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Ans.

1 RELATIONS AND FUNCTIONS

A relation in a set A is called relation, if each element of A is related to
itself. (2020)
reflexive

The least value of the function f'(x) = ax + % (@>0,b>0,x>0)is___ . (2020)
Here f(x) =ax+§;a>0,b>0,x>0

£ =a-Land i) =2
X X

For critical points, f'ix) =a- % =0 =>x= \/ﬁ_
a

3/2
As f(x) (\i) = 531,72 =27 59 s0, /(x) has least value at x = 1.2
a

Vb a
a3/2
Also, the least value of functions f(\/ﬂ_) =a \/ﬁ_+ b Nab + Nab = 2Nab
a a b
If /: R —> Ris given by 1 (x) = (3 — x®)'3, find fof (x). ” (2019)

fof(x) = f(f(x)) = f((3 — x*)")

= [3- {(3 _x3)1/3}3]1/3 =y

If a * b denotes the larger of ‘a’ and ‘b’ and ifa o b = (a * b) + 3, then write the value
of (5) o (10), where * and o are binary operations. (2018)

5010=(5+10)+3=10+3=13

Find the identity element in the set Q* of all positive rational numbers for the operation

33D toralia,beQq, (2018)

* defined bya* b =

3ae _

I

Let * be a 'binary' operation on N given by a = b = LCM (a, b) for all a, b € N. Find
5x%7. (2012)

35
The binary operation * : Rx R — Ris defined as a * b = 2a + b. Find (2 * 3) = 4.
18 (2012)
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8.  State the reason for the relation R in the set {1, 2, 3} given by R={(l, 2), (2, 1)} not to
be transitive. (2011)

Ans. (1,2) e R, (2, 1) e Rbut (1, 1) ¢ R

9. LetA={1,2,3},B={4,5,6, 7}andlet f={(1, 4), (2, 5), (3, 6)} be a function from A to
B. State whether fis one-one or not. (2011)

Ans. 1 is a one-one function

10. If the binary operation * on the set of integers Z, is defined by a * b = a + 3b?, then find
the value of 2 * 4. (2009)
Ans. 50

11. Let* be a binary operation on N given by a * b = HCF (a, b), a, b € N.

Write the value of 22*4. (2009)
Ans. 2
12. Iff(x)=x+7andg(x)=x-7,x € R, find (fog) (7) (2008)
Ans. 7
13. Let* be a binary operation defined by a *b =2a + b — 3. Find 3 * 4. (2008)

Ans. 3"4=2x3+4-3=7

14. Ifflx) = ZéX+j,x¢%,thenshowthat(fof)(x)=x,fora||x;t§.AIsowriteinverseoff.
x-
. _4x+3 2
Ans. Given fix) = 64 x¢§, (2020)
(4x+3
_ _ 4x+3)_4 6x-4 %3
Pty =)= (23] 2Leed
6{6x-2a )4
(4x+3
_ A4 ) *3 16x + 12+ 18x-12 _ 34y _
4x + 3 24x+18-24x+16 34
6 6x-4 |°
_ _4x+3
Let y =flx)= 6 4

= 6xy-4y =4x+3
= 6xy-4x = 3+4y

=3+4y. 3+ 4x 2

1 -
6 -4 ie.,, f'(x) 6 A , X # 3

15. Check if the relation R in the set R of real numbers defined as R = {(a, b) : a <b}is

=

6 TEACHERS FORUM



Relations and Functions

(i) symmetric, (i)  transitive (2020)
Ans. We have R ={(a, b):a<b}wherea, be R.
(i) Symmetry : Observe that 1 < 2 is true but 2 < 1 is not true.
That is, (1,2) ¢ R but (2,1) € R so, R is not symmetric.

(i)  Transitivity : Observe thatif a < b and b < ¢ are both true then, a < c is also true,
for all real numbers a, b, c.

Thatis, (a, b) e Rand (b,c) € R = (a,c) € R So, R is transitive.

16. Let A= N X N be the set of all ordered pairs of natural numbers and R be the relation
on the set Adefined by (a, b) R (c, d) if ad = bc. Show that R is an equivalence relation.

Ans. For reflexive : (2019)
As ab =ba

= (a, b) R(a, b) .. Ris reflexive
For symmetric:

Let (a, b,) R (c, d)

= ad =bc

= cb =da

= (¢, d) R(a, b) .. Ris symmetric
For transitive:

Leta,b,c,d, e, feN

Let (a, b) R(c, d) and (c, d) R(e, f)

= ad =bc and cf =de
— d =C_f
e
a(c_f):bc
e

acf =bce = af = be
= (a, b) R(e, f) .. R is transitive
Since R is reflexive, symmetric and transitive .. R is an equivalence relation.

X
17. Show thatf: R—{2} > R—{1} defined by f (x) = ) is one-one. Also, ifg: R-{1} —»

find gof (x). (2019)

2x

R — {2} is defined as g(x) =
Ans. Letx, x, € R—{2}
Letf(x,) = f(x,)

X

x-17

X
1 = — = x, (x,-2) =x,(x,- 2)

x1-2 X, -
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:>x1 = X

= fis one-one.

Now, gof(x) = g(f(x)), x e R—{2}
22
x-2 X
x-2 -1
Prove that the relation R in R, the set of all real numbers, defined as R ={(a, b) : a <
b2} is neither reflexive nor transitive. (2019)
0.1 € Rwith 0.1 £(0.1)? . (01,01)¢R

.. Ris not reflexive
10, 4, 3 € R with 10 <42, 4 < 32 but 10;{32
- (10, 4), (4, 3) e Rbut (10, 3) e R .. Ris not transitive

Consider f: + R, — [4, «] given by f(x) = x? + 4. Show that fis invertible with inverse of
fgiven by f-(y) =y - 4, where R, is the set of all non-negative real numbers. (2019)

Letx, x, e R,

Suchthatflx,) =flx,) > x2+4=x,+4=>x*=x2=x, = X,
.. fis a one-one function.

Now, x2>0 = x2+4 >4 = f(x) € [4, )

= R, =[4, «) = Co-domain (f) .. f/ is an onto function.

. fis an invertible function.
y=2/(W)=x+4=x=\y-4=/y)=\y-4

Prove that if E and F are independent events, then the events E and F’ are also
independent. (2017)

P(E N F) P(E)-P(ENF)
= P(E)-P(E).P(F)
= PE)1 - P(F)]
= PEPF)

= E and F! are independent events.

Show that the relation R defined by (a, b) R(c,d) =>a+d=b+conthesetN x Nis
an equivalence relation. (2008)

(i) (a,b)R(c,d)= a+d=b+c
where (a, b), (¢, d) eN x N
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Relations and Functions

(a,b)R(a,b)=>a+b=b+a= True
R is Reflexive

(i) (a,b)R(c,d)=>a+d=b+c=b+c=a+d

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

Hence R is Symmetric

(i) Let(a,b)R(c,d)and (c,d)R (e, f)
—at+d=b+candc+f=d+e
Adding we get
a+td+c+f=b+c+d+e
—a+f=b+e=(a,b)R(e,f)
. Rlis transitive

. Ris an equivalence relation

3 MARKS

22. LetR be the relation defined in the setA={1,2,3,4,5,6,7,8,9 by R={(x,y):x,y
€ A, x and y are either both odd or both even}. Show that R is an equivalence relation.
Write all the equivalence classes of set A. (2018)
Ans. Reflexive : Clearly (x, x) € R " x is either odd or even. So R is reflexive
Symmetric
Let(x,y) e R

.. x, y are both either odd or even

=y, x are both either odd or even

= (Y, x) € R, So R is symmetric

Transitive

Let (x,y) e Rand (y,z) e R

Case (i) x and y are both odd so y and z are both odd

. x and z are both odd

S(x,2z)eR

Case (ii) x and y are both even, so y and z are both even
. x and z are both even

S(x,z) e R
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Thus (x,y)and (y,z) e R= (x,z) e R

R is transitive

As R is reflexive, symmetric and transitive so R is an equivalence relation.
[11={1,3,5,7,9}

[2] = {2, 4, 6, 8} are required equivalence classes

Let A be the set of all real numbers except -1 and let = be a binary operation on A
defined by a * b =a + b + ab, for V a, b € A. Prove that (i) * is commutative and

associative, and (ii) number 0 is its identity element. (2018)
a*b = a+b+ab
bxa = b+a+ba

a*b = bxaVvVabeA
So * is commutative
a*(b=xc) = ax(b+c+bc)=a+b+c+bc+ab+ac+abc
(@a*b)*xc = (a+b+ab)xc=a+b+ab+c+ac+bc+abc
a*x(b=xc) = (@a*xb)*xcVa,b,ceA
. * |s associative

a*0 = a+0+a.0=a

0=a O+a+0.a=a
and 0 € A .. Ois the identity element

Show that the relation R on the set Z of all integers defined by (x,y) e R< (x—vy)is
divisible by 3 is an equivalence relation. (2018)

(x —x) =0 is divisible by 3 for all x € z. So, (x,x) e R
. Ris reflexive.

(x —y) is divisible by 3 = (y — x) is divisible by 3.
So(x,y)IR= (y,x) eR,x,yez

= R is symmetric.

(x —y) is divisible by 3 and (y — z) is divisble by 3.
So(x—2z)=(x—y)+ (y—2z)is divisible by 3.

Hence (x, z) € R = R is transitive

= R is an equivalence relation

Show that zero is the identity for this operation * and each element ‘a’ = 0 of the set is
invertible with 6 — a, being the inverse of ‘a’. (2018)
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Relations and Functions

¢ 0 1 2 3 4 5
0 0 1 2 3 4 5
1 1 2 3 4 5 0
2 2 3 4 5 0 1
3 3 4 5 0 1 2
4 4 5 0 1 2 3
5 5 0 1 2 3 4

ax0 = a+0=aVvaeA= 0isthe identifty for =.
Letb = 6-afora=0

Sincea+b = a+6-a<6
=a*b = bx*ra=a+6-a-6=0
Henceb = 6 —ais the inverse of a.

Consider f : R+ — [- 9, o] given by f(x) = 5x? + 6x — 9. Prove that f is invertible with

\54 + 5y -3

Fy= ( 5 ) (2017)
\54 + 5y - 3
f:R, > [-9, 0);f(x) =5x>+6x-9; fli(y)= —5
- 2 _
fof (y):5{ \54 + 5y 3} +6{ \54 + 5y 3}_9:
9 5
\V54 + 5 (5x% + 6x - 9)- 3

f1of (x) = 5 =x

. . , V54 + 5y -3
Hence ‘f’ is invertible with f' (y) = — 5

A binary operation * is defined on the setx=R - { -1} by
x*y=x+y+xy,Vx,yeX

Check whether * is commutative and associative. Find its identity element and also

find the inverse of each element of X. (2017)

(i) commutative : letx,y € R -{-1} then

x*y=x+y+txy=y+txtyx=y*x

. ¥ is commutative

(i) Associative : letx, y, z € R - {-1} then

x*(y"z)=x*(y+tz+yz)=x+(y+z+yz)+x(y+z+yz)

Sx+y+z+xy+yz+zx+xyz
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(x*y)*z=(x+y+xy)Tz=(x+tytxy)+tz+(x+ty+xy).z
=x+y+z+xy+yz+zx+xyz
x*(y*z) =(x"y)"z
.. *is Associative
(iii) Identity Element : lete e R-{-1} suchthata*e=e*a=aVvVae R-{-1}
.atetae=a
= e=0
(iv) Inverse:leta*b=b*a=e=0;a,be R-{-1}

=a+b+ab=0

-a -a
S b=——ora’ =
1+a 1+a

28. Letf: N — N be a function defined as f(x) = 9x? + 6x — 5. Show that /: N — S, where
S is the range of f, is invertible. Find the inverse of f and hence find /' -'(43) and /'
(163). (2016)

Ans. Lletx,x,eNandf(x,) = f(x,)

= 90x% +6x, -5 = 9x%,+6x,-5
= (x, —x,)(9x,+9x,+6) = 0
=>x,-x, = 0

or x x,as8 (9x,+9x,+6)#0,x,,x,eN

]
. fis a one-one function
f:N — Sis ONTO as co-domain = Range

Hence f is invertible

\/ -1
y = 9@ +6r-5=(3x+ 1)2—6:>x=—y+36

y +6-1

fiy) = Fyes
-1
/1@3) = Vi =2
v -1
f1(163) = %=4
29. Iff, g: R — R be two functions defined as f(x) = | x| +xand g(x) = | x| —x, V x € R.
Then find fog and gof. Hence find fog(-3), fog(5) and gof (-2). (2016)

Ans. flx) =|x|+xandgkx)=|x]—-x,VxeR
(fog) (x) = Ag(x))

[Pl = | + x| —x
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Relations and Functions

(gof) (x) = 9g(flx))
=l A+ xl = x| =
(fog) (3) = 6
(fog)(5) = 0
(gof) (=2) = 2

Determine whether the relation R defined on the set of all real R numbers as R =
{(a,b):a,be Randa—-b+ 3 S, where S is the set of all irrational numbers}, is
reflexive, symmetric and transitive. (2015)

Here R={(a,b):a,be R anda-b++3 S, where

S is the set of all irrational numbers.}

() Vae®R,(aa)eRasa-a++3 isirrational
. Ris reflexive

(i) Letfora,be R, (a,b)eRi.e., a-b++3 isirrational
a-b++3isirrational=b-a++V3 €S .. (b,a) e R
Hence R is symmetric

(i) Let(a,b)e Rand (b,c) e R,fora,b,ce R
a-b+V3 eSandb-c++3 €S
addingtogeta-c+2+3 e SHence (a, c) e R
. Ris Transitive

Let A= R x R and * be the binary operation on A defined by (a, b) = (c,d)=(a+c, b +
d). Prove that * is commutative and associative. Find the identity element for * on A.
Also write the inverse element of the element (3, — 5) in A. (2015)

Va,b,c,d e feR
((a, b) * (c, d) * (e, f)

atc,b+d)=*(e,f)

atcte, b+d+f) —(3)

(
(
(a,b) * (c+e,d+f)
(

(a, b) * ((c, d) * (e, )

atc+te, b+d+f) —(4)

* is Associative

Let (x, y) be on identity elementin R x R
=(a,b)*(x,y) = (a,b)=(x,y)*(a,b)
—a+x = a,b+y=b

x=0,y=0
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. (0, 0) is identity element

Let the inverse element of (3, — 3) be (x,, y,)

= B, -9)*x,y,) = (0,0)=(x,y,)*(3,-9)
0, -5+y,=0

3 +x,

= x, ==3,y,=5

1

= (= 3, 5) is an inverse of (3, — 5)

] and h(x) = 2x — 3, then find /] h{g' (x) }]. (2015)

If £ (x) = \x2 + 1 Q(x)-
x-1
flx) = Vx2+1g(x)=sz1, h(x) =2x -3

(T3]

Differentiating w.r.t. “x”, we get

| _ X | _ 1-2x-x2 h =9
f('x) - ng(x)_ (x2+1)2 ’ (x)_
2
|(hl (g = £
S1(h(g!(x))) 3
Show that /: N — N, given by
ACII X 1 ||ff;||:eo\?edn is both one-one and onto. (2012)

Let x, be odd and x, be even and suppose f'(x,) = f'(x,)
=x,+1=x,—1=x,—x, =2 which is not possible

simlarly, if x, is odd and x, is even, not possible to have f(x,) = f(x,)
Let x, and x, be both odd = f{x,) = flx,) = x, = x,

simlarly, if x, and x, are both even, then also x, = x,

. fis one — one

Also, any odd number 2r + 1 in co-domain N is the image of (2r + 2) in domain N and
any even number 2r in the co-domain N is the image of (2r — 1) in domain N

= fisonto

Consider the binary operations * : Rx R —>Rando: R xR —» Rdefinedasa*b =
|a—b|andaob=aforalla, b € R. Show that' *'is commutative but not associative,
'0' is associative but not commutative. (2012)

ax*b=|a-b|landb*a=|b—-a|.also|la-b|=|b—-a]|foralla,beR
-.ax*Db=Db=*a= *is commutative

Also, [(—2)*3]*4=|-2-3|*4=5%4=|5-4|=1

and (—2)*[3%4]=(-2)*|3-4|=-2%1=]-2-1|=3

.. * is not associative
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203 = 2 and 302 = 3 = o is not commutative
foranya,b,ce R(aob)oc=aoc=aandao(boc)=aob=a

= 0 is a associative

35. Consider the binary operation * on the set {1, 2, 3, 4, 5} defined by a * b = min. {a, b}.
Write the operation table of the operation *. (2011)

Ans. a=x*b 2 3 4 5

O B WODN %
NN N
N NDNDNDND -
w w w N -
A B ODN -
g b~ WON -

36. Letf:R —R be defined as f{x) = 10x + 7. Find the function g :R — R such that gof =
fog = I.. (2011)
Ans. Lety 10x+7

1
X = E(y-?)
1
letg(y) = ﬁ(yJ)

A
10

5 (y-7))=10(11—0(y-7))+7=y:>IR=fog

nogof(x) = g(10x+7)= (10x+7-7)=x=1, = gof

and fog (y) = f(

Hence g(y) = 10(y-7)

37. Abinary operation * on the set {0, 1, 2, 3, 4, 5} is defined as : (2011)
a+b, ifa+b<6
axb=
a+b-6, fa+b=>6

Show that zero is the identity for this operation and each element 'a' of the set is,
invertible with 6 — a, being the inverse of 'a'.

Ang, Snceax0=a+0=al 44534 5

and Oxa=0+a=a

.. 0 is the identity for *.

Also,Vae{0,1,2,3,4,5},a*(6—a)=a+ (6-—a)—6 =0 (which is identity)
. Each element ‘a’ of the set is invertible with (6 — a), being the inverse of ‘a’.

38. Prove that the relation R in the set A={1, 2, 3, 4,5} givenby R={(a,b):|a-b|is
even}, is an equivalence relation. (2009)
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Ans. (i)foralla €A, (a,a) eR .. |a—a|=o0iseven

39.

. Ris reflexive in A
(i) foralla, b €A, (a,b) eR = (b, a) eR
~if|a—Db|iseventhen|b-a]is also even = R is symmetric in A.
(iii) for all a,b, c €A
(a, b) eRand (b, ¢) eR then (a, c) eR
~.la-b|iseven,|b-c]|iseven, then|a-c|will also be even
Hence, R is an equivalence relation in A

LetA=R—-{1}. If /: A— Ais a mapping defined by f(x) = 1
find £-'. Also find : *-

x-2

, show that f is bijective,

(i) xif f(x) = %
(i) /7 (2) (2017)

Ans. f:A—>A

40.

_16_

Letx,, x, € Asuch that f{x,) = f(x,)
x,-2 _ x,-2

x,- 1 x,-1

=X, =X,

=

= fis one-one
x-2
x-1
=S>x(y-1)=y-2
y-2
=>x=—
y-1
Foreachy e A=R - {1}, there exists x € A

Now y = =>x—-2=xy—-y

Thus f'is onto. Hence f is bijective
x-2

x-1

and f(x) =

x-1
x-2
Prove that f is one-one and onto function. Also, find /~'(x). If f7'(x) = 7, find x. (2017)

LetA=R - {2} and B = R — {1}. Consider the function /' : A — B defined by f(x) =

TEACHERS FORUM
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Relations and Functions

For one-one
Letx,, x, A e such that f{x,) = fx,)
x1-1 B x2-1
x1-2 x2-2
:x1x2—2x1—x2+2 = x1x2—x1—2x2+2
:>—x1 = —x2
:x1 = X2
So f is one-one
For onto :
Lety e B
Letfilx) = vy
o x-1 _
T x-2 y
=x-1 = xy-2y
=x-xy = 1-2y
- 1 Avyes
=x = Ty € y €
. fisonto 2
1-2
So fis invertible & /~': B —» A defined as /" (x) = 1 a
-X
1-2x ]
= = 7 (since /' (x) =7)
-X
=1-2x = 7-Tx
=5x = 6
.= 8
YT 5

Let * be a binary operation on R — {-1}, defined bya*b=a+b + abforalla, b €
R — {-1}. Prove that * is commutative and associative on R — {—1}. Find the identity
element for * on R — {-1}. (2017)

Leta,b e R-{-1}
a*b = a+b+ab
bxa = b+a+ba
~a*b = b*aVabeR~{-1}
. * is commutative
Leta,b,c e R—{-1}
ax*(bxc) = ax(b+c+bc)

= at+b+c+bc+a(b+c+bc)
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a+b+c+bc+ab+ac+abc

(@a*xb)=*c (@a+b+ab)*xc

atb+ab+c+(a+b+ab)c

a+b+ab+c+ac+bc+abc
Soax(b*c)= (axb)*c

~.* is associative

For identity

Let e € R —{-1} be identity element

.ax*xe = a=e=x*a
a*e = a
.atet+tae = a
e(1+a) = 0

=e=0as1+a = 0

.. 0 is the identity element

42. LetA=R-{3},B=R-{1}. Letf: A— B be defined byﬂx)=%, VxeA
Show that f is bijective. Also, find
(i) x, if f'(x) =4
(i) £71(7) (2017)
Ans. Letx,x, e Aand flx,) = fx,)
X, -2 X, -2
= x: 3 xz -3
= (x, = 2)(x, = 3) = (x, = 3)(x,— 2)
=>xx,—3x,—2x,+6 = xx,—2x —3x,+6
=x, = X

2

Hence fis a one-one function

x-
Lety = x_sforyeR-{1}
_ Bv-2
=>x = y-1 Y #

~VyeR-{1}, x e R-{3}
i.e. Range of /= co-domain of .

Hence fis onto and so bijective.
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Ans.

44.

Ans.

Relations and Functions

3x-2

-1 -
Also, f(x) 1 x#1
(i) Now, f'(x) = 4
3x-2
= = 4
x-1
=>x = 2
. 19
(i) and /' (7) = 5
LetA=R x R and let * be a binary operation on A defined by (a, b) * (c, d) = (ad + bc,
bd) for all (a, b), (c,d) e RxR.
(i) Show that * is commutative on A.
(ii)) Show that * is associative on A.
(iii) Find the identity element of * in A. (2017)
(i (a,b)*(c,d) = (ad+ bc, bd)
Now, (c,d) = (a,b) = (cb+da, db)=(ad + bc, bd) =(a, b) * (c, d)
= * is commutative.
(i) [(@,b)*(c,d)]*(e,f) = (ad+bc, bd) * (e, f) = (adf + bcf + bde, bdf)
(a,b) *[(c,d)*(e,f)] = (a,b) = (cf+ de,df)=(adf + bcf + bde, bdf)
= * is associative.
Let (e,, e,) be the identity element of A.
= (a,b)*(e,e,) = (a b)=(e,e,)*(ab)
= (ae,+be,be,) = (a,b)=(eb+e,a,eb)
—ae,+be, = aandbe,=b=e,=0,e,=1
= (0, 1) is the identity on A.
Let /: N — N be a function defined as f{(x) = 4x?> + 12x + 15. Show that f/: N — S is
invertible (where S is range of /). Find the inverse of f'and hence find /' (31) and /-
(87). (2016, 2015)
Letx,x, e Nand flx,) = fx,)
4x2+12x,+15 = 4x2+12x,+15
=4x2-x2)+12x,-x,) = 0=(x, - x)4x +4x,+12)=0
=X, —x2=00rx1 =x2as4x1 +4x2+ 12;r&0,x1,x2 eN
. fisa 1 -1 function
f:N —> Sisontoasco-domain = range

Hence f is invertible. y 4x? +12x +15=(2x + 3)°+ 6
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\Vy-6-3
=X e
2
Vy-6 -3
A% yT yes
f_1(31) = 031 '26 '3 = 1
£187) = V87-6-3 _ 3
2 x-2
45. LetA=R-{3}and B =R - {1}. Consider the function /: A — B defined by f(x) = 3
Prove that f'is one - one and on to function. Hence find /7 (x). (2016)
Ans. Letx,, x, e R—{3} such that f(x,) = f{x,)
x,-2  x,-2
= x, -3 x,-3
3)c1x2-2x2+\6\-3x1 = x1x2-2x1+3x2+\&
— x1 = x2
- f:A— Bis one-one
Lety e R—{1} such that f{x) =y
x-2 B
x-3 R
2-3y
=x = eA x#3
1-y
Corresponding to every y € B, there exists __ Y € A, so that 1__ =x = fisonto
; 2-3x
S Nx) = 1
-X

46. LetA =R xR and * be the binary operation on A defined by (a, b) * (c,d)=(a+c, b
+d). Prove that * is commutative and associative. Find the identity element for * on A
and hence find the inverse of elements of A. (2016)

Ans. Commutativity: let (a, b), (c, d) € A, then
(a, b) * (c, d) (@a+c,b+d)and(c,d)*(a,b)=(c+a,d+Dh)

c+aandb+d=d+b

(c,d)*(a, b)

foralla,b,c,d e R,a+c

- (a,b) * (c, d)

. * is commutative on A
Associativity: For any (a, b), (c, d), (e, f) e A
{(a, b) * (c, d)} * (e, f) (@+c,b+d)=*(ef)

(@a+c+e,b+d+f)

Similarly (a, b) = {(c, d) * (e, f)} (@a+c+e b+d+f)
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* is associative on A

Let (x, y) be identity element in A, then (a, b) * (x, y) = (a, b)
or(@a+x,b+y) = (a,b)=x=9y=0€eR

. (0, 0) is the identity element in A

Let (/, m) be inverse of (a, b) in A= (a, b) * (I, m) = (0, 0)

(0,0)

=(a+l,b+m)

=1 —a, m = —m; which lies in R

.. inverse is (—a, —b)
Consider f: R, — [- 9, «] given by f(x) = 5x* + 6x — 9. Prove that f'is invertible with /-

V54 + 5y - 3
v =)

s (2015)

Ans. /1R, —>[-9, «];

48.

Ans.

flx)=5x2+6x—9;

V54 + 5y - 3
)=
V54 + 5y - 312 \B4 + 5y -3
fort o= e P o
V54 +5(5x2 + 6x—9) - 6 - 3

flof()= - =

‘ y . . . _ V54 + 5y = 3
Hence ‘ f is invertible with /-1 (y) = — 5

A binary operation * is defined on the setx =R —-{—1} by
x*xy=x+y+xy, VxyeX

Check whether * is commutative and associative. Find its identity element and also
find the inverse of each element of X. (2015)

(i) commutative : letx, y € R—{-1} then
x*xy=x+y+xy=y+x+yx=y=*x . xiscommutative

(i)  Associative : letx, y,z € R—{-1} then
xx(y*z)=xx(y+z+yz)=x+(y+z+yz)+x(y+z+yz)
=x+y+z+xy+yz+zx+xyz
(xxy)*z=(x+y+xy)*z=(x+y+xy)+tz+(x+y+txy).z

=x+y+z+xy+yz+zx+xyz
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xx(yxz)=(x*y)*z

.. ¥ is Associative

(iii) Identity Element:lete €e R—{-1}suchthata*xe=e*xa=aVvVaeR-{-1}
atet+tae=a=e=0

(iv) Inverse:leta*b=b*xa=e=0;a,beR-{-1}

=a+b+ab=0

. b _ -a 1= -a
b= 1+aora “T11a
49. If the function f: R — R be defined by f(x) =2x -3 and g : R - R by g(x) = x® + 5, then
find the value of (fog) ' (x). (2015)
Ans. Lety = (fog) (x) [say y = h (x)]
flg] = fx*+3)
= 2(x*+5)-3 =2°+7
xo= YT =h(y)
2
(fog)'1 = 3| X- 7
2
50. LetA=Q x Q, where Q is the set of all rational numbers, and * be a binary operation
defined on Aby (a, b) * (c, d) = (ac, b + ad), for all (a, b) (c, d) € A. (2015)

Find (i) the identity element in A. (ii) the invertible element of A.
Ans. Let (x, y) be the identity element in Q x Q, then
(a,b)*(x,y) = (a,b)=(x,y)*(a,b)V (a,b) e QxQ
= (ax,b+ay) = (a,b)
—a=axand b=b+ay
=>x=1and y=0
~.(1, 0) is the identity element in Q x Q
Let (a, b) be the invertible element in Q x Q, then
there exists (a, )e Q x Q such that
(a, b) * (o, B)
(aa, b + ap)

(a, B) * (@, b) = (1, 0)
(1,0)

1ok
—o= B

1 b
the invertible element in A is (? - T)
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51. Check whether the operation * defined on the setA=R x R as (2015)
(a,b)*(c,d)=(a+c,b+d)

is a binary operation or not, where R is the set of all real numbers. If it is a binary
operation, is it commutative and associative too ? Also find the identity element of *.

Ans. (a,b)*(c,d) = (@a+c,b+d)Va,b,c,de R
Sincea+ceRandb+deR=(a+c,b+d)e RxR
i.e. “*’is binary operation

For commutative

consider (c,d) * (a,b) = (c+a,d+Db)
= (a@a+c,b+d)
= (a, b) *(c, d)
= *’ is commutative
For Associative
Let(a,b), (c,d), (e,f) e RxR = A

[(@,b)*(c,d)] =(e,f) = (@a+c,b+d)=*(ef)

(@a+c+e,b+d+f) —(1)

again (a, b) * [(c, d)] * (e, f)]

(a,b)*(c+e,d+f)

(@a+c+e,b+d+f) —(2)
(1) & (2) = ‘#’ is associative
For identity element
Let (e,, e,) € Rx R be the identity element (if exists)
then (a, b) * (e,, e,) = (a,b)=(e,, e,) * (a, b)
(e,,e,)=(0,0) e RxR
52. LetA={-1,0,1,2},B={-4, - 2,10, 2} and f, g : A — B be functions defined by

fx) =x*—x,x e Aand g(x) =2 | x — > | - 1, x € A. Find gof (x) and hence show that

f=g = gof. (2015)
Ans. fx) = x¥*-x;xe{-1,0,1,2}
f=1)=2,/0)=0,/(1)=0,/(2) =2
f = {(_1!2)’ (Os 0)! (170)’ (2! 2)}

g@x) = 2|x-i‘-1vxe{-1,o, 1,2}

2
9(=1=29(0)=0,9(1)=0,9(2)=2
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g = {(_1!2)’ (0! 0)’ (170)’ (2’ 2)}
(gof) (x) = g(f(=1).9((0),g(F(1),9((2) VxeA
= 2002
gof = {(-1,2),(0,0),(1,0), (2, 2)}
Hencef = g=gof

ENTRANCE CORNER

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

(@) 211 (b) 256 (c) 220 (d) 219 (2013)

1

The domain of the function f(x) = N is

(@) (-, 0) (b) (-0, ) - {0} (€) (o0, ) (d) (0, ) (2011)

Let S = {1,2,3 ,4 }.The total number of unorderd pairs of disjoint subsets of S is equal
to

(a) 25 (b) 34 (c) 42 (d) 40 (2010)

LetA={x,y,z}. B={a,b,c,d } Which one of the following is not a relation from Ato B

(@) { (x,a), (x.c) } (b) { (v, c), (v.d) }
() {(za),(zd)} (d){(z,b), (y,b) (a,d) }
(e) {(x,c)} (2010)

IfA={1,2,3},B={1,4,6,9}and R is a relation from A to B defined by 'x' is greater
thany' .The ange of R is

@){1,46,9} (b){46,9) () {1} (d) None of these  (2009)

LetA={p, q,r }.Which of the following is an equivalence relation on A

(@) R,={(p.a), (a.r) .(p.r) (pP.P)} (b) R,={(r.9), (rp), (rr).(a,9) }

(€) R;={(p.p), (a,3,).(r.r) ,(P,q) } (d) None of these (2009)

If A ={x: xis amultiple of 4 } and B = { x : x is a multiple of 6 } , then A " B consists
of all multiples of

(a) 16 (b) 12 (c) 8 (d)4 (2005)
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