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1. Determine whether each of the following relations are reflexive, symmetric and
transitive:

(i) Relation Rinthe setA={1, 2, 3, ..., 13, 14} defined as R = {(x, y) : 3x -y = 0}

(ii) Relation R in the set N of natural numbers definedas R={(x,y):y=x+5and x <
4}

(iii) Relation R in the setA={1, 2, 3, 4, 5, 6} as R = {(x, y) : y is divisible by x}

(iv) Relation R in the set Z of all integers defined as R = {(x, y) : x —y is an integer}

(v) Relation R in the set A of human beings in a town at a particular time given by
(@) R={(x, y) : xand y work at the same place}

(b) R={(x, y) : xand y live in the same locality}

(c) R={(x,y): xis exactly 7 cm taller than y}

(d) R={(x, y) : x is wife of y}

(e) R={(x, y) : x is father of y}

Answer

()A={123,....,13,14}

R={xy):3x-y#={x,y):y=3x3={(1,3), (2, 6), (3,9), (4, 12)}

(a) Ris not reflexive as (x, x) § R ["." 3x—x # 0]

(b) R is not symmetric as (x,y) € R does not imply (y, x) € R
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[.. (1, 3) € Rdoes notimply (3. 1) € R]

(c) Ris not transitive as (1.3) € R, (3,9) € Rbut (1.9) ¢ R
(ii) Relation R in the set N is given by
R={(x,y):y=x+5andx <4}

S R={(1,6), (2, 7). (3, 8)}

(a) R is not reflexive as (x, x) € R

(b) Ris not symmetricas (x,y) € R» (v, x) € R

(c) Ris not transitive as (x,y) € R, (y,z) €E R#» (x,z) €R
(i) A={1,2,3,4,5, 6}

R ={(x, y) : y is divisible by x}

(@) Risreflexive as (x,x) E RV x € A [.". xdividesx V x € A]
(b) R is not symmetric as (1, 6) € R but (6, 1) ¢ R.

(c) Let(x,y) (v, 2) €A

". yis divisible by x and z is divisible by y

". z is divisible by x

“(ry)€ER((,z)ER=(x,2) €R

. R is transitive
(iv) Relation R is in the set Z given by R = {(x,y) : x — y is an integer}
(a) Ris reflexive as ( x, x) € R[.". x—x =0 is an integer]
(b) Ris symmetric as (x,y) € R= (y,x) €A

[." x—yis aninteger = y — x is an integer]
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[."ifx—y, y—zare integers, then (x —y) + (y — z) = x — z is also in integer]
(v) Alis the set of human beings in a town at a particular time R is relation in A.
(@) R={(x, y) : xand y work at the same time}
R is reflexive as (x, x) € R
Ris symmetricas (x,y) E R € (y,x) € R
[." x and y work at the same time = y and x work at the same time]
R is transitive as (x,y), (y,z) € R= (x,z) € R
[.". ifxand y, y and z work at the same time, then x and z also work at the same time]
(b) R={(x,y) : x and y live in the same locality}
R is reflexive as (x, x) € R
Ris symmetricas (x,y) €E R=(y,x) € R
[.". xand y live in the same locality = y and x live in the same locality]
Ris transitive as (X, y),(y,z) E R=(x,z) €R
[."ifxand y, y and z live in the same locality. then x and z also live in the same locality]
(c) R={(x,y) : x is exactly 7 cm taller than y}
Since (x, x) € R as x cannot be 7 cm taller than x.
. Ris not reflexive.
(x, y) € R= (y.x) € Ras if x is taller than y, then y cannot be taller than x.
.". R is not symmetric.
Again, (x,y), (y,z) € R# (x,z) € R

["." if x is taller than y by 7 cm and y is taller than z by 7 cm, then x is taller than z by 14
cm]
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.. Ris not transitive.

(d) R={(x,y) : x is wife of y}

R is not reflexive as (x,y) ¢ R [.". x cannot be wife of x]
Also, (x,y) € R# (y,x) € R

["." if x is wife of y, then y cannot be wife of x]

.. Ris not symmetric.

Also, this does not imply that x is the wife of z.
Jo(x,2)€R

.. Ris not transitive.

(e) R={(x,y) : x is father of y}

R is not reflexive as (x, x) ¢ R [ "." x cannot be father of x]
Also, (x,y) € R < (y, x) € R [ "." if x is father of y. then y cannot be father of x]
" R is not symmetric.

Let (x,y) € Rand (y, z) € R.

= X is the father of y and y is the father of z.

= x is not the father of z.

.. x is the grandfather of z.

S (x,2)€R

.".R is not transitive.

2. Show that the relation R in the set R of real numbers, defined as R={(a, b):a <
b?} is neither reflexive nor symmetric nor transitive.

Answer
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R={(a,b):a< b?%}
(i) Since (a, a) ¢ R
[Take a = 1/3 then 1/3 > (1/3)?]
. Ris not reflexive.
(ii)) Also, (a,b) € R#» (b,a) € R
[Take a =2 ,b =6, then 2 <62 but (6)2 < 2 is not true]
.. Ris not symmetric.
(iii) Now (a, b), (b,c) € R4 (a,c) €R
[Takea=1,b=-2,c=-3..a< b% b<c?butas<c?is not true]
.. Ris not transitive.

3. Check whether the relation R defined in the set {1,2, 3,4,5,6}as R={(a,b): b
= a + 1} is reflexive, symmetric or transitive.

Answer
Let,

A={1,2, 3,4,5,6}

R={@a b):b=a+1}={@a a+ 1)}
={(1,2), (2, 3), (3, 4), (4,5), (5,6)}

(i) Ris not reflexive as (a,a) ¢ R V a € A
(i) (a,b) € R# (b,a) € R
["(a,b)ER=>b=a+1=>a=b-1]
. Ris not symmetric.

(iii) (a, b) € R, (b,c) € R» (a,c) € R

@‘II IV dl GG
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[ (a,b),(b,c) e R=b=a+1,c=b+1=>c=a+2]
.". Ris not transitive.

4. Show that the relation R in R defined as R = {(a, b) : a < b}, is reflexive and
transitive but not symmetric.

Answer

R={(a,b):a<b}

(i) Since (a,a) e RVa€&EeR
["asaVa€EeR]

. Ris reflexive.

(i) (a,b) e R» (b,a) R
[."ifa<b.then b <ais not true]
.. R is not symmetric.

(iii) Let (a, b), (b, c) € R
~“asb,bsc

“asc=(a,c) ER
J.(a,b),(b.c)eR=(a,c) ER
.. Ris transitive.

5. Check whether the relation R in R defined by R = {(a, b) : a < b®} is reflexive,
symmetric or transitive.

Answer
R={(a, b):a<b’

(i) Since (a, a) € R as a < a® is not always true.
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[Take a = 1/3. then a < a® is not true]

.. Ris not reflexive.

(ii)Also (a, b) € R#» (b,a) € R

[Takea=1,b=4,..1<43but4 < (1)}

.. Ris not symmetric.

(i) Now (a,b) € R, (b,c) E R#»(a,c) € R

[Take a=100,b=5,¢c=3,.. 100 < 5% 5 < 3% but 100 2 3% R is not symmetric.
Page No: 6

6. Show that the relation R in the set{1, 2, 3} given by R={(1, 2), (2, 1)}is symmetric
but neither reflexive nor transitive.

Answer

A={1,2, 3}

R={(1.2), (2, 1)}

Since, (a, a) € R V a € AR is not reflexive.

Now (1,2) e R=(2,1) € Rand(2,1) €ER=>(1,2) €R
S.(a,b)eR=(b,a)ER V (a,b) ER

.. Ris symmetric

Again, (1,2) € Rand (2,1) € Rbut(1,1)¢R

.. Ris not transitive.

7. Show that the relation R in the set A of all the books in a library of a college,
given by R = {(x, y) : x and y have same number of pages} is an equivalence
relation.

Answer
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Ais the set of all books in a library of a college.

R ={(x,y) : x and y have same number of pages}

Since, (x, X) € R as x and x have the same number of pages V x € A.
. Ris reflexive.

Also (x,y) € R

= x and y have the same number of pages

= y and x have the same number of pages

= (¥, x) €R

.. R is symmetric.

Now, (x,y) € Rand (y, z) € R.

= x and y have the same number of pages and y and z have the same number of
pages

= x and z have he same number of pages

= (x,z) €ER

.. Ris transitive.

8. Show that the relation R in the set A= {1, 2, 3, 4, 5} given by

R ={(a, b) : |]a— b| is even}, is an equivalence relation. Show that all the elements
of {1, 3, 5} are related to each other and all the elements of {2, 4} are related to
each other. But no element of {1, 3, 5} is related to any element of {2, 4}.

Answer
A={1,2,3, 4,5}
R={(a,b):|a—-b]|is even}

Now | a—a | =0 is an even number,
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S.(a,a)eRVaeA
= R is reflexive.
Again (a,b) €R
= |a—-Db]|iseven
= |-(b—a)]is even
= |b—-a|iseven
= (b,a) € R
.. Ris symmetric.
Let(a,b) € Rand (b,c) € R
= |a—-b|isevenand|b—-c|iseven
= a—bisevenand b —cis even
= (a—Db)+(b—c)iseven
= a-—-ciseven=|a-c|iseven
=(a,c) ER
.. Ris transitive.
.. Ris an equivalence relation.
U 11-3]1=2,13-5|=2and|1-5]|=4are even,
All the elements of {1, 3, 5} are related to each other.
U |2-4|=2iseven,
All the elements of {2, 4} are related to each other.

Now|1-2|=1,]1-4|=3,]3-2|=1,|3-4|=1,|5-2|=3and|5-4]|=1are
all odd
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No element of the set {1, 3, 5} is related to any element of (2, 4}.
9. Show that each of the relation Rin the setA={x € Z: 0 < x <12}, given by
(i) R={(a, b) : |a— b| is a multiple of 4}

(i) R = {(a, b) : a = b} is an equivalence relation.

Find the set of all elements related to 1 in each case.
Answer

A={x e Z:0=sx<12}

={0,1,2,3,4,5,6,7,8,9,10,11,12}

() R={(a, b):|a—Db|is amultiple of 4|

As |a—a| =0is divisible by 4

. (a,a) e RVa€eA.

. Ris reflexive.

Next, let (a, b) € R

= | a—b | is divisible by 4

= | — (b —a) | is divisible by 4

= |b—a|is divisible by 4 = (b, a) € R

.. Ris symmetric.

Again. (a,b) € Rand (b,c) € R

= |a —A| is a multiple of 4 and |b — c| is a multiple of 4

= a — b is a multiple of 4 and b — c is a multiple of 4

= (a—b) + (b—c)is a multiple of 4
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= |a — c| is a multiple of 4
= (a,c) ER
.. Ris transitive.
.. Ris an equivalence relation.
Set of elements which are related to |={a € A: (a, 1) € R}
={a € A:|a—1]|is a multiple of 4]
={1,5, 9}

[*°]1=1]=0,|5-1|=4and 19-1| =28 are multiples of 4] (i) R={(a, b) :a= b} .".
a=aVva€eEeaA,

.. Ris reflexive.

Again, (a,b) E R=a=b=b=a= (b,a) € R.". Ris symmetric.
Next. (a,b) € Rand (b,c) € R

= a=bandb=c

= a=c=(a,c)ER

.. Ris transitive.

.. Ris an equivalence relation.

Set of elements of Awhich are relatedto | ={a € A: (a,1) € R}
={a€eA:a=1}={1}

10. Give an example of a relation. Which is

(i) Symmetric but neither reflexive nor transitive.

(ii) Transitive but neither reflexive nor symmetric.

(iii) Reflexive and symmetric but not transitive.
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(iv) Reflexive and transitive but not symmetric.

(v) Symmetric and transitive but not reflexive.

Answer

(i) LetA={1, 2}.

Then AxA={(1,1), (1,2), (2,1), (2,2) }.

Let R={(1,2), (2,1 )}.

Then R € Ax A and hence R is a relation on the set A.

R is symmetric since (a, b) € R = (b. a) € R.

R is not reflexive since | € Abut (1,1) € R.

R is not transitive since (1, 2) € R, (2,1) € Rbut (1,1) ¢ R.

(i) LetA={1,2,3}

Then AxA={(1,1), (1,2), (1,3), (2,1), (2,2), (2,3), (3,1), (3,2), (3,3)}.
Let R = {(1,1), (2,2), (1,2), (2,1), (1,3), (2,3)}.

Then R is transitive since (a, b) € R, (b,c) € R= (a,c) € R.

R is not reflexive since 3 G Abut (3.3) ¢ R.

R is not symmetric since (1,3) €R but (3,1) ¢ R.

(iii) Let A= {1,2 3}

Then AxA={(1,1), (1,2), (1,3), (2,1), (2,2), (2,3), (3,1), (3,2), (3,3) }.
Let R = {(1,1), (2,2), (3,3), (1,2), (2,1), (2,3), (3,2)}.

Ris arelationonAas R & AxA.

Risreflexive as (a,a) € RV a € A
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But R is not transitive since (1,2) €R arid (2,3) €R but (1,3) <R.
(iv) LetA={1,2,3}.
Then AxA={(1,1), (1,2), (1,3), (2,1), (2,2), (2,3), (3,1), (3,2), (3,3)}.
Let R ={(1,1), (2,2), (3,3), (1,3)}.
Then Ris arelatonon Aas R € AxA.
R is reflexive since (a, a) ER V a € A.

R is not symmetric as (1,3) €R and (3,1) ¢ R. R is transitive since (a, b) €R and (b, c)
€R implies that (a, c) €R.

(v) LetA={1,2,3}

Then AxA={(1,1), (1,2), (1, 3), (2,1), (2,2), (2.3), (3,1), (3.2), (3.3)}
Let R ={(1,1), (1,2), (2,1), (2.2)}.

R is not reflexive as 3€ Aand (3,3) € R.

R is symmetric as (a, b) € R = (b, a) €R.

R is transitive since (a, b) € R and (b, ¢) €R implies that (a, ¢) € R.

11. Show that the relation R in the set A of points in a plane given by R = {(P, Q) :
distance of the point P from the origin is same as the distance of the point Q from
the origin}, is an equivalence relation. Further, show that the set of all points
related to a point P # (0, 0) is the circle passing through P with origin as centre.

Answer
Ais the set of points in a plane.

R ={(P. Q) : distance of the point P from the origin is same as the distance of the point
Q from the origin}

={(P, Q) :| OP|=]0Q | where O is origin}

Since, |OP | =|OP |, (P, P

)
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. Ris reflexive.

Also (P.Q) € R

=|OP|=]|0Q|

=10Q|=|OP|

= (Q.P) € R = R is symmetric.

Nextlet (P, Q) € Rand (Q, T) € R= |OP|=]0Q|and|0Q|=|0OT|
=|OP|=|0T|

= (PT)ER

.. Ris transitive

.. Ris an equivalence relation

Set of points related to P # O
={QeA:(QP)eR}={QeA:|0Q|=|0P |}
={Q € A:Q lies on a circle through P with centre O}

12. Show that the relation R defined in the set A of all trianglesas R={(T,, T,): T,
is similar to T,}, is equivalence relation. Consider three right angle triangles T,
with sides 3, 4, 5, T, with sides 5, 12, 13 and T, with sides 6, 8, 10. Which triangles
among T,, T, and T; are related?

Answer

R={(T4, Ty) : T, is similar to T,}
Since every triangle is similar to itself
. Ris reflexive.

Also (T4 T,) € R= T, is similarto T, = T, is similar to T,
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S (T4, T,) € R= (T, T;) € R= Ris symmetric.
Again (T,, T,), (T, T3) ER
= T, is similar to T, and T, is similar to T5.". T, is similarto T; = (T,,T;) € R
So(T, To), (Ty,Ts) ER= (T, T3) ER
.. R is transitive.
.. R is reflexive, symmetric and transitive
.. Ris an equivalence relation.
Now T4, T,, T; are triangles with sides 3, 4,5 ; 5, 12, 13 and 6, 8, 10.
Since, 3/6 = 4/8 = 5/10
.. T,is similarto T;i.e. T; is related to T,.

13. Show that the relation R defined in the set A of all polygons as R ={(P,, P,) : P,
and P, have same number of sides}, is an equivalence relation. What is the set of
all elements in A related to the right angle triangle T with sides 3, 4 and 5?

Answer

Ais the set of all polygons

R ={(P,, P,) : P, and P, have same number of sides }
Since P,and P, have the same number of sides

S (PL,P)ERVPEA

.. Ris reflexive.

Let (P4, Py) €R

= P, and P, have the same number of sides = P, and P, have the same number of
sides= (P,, P;) €R

o (P1, Py) € R= (P, Py) ER
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.. Ris symmetric.
Let (P, P,) € Rand (P,, P;) € R.
= P, and P, have the same number of sides and P, and P; have same number of sides
= P, and P; have the same number of sides
= (P,,P3;) €R
S (Py, Py), (P, P3) ER € (Py,P3) €ER
.. Ris transitive.
.. Ris an equivalence relation.
Now T is a triangle.
Let P be any element of A.

Now P € Ais related to T iff P and T have the same number of sides P is a triangle
required set is the set of all triangles in A.

14. Let L be the set of all lines in XY plane and R be the relation in L defined as R
={(L,, L) : L, is parallel to L,}. Show that R is an equivalence relation. Find the set
of all lines related to the line y = 2x + 4.

Answer
R is reflexive because, in (L4, L), L, and L, are parallel.
R is symmetric because, if L, and L, are parallel, then L, and L, are also parallel.

R is transitive because, if L; and L, are parallel; L, and L; are parallel, then L; and L;are
also parallel.

Set of all lines parallel to y = 2x + 4 are all lines of the equation y = 2x + k , where k is
any constant . (Two parallel lines will have the ratio of their x coefficients equal to that of
y coefficients.).

Page No. 7
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15. Let R be the relation in the set {1, 2, 3, 4} given by R ={(1, 2), (2, 2), (1, 1), (4,4),
(1, 3), (3, 3), (3, 2)}. Choose the correct answer.

(A) R is reflexive and symmetric but not transitive.

(B) R is reflexive and transitive but not symmetric.

(C) R is symmetric and transitive but not reflexive.

(D) R is an equivalence relation.

Answer

(A) R is reflexive and symmetric but not transitive

(B) R is reflexive and transitive but not symmetric

(C) R is symmetric and transitive but not reflexive.

(D) R is an equivalence relation.

R is reflexive because we have (1,1) (2,2) (3,3) and (4,4) in R.
R is not symmetric because (2,1), (3,1) doesn'’t lie in R.

R is transitive because (1,3) (3,2) (1,2) lie in R.

Thus option B is the correct answer

16. Let R be the relation in the set N givenby R={(a,b):a=b -2, b > 6}.
Choose the correct answer.

(A)(2,4) €R

(B)(3,8) €R

(C)(6,8) €R

(D)(8,7) €R

Answer
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The correct option will C.

Option A is not possible, since b should be greater than 6.
Option B is not possible, since 3 = 8 - 2 is not possible.
Option C is possible , since 6 =8 -2

Option D is not possible, since 8 =7 — 2 is not possible.

Page No: 10

Exercise 1.2 (NCERT 12th Class Maths Chapter 1)

1. Show that the function f: R* — R* defined by f(x) = 1/x is one-one and onto,
where R* is the set of all non-zero real numbers. Is the result true, if the domain
Rx is replaced by N with co-domain being same as Rx?

Answer

@II 1 Wwdlil GG1h


https://www.indcareer.com/schools/ncert-solutions-for-12th-class-maths-chapter-1-relations-and-functions/
https://www.indcareer.com/schools/ncert-solutions-for-12th-class-maths-chapter-1-relations-and-functions/

€IndCareer

It is given that /2 R« — R. is defined by f(x) = E

X

For one — one:

Let x, y € R« such that f(x) = f(y)

1 1
=H-==-
E ¥
DX =Y
~ [ 1s one — one.
For onto:

[t is clear that for y € R+, there exists x = i € R+ [as y # 0] such that

(5)

Thus, the given function f'is one — one and onto.

I rdl

() ===y

o

o f 1s onto.

Now, consider function g: N — R. defined by g(x) = i

We have,

g(x1) = g(xz) = Lrdanoy DX = Xy

S 218 One — one.

Further, it is clear that g is not onto as for 1.2 € R+ there does not exit any x in N

1

such that g(x) = T

Hence, function g is one-one but not onto.
NCERT Solutions for 12th Class Maths: Chapter 1-Relations and Functions
2. Check the injectivity and surjectivity of the following functions:
(i) f: N — N given by f(x) = x?

(i) f: Z — Z given by f(x) = x2

€IndCareer


https://www.indcareer.com/schools/ncert-solutions-for-12th-class-maths-chapter-1-relations-and-functions/
https://www.indcareer.com/schools/ncert-solutions-for-12th-class-maths-chapter-1-relations-and-functions/

@€IndCareer
(iii) f: R — R given by f(x) = x?
(iv) f: N — N given by f(x) = x°
(v) f: Z — Z given by f(x) = x°

Answer
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(i) f: N — N is given by flx) =x°

It is seen that forx, yEN, Ax)=f(y) =2 =y =2x=y.

= f is injective.

Now, 2 € N. But, there does not exist any x in N such that fix) =x> = 2.
« f 15 not surjective.

Hence, function f'is injective but not surjective.

(ii) f: Z — Zis given by flx) =x"

Itis seen that {—1)=f(1)=1,but =1 # 1.

% f is not injective,

Now, -2 € Z. But, there does not exist any element x € Z such that
flx)==2  or x¥=-2
& 18 not surjective.

Hence, function fis neither injective nor surjective.

(iii) £ R — R is given by flx) =x°

Itis seen that {—1)=fA1)=1,but -1 # 1.

~ [ is not injective.

Now, =2 € R. But, there does not exist any element x € R such that
fixy=-2 or x*=-2

~ |18 not surjective.

Hence, function fis neither injective nor surjective.

(iv) f N — N given by flx) = x*
Itis seenthat forx, yEN, flx)=fy) =2 x' =)y =2x=y.
~ f 1s injective.
Now, 2 € N. But, there does not exist any element x € N such that
fix)=2 or x'=2
~ f 18 not surjective
I Hence, function fis injective but not surjective.
! (v) fZ— Zis given by flx) =x’

is .njmﬂd@are e r =J.

Now, 2 € Z. But, there does not exist any element x € Z such that

Tvi="T 0Or ¥ =3
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for 12th Class Maths: Chapter 1-Relations and Functions

3. Prove that the Greatest Integer Function f: R — R, given by f(x) = [x], is neither
one-one nor onto, where [x] denotes the greatest integer less than or equal to x.

Answer

f: R — Ris given by, f(x) = [X]

It is seen that (1.2) = [1.2] =1

f(1.9)=[1.9] =1

S f(1.2)=f(1.9),but 1.2#1.9

.". fis not one-one.

Now, consider 0.7 € R.

It is known that f(x) = [x] is always an integer.

Thus, there does not exist any element x € R such that f(x) = 0.7.
.". fis not onto.

Hence, the greatest integer function is neither one-one nor onto.
Page No. 11

4. Show that the Modulus Function f: R — R, given by f(x) = |x|, is neither one-ne
nor onto, where |x| is X, if x is positive or 0 and |x| is — x, if x is negative.

Answer

. e 5 iEx =0
fiR— Risgiven by f(x) = |x| = [—x, i)

It is clear that f(-1) = I-1| = 1
and f(1) =111 =1

. f(-1) = f1), but -1 # 1

@II 1A Wwil Wl
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Now, consider -1 € R.

.". fis not one-one.

It is known that f(x) = Ix| is always non-negative.

Thus, there does not exist any element x in domain R such that f(x) = Ix| = -1.
.". fis not onto.

Hence, the modulus function is neither one-one nor onto.

5. Show that the Signum Function f: R — R, given by

[Lif.r:v{]
f(x)=10,1f x=0
l—l,ifxﬂ:[]

1-Relations and Functions

NCERT Solutions for 12th Class Maths: Chapter

Answer

1, ifx>0
iR — Ris given by f(x) = [ 0, ifx=20

-1, ifx < 0 NCERT Solutions for 12th Class Maths:
Chapter 1-Relations and Functions

Itis seen that (1) = (2) =1, but 1 # 2.
.". fis not one-one.

Now, as f(x) takes only 3 values (1, 0, or -1) for the element -2 in co-domain R, there
does not exist any x in domain R such that f(x) = -2.

.". fis not onto.

Hence, the Signum function is neither one-one nor onto.
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6.LetA={1,2,3},B={4,5,6,7}and let f={(1, 4), (2, 5), (3, 6)} be a function from
A to B. Show that f is one-one.

Answer
It is given that A= (1, 2, 3), B= (4, 5, 6, 7).
A — Bis defined as f={(1, 4), (2, 5), (3, 6)}

f(1)= 4,

It is seen that the images of distinct elements of A under f are distinct. Hence, function f
is one-one.

7. In each of the following cases, state whether the function is one-one, onto or
bijective. Justify your answer.

(i) f: R > R defined by f(x) = 3 - 4x

(i) f: R — R defined by f(x) = 1+x2
Answer

(i) f: R —> 12 is defined as f(x) = 3 - 4x.
Let x4, X, € R such that f(x,) = f(x,)

= 3-4x, = 3-4x,

= -4x, = -4X,

= Xq = Xy

.". fis one-one.

@II 1 Wwdlil GG1h
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For any real number (y) in R, there exists 3% in R such that

(€)-24() - .
NCERT Solutions for 12th

Class Maths: Chapter 1-Relations and Functions

.. fis onto.

Hence, f is bijective.

(i) f: R —> Ris defined as f(x) = 1 + x2

Let x4, X, € R such that f(x;) = f(x,)

= 1+ x2=1+x,°

= X2 = X,2

=X =1X%,

.. f(x4) = f(x,) does not imply that x; = x;

8. Let A and B be sets. Show that f : AxB — BxA such that f(a, b) = (b, a) is
bijective function.

Answer

f: Ax B — B x Ais defined as f(a, b) = (b, a).

Let (a;, by), (a,, b,) € A x B such that f(a,, by) = f(a,, b,)
= (b4, a4) = (b, a,)

=b,=b,anda; =a,

= (a4, by) = (az, by)

.". fis one —one.

Now, let (b, a) € B x A be any element.

e*ll IV\adl ©CI


https://www.indcareer.com/schools/ncert-solutions-for-12th-class-maths-chapter-1-relations-and-functions/
https://www.indcareer.com/schools/ncert-solutions-for-12th-class-maths-chapter-1-relations-and-functions/

€IndCareer
.. fis onto.

Hence, f is bijective.

9.
"T”,jf nis odd
Let/:N— Nbedefinedbyfin)=1 ~ forallme N
% It nis even

NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions

State whether the function f is bijective. Justify your answer.

Answer

n+l .
: : —,ifnisodd _

f N — N is defined as f(n) = { ° forallneN
= ifniseven

It can be observed that:

f(1)====1and f2) ==1  [By definition of f(n)]

f(1) = f(2), where | £2

~ f 15 not one-one,

Consider a natural number (1) in co-domain N,

Case I: » 15 odd

~n=2r+ 1 for some r € N. Then, there exists 4r + 1€ N such that

r+1+1
fr+1)=—5—=2r+1

Case II: n is even

~on=2r for some r € N. Then, there exists 4r € N such that

f(4r) = *‘2—’ =2r.

~ f 15 onto.

Hence, f is not a bijective function NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions

10. Let A= R - {3} and B = R — {1}. Consider the function f : A — B defined by f(x)
= (x-2)/(x-3). Is f one-one and onto? Justify your answer.
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Answer
A=R- {3}, B=R—{]]ande—rBdeﬁnedbyf(x)=(:—:§-)
Let x, y € A such that f(x) = f(y)
_y2
x3 }r3

=2(x-2)y-3)= (y—2)x-13)
=2xy-3x-2y+6=xy-2x-3y+6
2-3x-2y=-2x-3y =x=y
“ f 1s one-one.
LetyeB=R-{1}. Then, y # 1.
The function f 1s onto 1f there exists x € A such that fix) = y.

Now, fix)=y
=X2 =
X-3 y

=x-2=xy-3y =2x(1-y)=-3y+2
=x= ”YEA [y #1]

Thus, for any y € B, there exnsts == € A such that

r?.-?»3,! (W)z 2-3y-2+2y -y _
(l-y) (23:;)3 2-3y-3+3y -1

~ [ is onto.
Hence, function f1s one — one and onto.
NCERT
Solutions for 12th Class Maths: Chapter 1-Relations and Functions

11. Let f : R — R be defined as f(x) = x*. Choose the correct answer.

(A) fis one-one onto

functlons/
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(B) f is many-one onto

(C) fis one-one but not onto

(D) f is neither one-one nor onto.
Answer
f: R — R is defined as f(x) = x*
Let X, y € R such that f(x) = f(y).
=>xt=y!

=>x=ty

". f(x) = f(y) does not imply that x = y.
For example f(1) = f(-1) = 1

.". fis not one-one.

Consider an element 2 in co-domain R. It is clear that there does not exist any x in
domain R such that f(x) = 2.

.. fis not onto.

Hence, function f is neither one — one nor onto.

The correct answer is D.

12. Let f : R — R be defined as f(x) = 3x. Choose the correct answer.
(A) fis one-one onto

(B) f is many-one onto

(C) fis one-one but not onto

(D) f is neither one-one nor onto.

Answer
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f: R — R is defined as f(x) = 3x.
Let x, y € R such that f(x) = f(y).
= 3x = 3y
S x=y
.".fis one-one.

Also, for any real number (y) in co-domain R, there exists y/3 in R such that f(y/3) =
3(y/3) =y

.. fis onto.
Hence, function f is one — one and onto.
The correct answer is A.

Page No: 18

Exercise 1.3 (NCERT 12th Class Maths Chapter 1)

1. Letf:{1,3,4} > {1,2,5}and g : {1, 2, 5} — {1, 3} be given by f = {(1, 2), (3, 5),
(4, 1)} and g = {(1, 3), (2, 3), (5, 1)}. Write down gof

Answer

The functions f: {1, 3, 4} —» {1, 2, 5} and g: {1, 2, 5} — {1, 3} are defined as f = {(1, 2), (3,
5), (4, 1)} and g ={(1, 3), (2, 3), (5, 1)}.

gof(1) = glf(1)] =g(2) =3 [as f(1) =2 and g(2) = 3]
gof(3) = glf(3)1 = g(5) =1 [as f(3) = 5 and g(5) = 1]
gof(4) = glf(4)]1 = g(1) =3 [as f(4) =1 and g(1) = 3]
" gof ={(1, 3), (3, 1), (4, 3)}

2. Letf, g and h be functions from R to R. Show that

g ‘11 1 il i
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(f + g) oh = foh + goh
(f. g) oh = (foh) . (goh)
Answer
To prove: (f + g)oh = foh + goh
LHS = [(f + g)oh](x)
= (f + g)[h(x)]
= f [h(x)] + g[h(x)]
= (foh)(x) + (goh)(x)
= {(foh)(x) + (goh)}(x) = RHS
. {(f + g)oh}(x) = {(foh)(x) + (goh)}(x) for all x ER
Hence, (f + g)oh = foh + goh
To Prove: (f.g)oh = (foh).(goh)
LHS = [(f.g)oh](x)
= (f.9)[h(x)]
= flh(x)] . glh(x)]
= (foh)(x) . (goh)(x)
= {(foh).(goh)}(x) = RHS
. [(f.g)oh](x) = {(foh).(goh)}(x) for all x €R
Hence, (f.g)oh = (foh).(goh)
3. Find gof and fog, if
(i) f(x) =[x and g(x) = | 5x — 2|

(ii) f(x)

= 8x*® and g(x) = x'.

functions/
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Answer

(i). f(x) = |x| and g(x) = |5x-2|

.gof(x) = g(f(x)) = g(Ix|) = 15/x|-2]

fog(x) = f(g(x)) = f(|5x-2]) = [|5x-2|| = [5x-2|
(ii). f(x) = 8x® and g(x) = x°

-.gof(x) = g(f(x)) = g(8x°) = (8x°)"" = 2x
fog(x) = f(g(x)) = f(x"?) = 8(x"®)* = 8x

4. If f(x) = (4x+3)/(6x-4), x # 2/3, show that fof(x) = x, for all x # 2/3. What is the
inverse of f ?

Answer

(4x+3) z

It is given that f(x) = —mA T
4x + 3
ax+3 g7 ) +3
o0t = () =r(52) = L)
6(oxa )

_16x+12+18x-12 _ 34x
T 24x + 18-24x+ 16 34

=X

“foflx) =x, forall x # 2.

==l NCERT Solutions for 12th Class Maths:
Chapter 1-Relations and Functions

Hence, the given function f is invertible and the inverse of f is f itself.
5. State with reason whether following functions have inverse
(i f:{1,2, 3,4} — {10} with

f={(1,10), (2, 10), (3, 10), (4, 10)}

(i)g: {5, 6,7, 8} — {1, 2, 3, 4} with
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g={(5,4),(6,3).(7,4), (8 2)}
(iiy h : {2, 3, 4, 5} — {7, 9, 11, 13} with
h={2,7),(3,9), (4 11), (5, 13)}
Answer
(i) f: {1, 2, 3, 4} — {10} defined as f = {(1, 10), (2, 10), (3, 10), (4, 10)}

From the given definition of f, we can see that f is a many one function as f(1) = f(2) =
f(3) =f(4)=10

.".fis not one — one.

Hence, function f does not have an inverse.

(i) g: {5, 6,7, 8 — {1, 2, 3, 4} defined as g = {(5, 4), (6, 3), (7, 4), (8, 2)}

From the given definition of g, it is seen that g is a many one function as g(5) = g(7) = 4.
.". g is not one — one.

Hence, function g does not have an inverse.

(iii) h: {2, 3, 4, 5} - {7, 9, 11, 13} defined as h = {(2, 7), (3, 9), (4, 11), (5, 13)}

It is seen that all distinct elements of the set {2, 3, 4, 5} have distinct images under h.

.". Function h is one — one.

Also, h is onto since for every element y of the set {7, 9, 11, 13}, there exists an element
x in the set {2, 3, 4, 5}, such that h(x) =Y.

Thus, h is a one — one and onto function.
Hence, h has an inverse.

6. Show that f : [-1, 1] — R, given by f (x) = x/(x+2) is one-one. Find the inverse of
the function f : [-1, 1] —» Range f.

[Hint: Fory € Range f, y = f(x) = x/(x+2), for some x in [-1, 1], i.e., x = 2y/(2y-1)]
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Answer
f:[-1,1] = R, given by f (x) = x/(x+2)
For one-one,

Let fix)=fv)

TR

x+2 ya2
=axy +2x = xy +2y
=2y =2y
=x=y
& f15 a one — one function
It 1s clear that £ [-1, 1] — Range fis onto
& =1, 1] = Range fis one — one and onto and therefore, the inverse of the
function f: [~1, 1] — Range fexists.
Let g: Range f— [~1, 1] be the inverse of f
Let y be an arbitrary element of range /.
Since £ [-1, 1] — Range f'is onto, we have
y=Jix) for some x € [-1, 1]

B
=Sy= —
=AY+ 2y=1x
= x(1-y) = 2y
=Y = % . y=1
Mow, let us define g2 Range f— [0, 1] as

¥

==, # 1 .

B =y ¥ NCERT Solutions for 12th

Class Maths: Chapter 1-Relations and Functions

Now,
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2 X

X+ 2
and
2 & 2 2
; i i _}' L 1-y . ¥ "_ym
(fog)(v) = f(g(y)) = !(]qy} s = T T e
1-y
wgof=x =l and fog = ¥ = lpanger
O g
sfy) =L, ya1 _
e ¥ NCERT Solutions for 12th

Class Maths: Chapter 1-Relations and Functions

7. Consider f : R — R given by f(x) = 4x + 3. Show that f is invertible. Find the
inverse of f.

Answer

f: R - Ris given by, f(x) =4x + 3
For one — one

Let f(x) = f(y)
=>4x+3=4y+3

= 4x = 4y

=>Xx=y

.". fis a one — one function.
For onto

Fory € R, lety =4x + 3.
= x=y-3/4 €R

Therefore, for any y € R, there exists x = y-3/4 € R, such that

€IindCareer
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= fis onto.
Thus, fis one — one and onto and therefore, f' exists

Let us define g R — R by g(x) = %

Now,
(gof)(x) = g(f(x)) = gl4x + 3) = w = ? = x
and
(fog)(y) = f(gy)) = f(?) = 4(?) +3=y3+3=y
«gof = fog = Ip

Hence, fis invertible and the inverse of [ is given by 1(y) = g(y) = %3

'NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions

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

Answer

f: R+ — [4, «) is given as f(x) = x* + 4,
For one — one

Let f(x) = f(y)

> x+4=y*+4

= x=ylasx=y € R+]
.". fis a one—one function.

For onto
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For 3 € [4, o), let y = + 4

xi=y—-4z=0 [as y = 4]

SX= i}r.a; =0

Therefore, for any y € [4, o), there exists x = ‘.'rﬁ € R, such that
— — 2

f(x) = f({y-4)=(Jy4) +4=y4+4=y

= is onlo

Thus, 15 one — one and onto and therefore, /! exists

Let us define g: [4, =) — R, by g(y) = /y-4

MNow,

(goN(x) = g(F(x)) = g(x* +4) = J( + 4)4 = x2 =x

and

(for)(y) = (&) = (¥4 ) = (J33) +4=y4+4=y

~gof =fog =1y
Hence, fis invertible and the inverse of fis given v () = glv) = Jyv — 4 NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions

Page No. 19

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

(({r6)-1

o= ( 3 J
NCERT Solutions for 12th Class Maths: Chapter
1-Relations and Functions que 9

Answer

f: R+ — [-5, =) is given as f(x) = 9x? + 6x - 5.
Let y be an arbitrary element of [-5, «).

Lety =9x*+6x -5

=y =3x+1)?-1-5=(3x+1)*-6
=y+6=(3x+1)>

= 3x + 1=y +6)
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s fis un1r.1,-tl1cn.-h}- range =[5, =).
Let us define g [-5, =) — R, asgly) = LLETF"J'
Now,
{(goh)(x) = g{l’l{x}] = g(9x? + 6x-5) = g((3x 4+ 1)%-6)

=, (3x+1)%6+ 6-1
Ix+1-1 3x
-3 T3

= X

and

i R .
(fog)(y) = () = f(‘”" i ‘) s [*s ('-”;J) 5 :} "
=(Jy¥6)-6=y+66=y

tgof =x=lgand fog = y = lpanger

Hence, f 15 invertible and the inverse of fis given by

> B . !:,.' y+6 ) -1
[Flyl=g0)= e ,
: NCERT Solutions for 12th Class Maths:
Chapter 1-Relations and Functions que 9
10. Let f : X — Y be an invertible function. Show that f has unique inverse.

(Hint: suppose g, and g, are two inverses of f. Then for ally € Y, fog,(y) = l(y) =
fog, (y). Use one-one ness of f).

Answer
Let f: X — Y be an invertible function.
Also, suppose f has two inverses (say g, and g,)

Then, for all y€Y, we have

fog(y) = Iv(y) = foga(y)

= f(g1(y)) = f(g(y))

= g4(y) = go(y) [as fis invertible = f is one—one]
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= g4 = g, [as g is one—one]
Hence, f has a unique inverse.

11. Consider f:{1, 2, 3} — {a, b, c} given by f(1) = a,f(2) = b and f(3) = c. Find f' and
show that (f')" =f.

Answer
Function f: {1, 2, 3} — {a, b, ¢} is given by f(1) = a, (2) = b, and f(3) = ¢
If we define g: {a, b, ¢} — {1, 2, 3} as g(a) = 1, g(b) = 2, g(c) = 3.

We have,

(fog)(a) = f(g(a)) =f(1) = a

(fog)(b) = f(g(b)) =f(2) =b

(fog)(c) =f(g(c)) =f(3) = ¢

and

(gof)(1) = g(f(1)) = f(a) = 1

(9of)(2) = g(f(2)) = f(b) = 2

(9of)(3) = g(f(3)) = f(c) = 3

. gof = Iy and fog = Iy, where X = {1, 2, 3} and Y= {a, b, c}.

Thus, the inverse of f exists and f' = g.

. t{a, b, ¢} — {1, 2, 3}is given by f(a) = 1, F(b) = 2, f(c) = 3

Let us now find the inverse of " i.e., find the inverse of g.

If we define h: {1, 2, 3} — {a, b, c}as h(1) =a, h(2) = b, h(3) = ¢

We have

(goh)(1) = g(h(1)) = g(a) = 1
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(goh)(2) = g(h(2)) = g(b) = 2
(goh)(3) = g(h(3)) = g(c) = 3
and
(hog)(a) = h(g(a)) =h(1)=a
(hog)(b) = h(g(b)) = h(2) =b
(hog)(c) = h(g(c)) =h(3) = ¢
.. goh = Iy and hog = I, where X = {1, 2, 3}and Y = {a, b, c}.
Thus, the inverse of g exists and g = h = (f')" = h.
It can be noted that h = f.
Hence, (f1)"=f.

12. Let f: X — Y be an invertible function. Show that the inverse of f' is f, i.e., (f)"
=f

Answer

Let f: X — Y be an invertible function.

Then, there exists a function g: Y — X such that gof = Iy and fog = I.
Here, f' = g.

Now, gof = Iy and fog = Iy

= f'of = Iy and fof ' = I,

Hence, f': Y — Xis invertible and f is the inverse of "

ie., (fFHY'=f.

13. 13. If f: R — R be given by f(x) = ((3 - x%))', then fof(x) is

(a) X)1/3
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(b) x?
(c) x
(d) (3-x7)

Answer

S R— R be given as f(x) = f?-xzi}%

i L1 :fi
=~ fof(x) = (f(x)) = £((3-*):) = |3- (3-x7:) I
= BB = ()F =x
Lo NCERT Solutions for 12th Class Maths:
Chapter 1-Relations and Functions que 13

The correct option is C.

; di
|l- + R be a function defined as fi{x) = — 14 The imverse of
|

-

ik
14. Letf H—i—T

2

: 4]
15 the map g : Range f— R - [— ‘:* given by
L )

iy ) ¥
(A) 3“3‘1_4T (B) gua—d_;y

(Ccy gy= &y (D) gW)= =
S=4y 4-3y NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions que 13

Page No: 24

Exercise 1.4

1. Determine whether or not each of the definition of * given below gives a binary
operation. In the event that * is not a binary operation, give justification for this.
(i) On Z*, define xbya*b=a-b

(ii) On Z*, define * by a*x b = ab

elllu\—dl'eel'
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(iii) On R, define * by a * b = ab?
(iv) On Z*, define * by a * b = |a — b|
(v) On Z*, define xbya*b=a
Answer
(i) On Z+, *is defined bya*b =a - b.
It is not a binary operation as the image of (1, 2) under*is1*2=1-2=-14¢2Z+
(i) On Z+, * is defined by a * b = ab.
It is seen that for each a, b € Z+, there is a unique element ab in Z+.
This means that * carries each pair (a, b) to a unique elementa * b = ab in Z+.
Therefore, * is a binary operation.
(i) On R, * is defined by a * b = ab?.
It is seen that for each a, b € R, there is a unique element ab? in R.
This means that * carries each pair (a, b) to a unique element a * b = ab? in R.
Therefore, * is a binary operation.
(iv) On Z+,* is defined by a * b = |a - b|.
It is seen that for each a, b € Z+, there is a unique element |a — b| in Z+.
This means that * carries each pair (a, b) to a unique elementa *b =|a - b| in Z+.
Therefore,* is a binary operation.
(v) On Z+,* is defined by a * b = a.
It is seen that for each a, b € Z+, there is a unique element a in Z+.

This means that * carries each pair (a, b) to a unique elementa * b = ain Z+.
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2. For each operation * defined below, determine whether * is binary,
commutative or associative.

(i)On Z,definea*b=a-b

(i) On Q, definea*b =ab + 1

(iii) On Q, define a * b = ab/2

(iv) On Z+ , define a * b = 2%
(v)OnZ + ,definea*xb=2aP

(vi) On R —{— 1}, define a * b = a/b+1
Answer

(i) On Z, * is definedbya*b=a-b.

It can be observed that1*2=1-2=-1and2*1=2-1=1.
S172#2*1, where1,2 € Z

Hence, the operation * is not commut

Also, we have
(1*2)*3=(1-2)*3=-1*3=-1-3=-4
1*(2*3)=1*2-3)=1*-1=1-(-1)=2
S.(1*2)*3#1*(2*3),where1,2,3 € Z
Hence, the operation * is not associative.

(i) On Q, *is defined by a*b =ab + 1.

It is known that: ab =ba foralla,b € Q
=ab+1=ba+1foralla,b € Q

=>a*b=a*bforalla,b e Q
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Therefore, the operation * is commutative.

It can be observed that
(1*2)*3=(1%x2+1)*3=3*3=3x3+1=10
1*(2*3)=1*"2%x3+1)=1*7=1x7+1=8
S.(172)*3#1*(2*3),where1,2,3 € Q
Therefore, the operation * is not associative.

(iii) On Q, * is defined by a * b =ab/2

It is known that: ab=baforalla,b € Q

=ab/2 = ba/2

foralla,b € Q

=a*b=b*aforalla,b € Q

Therefore, the operation * is commutative.

Forall a, b, c € Q, we have

b .
vt ()
and

aky
(fub‘.l*t'=(-ﬂ-é{{)t:::(qz;:]c:ﬂi£
NCERT Solutions for 12th Class Maths: Chapter
1-Relations and Functions ex 1.4 que 2

|

. (@*b)*c = a*(b*c), where a, b, c € Q
Therefore, the operation * is associative.
(iv) On Z+, * is defined by a * b = 2%,

It is known that: ab=baforalla,b € Z+
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= 2% =2%foralla, b € Z+
=a*b=b*aforalla, b e Z+

Therefore, the operation * is commutative.

It can be observed that
(1%2)%x3=2"2%3=4%3=23=2"%3and
1% (2%3)=1%223=1%26=1 %64 =276 =26
So(1*2)*3#1*(2*3),where 1,2,3 € Z+
Therefore, the operation * is not associative.
(v) On Z+, * is defined by a * b = a®.

It can be observed that
1*2=12=1and2*1=2"=2

So1*2#2*1, where 1,2 € Z+

Therefore, the operation * is not commutative.
It can also be observed that
(2*%3)*%4=23%4=8%x4=8*=2"%and

2% (3%4)=2%3*=2%81=2%
S.(273)*4#£2*(3*4),where 2, 3,4 € Z+
Therefore, the operation * is not associative.
(vi) On R, * ={-1} is defined by a * b = a/b+1
It can be observed that

1%2=12+1=1/3and 2*x1=2/1+1=2/2=1
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Therefore, the operation * is not commutative.

It can also be observed that

1
; L. 3 1
Sl S s G s T
and
2 2 f 1 % 3
]F{2*3}=1+3‘+1=1ix=1*i=1—=-§=§

2 2 NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions ex 1.4 que 2

S.(1*2)*3#1*(2*3),where1,2,3 € R—-{-1}
Therefore, the operation * is not associative.

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

Answer

The binary operation A on the set {1, 2, 3, 4, 5} is defined as a A b = min {a, b} for all
a,be{1,2 3, 4,5}

Thus, the operation table for the given operation A can be given as:

A 1 2 3 4 5
1 1 1 1 1 1
2 1 2 2 2 2
3 1 2 3 3 3
4 1 2 3 4 4
5 1 2 3 4 5

NCERT Solutions for 12th Class Maths: Chapter 1-Relations and Functions ex 1.4 que
3
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4. Consider a binary operation * on the set {1, 2, 3, 4, 5} given by the following
multiplication table (Table 1.2).
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(i) Compute (2 * 3) * 4 and 2 * (3 * 4)
(ii) Is * commutative?

(iif) Compute (2 * 3) * (4 * 5). (Hint: use the following table)

Table 1.2
o 1 2 3 1 3
I ! I 1 ] 1 :
b 1 2 1 2 1
3 1 1 3 I 1
4 1 |2 ]| 1] 4]1
5 ! 1 : : = NCERT Solutions for 12th Class Maths:

Chapter 1-Relations and Functions ex 1.4 que 4
Answer

(i)(2*3)*4=1*4=1
2*(3*4)=2"1=1

(i) Foreverya,b € {1, 2, 3,4, 5}, we havea*b =b * a.
Therefore, the operation * is commutative.
(ii)(2*3)=1and (4 *5)=1

L (2*3)*4*5)=1*1=1

5. Let *' be the binary operation on the set {1, 2, 3, 4, 5} defined by a ' b = H.C.F.
of a and b. Is the operation *' same as the operation * defined in Exercise 4
above? Justify your answer.

Answer

The binary operation *' on the set {1, 2, 3 4, 5} is defined as a *' b = H.C.F of a and b.
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The operation table for the operation *' can be given as:

W 1 2 3 4 5
1 1 1 1 1 1
2 1 2 1 2 | 1
3 1 1 3 1 | 1
4 1 2 1 4 1
5 1 | 1 1 1 5

NCERT Solutions for 12th Class Maths: Chapter 1-Relations and Functions ex 1.4 que
5

We observe that the operation tables for the operations * and *' are the same.
Thus, the operation *' is same as the operation*.

6. Let * be the binary operation on N given by a * b = L.C.M. of a and b. Find
(i)5*7,20 %16

(ii) Is * commutative?

(iii) Is * associative?

(iv) Find the identity of * in N

(v) Which elements of N are invertible for the operation *?

Answer

The binary operation * on N is defined as a *b = L.C.M. of a and b.
(i)5*7=L.CM.of5and 7 =35

20 *16 =L.C.M of 20 and 16 = 80

(i) It is known that

L.C.Mofaandb=L.C.Mofbandaforalla,b € N.

.a*b=b*a
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(iii) For a, b, c € N, we have
(@*b)*c=(L.C.Mofaandb)*c=LCMofa, b,andc
a*(b*c)=a*(LCMofbandc)=L.C.Mofa, b,andc
S.(@*b)*c=a*(b*c)
Thus, the operation * is associative.
(iv) It is known that:
L.CM.ofaand1=a=L.C.M.1andaforalla € N
=a*1=a=1*aforalla e N
Thus, 1 is the identity of * in N.
(v) An element a in N is invertible with respect to the operation * if there exists
an elementbin N, suchthata*b=e=b *a.
Here,e =1
This means that
L.C.Mofaandb=1=L.C.Mofbanda
This case is possible only when a and b are equal to 1.
Thus, 1 is the only invertible element of N with respect to the operation *.

7. Is * defined on the set {1, 2, 3, 4, 5} by a* b =L.C.M. of a and b a binary
operation? Justify your answer.

Answer
The operation * on the setA={1, 2, 3, 4, 5} is defined as a *b = L.C.M. of a and b.

Then, the operation table for the given operation * can be given as:
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% 1 2 3 4 5
1 1 2 3 4 5
2 2 2 6 ;' 4 10
3 3 6 3 12 15
4 4 , 4 12 j 4 20
5 5 ' 10 15 ' 20 5

NCERT Solutions for 12th Class Maths: Chapter 1-Relations and Functions ex 1.4 que
7

It can be observed from the obtained table that

3*2=2*3=6¢A,

5*¥2=2*5=10¢<A,

3*4=4*3=12¢A,

3*5=5*3=15¢A,

4*5=5*4=204¢A

Hence, the given operation * is not a binary operation.

8. Let * be the binary operation on N defined by a * b = H.C.F. of a and b.

Is * commutative? Is * associative? Does there exist identity for this binary
operation on N?

Answer

The binary operation * on N is defined as: a *b =H.C.F. ofaand b
It is known that

H.C.F.ofaandb=H.C.F. ofband aforalla,b € N.
J.a*b=b*a

Thus, the operation * is commutative.

For a, b, c € N, we have

@‘II IVN\dil TCI
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(@*b)*c=(H.C.F.ofaandb)*c=H.C.F.ofa,bandc
a*(b*c)=a*(H.C.F.ofbandc)=H.C.F.of a,b,and c
S.(@*b)*c=a*(b*c)

Thus, the operation * is associative.

Now, an element e € N will be the identity for the operation *ifa*e =a =e*aforall a
€ N.

But this relation is not true for any a € N.

Thus, the operation * does not have any identity in N.

9. Let * be a binary operation on the set Q of rational numbers as follows:
(la*b=a-b

(i) a*b=a?+b?

(ijax*xb=a+ab

(iv)a* b = (a—b)?

(v)a*xb=abl/4

(vi)a*b =ab?

Answer

(i) On Q, the operation * is defined as a * b = a — b. It can be observed that:
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11 1 1 _3-2 1
23 2 3 & b
and
i1 11 2-3_ -1
C I s T T T T
WL O N
= = — R
3'3T 3 g weres.3€0

Thus, the operation * 15 nol commutative

It can also be observed that

(1 1) 1 (}. l) 1 (3-2) i 11 1 1 2=3 =1
et e B A e I =0 == D = — = T em——— i =——
z2 3 4 2 3/ 4 6 6 4 6 4 12 12

and

1 {1 1)_1 {1 1]_1 (4—3)_1 1 1 1 _6-1_5
T i e e T T T e o T
WL O O

“(z°3) 372 (373) where 5.3, €

NCERT Solutions for 12th
Class Maths: Chapter 1-Relations and Functions ex 1.4 que 9

Thus, the operation * is not associative.

(ii) On Q, the operation * is defined as a * b = a2 + b?.

Fora, b € Q, we have

a*b=a’+b’=b’+a’=b*a

S.a*b=b*a

Thus, the operation * is commutative.

It can be observed that
(1*2)*3=(12+2%)*3=(1+4)*3=5*3=5%+3*=3%*and
1*(2*3)=1*(22+3%)=1*(4+9)=1*13=12+132=170
S.(1*2)*3#1*(2*3),where1,2,3 € Q

Thus, the operation * is not associative.
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It can be observed that

1*2=1+1x2=1+2=3

2*1=2+2x1=2+2=4

So1*2#2*1, where 1,2 € Q

Thus, the operation * is not commutative.

It can also be observed that
(1*2)*3=(1+1x2)*3=(1+2)*3=3*3=3+3x3=3+9=12and
1*(2*3)=1*2+2x3)=1*(2+6)=1*8=1+1x8=1+8=9
S.(172)*3#1*(2*3),where1,2,3 €Q

Thus, the operation * is not associative.

(iv) On Q, the operation * is defined by a * b = (a = b).

Fora, b € Q, we have

a*b=(a-Db)?

b*a=(b-af=[-(a~b)=(a-by

J.a*b=b*a

Thus, the operation * is commutative.

It can be observed that
(1*2)*3=(1-22*3=(1)?*3=1*3=(1-3)*=(-2)=4 and
1*(2*3)=1*(2-3=1*(-12=1*1=(1-17=0
So(1*2)*3#1*(2*3),where1,2,3 €Q

Thus, the operation * is not associative.
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Fora, b € Q, we have a*b = ab/4 = ba/4 = b*a
S.a*b=b*a
Thus, the operation * is commutative.

Fora, b, c € Q, we have

(@xb)se T T

and
be

a-{btc]:at(gf):ulzibi

* 16 NCERT Solutions for 12th Class Maths:
Chapter 1-Relations and Functions ex 1.4 que 9
S.(@a*b)*c=a*(b*c),wherea,b,c €Q
Thus, the operation * is associative.

(vi) On Q, the operation * is defined as a * b = ab?

It can be observed that

2 \3 18
and
1 1_1(1)2_11_1
5% 3w TR 1D
gl o AR 1
e 3#&3 z.mherezandaeﬂ

NCERT Solutions for 12th Class Maths:
Chapter 1-Relations and Functions ex 1.4 que 9

So1/2*1/83#1/3*1/2, where 1/2 and 1/3 € Q
Thus, the operation * is not commutative.

It can also be observed that
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_1(1}4*1_1*1_1 [IJE_ 1 1
T |2\3 4 18 4 18'\4/  18x16 288

(1,1)‘1
234

and

1(1 1)_1 1(1)?_1 |_1(1)’_ 11
2 \174) 727|340/ |T27 8" 2\aB) T 2x 2304 " 4608

(ll),,l:i* (iri},where i =
2 3/ 4 2 \3 4 2°3°4 NCERT Solutions for 12th

Class Maths: Chapter 1-Relations and Functions ex 1.4 que 9

Thus, the operation * is not associative.

Hence, the operations defined in (ii), (iv), (v) are commutative and the operation defined
in (v) is associative.

10. Find which of the operations given above has identity.
Answer

An element e € Q will be the identity element for the operation *
fa*e=a=e*a,foralla € Q.

However, there is no such element e € Q with respect to each of the six operations
satisfying the above condition.

Thus, none of the six operations has identity.
11. Let A= N x N and * be the binary operation on A defined by
(a,b)*(c,d)=(a+c,b+d)

11. Show that * is commutative and associative. Find the identity element for * on
A, if any.

Answer
A =N x N and * is a binary operation on A and is defined by

(a,b)*(c,d)=(a+c,b+d)
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Then, a,b,c,d €N

We have:

(@,b)*(c,d)=(a+c,b+d)
(c,d)*(a,b)=(c+a,d+b)=(a+c,b+d)

[Addition is commutative in the set of natural numbers]

. (a,b)*(c,d)=(c,d)*(a, b)

Therefore, the operation * is commutative.

Now, let (a, b), (c, d), (e, f) € A

Then,a,b,c,d, e, f €N

We have
[(@,b)*(c,d)]*(e,f)=(a+c,b+d)*x(e,f)=(a+c+e,b+d+f)
and
(@,b)*[(c,d)*(e,f)l=(a,b)*x(c+te,d+f)=(a+c+e,b+d+f)
-+ [(a, b) * (c, d)] * (e, f) = (a, b) * [(c, d) * (e, f)]

Therefore, the operation * is associative.

Let an element e = (e4, e,) € A will be an identity element for the operation *
fa*e=a=e*aforalla=(a;,a,) €A

i.e., (a;+e,a,te)=(a;,a)=(e,+a;, e, +a,)

Which is not true for any element in A.

Therefore, the operation * does not have any identity element.

Page No. 26
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(i) For an arbitrary binary operation *onasetN,a*a=a Vv a € N.

(ii) If * is a commutative binary operation on N, thena * (b *c) = (c *b) *x a

Answer

(i) Define an operation*onNasa*b=a+b Va,b&eN
Then, in particular, for b = a = 3, we have
3*3=3+3=6#3

Therefore, statement (i) is false.

(i)RH.S.=(c*b)*a

= (b *c¢) * a[*is commutative]

=a* (b *c)[Again, as * is commutative]

=L.H.S.

J.a*(b*c)=(c*b)*a

Therefore, statement (ii) is true.

13. Consider a binary operation * on N defined as a * b = a® + b®. Choose the

correct answer.

(A) Is * both associative and commutative?

(B) Is * commutative but not associative?

(C) Is * associative but not commutative?

(D) Is * neither commutative nor associative?
Answer

On N, the operation * is defined as a * b = a3 + b3.

For, a, b, € N, we have
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a*b=a’+Db*=Db®+a®=Db*a[Addition is commutative in N]
Therefore, the operation * is commutative.
It can be observed that
(1*2)*3=(11+2%*3=(1+8)*3=9*3=9°+3%=729 + 27 = 756
and 1*(2*3)=1*(22+ 3% =1*(8+27)=1*35=1%+35% =1 + 42875 = 42876
So(1*2)*3#1*(2*3),where1,2,3 €N
Therefore, the operation * is not associative.
Hence, the operation * is commutative, but not associative.
Thus, the correct answer is B.

Class 12: Maths Chapter 1 solutions. Complete Class 12 Maths Chapter 1 Notes.
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Chapterwise NCERT Solutions for
Class 12 Maths :

e Chapter 1 — Relations and Functions

e Chapter 2 — Inverse Trigonometric Functions.

e Chapter 3 — Matrices

e Chapter 4 — Determinants.

e Chapter 5 — Continuity and Differentiability.0.0

e Chapter 6 — Application of Derivatives.

e Chapter 7 — Integrals.

e Chapter 8 — Application of Integrals.

e Chapter 9: Differential Equations

e Chapter 10: Vector Algebra

e Chapter 11: Three Dimensional Geometry

e Chapter 12: Linear Programming

e Chapter 13: Probability
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