©)-3 (D)-1/3

The domain of the function
foo— s _1(|x|+5
X) = sin

x2 +1

Then a is equal to :

j is (—oo, —a] wla, ).
[JEE Main-2020]

(A)H\/_ (B)J_ 1

Suppose that a function f: R — R satisfies
f(x+y)=f(x) f(y) forallx,y € R and

f(1)=3.1f Zf (1) =363 ,then n is equal to
i=1

[JEE Main-2020]
Let A={a,b,c} and B= {1, 2, 3, 4}. Then the
number of elements in the set C= {f: A > B |

2 € f(A) and fis not one-one} is
[JEE Main- 2020]

The domain of the function cosec™! (1 + Xj
X

[JEE Main-2021]
) [—é,o]u[l,o@ B) [—— oo] 0

©) (—L—ﬂu(o, =) (D) [—l,ooj—m}

(3]

The domain of the function

2
f(x)=sin"! 3xax-l +X21 +cos_1(—X 1)
(x-1) x+1

is — [JEE Main-2021]
(A) [0, 1/4] (B) [0, 1/2]
(C)[1/4,1/2] U {0} (D) [-2,0] U [1/4, 1/2]

Let f: N — N be a function such that f (m + n) =
f (m) + f (n) for every m, n € N. If f (6) = 18,
then £ (2). £(3) is equal to [JEE Main-2021]
(A) 54 (B) 18 ©e6 (D) 36

The range of the function

f(x)= log\/g (3+cos (%+x]+cos (§+x)

(n j (3n D )
+cos| ——x |—cos| ——x | |is-
4 4
[JEE Main-2021]
(B) [-2,2]

(D) [1/~/5,~/5]

(A) [0,2]
(©) (0,~/5)
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29.

30.

31.

32.

33.

34.

Letfx)=2+x|-x—-1|+[x+1|,x € R.
Consider [JEE Main-2022]

oYl

2
(S2): J.f(x)dx - 12

-2
Then,
(A) Both (S1) and (S2) are correct
(B) Both (S1) and (S2) are wrong
(C) Only (S1) is correct
(D) Only (S2) is correct

Let f, g: N — {1} — N be functions defined by
fla) = a, where a is the maximum of the powers
of those primes p such that p® divides a, and
gla) =a + 1, for all @ € N — {1}. Then, the
function f+ g is [JEE Main-2022]
(A) one-one but not onto

(B) onto but not one-one

(C) both one-one and onto

(D) neither one-one nor onto

Let a function /- R — R be defined as :

f(x) = I(5— |t=3]dt, x>4|JEE Main-2022]
0

x2 +bx, x<4

Where beR, If f is continuous at x = 4 then
which of the following statements is NOT true ?
(A) fis not differentiable at x = 4

(B) f'(C) + f'(5)= 35
4
(O) fis increasing (_ oo%] U (8, )

(D) fhas a local minima at x =

0| —

Let f(x) =2x*—x — | and
S = {n € z :|f(n)] < 800}. Then, the value of

D f(n)isequalto . [JEE Main-2022]

neS
Let a function f : N — N be defined by
2n, n=2,4,6,8....
f(n)=|n-1, n=3,7,11,15....
Nl 159,13

then, f is

(A) One-one but not onto
(B) Onto but not one-one
(C) Neither one-one nor onto
(D) One-one and onto

Let f(x) = ax® + bx+ ¢ be such that f(A) = 3,
f(-2) =X and f(C) = 4. [JEE Main-2022]
If f(0) + f(A) + f(-2) + f(C) = 14, then A is equal
to
(A)—4

[JEE Main-2022]

(B)132 (C)232 (D)4

35.

36.

37.

38.

39.

40.

41.

42,

FUNCTION

Let f(x) and g(x) be two real polynomials of
degree 2 and 1 respectively. If f(g(x)) = 8x% — 2x
and g(f(x)) = 4x* + 6x + 1, then the value of
f(2) + g(2) is [JEE Main-2022]

The sum of absolute maximum and minimum
values of the function f(x) = |[x* — 5x + 6| — 3x +
2 in the interval [-1, 3] is equal to :

[JEE Main-2023]
(A) 24 (B) 13 ©) 12 (D)10

Letf: R - {0, 1} — be a function such that f(x) +

f [1 ! ) =1 +x. then f(2) is equal to :
-X

[JEE Main-2023]

9 9 7 7
A) — B) — C) — (D) —
(A) 5 (B) 2 © 3 (D) 2
[x]
1+x
where [x] is greatest integer < X, is [2, 6), then its

If the domain of the function f(x) =

2

range is : [JEE Main-2023]
5 2]
A) | —,—
( )(37 5]
521 (9 27 18 9
(B) oy | T Ay
375 ] 29 109 89 53
5 2]
O | —.,—
( )(26 5]
5 2 9 27 18 9
(D) oy | T Y Ay s o o
26°5 297109 89 53
2x
If f(x)= , XeR,, then
®) 2% 42
f L +f 2 F e +f 2022 is equal
2023 2023 2023
to [JEE Main-2023]
(A) 1010 (B)2011 (C) 1011 (D) 2010

Let f{x) be a function such that f{x + y) = f{x)-Ay)

n
for all x, y € N. If (1) =3 and Y f(k) = 3279,
k=1
[JEE Main-2023]
(©) 6 (D)7

then the value of n is
(A)8 B)9

The equation x> — 4x + [x] + 3 = x[x], where [x]
denotes the greatest integer function, has

[JEE Main-2023]
(A) Exactly two solutions in (—o0, o)
(B) No solution
(C) A unique solution in (-0, 1)
(D) A unique solution in (—o, o)

Let S = {1, 2, 3, 4, 5, 6}. Then the number of
one-one functions f : § — P(S), where P(S)
denote the power set of S, such that f{n) c fim)
where n <m is [JEE Main-2023]
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43.

44.

45.

46.

47.

48.

49.

50.

Let x = (83 +13)% and y = (742 + 9)°. If [1]
denotes the greatest integer < ¢, then

[JEE Main-2023]
(A) [x] is odd but [y] is even
(B) [x] + [y] is even
(C) [x] and [y] are both odd
(D) [x] is even but [y] is odd

The range of the function f (x) = +/3—-x+

V2+x is: [JEE Main-2023]
(A) [V5.4/10] (B) [V2,47]
(©) [/5.413] (D) [24/2,4/11]

Let 4 = {1, 2, 3, 5, 8, 9}. Then the number of
possible functions f: 4 — A such that f{mn) =
fim)- fin) for every m, n € A with mn € A4 is
equal to [JEE Main-2023]

The absolute minimum value, of the function f(x)
=|x* —x + 1|+ [x* — x + 1], where [t] denotes
the greatest integer function, in the interval
[-1.2],is: [JEE Main-2023]

3 3 1 5
A) — B) — C — D) —
(A) 1 (B) > ( 1 (D) 1

Let f: R —» Rand g: R — R be defined as f(x)
log, x,x>0 x,x20
= and g(x) =

. Then,
e *,x<0 e*,x<0
[JEE Main-2024]

gof :R > Ris:

(A) Neither one-one nor onto
(B) Onto but not one-one

(C) Both one-one and onto
(D) One-one but not onto

Let the range of the

1

2 +sin3x + cos3x
are respectively the A.M. and the G.M. of a and

function f(x) =

,Xx € IR be [a, b]. If o and B

b, then il is equal to : [JEE Main-2024]

A2 ®2 ©VJr D=
Let A={(x,y):2x+3y=23,x,y e N} and B=
{x : (X, y) € A}. Then the number of one-one
functions from A to B is equal to

[JEE Main-2024]

Letf:R{%} ﬁRandg:R{%} —> R
_ e

2x+3
be defined as f(x) = —— and g(x) = ——.
) 2x+1 &x) 2x+5

Then, the domain of the function fog is :
[JEE Main-2024]

51.

52.

53.

54.

5S.

Question

56.

[=))

57.

MATHS-XII
-5

B)R- {—

®r- {7

-7 -5 7
onfd onf2y

x2+2x-15

x2 —4x+9
[JEE Main-2024]

(AR

The function f(x) = ,XeR is

(A) both one-one and onto.
(B) onto but not one-one
(C) neither one-one nor onto
(D) one-one but not onto.

Let A={1,2,3,4} and B= {1, 4,9, 16}. Then
the number of many-one functions f: A — B
such that 1 € f(A) is equal to : [JEE Main-2025]
(A) 127 (B) 151 (C) 163 (D) 139

x*—2x} +3x% —2x +2
2% —2x+1

Then the domain of fog is- [JEE Main-2025]

(A)R (B) (0,0) (C)[0,%) (D)[1,x)

If the domain of the function

f(x) = log/(1 — logy(x* — 9x + 18)) is (a, B) U (, J),
then o + f + v+ dis equal to [JEE Main-2025]
(A) 17 (B) 18 ©) 15 (D)16

. S

x> =3x+2"
x #1, 2, is (—0. o] U [B, ©), then o + B is
equal to : [JEE Main-2025]

(A) 194 (C)188 (D) 190

Let f(x) = log.x and g(x) =

If the range of the function f(x) =

(B) 192

Previous Year (JEE Advanced)
L(m (T
Let f(x) = sin [Esm(zsm XD forallx € R

and g(x) = gsin x for all xe R, Let (fog)(x)

denote f(g(x)) and (gof)(x) denote g(f(x)).
Then which of the following is (are) true ?
[JEE Advanced-2015]

11
A)R ffis | ——7,=
(A) Range o IS|: > 2}

11
(B) Range o ogls[ > 2}

f(x) T

Ol

(D) There is an x € R such that (gof)(x) = 1

Let X be a set with exactly 5 elements and Y
be a set with exactly 7 elements. If o is the
number of one-one functions from X to Y and
B is the number of onto function form Y to X,

then the value of % B-a)is
" [JEE Advanced-2018]
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X
58. LetE,= {xeR:x¢land—1>0}and
X _
E,= {x €E, :sin™ [loge (%Dm a real number}
X —
(Here, the inverse trigonometric function sin™'x
lues | T T )
assumes values in| ——,— |.
22
Let f: E; — R be the function defined by
X
f(x) = log. (—J and g : E;—» R be the
X J—
function defined by g(x) = sin” (loge (%D
X J—
COLUMN -1 COLUMN-1I
P. | The range of f | 1. 1 e
is —0,— |V ——,®
l1-e e—1
The range of g | 2. | (0, 1)
contains
The domainof | 3. | [ 1 |
f tai T A
contains 7272
S. | The domain of | 4. (—oo,O) U (1,00)
gis
5. e
—00,——
e— 1}
6. ( 0) 1 e
—0, Ul <y 7
2 e-1
The correct options is :
[JEE Advanced-2018]
AP—>4,—>Q >2;R>1;S>1
BP—->3;Q>3;R>6;S>5
CP>4QQ>2;R—> 1;8S—>6
DP—>4Q->3;R>6,S>5
59. Let S =(0,1)u(1,2)u(3.4) and T = {0,1, 2,3} .
Then which of the following statements is(are)
true? [JEE Advanced-2023]
(A) There are infinitely many functions from S to
T
(B) There are infinitely many strictly increasing
functions from Sto T
(C) The number of continuous functions from S
to T is at most 120
(D) Every continuous function from S to T is
differentiable
60. Letf: R — Rand g: R — R be functions

defined by

(1
x|x|sin| — |, x=#0,
fix) = {xj and
0, x=0,

FUNCTION

1-2x, OSxSl,
g(x) = 2

0, otherwise,
Leta,b,c,d € R. Define the functionh : R — R by

h(x) = affx) + b[g(x) " g@— x]] + ofx - g(x)

+dg(x),x € R,
Match each entry in List-I to the correct entry
in List-11. [JEE Advanced-2024]

List-1 List-11

(P)

Ifa=0,b=1,c=0,|(1)|his one-one
and d =0, then

Q)

Ifa=1,b=0,c=0,|(2)|his onto
and d = 0, then

®)

Ifa=0,b=0, c=1,[(3)|his differentiable
and d =0, then onR

S) [Ifa=0,b=0, c=0,|(4)|the range of h is
and d = 1, then [0, 1]

(5) |the range of h is
{0, 1}

61.

62.

The correct option is

A) )= @), (Q) — (3), R) > (1), (S) ~>(2)
B) (P) = (5), (Q) = (2), R) > (4), (S) > (3)
(©) )= (5),(Q)—>(B),(R)~>(2),(S) > (4)
(D) P)— (4), (Q) — (2), R) > (1), (S) > (3)
Let f: R — R be a function defined by

x?sin| % , Ifx=#0,
f(x) = x?
0, ifx=0
Then which of the following statement is TRUE?

[JEE Advanced-2024]
(A) f(x) = 0 has infinitely many solutions in the

. 1
interval W ,00 | .

1
(B) f(x) = 0 has no solutions in the interval [—, OO) .
s

(C) The set of solutions of f(x) = 0 in the interval

(0, 10%] is finite.

(D) f(x) = 0 has more than 25 solutions in the

: [ 1 1)
interval — |
T

Let f : R — R be a function such that
fix +y) = f(x) + f(y) for all x, y € R, and
g : R — (0, o) be a function such that
g(x +y) = gx) gy for all x, y € R. If

f[?j =12 and g(_?lj = 2, then the value of

[f[i) +g(-2)—- 8] g0is__ .

[JEE Advanced-2024]
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63.

Let the function f : R — R be defined by 66.

fi(x) =
sinx (x2°% +2024x +2025) L2 (x*% £ 2024x +2025)

X

(S

64.

65.

(x? —x+3) e™ (x* —x+3)
Then the number of solutions of f(x) = 0 in R is
[JEE Advanced-2024]

Let R denote the set of all real numbers. Let a;, b; € R
forie {1,2,3}.
Define the functions f: R - R, g: R > R, and
h:R — Rby

f(x)=a; + 10x + a2x2 + a3x3 + x4,

g(x) = b + 3x + byx® + byx’ + x*,

h(x)=f(x+1)—gx+2).
If f(x) # g(x) for every x € R, then the
coefficient of x* in h(x) is

[JEE Advanced-2025]

(A)8 B2 (-4 (D)-6

Let N denote the set of all natural numbers, and
Z denote the set of all integers. Consider the
functions

f:N—Z and g: Z — N defined by

(n+1)/2 ifnis odd,
f(n) = o
(4—-n)/2 if niseven,
and
) 3+2n ifn=0,
n) =
g —-2n if n<O,

Define (g o f) (n) = g(f(n)) for alln € N, and (fo
g) (n) =f(g(n)) foralln € Z

Then which of the following statements is (are)
TRUE? [JEE Advanced-2025]

(A) g o fis NOT one-one and g o fis NOT onto
(B) fo gis NOT one-one but fo g is onto
(C) g is one-one and g is onto

(D) fis NOT one-one but f'is onto

MATHS-XII
Let R denote the set of all real numbers. Let
f: R —> R be a function such that f(x) > 0 for all
x € R, and f(x +y) = f(x) f(y) forallx,y € R.

Let the real numbers a;, a,, ..., aso be in an

arithmetic progression. If f(as;) = 64f(a,s), and
50
D @) =327 +1),
i=1
then the value of
30
D f(a))
i=6

is

[JEE Advanced-2025]
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MATHS-XII FUNCTION

ANSWER KEY

EXERCISE-1
Qus. | 1 2 3 4 5 6 7 8 9 10 | 11 |12 |13 (14 (15|16 | 17 | 18 | 19 | 20
Ans. | A D C D A C A D |CD| D B A B C A A B A C A
Qus. |21 | 22|23 |24 |25(26(27 (2829|3031 |32|33|34(35(36|37|38|39]40
Ans. | A D C A A D B B D C D C B B D A A D B B
Qus. |41 | 42 | 43 | 44 |45 |46 [ 47 |48 | 49 | 50 | 51 |52 |53 |54 |55 (56 |57 |58 |59 | 60
Ans. | A B D A D D B A B D A A C B B B C B A A
Qus. | 61 |62 |63 |64|65[66(|67 68|69 |70 |71 |72 |73 |74 (75|76 |77 |78 |79 | 80
Ans. | D C A B B C C A D D B A A C B D A A B B
Qus. | 81 | 82 | 83
Ans. | A B C

EXERCISE-2
Qus.| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ans.| A,.B,.D|A,B,C,.D|A,B|A,B,C| A,B,C.D A.B A B,C.D|A,B,C,.D| A,C,D B,D D C A,C B
Qus.| 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Ans.| B,C |AB,CD| A | C,D | AB,C AD |[AB,C,D| AC AB |AB,CD|AB,CD|AB|ABC| CD | A
Qus.| 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Ans.| B C A |AB,D C C B C C D C B A A C
Qus.| 46 47 48 49 50 51 52 53 54 55
Ans.| B C B D B D C C A D

EXERCISE-3
[MATCH THE COLUMN]
1. [A] > [R], [B] = [P], [C] = [S], [D] =[Q] 2. [A]— [Q], [B] - [S], [C] - [P], [D] > [R]
3. [A]— [S], [B] = [S], [C] = [S], [D] =[R] 4. [A]— [R], [B] > [P], [C] = [Q], [D] — [S]
5. [A] > ISL, [B] = [R], [C] = [P], [D] =[Q] 6. [A] - [Q], [B] — [R]
7. [A] —> [P], [B] = [S], [C] = [R], [D] =[Q] 8. [A] > [Q], [B] — [P], [C] = [S], [D] — [R]
9. [A]— [S], [B] = [Q], [C] = [Q], [D] — [P]
[NUMERICAL]
10.[1] 11.J2] 12.[7] 13.]2] 14.[2] 15.[0] 16.]9] 17.[1] 18.[0] 19.[3] 20.]2] 21.[5]

EXERCISE-4
Qus.| 1 2 3 4 5 6 7 8 9 | 10 11 12 13 | 14 15 16 17 | 18 19 20
Ans.| B A A D A A A C C D C B A C B B D| A A B
Qus.| 21 | 22 23 24 25 26 |27 28 | 29| 30 31 32 33| 34 35 36 | 37 | 38 39 40
Ans.| B A 5 19 B C A A D| D C 10620 D D 18 A B A C D
Qus.| 41 | 42 43 44 45 46 | 47| 48 | 49 | 50 51 52 53 | 54 55 56 57 | 58 59 60

Bonus/

Ans.| D |3240| B A 432 A A A |24| B 3(NTA) B A B A |ABC|119] A |ACD| C

Qus.| 61 | 62 63 64 65 66
Ans.| D | 51 1 C | A,D |96.00
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