Mathematics | 13.53

Exercise 1

Sets and Relations

Q.1 If R be a relation and N defined by x + 2y = 8 then
find the domain of R.

Q.2 Ris arelation from {11, 12, 13} to {8, 10, 12} defined
by y = x =3 then find R

Q.3 Let A be the set of all students of a boy’s school.
Let relation Rin set Ais given by R = {(a, b) € A x A'is
a sister of b}. Can we say that R is an empty relation?
Give reason.

Q.4 Let A = {1, 2} and B = {1, 3} and R be a relation from
set A to set B defined as R = {(1, 1), (1, 3), (2, 1), (2, 3)}.
Is R a universal relation? Explain.

Q.5 Let R be a relation in the set of natural numbers
N, defined by R = {(a, b) € N x N : a < b}. Is relation R
reflexive? Explain.

Q.6 Let A be any non-empty set and P(A) be the power
set of A. A relation R defined on P(A) by XRY < X nY
= X, Y € P(A). Examine whether R is symmetric.

Q.7 Let A = {a, b, ¢} and R is a relation in A given by R =
{(a, a), (a, b), (@ ¢), (b, @), (c, 0)}. Is R symmetric? Explain.

Q.8 Given a relation R = {(yellow, black), (cat, dog), (red,
green)}. White R™.

Q9 letA=1{1,3,5,B={9 11} and letR = {(a, b)e A x
B: a — b is odd}. Write the relation .

Q.10 Let A = {a, b, c} and relation R in the set A be given
by R ={(a, ¢), (c, a)}. Is relation R symmetric? Explain.

Functions

QLIFF) = —22™ then find f(ﬁj.
1+tanx 4
| x|

Q.2 If f(x) = —, x # 0, prove that
X
| f(a) = f~a)| =2 @, a=0.

Q.3 If f(x) = log [iﬂj prove that
—X

f[ 24 J:Zf(x).
1+x°

Q.4 Find the domain of the function f(x) =

X2 +2x+1
X% —8x+12

Q.5 Find the domain of definition of the function

y= _ + X+2

log, (1 —x)

Q. 6 Find the range of the functiony =

1+x°

Q.7 Find the domain and range of the function

{(x, 1 :xeR,x#ilj}.
1-%°

Q.8 Find the domain and range of the function
B 1
© 2-sin3x’

y

Q9Iff:R —> Ris defined by f(x) =x* + 1andg:R >R

is defined by g(x) = x + 1, then find f + g, f—g, f- g, f
and o f(a € R). 9

Q.10 Let f: R > R is defined by f(x) = xand g : R —> Riis
defined by g(x) = | x |. Find

Mf+g (i) f-g
(i) f-g (iviafaeR
) /g

Q.11 Let f be the exponential function and g be
the logarithmic function defined by f(x) = e and
g(x) = logx. Find

ORGR)REY (i) (f-9) (1) (iii) (f- 9) (1)

Q.12 If f(x) = cos[n?]x + cos[-n?]x, where [x] denotes the

integral part of x, write the value of f(gj .
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Q.13 ({x}, represents fractional part function)

(i) Domain of the function
fx) =In(1-{x}) + sinx+% + NA-x%is .

(i) Range of the function cos(2 sin x) is

(iii) Period of the function

f(x) = sin [%Xj + {x} + tan?(nx) is

Q14 Let A = {1, 2, 3}, B = {3, 6, 9, 10}. Which of the
following relations are functions from A to B? Also find
their range if they are function.

f=1{(19), (2 3), (3, 10)}

g = {1 6). (2, 10), (3,9), (1, 3)}
h ={2 6), (3 9}
u={xy):ry=3xxeA}

Q.15 Let A = {a, b, ¢, d}. Examine which of the following
relation is a function on A?

(i) f=A{@@ a), (b, 0), (c, d), (d, )}
(i) g = {(a, 0, (b, d), (b, O)}
(i) h = {(b, ¢), (d, a), (a, a)}

Q.16 (i) Let f = {(1, 1), (2, 3), (0, -1),

(-1, -3)} be a function from Z to Z defined by
f(x) = ax + b for some integers a, b determine a and b.

(i) Let f = {(1, 1), (2, 3), (O, -1), (-1, -3)} be a linear
function from Z to Z, find f(x).

Q.17 Function f is given by f = {4 2),
(9,1), (6, 1), (10, 3)}. Find the domain and range of f.

Q18 If A={-3-2-101, 2 3)}and f(x) =x2-1
defines f: A — R. Then find range of f.

Q.19 Find the domain and range of the following
functions.

(i) f(x) = x (i) f(x) = 2 = 3x
(i) f(x) = x* -1 (iv) f(x) = x* + 2 (v) f(x) = Vx -1
. . . x° +3x+5
Q.20 Find the domain of the function f(x) = ————
x? —5x + 4

Q.21 Find the domain of the definition and range of the
function defined by the rules:

(i) f(x) = x2 (i) g0 = | x|

1 (iv) ux) = V4 -x°

(i) h(x) =

Q.22 Consider the following rules:
(i) f:R—> R:f(x) = log.x
(i)g:R—>R:gXx = \/;

(iii) h: A—> R:h(x) = , Where A =R-1{-2, 2}

X2 —4

Which of them are functions? Also find their range, if
they are function.

X2 -4
-2
and g: R — R be defined by g(x) = x + 2. Find whether

Q.23 Let f: R — {2} —> R be defined by f(x) =

f =g ornot.

Q.24 Let f = {(1, 1), (2, 3), (0, -1), (-1, =3)} be a linear
function from Z into Z and g(x) = x. Find f + g.

Q.25 Findf+g,f-g,f-g,f/gandaf(a e R)if

(i) f(x) = ,X#-4and g(x) = (x + 4)°

X+4

(ii) f(x) = cos x, g(x) = e~

Q.26 If f(x) = x, g(x) = | x|, find (f+g)(-2),

(f-9) 2, (fg)(2), [é} (-2), and 5f(2).

Q.27 Define the function f: R - R by y = f(x) =x2
Complete the table given below:

X -4 1-3|-2|-1]0 (1 |2 |3 |4

y=f(x)=x?

Q.28 Define the real valued function on
f:R-{0} - Ras f(x) = 1/x

Complete the figure given below :

X 2 |-15|-1|-05|0|1|1]|2]|2

1
y=f(x)=—
X1

Find the domain and range of f.

Q.29 If f(x + 3) = x? — 1, write the expression for f(x).



Exercise 2

Sets and Relations

Single Correct Choice Type

Q1 let A=1{1 2 3 4} and let R = {(2, 2),3, 3).(4, 4),
(1, 2)} be a relation on A. Then R is

(A) Reflexive

(C) Transitive

(B) Symmetric
(D) None of these

Q-2 The void relation on a set A is
(A) Reflexive

(B) Symmetric and transitive

(C) Reflexive and symmetric

(D) Reflexive and transitive

Q.3 For real number x and y, we write xRy < x—y + is
an irrational number. Then the relation R is

(A) Reflexive

(C) Transitive

(B) Symmetric
(D) None of these

Q.4 Let R be a relation in N defined by
R={1+x1+x):x<5xeN}L

Which of the following is false

(A)R ={(2,2), (3,5), (4, 10), (5, 17), (6, 25)}
(B) Domain of R = {2, 3, 4, 5, 6}

(C) Range of R = {2, 5, 10, 17, 26}

(D) None of these

Q.5 The relation R = {(1, 1), (2, 2), (3, 3), (1, 2), (2, 3),
(1, 3)}ontheset A ={1, 2 3}is

(A) Reflexive but not symmetric
(B) Reflexive but not transitive
(C) Symmetric and transitive

(D) Neither symmetric nor transitive

Q.6 LetA=1{2 3 4,5 and letR = {(2, 2), (3, 3), 4, 4), (5,
5), (2, 3), 3, 2), (3, 5), (5, 3)} be a relation in A. Then R is

(A) Reflexive and transitive
(B) Reflexive and symmetric
(C) Reflexive and anti-symmetric

(D) None of these
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Q.7If A={2 3}and B = {1, 2}, then A x Bis equal to
M {2 1), (2 2), (3, 1) 3 2)}

(B){(1,2), (1, 3), (2, 2), (2, 3)}

O {2 1), 3, 2)}

D) {(1, 2), 2 3)}

Q8IfA={1,2 3tand B ={1,4, 6,9} and R is a relation
from A to B defined by ‘x is greater than y'. The range
of Ris

(A) {1, 4, 6, 9}
© {1

(B) {4, 6, 9}
(D) None of these

Q.9 LetR ={(1, 3), (4, 2), (2, 4),(2, 3), (3, 1)} be a relation
on the set A = {1, 2, 3, 4}. The relation R is

(A) Transitive
(C) Reflexive

(B) Not symmetric
(D) A function

Q.10 If A, B and C are these sets such that AnB = A n
Cand AuB=AuC(, then

(A)A=B (BYA=C

@@B=C D)ANnB=f

Q.11 The relation R = {(1, 1), (2, 2), (3, 3), (1, 2), (2, 3),
(1,3)}ontheset A =1{1,2 3}is

(A) Reflexive but not symmetric

(B) Reflexive but not transitive

(C) Symmetric and transitive

(D) Neither symmetric nor transitive

Q.12 Let A be the set of all children in the world and R
be a relation in A defined by x Ry if x and y have same
sex. Then R is

(A) Not reflexive
(C) Not transitive

(B) Not symmetric
(D) An equivalence relation

Q13 Let A = {2, 3,4, 5 and R = {2 2), (3, 3), @ 4),
(5,5), (2, 3), 3, 2), 3, 5), (5, 3)} be a relation on A. Then R is

(A) Reflexive and transitive
(B) Reflexive and symmetric
(C) An equivalence relation

(D) None of these
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Q.14 Let L be the set of all straight lines in the xy-plane.
Two lines | and |, are said to be related by the relation
Rif | is parallel to |.. Then the relation R is

(A) Reflexive
(C) Transitive

(B) Symmetric

(D) Equivalence

Q.15 Given the relation R = {(2, 3), (3, 4)} on the set
{2, 3, 4}. The number of minimum number of ordered
pair to be added to R so that R is reflexive and symmetric

(A) 4 (B) 5 Q7 (D)6

Q.16 The minimum number of elements that must
be added to the relation R = {(1, 2),(2, 3)} on the set

{1, 2, 3}, so that it is equivalence is
(A) 4 (B)7 Q6 (D) 5

Functions
Single Correct Choice Type

Q.1 If f(x+ay, x—ay) = ay then f(x, y) is equal to:

2 2

2
Xy
(A) 2 (B)

X2+y

(C) 4xy (D) None of these

Q.2 The set of values of ‘a’ for which f: R — R f(x) = ax +
cos X is bijective is

(A) -1, 1]
QOR-(L1)

(B)R-{-1, 1}
(D) R-{0}

Q.3 The graph of function f(x) is as shown, adjacently

N
a b
N
Then the graph of is
IO F XD
(A) B/
a b

: | /\\\,////

(@) A \r/
-b -a R a b >X
N
(D) YA
3 ) a > X
v
Q.4 Period of the function f(x) = l | sinx| + >InX is
2| cosx |cosx|
(A)m /2 Bp
Q2p (D) 4p

Q.5 Let f: R — R be a function defined by
2
fx) = 2x° —x+5
7x% +2x+10
(A) One-one but not onto

then fis

(B) Onto but not one—one
(C) Onto as well as one—-one

(D) Neither onto nor one—one

Q.6 If f(x) = cos {%nz}x + sin {%nz}x, [x] denoting the

greatest integer function, then

o1 1
® f(?j 2

(D) f(m) = 0

(A)f(0)=0

T
oz)-



3 +3x% - 2x+2
22 -2x+1
The domain of the composite function fog(x) is

(A) (=0, ) (B) (0, )
(© (0, ) (D) (1, )

Q.7 Let f(x)= In x and g(x) = X

Previous Years' Questions

Q.1 Let f(x) = | x— 1. Then,
(A) f() = [f()]°

(B) f(x +y) = f(x) + f(y)
©f(x]) =[x |

(D) None of the above

(1983)

Q.2 If f(x) = cos(log x), then f(x).f(y) — % %{f (§j + f(xy)}

has the value (1983)
1

A) -1 B) =

(A) (B) >

© -2 (D) None of these

Q.3 The domain of definition of the function  (1983)

y = 1 +VXx+2 is

log,q(1-x)

(A) (-3,-2) excluding 2.5
(B) [0, 1] excluding 0.5

(C) (-2, 1) excluding 0
(D) None of the above

Q.4 Which of the following functions is periodic? (1983)

(A) f(x) = x — [x] where [x] denotes the greatest integer
less than or equal to the real number x

(B) f(x) = sin 1 forx 0,f(0) =0
X

(Of(x) = x cos x

(D) None of the above

Q.5 For real x, the function (x=a)x=b) will assume all
real values provided (x=) (1984)
(A)a>b>c (Bya<b<c
Qa>c<b (D)a<c<b
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Q.6 If g{f(x)} = | sin x| and f{g(x)} = (sin \/;)2, then

(1998)
(A) f(x) = sin’, g(x) = Vx
(B) f(x) = sinx, g(x) = | x|
(C) f(x) = x4 g(x) = sin\/;
(D) f and g cannot be determined
Q.7 If f(x) = 3x = 5, then f1(x) (1998)

1
A) Is given by ——
(A)Is given by ———

(B) Is given by XSLS
(C) Does not exist because f is not one—one

(D) Does not exist because f is not onto

Q.8 If the function f : [1, ) — [1, o) is defined by
f(x) = 22*D, then f(x) is (1999)

X(x=1)
1
(A) (5]

(@) %(1— 1+4log,x) (D) Not defined

(B) %(1+ 1+4log, x)

Q.9 Let f(0) = sin 6 (sin 6 + sin 36). Then ()
(B) < 0 for all real q

(2000)
(A) > 0 only when g> 0

(C) =0 for all real q (D) < 0 only when 6< 0

Q.10 The domain of definition of the function y(x) is

given by the equation 2% + 2¥ = 2, is (2000)
(A)0<x<1 (B)0<x<1
(C) —0< x<0 (D) —0< x <1

Q.11 Let f:N—Y be a function defined as f (x) = 4x +
3, where Y :{y eN:y=4x+3 for some x € N}. Show

that f is invertible and its inverse is (2008)
3y+4 +3

® g(y)=" ® g(y)=4+22"
y+3 y-3

C = D -1—>

© aly)=>, ©) o(y) ==,

Q.12 For real x, let f(x) =x>+5x+1, then (2009)

(A) f is one-one but not onto R

(B) f is onto R but not one-one
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(C) fis one-one and onto R
(D) f is neither one-one nor onto R
Statement-I (assertion) and statement-II (reason).

Each of these questions also have four alternative
choices, only one of which is the correct answer. You
have to select the correct choice

Q13 Let f(x)=(x+1) ~1,x> -1

Statement-I : The set
{x:f(x) =f1 (x)} = {O,—l}

Statement-2 : f is a bijection. (2009)

(A) Statement-I is true, statement-II is true; statement-II
is a correct explanation for statement-I

(B) Statement-1 is true, statement-II is true; statement-II
is nota correct explanation for statement-1

(C) Statement-1is true, statement-II is false

(D) Statement-I is false, statement-II is true

Q.14 Let f(x)=x|x| and g(x) =sinx (2009)

Statement-I : gof is differentiable at x = 0 and its
derivative is continuous at that point. Statement-II : gof
is twice differentiable at x = 0.

(A) Statement-I is true, statement-II is true; statement-II
is a correct explanation for statement-I

(B) Statement-1 is true, statement-II is true; statement-II
is nota correct explanation for statement-1

(C) Statement-1is true, statement-II is false

(D) Statement-I is false, statement-II is true

Q.15 Consider the following relations:

R {(x,y) | x, are real numbers and x }

= wy for some rational number w

att

Then

m,n, p and g are integers such that n,
g=0andgm = pn
(2010)

(A) Neither R nor S is an equivalence relation

(B) S is an equivalence relation but R is not an
equivalence relation

(C) R and S both are equivalence relations

(D) R is an equivalence relation but S is not an
equivalence relation

Q.16 The domain of the function

f(x) = ﬁ is (2011)
® (0.) ®) (-=.0)
© (<oe)-fo}  ©) ()

Q.17 If f:R—Ris a function defined by

f(x):[x]cos[zxz_ljn,

where [x] denotes the greatest integer function, then f
is (2012)

(A) Continuous for every real x
(B) Discontinuous only atx = 0
(C) Discontinuous only at non-zero integral values of x

(D) Continuous only atx = 0

Q.18 Consider the function

f(x)=[x=2|+[x-5[, x eR. (2012)

Statement-I: f'(4) = 0

Statement-II: f is continuous in [2, 5], differentiable in
(2, 5) and f(2) = f(5).

(A) Statement-I is false, statement-II is true

(B) Statement-I is true, statement-II is true; statement-II
is a correct explanation for statement-I

(C) Statement-1is true, statement-II is true; statement-II
is not a correct explanation for statement-I

(D) Statement-I is true, statement-II is false

Q.19 If a e Rand the equation

—3(x—[x})2 +2(x—[x])+a2 =0
(where [x] denotes the greatest integer < x) has no

integral solution, then all possible values of a lie in the
interval (2014)
(A) (-2,-1) (B) (—oo,—2) v (2,oo)

@ (-Lo)u(0,1) (D)2
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Q20 Let f (

7¢||—'

(sm X + COS x) where X €R and

k>1.Then f ( ) f ( ) equals. (2014)

1 1 1 1
(A) 2 (B) e (@) 5 (D) 3

Q.21If f(x)+2f[lj =3x,x %0, and
X

S= {XGRIf(X) = f(—x)} ; then S:

(A) Contains exactly one element

(2016)

(B) Contains exactly two elements.
(C) Contains more than two elements.

(D) Is an empty set.

Exercise 1

Sets and Relations

Q.1 Is set a collection of objects or a collection of well-
defined objects which are distinct and distinguishable?

Q.2Istheset{x:x € N, xis prime and 3 < x < 5} is void
or non-void?

Q3A={aeioulandB={,o}thenAcB orBcA?

Q.4 A setis defined as A = {x : x is irrational and 0.1 < x
< 0.101} then comment on whether A is null set or A is
finite set or A is infinite set.

Q.5 Which of these: f, {}, {2, 3} and {¢} is a singleton Set?

Q.6 Two points A and B in a plane are related if
OA = OB, where O is a fixed point. Then comment
whether this relation is reflexive, symmetric, transitive
or equivalence?

Q7IfA =
of A u B?

{2, 3} and B = {-2, 3}, then what is the value

Q.8 Given the sets A = {1, 2,3}, B=1{3,4},C={4,5, 6},
then what is the value of A U(B n C)?

Q9 If N_ = {an : n e N}, then what is the value of N,n
N.?

Q.10Is it true thatbothI= {x:x e Rand x? + x + 1 = 0},
II ={x:x e Randx*~x+ 1 =0} are empty sets?

Q.11 Two finite sets have m and n elements respectively.
The total number of subsets of first set is 56 more than
the total number of subsets of the second set. Calculate
the values of m and n

Q.12IfA={x|x/2 € Z 0<x<10}. B ={x|xis one digit
prime} C= {x | x/3 € N, x <12}, Then what is the value
of AnBuC(C)?

Q.13 If n(A) = 10, n(B) = 15 and n(A u B) = x, then what
is the range of x?

Q.14 Among 1000 families of a city, 40% read newspaper
A, 20% read newspaper B, 10% read newspaper C, 5%
read both A and B, 3% read both B and C, 4% read A
and C and 2% read all three newspapers. What is the
number of families which read only newspaper A?

Q.15 If for three disjoint sets A, B, C; n(A) = 10, n(B) =
6 and n(C) = 5, then what is the value of N(A U B U C) ?

Q.16 If A and B are disjoint, then what is the value of
n(A u B)?

Q.17 If X and Y are two sets, then what is the value of
Xn(YuX)se?

Q.18 Let n(U) = 700, n(A) = 200, n(B) = 300 and n(A n
B) = 100, then what is the value of n(A°nB¢)?

Q.19 What is the value of set (A NnB9)u Bn C)?

Q.20 Sets A and B have 3 and 6 elements respectively.
What can be the minimum number of elements in A u B?
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Q.211n a class of 100 students, 55 students have passed
in Mathematics and 67 students have passed in physics,
no student fails. Calculate the number of student who
have passed in Physics only?

Q.22 Let X = {1, 2, 3, 4, 5, 6} be an universal set. Sets A,
B, Cin the universal set X be defined by A = {1, 2, 3}, B
={2,4,5} and C = {3, 4, 5, 6}, then what is the value of
(A-B)u(B-A),(A-B)-Cand An C?

Q.23 If A, B and C are any three sets, thenis A x (B u C)
equal to (A x B) u (A x C) or (A x B) n(A x C)?

Q.24 If A, B and C are any three sets, thenis A x (B n C)
equal to (A x B) n (A xC) or (A n B) x (A nC)?

Q.25Let A = {a, b, ¢, d}, B = {b, ¢, d, e}. Then what is the
value of [(A x B) n (B x A)]?

Q.26 In the set A= {1, 2, 3, 4, 5}, a relation R is defined
by R ={(x,y¥) | x, y € Aand x < y}. Then is R reflexive or
transitive or symmetric?

Q.27 Let R be a relation on the set N of natural numbers
defined by nRm < is a factor of m (i.e, n | m). Then is
R symmetric?

Q.28 If R is a relation from a finite set A having m
elements to a finite set B having n elements, then what
will be the number of relations from Ato B ?

Q.29 Let L denote the set of all straight lines in a plane.
Let a relation R be defined by a RB < a L B, o, Be L.
Then is R symmetric?

Functions

Q.1 Find the domain of the definitions of the following
functions: (Read the symbol [*] and {*} as greatest
integers and fractional part functions respectively.)

i)y = ,/X_2+,/1;X
X+2 1+x
(i) y = Vx> =3x+2+ ’;2
3+2x—X
i)y = VX + 3—— —log,, (2x~3)
X—2

(iv) f(x) = 1__ >
7*-7
V)y= ——++x+2
log (1 -x)
(Vl) f(X) — |ogloox[2|oglo X+1j
—X
(vii) f(x) =y = m +xX+2
10

2
(vii) y = [logy (5"%}

(ix) f(x) = y/x°— [ x|+

() fx) = /0 —3x—10) £ (x-3)

9-x°

(i) f() = +/(sin x-+ cos x)2 —1

(xii) f(x) = cosx—(1/2)
\'6 +35x — 6

(i) £ = y[log, 5 (log, (0 ~5))

. 1 5
(xiv) f(x) = —+10g 5,y ) (X" —3x+10) +
(x] @2h=3) 1-| x|

(xv) f(x) = log,log.log,log,(2x* + 5x* — 14x)
(xvi) f(x) = Vcos2x +v16 — x2
(xvii) f(x) = In(\'x? =5x - 24 —x — 2)

(xvii) y = 10g10 (1 - log,, (x* - 5x +16))

szle

(xix) f(x) = log4 [2 /- e

Q.2 Find the domain and range of the following
functions. (Read the symbols [*] and {*} as greatest
integers and fractional part function respectively)

i)y = Iogﬁ(«/z(sinx— cosx)+3)

2X

Wy = 1+x°



X% —3x+2
) =
() 109 X° +Xx—6
. X
W”M_lﬂx|

VM y=~N2-x+~+v1+x

(vi) f(x) = |Og(cosecx—1)(2 — [sin x] = [sin x]?)

D0 = X+L
(vii) f(x) = N

Q.3 Classify the following functions f(x) defined in
R — R as injective, surjective, both or none.

X2 +x+1

X% +2x+3

(@) f(q) =

(b) f(x) = (x* + 5x + 9) (x* + 5x + 1)

Q.4 Let f(x) = rlx Let f,(x) denote f[f(x)] and f,(x)
denotes f[f{f(x)}]. Find f, (x) where n is a natural number.

Also state the domain of this composite function.

Q.5 The function f(x) is defined as follows : on each of
the intervals n <x < n + 1, where n is a positive integer,

f(x) varies linearly, and f(n) = -1, f[n +%J = 0. Draw the

graph of the function.

Q.6 (a) For what values of x is the inequality |f(x) + ¢ (x)|
< [fOQ] + |d(x)]| true if, f(x) = x— 3, and @(x) = 4 —x.

(b) For what values of x is the inequality | f(x) —p ()| > |
f) | = | ¢ | true if, f(x) = x, and @ (x) = x = 2.

Q.7 Find whether the following functions are even or
odd or none:

(@) f(x) = log(x + V1+x?)

(@+1)
a¥-1
(0) f(x) = x* = 2x?

(b) f(x) =

(d) f(x) = x> — | x|
(e) f(x) = x sin’x —x3

(f) f{(x) = K, where K is constant

(@ f(0 = In(li]
1+x
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X

(i) f(x) =

X

+£+1
e* — 2

() 100 = [(x + 1712 + [(x - 1)

Q.8 Find the period for each of the following functions:
(@) f(x) = sin®*x + cos*x

(b) f(x) = | sin x| + | cos x|
3 .2
c) f(x) = cos=x —sin=
(c) f(x) 5x i 7 X
Q.9 Write explicitly, function of y defined by the

following equations and also find the domains of
definition of the given implicit functions:

(@) 10+ 10v = 10 byx+|y|=2y

Q.10 Find out for what integral values of n the number
3n is a period of the functions: f(x) = cosnx - sin(5/n)x.

Q.11 Compute the inverse of the functions:

@Ffx) =In(x+ Vx> +1)

10" -107"
10 +107"

X

(b) ) = 221
@y=

Q.12 Show if f(x) = Ya—-x",x >0, n>2,n €N, then
(fof) (x) = x. Find also the inverse of f(x).

121 15122 o
an{z,j%{4,)

Defined as f(x) = x2 + x — 2. Find f(x) and solve the
equation f(x) = f1(x).

Q.14 f(x) is defined for x <0 as

2
) = {x +1

x<-1
—X -1<x<0
Define f(x) forx >0, if fis
(a) Odd (b) Even
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1
Q.15 If f(x) = max (X, ;] for x > 0 where max(a, b)

denotes the greater of the two real numbers a and b.
Define the function g(x) = f(x) f(lj and plot its graph.
X

2
Q.16 Show that the function f(x) = 22X+ ¢

any real value if 0 < c < 1.

> attains
xX“ +4x+3c

Q.17 (a) Find the domain and range of the function

f(x) = \log, (x*~ 2x+2)

(b)f:R-—{2} > R-{2}; f(x) =
is bijective or not.

2x+3
X_

, find whether f(x)

X(x—2)+1
Q.18 Prove that function f(x) =1 +2V 4
one.

Exercise 2

Sets and Relations

Single Correct Choice Type

Q.1 Let R be a relation on the set N of natural numbers
defined by nRm< nis a factor of m (i.e. n| m). Then Ris
(A) Reflexive and symmetric

(B) Transitive and symmetric

(C) Equivalence

(D) Reflexive, transitive but not symmetric

Q.2 Let R be arelation defined in the set of real numbers
byaRb«< 1+ ab>0.ThenRis

(A) Equivalence relation
(B) Transitive

(C) Symmetric

(D) Anti-symmetric

Q.3 Which one of the following relations on R is
equivalence relation

A) xRy |x|=]y]
(B)xR,y x>y
O xRyex]|y
D) xR,y x<y

Q.4 The relation R defined in A = {1, 2, 3} by aRb if | a2
—b?| < 5. Which of the following is false

AR={11),(@22), (3, 3)(21),(@12),(23) 3 2}
(B) R =R

(C) Domain of R = {1, 2, 3}

(D) Range of R = {5}

Q.5 Let a relation R in the set N of natural numbers be
defined as (x, y) € Rif and only if x2 — 4xy + 3y? = 0 for
all x, y eN. The relation R is

(A) Reflexive
(B) Symmetric
(C) Transitive

(D) An equivalence relation

Q’G Let R {(31 3)1 (6I 6)! (9: 9)1 (121 12)1
6, 12), (3, 9), (3, 12), (3, 6)} be a relation on the
set A ={3, 6,9, 12}. The relation is

(A) An equivalence relation
(B) Reflexive and symmetric only
(C) Reflexive and transitive only

(D) Reflexive only

Q.7 LetR = {(1, 3), (4, 2), (2, 4), (2, 3), (3, 1)} be a relation

on the set A = {1, 2, 3, 4}. The relation R is
(A) Reflexive (B) Transitive

(C) Not symmetric (D) A function

Q.8 Let N denote the set of all natural numbers and R
be the relation on N x N defined by (a, b) R (¢, d) if ad(b
+ ¢) = bc(a + d), thenRis

(A) Symmetric only
(B) Reflexive only
(C) Transitive only

(D) An equivalence relation

Q.9 Let W denote the words in the English dictionary.
Define the relation R by R = {(x, y) € W x W | the words
x and y have at least one letter in common}. Then R is

(A) Reflexive, symmetric and not transitive
(B) Reflexive, symmetric and transitive
(C) Reflexive, not symmetric and transitive

(D) Not reflexive, symmetric and transitive



Q.10 Let R be the real line. Consider the following
subsets of the plane R x R:

S={xy):y=x+1land0<x<2}
T={(xy):x—-yisaninteger}

Which one of the following is true?

(A) Both Sand T are equivalence relations on R
(B) S is an equivalence relation on R but T is not
(C) T is an equivalence relation on R but S is not

(D) Neither S nor T is an equivalence relation on R

Multiple Correct Choice Type

QllletX={12 3,4 5 andY ={1, 3,5, 7, 9. Which
of the following is/are relations from X to Y

AR ={xy)|y=2+xxeXyeY}
B)R, ={(1, 1.2 1) 3, 3), 43), (5 5}
(OR,={1 1).(1,3), 35,375 7
(D) R, =1(1,3).(2,5), (2,4), (7, 9)}

Functions

Q.1 Domain of the function,

/ 5 1
f(x) = sintVX—X" 4 SEC'I(;] +Inxis

(A)[0,1) (B)(0, 1] (C) (0,1) (D) None of these
Q-2 In the square ABCD with side AB = 2, two points M
and N are on the adjacent sides of the square such that
MN is parallel to the diagonal BD. If x is the distance
of MN from the vertex A and f(x) = Area (AAMN) then

range of f(x) is

(A) (0,21 (B)(0,2] (©) (0,221 (D) (0, 23]

Q.31If 'f"and ‘g’ are bijective functions and gof is defined

the, gofis :
(A) Injective (B) Surjective

(C) Bijective (D) Into only

Q4 1Ify =5[x] + 1 = 6[x— 1] - 10, where [.] denotes the
greatest integer function, then [x + 2y] is equal to

(A) 76 (B) 61 (C) 107 (D) 189

Q.5 f: R — R, f(x) = ax® + e* is one—-one onto, then ‘a’
belongs to the interval

(A) (=o0, 0) (B) (=0, 0] (C) [0, =) (D) (0, )
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Q.6 The value of x in [-2x, 27], for which the graph of

1+sinx
1-sinx

1-sinx _—
y=- / —— + sec X, coincide are
1+sinx
@ [-2m -2 | o[ -Z, 2] u[ 2, 2n
2 22 2

the functiony = —sec x and

Q) [-2 w, 27]

(D) [-2 &, 271] - {ig 4, + 3“}

Q.7 The period of the function

f(x) = sin(cosgj + cos(sin x) equal

(A) g ®2r (Op (D) 4p

Q8 Lletf:R—>Rf(X) = —— . Then f(x) is
1+ x|

(A) Injective but not surjective
(B) Surjective but not injective
(C) Injective as well as surjective

(D) Neither injective nor surjective

Multiple Correct Choice Type

Q.9 Let f: 1 — R (where I is the set of positive integers)
be a function defined by, f(x) = «/; then fis

(A) One—one
(C) Onto

(B) Many one
(D) Into

Q.10 The function f(x) = HOgXZX is defined for x
belonging to

(A) (-0, 0) (B)(0,1) (O)(1,00) (D) (0, )
Q111 = XWXZ2VX=L e
x—-1-1

(A) f(x) = —x if x < 2

(B) 2f(1.5) + f(3) is non negative integer
O fx) =xifx> 2

(D) None
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Q.12 Which of the following function(s) is(are) bounded

on the intervals as indicated
1

(A) f(x) = 2x1 on (0, 1)
(B) g(x) = x coslon (—o0, 00)
X

(©) h(x) = xe™ on (0, )

(D) ¢ (x) = arc tan 2* on (—o, o)

Q.13 Which of the following function(s) is/are periodic?
(A) f(x) = x = [x]

(B) g(x) = sin(1/x), x#0and g(0) = 0

(©) h(x) = x cos x

(D) w(x) = (sin x)

Q.14 On the interval [0, 1], f(x) is defined as,
W=1" g

Then for all x € R the composite function f[f(x)] is
(A) A constant function

(B) An identity function

(C) An odd linear polynomial

D)1+ x

Q.15 Identify the pair(x) of functions which are identical.

1-x?

X

(A)y =tan (cos'x):y =

(B)y = tan (cos™) :y = 1/x
X

V1+x°

(D) y = cos (arc tan x) : y = sin (arc cot x)

(CQ)y=sin(arctanx):y =

Previous Years’ Questions

QllIfy=f(x) = E, then
x—1

(A) x = f(y)

(B) f(1) =3

(C) y increases with x for x < 1

(1984)

(D) f is a rational function of x

Q.2 If S is the set of all real x such that ZX—_i is
2% +3x% +x

positive, then S contains (1986)

3 3 1

(A) (—oo, ‘Ej (B) (—5, —Z]
11

© [‘Z' E]

Q.3 Let g(x) be a function defined on [-1, 1]. If the area
of the equilateral triangle with two of its vertices at

(0, 0) and [x, g(x)] is x/§/4, then the function g(x) is

(1989)
A gk =+V1-x*  (B)g(x) = V1-x*
Q) g(x) = —V1-x° (D) g(x) = V1+x°

Q.4 If f(x) = cos[n?] x +cos [-m?]x, where [x] stands for
the greatest integer function, then (1991)

(A) f[gj =-1

O f(-m) =0

(B) f(m) = 1

Tc -
(D) f(Zj =1

Q.5 Let f: (0, 1) R be defined by f(x) = 1b;bx where
—bx
b is a constant such that 0 < b < 1. Then, (2014)

(A) f is not invertible on (0, 1)

1 '(h) = 1
B)f =f*on (0, 1) and f'(b) 0)

1 Y — 1
(©f=fon (0, 1)and f'(b) = _f'(O)

(D) fis differentiable on (0, 1)

Match the Columns

Q.6 Match the condition/expression in column I with
statement in column II

Let the functions defined in column I have domain

(—g, g) and range (oo, ) (1992)
Columnl Column II

(A) 1 + 2x (p) Onto but not one-one

(B) tan x (9) One-one but not onto

(r) One—one and onto

(s) Neither one—one nor onto




X° —6X+5
Q7 Letf(x) = 50— (2007)

X —5x+6

Column Column Il

(A) If -1< x < 1, then f(x) satisfies | (p) 0< f(x)< 1

(B) If 1 < x < 2, then f(x) satisfies | (q) f(x) <0

(O) If 3 < x < 5, then f(x) satisfies | (r) f(x) > 0

(D) If x > 5, then f(x) satisfies (s) f(x) < 1

Q.8 Match the statements/expressions in column I with
the values given in column IL (2009)

Column1 Column II

(A) The number of solutions of the equation | (p) 1

xeS" _ cosx = 0 in the interval (o,gj

(B) Value(s) of k for which the planes|(q) 2
kx + 4y + z =0, 4x + ky + 2z = 0 and
2x + 2y + z = O intersect in a straight
line

(C) Value(s) of k for which [x — 1| + |[x = 2| [(r) 3
+ |x + 1| + |x + 2| = 4k has integer
solution(s)

(D) Ify' =y + 1 and y(0) = 1 then value(s)|(s) 4
of y(In2)

t5

Q.9 Match the statements/expressions in column I with

the values given in column IL (2009)
Column I Column II
(A) Root(s) of the expression 2sin?0 +sin? 6 — 2 (p) n

6
(B) Points of discontinuity of the function .
@ —
6X 3x
f(x) = {—} cos {—} , where [y] 4
v s
denotes the largest integer less than or
equal toy
(C) Volume of the parallelopiped with -
its edges represented by the vectors (r) 3
i+],i+2] and i+ j+mk
(D) Angle between vectors 3 and b where ©)
a,b and ¢ are unit vectors satisfying 2
d+b+y3¢=0
(O
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Q.10 If the function f(x) =x* + % and g(x) =17 (x),

then the value of g'(l) is (2009)

Q.11 Let f be a real-valued function defined on the
X

interval (-1, 1) such that e_Xf(x):2+I t* +1dt, for
0

all x e (—1, 1) and f! be the inverse function of f. Then

(f‘l)'(Z) is equal to (2010)

(A1 (B)1/3 @172 (D) 1/e

Q.12 For any real number, let [x] denote the largest
integer less than or equal to x. Let f be a real valued
function defined on the interval [-10, 10] by

OB RN i

10
Then the value of % [ (x) cos mx dx s (2010)

-10

Ql13letd=—i—k b=—i+jand ¢=i+2j+3k bethree
given vectors. If 7 is a vector such that ¥ x b = ¢ x b and

.3 =0, then the value of .b is (2011)

Q.14 Let f(x):sin Tsinl Zsinx || for all *€ R and
6 2
g(x) =§ sin x for all xe R. Let (f o g)(x) denote f(g(x))

and (g o f)(x) denote g(f(x)). Then which of the following
is (are) true? (2015)

. 11
A) R f f -==
(A) Range o |s[ > 2}

. 11
B) R f f ==
(B) Range o ogls{zz}

©) lim f(x) _I
x—0 g(x) 6

(D) There is an xe Rsuch that (g o f)(x) = 1
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Q.15 Match the statements given in column I with the intervals/union of intervals given in column II (2011)
Column| Column II
(A) | The set {Re[ 2|22 j 1z is a complex number,|z| =lz# 1} is P) | (o0, —1) U (L o)
1-z
8(3)” @ | (-0)u(0,)
(B) | The domain of the function f(x) =sint| —ZL s ! !
1 _32(x—1)
© 1t 1 0 | [2,)

If f(e) =|-tan® 1  tan@|, then the set {f(e) 0<0 <g} is
-1 —tan0 1

D) | 1f f(x) = x>/ (3x —10), x >0, then f (x) is increasing in

(s) (—oo,—l} U [1, oo)

® | (-=0]u[2 =)

Q16 The function f:[0,3]—[129], defined by
f(x)=2x’ ~15x* +36+1, is (2012)
(A) One—one and onto (B) Onto but not one-one

(C) One-one but not onto (D) Neither one—one nor onto

Q.17 Consider the statements:

f, :R—[0,0) be defined by

Q.20 Let f, :R—>Rf, :[O,oo)—>R,f3 :R—>R and

(2014)

| x|if x <0 _Jsinxifx<0
fl(x>:{ex ifxzoifz(x):"z? f3(x)_{x if x>0

and
P: There exists some xeIR such thatf(x)+2x = 2(1+x2) f (fl (x)) ifx <0
. ; _ f, (x)=
Q: There exists somexelR such that 2f(x) +1 = 2x(1 +x) 4 (%) f (f1 (x)))—l i x>0
Then (2012)
(A) Both P and Q ate true (B) P is true and Q is true List 1 ListII
i i
(C) Pis false and Q is true (D) Both P and Q are false -
D f,is (p) Onto but not one-one
Q.18 Let f: (-1, 1) — IR be such that (2)f,is (g) Neither continuous nor one-one
N f(cos 4 6) _ 2 : for 96(0, EJU(E,E]. (3)f,of is | (r) Differentiable but not one-one
2-sec” 6 4 42 4 f,is (s) Continuous and one-one
Then the value(s) of f(ij is (are) (2012)
3 Codes:
Q.19 If the function e’lf(x)assumes its minimum in ! 2 3 4
. 1 . o (A) p s q
the interval [0, 1] at x ==, which of the following is
4 (B) r S q
true ? (2013) © D q s
. 1 3 . 1 D r s
(A) f(x)<f(x),z<x<z (B) f(x)>f(x),0<x<z D) q

© f'(x)<f(x),0<x<% (D) f'(x)<f(x),%<x<l



Q.21 let f:(—g,gj—m be given by

f(x)—(log(secx+tanx))3. Then (2014)

(A) f (x) is an odd function
(B) f (x) is a one-one function
(©) f (x) is an onto function

(D) f (x) is an even function
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Q.22 Let f : R — R be a continuous odd function,

which vanishes exactly at one point and f(l)z%.

Suppose that F(x):]('f(t)dt for all xe[-1,2] and

-1

G(x)= j‘t‘f(f(t))}dt for all xe[-1,2] If lim Fl) _ 1

x—>1 G(X) B ﬂ’
(2015)

1
then the value of f(zj is
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JEE Main/Boards

Exercise 1

Sets and Relations

Q1{2 4,6} Q.2 {(8, 11), (10, 13)}
Q.3 Empty relation Q.4 yes
Q.5 No Q.6 yes
Q.7 No Q.8 R = {(black, yellow), (dog, cat), (green, red)}
Q.9 Empty relation Q.10 Yes
Functions
Ql1l Q220,a%0 Q.3 2f(x)
Q4 f=R-{-2 -6}
11
.5[-2,0 0,1 6 |—=, =
Q5[-2,0)u (0 1) Q [ > 2}
Q7xeR-{11};ye (=0, 0) U [l ) Q8 B 1}
Q.9 ax’ +a
0, x<0 2x, x<0
10 (i , .. ,
Q100 {2x, x>0 ("){o, x>0
2
iy 75 X500 Gy ax
X2, x>0

Flog=f0 o x _ -1 x<0

V) (g](x)_ g(x) [ x| {l, x>0

Q11 ()e (i) e (i) 0

Ql12-1 Q13 (i) xe {%, 2} (i) [cos 2, 1]  (iii) 6

Q.14 f, u are function g, h are not function. Range f = {3, 9, 10}, Range u = (3, 6, 9)

Q.15 Only f is a function from A to A

Ql6()a=2b=-1 (i) fx) =2x -1

Q.17 Domain = {4, 6, 9, 10}. Range = {1, 2, 3}

Q.18 Range f ={-1,0, 3, 8}

Q.19 (i) Dom. f = R; Range of f = R (i) Dom. f = R; Range of f =R
(iii) Dom f = R; Range of f = [1, o0) = {x: x> -1} (iv) Dom f = R; Range of f = [2, o0) = {x: x> 2}
(v) Dom. f = [1, 0); Range f = [0, ) = {x: x > 0}
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Q.20 Domain of f = R-{1, 4}
Q.21 (i) Dom. f = R, Range f = [0, x), (i) Dom. g = R, Range g = [0, «)
(iii) Dom h = R - {~/3,4/3}, Range h = (,0) U [1/3, ), (iv) Dom u = [-2, 2], Range u = [0, 2]
Q.22 f and g are not functions as they are not defined form negative values of x. h is function. Range
h = |-, —% U [0, «).
Q.23 f = g as dom. f = dom. g.
Q.24 f+g={(1,2),(25),(0,-1), (-1, -4)}

1+(x+4* 1-(x+4)*

Q.25(j) ; P (X + 4)% i X %4 ¢ (ii) cos x + €% cos X — €% X COS X; € COS X; a COS X
X+4 X+4 (x+4)* X+4
Q.26 0; 4; 4, -1; 10
Q.27
X -4 -3 -2 -1 0 1 2 3 4
y=f(x)=x2 16 9 4 1 0 1 4 9 16

Domainof f = {x:x € R} = R
Range of f = {x : x>0, x € R} = [0, )

Graph of y = f(x) i.e, y = x? is as shown in the following figure.
Q.28 Domain f = R - {0}, Range f = R — {0}

Q.29 f(x) = (x-3)?-1

Exercise 2

Sets and Relation

Q1C Q2B Q3B Q4 A Q5 A Q6B
Q7A Q8C Q9B Q.10C Q1l1A Q12D

Q13B Q14D Q158 Q.16 8B

Functions

QlA Q.2C Q3C Q4cC Q5D Q6C Q7A

Previous Years' Questions

Q1D Q2D Q3cC Q4 A Q5D Q6A
Q7B Q8B Q9cC Q10D Q11D Q12C
Q13C Q14C Q158 Q168 Q17 A Q188

Q19C Q208 Q218
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JEE Advanced/Boards

Exercise 1

Sets and relations
Q.8 {1, 2 3, 4} Q.116,3 Q.14 330 families Q.16 n (A U B) = n(A) + n(B)
Q.259

Functions

Q.1 (i) defined no where (ii)-1 <x<land2<x <3

(iii) %< x<2and2 <x<¥  (iv) (-0, =1) U [0, )

V)2 <x<0and0<x<1 (vi) [O,%)u[%,%}

(Vi) (=2 < x <1)-{0} (vii) L<x<4
(iX) (=3, =1]u {0} U [, 3) (x) {4} U [5, )

(xi) {nn, (n+%]n}, nel

i) [ =2 EFlo12® 6 ol ket ® ke 2| ke 1- (0}
6'3 3 3 3

(xiii) [-3, =2) U [3, 4) (xiv) ¢ (xv) (—4, —%J U (2, o0)

. |: 5n —37:} [ T n} [37: 511',:|
(xvi) | -——, —|u|-=, = |u|—, =
4 4 4 4 4 4
(xvii) (~o0, =3] (xviii) 2 < x < 3 (xix) [0, 1)

Q2()D:xeR R:[0, 2]

(i) D = R; range [-1, 1]

(i) D: {x | x € R; x = =3; x = 2}, R: {f(x) | f(x) € R, f(x) = 1/5: f(x) = 1}
(iv) D:IRR: (-1, 1)

(v) D: -1 <x <2 R[3, V6]

(vijD:x e 2nm 2n + L)n) - {Znn-i-%, 2nn+g, 2nn+5?n, ne I} andR:log.2:a e (0, ) — {1} = Range is (~o0,0) — {0}
(vii) x € R— {2}, f(x) € R {1}

Q.3 (a) Neither surjective nor injective (b) Neither injective nor surjective

Q.4 f, (x) = x; Domain = R-{0, 1}

Q52 Q6 (@) x<3orx>4 (b) x < 2

Q.7 (@) Odd (b)Odd (c)Even (d)Even (e)Odd (f)Even (g) Odd (h) Even

(i) Neither odd nor even (j) Even



Mathematics | 13.71

Q.8 (a) m/2 (b) m/2  (c) 70p
Q9 (a)y = log(10 - 10, o< x < 1 (b) y = x/3 when —so< x < 0andy = xwhen 0 <x < +o

X a—X I
Qll(a) S =& () X
2 log, x -1

(©) l|0 lﬂ
2 g1—x

Q.10 1, 3, £5, 15

Q.12 f1(x) = (a — x")¥" Q13x = +2

~-(x*+1) x>1 b x*+1) x>1

Q.14 (a) f(x) = 3 R
X x € (0, 1] —X x € (0, 1]

i if O0<x<1
Q159(0) = | x?

X2 if x>1

Q.17 (a) Domain x € R, Range [0, ) (b) yes

Exercise 2

Sets and Relations

Single Correct Choice Type

Q1D Q2C Q3A Q4D Q5A Q6C Q7cC
Q8D Q9 A Q10C

Multiple Correct Choice Type
Q.11 A, B,C

Functions

Single Correct Choice Type

Q1cC Q.28B Q3 A Q4D Q5D Q.6 A Q7D
Q8 A

Multiple Correct Choice Type

Q9A,D Q108,C Q118B,C Q12A,C,D Q13AD Q148,C Q15A,C D

Previous Years' Questions

Q1lAD Q2A,D Q38B,C Q4 A C Q5 A Q6A—>qgB—r

Q7A->p;B>qgC—o>qgDbD-p
Q9A—>q s;B>p, s t;Co>t Do
Ql5A—>s; B>t CorDor

Q8A—->p;B—>qgsCoqrstDor
Q118 Q12D Q14 A,B,C

Q168 Q17C Q18A, B
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JEE Main/Boards

Exercise 1
Sets and Relations

Sol 1: Relation R: x + 2y = 8 (defined in N)
Xx=8-2y

xyeN

so for

y=1 x=8-2(1)=6

y =2 x=8-2(2) =4 naturalnumbers
y=3 x=8-2(3)=2
y=4x=8-2(4)=0

so domain of R = {2, 4, 6}

Sol 2: Given relation R

R: {11, 12, 13} — {8, 10, 12}
y=x-3

forR*x=y+3

{8, 10, 12} — {11, 12, 13}

for y=8x =10 + 3 =11 "}Element of
y=10x =10 + 3 = 13v J{11, 12, 13}
y=12x =12 + 3 = 15

R? — {(8, 11), (10, 13)}

Sol 3: R ={(a, b) € A x H: a is sister of b}
Domain and range both (a, b) are set {A (a, b) € A x A}

And it is given that A is only boy’s school a and b both
are boys. So It is not possible that a is sister of b.

Sol 4: Given A = {1, 2}, B = {1, 3}
R:A— B{(1 1)@, 3).2, 1),(2, 3)}

Universal relation: Each element
of A is related to every element
of B.

A B

So R is universal relation.

Sol5:R={(a,b) € N x N:a < b}

Reflective relation — R: A — B is said to be reflective
iffaRaVvaeA(hereA B=N)

R={(a a) e NxN:a<a}

we know a < a is universal false

so R is not a reflexive relation.

Sol 6: P(A) = Power set of A
XRY=XNY=X,Y ePA)
XRYo-XnY=XY

YRX <Y X

We know XY =YX

so XRY — YRX

so R is symmetric.

Sol7:A={a, b, c
and R = {(a, a),(a, b), (a,c),(b,a),(c, €)}
R ={(a, a), (a, b),(c, a),(b, a).(c, 0)}

R#=R?
so R is not symmetric relation.

Sol 8: R = {(yellow, black), (cat, dog), (red, green)}
Rox->y
R-1>y—>x

So Rt = {(black, yellow), (dog, cat), (green, red)}

Sol9: A={1,3,5},B=1{9 11}
R={(@@ b) e AxB:a-bisodd}

A — b will be odd when a, b both are not even and not
odd.

In A, B all elements are odd
so(@a-b)en

R is empty relation.

Sol 10: A = {a, b, ¢}
R={(a 0, (c a)}

R1 ={c, a}(a, €



R = R relation R and R both are same

so R is symmetric.

Functions

2t 4
Sol 1: f(x):—Ztanx = f[Zj— anr/

1+tan® x

We know that tan (w/4) = 1
4) 1+@y

i

X

Sol 2: f(x)=

If x>0 f(x)=1

If x < 0; f(x) _X_q
X

Casel >0

fla)=1 f(-a)=-1

1-(-1)=2

Hence proved

Sol 3: f(x)= Iogﬁﬂ]
-X

- log 1+x% +2x _Iog[1+xj2
1+x%—2x 1-x

2X

1+

1+x -

1+x°

X2 +2x+1

Sol 4: f(x)=
X2 +8x+12

2 2
f(x)= XS +2x+1 _ (x+1)

(x2+8x+16)—16+12 _(X+4)2 -4

(x+4)?>—4%0

(x+4)~+2

x#—2and x#-6

Domain x e R —{-2,-6}

Sol 5: y:Iog(%x)er

Logarithm is not defined for (1-x) <0, x>1

C1+tan?(n/ 4)

2X 1+x° 1+x
f :I _— | = —_— =
( 2) og ) by 2Iog(1 J 2f(x)

Jx+2 is not defined for x+2 <0, x<-2

logl-x)#0 = x=0
So domain will be x € (-2,0)U (0,1

Sol 6: Function y =

1+x°

(x +1j is always greater than 2
X

From arithmetic mean > G.M

1
X+ = 1
For x>0; X 5 /x[—j
2 X

For x<0; x+l<—2,x+l>2
X X

So range will be _71 <y <
o
V<122

Sol 7: f(x) =

N

domain xeR-{-1,1}

1-x°

x?> >0 = So the range Y € (-,0) U [1,0)

1
Sol8: y=—"—"—=2-sin3x#0
2 —sin3x

sin3x # 2
So the domain x eR

-1<sin3x<1

Range y € El}

Sol 9: f+g=x>+1+x+1 = X +x+2R>R

f-g=x>+1-x-1 =x*-x R—>R

f.g=(x3 +D)=x* +1+x+%°

fox3+1
—= x#-1
g x+1

of =ax? +a

Sol 10: f:R—>R f(x)=x
g:R—>R 90 = x|
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if x>0 g(x)=x
if x<0 g(x)=—x
fige 2x,X>0.]c 0,x>0
9% o,x<0 ' 1797 2%,x <0
2
f-g= X
—x? x<
‘ 1 x>0
—=4-1 x<0
g

not defined x # 0

af = ax

Sol 11: f(x)=e*
g(x)=log, x

(f+ g)(l):e(l) + Ioge(l) =e
(f-g)1)=e® ~log, =e
f.g1) =eMlog,” =0

Sol 12: 12 = 9.8 = [7°]=9 and

f(x) = cos9x + cos(—10)x = cos9x + cos10x

fl El=cos9| X |+ cos10f = -1
2 2 2

Sol 13: (i) f(x) = /n(1— {x) + ,/sinx+% Aoy

1—{x}> 0 (Always true)

AND sinx+%20

sinx 2—1
2

X € 2nn—£,2nn+ﬁ
6 6

And 4-x°>0
X< 4

x €[-2,2]
. —T
So domainis x e {?2}

(i) Range cos(2sinx)
-1 <sin<1

-2 <2sinx <2

[-7%]=-10

y =cos(2sinx) €[cos2,1]
(iii) f(x) = sin[%XJ +{x} + tan’ nx

sin%x has time period = 6

{x } has time period = 1
tan® nix has time period = 1

LCM (6,11) = 6

Sol 14: f

-
Function

Range {3, 9, 10}

not a function as 3 has two values in Range.
h

A B
@ 3
2 6
3 59

10

not a function as 1 has no value
u

w N>
w

putting x =1y =3

X=2y=6

x=3y=3

So, it is a function and Range < {3,6,9}



Sol 15: (i) Yes, it is because it cover all A and each

corresponds to one value.
(i) No, as it gives two value at x=b
(iii) No, as x=c has no image.

Sol 16: (i) f(x) =ax + b

atx=1, f1)=1
l=a+b
atx=2, f(2)=3
3=2a+b
Solving 1 & 2
a=2

b=-1

(i) Let f(x)=ax+b
Some question as part (i)

So the answer will be f(x) =2x-1

Sol 17: Domain ={4,9,6,10}
Range =1{2,1,3}

Sol 18: f(x)=x% -1

x2 >0
f(0) = -
f1)=0=1(-1)
f(2)=3=1(-2)
f(3)=8=1(-3)

So the range will be {-1,0,3,8}

Sol 19: (i) Domain xeR
Range y eR

(i) Domain x eR

Range y eR

(iii) Domain x eR

x? >0

So the range y € [-1,)
(iv) Domain xeR

X2 >0

So the range y €[2,)
(v) Domain x-1>0

x>1

... (i)

X €[1,0)

Range y > 0 (Because value of under root
is always non neg.) ye [0, )

x> +3x+5  x®+3x+5
X2 —5x+4 (x=4)(x-1)
(x—=4)(x-1)#0

x#z4 x=1

Sol 20: f(x)=

Domain x eR —{1,4}

Sol 21: (i) Domain =R
Range y €[0,x)

(i) Domain =R

Range y € [0, )

(i) Domain 3—x% #0

x # 13
x € R —{y/3,—/3}

Range x* >0
3-x% <43 1
y e (—oo,O)u[—,ooj
3
(iv)Domain 4—-x*> >0
4> x?
x> <4
x e[-2,2]
Range u(2) =0

u(0) =2
y €[0,2]

Sol 22: (i) f:R—>R: f(x) =logx

Not a function

Because f(x) is not defined for negative values of x.

(i) g:R—>R: g(x):\/;
Not a function

As f(x) is not defined for negative values.

(iii) h: A—>R: h(x) JA=R—-{-2,2}

x> —4
h(x) is defined for all values of x in A set.

So it is a function.
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Sol 23: f:R-{2} >R

f(x):x2—4:(x—2)(x+2)
X—2 (x=2)
g:R—>Rgx)=x+2atxeR

=(x+2) for x # 2

f#g

As their domain are not same.

Sol 24: f = ax+b (Suppose)
f(1)=1=a+b

f(2)=3=2a+b

a=2 b=-1

f(x)=2x-1

gix)=x

f+g=3x-1

at x=1(f+g)(1)=2
(f+9)(2)=5

(f+9)0)=-1
(f+o)(-1)=4

So f+g=1[(1,2)(2,5)(0,-1)(-1,-4)}

Sol 25: (i) f+g=

! +(x+4) x=—4
X+4

f-g= —(x+4)® x=-4

X+4
f.g=(x+4)2;x¢—4

f 1

5 =m; X #—4
(i) f(x)=cosx g(x)=¢€"
f+g=cosx+e*
f-g=cosx—e*

f.g =e*(cosx)

COSX
f/g= -

e
aof = acosx

Sol 26: f(x) =x g(x) = |x|
If x>09g(x)=x

If x<0g(x)=—x
(f+9)(-2)=x-x=0
(f-92=2(2)=4

()
..(ii)

fg(2) =272 =4

Ty=a
g

5f(2) =5(2) =10

Sol 27:

X 4 (-3|-2|1-110| 1| 2| 3] 4
fo=x|16]|9 |4l 1|o|1|4]9]16
Sol 28:

X 2 |-15f -1 |-05] 0o Jo5| 1|15 2
fo) =1/x|-1/2|-23| -1 | -2 | x | 2 1| 2/3(1/2

Domain R—{0}
Range (—,0) U (0,x)

Sol 29: f(x+3)=x>-1=(x+3)?-9-6x =
(x+3)> —6(x+3)+8-10

Exercise 2
Sets and Relations
Single Correct Choice Type

Sol 1: (C) A ={1, 2, 3, 4}
R={22), (3, 3) 44,1 2)}
—->A={123,4}

and (1, 1) ¢ R so R is not reflexive
—(1,2)eRbut(2,1) ¢R

So R is not symmetric
—>(12)eR (2,2)eR

(1,2)eR

So R is transitive.

Sol 2: (B) Void relation: A > A

It is also called empty relation

A relation R is void relation, if no element of set A is

related to any element of A.
(X, y) = xis not related to y

- (y, X) =y is not related to x
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.. Symmetric R is not symmetric

(x, x) = x is any how will be related to itself —(1,2) eRand (2,3)and also (1, 3) € R
. So it can't be reflexive So R is transitive.

X y)(y, 2)

Sol 6: (B) R={(2,2),(3,3),44),(5,5),(3).3,2,3,5),
(5. 3)}

inset A ={2 3,4,5}
— forset A = {2, 3,4, 5}
(2,2),(3,3),4,4),(5,5 R

= x is not related to y
y is not related to z

.. This is transitive.

Sol 3: (B) x Ry <> x — y is an irrational number if

0 = x —x is an irrational no. (say z) R is reflexive

so R is not reflexive —(2,3)(3,2 R

— if x -y is a irrational number and (3,5) (5, 3) e R

than y — x is also an irrational number R is symmetric (x,x) e R

—(x,y) e Rand (y,2) e R So R is symmetric

say(z,) and say(z,) —(3,5 R (53 eRandalso (3,3) e R
Z,+Z,=X-y+y-z=Xx-2 [(a, b) € R, (b, ¢) € R for transitive (a, ¢) € R]

Its not necessary that z, + z, will be an irrational no. R so R is not transitive as (2, 3), (3, 5) € R
IS not transitive. but (2, 5) ¢ R

Sol4: (A)R={1+x1+x):x<5xeN}
(AR ={(2,2),(3,5), 4 10), (5 17), (6, 25)}

Sol 7: (A) A=1{2,3}B=1{1, 2}
then A x B ={(2 1) (2 2), (3, 1)3, 2)}

l+x=2
@2=> }X =1x<5 Sol 8: (C) A={L23),B =146 9
1+x°=2
xy)eR. . x>y
1+x=3
(3, 5> 5 x=2,x<5 R:A—>B
1+x°=5
=2>1,3>1=R={21),G 1}
(4,10)—>1+X:4 x=3x<5 Sorange = {1}
1+x*=10
1 5 Sol 9: (B) R = {(1, 3), 4, 2), (2, 4), (2, 3), (3, 1)}
+X=
G 17)_>1+Xz:17}X=4:X35 ontheset A ={1, 2, 3, 4}
— for set A
(6, 25)> 1+x=6 no solution (1.1),22,33),44¢eR
1+x% =25 . .
R is not reflexive
Option A is false. . (23)cRbut (3,2 ¢ R

R is not symmetric
—(1,3)eR (31) e Rbut
(1,1) ¢ Rso

Sol 5: (A) R={(1,1), (22,3, 3).(1,2),(23), (1, 3)}
ontheset A ={1, 2, 3}
-(1,1),22),33)eR
) ) R is not transitive.
R is reflexive

—(1,2) e Rbut(2,1) ¢ R
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Sol 10: (C)

GivenANnB=ANC . ()
andAuB=AuUC . (i)
we know that AUB=A+B-AnNB

from (i) and (ii)

AuC=A+B-AnC ... (iii)
butAuUC=A+C-AnC ... (iv)
From (iii) — (iv)

O0=B-C

B=C

Sol 11: (A) R ={(1, 1), (2, 2), (3, 3), (1, 2), (2, 3), (1, 3)}
Domain — {1, 2, 3}

— there are pairs such that

(a,a) —> (1, 1),2 2),(33)

So Ris reflexive - R? =R

So R is not symmetric

— transitive if (x, y) e R, (y,z) e R

= (x,2) e Rhere (1, 2) e R, (2, 3) € Rand (1, 3) is also
solution of R.

so R is transitive.

Sol 12: (D) A — set of all children in the world x Ry if x
and y have same sex.

So — x and x have same sex — Reflexive if x and y have
same sex. So y and x also have same sex — symmetric

x and y have same sex, y and z have same sex so it is
clear that x, y, z have same sex transitive

So R is an equivalence relation.

Sol 13: (B) A set A = {2, 3, 4, 5}

Given relation R={(2, 2), (3, 3), @4, 4), (5, 5), (2, 3),(3, 2),
(3,5 (5 3)}

=if(x,yyeRandx =y
(xy) eR
Here x € A

x=2,345and (2 2), (3, 3), 4, 4), (5, 5) are in solution

of R

Ris reflexive = (x, y) € R
and (y, x) € R

=23 eR=>3B,2eR
(53)eR=(3,5 R
orsay R =R

so R is symmetric.

Sol 14: (D) L = get of all times in x-y plane
R={l, I, =1 is parallel to |}

=if(,l)eR

so (I, ) € R(L,is also parallel to |.)

symmetric

= (I, ) € R because a line is parallel to itself reflexive
= (,1)eR (,1)eR=(,1)eR

|, 1, are parallel anq (Izand l,) are parallel, so |, and |, also
are parallel R transitive

. Ris equivalent

Sol 15: (B) Relation R = {(2, 3), (3, 4)}
on the set assume A = {2, 3, 4}
= For reflexive - (x, xX) e R, x € A

(2,2),(3,3), 4 4)
' I should be pair of R

3pairs

= For symmetric — given (2, 3), (3,4) € Rto be R —»
symmetric (3, 2) and (4, 3) should be pair of R

Total added pair is 5{(2, 2),(3, 3),(4. 4),(3, 2),(4,3)}

Sol 16: (B) R = {(1, 2), (2, 3)} on the set A (assume)
SoA=1{1, 2, 3}

— Reflexive (x, x) e R, x € A

1, 1), (2, 2), (3, 3) must be added

— symmetric (x, y) € R for (y, x) e R

(2, 1), (3, 2) must be added

|



— Transitive (1, 2) e Rand (2,3) e R

so (1, 3) must be added for transitive relation
| —

Now — R ={(1,1), (2 2), (3, 3), 1 2), 2 3) (1, 3.2 1),
(3, 2)}

Now for symmetric pair (1, 3), pair (3, 1) must be added
Total added pairs —
7{(1, D)2, 2)(3, 3)(2, D3, 2)(1, 3) 3, 1)}

Functions

Single Correct Choice Type

Sol 1: (A) f(x+ay, x—ay) =axy
Put x+ay =b
X—ay =c
2x=b+c
2ay=b-c
_b-c

2a

f(b’ c)=a (Ej (E]
2 2a

_(b+obb-0) b? —c?
B 4 4

f(b,¢)

X2 —y?
4

f(x,y) =

Sol 2: (C) f(x)=ax + cosx

It is bijective so it must be strictly increasing or
decreasing

f (x) =a—sinx
a<-lorazx1

xeR—-(-1,1)

Sol 3: (C) f(x)

b

f(x) -/Ib\a\| /aflk:\—
J

()~ o
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Sol 4: (C) f(x) = {M 4 SINX j
2 | cosx |cosx|

If sinx >0, cos >0 -

F(x)=tanx

If sinx>0, cosx<0

F(x) =0

If sinx<0, cosx<0 ¢ Time period = 2n

F(x) = —tanx

If sinx<0, cosx>0

F(x) = 0

2%° —x+5
7x% +2x+10

Not onto as range is not R. the function

Sol 5: (D) d(x) =

Does not goes to infinite at any x.

2 7x2—zx+§
2 2

7
f(x) =
7x% +2x+10
E 7x2+2x+10—Ex+1—5
7 2 2
7x% +2x+10
2 11x-15

"7 49%% +14x+70

Quadratic cannot be one-one function

So f(x) is not one-one function

Sol 6: (C) f(x) = cos {%nz} X +sian2}x

4

f(x) = cos4x +sin4x
f(0)=1

+£¢4
2

-

VY

w3

— N—
Il

N
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433 +3x% —2x+2

2% —2x+1

Sol 7: (A) f(x)=(nx & g(x)=>

x4—x3+3x2—2x+2]

fog(x)= /n
I { 2%° —2x+1

x* —x3 +3x% = 2x+2
=/n
22 - 2x+1

2x° —2x+1#0

2
=2 x—E +£>0
2 2

Let say h(x) =x* —x® +3x% — 2x + 2

By hit and trial method, h(x) has no root. It is always
>0 so domain x € (-, )

Previous Years’ Questions
Sol 1: (D) Given, f(x) = | x =1

S f(x3) = | x2=1]and {f(x)}? = (x — 1)?
= f(x?) = {f(x)}?, hence (a) is false

Also, fx +y) =[x +y—1]and f(x) = | x =1, f(y) = |
y — 1] Also,

= f(x +y) # f(x) = f(y), hence (b) is false.
fIx)=1[x]=1]=]f)|=Ix=-1]| = |x-1]

(| x ) = | fx) |, hence cis false.

Sol 2: (D) Given, f(x) = cos(log x)

- ) f(y) - %Hij + f(xy)}

= cos(log x). cos (log y) — l[cos (log x — log y) + cos
(log x + log y)] 2
= cos (log x) . cos (log y) - %[(2cos(|og X) . cos (log y)]

= cos(log x) . cos (log y) — cos (log x) . cos (logy) = 0

Sol 3: (C) For domain of y,
1-x>0,1-x#landx+2 >0
=>x<1,x#0and x> -2

= -2 <x < 1lexcluding0 = x € (-2, 1) — {0}

Sol 4: (A) Clearly, f(x) = x — [x] = {x} which has period 1

1 o .
and sin=, x cos x are non—periodic function.
X

x° —(a+b)x+ab

X—C
=S yx-cy=x*—(a+bx+ab

Sol 5: (D) Lety =

=>x—(@+b+yx+@ +cy)=0

for real roots, D> 0

> @+b+y?-4@b+cy)>0
=>@+b?+y’+2@+b)y-4ab-4cy>0
=y’ +2@+b-200y+(@-b2>0

which is true for all real value of y.
=D<0

=4(@a+b-2c?-4@-by*<0
=@+b-2c+a-b)la+b-2c-a+b)<0
= (2a-2c)(2b-2c¢) <0
=@-cb-0<0

=(c-a)(c-b)<0

= ¢ must lie between a and b
ie.a<c<borb<c<a

Sol 6: (A) Let f(x) = sin and g(x) = V/x

Now, fog() = flgd] = f(xx ) = sin?¥x

and gof(x) = glfx)] = g(sin?x) = Vsin?x = | sin x|
Again let f(x) = sin x, g(x) = | x |

fog(x) = flg()] = f(| x ) = sin | x | # (sin V/x )2
When f(x) = X3 g(x) = sin v/x

fog(x) = flg(x)] = f(sin* ") = (sinx )2

and (gof) () = glf(] = goe) = sin \x*
=sin|x|#]|sinx|

Therefore, (a) is the answer.

Sol 7: (B) Given, f(x) = 3x — 5(given)
Lety =f(x) =3x-5=y+5=3x

:>Xzy_+5
3
Py = L2 50 = X2
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. —Dxx-1) > > -
Sol 8: (B) Lety =2"% wherey > 1 asx>1 Sol 11: (D) Function is increasing x = yT3 =9(y)

Taking log, on both sides, we get

log,y = log, 21 Sol 12: (C) Given f(x) =x> +5x+1
2. 2

! _ 2
= log, y = x(x - 1) Now f'(x)=3x"+>0, VxR

— %~ x~log,y = 0 f(x) is strictly increasing function

. It is one-one
1+ 1+4log,y

=X = — 5 Clearly, f(x) is a continuous function and also increasing
onR,
Fory>1,logy>0=4logy>=0=1+4logy=>1

Lt f(x):—oo and Lt f(X)=00
= 1+4log,y 21 X——o0 X—>00

- f(x) takes every value between —co and .
= —y1+4log,y <-1
Thus, f(x) is onto function.

=1-1+4log,y <0
Sol 13: (C) There is no information about co-domain
Butx>1 therefore f(x) is not necessarily onto.

So,x =1~ \1+4log,y is not possible.

1
Therefore, we take x = §(1+ 1+4log,y)

1

= fly) = E(1+1/1+4Iogzy)
1

= f1(x) = E(1+1/1+4Iogzx)

Sol 9: (C) It is given,
f(0) = sin 6 (sin © + sin 3 0)

Sol 14: (C) f(x) = x|x| and g(x) = sin x

—gj 2
gof(x):sm(x|x|):{ S

—2xcos x> ,x<0
f)'(x)= !
(go ) (X) {2xcos x° ,x=>0

Clearly, L(gof)'(0) =0 =R(gof)(0)

.. g of is differentiable at x = 0 and also its derivative is
continuous at x = 0

" —2cos X2 +4x%sinx® |, x<0
Now (gof) (4 :{ 2cosx® —4x’sinx®>  , x>0

= (sin® + 3sin 0 -4sin®0) sinq
= (4sinB-4sin*0)sinq

sin’0 (4 — 4 sin?0)

4sin%0 cos’0 = (2sin O cos 0)?
=(sin20)? >0
Which is true for all 0.

Sol 10: (D) Giventhat2x+ 2y =2 Vx,y e R
But2, 2y >0, V x,y eR

Therefore, 2 =2 -2V < 2

=0<2x<?2

Taking log on both sides with base 2, we get
log, 0 < log, 2* < log, 2

=-0<x<1

~.L(gof)"(0) = -2 and R(gof)"(0) =2

~.L(gof)"(0)=R(gof)"(0)

<. gof (x) is not twice differentiable at x = 0.

Sol 15: (B)

xRy need not implies yRx

S:mSBc)qm:pn
s q

m_m .
—S— reflexive

n n
Mep L PsM symmetric
n q g n
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m r
FS% %Sg Sol 20: (B) f, (x) :%(sink X + cos® x)
1/. 1/.
= gm=pn, ps =rq B _ (it 4 1.6 6
- f4(x) fG(x) 4(sm X + COS x) 6(sm X + COS x)

= ms =rn transitive. 1 1
S is an equivalence relation. = Z[l—Zsinz xcos? XJ _5[1_35"‘2 xcos? XJ
Sol 16: (B) 2111

4 6 12

1

= |x|—x >0= |x| > X = X is negative

x|~ x Sol 21: (B) f(x) +2f[lj 3¢
X
Xe (—oo,O) S :f(x) = ()
f(x)+ 2f(1J = 3x .. ()
Sol 17: (A) X

() =[x] cos(zxz_ljn:[x}cos [x_%}c . f@uf(x):g -G

= [x] sin & x is continuous for every real x. 1)-2 % (2) —3f(x) _ 3X_§ f(x) _ Z_X
X X

Now, f (x) = f (-x)
2 2 4

_a. S——X=——+X =2X
=3; 2<x<5 X X N

=2x-7;x>5 EZX:X:JL\/E
f(x) is constant function in [2, 5] X

Sol 18: (B) f(x)=7-2x; x < 2

f is continuous in [2, 5] and differentiable in Bxactly two elements.

(2, 5) and f(2) = f(5)

by Rolle’s theorem f (4) = 0 JEE Advanced/Boards

Statement-II and statement-I both are true and

statement-Il is correct explanation for statement-L Exercise 1

Sets and Relations
Sol 19: (C) —{x}2 +2{x} +a’=0
Now, —3{x}2 N 2{x} S.ol.1: Sets—~>a Follegtlon of well-defined objects which are
distinct and distinguishable

Sol 2: Set {x: x € N, x is prime and 3 < x < 5} there is
only one natural number 4 which follow 3 < x < 5, but
4 is not a prime no. therefore the set is void.

T Sol3:A={a,eiQ4},B{iQ}
2/3 So B is subset of A

Sol 4: A = {x:xisirrationaland 0.1 < x < 0. 101 between 0.1
and 0. 101 there is infinite number which are irrational
so A is infinite set}

to have no integral roots 0<a’ <1

~ae(-1,0)u(0,1)
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Sol 5: Singleton set — also known as a unit set whichis ~ Sol 9: Na = {an: n € N}

with exactly on element (i.e., {0}) {r} is singleton set N, A N, —> those element which are common in both

sets N, and N,
Sol 6: In a plane there are two points A and B such that ) o
OA = OB, O is a fixed point It means elements which are divisible by 6 and 8 both.

— if OA = OB (assume it is a relation R = {(A, B = LCM(6,8) =24

OA = OB}) e N24 = N6 N N8

B,A) € RR| i
(B, A) & RRis symmetric which are divisible by 24 (6 and 8 both)

— OA = OA (always true)

so (A, A) € RR s reflexive Sol 10: (A){x: x e Rand x?> + x + 1 = 0}
—if(A,B) e R=OA=0OB .. () ¥+X+1l=0=>x+2x+1)-x=0
and (B, C) e R=> oB=o0C .. (”) (X + 1)2 —-x=0
from equation (i) and (ii) (x+ 17 = x

no solution

(A) is empty set

B)Y{x:x e Randx?—x + 1 =0}

x*-x+1=0

OA =0B=0C

- 7
= OA =0C « = +1+4(1)° -41Q)1) A+ bx + = 0
(A, C) e R= Riis transitive 2(1)
= R is an equivalence relation « = 1+4/-3 « = b ++b? - 4ac

2 2a
A B '

Sol 7: no solution

e (B) is empty set

O fxxeRandx?+ 2x + 1< 0}
A=1{2,35B=1{23}

X2+ 2x+1
SoAUB=1{22 3} x + 17
Sol 8: A =1{1,2 3},B=1{34} Whichiszeroat(x + 1) =0
C=1{43,6} >x=-1
{4 is common is both set B and C} So (C) is not empty set
BN C={4} D){x:xeRandx*-2x+1=>0
andAu (BN Q) X2=2x+1>0
={L, 2 3tu {4 (x-27>0
={1,2 3,4} (x — 2)? is always greater than or equal to ‘0’

(x—2)? >0 always true for any x e R

90 :
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Sol 11: Total no. of subsets of M is 56 more than the
total no. of subsets of N so we know no. of total subsets
of any set A which have n element = 2"

so 2™ —2" =56

m and n are integer

64 is the just bigger no. in 2" terms after 56
SO assume

2" =64 = 2°

so 64 - 2" = 56

2"=64-56=28

8=23

n = 3 which is integer

(m, n) = (6, 3)

Sol 12: Given A = {x | x/2 € z, 0 < x < 10}
B = {x| x is one digit prime}

C={xx/3 e N, x<12}
(A):g € 20<x<10

x =2z, zis integer, 0 <x <10
x=0,24,638, 10
(B) x is one digit prime no.

X=27357
X
(C)§ e N, x<12

x=3N,x<12

x=3,69 12
BuC=1{3,60912}u{2 3,5 7}
={2,3,56,7,9 12}
ANnBnNC)={0 246,38 10}
M {2,3,56,7,9 12} = {2, 6}

Sol 13:
A B

n(A) = 10
n(B) = 15

Then A U B will have
—->AuB=A+B-AnNnB

n(A UB) =n(A) + n(B)-n(ANB)’
=10+ 15-n(AnB)
=25-n(A N B)

n(A N B) can be zero to n(A)

A B C

n(A N B)=0 n(A N B) = n(A)

so 15 < n(A U B) < 25

Sol 14: Total set = 1000 families of a city
40% read newspaper A

20% read newspaper B

5% read newspaper both A and B(ANB)
10% read newspaper C

3% read newspaper both B and C(BNC)
4% read newspaper both A and C(ANC)
2% read newspaper both all (AnBNC)

Families which read only news paper A
=A-AnB-AnC+AnBNC
40-5-4+2=33%

33% of 1000 = 330 families

Sol 15:
®
©
n(A) =10

nB) =6
n(C) =5

all are disjoint
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Son(A U BuUC) =n(A) + nB) + n(C) Sol 19:
=10+6+5=21

Other terms terns zero because there is no joints "Q
between any two sets "‘
Sol 16: A and B are disjoint

@ Let AnB)UBNCO)

(A N BYC= (AU B)
soAnB=f

= (A°uB)uU(BNCQ)
NnNAnB)=0

We know that
. n (AU B) =n(A) + n(B) (BN C)c (B)

Sol 17: so (AUB)UBNC)=A°UB

S X Y

@ -
B
2 (3)s

< Given n(A) = 3
n(B) = 6

X (YuX)©
so in (Y u X)S, there is no elements of X

soXN(YuX)Cisn

we know

n(A U B) = n(A) + n(B) - n(A N B)

Sol 18: for minimize n(A U B), n(A n B) should be maximum
which can be n(A) (lower in both)
U A B sonAuB)=3+6-3=6

GD Sol 21: Let — class of 100 students

55 students have passed in mathematics (M)

n(U) = 700 67 students have passed in physics (P)
n(A) =200 no student fail

son(M N P)=-n(MuUP) + n(M) + n(P)
=-100 + 55 + 67 = 22

n(B) = 300, n (A N B) = 100
Acn B¢

no of students which are passed in physics only
=n(P)-n(Mn P) =67-22=45

We know

n(A U B) = n(A) + n(B) - n(A N B)

(AUB) = AN BS Sol 22: X = {1, 2, 3, 4, 5, 6} universal set
So n(A UB) =n(A“~BY)=n(U)-n(AUB) A={123}
n(A U B) = 200 + 300 — 100 = 400 B=1{245)

n(A€ ~ BS) = 700 - 400 = 300 C=1{345¢6}
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SoA-B=1{123}-{24, 5 =11, 3}
B-A=1{2,45-112 3} =1{45}
(A-B)uB-A)={1,3)u{4 5 =11 3,45}
(A-B)-C={1,3}-{3,4,5, 6} = {1}
C=X-C={1,2
AnC={1,23n{12}=(1, 2}

Sol 23:

Ax Bu(Q

(AxB) v (AxQ)

A x (BuOQ = AxB)UAxC(C

Sol 24: A x (AN C)
(AxB)yn(Ax Q)

Sol 25: A ={a, b, c, d}

B={b,cd,e}

for > (A x B)n (B x A)

A xB={@a,b)

= {(a b)(@ o)(a d)(a e), (b b)(b.c)(b.d) (b, e)c, b)(c, 0)
(¢, d)(c, e) (d.b)(d. c)(d. d) (d, e)}

B x A = {(ba) (bb) (b.c) (bd) (ca) (cb) (c.c) (cd) (da)
(d.b) (d.c) (d.d) (e,a) (e,b) (e,c) (e,d)}

(A x B) " (B x A) = {(bb) (b,c) (b,d) (c,b) (c,c) (c,d) (d,b)
(d.c) (d,d)}

total elements = 9

Sol 26: Given A = {1, 2, 3,4, 5}
R={xylxyeAandx <y|

X < x always false

so (x, x) ¢ R

Ris not reflexive —» if (x, y) e R=>x <y

soy < x always false

(v, x) ¢ R

R is not symmetric

>ifxy)eR=>x<y . (i)
and(y,2) eR=>y<z .. (i)

so from equation (i) and (i)
X<y<z
SOX <z

S (x,z)eR R is transitive

Sol 27: nR m < niis a factor or of m (i. e. n/m)

Same as exercise —III question III

Sol 28: n(A) = m
nB)=n andR:A—>B
then total no. of relations form A to B is

(2m)n - 2mn

Sol 29: L = set of all straight lines in a plane

RelationR - a RB <> a B, o, B € L any line never
perpendicular to itself

so (o, o) ¢ Ro L a (false)
R is not reflexive
—if(o,B)eR=>a L b
sop L a

—-> B o)eR

R is symmetric

o

—if(o,B)eR=>alb

and (B,y) eR=pB L g

so a|ly = (o L y) — false

R is not transitive.

= (o, y) € R

o
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Sol 1: (i) y:/:lg +,/1;—§

X+2#0 x#-2

Xx+1#0x#-1
X—2
>
X+ 2
Casel x—-2>208&x+2>0

0

X228 x>-2 xe[2,x]
OrCasell x-2<0 & X+2<0
X<2 & x<-2

X € (—o0,-2)

Andl;xzo
1+x

Casell1-x>0 & 1+x>0
x<1 & x>-1=xe(-1,1]
OrCasell1-x)<0 & 1+x<0

x>1 & x>-1

So the range domain will be x e (-1,1] N[2,)

Xed

(i) y=\/x2—3x+2+;
V3+2x—x?

1
VB +X)(x+1)

x=2)(x-1)>20= x € (—0,1]U[2,0)

y=+4(x-2)(x-1) +

And 3-x)(x+1)>0=>xe (-1,3)

The domain x e (-1,1],U[2,3)

1
(i) y= \/;er—loglo(Zx—.%)
x>0
And x-2=0
X # 2
And 2x-3>0
3
X > =
2

So the domain x e (%w] —{2}

(iv) y 1-5
v =
77*-7
X
1-5 50
7% -7

5% & 7 are always greater than zero.
Casel1-5">0 & 7*-7<0
<1 & 777

x<0 & x<-1

X € (-0, -1)

OrCasell 1-5<0 & 7*-7<0
5>1 & 7% <7

x>0 & x>-1

x e[0,0)

So the answer is x € (—o0,—1) U [0, )

(v)y=;+\/x+2
log,(1-x)

1-x)>0 &1-x=#1

x<1l x#0

And x+2>0

X2 -2 xe[-2,x)

So the domain x € [-2,1) - {0}

2log,, x+1]

(vi) f(x)=log; oo, ( .

100x#0,1100x >0
x;tO,i x>0
100

And 2log;yx+1 N
-X
2lo +1
000X <0
X

x>0 So

2log,, x+1<0

1 1
Ioglox<—5 = 0 <x<—=

J10

1 1

So domain xe| 0,— |—| —
( Jﬁ] (10}
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(vii) f(x)=; FUX+2

log(1-x)
X+220 &x=>-2
And (1-x)>0 & 1-x=1
x<1l & x#0
x €(-o0,1) —{0}
So domain [-2,1) —{0}

NNV 5x — x°
(viii) Y =,/l09 2
5x — x°
Iog[ 2 JZO

2

5x —x
4
S5x—x° —4>0

>1

X2 —5x+4<0
x-4)(x-1)<0
xe[1,4]

(ix) f(x)= 4[x° =|x| +

9-x?
9-x°>0
x°<9
x e(-3,3)
And x2—|x|20

Kx

\/1+x+x2—\/1+x+x2 1+2

1_2KX

X e[1,00)
ifx <0 x(x+1)=0
X € (—o0,—1]

So the domain x € (-3,-1] U [1,3)

() ¢ —3x—10) n*(x - 3)

x—3>0 atx=4
x>3 f(x)=0

And x> -3x-10=0 (x-5)(x+2)=0

X€ (—o0,—2] U [5,0)

So domain xe (5,0) U {4}

(xi) f(x) = \/(sinx)2 +cos? x + 2sinxcosx —1

= \2sinxcosx = sin2x

sin2x >0

2xe[2nm, (2n+1)7]

)
xe [nm,| n+= |x]
2
(xii) ()= cosx—-1/2
\'6+35x—6x2
_ | cosx—-1/2 -1
6-x6x+1) O %
, -1
Case I: Let's say ?<x<6

So cosx—E >0
2

-1

C II: x<—

ase 6
-1

So cos x—< 0
° 2

1
COSX < —
2

/N A /N

[\ slf

[ \
ARVAZVERVY,

-1/6

Caselll: x > 6
1
COSX < —
2

From group analysing solution

-1 = 5n
— =lu|=—,6|uU

[an+§,2kn+5§]kel-{0}

(xiii) F(x) = \/Iogl (log,,[xP -5)

3
log, (log, [x]* =5)=0
log,[x]* -5) <1

\
\



[X]°<9

[xle [-3,3]

And [x]2 -5>0

[x]2 >5 =

And [x° -5#1 [x]*-5>1
[X]° #6 [x]° >6 [x]=3,-3
And [x]> -5 # 4 [x]* # 9

[X] = +£3

So domain x €[-3,2)U[3,4)

. 1 2
xiv) f(x)=—=+10g,,, & (X" =3x+10) +
(xiv) o 10%200-5) f

[x]=0 xe[0,1)
2{x}-5<0 So Iogz{x}_5 (x> —=3x+10) is not defined. So
X€ed

(xv) f(x)=log, log; log, log, (2x% +5x% —14x)
logs log, Iogz(2x3 +5x% —14x)>0

log, log, (2x* +5x* —14x)>1

log, (2x3 +5x% —14x)>3

2% +5x° —14x >8

2x3 +5x° —14x— 8> 0

(x=2)(2x° +9x +4)>0
(x-2)2x+4)2x+1)>0

Xe (—4, ;]u (2, )

(xvi) f(x) =+/cos2x + V16 —x°
cos2x >0 and 16 - x>0

2xe|i2nn—£,2nn+ﬁ:|& x e[-4,4]
2 2
xe{nn—ﬂ,mwﬁ}& xe[-4,4]

4 4

. 57 3m T T 3n 5¢n
Sodomain €| - —,-=—=|u|-=,=|uUu|—,=

4' 4 4'4 4" 4

(xvil) f(x) =¢n(x? —5x—24 —x—2)

VX2 —5x =24 —-x-2>0
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And X2 —5x—24>0

x? —3x-8x-24>0
(x+3)(x-8)>0
xeg[-o,-3]>0

xe€[—mw,-3] U [8, )
Caselifx+2>0 = x>-2
The x* —5x—24 > (x +2)?
—5x—-24>4+4x

9% +28 <0

-28
X<—

9

So no answer

Case Il if x+2 <0 then always true in interval

\/x2 —5x-24 >x+2

X<—2

So the domain xe&(—ow,—3]

(xvii)y =log(1 —Iogm(x2 —5x+16)

1—Ioglo(x2 —5x+16)>0AND x?> -5x+16>0

Ioglo(x2 —5x+16) <1 AND is the always positive as its

. b 5. .
minimum value of x = — == is positive.
2a 2

X2 —5x+6<0
x-3)(x-2)<0
xe(2,3)

So the domain 2<x<3

; 2x+1
(xix) f(x)=log, (2 — (x4 - 2=
% VX +2

24x+1 S
VX+2

2Vx+1 .
VX +2

0O + 200 + 207 +1 <2(x)?/4 + 4

2_(X)1/4 _ 0

)4 = 2

x> 0so put x =t

B 42t+2t2 +1 <2t + 4

t+2t-3<0
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2 _ _
(t-1)(*+t+3)<0 Range f(x):(x 2)(x-1)
5 (x=2)(x+3)
t°+t+3 4
Is always greater then zero. For x # 2f(x)=1- x+3
So(t-1)<0 x = 2f(x)not defined
t<1
W4 <1 0<x<1 Range f()e R~ (2} - {1
1
Sol 2: (i) y = Iog\E(\/E(sinx—cosx)+3) atx=2= (gj atx=o0 [1]
x/E(sinx—cosx)+3>O (iv)f(x):Ldomain xeR
1+|x|
\/Ex/z(sinxcos450 —cosxsin45°) > -3 for x>0 f(x) :Lzl—L
1+x 1+x
2sin(x — 45%) > -3 0<f(x)<1
i 0y, 3 i forx <0 fx) = =T
sin(x —45”) > — so the domain xe R orx <0 f(x)
p) 1-x 1_1
X
. Y
Range f(x) =Iog£ [25|n(x—zj+3} -1<f(x)<0

So f(x) e(-1,1)

(V)Y =4/2—x +31+x

z—x>0and 1+x=>0

+1< 25in(x—%}+3 <5

Iog\E(l) < Iog\@ [25in[x—%}+3} < Iogﬁ(S)

0<f(x)<2 x<2 and x>-1
(i) y = 12x2 Domain x € [-1,2]
+X

Range +2-x decreases with increment in x v1+x

Domain x e R Increase with increment in x

Range y = 2 Since both are linear function root, so we can say that
X+ it's maximum will be at middle point of boundary
X defined.
x+12 2 for x>0 from arithmetic mean > geometric 1 1
X So f(x)< 2—[—j+ 1+(—j
mean 2 2
x+1§—2for x <0 from AM >G.M f(x)<\/§+ E:\/g
X N2 2
So [-1,1]
5 f(x)> \/§ (at boundary point)
(iii) f(x)zﬂ
X +X-6 \/gﬁf(x)ﬁx/g

Domain x> +x-6 %0

(Vi) F(X)40G os ec y_1)(2 — [sinx] —[sinx]?)
X2 +3x-2x-6%0

[sinx]=0or -1
x+3)(x-2)=0 ,
2—[sinx]—=[sinx]* =2

X#2,-3
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cosecx—1>0 & cosecx—-1=1 [ 5]2 11 ( SJZ 75

=l x+=| —— ||| x+=| ——

Vx—=1++6-x 2 4 2 4
1

It has two roots so not injective nor Surjective (as the

VI x| =x Ranges not R)

x¢2nn+ (2n+1)——

1
Sol 4: f(x) = ——
o (x) =

Xe(2nn(2n+1)n)—{2nn+g} £ () = )] ::Ll } _ 11
—X
So domain ! _L—x}
37)5)
=, 00 |=>|—, o 1
e CRECIRTE
Range log, 2;
ae(0,0)—{1} = Range (—,)—{0} { }
1
. x+1 =
(vu)f(x):x_2 1 {1
Domain x € R—{2} 1—{1:(} 1
Range f(x):1+i 1
X—2 Sol 5: f(n) = -1, f{n+5j:0

f(x) e (~o0,0) — {1}
f(n+x)=a(n+x)+b where 0<x<1

Sol 3: Injective = one to one mapping 0, f(n)=-1 b ..»0)
x =0, n)=-1=ax+ |

Surjective = onto function

x—E f[n+£J—0—a(n+lj+b
(@) f(x) = X2 +x+1 _1_ 2(x+2) 2 P) 2
X° +2x+3 X°+2x+3 a .
——=ax+b ..(ii)
1 (x+2) 2
(x+1)2 +1 _a_ 1
2
It's range is not R. So not surjective not injective 222
f(x) =x> —6x° +11x—6 b=-1—ax=-1-2x

Range € R onto function = surjective

f(x) = (x = 1)(x*> = 5x + 6)

Sof(n+x)=2(n+x)-1-2x

f(n+x)=2x-1 where 0<x<1, neR”

e/

%\/3

=(x-1)(x-3)(x-2)

Not one-one asatx =1, 2, 3 f(x) = Sol 6: (a) |(X —3)+(4- X)| < |X _3| +|4 _X|

Not injective =1< |x+3|+|4—x|
(b) f(x) = (x? +5x + 9)(x* +5x +1)
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|x+3|+|4—x|>l

gy

34

X € (—o0,3) U (4, 0)

(b) [x—(x=2)|>|x-[x-2|
2>|x-[x-2
X|-[x-2 <2

If x >2 not true

If 0<x<22x-2<2
x<2xel0,2]

If x<0-2<2always true
(_0012)

Sol 7: (a) f(—x) = Iog(—x +41+x? )

f(—x)+f(x) = Iog(\/1+x2 —xj(\/l+x2 +x) =0

f(x) = —f(x)

So odd function

(b)) =2 1
a¥ -

lx +1 149"
fl)=28— =22 — fx)
i -1 aX -1

aX

Odd function
(© f(x) = x* —2x°
f(—x) = x* = 2x% = f(x)

Even
d)f(x) = x°— | x|

f(—x) = x°— | x|
Even function
(e) f(=x) = —xsin® x + x> = —f(x)

Odd function

(f) f(x) =k =f(-x)

Even

(g)én(“ Xj ~ f(—x)
1-x

f(—x) = —zn(—l;xj = —f(x)
1+x

Odd function

X2

(h) fo = L+ 2)

2% ,
flexy= 2D iy

2X

Even
. —X X
(i) f(—x) = 1 —5 +1 = f(x) = —f(x)

=1
eX

So neither odd nor even

() FO) =[x+ 113 + [(x - 1)* 13
1/3 1/3
f(—x) = [(1 _ x)ﬂ + [(—x _ 1)2J

= [(x -1)? Jl/a + [(1 +x)° T/a =f(x)

Even function

Sol 8: (a) f(x) = sin® x + cos* x

f(x) = (sin® x)? + ((cos® ) x)? + 2sin® x
cos® x — 2sin® cos® x

f(x) = (sin2 X + cos? x)2 —2sin xcos® x

. 2
f(X)zl_(sm2x)

sin2x = Time period = =«

(sin2x)? = Timeperiod= /2
So f(x) has g Time period
(b) f(x) = sinx | + | cosx |
Case-I O<x< I

2
f(x) = sinx + cosx

Case-II g< x<m f(x)=sinx—cosx

Case-III T<X< 3?11 f(x) = —(sinx + cosx)
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3
Case-1V 771 <x<2m f(x)-sinx+cosx

\/IS:I/\

Since combining graphs, we can see |sinx|+|cosx|

has g Time period.

() f(x) = cosix - sin2—X
5 7

2
cos3x has time period ?n

cos 35—)( has time period an

g(x) =sinx

has time period 27“x(7)

L.C.M.[—,7
3

107 J_ LCM.(107, 77)

HCF.(3,1)

Sol 9: (a)10* +10Y =10

y =log(10-10%)
Domain x<1
(6)(=.0) {0
Ify>0y=x

Ify<0y:§

n

{. (5 j .
=|(SIN| ——X [X+SINn
n

{ .5 }1
=|2cosnx-sin=x 3

oy

LCM.| —,

LCM. 2nt 2nmw

nmw
HCF.(5-n%,5+n?)

5-n° 5+n

n

|3

=3n

3

Sol 10: f(x) = cosnx~sin{—x

Sol 11: f(x) = Zn(x+\/x2 +1)

yzfn(x+\/x2 +1j

e/ —x=vx’+1

(b) f(x) = 21

lo —L
92Y x-1
log,y =1+—+
(x-1)= —
log,y -1
x=1+ !
log,y -1
_ log, y
log,y-1
I
F1(x) = —92)
log, x—1
10 -107"
(Qy= —
10* +107*
10 -1
10 +1




13.94 | Relations and Functions

Sol 12:f(x)= (a—x")*/" Sol 15: f(x) =max(x,%]

1/n
fof(x)={a - [(a —x)" ]n}

:{a - [(a -x" )T }Un fe0 R

to f(x) = x
If g is inverse of f then fog(x)=x from f(ij — f(x) :max[i,x]
1 X X
Above we can say f(x) = f(x)
1 O<xx<l1
Sol 13: f(x)=x% +x -2 x'
) X+lz__ f(x) ); x>1
y= 2 4 =, x< -1
X
1 9 X, O0>x>-1
= 1
f{— =f(x)
f1(x) = ——£+ x—g "
Y=
1
f(x) = f(x — if O0<x<1
(x) (x) g1 32
= fof(x)=x x° if x>1
0P +x=22+ 0 +x-2)-2=x
Solving this equation we get
x =42
2 —
Sol 14: f(x) {XBH' X< -
X =1 x<x<0 Sol 16:(x) = =~ *C
(a) If f(x) is odd X° +4x+3c
2 2 _
x+1, x<-1 f(x) = x+1) +c-1
. 3,  -1<x<0 (x+2)° +3c—4
X
+X3, 1>x>0 (c-1) <0
2
-(x*+1), x>1 (36-4)<0
(b) Even function So the value of f(x) is always F if x eR
XX +1, x<-1 Sol 17: (a) f(x) = .Hogz(xz —2x+2)
3, 1< 0

f(X) - X<
3, 1>x>0 «Hogz(x—l)2+1)
log, [ (x-1? +1]>0

(x-17° >0



That is always true so domain is R
(x-17 +1>1

log,[(x~1)* +1]> 0

Range f(x) >0

(b) f(x) :2x+3
X_
_2x=2+7 5 T
X-2 12

f(x) =7 f(x) eR —{2}

Bijective function

Sol 18: -1 <x(x—2)<
1< Xx=2+1
4

X(x=2)+1
1<2 4 <o

2 < f(x) <0
At x=0 & x=2 value of f(x) is same.
So many one function.

Exercise 2

Sets and Relations
Single Correct Choice Type
Sol 1: (D) n R m <> nis a factor of m

— every natural no. is a factor of itself

R is reflexive

— if n is factor of m, its not necessary that m is also

factor of n

R is not symmetric

— if nis factorQ m

and m is factor Q /

so nis also a factor of ¢

(i.,e, 3R6and 6 R18 and 3 R 18 is true)

Sol2:(C)aRb«1+ab>0
foraRb=1+ab>0
=ab>-1
—>aRa=l+a’>a

it is always true

so R is reflexive

—ifaRb—>1+ab>0
l+ab=1+ba

so 1 + ba also greater than zero
so(b,a) eR

R is symmetric

—if (a, b) e Rand (b, ¢) € R
=>1l+ab>01+bc>0

Its not necessaryto 1 + ac > 0

R is not transitive.

Sol 3: (A) (A)x R, y < x| = |y|
x| = || reflexive

X = Iyl = Iyl = |x| symmetric
x| = lyl and |y = ||
equivalence relation

so || = |y| = |z| = |x| = || transitive

Sol 4: (D) Relation R defined in A = {1, 2, 3}
suchthataRb = |a?-Db? <5
(1,2)=>](12-2%| = 3<5

(1,3)=>1]12-3% =8<5

(23)= |22-3?|=5<5

and (a, a) = |a?-a} =0<5

and (a, b) = (b, a) = |a? - b?| = |b? - a?|

soR=1{(1,2),(21), (2 3),3,2),(11),(2 2,3, 3)}

soR1=R

Domain = {1, 2, 3}

Range = {1, 2, 3}, so

Option D is false (Range = {5})

Sol 5: (A) (x, y) e Re>x2—4xy + 3y’ =0
forallx,y € N

—for(x,x) e Re>x>—-4x> +3x>=0

=0

R is reflexive

—>if(x,y) e R=>x?—4xy + 3y’ =0

then for (y, x) € R = y? — 4xy + 3x? should be zero

but 3x? — 4xy + y?
= X2 —4xy + 3y? + 2x% — 2y?
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=0+ 2x2-2y?

>y, X)eR=>x*-y?=0

its not solution for all (x, y) € N
so R is not symmetric

> Xy eRx2-4xy +3y?=0
(y,z2) e R>y?—4zy +322=0

but we cannot find x2 — 4zx + 3z2 = 0 from above

equations, so R is not transitive.

Sol 6: (C) R = {(3, 3), (6, 6), (9, 9),(12, 12), (6, 12), (3, 9),

(3, 12), (3, 6)}

onthesetA ={3,6,9, 12}

— for set A

(3,3),(6,6),(99),(12,12) e R

R is reflexive

— (6,12) e Rbut (12,6) ¢ R

So R is not symmetric

—>(3,6) e Rand (6,12) e Rand also (3,12) e R

R is transitive.

Sol 7: (C) R ={(1, 3), (4, 2), (2,4), (2, 3), (3, L)}
ontheset A ={1, 2, 3, 4}

— for set A

(1, 1),22),(33),44¢A

R is not reflexive

—->(2,3)eR, (3,2 ¢R

So Ris not symmetric (1,3)e R, (3,1) e R
But(1,1) ¢ R

so R is not transitive.

Sol 8: (D) R: N x N

(@, b)R(c, d)ifad(b + ¢) = bc(a + d)
= for (a, b)R(a, b) = ab(b+a) = ba(a+b)
Which is true so R is reflexive

— for symmetric

(@ b)R(c,d)=(c, d)R(a b)

ad(b + ¢) = bc(a + d)

cb(d + a) = da(c + b)

ad(b + ¢) = bc(a + d)

(D)

= cb(d + a) = da(c + b)

Which is equation (ii)

= @b)R(d)P(cdR(b)
so R is symmetric relation

— assume (a, b) R (¢, d) and (c, d) R (g, f)
ad(b + ¢) = bc(a + d)

cf(d + e) = de(c + f)

for (a, b), (e, f)

= af(b + e) = be(a + f)

If (e, f) = (c, d)

then (c, d) R (g, f) is always true
(R is reflexive)

so in equation (i) (c, d) — (e, f)
af (b + e) = be (a + f)

so ((a, b), (e, f)) e R

.. Ris transitive.

Sol 9: (A) W = all wards in the English dictionary

()
... (i)

R ={(x, y) € w x w the words x and y have at least one

letter in common}

— a word have all letter common to itself R is reflexive

— if x and y have one letter common soy and x is same

condition

(x,y) eR—>(y,x) e R

R is symmetric

—>if(x,y)eR (y,2) eR

x and y have one letter common

y and z have one letter common

its not mean that it is necessary to x and z have one

letter common

R is not transitive.

Sol 10: (C) R — real line

Given subset S = {(x, y):y=x+ land 0 < x < 2}
and T = {(x, y): x—y is an integer}
forSy=x+1

butx=x+1

s is not reflexive

so s is not equivalence



forT(x,y) e T=x—-yisaninteger x—x = 0is an integer

T is reflexive

—if (x,y) e T—> x—yis an integer
so + (y —x) also an integer
so(y,x)eT

T is symmetric
—>if(xy)eTand(y,z2) eT
X-y=2z

y-z=12,

(assume z, and z, are integer)

(i) + (i)

X—y+y-z=2 +2,

X-2=2 +12,

.. sum of two integer is also an integer
so x —z is an integer

x2)eT

T is transitive

= T is an equivalence relation

Multiple Correct Choice Type

Sol11: (A,B,C)x=1{1,23,4,5},y={13,57 9}

AR ={xy)|y=2+x,xeX yeY}
R={( 3) @3, 56, 7)}
(B)R, ={(1, 1), (2, 1)3, 3), (4, 3), (5, 5)}

is satisfied R:x —> y

1)(1
2|1
3||3|— asubsetofy
4113
5)\5

QO R, ={1 1)1 3),35) 376 7}

All elements are from x

1)(1
113
3|15
3117
5)\7

all element are fromy

(D) R, ={(1, 3).(2,5), (2, 4), (7, 2)}

in (2, 4), 4 is not belongs to y

So R is not relation from x to y.

Functions

Sol 1: (C)

f(x) = sin? (X — xz) +sect (lj+ £n|x - 1|
X

|x—1|¢:x¢1
AND/(x-x?) <1

x—x%><0

x(x-1) <0 = xe[0,1]

JXx(x-1)<1 always true in internal [0,1]

And l21 or Es-l x#0
X X

0<x<lorl<xmnO

So domain x € (0,1)

Sol 2: (B)
D —1C

,
O”
.
N X0
L
,

A M B
AC =22
BD = 2v/2
AP =x

PC=2\/§—X:> MN = 2x
(AAMN)Area = %x base x height

:%X(AP)X(MN)

= %x 2x)(x) = x* (for x < \/5)
f(-1) = -1 f(-2) = -8 AAMNIs maximum
f(x) =maximum= (\/5)2 =2

So the range is (0,2)
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Sol 3: (A) Bijective

gof

f — one-one function g — one-one
function so gof will be one-one function
f & g — onto function

gof(x) will be onto only of if domain of g = range of f

Sol 4: (D) y =5[x]+1=6[x-1]-10
51+1=61-6-10

[=17

x € [17,18)

y =517)+1=286

[x+2y] =189

Sol 5: (D) f(x) = ax> + &

f (x) = 2ax® + &

For being a one-one f(x)>0or f(x)<0
f(x) is always greater for any x. if a>0

a e (0,)if a=0then fis not onto function.

Sol 6: (A)
1+sinx 1-sinx
—— —secx = — —— +5ecx
1-sinx 1+sinx
\/1+sinx \/1—sinx
— + —— = 2secx
1-sinx 1+sinx
;=25ecx
1-sin’x
= 2secx

2
\cos? x

secx = |secx| if cosx#0

X e{—Zﬂ:,ﬁ)u (_—n,ﬁj ) (3—n,275:|
2 22 2
Sol 7: (D) f(x) = sin[cosgj + cos(sinx)

cosg has time period = 4xn

sin x has time period= 2n

So the common time period = 4n

Sol 8: (A) f(x) =—~
1+|x|
If x>0
0<fx)=1 1 <1 one-one is the interval.
1+x

if x<0
f)= ——

- X

Ozf(x)=L—1>—1
1-x

So f(x) is injective (one-one)
Multiple Correct Choice Type

Sol 9: (A, D) f(x) =+/x f:I—>R
F is not onto function.

But f is one-one function.

Sol 10: (B, C) f(x) =,/log , x
X
xz0,x>0x=#1

lo —llo —1
92 =209 T3

x € (0,00) - {1}
x is defined for (0, 1) and (1, )

XX —24x-1
x-1-1

Sol 11: (B, C)y =
x=1>0=x2>1
And Vx—-1#1 = x#2
And x-24x-120
x22\/ﬁ

Caselif x>0 x* > 4(x-1)

X2 —4x+4>0

(x—2)?>0 which is always true.
Case II'if x <0 then not true

So the domain is x € [1,0)—{2}



R 22

2/34/3—2\F
2f(1.5) + f(3)= 2 2 V2

1, V2-1
2
L3322 | B3y3-2{2)
22 V2-1

= 0 = non negative

Putting x—1 =t for x>2

2 + V2 +1-2t
t-1

f(x) = =t +1=x

Putting for x<2, it is not always defined.

1
Sol 12: (A, C, D) (A) f(x) =2x-1

Decreasing function

So at boundary conditions
f(x) = 21/

At f(x) = 2% f(x) = %

Atx=1-hf(x)=0
Bounded

(B) g(x)=xcosE
X

cosl will oscillate between [-1,1] for any is not
X

bounded so g(x) is also not
(C) h(x)*=0in (0, )

h'(x) = e™ -xe™

If x > 1 then h (x) is decreasing

x < 1 then h (x) is increasing

atx=0,h(x) =0

atx=1,h () = 1
e
atx = ooh (x) =0 (soitis bounded)
(D) 4(x) =tan"*(2¥)
2% is strictly increasing and it is positive.
#(x)is bounded as = X~ % and /() =0

=x oo, {(X)=m/2
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Sol 13: (A, D) (A) f(x) = x—[x] ={x}
Periodic

(B) g(x)= sin(%), x=0& g(0)=0

1. - 1.
= is not periodic so sin= is also not.
X X

(C) h(x) =x cosx
Not periodic C
(D) w(x) = sin x

Periodic

x if xeQ

Sol 14: (B, C) f(x) :{1—x ifxeQ

xe[0,1]

0<f(x)<1 [xe[0,1]-{1}]
Atx=1, f(x) = 1

[f(x)] =0 for xe[0,1)

at n=1;[f(x)]=1

f(If(x)]) =1 ,for x €[0,1)

1-x°

Sol 15: (A, C, D) (A) y = tan(cos ' x) =

.

X

(identical)
1-x°

Domain of both function, are not same at x=0

y = tant(cosx) is defined while the order is not.

(B) y = tan(cos™ x) (is not identical) y = 1
X

(C) y =sin(tan(x)) =

(identical)

X
V1+x?
(D) y = cos(tan™* x); y = sin(cot * x) (identical)

1

y =
\/1+x2
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Previous Years' Questions
X+ 2
x-1

=SyYX-y=x+2=x(y-1)=y+2

=>X= y+2 = x = f(y)
y-1

Sol 1: (A, D) Given, y = f(x) =

Here, f(1) does not exist, so domain € R —{1}.
dy = (x=1)1(x+2)1
dx (x—1)°
3
(x-1y

= f(x) is decreasing for all x € R — {1}
Also, fis rational function of x.

Hence, (a) and (d) are correct options.

2x-1

Sol 2: (A, D) Since, ————— >0
2% +3x% +x
(2x-1) >0
X(2x% +3x+1)
(2x-1)
X(2x+1)(x +1)
< + 1 - 1 * 1 - 1 +
—0 -1 -1/2 0 Y

Hence, the solution set is,

X € (-0, =1) U (-1/2, 0) U (1/2, )

3
Sol 3: (B, C) Since, area of equilateral triangle = % (BC)?

3 _\3

adahirs X%+ g’ (0] = g?(x) = 1-x2
A
B C
(0. 0) (x g(x))

=g(x) = V1I-x* or —1-x°
Hence, (b) and (c) are the correct options.
Sol 4: (A, C) Since, f(x) = cos[m?]x + cos[-m?]x

= f(x) = cos(9)x + cos(=10)x,

(using [#?] = 9 and [-%?] = -10)

T

L fl = =c059—n+c055n=—1
2 2

f(r) =cos9Im +cos1l0r=-1+1=0
f(-n) =cos9m + cos10n=-1+1=0

f[ﬁj:cosg_nq.coslo_ﬂ:iq.o:i
4 4 4 2

Hence, (a) and (c) are correct options.

Sol 5: (A) Here, fx) = 2% where
1—-bx

O0<b<10<x<1
For function to be invertible it should be one—one onto.

.. Check Range:
b—x
1-bx

Letfx) =y=y=
=y-bxy=b-x
=x(1-by)=b-y

b;y,where0<x<1

1-by

=X =

:>y<bory>% ()

(b-1)(y+1)

1—by .. (i)

1

<0-1<y< —
<y

From Egs. (i) and (ii), we gety € | -1, %) < co—domain

Thus, f(x) is not invertible.

Sol6:A—>q,B—or

y = 1 + 2xis linear function therefore, it is one-one and
its range is (—n+ 1, =+ 1). Therefore, (1 + 2x) is one—
one but not onto so (A) — (g) Again, see the figure.

N
y=1+2x
X'€ = o) T >X
2 2
/ v



It is clear from the graph that y = tan x is one—one and
onto, therefore (B) — (r)

Sol7: A»>p;B—>qC>qgD—>p
Given, f(x) = w
(x=2)(x=3)

The graph of f(x) is shown

Z N
- U y=1
X'¢ 4(
0 1 2 3 5
yWv v N v

AIf-1<x<1=0<fx)<1
(B)If 1<x<2=1f(x)<0
QOIf 3<x<5=fx) >0
D)If x>5=1x) <1

Sol8:A—>p;B—>qs;C>(qrst,D>r
(A) f'(x)>0,vxe (0,7/2)
f(0) <0and f(n/2)>0

so one solution.
-4x 4x

4-2x 2x-4

(B) Let (a, b, ¢) is direction ratio of the intersected line,
then

ak+4b+c=0
4a+kb+2c=0

a b
8-k 4-2k Kk?2-16
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We must have
2(8-k)+2(4-2k)+(k? ~16) =0
=>k=24.
Q) Letf(x) =[x + 2| + [x + 1| + |x =1| + |x 2|
= k can take value 2, 3, 4, 5.

d
(D) Iy—:llzj‘dx

:>f(x)=2e" -1 = f(ln 2):3

Sol9: A~ q,5;B>p, s, t;,C>t Do

2sin’ 0+ 4sin’ 0cos’ 0 = 2

sin® 0 + 2sin’ 6(1—sin2 6) =1

3sin29+25in29—1=0:>sine=ii, +1
2
= e:ﬁ,ﬁ.
42
3x
(B) Let y =—
T
:lﬁys?ane I
2 6
Now f(y) = [2y] cosly]

o . 1 3
Critical points are y = Y= lLy= Y= 3
= points of discontinuity LIl

6 32
110
(@)1 2 0]=n = volume of parallelepiped = =

11~

(D) \5+5\=\/§
vyl
=2+2cosa =3

Y
So=—.
3
Sol 10: f(0)=1, f'(x) = 3%’ +%ex/2

= f'(g(x)) g9'(x)=1
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Sol 11: (B) e’xf(x) =2 +f t* +1dt

Putx =0
= f'(O)—Z =1:>f'(0) =

(F*(2)) =1/3
{x} ,2n=-1<x<2n
1-{x

Clearly f(x) is a periodic function with period = 2

Sol 12: (D) f(x) :{

,2n<x<2n+1

Hence f(x). cos = x is also periodic with period = 2

2
cos =1’ .[f(x)cos (nx)dx

(=) +1

ZnZI( X COS TCX)dX——ZTEZ [n >IN X

TE 10
10 1,
1
?]
0

)cos( )dx

o

taking cross with a

(r xb) (be)
5.6)?—(5.F)B=5X(EXB)

F:—3|+6J+3k
F.b=3+6=9

Sol 14: (A, B, C) Given g(x) = gsinXVXeR

#(x)- s So(a(x)|

. 1
COS X
+ 2
s TC o

. (i)

Range of 9(f(X)){‘gsm@’gsm@ﬂ

:>g(f(x))¢1.

Sol15:A—>s; B>t CorDor

A) 2= 2i(x+iy)2 _ 22i(x+2iy) ‘
1—(X+iy) 1—(X -y +2|xy)

Using 1-x% = y?

_2ix=-2y 1

292 —2ixy Y

'.'—1SyS12—lS—l or _121.
y y

(B) For domain
8.3x2
1- 32(><—1)
3X 3X 2
1 32X 2

X 3)(—2

-1< <1

= -1<

CaseI: -1<0

_ 32X—2

_ (3 —1)(3**2 -1 o
e

0, 0] (1, )

—xe(-



= Xe(—oo,l)u[Z,oo)
So, xe (—oo,O) ] [2,00).
(C) R, >R, +R,

0 0 2
—tan6 1 tan0
-1 —tan0 1

f(6) =

= 2(tan2 0+ 1) =2sec’0.
o f'(lx) - %(x)l/z (3x-10) +(x)’* x3
5, \1/2
=2 (3" (x-2)

Increasing, when x> 2.

Sol 16: (B) f(x) =2x° —15x° +36x+1
f'(x)=6x2 —30x+36
:6(x2 —5x+6)

=6(x—2)(x-3)

f (x) is increasing in [0, 2] and decreasing in
(2, 3]

f (x) is many one

fo)=1

f(2) =29

f(3) =28
Range is [1, 29]

Hence, f (x) is many-one-onto.

Sol 17: (C)

f(x)+2x = 1(1—x)2 sin® x + X2 + 2x
f(x)+2x = 2<1+x2)

:(1—x)zsin2x+x2+2x:2+2x2

(1—x)25in2x=x2 -2x+1+1
= (1—x)2 +1

= (1 - x)2 cos’x =-1

Which can never be possible

P is not true

= Let H(x)=2f(x)+1—2x(1+x)
HO)=2f0)+1-0=1
H1)=2f1)+1-4=-3

= So H (x) has a solution

So Q is true.

Sol 18: (A, B)
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cos46:£:> 2 cos’?2 6—1:E
3 3
:>c05229=z:>c0526:4_r z
3 3
Now f(cos49)= 2 =1+C0529=1 1
2 _sec?0 cos20 cos20

:>f1 =1+ E
3 2

Sol 19: (C) Let, g(x)=e*f(x)

As g"(x)>0 so g’ (x) is increasing.
So, for x<1/4,9'(x)<g'(1/4)=0
=(f'(x)-f(x))e™ <0

:f'(x) < f(x) in (O, 1/4)

2

Sol 20: (D) f,(f,) :{:ﬂ ,XX>< 00
f,R—[0,)
fz (fl (X)) x<0
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Sol 21: (A, B, €)
f(x) = (Iog(secx + tanx))3 vV X e(—gg]
f(—x) = —f(x), hence f (x) is odd function

Letg (x) =secx + tanx V x € (—ggj

= g'(x) = secx(secx+tanx) >0V x e [—g gj

( ) is one-one function

Hence ( ) is one-one function.

And g(x)e( )vXe[_g gj

:Iog(g(x))eR. Hence f (x) is an onto function.

Sol 22: G(1 t‘f ‘ t=0

F(x)-F(1)
Iimm—lim x=1 __ f(l) 1
x>1G(x) x~1G(x)-G(1) ‘f(f(l))‘ 14

x—-1
1/2 1
sz



