CHAPTER

Two sets 4 and B as under :

A={a b) € RxR:la—5<1and|p—-5 <1}
B={(a, b) € Rx R :4(a— 6P+ 9(b - 5)?*<36}.
Then

(a) neither 4 C B nor B C 4

(b) BCc 4

(c) ACB

(d) 4 N B = 0(an empty set) (2018)

Consider the following two binary relations on the set A4
= {a, b, c}:

R, ={(c, a), (b, b), (a, ¢), (c, c), (b, ¢), (a, a)} and

R, = {(a, b), (b, a), (¢, ©), (¢, a), (a, a), (b, D), (a, ¢)}.
Then

(a) R, is not symmetric but it is transitive

(b) both R, and R, are transitive

(c) R, is symmetric but it is not transitive

(d) both R, and R, are not symmetric (Online 2018)

x—1

Let f: A — B be a function defined as S ()=
A =R—- {2} and B = R — {l}. Then f'is

> where

[\

xX—

- 2y —1
(a) Invertible and /' 1()’)2%
(b) Not invertible
- 3y—1
(c) Invertible and S l(y)=%
- 2y +1
(d) Invertible and / l(y):% (Online 2018)

Let N denote the set of all
binary relations on N as
Ry ={(x,y) € NxN:2x+y=10}

and R, = {(x, y) € N x N :x + 2y = 10}. Then :
(a) Both R, and R, are symmetric relations

(b) Range of R, is {2, 4, 8}

(c) Both R, and R, are transitive relations
(d) Range of R, is {1, 2, 3, 4}

natural numbers. Define two

(Online 2018)

11 X
The function f:R— [——,—} defined as f(X)=——, is
22 1+x

Sets, Relations

and Functions

10.

(a)
(b)
(©
(d) (2017)
Let fix) = 2'%x + 1 and g(x) = 3'%-x — 1. If (fog)(x) = x, then
x is equal to

injective but not surjective
surjective but not injective
neither injective nor surjective
invertible

310 1 210 -1
(@) 310 _,-10 (b) S0 _5-10
1-3710 1-271°
(© S0_z10 (d) 30 _,-10 (Online 2017)

The function f: N — N defined by f(x)= x—{%} where
N is the set of natural numbers and [x] denotes the greatest
integer less than or equal to x, is

(a) one-one and onto.

(b)
(c)
(d)

If f(x)+2f(l):3x, x#0, and
x

S={&x€R:f(x)=f(=x)}; then S
(a) is an empty set

(b) contains exactly one element

(c) contains exactly two elements
(d) contains more than two elements

1
Forxe Rx#0,x# 1, let fo(¥)=7——andf, ., ()= (/)

onto but not one-one.
neither one-one nor onto.

one-one but not onto. (Online 2017)

(2016)

2 3
n=0,1, 2 .. Then the value of f100(3)+f1[§)+f2 (E)

is equal to
8 1

@ 3 @ 3

(Online 2016)

4 5
() 3 (© 3

In a certain town, 25% of the families own a phone and
15% own a car, 65% families own neither a phone nor a car
and 2000 families own both a car and a phone. Consider
the following three statements :

(1) 5% families own both a car and a phone.

(2) 35% families own either a car or a phone.

(3) 40,000 families live in the town.



11.

12.

13.

14.

15.

16.

Then
(a) only (1) and (2) are correct

(b) only (1) and (3) are correct

(c) only (2) and (3) are correct

(d) all (1), (2) and (3) are correct (Online 2015)
Let 4 and B be two sets containing 2 elements and 4 elements
respectively. The number of subsets of 4 X B having 3 or
more elements is

(a) 211 (b) 256

(c) 220 (d) 219

(2013)

Let X= {1, 2, 3,4, 5}. The number of different ordered pairs
(Y, Z) that can be formed such that Y ¢ X, Z € X and
Y N Z is empty is
(a) 2 (b) 5° (c) 3 @ 3°

(2012)
Let R be the set of real numbers.
Statement-1: 4 = {(x, y) € R x R : y— x is an integer} is an
equivalence relation on R.
Statement-2 : B= {(x, ) € R X R : x = oy for some rational
number o} is an equivalence relation on R.
(a) Statement-1 is true, Statement-2 is false.
(b) Statement-1 is false, Statement-2 is true.
(c) Statement-1 is true, Statement-2 is true; Statement-2 is a

correct explanation for Statement-1.

(d) Statement-1 is true, Statement-2 is true; Statement-2 is
not a correct explanation for Statement-1. (2011)

1 .

The domain of the function f(x)=Tls
x|—x

(@) (=<, 0) (b) (=0, 20) — {0}
(¢) (= oo, ) (d) (0, ) (2011)
Consider the following relations:

R = {(x, y)|x, y are real numbers and x = wy for some rational
number w};

|

n, g # 0 and gm = pn).

Then

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

(b) neither R nor S is an equivalence relation

(c) Sis an equivalence relation but R is not an equivalence
relation

(d) R and S both are equivalence relations

Letf(x) =(x +1)>-1,x>-1.

Statement-1 : The set {x : ' (x) = f'(x)} = {0, —1}.
Statement-2 : f'is bijection.

(a) Statement-1 is true, Statement-2 is false.

(b) Statement-1 is false, Statement-2 is true.

(c) Statement-1 is true, Statement-2 is true; Statement-2 is a
correct explanation for Statement-1.

Statement-1 is true, Statement-2 is true; Statement-2 is
not a correct explanation for Statement-1 (2009)

m,n, p and g are integers such that

(2010)

(d)

17.

18.

19.

20.

21.

22.

23.

If A4, B and C are three sets such that
AN B=ANC and 4 U B=A4 v C, then
(@) A=C (b) B=C
(c) AnB=4¢ (d 4=B

For real x, let f(x) = x> + 5x + 1, then
(a) fis onto R but not one-one

(b) fis one-one and onto R

(c) fis neither one-one nor onto R
(d) fis one-one but not onto R

(2009)

(2009)

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

S={(x,y):y=x+1land 0 <x <2}

T= {(x,y) : x — yis an integer}.

Which one of the following is true?

(a) T is an equivalence relation on R but S is not

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

(c) Both S and T are equivalence relations on R

(d) S is an equivalence relation on R but T is not

(2008)

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

=3 3v+4
@ &)= (b) g(1)="5

'+ 3 '+ 3

© g=4+i= @ g=2=  (2008)
The set S = {1, 2, 3, ..... ,12} is to be partitioned into three

sets 4, B, C of equal size. Thus 4 U B U C = §,
ANB=BnNnC=4n C=¢. The number of ways to
partition S is

121 121 121 12!
@ @ ® @yt © @ 5y
(2007)

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) not reflexive, symmetric and transitive

(b) reflexive, symmetric and not transitive

(c) reflexive, symmetric and transitive

(d) reflexive, not symmetric and transitive. (2006)

LetR={(3,3)(6,6)(9,9), (12, 12), (6, 12), (3, 9), (3, 12), (3, 6)}
be a relation on the set A = {3, 6, 9, 12}. The relation is
(a) reflexive and symmetric only

(b) an equivalence relation

(c) reflexive only

(d) reflexive and transitive only (2005)



24.

25.

26.

27.

Let f': (-1, 1) > B, be a function defined by
f(x)= tan_l[ 2x2 ],
1

- X

then f is both one-one and onto when B is the interval

oby ek

© (53 @ [-3:5]

A function is matched below against an interval where it
is supposed to be increasing. Which of the following pairs
is incorrectly matched?

(2005)

Interval Function
(a) [2, ) 263 = 3x2 - 12x + 6
(b) (—o0, ) X =3x2+3x+3
(¢) (~oo, —4] X+ 6xr+ 6
1
(d) (—00, 5} 3x2 - 2x + 1 (2005)

A real valued function f'(x) satisfies the functional equation
S =) =f@)f) ~f(a—x)f(a +y) where a is a given
constant and f(0) = 1. f(2a — x) is equal to

(@) f(x) () ()

() f(=) (d) fla) +fl@a—-x) (2005)
Let R = {(1, 3), (4, 2), (2, 4), (2, 3), (3, 1)} be a relation on
the set 4 = {1, 2, 3, 4}. The relation R is

(a) not symmetric (b) transitive

32.

33.

34.

3s.

(a) [1,2] (®) [2,3)

(c) [2,3] (d) [1,2) (2004)
The function f(x):log(x+\/x2+l) is

(a) an odd function

(b) a periodic function

(c) neither an even nor an odd function

(d) an even function (2003)

A function f from the set of natural numbers to integers
"—_1, when 7 is odd

defined by f(n)=1 2 is

n .
—5 when 7 is even

(a) onto but not one-one
(b)
()

(d)
Domain of definition of the function

f(x) :4_37_‘—10g10(x3 —X), is
(@ -1,0uvu(l,2
(b) (1,2) v (2, )

© LOV(I,2)uE 0 (@) (1,2)

one-one and onto both
neither one-one nor onto

one-one but not onto (2003)

(2003)

If f: R > R satisfies f (x + y) =f(x) + f(v), forall x, y € R

(c) a function (d) reflexive (2004) and f (1) = 7, then 2” f(r) is
r=1

28. The range of the function F(x) =7 *P__ | is T(n+1) . +1

(@) {1,2,3,4} (b) {1,2,3,4,5, 6 @ —5— (b) 7n(n + 1)

(c) {1,2,3} (@ {1,2,3,4,5}. (2004) ; .

+ 7

29. Iff: R — S, defined by f(x)=sinx—~3cosx+1, (© ”(’; ) @ 7 (2003)

is onto, then the interval of § is 36. Which one is not periodic?

(@) [0,1] (®) [-1,1] . L,

() [0,3] (d) [-1, 3]. (2004) (a) [sin3x| + sin’x () cosvx +cos’x
30. The graph of the function y = f(x) is symmetrical about (c) cosdx + tanx (d) cos2x + sinx. (2002)

the line x = 2, then 37. The period of sin?0 is

(@) /() = /(=) @% = © = (A 72,

b)) fC+x)=f2-x) (2002)

(©) fx+2)=f(x-2)

(d) f(0) = (=) (2004) | 38. The domain of sin‘{lo&(%)] is
31. The domain of the function f(x) = w is (@ [L9] (b) [-1,9]

9-x (¢) [-9, 1] (d) [-9, -1]. (2002)

L. © 2 (© 3 @ 4@ 5 ® 6 @ 7. @ 8 © 9 (@ 10 () 1. (d 12. @
13. @ 14. () 15 () 16.(b) 17. () 18. (b) 19. () 20. (@ 21. (@) 22. (b) 23. (d) 24. ()
25. (d) 26. (b) 27. (a) 28.(c) 29. (d) 30. c) 31. () 32.() 33 (b) 34. () 35 () 36. (b)
37. ) 38. (a)
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1. (c) : Let’s effect a 4
change of origin (0,2)
a-6=uand b-5=v
The set B becomes

which is the interior (-3,0)
of the ellipse.

2 2
Now the set 4 becomes ?+VTS1
u+1]<1 ie.2<u<0

V<1 ie—-1<v<l1

which is a square. AV
Drawing the two diagram

0,2)
together, we have

So A C B as all the four mm o
points (0, 1), (0, 1), (_3,0w(ﬁy(3’g)
(-2, -1) and (-2, 1) lie

inside the ellipse. (0, -2)

R, is not transitive as

2. (c¢) : R, is symmetric but

(c, a), (a, b) € R, but (c, b) & R,. .
X—

3. (a) : Here fix) : A — B such that [ (X)=E where

A=R- {2} and B = R — {1} (Given)

Consider any x,, x, € 4 such that fix)) = fix,)

xl—l _Xz—l

= M—-2 x-2 Sxx, -2 —x +2=xx, -2, —x; +2
= x, =x, .. fis one-one.
i SN T
Sooy= X = -
Consider any y €B Y 2 vl
Also, 22122 Since if 2271 =2 then 1=2, which is not possible

y

= Every element in the co-domain of f has its pre-image in
the domain of f = Function f is onto.
Hence, function is bijective and invertible.

_ _ 2y -1
So. /T =x = ST=
4. (d) : Here7 Rl = {(19 8)3 (27 6)7 (3a 4)9 (4a 2)}and R2: {(87 1)9
(6, 2), (4, 3), (2,4)} .Range of R, = {1, 2, 3, 4}

x
5. (b) : We have f(x)=——
1+x 5
f,(x):(1+x2)~1—x~2x: I-x :(l—x)(1+x)
(1+x7) A+ (+a?)?
The sign of f ’(x) is given as
-ve tve  -ve
-1 1

Now f can be graphed as under

Clearly function is surjective but not injective, as a horizontal
line meet the curve in two points.
6. (d) : We have, flg(x)) = x
f310% — 1) =219310.x — 1)+ 1=x
= 2103100 210 + ] =y = x219310 _ 1) =210 |
20 _2"%a-2719 1-271°
Y= ologi0 ;O r T 210310 _ 510 =310_,10
7. (¢)
8. (c¢) : Change x to l/x in the equation

f(x)+2f(l)=3x, x#0 to obtain f(l)+2f()c)=i
X X X

Eliminating f (l
X

) between these two equations, we get
2
3f(x)=—=3x ie. f(x)=—-x
x

x
Now to get the elements of S, we solve f (x) = f (—x)
= E—x=—£+x = E—x=0:> x2=2 o ox=t2
X x x

9. (c¢) : We have,

1 x—-1
f(x) = for1(x) = fo(fo(x) = 1 =—

oL x

1-x

Similarly, fo(%) = f41(x) = fo(f1(x)) = % =x
- x
and 500 = fya @)= o) = o) = 1
and f10)= f1(0 = o) = folfy(x) = X
1
fo=fa= fom =T

and fi=fu=f;=fio=w="""and f,=f=f = .. =x

2

3-1 2 2 3 3
So, f100(3)—3=3ff1(3J=32—— and fZ(Ej‘E
3

o fioo®@)+ A [%j +f (%) = g

10. (d) : Let set P be the families who own a phone and set C
be the families who own a car.

n(P) = 25%, n(C) = 15%,

n(P U C) =65% and n(P U C) = 35%

Now, n(P N C) = n(P) + n(C) —n(P U C) =25+ 15 -35=5%
= x x5%=2000 = x=40,000

11. (d) : 4 x B will have 2 x 4 = § elements.

The number of subsets having atleast 3 elements

=8c, + 8%, + 3+ 8¢, + B, + B¢y

=28 (3C,+8C, +3C,) =256 -1-8-28=219



12. (d): X={1,2,3,4,5}; YCX,ZCcX YNnZ=¢

Number of ways = 33,

13. (a) : y — x = integer and z — y = integer = z —x = integer
(x,y) € Aand (y,z) € A = (x, z) = Transitive

Also (x, x) € A istrue = Reflexive

As (x,y) € A= (¥, x) = Symmetric

Hence A4 is an equivalence relation but B is not.

(0, y) is in B but (y, 0) is not in B.

14. (a): f(x) =¥

Jlx|—x
x| —x>0 = |x| >x Thus x must be —ve. X € (— oo, 0).
15. (¢) : We have (x, x) € R for w= 1 implying that R is reflexive.
For a # 0, (a, 0) ¢ R for any w but (0, a) € R. Thus R is not
symmetric. Hence R is not an equivalence relation.

As (—, —)eS since mn = mn, § is reflexive.

non
(m’ p)eS = gm=pn
noq

But this can be written as np = mgq, giving
S is symmetric.

Again, (’",p)es and (p, “jes
n q q b
means gm = pn and bp = aq.

’"J € S. Thus

P
q n

a m a
— Thus (—, —jES
n b

ie. ﬂ:E and E:g ie. 7=b

noq q
This means S is transitive.
16. (b) : The solution of f (x) = f ~!(x) are given by
f(x) = x, which gives (x + 1)> -~ 1 =x
= @+1P-@x+1)=0 = (x+Dx=0..x=-1,0
But as no co-domain of f'is specified, nothing can be said about
f being ONTO or not.

17. (b):Letxe C
Supposexe 4 = xeAnC
= x€AdAnB (- AnC=4AnNnB) Thusxe B
Again suppose xgd = xe€ CUA4
= xeBud = xeB
Thus in both cases xe C = x € B
Hence C c B
Similarly we can show that B ¢ C
Combining (1) and (2) we get B = C.
18. (b) : The function is f': R - R
fx)=x3+5x+1
Letye Rtheny=x*+5x+1=x*+5x+1-y=0
As a polynomial of odd degree has always at least one real
root, corresponding to any y € co-domain there 3 some
x € domain such that ' (x) = y. Hence f'is ONTO.
Also f'is continuous on R, because it is a polynomial function
f/x)=3x2+5>0
f is strictly increasing. Hence f is one-one also.
19. (a) : To be an equivalence relation the relation must be all
— reflexive, symmetric and transitive.
T={(xy):x—ye Z}is
reflexive — for (x, x) € Zie.x—-x=0¢€ Z
symmetric — for (x, y) € Z = x-ye Z
= y-xeZie (y,x)e Z
transitive — for (x, y) € Z and (y, w) € Z

(D)
2

= x—-yeZandy—we Z, givingx—we Zie. (x, w) € Z
T is an equivalence relation on R.

S={xy):y=x+1,0<x<2}is not

reflexive for (x, x) € S would imply x =x + 1

= 0 =1 (impossible). Thus S is not an equivalence relation

20. (@): Letf(x) =f(x)), x;,x,€ N

= 4x,+3=4x,+3 = x,=x,

Thus f(x;) =f(x,) = Xx; = x,. Hence the function is one-one.

Let y € Y be a number of the form y = 4k + 3, for some k € N,

theny=f(x) =>4k+3=4x+3 =x=ke N

Thus corresponding to any y € Y we have x € N. The function

then is onto.

The function, being both one-one and onto is invertible.
c-3

_ _J ¢ —3
yd3s =T =g
or g(y)= J; is the inverse of the function.
21. (a) : Number of ways ='2C, x 3¢, x*C, = (411?)!3'

22. (b) : Given relation R such that
R = {(x, y) € Wx W | the word x and y have atleast
one letter in common}
where W denotes set of words in English dictionary
Clearly (x, x)eR V xeW
- (x, x) has every letter common .. R is reflexive
Let (x, ) € R then (y, x) € R as x and y have atleast one letter
in common. = R is symmetric.
But R is not transitive
~. Let x = DON, y = NEST, z = SHE
then (x, y) € R and (y, z) € R. But (x, z) ¢ R.
- R is reflexive, symmetric but not transitive.
23. (d): For (3,9 e R (9,3)¢ R
- relation is not symmetric which means our choice (a) and (b)
are out of court. We need to prove reflexivity and transitivity.
For reflexivity a € R, (a, a) € R which is hold i.e. R is reflexive.
Again, for transitivity of (¢, b)) € R, (b, ¢c) €e R = (a, ¢) € R
which is also true in R = {(3, 3)(6, 6), (9, 9), (12, 12), (6, 12),
(3,9), (3, 12), (3, 6)}.
2x j
1-x?

24. (c¢) : For x € (-1, 1), we have f(x) = tanl(
- f(tan®) = tan™" (L"?j (By x = tan0)
1-tan” 0

= tan! (tan20) = f(x) = 2tan’'x

= T < tan” (1%] <z

25. (@): fN) =X +6x2+6 = f'(x)=3x+12x = 3x(x+4)
= fl(x)>0 = x<4uUx>0

the interval x < — 4 j.e (—eo, —4] is matched correctly

and after checking others we find that f(x) = 3x? — 2x + 1
= f’(x) > 0 for x > 1/3 which is not given in the choice.

26. (b) : Given f(x —») = f(0) /() —fla—x)f(@a+y) ..(*
letx=0=y
£0) = (f0)~ (f (a)y
1=1-(f(@)=f@=0
fQa-x)=f(a—(x—a)=f(a)f(x—a)-f(a+x—a)f(0)
By using (*), we get
f2a-x)=0-f@x)1)=-fx) (. fla)=0, f(0)=1)



27. (a):
2,3)e R
R is not reflexive as (1, 1) ¢ R

R is not symmetric as (2, 3) € R but (3, 2) ¢ R

R is not transitive as (1, 3) € R and (3, 1) € R but
(1, 1) ¢ R

28. (¢) : F(x) to be defined for x € N.

@ ~7-x>0=>x<7 i) x-320=>x23

@) x—3<7-x=x<5

from (i), (ii), (iii)) x=3,4, 5

F(3) = *P,, F(4) =P, F(5) = *P,

{1, 2, 3} is required range

(d): Let fi(x) =g(x)+ 1

R is a function as 4 = {1, 2, 3,4} and (2,4) € R and

29.
where g(x) =2{%sinx —gcos x} = 2 sin (x — 60°)

—2<2sin(x—60°)<2-1<2sin(x—60°+1<3

30. (¢): If y = f(x) is symmetrical about ;

the line x = o then
fx+o)=[ -0

Sax+2)=f(x-2)

: p(x)

31. (b) : f(x) = )

then Domain of f(x) is Df px) N Df q(x), g(x) #0

2-x x=2 2+x

(say)

T
now Df of p(x) is _ES sin"!(x — 3) SAE
. . (O
:>—sm§ <x-3 SsmE

-3 2 3 4

= 2<x<4
Again 9 —x*> 0= x> <9
x| <3
ie. 3<x<3
From (i) and (ii), we have.. 2 <x <3

32. (@): f(x)= 10g[\/x2+1+x}

o fx) = 10g[\/1+ E —x:l
[\/1+x2 +x}

= —log| ——

= log| —|= -
Vi+x? —x

=—f(x) = f(x) + f(=x) = 0 = f(x) is an odd function.
33. (b): If nis odd, let n =2k — 1
Let f(2k, - 1) =f(2k, - 1)

2k -1-1 2k, —=1-1

L SR = k=k

= f(n) is one-one functions if » is odd

Again, If n = 2k (i.e. n is even)
Let f(2k) = f(2k,)
2k
_712_2_/’(2 = k, = k, = f(n) is one-one if n is even

n—1 1
Again f(n) = T;f’(n) = 5> 0ne Nifnisodd

and /7 (n) = _7< 0ne Nifnis even

Now all such functions which are either increasing or decreasing
in the stated domain are said to be onto function. Finally f'(n)
is one-one onto function.

34. (c¢) : Let g(x) =4 7 SLx#EE2
—-Xx
Dyg(x) = R — {-2, 2}
h(x) =log,(x* —x) - x*-x>0

xx+ D) (x-1)>0

-+ -+
—t——+— s xe (-1,0) U,
et (-1, 0) U (1, =)

~. Domain of f(x) is (-1, 0) U (1, 2) U (2, =)

35. (¢):Letx=0=y = f(0)=0

and x=1,y=0 =>f1+0=7>1)+f0)=7
x=1y=1 =f1+1)=2f1)=207)

= f(2)=207)
x=1,y=2

(given)

SB) =) +f2)=7+2(7)=3()
and so on.
Zl.f(") =f(H+f2Q)+fB)+ ...+ f(n)

Tn(n+1)
2

T
36. (b) : Period of |sin 3x]| is 3 and period of sin’xis 7

=71 +2+3+ . 4n)=

1—cos2x

(a) Same as the period of |sin x| or whose period is 7

Now period of |sin 3x| + sin?x is the L.C.M of their periods
LCM (m,
LCMof (% | = KM @D
3 HCF (3,1)
(c, d) Similarly we can say that cos 4x + tan?x and
cos2x + sin x are periodic function.

(b) Now cos?x is periodic with period m and for period of
cos~/x let us take.

f@) = cosv/x Letfx+T) = f(x)

= cosT +x = cos'/x = T+ x =2nm = Jx

which gives no value of T independent of x

~. f(x) cannot be periodic

Now say g(x) = cos® + cos~/x which is sum of a periodic and
non periodic function and such function have no period.

So, cos~/x + cos? x is non periodic function.
37. (b) : Let £(B) = sin?0 = |sin 6| Period of [sin O] is 7t

38. (a): If y =sin'la, then -1 <a <1

n2) <1 [srm o 2]

X
5531 = 1<x<9
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