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Chapter

Relations and Functions

Topic-1: Types of Relations, Inverse of a Relation, Mappings,

Mapping of Functions, Kinds of Mapping of Functions

1 MOQs with One Correct Answer

If the function f:R—>R s

J(x)= x| (x=sinx), then which of the following
statements is TRUE? [Ady. 2020]
(a) fis one-one, but NOT onto

(b) fis onto, but NOT one-one

(¢) fis BOTH one-one and onto

(d) fis NEITHER one-one NOR onto

The function f : [0, 3] — [1, 29], defined by
15x2+36x+ 1, is
(a) one—one and onto (b) onto but not one—one

(c) one—one but not onto (d) neither one—one nor onto
Let f, g and h be real-valued functions defined on the

[2012]

interval [U. ]J b'\ l.f (x) = g"'-h +e e z g{\) = .\'{yl—.— 1L, ()_"‘_l

D 2
Y v A —
and h(x)=x"e¢" +e If a, b and ¢ denote,

respectively, the absolute maximum of f, g and h on [0, 1],
then [2010]
(a) a=bandc 2b (by a=canda #b

(c) a zbande #b (d) a=b=¢

If the functions f{x) and g(x) are defined on R — R such

that

0, x erational [0, x eirrational

f(x)=+ ; g(;\')=1
X,

|x, x eirrational x erational

then (f—g) (x) is [20058]
(a) one-one & onto

(b) neither one-one nor onto

{c) one-one but not onto

(d) onto but not one-one

If £ :[0,50) —[0,00) and _f‘(,x-):]—‘--.rhen_,ris [20038]

i

defined by

8.

(a) one-one and onto (b) one-one but not onto
(c) onto but not one-one (d) neither one-one nor onto

Let function f:R— R be defined by f{x) = 2x + sin x for

x R, then fis [2002S8]
(a) one-to-one and onto

(b) one-to-one but NOT onto

(c) onto but NOT one-to-one

(d) neither one-to-one nor onto

Suppose fix) = (x + 1)* for x> ~1. If g(x) is the function
whose graph is the reflection of the graph of f (x) with

respect to the line y = x, then g(x) equals [20028]
1
@ —Vx-1,x>0 B ——x==1
(x + I)‘

(© Va+lx>-1 @ Vx-1x20

Let E={1.2,3.4} and F= {1, 2}. Then the number of onto
functions from E to Fis [2001S]
(a) 14 (b) 16 (c) 12 (d) 8

The domain of definition of the function f{x) is given by

the equation 2*+ 27 =215 [20008]
(@) 0<x<1 (b) 0<x<1

(€) —o<x=<0 (d) —o<x<l

Let f:R—> R be any function. Define g: R— R by
g(x) =|f{x)|for allx. Then gis [20008]

(a) onto if fis onto
(b) one-one if fis one-one
(c) continuous if fis continuous
(d) differentiable if fis differentiable.
Let f(x) be defined for all x > 0 and be continuous. Let f{x)
S L O _
satisfy /| —J =f(x)—f(y) forallx, yand f(e)= 1. Then
¥
[19958]
(1)

(a) flx) is bounded (b) f.\ —j — Qasx = 0
X

(©) xflx) > lasx - 0 (d) fix)=Inx
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12.

13.

14.

16.

17.

20.

21.

The function f{x) = |px — ¢| + 7 | x|, x €(—0, =) where
p>0,q>0,r>0 assumes its minimum value only on

one point if [1995]
(@) p#q (b) r#gq
() r=p (d) p=g=r

Which of the following functions is periodic?
[1983 -1 Mark]

(a) flx)=x—[x] where [x] denotes the largest integer less
than or equal to the real number x

o |
(b) f()=sin— for x %0, (0)=0
(c) fix)=xcosx
(d) none of these
If x satisfies | x—1|+|x—2|+|x—3|=6,then
[1983 - 1 Mark]

(@ 0<x<4 (b) x<-2o0rx>4

() x<Qorx>4 (d) None of these
Letfilx)=|x—1|. Then [1983 - 1 Mark]
@) fo)=(fx)y b) flx+y)=fx)+Ay)

(©) AlxD=1fx)] (d) None of these

The entire graphs of the equation y = x> + kx —x + 9 is
strictly above the x-axisif and only if [1979]
(@ k<7 (b) —5<k<7

() k=-5 (d) None of these.

Let R be the set of real numbers. Iff: R — R is a function
defined by f(x) = x2, then fis : [1979]

(a) Injective but not surjective

(b) Surjective but not injective
(c) Bijective
(d) None of these.

\;g,j} 3 B

18,

e

Let X be a set with exactly 5 elements and ¥ be a set with
exactly 7 elements. If o is the number of one-one functions
from X to Yand B is the number of onto functions from ¥'to

X, then the value of % (B-a)is [Adv.2018]

If fis an even function def'ned on the mterval (-5, 5). then
four real values of x satisfying the equation

x+1

J(x) =f(—) e L s sl i dnd
x+2
[1996 - 1 Mark]
There are exactly two distinct linear functions, .
and ........... which map [- 1, 1] onto [0, 2]. 11989 2 Marks]

Let A4 be a set of i distinct elements. Then the total number
of distinct functions fromAto 4 is................. and out of
these ................. are onto functions.  [1985- 2 Marks]|

‘Mathematics

@ 5 True/ False

22. If f,(x) and f(x) are def’ned on domams D, and D
respectively. then f; (x) +£,(x) isdefinedon D, U D,.
[1988 - 1 Mark]

X% +4x+30

23. The function f(x)=

is not one -to -one.
[1983 - 1 Mark]

24, Forrealnmnbersxandy,wcwrite.t*yifx—y+\5 isan

irrational number. Then, the relation* is an equivalence
[1981 - 2 Marks|

x* —8x+18

relation.

25. Let aeR andlet /:R— R be given by
f(x)=x>—5x+a. Then
(a) f(x)has threereal roots ifa >4
(b) f(x)has onlyrealrootifa>4
(¢) f(x)has threereal roots ifa <—4
(d) f(x)has threereal roots if—4<a<4
26. The function fix)=2[x| + [x +2|— | [x + 2| -2 [x| | has a local
minimum or alocal maximum at x= [Ady. 2013]
3 -2 g 2
(@) ® @ 3

27. Letf: (1, 1)— IR besuchthat f(cos48) = —=— for

2 —sec?®

7 T T
95[0,4] [4 2] Then the value (s) of f[ jls(are}
[Adv.2012]

(a) l—\E (b) 1+\E () I-E (d) 1+‘E

28. Iffix)=cos[n’]x + cos[-n2]x, where [x] stands for the
greatest integer function, then [1991 - 2 Marks]

[Adv. 2014]

(c) 2

7 o
@ f[5]=_1 b) f(m)=1
© f(-m)=0 @ f[%]:

29, Let g(x)be a function defined on [— 1, 1]. Ifthe area of the
equilateral triangle with two of its vertices at (0,0) and

3
[x. g(x)] is A then the function g(x) is [1989 - 2 Marks]

@ g ==i-x*  ® &) =1-2
© g =—I—x @ g=VI+:?

30, Ify=f(x)=——0 then {1984 - 3 Marks|
@ x=/0) (b) A1)=3

(c) yincreases with x forx<1

(d) fisarational function ofx
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(&) 7  Match the Following
31. Match the statements given in Column-I with the intervals/ PARAGRAPH "

union of intervals given in Column-II. [2011]

Column-1 Column-II

28

(A) The set {Rc(l :,J 2 (p) (=—DUL®)
s z‘

z is a complex number,

lzZ]=1z#%1}is

(B) The domain ofthe  (q) (-9,—0)W(0,0)

Let S= {1,2,3.4, 5, 6} and X be the set of all relations R
from S to S that satisfy both the following properties:

(i) R hasexactly 6 elements.

(ii) Foreach (a,b) € R, we have |a —b|22.

Let Y = {R e X :The range of R has exactly one element}
and

Z={R e X :Risafunction from S toS}.

Let n(A) denote the number of elements in a set A.

function f(x) = sin") 34. Ifn(X)="C,, then the value of m is .
[Adv. 2024]
{ 8(3)* > i 35. Ifthe value of n(Y) + n(Z) is k2, then |k is ;
1=3%+1 2024]
(© I££(6)= 0 2% @
1 tan® 1 J :
—tan@® 1 tan® 36. Let fix) = Ax* + Bx +C where 4, B, C are real numbers.
-1 —tan® 1| Prove that if f{x) is an integer whenever x is an integer, then
then the set the numbers 24. A + B and C are all integers. Conversely,
{_f(ﬂ) igieg s E} o prove that if the numbers 24, A+B and.C are all integers
2 then f{x) is an integer whenever x is an integer.
(8) (==o,=1V[L») [1998 - 8 Marks|
D) Iff(x)=x¥2 ®) (=0,0]U[2:)] 37. A functionf:IR — IR, where IR is the set of real numbers,
(3x—10),x=0then \ =8 = _
f(x)isincreasingin is defined by f(x)=——— Find the interval of
5 o+ 6x—8x
32. Let f(x)= x"—6x+5 values of a for which fis onto. Is the function one-to-one
: x> —5x+6 for o = 3? Justify your answer. [1996 - 5 Marks]
Match of expressions/statements in Column [ with expres-  38. Let {x} and [x] denotes the fractional and integral part ofa
sions/statements in Column II and indicate your answer real number x respectively. Solve 4{x} =x+ [x].
by darkening the appropriate bubbles in the 4 x 4 matrix [1994 - 4 Marks]
givenin the ORS. [2007 -6 marks| 39, Find the natural number *a’ for which
Column | Column 11 5
(A) If-1 <x <1, then f{x) (p) 0<fim)<l Z fla+k)=16(2" —1) . where the function ‘f satisfies
satisfies T
(B) If1<x <2, thenflx) (@ Ax)<0 the relation f{x +¥)=7(x)f(y) for all natural numbers x, y
satisties and further f{1)=2. [1992 - 6 Marks]
© lff‘ <fx <35, then fix) O f)>0 40. Let R be the set of real numbers and /: R — R be such that
satisfies
(D) Ifx>5, then flx) (s) flo<l forallxandyin R | f(x)—fiy)| < |x—» |3.Provethatj(x)
satisfies is a constant. [1988 - 2 Marks]
) o ‘ « =) 41. Arelation R on the set of complex numbers is defined by
33. Let the function defined in column 1 have domain [——, —) s
il z, R z, if and only if “17 22 g real. Show that R is an
and range (—oo, ™) [1992 - 2 Marks] = z1+ 2
; ' equivalence relation. 1982 - 2 Marks
. olur.rm s oy 42. L?zt A and B be two sets each with a [ﬁnite number 01'
(A) 1+2x (p) onto but not one-one : =i (
(@) tanx () one- one but not onto elements. Assume that there is an injective mapping from

one- one and onto
neither one-one nor onto

()
(s)

A to B and that there is an injective mapping from 5 to 4.
Prove that there is a bijective mapping from 4 to B.
[1981 - 2 Marks]
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43. Consider the following relations in the set of real numbers 45, Draw the graphofy=|x|"2for—1 < x < 1. [1978]
R.
2
18 . %
R={(x.y);x €R,y € R,x*+y* < 25} 46. Find the domain and range of the function f(x) = =
4 5 l1+x
R'= {(x,y):x €R,yeRy= E—’-‘ } Is the function one-to-one? [1978]
Find the domain and range of R "\ R'. Is the relation R n R’
a function? [1979]
44, If(x)=x"—6x8—2x7+ 12x5+ x* — 73 + 622+ x - 3, find
S16). [1979]
E_FJ Topic-2: Composite Functions & Relations, Inverse of a Function,
Binary Operations
=) ry Op
"‘EE_%& I i 7 o {_ 1 l] [ 1 1]
1. Letf(x)=x?and g(x)=sin x for all x « R. Then the set o @ 732 LS B
all x satisfying (fo go g o f) (x) = (g 0 g o f) (x), where 11 11
(fog) (x)=f(g(x)). is [Adv. 2011] (© (_EEJ (d) {_Z Zj]

@ +Vnm,mef0,1,2,...}

o
6. Let fix)= T x # —1. Then, for what value of « is
X+

(®) +Vnm,nefl,2,...}

=7 o
© S+2mnel.-2-1012.) T =x1 [2001S]
(@) 2 b 2
(d) 2Znn,nefi..—2,-1,012,..} 1 @ -1
2, XandYaretwosetsandf: X— Y.If {f(c)=v:cc X, - (x +3)
2 :

ycYiand {fd)=x;dc¥ xc X}, thenthetrue 7. Thedomain ofdefinition of flx)= — is
X" +3x+2

statement is [2005S] [2001S]
(a) f(fi(b))=b (b) f(fla)=a (@) R\{-1,-2} (b) (-2.)
(© fB)=bbey (d) [ f@)=aacx R R U R e e

3. Ifflx)=sinx+cosx, g(x) =x*>-1, then g (f{x)) is invertible ) 1
in the domain [2004S] 8. If/[1,20) — [2, o0} is given by f{x) =I+; then f(x) equals
(a) [0,%:[ (b) [—%,EJ (@) (x+yx*-4)2 (b) x/(1+x?) [2001S]
(c) {—g,zﬂ (d) [0,7] (c) (x~ "'"2_4)’;2 d) 1++x*-4

2 2 2 2 0

4. If f(x)=x" +2bx+2c¢” and g(x) =—x° —2¢ex+b° such 9. Letg(x)=1+x—[x]and f(x)={ 0, x=0 .Thenforall
that min f(x) > max g (x), then the relation between band c, L2l
is [2003S] x, flg(x)) is equal to : [20018]
(a) norealvalueofb&c (b) O<ec<b2 (a) x () 1
© e <[plv2 @ [e>[plv2 © () @ gx)

5 Domain of definition of the function 10, ettt ) s [ e)is defined by

JS(x)=, /sin‘] (2x) +% for real valued x, is [2003S] Ax)=256D, then £ (x) is [1999 - 2 Marks|
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11.

14.

(c) -2

(b) %(l+,/l+4log2 x)

1 x(x-1)
(a) (EJ

18.
(c) %(l—,/1+410g2 x) (d) not defined
Let f(x)={)c+l)2 —1, x=-1. Then the set 19.
x:f(x)=f(x)} is [1995]
(a) {0’ = _3?\5’ - _;\E} oy
{b) {0! ]-1 _1}
() {0,-1}
(d) empty 21.

Let fix) = sinx and g(x) = In | x |. If the ranges of the
composition functions fog and gof are R, and R,
respectively. then [1994 - 2 Marks]

(@) R=ju:—lsu<l}, By ={v:—0<v<0}

22,

(b) R ={u:-ow<u<0},R=fv:-1<v<0}
(€) B={u:-l<u<l}, Ry ={v:i-0o<y<0}
(d) Ri={u:-1<u<l}, Ry ={v:—0<v<0}
The domain of definition of the function

1
~ logyp(1-x)
(a) (=3,-2)excluding—2.5(b) [0, 1] excluding 0.5
(¢) [-2,1)excluding0 (d) none of these

+Vx+2 is [1983 - | Mark]

}J

If f(x) = cos(In x), then f{I)f(.V)—é[f[f}rf(x}’)] has

the value [1983 - I Mark|

@) -1 (®) 12

(d) none of these

i

1 1
The value of ((log, 9))082(0829) , (\f7 )M
is : [Adv. 2018]
Let f: [0, 4nt] — [0, 7t] be defined by f(x) = cos ! (cos x). The
number of points x €[0,47] satisfying the equation

10—x

g(x)= is [Ady. 2014]

10

Iffix)=sin®x+ sin? [x + -;E] +cosxcos(x - g] and g[%] =}

23.

24,

then (gof) (x)=......ccevunce. [1996 - 2 Marks]

Va-x2
1

If f(x)=sinln

] , then domain of f{x) is ... and

itsrange is ................. [1985 - 2 Marks]

2
The domain of the function f(x)=sin"' (log, %—) is
givenby................. [1984 - 2 Marks]

, 2
The values of f(x)= 3sin[ -}% =5 } lie in the interval

[1983 - 1 Mark]

If fix) = (@ —x")"" where a > 0 and # is a positive integer,
[1983 - 1 Mark]

then f[f(x)] =x.

e ANTE
Let f(x):sm[gsm[asmx)] for all x € R and

o) = g sinx forallx € R. Let (fog)(x) denote flg(x)) and
(gof)(x) denote g(fix)). Then which of the following is
(are) true? [Ady. 2015]

S |
(a) Range offis [_E’ E}

Tl
(b) Range of fog is ’:_E' EJ
o Jx)
lim &——= =—
© xTﬁ g(x) 6
(d) Thereisan xe R such that (gof)(x)=1

Letf: (—g,%] — R be given by

S (x)=(log(secx + tan x))>. Then
(a) f(x)is an odd function

(b) f(x) is one-one function

(¢) f(x)isan onto function

(d) f(x)is an even function

[Adv. 2014]

b—
Let /2 (0, 1) > R be defined byf (x)= -, where bis a
constant such that 0 < 5 < 1. Then [2011]

(a) fisnotinvertibleon (0, 1)
1
(b) f#f~'on (0, 1)andf"(b)= 70O

1
(©) f=f"on(0,1)andf" (b)= 7O
(d) f-!isdifferentiable (0. 1)



26.

27.

?

Mathematics
Ifg (flx))=|sin x| and f(g(x))=(sin y/x ). then o .1
ogae—1 | = y
(@) fix)=sinx, g(x)= Jx [1998 - 2 Marks] glx)=sin “lﬂge[_t_l J- [Adv. 2018]
(b) fx)=sinx, glx)=| 5 LIST-1 LIST-1I
(©) Ax)=x% g(x)=sin Vx
(d) fand g cannot be determined. P. Therange off is 5 1 (—I.l—l*-—:|U[Ll.,DDJ
Iffix)=3x~5, thenf(x 1998 - 2 Marks] \
k=% ) [ Q. The range of g 2. (0;1)
is given by contains
(a) is given by e ntains
B i it i R Thedomainoff 3. |-t
(b) 1s given by 3 : 2°2
(c) does not exist because f'is not one-one contains . 3
(d) does not exist because f'is not onto. S. The domain ofg is 4. (2,00 (0,x)
S : &
" Match the Following 5. (%,—E_J
x |
LetE, = {x€Rix#1 and—]:>{) S 6. (-»,0)u S
A The correct option is:
2, {erl :sin_i[lugé,(%ﬂ is a real number}_ (@ P-4 Q—>2; R>1; S—1
ol ) P—>3; Q—>3; R>6: S5
(Here, the inverse trigonometric function () P>4 Q52 R>1; S—6
e (d) P—>4; Q—3; R—>6; S5
sin~! x assumes valuesin {——.—} . ) , s o
23 ) 10 Subjective Problem
Let f: E| — R be the function defined by /(x) = log, 28.  Let f be a one-one function with domain {x, y, z} and
_ : range {1,2.3}. Itis given that exactly one of the following
[LJ and g : E, - R be the function defined by statements is true and the remaining two are false
x-1, F(x)=1L£(») =1, f(2) # 2 determine £ (1).

[1982 - 3 Marks]

Answer Key

Topic-1 : Types of Relations, Inverse of a Relation, Mappings, Mapping of Functions, Kinds of Mapping
of Funciions

1. (o) 2. (b) 3. () 4. @@ 5 ® 6@ 1@ 8 @ 9. (d) 10. (¢)
W) 12 (@ 13 14 () 15 () 16 (o) 17. (@ 18. (119) 19. 3i2"/§,_3 j‘E
20. x+1,—x+1 21. n%n! 22 (False)23. (True) 24. (False)25. (b,d) 26. (a,b) 27. (ab)28. (a,0)
29. (b.c) 30. (a,d) 31. (A)—(s)(B)—>(1),(C)— (1), (D) (1) _

32. (A) = (0). (). ()i (B) = (g) (8): (C) = (q), (5); (D) = (1), (5), (p) 33. (A)—>(q):(B)—> (1)

34. (200 35 (36)

Topic-2 : Composite Functions & Relations, Inverse of a Function, Binary Operations

1. (a) 2. (d) 3. (b) 4@ s ) S TS s 9. (b) 10. (b)
1. © 12. (@ 13 (@ 4. @ 15 80 16. ¢) 17. () 18. (2, 1)[-1,1]

19, [(2-11ufl,2] 20, [0.3/2] 21. (True)22. (a.b,c) 23. (a,b,c)

24. (a,b) 25. (a@) 26. (b) 27. (3@




Hints & Solutions

Topic-1: Types of Relations, Inverse of a Relation,

5] Mappings, Mapping of Functions, Kinds of Mapping

| 5

‘Z_J

of Functions

(¢) f(x)is a non-periodic, continous and odd function

) I
J—x +xsinx,x<0

f(x)=1 ,
[x“ ~-xsinx,x=0
\ [-2x+sinx+xcosx, x<0
S1(x)=1 ,
|2x—sinx—xcosx, x 20
r

- —(x—sinx)—x(1—cosx).x<0
fi(x)= b3 = i
{{x sinx)+x(1-cosx), x>0
x—sinx<0ifx<0and
l1-cosx>0, v xeR
5 —(x-sinx)-x(l-cosx)>0ifx<0
and (x—sinx)+x(l-cosx)>0ifx>0
= f'®>0y xeR = f(x)isincreasingmn R
= f{x) is one-one

I (- )fl-‘:i""'\!:-r_ ot S

e \ X

fix) is an onto function

-

X—p—an " \

= Rangeoff(x)=R_ =

(b) Given: f(x)=2x" — 15~ +36x+ 1
= f '(x) = 6x> — 30x + 36
= H(r*-5xr+6)= 6(x-2)(x—3)
f'x)>0 ¥V xe[0, 2) andf"(x) <0 Vx € (2,3)
flx) is increasing on [0, 2) and decreasing
on (2, 3)

: f{x) is many one on [0, 3]
Also (D)= 1,f12)=29. f(3) = 28
Absolute min = 1 and Absolute max = 29

Range of /= [1,29] = codomain

Hence [ is onto.

@ f)=¢ +e* = fl(x)=2x (ef"_’ —e ™. ] 20,
v x €[0,1] '
f (x) is an increasing function on [0, 1]

1 2
Fua= S === 05 glr)=og" +e™
= glix)= (2x% + l)e'r: - l_re_"l >0,Vxe [U,I]
g (x) is an increasing function on [0, 1]

1
Emax = gﬂ) —e+—=b
€

h(x) = e’ +e "

L

= A= 2.‘([9“": A4y )= } >0,Vxe [{},1]
h (x) is an increasing function on [0,1]

max

1
h =h(ly=e+—=¢ - a=b=c
e
(a) Given f(x) and g(x) defined on R — R
j{) x € rational
and f(x)= 4 x K
| x, x e irrational
0, x eirrational

gx)= 1

X, x erational
. (f—g) : R = R such that

—x, xecrational
(f—g)x) =-

Thi | x, xeirrational

Since (f — g): R — R for any x, then there is only one value of
(f (x) — g(x)) whether x is rational or irrational. Moreover as
x& R, f(x) — g (x) also belongs to R. Therefore, {f— g) is one-one

onto.

(b) Given: f:[0, 0)—[0, ov)and filx) =/

x+1
l+x—x 1 :
— = —>0vx
1+x)y (A+x)
-. fis an increasing function = f'is one-one.
Now, D.= [0, =)

fl(x) =

For range let
1+x 1-y

Now.x > 0=0<y<l

s R=[0,1)# Co-domain, .. f'is not onto.

(a) Given: f(x)=2x+sinx, x € R

= f'(x)=2 +cosx.Now —1<cosx=<1

—=1<2 +tcosx<3=>1<2+cosx<3

L f'0)>0,¥x € R

= f (x) is strictly increasing and therefore one-one

Alsoasx — o0 ,f(x) = oo andx — -0, f(x) > -0

.. Range of f(x) = R = domain of f (x) = f(x) is onto.

Hence, f (x) is one-one and onto.

(d) Given: f(x)=(+172x=-1

If g (x) is the reflection of f (x) in the line y = x, then

it can be obtained by interchanging x and y in f(x)

ie.v=(x+ 1)*changestox=(y + 1)?

= ¥itl =Jx [y+l;&—\f;. since y = —1]

= y=+x-1 defined V x 20
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1 b
7 r _v={x+l}|2 <0.ifx<0
For r<p, f'(x)1<0,if 0<x<gq/p
>0,ifx<qg/p
X=(r+1)° ¥
{O!I) Ar
10 5
: (1,0) ]
(0-1) /
0‘ F= <
(ii)
ng@=vx-1 Vx20 3 P e 137
8. @) E={L2, 34} and F= {12} rom grapl (11}.0nyp0m. of minima of f(x) atx = g/p
From £ to F we can define, in all, 2 * 2 % 2 x 2 = 16 functions (2 <0,ifx<0

10.

11.

12.

options for each element of £) out of which 2 are into, when all
the elements of E either map to 1 or to 2.

2. Number of onto functions = 16 —2 = |4
(d) Given:2*+2¥=2Vx,y € R
but2*,2¥>0¥ x,y €R
F=d— g e s e T e
Hence domain = (— e, 1)
(¢) Leth(x)=|x]|
g =) [=h{F(x)

Since composition of two continuous functions is continuous,
therefore g is continuous if fis continuous.

(d) f(x) is continuous and defined for all x> 0.
Sy £
Also f 'l—'J =f(x)—f(¥) and f(e)=1
A1"

= Clearly f (x) = fn x. satisfies all these properties
Lfx)=inx
© fx)=|px—q|+r|x|

—pX+qg—rx, x=<0
=c—prta+re B=x=<glp
pPX—g+rx, gl p<x
-p-r, x50
['(x)=3-p+r, O0<x<gq/p
p+r. g/p<x
<0,ifx<0
For r=p, f(x)4=0,if0<x<g/p
>0,if>q/p
y
-
0 x=qlp

(i)
From graph (i), infinite many points for minima value of /' (x)

13.

14.

For r>p, fi(x){>0,if0<x<gq/p
>0,ifx>g/p

5
'

Ol T=qp

(i11)
From graph (iif), only one point of minima of f(x)at x =0

x—1, 1£x<2
@) f)=x—-[x] =9x—-2, 2<x<3
x-3, 3<x<4

Graph of function £ (x) is

V&

e T
Clearly it is a periodic function with period 1.

© [x=1+|x-2|+|x-3|26

Consider f(x) = |x— 1| + [ x=2| + |x -3 |

6—3x, x<l

4—x, 1<x<2
6= ook 2<x<3

3x—6, xz3
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15.

16.

17.

18.

L I L L
T T T T *

Oflungen g opbia g 16 o

19.

From the graph of f (x). it is clear that f(x) = 6 for x < 0

orx>4
x <1

x =1

—x+1,
(d) Given: f(x)=|x—1| ={

Consider f(x%) = (£ (x))?

If it is true, it should be true for all x.

Put x = 2, then

LHS=f(2%) =4~ 1|=3 and RHS=(f(2))* =1
Since, L.H.S. # R.H.S.

.% (a) 1s not correct.

Consider f (x +y) = f (x) + £ (»)

Putx=2,y=35, then

x-1,

20.

LHS.= f(7)=6andRHS= f(2)+f(5)=1+4=5

2 (b) is not correct.

Consider f(| x ) = | f(x) |

Putx=-5,then LHS.= f(|-5))=£(5)=4
and RHS.=|f(-5)|=|-5-1|=6

. (c) is not correct.

.. (d) is the correct alternative.

2 2
®) y=x*+Gk-1)x+9 =[x+k—;]) +9—(k—2_-g

For entire graph to be above x-axis, we should have

2
9—(EJ >0
2
B A H

-4 Fa P >
* U U »

—5 7
= KB-2k-35<0 = (k-7)(k+5)<0
= =5<k<T
@d) f(x)=x"ismanyoneasf(1)=7(-1)=1
Also f is into as — ve real number have no pre-image.
.. F is neither injective nor surjective.
(119) Heren (X)=35 and n(Y)=7
Number of one-one function = o = TCj x 5!
and Number of onto function Y to X = 3

12,2

x51=("C5+3 x7Cy) 5!

~TC=4x35-21=119

21.

23.

24,

25.

22,

8101
- = x=1
Given an even function f(x) = f |
e ‘-x*::’
{—x+1)
f@=fi=x) =f;‘_ 55
—x+1 e 345
= = = =x-x+1=0 =—=x= J_
-x+2 2
x+1
Alsof(x) = fl ——| =f(-=x)
x+2

x+1 - 35
=0 S=r—oxr+Ixti=0—x=
x+2 2

*. Four values of x are

348 3=A5 —3+J§and A=

2 2 2 2

Every linear function is either strictly increasing or strictly
decreasing. If f(x)=ax+b, D, =[p, gl. R, =[m.n).
Then f(p) = m and f(g)=n, it f(x) is stricfly increasing
and f (p) = n, f(g) = m, if f(x) is strictly decreasing function.
Let the linear function f(x)= ax + b, maps [-1, 1] onto [0, 2].
Then f(-1)=0and f(1)=2 or f(~1)=2 and f(1)= 0, depending
upon f{x) is increasing or decreasing respectively,
= -—-atb=0anda+b=2 L.(1)
or —-a+b=2anda+b=0 ..(11)
On solving (i), we geta=1,b=1.
On solving (if), we geta=—1, b =1
Hence, there are only two functions f(x) = x + 1 and
f)y=-x+1.
Set 4 has n distinct elements.
Then to define a function from 4 to A, we need to associate each
element of set 4 to any one the # elements of set 4.

Total number of functions from 4 to 4 = n"
Now for an onto function from A to 4, we need to associate each
element of 4 to one and only one element of 4.

Total number of functions from A to 4 = n!.
(False) We know that sum of any two functions is defined only
on the points where both /] as well as f, are defined that is f, + £,
is defined on D, N D,. =
.. The given statement is false.
(True) A function is one-one if it is strictly increasing or strictly
decreasing, other wise it is many one.

2 2
: = ~26
&) =xj+4x+3(} IZEx +2x 1]
x“-8x+18 (x”-8x+18)"
; ~12(x =33 +)(x+33+1)
= JS'®) = 5 5
(x*—8x+18)

= f(x) increases on (—3@ —1,3J§ —-I) and decreases

otherwise.
f(x) is many one.

(False) Given:x =y =x—y+\/§
Let x=22, y=+2

— x*y:Z\(E—\EwF\.E:?n/E
and y*x=ﬁ—2ﬁ+\f§=0

LXkYEPEX (Not symmetric)
Hence * is not an equivalence relation.

(h,d)f(x)=x5—5x+a
f(x] =0 = xs—-5x+a=0 =>a=5x—.xs=g(x)
= g(x)=0whenx=0, 5!/4, _s51/4

= f'{x] =

(irrational)

(rational)

and g'(x)=0 =x=1,-1
Alsog(-1)=-4andg(1)=4
Thus graph of g(x) will be as shown below.
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From graph, it is clear that if a €(—4.4)
then g(x) = @ or f(x) = 0 has 3 real roots
Ifa>4ora<-4

then f{x) = 0 has only one real root.

. option (b) and (d) are the correct options.

26. (a,b) Given: f(x)=2|x|+|x+2|—|x+2|-2|x]|
Critical points of the f(x) can be obtained by solving
[x|=0, [x+2|=0 and || x+2|-2| x| =0, which give

0,-2,2 2
xX=U-2,2, 77
3

2x—4, x<-2
2
2x+4, —2<x$—5

f(x)4

—4x, —%mcsﬂ

4x, 0<x<2

2x+4, x>2
Graph of y = f{x) is as follows :
y

> X

TS T 5 3

3
From graph, f(x) has local minimum at x = -2 and x = 0 and local

maximum at X = _5

£ 2cos> 0
2-sec?® 2cos’0-1
1+cos20 1
= =1+
cos20 cos20

27. (a,b) Given: f(cos46) =

Letcos4 0= % — 2c05229—1=—:]-;- = c0529=i\/-§

RO

w<-9

1
* flcos40)=1+ =
[ (cos 46) 0520

28. (a,c) f(x)=cos [rr:} x+ cos [- 72
We know that 9 < n1° < 10 and — 10 'C
= [#]=9and[-x]=—10
f(x)=cos 9x + cos (—10x)
fix)=cos 9 +cos 10x
Co)

: o On 2
(a) | ‘\.E,‘ =cos—+cosSm=-1 (true)

29.

30.

31.

(b) film)=cos9m+cosl0n=—1+1=0 (false)

(¢) fl-m)=cos(-9 n)+cos (- 10n)
=cos9ntcosl0n=—1+1=0 (true)
%) 97
@) _f[:J=cos e

cos(2n+ Tt)+{Il cos gl
2 2 \/5 (false)
(a) and (c) are the correct options.
(b.c)
As (0. 0) and (x, g (x)) are two vertices of an equilateral triangle;
therefore, length of a side of the triangle

=Jx=02 + (g(x)-0)? =¥ + (g(x))?

». The area of equilateral triangle =-{‘£(x2 +(g(x)}2}

But given that area of the equilateral triangle = T

E@rP=1-2 = g@=+%1-x2

(b), (c) are the correct options as (a) is not a function.
( -,- image of x is not unique)

@) Given’s fla) = p = i
x-1
x+2
(@ fx) =x—_1=}’ =x=f(

: (a) is correct
(b) f(1)+ 3 as function is not defined for x = 1
.~ (b) is not correct.

@it _—
@E=12  (x—1¥

f'(x)<0,ifx= 1 = f(x) is decreasing if x # 1
(c) is not correct.

@ fe)=""=

. which is a rational function of x.

2. (d) is correct.
(A) = (s), (B) = (t), (C) = (r), (D) > (1)
Letz=x+ iy Given that |z} =1 ie. 22+ y*=1andx=+1

[ 2iz ] ( 2iz ]
Then R =R
i 1- 22 . z5-2°

[ 2 ) 2i S
=Re >, =Re —2iy =Re y = y
where, X = \,‘1 = y2

-1 -1
-l<y<|= —21of —=-1

¥ y
2iz
Re € (-m)_llu[!&m) LASs
1—22
( %2 )
(B) For the domain of (x) = sin”! l_.’i(%";]_
We should have =
x-2 x
Sl lepe nre 88
1—32G-D) 932
x x 2x
_ 8‘32 S
g=3%* g gk
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. i@ <0 (q) amdsofix)<l (s)
(3 —9)(3 +1))0 (D) Fex>5.f(x) >0
= x = ==
(3" =3)(3"+3) 2 O usixtl)
We know that 3* >0 b -lx—llx—h{o
= = = Forx>S, f@<1 (s)
! | l I 0<fix)<l p)
—20 1 2 o : 3. A)->@g:BI—>(@D
L x e(—eo,)w(2.) = (A fni=1-+ 2z, D= (=2, %2)
3 > The pven fanction repeesents 2 straigix ne o £ & one one.
8.3" 83 9.3 : 3
And = <1 =<0 s [ =) x
9-32x 9_32* BE_'==E—I='f"—__'_'._,"_ﬂ=l‘-"!=_fj‘:b
3* +9)(3* -1) = =
: % - % h 20 ~Rageof f=(1-x1+3) €(—=.x)
(37 =3)3" +3) - f= sot outo. Heace (A) — (gl
3 3 + B)fci=w=ax
| | 1 I E = 2o moreasng function ae (—=2, =2) and #s mnge
e . L ! = / = (—=x,x) = co-domain of f
= x €(—0,0] (1) --AN) - fsoneooconto. Hence (B) - 1
From (i) and (i), we get x € (—0,0]U[2,2) ~ B>t 34. (200GivenS={1,2,3,4,5.6} R:S>S
1 tan B 1| Number of elementsinR =6
aa —tan® 1 tan 0 andﬁnench(a,b)eR'a~b|22
© f@®= X —setofall relationR:S 5 S I f
| -1 ~—tan® 1 -
e S =l5 a=1,b=3,4,56 > @
e n e a=2,b=4,56 -

32.

-1 ~—tan® 1
b4
=2(1+tan?B)=2sec?@>2for 0<O<— - Cor

(D) fx)= x3“r2(3x -10),x=0

) = %x"2(3x—10)+x3”2
For f{x) to be increasing £ '(x) > 0
= 37 [3x-10+2x]2 0 = x*2(5x-10)20

s — -

I I | |

—00 0 2 2]

,Butx>10

. f(x) is incresing on [2,00)

D —-r

(A) = (1), (5)s (p)s (B) — (q), (5); (C) = (q), (5);
(D) = (1), (3). (p)

1) = X2 —6x+5 = (x-5)x-1)

x2-5x+6 (x=2)(x-3)
(A) If—1<x<1then f(x) =(;Y-M=+ve
(~ve)(-ve)
f(x)>0 (r)
Also f(x) -1 = 2_'*_1 BN Ll
x°=5x+6 (x—2)x-3)
For— 1 1= V) ve
— < < — = — =
or x<1,f(x) R
= f(x)-1<0 =fx) <1 (s)
L 0<f(x)=1 (p)
(—ve)(+ve)
(B) fl<x<2then f(x) =——=—ve
(—ve)(—ve)
L f(x)<0 (q) andso f(x)<1 (s)
(C) I3 <x<5ihen £@) = Y REVS) = o
(+ve)+ve)

a=3,b=1,56 -
a=4,b=1,2,6 —
a=5b=1,2,3
a=6,b=1,2,3,4 > @

Total number of ordered pairs (g, b)
such that|a—b|>2 =20
.. n(X) = number of elements in X = 2[)Cﬁ
Som=20
35. (36)GivensetS={1,2,3,4,5,6};R:S—S
Number of elementsinR=6
and for each (a, b) € R; ja—b| > 2
X — setofall relationR: S— S

ClIoI®)

If

a=1b=3456]—4]
a=2| b=4,56 | > |3
a=3| b=156 |—>|3
a=4| =126 |—>|3
a=5| b=123 [ |3
a=6[b=1234 > [4]]

Total number of ordered pairs (a, b) such that
la—b|>2=20

<. n(X)=number of elements in X = 20C,

som=20

Y = {R € X : The range of R has exactly one element)

From above, if range of R has exactly one element.
then maximum number of elements in R will be 4.

~on(Y)=0
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Z={R e X:Risa function from S to S} 3
n(Z)=14C, x 3¢, x 3¢, x 3C, x 3C, x 4C, = (36)* It - thee 0=
n(y)+ n(z)=0+ (36)% =k* = f{x}=0 . x=0+0=0
= |k|=36 h; 3 =
36. Let f(x}=Ax2+Bx+Cisanmtegcrwhcneverxisaninteger‘ U= 1) den 2{x} 1

37.

38.

£(0),f(1), f(~1) are integers
= (C,A+B+C,A— B+ Care integers.
= (, A+ B, A Bare integers
= (C,A+B,(4+B)+(4— B)=24 are integers,
Conversely suppose 24, A4 + B and C are integers.
Let x be any integer.

x{x—
Now,_f(x)=sz+Bx+C= 2;‘{— +{4+B) x+C

( )J
Since x is an integer, therefore x (¥ - 1)/2 will be also an integer.
Also 24, A + B and C are integers.
f(x) is an integer for all integer x.

ux2+6x—8

o+ 6x— 8x?

(o +6x-8x%) y=ou? +6x—8

{a+8y)x2+6[l Y x—(8+w)=0

X is real, D=0

36 (1 -y +4 (o + 8y) (8 + ay )]

9(1-2y+)%) +[8a+ (64 + )y + 8awy”] 2 0

¥ O+8)+y(@6+a’)+(9+8a) 20 (i)

For (i) to hold foreach y € R.

9+8a>0and (46 + a2 —4(9+8a)r <0

= a>—9/8 and [46 + o - 2 (9 + 8a)] [46 + &”
+2(9+8a)] <0

= a>-— 9f8and(u—léa+28](u—+]6a 64)<0

= o >-9/8and (@ —2)(a—14) (a+8F <D

=o>-89 and(aa-2) (- 14) <0 -
S oa>-89and2<a<14 = 2<a=<ld

Put y=

ugy-uu

(x+8)% >0]

ax? +6x—8

Thus, f(x) = will be onto if 2€ @ < 14.

a+6x—8x"
2
When o = B[henf()_m

3+6x— 8x°
In this case, f(x)=0 implies, 3x* =6x -8 =0

_ —6236+96 4a+2\/—

[ i)

Hence, f is not one-to-one at o = 3.

Given : 4 {x} =x+ [x],

where [x] = greatest mtegcr <x

{x} fractional part of x
.x=[x] + {x} foranyx € R

. Given equation becomes

dixp=kl+{xr+[x] = 3 {x}

( -3+33)

=2 [x]

3
= E=5l (i)
3

Now—-1<{x}<1 = —ia’.i{x}{—
NOW x 2 2 2

5 3
— —;i[l]{z = [x]=-1,0,1

If [x]=-1

(using eqn (1))

el

— -1 =

(using eqn (i)
-5/3

‘lJllu

x=[x]+ {x} = x=-1+(-2/3)=

39.

40.

41.

= {x}=23 =x=1+2/3=53
x=—05/3,0,5/3

Given: f(x+y) =f(x)/(») ¥V x, yeN andf(1)=2

To find ‘a’ such that Y. f(a+k)=16(2" 1) (i)
k=1

For this we start with f(1)=2 (1i)

22 = fO+ D)=, f) = f@)=2% [using (ii)]

Similarly we get, /(3) =23, f(4)= . E)=2"

Now eq. (i) can be written as

flas ) +fl@a+2)+f@+3)+...+fla+n=162"-1)

= flfM+f@f@)+f@f@)*..+f(a)fn)
=16 (2"-1)
+fm]=16(2"-1)

= fl@)[f(1)+f2)+f(3) + ...
= A 2N=16(2"-1)

flay[z+22+23+
W1
2-1

= f(a { =16(2" - 1)

S == =103)=6=3

Since | f(x) =f ()| <|x-yPistrue ¥ x,» € R

| f(x)=F(»)]
|x—y]

Jx)-f(»)

.\'—}’

Forx # y, 5;!x—y|2

s
i LC0=10)

y—>x K==

= [f'®I<0 = ['@x)=0

f(x) is a constant function.

< lim 1Jc—y|2

yox

<0

=g
z; Rz, :ff 2
Z|+22

Given that is real.

For reflexive :

z=Z it
3 =( which is real
z+z

zRz VY z

*. R is reflexive.

-2
2] +25

1s real

For symmetric : Letz; R z, =

{ZI 221 5

= L 1s also real
2+ 2y

z —
= 24

Z 2 + 21
- R is symmetric.
For transitive :
Letz, Rz,

isreal=> z, R z,

2 =2y Zy—23 |
= 1 "2 s real and e is also real
1+ 2y 29+ 24
Z1—23 (2, —25)
T isreal = I Ll ZJ 0
7+2 zZ1+2;

e
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e b 4 =t -+ 12+ T+ 60+ x-3
= ({xl_x3}+f{-"1_-‘2\'_ L f(6)=6"—6x65— 2x6+12x65+64-Tx6
(% +x2) +1(3 +33) +6x62+6-3
= L) +i -y +x)-i(y; +x,)=0 =6°—6°-2x6T+2x6
= qtx) 0-2)-F-%)0+y)=0 : +6*-Tx6+65+6-3=3
0 X % @ 45. y=|x|"2 -15xx1
= XLy =-xp=0= —=-— 2 | » .
b b s B = y=+-x if-1< x< 0=J;1:f05x£1
andz, R z, = P=—yif-1<x<0andy=xif0<x<1
i g v % [Here y should be taken always + ve, as by definition v is a + ve
Similarly, 7, LQJ s e S (i) square root].
27 +23 Y2 3 Clearly 12 = — x represents upper half of left handed parabola
x -~ (upper half as y is + ve)
From (i) and (ii) we get iy S and y* = x represents upper half of right handed parabola.
¥ V3 Therefore the resulting graph is as shown below :
(2 -23) 71—z "
= mL 1= 73120 = 2—2 i5peal f‘
1+ 23 Zy +23
= z;Rz; . R is transitive.

Thus R is reflexive, symmetric and transitive.
Hence R is an equivalence relation.

42.  Asthere is an injective maping from A to B, each element of A4 has
unique image in B. Similarly as there is an injective mapping from
B to A, each element of B has unique image in 4. So we can
conclude that each element of 4 has unique image in B and each
element of B has unique image in A or in other words there is one
to one mapping from A4 to B. Thus there is bijective mapping

frorn Ato B.

43, =[(r,)s:x € R,y eR, ¥ +*<25], which represents all the
pomts inside and on the circle © + }’2 = 52, with centre (0, 0) and
radius = 5,

4
={(x,y):x eR,y ER,}'Z;XZ

which represents all the points inside and on the upward parabola

7.9
<=—y.
: —4}’ AV
x:' \Z/ >
\f_‘,r"
.. R M R'=The set of all points in shaded region.
Now, X>+)? <25 = x2<25 37 (i)
4 ;5 ettt
gy —x =——=
8 °. = sl i
_L@.{_Z_yz
81
4
H >25-—y% (i)

From (i) and (ii), X2 < 25 ~gx4

= 16x*+81x% -2025<0
Domainof R M R'=
{x:x € R, 16x* + 81x2 - 2025 < 0} and range of R N R'

2l
~{piy e Rys —;—, 16x* + 81:2 — 2025 < 0}

R ™ R'is not a function because image of an element is not
unique , e..g., (0, 1), (0, 2),(0,3)..... €R M R

46. Since f(x) is defined and real for all real values of x,
Domain of fis R.

Clearly 0 < =<l,forallx e R =0< f(x)<1
1+ x*

= Range of /=10, 1)
Since f(1)=f(-1)=1/2

[ is not one-to-one.
=)
1. @ Given: f(x)=x*and g(x)=sinx, Vx € R
. (gof) (x) = sin
- (gogof) (x) = sin (sin x?)
= (fogogof) (x) = sin ? (sin 12)
Slnce g:ven that (fogogof) x& = (gogof) (x)
sm (sin ) = sin (sin
= sin (sin x?) =0, 1

Topic-2: Composite Functions & Relations,
Inverse of a Function, Binary Operations

:>sh1x2=nnor{(4n+l)%,wherenez

=sind=0 (-sinx? e[-L1])= 2= nn

S Xx== +/nm,where ne W

2. (d) Giventhat Xand Yaretwosetsandf/: X — Y.

{floO)=y;ce C X,y C Y}and {f N (d)=x:d C¥,x C X}
The pictorial representation of given information is as shown:

fla)
Since fl(d)=x =f (x)=d
Nowif a © x = f(a) © f(x)=d = [ (fla))=a
Hence, f~! (f(a)) = a, a < x is the correct option.
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(b) Given: f{x)"smx+cosxandg{xl -1
= g (f(x))=(sin x+ cos x)* — | =sin 2x

Clearly g (f (x)) is invertible in —— <2y <~

[+ snBisinvertblein — w2 <0< =/2]

r+"bx 28 = f()=(x+ bR +22—p?

=5 —Zc*—b*

and g(r)ﬂ—x——"frfb"
glxy=—-(+c)f *—b'—t‘fz:‘gm

Forf . >g + &t

=+
=>20->p+ 2

=>27 3 c|>|b| 2

(a) Forf(x) =, Isin”! (2x) +% to be defined and real,

sin~! 2x+ a6 >0

A= T '
= sin!2x> - A1)
But- /2 <sin! 2x < n/2 ..(if)

On combining (i) and (ii), we get

i e T
—g£sm bogs

= sin (-1/6) < 2x S sin (W2) = — 12 <2x <1

=-1/4<x<1/2, . Domain =[_l l}

4’2

x#-1

d fix) = ;
+1

ox
«(2)
Now, f(f(x)=x = —{ff— =x

41

x+1
=x =(a+1x2+(

lIzJC

(c+1)x+1
=a+l=0andl-c?=0=>a=-1

logs (x+3)

—uz}x={]

d) For domain of )=
3. e x2 +3x+2

Z+3x+2%0andx+3>0
=x#-1,-2 andx>-3
- Domain of f(x)=(-3, o )—{-1,-2}

1
(a) Given: f(x) =x+;=y ety = P-yc+1=0

=yia,fy2 -4

[+ x21and y22]

i =
=
+
M'%
A

Figy ~ Tve st

) g(x)=1+x-[x]

-1, x<0
and f(x) =40, x=0
L0

For integral values of x; g (x) = 1
For x < 0 (but not integral value); x— [x] > 0 = g(x)>1

10.

12.

13.

14.

15.

Mathematics

For x > 0 (but not integral value); x — [x] > 0 = g (x) >1

Lg@2LVYx=>f(e(x))=1,vx
(b} Lﬂy—"-‘(r_l}
:bx‘—r-logzy 0;

=E[Ii.,ﬁl+4log3 y)
For y21,log,y20 = ,[1+4log, y 20

- x>l x :% (1+\;l+4lug2 v)
= f“(xIZ:i(l+,Hl+4log2.t]

© f(0)=f"'x)= fof(x)=x
= [+ -141P=1=x > @ +1)* = x+1
= (x+D[(x+1)°-1]=0
S ox=0o0r-1

Required set is {0, - 1}
(d) Given:f(x)=sinx and g(x)=in |x|
NUWfog(x} =f(g () =sin(ln|x|)

={fu:-1<u<l} (~+-1<snB<1,vy0)

AISOgOf(x) g((x))=In|sinx|

0<|sinx|<1

~w<In|sinx| <0

Ri={vi-w<v<0)

() y= ——-]——+ Vx+2
logyo(1-x)
1

Bt [C)- s
10—

g(x)=+x+2

. Domain of given function is D, NnD,
Since f'(x) is defined only, when 1 ~x>08nd 1 —x # 1
= x«:landxaeﬂ
(=0, 1)- {0}
Also g {x] is deﬁncd only, when
x+t220 = x2-2

Dg =[-2, w)
«——— o0 o
- 1 L L 1 >
=X L 1 T 1 Lo
-2 0 1

Dy N D, = [-2,1)- {0}
(d) Given: f(x) = cos (/n x)

1
F&f6) —{f{i] +f(xy)]
2" \y
= cos (n x) cos (/n y) —% [cos (fnx— fny)+

cos (fnx + #n y)]

=cos (fn x) cos (fn y) —% [2 cos (én x ) cos (fn y)] =
1 1
®) ((log, 9)%)lo8200829) (/7 \/_)10347

= (log, 9 )2 198 105, 5)2 72 9ey s

= (10g2 9) oEUUs: 94 x’?]OE? 2 -4x2=8§
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() Given: f:[0.47] >[0.7] defined by
f(x)=cos™" (cosx)

10—x X
xl= T EaeE
and £(x) =75 10
The graph of y = /(x) and y = g (x) are as follows.
V4
el
1
[ L
0 T T 10 =

n 2 3r
Clearly f (x) = g(x) has 3 solutions.

17.  f(x)=sin%x + sin® [x + g] + cos x cos (x +%J

18.

19.

20.

.9 . T . T
= sI°x +|:sm[x+-3—” +COSJCCOS[I+ E)

1
= sin?x +E (sin x + /3 cos x)?

+% cos x (cos x — \E sin x)

>
! -+
(g0f) x=g [ (W] =g (5/4)=1

[Ja—z2)
1

Given function is, f(x) = sin fnL J
— X

J4—x2 J4—x2
i to be defined hisal

1-x 1-x

o
:z(sm2 x+c052 Xy =

>0

For /n

= l-x>0and4-x*>0 =>x<land-2<x<2
Combining these two inequalities, we getx € (=2, 1)
Domain of f(x)is (—2, 1)
Since sin 8 always lies in [- 1, 1].
Range of f(x)is [~ 1, 1]
2
The function f{x) = sin™! [1032 i‘z—J will be defined

2

= 2‘g%<2' = 1<a<4

=_-2<x<-lorlgx<2=>xe[-2,-1] w[],2]
2

Given : f(x)=3sin E—xz

For the given function to be defined
,12
L P> =>-wh<x<n4
16
Domain = [-/4, /4]
Now, for x € [~ /4, w4], Vi’ /16— x> €[0,n/4]
and sine function increases on [0, w/4].

21.

22.

23,

=
0 < sin ——IZSUN/E
16
2
— 0<3sin E—x2 <3/\2

L f@=[0, 3rf]
(True) f (x) = M g >0, nis a positive integer
fr) = f[(ﬂ x")' " = [a —{(a — x")}i"ymiin
=(g-a+ x"
(a, b, c)
: -Tisin Esinx
fix)= sin 6 2

s i
~l<sinx<l = ——< SLl'l).‘ <—

1 ( Slnx) 1 ERs £ [ESII'IX) i
= -—1<sin =1 =—= —sm| & —_
6 6 2

6
m 1
T - sin <=
= <sm|: sm[z x]i] P
11
Range of /' = 57

: Esin Esin(Esin x]
Now, fog(x)= sin 6 2 i

-11
Range of fog = E‘,E

; (ﬂ : (1: ; D
sin| —sin| —sinx
f(x) lim g <

Now, lim——
x—0 g(x) x—0 n i x
sin Esin(Esin X Esin Esinx
. 6 2 6 2
= lim x =76
x=0 K . . .
—Ssin| —sinx —Ssinx
6 [2 ] 2

T P "
goﬁx]= Esm sin ES]J] ES‘HI

—gsm[;]<g(f(r))<—sm{éj
Let Esin[l]~
s i 2

Clearly 0<p <1

ngsin [%J Lg(f(x)< %sin[%)
-p=g(f(x)Nsp=o0<p<l
gofix)= 1 foranyx ER.

(a, b, c) Given : f:[—%,%) — R is given by

£(x) = (log(sec x + tan x))?




8108

24,

S{=x) = (log(sec x — tan x))>

i ‘:log[(secx—tanx)(secx+tanx)]r

secx+tanx

3
: 3

= [ogli—fe e =| -1 ta
[og(sccxﬂanxﬂ [ og(secx+ nx)]

=—[log[secx+tanx):f3 =—f(x)
5 f(x) is an odd function.

. option (a) is correct and (d) is not correct.

2 secxtanx+ sec2 x

Now, f'(x)=3[log(secx+tanx)] g

= 3s.ec.:c[:log(secx+tzm.wr]]2 >0 vxe[—g,gJ

T
.. f(x) is increasing on ‘5'2‘
We know that strictly increasing function is one one.

. f is one one, hence (b) is the correct option.

Also Iimh [log (secx +1anx}J3 300
.:—rg

and lim [log(se(:x+ tan x)]3 — —0

n
X
2

.. Range of f= (—w, o) = R = Domain
- f 1s an onto function.

.. option (c) is correct.

- b—x
(a,b) Given : f(x)= l_bx,0<b<1
: bem - f-n
Let/(x)=f(x) = 1-by, = 1-bx,

=:>b—ng2—x1 + bxyx, = b—xz-ble + bx, x,
=X (1-b)=x (1-b)=x =x,as 1 6% 0
.. fis one one.
b-x
1-bx

=y =>b-x=y- by

y=b
=(by-lx=y—-b=x= 5}__]

1

For y = PR is not defined

.. fis not onto and hence nor invertible.

26.

27.

g 2thematics |

~1(1-bx) - (=b)(b-x)  b*-1
(1-bx)?  (1-bx)?

Also f'(x) =
1 > 1
S'b) = b2 = and f'(0) = b — 1= F(b) = fr{o)

-. (a) and (b) are the correct options.
(a) Let us check each option one by one.

(@) f(x)=sin’xand g (x) =[x

Now, fog () = /(g () =/ (vx) = sin? Vx = (sinvx)?
and gof (x) = g (' (x)) = g (sin®x) = Vsin x =|sinx|

2 (a) is true.

(b) f(x)=sinx,g(x)=|x|

2
Jog () =/(g())=f(x[)=sin|x| # (Sin\/;]
(b) is not true
(© f@)=x%g () =sinx

fog (=1 ) =/ (sin V) = (sin V&)’

and (gof) (x) =g (f(x)=g () =sin \{:Jc_2

=sin |x|#|sinx]|

~. (e) is not true.

(b) f(x)=3x—5 is strictly increasing on R.

o f71 (x) exists,

Lety=f(x)=3x-5

:>y-'r5=3x:>x=y;5 i)
=) =>x=1" ..(ii)
From (i) and (i),

1) y+5 p= x+5

—_—— ey = = —

Fip 3 (x) 3

(a) For EI,—x—l >0and x #1= x e (—,0)U(l,x)
S

For Ez, —lﬁloge[—x—)glzplgige
=51 e
=>lSl+—l—Se s l_lg_Lge_]
e x-1 e x=1

:(x—])e[—m,—e—]u[L,w]
l-e = |
el
= xe| —0,— U] —,
e-1 e-1
For By, —— & (0,%0) - {1}
i |

= tog, -] (o)~ )

= f(x) €(—00,0)U(0,0)

_ it ETY) 2B e
£ (“’gf(x_l))e[ 2’2] 0
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28. fis one one function,
D= {x,5,z}; R.= {1,2.3}
Exactly one of the following is true :
f@=Lf0m=1Lf0)=2
To determine £ 1 (1):
CaseI: f(x)=1 is true.
= f=L[f(z) =2 are false.
= f0)=1.f(z) =2 are true.

Butf(x) =1, f(y) = 1 are true, is not possible as f'is one to one.

This case is not possible.

Case II: f(y)= 1 is true.

= fx)=1andf(z)=2 are false

= fx)=] andf(z)= 2 are true

Thus, f(x)= 1. (M= 1f(z)=2

= Either f(x) or /() = 2. So, f is not one to one

This case is also not possible
Case TI: £ (z) # 2 is true
f(x)=1and f(y)= | are false.
= [f(x)#1andf(y)=1 are true.
=y
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