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Q1 Determine whether each of the following relations are reflexive, symmetric and transitive:
(i)Relation R in the set A = {1, 2, 3...13, 14} defined as

R={(xy):3x -y =0}

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

(iii) Relation R in the set A = {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 — yis as integer }
(v) Relation R in the set A of human beings in a town at a particular time given by

(@) R = {(x, y): x and y work at the same place }
(b) R = {(x,y): x and y live in the same locality }
(©) R = {(x,y): xis exactly 7 cm taller than y}
(d) R = {(x,y): xis wife of y}

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

Answer.
(i)A=1{1,2,3...13,14}

R={(x,y):3x—y =0}

~R=1{(1,3),(2,6),(3,9), (4, 12)}
R is not reflexive since (1, 1), (2, 2)...(14, 14) & R.
Also,R is not symmetric as (1, 3) € R,but (3,1) & R.[3(3) - 1 # 0]
Also,R is not transitive as (1, 3), (3,9) € R, but(1,9) € R
[3(1) -9 # 0]
Hence, R is neither reflexive, nor symmetric, nor transitive.

() R={(x,y):y=x+5and x < 4} = {(1,6),(2,7), (3, 8)}
It is seen that (1,1) € R.

. R is not reflexive.
(1,6) €ER

But,



(1,6) € R

.~ R is not symmetric.

Now, since there is no pair in R such that (x, y) and (y, z) € R, then (x, z) cannot belong
to R.

.. R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.

(iii)A={1,2,3,4,5,6}
R = {(x,y):y is divisible by x}

We know that any number (x) is divisible by itself.
= (x,X) €R

.. R is reflexive.

Now,
(2,4) € R[ as 4 is divisible by 2]

But,
(4,2) & R. [as 2 is not divisible by 4

.. R is not symmetric.
Let (x,y), (v,z) € R. Then, y is divisible by x and z is divisible by y .
.. z is divisible by x .
= (x,z) €ER
.. R is transitive.
Hence, R is reflexive and transitive but not symmetric.

(iv)R = {(x,¥): x — y is an integer }
Now, for every x € Z, (x,x) € Ras x — x = 0 is an integer.
.. R is reflexive.

Now, for every x,y € Z if (x,y) € R, then x — y is an integer.
= — (x —y)is also an integer.

= (y — x) is an integer.
S (,x) €ER

.. R is symmetric.
Now,

Let (x,y) and (y,z) € R, wherex,y,z € Z .
= (x — y) and (y — z) are integers.

= (x—z=(x—y)+ (y—z)is an integer.

S (x,z2) €ER

.. R is transitive.

Hence, R is reflexive, symmetric, and transitive.



(V)(@R = {(x,y):x and y work at the same place }
= (x,X) €ER

. R is reflexive.

If (x,y) € R, then x and y work at the same place.
= y and x work at the same place.

= (y,X) € R.

.. R is symmetric.
Now, let (x,y), (y,z) € R

= x and y work at the same place and y and z work at the same place.
= x and z work at the same place.

= (x,z) €R

.. R is transitive.

Hence, R is reflexive, symmetric, and transitive.

(b) R = {(x,y): x and y live in the same locality }
Clearly (x, x) € R as x and x is the same human being.
. R is reflexive.

If (x,y) € R, then x and y live in the same locality.

= y and x live in the same locality.

= (y,x) €ER

.. R is symmetric.
Now, let (x,y) € Rand (y,z) € R.

= x and y live in the same locality and y and z live in the same locality.
= x and z live in the same locality.

= (x,z) €R

.. R is transitive.

Hence, R is reflexive, symmetric, and transitive.

(©) R = {(x,y): x is exactly 7cm taller than y}
Now,
(x,x) € R
since human being x cannot be taller than himself.
. R is not reflexive.
Now, let (x,y) € R..
= x is exactly 7cm taller than y
Then, y is not taller than x .
L) ER
Indeed if x is exactly 7 cm taller than y, then y is exactly 7 cm shorter than x.
.».R is not symmetric.



Let (x,y),(y,2z) € R.

= x is exactly 7cm taller than y and y is exactly 7cm taller than z.
= x is exactly 14cm taller than z .

S (x,z2) €R

.~ R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.

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

since x cannot be the wife of herself.
. R is not reflexive.

Now, let (x,y) € R
= x is the wife of y
Clearly y is not the wife of x.

(ys X) $ R

Indeed if x is the wife of y, then y is the husband of x.
.. R is not transitive.
Let (x,y), (v,2) € R

= x is the wife of y and y is the wife of z
This case is not possible. Also, this does not imply that x is the wife of z .

So(x,z) €R
. R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.

(e) R = {(x, y): x is the father of y}
(x, x) &R
As x cannot be the father of himself.

~. R is not reflexive.
Now, let (x,y) € R..

= x is the father of y

= y cannot be the father of y
Indeed, y is the son or the daughter of y.

(yx X) $ R

.. R is not symmetric.
Now, 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

Indeed x is the grandfather of z .
S (x2) €R

~. R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.



Page : 5, Block Name : Exercise 1.1

Q2 Show that the relation R in the set R of real numbers,defined as R = {(a, b):a < bz} is neither

reflexive, nor symmetric, nor transitive.

Answer.

R = {(a, b):a < b2}

11 o1 1\2 1
It can be observed that ) & R, since >> 3 ) =3

.. R is not reflexive.

Now, (1,4) € Ras1 < 4?2
But, 4 is not less than 12,
(4,1 E€R

-~ R is not symmetric.
Now,

(3,2),2,1.5) € R
(as3<22=4and2 < (1.5)% = 2.25)
But, 3 > (1.5)% = 2.25

- (3,1.5) &R

.. R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.
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Q3 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.
LetA=1{1,2,3,4,5,6}

A relation R is defined on set A as:
R={(a,b):b=a+ 1}
R = {(1) 2)) (25 3)’ (3) 4)) (43 5)’ (5) 6)}

We can find (a, a) & R, wherea € A
For instance,

(1,1),(2,2),(@3,3),(44),(5,5),(6,6) € R
. R is not reflexive.
It can be observed that (1,2) € R, but(2,1) € R.

.. R is not symmetric.



Now, (1, 2),(2,3) € R
But,

(L3) &R

. R is not transitive

Hence, R is neither reflexive, nor symmetric, nor transitive.
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Q4 Show that the relation R in R defined as R = {(a, b): a < b}, is reflexive andtransitive but not
symmetric.

Answer.
R = {(a,b); a < b}

Clearly (a,a) € Rasa = a

. R is reflexive.

Now,

(2,4) € R(as 2 < 4)

But, (4,2) & R as 4 is greater than 2 .

.. R is not symmetric.
Now, let (a, b), (b,c) € R

Then,
a<bandb<c
=asc

= (a,c) €ER

. R is transitive.

Hence, R is reflexive and transitive but not symmetric.
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Q5 Check whether the relation R in R defined by R = {(a, b):a < b3} is reflexive,symmetric or

transitive.

Answer.

R= {(a, b):a < b3}

_ 11 1 (1)\3 1
It is observed that | 5, 5 $Ras§> 5] =3



. R is not reflexive.

Now,

1,2) ER(asl <23=8)
But,

2,1) ¢ R( as 23 > 1)

.. R is not symmetric.

3 3 6 3\3 3
We have 3,5 303 € Ras3< B and§<
6 6\3
But (3, ¢ & Ras3 > E

. R is not transitive.

Hence, R is neither reflexive, nor symmetric, nor transitive.
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Q6 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.
LetA = {1, 2, 3}.

A relation R on A is defined as R = {(1, 2), (2, 1)}.
It is seen that (1, 1), (2,2),(3,3) € R.

. R is not reflexive.
Now, as (1,2) € Rand (2, 1) € R, then R is symmetric.

Now, (1,2)and (2,1) € R
However,

(1,1) € R

. R is not transitive.

Hence, R is symmetric but neither reflexive nor transitive.
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Q7 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. Set A is the set of all books in the library of a college.
R = {x, y): x and y have the same number of pages}
Now, R is reflexive since (X, X) R as x and x has the same number of pages.



Let (x,y) € R = x and y have the same number of pages.
= y and x have the same number of pages.

= (y,x) €ER

.. R is symmetric.

Now, let (x,y) € Rand (y,z) € R
= x and y and have the same number of pages and y and z have the same number of

pages.

= x and z have the same number of pages.
= (x,z) €ER

.. R is transitive.

Hence, R is an equivalence relation.
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Q8 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{1,2,3,4,5}

R = {(a,b): |a—-b| is even }

It is clear that for any elementa & A, we have |a — a| = 0 (which is even).

"+ R is reflexive.
Let(a,b) € R

= |a - b| is even.

= | —(a—-b)| = |b—a] is also even.

= (b,a) € R

.. R is symmetric.

Now, let (a, b)) € Rand (b,c) € R.

= |a—-b| isevenand |b — c| is even.

= (a — b) is even and (b — c) is even.

= (a-c)=(a-b)+(b-c)iseven.

= |a - c]| is even.

= (a,c) €ER

. R is transitive.
Hence, R is an equivalence relation.
Now, all elements of the set {1, 2, 3} are related to each other as all the elements of this subset are
odd. Thus, the modulus of the difference between any two elements will be even
Similarly, all elements of the set {2, 4} are related to each other as all the elements of this subset
are even. Also, no element of the subset {1, 3, 5} can be related to any element of {2, 4} as all
elements of {1, 3, 5} are odd and all elements of {2, 4} are even. Thus, the modulus of the



difference between the two elements (from each of these two subsets) will not be even.
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Q9
Show that each of the relation R in the set A = {x € Z:0 < x < 12}, given by

(i) R = {(a, b): |a — b| is a multiple of 4}
(ii) R = {(a, b); a = b}

is an equivalence relation. Find the set of all elements related to 1 in each case.

Answer.
A={xEZ:0<x<12}={0,1,2,3,4,5,6,7,8,9,10, 11, 12}
R = {(a, b): |a — b| is a multiple of 4}
For any elementa € A, we have (a,a) € Ras |a — a| = 0is a multiple of 4.

. R is reflexive.
Now, let (a, b)) € R = |a — b]| is a multiple of 4.

= | —(a—-b)| = |b— a] is amultiple of 4
= (b,a) €R

.. R is symmetric.
Now, let (a, b), (b,c) € R..

= |a — b| is a multiple of 4 and |b — c| is a multiple of 4 .
= (a — b) is a multiple of 4 and (b — ¢) is a multiple of 4.
= (a —c¢) = (a— b) + (b — ¢) is a multiple of 4.

= |a — c| is a multiple of 4.
= (a,c) €ER

.. R is transitive.
Hence, R is an equivalence relation.

The set of elements related to 1 is {1, 5, 9} since
|1 - 1| = 0is amultiple of 4

|5-1| = 4isamultiple of 4, and

|9 — 1| = 8is amultiple of 4.
(i) R = {(a,b):a = b}

For any element a € A, we have (a,a) € R, sincea = a.
. R is reflexive.

Now, let (a,b) € R

=a=b

=b=a

= (b,a) €ER



.. R is symmetric.

Now, let (a, b) € Rand (b,c) € R.
=a=bandb =c

=a=c

= (a,c) €ER

.. R is transitive.
Hence, R is an equivalence relation.

The elements in R that are related to 1 will be those elements from set A which are equal
tol.

Hence, the set of elements related to 1 is {1}
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Q10 Given 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.
(iv) Reflexive and transitive but not symmetric.

(v) Symmetric and transitive but not reflexive.

Answer.
(i) LetA = {5,6,7} .

Define a relation Ron A as R = {(5, 6), (6, 5)} .
Relation R is not reflexive as (5, 5), (6, 6), (7,7) &€ R.
Now, as (5,6) € R and also (6,5) € R, R is symmetric.
= (5,6),(6,5) € R, but (5,5 €R

.. R is not transitive.

Hence, relation R is symmetric but not reflexive or transitive.

(ii) Consider a relation R in R defined as:

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

For any a € R, we have (q, a) & R since a cannot be strictly less than a itself. In fact, a =
a.

. R is not reflexive.
Now,

(1,2) €R(as1<2)
But, 2 is not less than 1
L2 1)€R

.. R is not symmetric.

Now, let (a, b), (b, c) € R
~. R is transitive.

Hence, relation R is transitive but not reflexive and symmetric.



(iii) Let A = {4, 6, 8}.
Define a relation R on A as:

A=1{(4,4),(6,6),(8,8),(4,6),(6,4),(6,8),(8,6)}
Relation R is reflexive since for every a € A, (a,a) € Ri.e, (4,4),(6,6),(8,8)} €ER.

Relation R is symmetric since (a,b) € R = (b,a) € Rforalla,b € R.
Relation R is not transitive since (4, 6), (6, 8) € R, but (4,8) & R.

Hence, relation R is reflexive and symmetric but not transitive.

(iv) Define a relation R in R as:
R = {a,b):a° > b3

Clearly (g, a) € Ras a3 = d®
. R is reflexive.

Now,

,1) € R( as 23 > 13)
But,

1,2) & R( as 13 < 23)

.. R is not symmetric.
Now,

Let (a, b), (b,c) €ER
= g% > b3and b® > 3
=a’>c3

= (a,c) €R

.. R is transitive.

Hence, relation R is reflexive and transitive but not symmetric.

(v)LetA={-5, —6}.
Define a relation R on A as:
R={(-5 -6),(-6, =-5),(-5, -5}
Relation R is not reflexive as (— 6, — 6) &€ R
Relation R is symmetricas (-5, —6) € Rand (-6, -5} €R.
Itisseenthat (-5, —6),(-6, -5) € R. Also,(-5, -5 €R
.. The relation R is transitive.
Hence, relation R is symmetric and transitive but not reflexive.
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Q11 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 point related to a point P # (0, 0) is the circle passing



through p with origin as centre.

Answer. R = { (P,Q): distance of point p from the origin is the same as the distance of point Q from
the origin}
Clearly, (P, P) e R since the distance Of point P from the origin is always the same as the distance
of the same point P from the origin.

. R is reflexive.

Now,

Let (P,Q) € R
The distance of point P from the origin is the same as the distance of point Q from the
origin.
The distance of point Q from the origin is the same as the distance of point P from the origin.

= (Q,P) €ER

. R is symmetric.

Now,

Let (P, Q), (Q,S) € R
The distance of points p and Q from the origin is the same and also, the distance of points Q and S
from the origin is the same.
The distance of points p and S from the origin is the Same.

= (P,S) €ER

. R is transitive.
The set of all points related to P not # (O, O) will be those points whose distance from the origin
is the same as the distance of point P from the origin.
In other words, if O (O, O) is the origin and OP = k, then the set of all points related to P is at a
distance of k from the origin.
Hence, this set of points forms a circle with the centre as the origin and this circle passes through
point P.
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Q12
Show that the relation R defined in the set A of all triangles as R = { (Tl, T2) : 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={ (T}, T,): T, is similar to T, }

R is reflexive since every triangle is similar to itself.
Further, if (Tl, T2) € R, then T is similarto T,
= T, is similar to T
= (T, T,) ER
Now,

Let (Tl, T, ) (TZ, T3) ER.
= T, is similar to T, and T, is similar to T
= T, is similar to T
= (T, 75) ER
.. R is transitive.

Thus, R is an equivalence relation.

Now, we can observe that:

.. R is transitive.
Thus, R is an equivalence relation.

Now, we can observe that:

3 4 5 1
6 8 10| 2
. The corresponding sides of triangles T and T are in the same ratio.

Then, triangle T is similar to triangle Ty .

Hence, T is related to T .
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Q13
Show that the relation R defined in the set A of all polygons as R = { (Pl, 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.



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

R is reflexive since (Pl, Pl) € R as the same polygon has the same number of sides with
itself.

Let (P, P,) ER.

= P, and P, have the same number of sides.

= P, and P, have the same number of sides.

= (P, P,) ER

.. R is symmetric.
Now,

Let (P, P,), (P, P3) € R.
= P, and P, have the same number of sides. Also, P, and P have the same number of

sides.
= P, and Py have the same number of sides.

= (PLP;) ER

. R is transitive.
Hence, R is an equivalence relation.

The elements in A related to the right-angled triangle (T) with sides 3, 4, and 5 are those polygons
which have 3 sides (since Tis a polygon with 3 sides).
Hence, the set of all elements in A related to triangle Tis the set of all triangles.
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Q14
Let L be the set of all lines in XY plane and R be the relation in L defined as R = { (Ll,

L,): L, is parallel to L,}. Show that R is an equivalence relation. Find the set ofl lines

related to the liney = 2x + 4.

Answer.

R={(L1L;):L;is paraliel t0 L, }

R is reflexive as any line L is parallel to itself i.e., (L b Ll) €ER

Now,



Let (L, L,) € R
= L, is parallel to L,

= L, is parallel to L

= (LpL,) ER

.. R is symmetric.
Now,

Let (Ll,Lz), (LZ,LB) ER
= L, is parallel to L, . Also, L, is parallel to L,
= L, is parallel to L,

.. R is transitive.
The set of all lines related to the line y = 2x + 4 is the set of all lines that are parallel to
the liney = 2x + 4.

Slope of liney = 2x + 4ism = 2
It is known that parallel lines have the same slopes.

The line parallel to the given line is of the form y = 2x + ¢, wherec € R.

Hence, the set of all lines related to the given line is given by y = 2x + ¢, wherec € R.
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Q15
Let R be the relation in the set {1, 2, 3, 4} given by R = {(1, 2), (2, 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.
R={(1,2),(2,2),(1,1),(4,4),(1,3),(3,3), (3,2}

It is seen that (a, a) € R, foreverya € {1, 2, 3, 4}
. R is reflexive.
Itis seen that (1,2) € R, but(2,1) € R.

.. R is not symmetric.
Also, it is observed that (a, b), (b,c) € R = (a,c) € Rforalla,b,c € {1, 2, 3,4} .

. R is transitive.
Hence, R is reflexive and transitive but not symmetric. The correct answer is B.
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Q16



Let R be the relation in the set N given by R = {(a, b):a = b — 2, b > 6}. Choose th
correct answer.
(A) (2,4) € R(B)(3,8) € R(C)(6,8) € R(D)8,7) €R

Answer.

R ={(a,b):a=b-2,b> 6}
Now, since b > 6, (2,4) € R
Also,as3#8-2,(3,8) € R
And,as8 #7 -2

- (8,7) € R

- (8,7) € R

Now, consider (6, 8)

We have 8 > 6 and also, 6 = 8 — 2
" (6,8) €R

The correct answer is C.
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1
Q1 Show that the function f:R , - R defined by f(x) = 7 is one-one and onto, where is the set

of all non-zero real numbers. Is the result true, if the domain R. is replaced by N with co-domain
same as R. ?

Answer.

1
f:R, — R isdefined by f(x) = ; one-one :
fx) = f(y)

=

X | =

< |k

=2Xx=Yy
.. fis one-one.
Onto:

1
It is clear that fory € R, there existx = - € R, (Exists asy # 0) such that
y

fix) = =y

1
y
.. fis onto.
Thus, the given function (f) is one-one and onto.

Now, consider functiong:N - R, defined by



1
ax) = 3

We have,

1 1
o(n)=9()=5=5=x=x
a is one-one.

Further, it is clear that g is not onto as for 1.2 € R , there does not exist any x in N such
1
that g(x) = 12

Hence, function g is one-one but not onto.
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Q2 Check the injective and surjective of the following activity of the following functions :
() f:N - N given by f(x) = x?

(i) f:Z - Z given by f(x) = x?

(iii) f: R — R given by f(x) = x?

(iv)f:N - N given by f(x) = x3

(Vf:Z - Z given by f(x) = x°

Answer.
(i) f:N - Nis given by,
fx) = x*
It is seen that for x, y € N, f(x) = f(y) = X2 :y2 S Xx=y.
if is injective.
Now, 2 & N. But, there does not exist any x in N such that f(x) = x> =2.
.. f is not surjective.

Hence, function f is injective but not surjective.

(ii) f:z — zis given by,
fix) = x*

Itisseenthat f(—1)=f(1) =1, but —1# 1

.. fis not injective.

Now, —2 € Z . But, there does not exist any element x € Z such that f(x) = x>=-2.
.. f is not surjective.

Hence, function f is neither injective nor surjective.

(iii) f: R - Rs given by,
fix) = x*
Itisseenthat f(—1)=f(1) =1, but —1#1

- fis not injective.



Now, -2 € R. But, there does not exist any element x € R such that f(x) = x> = - 2.
.. f is not surjective.

Hence, function f is neither injective nor surjective.

(iv) f:N — N given by,

foo = x°

It is seen that forx,y E N, f(x) = f(y) = x> =y3 =2 x=y

.. fis injective.

Now, 2 € N. But, there does not exist any element x in domain N such that f(x) = x> =
2.

.. fis not surjective

Hence, function f is injective but not surjective.

(v)f:Z - Zis given by,

foo) = x°

It is seen that forx,y € Z,f(x) = f(y) =@ x> =y3 = x=y.

.. fis injective.

Now, 2 € Z . But, there does not exist any element x in domain z such that f(x) = x3 = 2.
.. fis not surjective.

Hence, function f is injective but not surjective.
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Q3 Prove that the greatest integer function f:R — R given by f(x) = [x] in neither one-once nor
onto, where [x] denotes the greatest integer less than or equal to x .

Answer.

f:R - Ris given by,

fx) = [x]

It is seen that f(1.2) = [1.2] = 1, f(1.9) = [1.9] = 1.
S f(1.2) = f(1.9), but 1.2 # 1.9

.. f is 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

.. f is not onto.

Hence, the greatest integer function is neither one-one nor onto.
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Q4 Show that the modulus function f: R - R given by f(x) = |x|, is either one on one nor onto,
where | x| is x, if x is positive or 0 and | x| is —x, if x is negative.



Answer.
f:R — Ris given by,

x, ifx=>0

-x, ifx <0

fx) = [x| = {

Itisseenthatf(—-1)=| -1] =1, (1) =|1] =1
S f(-1)=f1), but -1 #1

.. f is not one-one.
Now, consider-1 € R.

It is known that f(x) = | x| is always non-negative. Thus, there does not exist any
element x in domain R such that f(x) = | x|

.. f is not onto.

Hence, the modulus function is neither one-one nor onto.
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1, ifx>0
Q5 Show that the signum Function f:R — R, givenbyf(x) ={ 0, if x =0 is neither one-one nor
-1, ifx<0

onto.
Answer.
f:R — Ris given by,

1, ifx>0

0,ifx=0

-1, ifx <0

Itisseenthat f(1) =f(2) =1, but1 # 2.

.. f is 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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Q6

LetA ={1,2,3},B={4,5,6,7} and let f = {(1, 4), (2, 5), (3, 6)} be a function from
Ato B . Show that f is one-one.

Answer.



It is given that A = {1,2,3}, B={4,5,6, 7} .
f:A - Bisdefined as f = {(1, 4),(2,5),(3,6)}
S () =4,f2)=5,f(3) =6

It is seen that the images of distinct elements of A under f are distinct.
Hence, function f is one-one.
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Q7

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 + x?
Answer.

(i) f:R - Ris defined as f(x) = 3 — 4x
Let x4, x, € R such that f(xl) = f(xz)
= 3-4x; =3 -4x,

= —dx; = —4x,

X1 =Xy

. f; is one-one.

3
For any real number (y) in R, there exists

—;y in R such that
3-y 3-y
(=) =3-4(=)=»

.. fis onto.

Hence, fis bijective.

(ii) f:R - Ris defined as
) = 1+

Let x;, X, € R such that f(xl) = f(xz)
=1+ x% =1+ x%

=

=Xy = J_rx2

f(xl) = f(xz) does not imply that x; = x,

For instance,



fy=f-1)=2
.. f is not one-one.

Consider an element —2 in co-domain R .
It is seen that f(x) = 1 + x? is positive for all x € R..

Thus, there does not exist any x in domain R such that f(x) = — 2.
.. f is not onto.

Hence, f is neither one-one nor onto.
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08
Let A and B be sets. Show that f: A x B - B x A such that (a, b) = (b, a) is bijective

function.

Answer.
f:Ax B - BxAisdefined as f(a, b) = (b, a)

Let (al, bl), (az, b2) € A x B such that f(al, bl) = f(az, b2)

= (by.a1) = (b2 a)

= b, =byanda, = a,

- (al,bl) = (az, bz)

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

Then, there exists (a, b) € A x B such that f(a, b) = (b, a). [By definition of f
.. f is onto.

Hence, fis bijective.
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Q9 Let
n+l
= if n is odd

f:N — Nbe defined by f(n) = foralln € N.
7 if n is even

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

Answer.



n+l . )
s if n is odd

f:N — Nbedefinedisf(n) = foralln € N.
> if n is even

It can be observe that
1+1
f(1)=—- =1andf(2) =5 =1 [ By definition of f]
S f(1) = f(2), where 1 # 2

.. f(1) not one-one.
Consider a natural number (n) in co-domain N .

Case I: nis odd

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

4r+1+1
flar+1) = —

Case II: n is even

=2r+1

4r
. n = 2r for some r € N. Then, there exists 4r € N such that f(4r) = 5 =2r
.. fis onto.

Hence, f is not a bijective function.
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Q10
Let A =R-{3}and B = R — {1}. Consider the function f:A — B defined by

f(x) = (E ) Is f one-one and onto? Justify your answer.

Answer.
A=R-{3},B=R-{1} x-2
f:A - Bis defined as f) = ( )

x—3
Let x, y € A such that f(x) = f(y)
x—2 y—2
x-3 _ y-3

=(x-2)y-3)=0-2Jx-3)
=xy—-3x—-2y+6=xy-3y—-2x+6

=

= -3x—-2y= —-3y—2
=>Xx=Yy

.. fis one-one.
Lety € B=R- {1}. Then,y # 1.

The function fis onto if there exists x € A such that f(x) = y .

Now,



2-3y
Thus, for any y € B, there exists T €A

2-3y
2-3y 2-3y—-2+2y -y
f( ) = = ==Y

1-y -

.. fis onto.

Hence, function f is one-one and onto.
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Q11
Let f:R — R be defined as f(x) = x*. Choose the correct answer.
(A) fis one-one onto (B)f is many-one onto

(C) f is one-one but not onto (D)f is neither one-one nor onto

Answer.

f:R - Ris defined as f(x) = x*
Let x, y € R such that f(x) = f(y)
= x4 = y*

=S Xx=zty

f(xl) = f(xz) does not imply that x; = x,
For instance,
f=f-1)=1

.. f is 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.
.. f is not onto.
Hence, function f is neither one-one nor onto.

The correct answer is D.
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Q12
Letf:R — R be defined as f(x) = 3x . Choose the correct answer.
(A) fis one-one onto (B) f is many-one onto

(C) f is one-one but not onto (D) f is neither one-one nor onto

Answer.



f:R - Risdefined as f(x) = 3x
Let x, y € R such that f(x) = f(y)
= 3x = 3y

=S X=y

.. fis one-one.

y
Also, for any real number (y) in co-domain R, there exists 7 in R such that

f(§)=3(§):y

.. fis onto.
Hence , function f is one-one and onto. The correct answer is A
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Q1
Letf:{1,3,4} - {1,2,5}andg:{1,2,5} - {1,3} begivenby f = {(1, 2), (3, 5),
(4, D} 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(1,2),(3,5),(4 1} and g = {(1,3),(2,3), (5, 1)}

gof(1) = g(f(1)) = g(2) =3 [f(1) = 2and g(2) = 3]

gof(3) = g(f(3)) = g(5) =1 [f(3) = 5and g(5) = 1]

gof(4) = g(f(4)) = g(1) =3 [f(4) = 1and g(1) = 3]

“ogof ={(1, 3), (3, 1), (4, 3)}
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Q2 Let f,g and h be function from R to R, show that
(f + g)oh = foh + goh

(f - g)oh = (foh) - (goh)

Answer.
To prove:

(f + g)oh = foh + goh
Consider:

((f+ g) oh )(x)

= (f+ g)(h(x))

= f(h(x)) + g(h(x))

= (foh ) + (goh)x)
= {(foh) + (goh)}(x)

2 ((f+ 9) oh )() = {(foh) + (goh)}() Vx € R
Hence(f+ g)oh = fo h+ goh



To prove:

(f - g)oh = (foh) - (goh)
Consider:

((f- g) oh )(x)

= (f- 9)(h(x))

= f(h(x)) - g(h(x))

= (foh)(x) - (g ° h)(x)

= {(foh) - (goh)}(x)

S ((Fr9) » WX = {(f o h) - (goh)}(x)Vx € R
Hence(f- g)oh = (fo h)-(g > h)
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Q3
Findgofandf o g, if

(D) fx) = [x| and g(x) = [5x — 2|

(ii) f(x) = 8x> and g(x) = x3

Answer.
f(x) = |x| and g(x) = |5x — 2|

@A) (g ° Hx) =g(fx) =g(|x|) = [5]x| - 2|
(f°g)(x)=f(g(x))=f(|15x—2|)= | [5x = 2[| = [5x — 2]
f(x) = 8x3 and g(x) = x3

1
3

(g 0£)(0 = 9(f1x) = g(8:°) = (8+°)7 = 2¢

(ii)

1 1\3
(f ° 9)(x) = flg(x)) = f(xE) = B(XE) = 8x
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4x+3)

( 2 2
Q4 If flx) = x # 3 ,show that f o f(x) =x for all x # 7. What is the inverse of f ?

(6x—4)°

Answer.
(4x + 3) 2
fx) =

= #
6x-4"" 3
It is given that (6x — 4)

4x + 3
fx) = f(f) = f( — 4)



4x+3
4 6x—4 +3
16x+12+18x-12  34x
T Dax+18-24x+16 34 X

4x+3
6l oz | 4

2
Therefore, fof (x) = x, forall x # 3

= fof =1
Hence, the given function f is invertible and the inverse of fis f itself.
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Q5 State with reason whether following functions have inverse
() f:{1,2,3,4} - {10} with

f={(, 10), (2, 10), (3, 10), (4, 10)}
(i) g: {5,6,7,8} - {1,2,3,4} with
g=1(5,4),(6,3),(7,4),(8,2)}
(i) h: {2, 3, 4,5} — {7,9, 11, 13} with
h=1{27),3,9), 4, 11), (5 13)}

Answer.
() f:{1,2,3,4} - {10} defined as:

f=1{(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) =
f3) = f(4) = 10

f is not one-one.

Hence, function f does not have an inverse.

(i) g:{5,6,7,8} — {1, 2,3, 4} defined as:
g=1(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=1{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.
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Q6 Show that f:[ - 1,1] - R, . Given by f(x) =
f:[-1,1] - Rangef

X
T is one-one. Find the inverse of the function

2y
(1-y) )-

(Hinty € Rangef,y =/(¥) = é for some xin[-1, 1]i.e.,x =

Answer.

) = T35
f:[-1,1] - Ris given as
Let f(x) = f(y)

X Yy

= =

x+2 y+2
= xy+2x =xy + 2y
= 2x =2y

=2X=Yy
.. fis a one-one function.

It is clear that f:[ — 1, 1] — Range fis onto.
~f:[—1,1] -» Range fis one-one and onto and therefore, the inverse of the function:

f:[-1,1] -» Range fexists.
Letg: Rangef — [ — 1, 1] be the inverse of f.
Let y be an arbitrary element of range f .
since f:[ — 1, 1] — Range fis onto, we have:
y = f(x) forsamex € [ — 1, 1]
X

DA

= xy + 2y = Xx

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

= x = —
X 1_y,y7f1

Now, let us define g: Rangef - [— 1, 1] as
2y
g0 =1,y *1

Now, (gof)(x) = g(f(x)) = g(xiz ) T Txeex 2 *

2 1
(fog)(y) = flgy)) = f(l_yy) "5 T yam 1Y

2y

S =15y L

1-y’
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Q7



f:R - R given by f(x) = 4x + 3. Show that fis invertible. Find the inverse of f

Answer.
f:R - Ris given by,
f(x) =4x+3
One-one:
Let f(x) = f(y)
=4x+3 =4y +3
= 4x = 4y
=X=y

.. fis a one-one function.
Onto:

Fory €ER, lety =4x+ 3

y—-3
=>x=T€R

y-3
Therefore, for any y € R, there existsx = —— € R

-3 -3
f(X)=f(yT)=4(yT)+3=y

.. fis onto.

Thus, fis one-one and onto and therefore, f~ ! exists.
y-3

Let us define g:R — Rby () =77

(4x+3) -3
Now , (g of J(¥) = g(f(x)) = g(dx +3) = ——— =x

-3 y—-3

(f°g)(y)=f(g(y))=f(y7)=4(T)+3=y—3+3=y

gef=feg=Ig

Hence, fis invertible and the inverse of fis given by is reflexive
b

-3
F0) = 90) =

symmetric or transitive.
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Q8
Consider f:R | — [4, ) given by f(x) = x% + 4. Show that fis invertible with the inverse

f Lof given fby f~ 1(y) =/y — 4, where R, is the set of all non-negative real numbers.

Answer.



f:R, - [4,%)is given as f(x) =x’+4
One-one:

Let f(x) = f(y)

=>x2+4=y’+4

= x% = 2

=S X=y asx=y E€ER,

.. fis a one-one function.
Onto:

Fory € [4, ), lety = x> +4
=>x2=y-4>0 [asy>4]

=x=1y-420
Therefore, for any y € R, there exists x = \/y — 4 € R such that

f) =y -4 = (Wy-4 +4=y-4+d=y

.. fis onto.
Thus, f is one-one and onto and therefore, f~! exists.

Let us define g: [4, ©) - R by,
g0) =y -4
Now, gof (x) = g(f(x)) = g(x2 + 4) = \/(x2 + 4) -4 = \/; =X

And,fe gy) =flgy) = f(ly -4 =(y-4)?+4=(y-4) +4=y

gef=feg=1I,,
Hence, fis invertible and the inverse of fis given by

Flo) =g) =y -4

Page : 18, Block Name : Exercise 1.3

Q9

Consider f:R, — [ =5, ®) given by f(x) = 9x2 + 6x — 5. Show that fis invertible with
» (Vy+6) -1

o) = |——

Answer.



f:R, - [—5,)isgiven as f(x) = 9x% +6x—5.
Let y be an arbitrary element of [ — 5, ©)
Lety =9x2 +6x—5.
=>y=0Bx+1)2-1-5=0Bx+1)°-6
= (Bx+1)°=y+6
=3x+1=/y+6

Vy+6-1

3
.. fis onto, thereby range f = [ — 5, o)

= X =

\Vy+6-1
3

Let us define g:[ - 5,0) - R, asg(y) =

We now have:

(g ° D) = g(f(x)) = g(9x2 +6x - 5)

=g«&+1f—6)

\Bx+1)?-6+6-1

3
3x+1-1
= — =X
3
V&-+6'—1
Ammmm=mwF<_TT_)

{71+

=(y+6)?-6=y+6-6=y
gof = IR’ and 109 = I[—s,oo)
Hence, fis invertible and the inverse of f is given by

Vy+6-1

o) =90 = —
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Q10 Let f: X - Ybe an invertible function. Show that f has unique inverse.
(Hint : Suppose g, and g, are two inverse of f. Then for ally € Yf,g,(y) = I1(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 ally € Y, we have:
fog,(y) = Iy(y) = fog,(y)

= f(9:0)) = f(9:0))
= 9100 = g,(0)

= 91792
Hence,f has a unique inverse.

Page : 19, Block Name : Exercise 1.3

Q11
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‘l) Loy

Answer.

Function f: {1, 2,3} - {a, b, ¢} is given by,

f(1) = a,f(2) = b, and f(3) = ¢

If we define g: {a, b, c} - {1,2,3}asg(a) = 1, g(b) = 2, g(c) = 3, then we have:
(f ° 9)a) = fig(a)) = f(1) = a

(f ° 9)b) = f(g(b)) = f(2) = b

(feg)c) =1flg(c)) =f(3) =c
And

(goH(1) = g(f(1)) = g(a) = 1
(9oN(2) = g(f(2)) = g(b) = 2

(9oH(3) = g(f(3)) = g(c) = 3
. gof = I, and fog = I WhereX = {1,2,3} and Y = {a, b, c}

Thus, the inverse of f exists and 1= g.

f_l: {a,b, c} - {1, 2,3} is given by,
fFlw=1f'®=2f()=3

Let us now find the inverse of f li.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) = ¢, then we have:

(g ° h)(1) = g(h(1)) = g(a) = 1

(g ° h)(2) = g(h(2)) = g(b) =2

(g > W(3) = g(h(3)) = g(c) =3
And

(h ° g)(@) = h(g(a)) = h(1) = a
(h ° g)(b) = h(g(b)) = h(2) = b
(h ° g)(c) = h(g(c)) = h(3) = c



goh =1, and hog = Iy, where x = {1,2,3}and Y = {a, b, ¢}

Thus the inverse of g existsandg ' = h = (f' 1)_1 =h
It can be noted that h =f.

Hence (f'l)_1 =f
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Q12
Let f:X — Y be an invertible function. Show that the inverse of f Lis f, i.e.,

(F) =1

Answer.
Let f:X - Ybe an invertible fuction
Then , there exists a functiong:Y — Xsuchthatgo f=1I,andf° g =1y

Here,f_1 =g.
Nowg e f=1I,andfeg=1Iy
= fLof = IXandfof_1 =1y

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

i.e.,(f—l)‘1 =f
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013

Wl

Iff:R - Rbegiven by f(x) = (3 - x3) , then f o f(x) is
A) X—13 (B)x3 (C)x (3 - x3)

Answer.

1
f:R - Risgiven as f(x) = (3 —x3)E

f) = (3 —x3)§

~foft) = ffey = | (3-)7 | = [3- [ (3-%7)



S fof (x) = x

The correct answer is C
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4
Q14 SLetf:R - { - = } — R be a function defined as f(x) = The inverse of f is map g:

3 3x+4°

4
Rangef:R—{—g} - R

3y
B 90) = 575
4y
B)90) = 755,
4y
©90) = 375
3y
D) 90) = 373

Answer. It is given that

fiR - { - i} — R s defined as f(x) =

3 3x+4

Let y be an arbitrary element of range f.Then, there exists

x€ r-{-ly=ro0

such&lat

=>y:3x+4
= 3xy + 4y = 4x

4 4y
= x(4 - 3y) = 4y Let us define g: Rangef - R~ - 3 asg(yzm

4y

4x
Now, (g ° N(x) = g(f(x)) = g( 3x+4)

4( 4x )
Srd 16x 16x
- T Ix+16-12x 16 X




4y
And, (fe g)) = flg0)) = f (4_—3y)

4y 16y 16y

4y
3 e +4

g is the inverse of fi.e., f' = g
Hence, the inverse of f is the map g : Range

T 1y+16-12y 16 7

4
f-> R~- {— g},whichis given by

4y
90) = 775,

The correct answer is B
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Q1 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)Onz", define * byakxb=a-b

(ii)Onz", define * bya * b =ab

(iii) On R, define * by a * b = ab®

(iv)Onz ", define * bya* b= |a-b|

(v) Onz", define * bya* b=a

Answer.
(i)Onz", * isdefinedbya*xb=a-b
It is not a binary operation as the image of (1, 2) under * is1 %2 =1-2
= -1€¢z"

(ij)onZ", * isdefinedbya * b = ab.

It is seen that for each a, b € Z " ,there is a unique element abin Z *

This means that * carries each pair (a, b) to a unique elementa *b=abinz".
Therefore, * is a binary operation.

(iii) On R, * is defined by a * b = ab?
It is seen that for each a, b € R, there is a unique element ab’inR.

This means that * carries each pair (a, b) to a unique element a * b = ab®inR..
(iv)OnZ™, % isdefinedbya * b= |a—b|

It is seen that for eacha, b € Z ", there is a unique element |a - b| inz " .

This means that * carries each pair (a, b) to a unique element a * b =

la-b|inz"



Therefore * is a binary operation.
(v)Onz*, % isdefinedbya * b=a.
% carries each pair (a, b) to a unique elementa * b =ainz ™

Therefore, > is a binary operation.
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C%320r each binary operation * defined below, determine whether* is commutative or
associative.

(i) On z, definea*k b=a->b

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

(iii)) On Q, definea * b = %b

(iv) Onz*, definea % b = 29P

(v)Onz", definea * b = a®

(vi)On R — { — 1}, definea * b = %

Answer.
(i) Onz, * isdefinedbya*b=a-b

Itcan be observedthat1 * 2 =1-2=1and2 *x1=2-1=1
S1%2#2%1; wherel,2 € Z

Hence, the operation * is not commutative.
Also we have:

(1%2)*k3=(1-2)%k3=-1%3=-1-3= -4
1%2%3)=1%x2-3)=1% -1=1-(-1)=2
L1k 2)%3#1 % (2% 3); wherel,2,3 € Z

Hence, the operation * is not associative.

(ii) Q, * is defined by a % b = ab + 1
It is known that: ab = ba forall a, b € Q

=>ab+1=ba+1foralla,b € Q

=2>a*xb=a*xbforalla, b € Q
Therefore, the operation * is commutative.
It can be observed that

(1%2)%3=(1%x2+1)*%3=3%3=3%x3+1=10
1%(Q2%3)=1%Q2x3+1)=1%7=1x7+1=8
L1k 2) k 3#1 % (2% 3), where 1, 2,3 € Q Therefore, the operation

(iii)
ab
On Q, * is defined by a % b = -

It is known that: ab = ba for alla, b € Q



ab ba

=5 = Eforalla,b €Q
=2a*b=>bx*xaforalla,b € Q
Therefore, the operation * is commutative.

Forall a, b,c € Q, we have

a

9]

Il
N

Il
A

(%)
ab 2 abc
3

(a*b)*c:(g

()
al =
bc ) 2 abc

a*(b*c)=a*(3 > 2

(a*b)*c=a*(b*), where a,b,c € Q

Therefore, the operation > is associative.

(iv)

OnZ",* is defined by a ¥ b = 290

It is known that: ab = ba foralla,b € Z*
= 2ab = pba forallg, b € Z 7
=>akxb=bxaforalla,bEZ"
Therefore, the operation > is commutative.

It can be observed that
(1%2)%3=21%2%3=4%3=243=2123nd

1% @Q%3)=1%223=1%20=1%64=21764=)64
Therefore, the operation * is not associative.

(v)Z*, % isdefinedbya*b = aP
It can be observed that
1%x2=12=1and2*1=21=2
1% 2#2% 1, where,2 €EZ7
Therefore, the operation * is not commutative.
It can also be observed that
@*x3)k4=23%4=8%4=8"2and2 x (3 % 4)=2x%31=28
(2% 3)%4#2% (3%4), where2,3,4 € Z"

Therefore, the operation  is not associative.

a
(Vi) R, * = { -1} is defined by a * b = -/



It can be observed that

1 1 2 2
1*2=ﬁ=§and2*1=m=5=1
L1k 2#2% 1, wherel,2 € R-{ -1}
Therefore, the operation * is not commutative.

It can also be observed that

1
1 1 3 1
(1%k2)*k3=57%3=3%3=77=7
2 2 1 1 1 2
1>|<(2>|<3):1*m:1>|<Z:I*E:1_:?:g
1y 3B
2

So(1% 2) % 3#1%(Q2 % 3), where 1,2,3 € R - { — 1} Therefore, the operation *
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Q3 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 von the set {1, 2, 3, 4, 5} is defined asa V b = min {aq, b}

foralla, b € {1, 2,3,4,5}

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

vi1|2]3]|4]5

o]
=
[t
[t
]
[t
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Consider a binary operation * on the set {1, 2, 3, 4, 5} given by the following
multiplication table.

(i) Compute (2 * 3) * 4and 2 * (3 * 4)

(ii) Is * commutative?

(iii) Compute (2 * 3) * (4 * 5)

(Hint: use the following table)

*1112]314]5

[t
[
[t
[y
L.
k

Answer.
H@R*3)*k4=1%4=1

2% (3%k4)=2%1=1

(ii) Forevery a,b € {1, 2,3,4,5}, we have a * b = b * a. Therefore, the operation * is
commutative.

((ii)2*3)=1and(4 % 5)=1

S (2%3)k4*k5)=1%x1=1
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Q5 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. The
operation table for the operation can be given as:



We observe that the operation tables for the operations * and are the same. Thus, the operation is
same as the operation *.
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Q6

Let * be the binary operation on N givenby a * b =L : C - M. of a and b. Find
(1) 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 definedasa * b =L.C. M. of aand b
()5% 7= L.CM.of5and 7 = 35

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

(ii) It is known that:
L.CMofaand b = L.C.M of b and afor alla, b € N.
SLakb=bxa

Thus, the operation * is commutative.

(iii) For a, b, c € N, we have:

(a*b)*k c=(L.CMofaandb) *k c =LCMofa,b, and c
a*k((bx*xc)=ax*x(LCMofbandc) = L.C.Mofa,b, and c

SL(@kb)ykc=a*x(b*c

Thus, the operation * is associative.

(iv) It is known that:
L.CM.ofaand1 =a= L.CM.1anda foralla € N



=>a*1=a=1%a0a €N
Thus, 1 is the identity of * inN.

(v) An element a in N is invertible with respect to the operation > if there exists an
elementbin N, suchthata b=e=b * qa.

Here,e =1
This means that:

L.CMofaandb=1= L.CMofbanda
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 *
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Q7
Is * defined on the set {1, 2, 3, 4,5} by a *b= L.CM.ofaandba binary operation?

Justify your answer.

Answer.
The operation * onthe set A = {1, 2, 3, 4, 5} is defined as

a* b= L.CM.ofaandb.
Then, the operation table for the given operation * can be given as:

1]:2 3 4 3

[
b
[\
L% )
B
LN

=
et
el
i
I
=
=

4141 4 |12 | 4 | 20

5]15]10]115]20]| 5

It can be observed from the obtained table that:
3%2=2%3=6&A5%k2=2%5=10¢A,3%4=4%3=12€&A
3%5=5%3=15&€ A, 4%x5=5%x4=20€& A

Hence, the given operation * is not a binary operation.
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Q8
Let * be the binary operation on N defined by a * b = H.C.F. of aand 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.Fofaandb=H.C.F. ofbanda [Ja,b € N

SLakxb=bx%xa
Thus, the operation * is commutative.

Fora, b,c € N, we have:

(a*b)*k c=(H.C.F. ofaandb) * c = H.C.F. of a, b, and c
a*k(b*xc)=a*x (H.C.F. ofbandc)=H.C.F. ofa,b, and c
SL(a@kxb)ykc=a*x({b*c

Thus, the operation * is associative.
Now, an element e € N will be the identity for the operation * ifa * e =a =e % aVa €

N
But this relation is not true foranya € N .

Thus, the operation * does not have any identity in N.
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Q9 Let * be a binary operation on the set Q of rational number as follows :
()a* b=a-b (i)a * b =a?+ b?
(iii)a * b =a+ab (iv)a * b = (a - b)?

ab
(Via* b= 7 (vi)a * b =ab’

Answer.
(i) On Q, the operation * is definedasa * b=a-b.

It can be observed that:

1 1 1 1 3-2 1 1 1 1 1 2-3 -1
2 ¥375273 6 6 6¥3°3°2"%6 "6

1 1 1 1 11

X373 %5 wheey, 3 €Q

Thus, the operation * is not commutative.

It can also be observed that:

11 1 11 1 1 1 1 2-3 -1
2 ¥3|*35 27 3)*3T6s*X37s 3T 2 T2
1 11 1 1 1 1 1 1 6-1 5
¥ 3 *3)=2*¥ |3 3)=2*n 2 o 2 T

(1 1 1 1 1 1 1 11
k3| k373 % |3 %7 where3, 3,7 €Q

Thus, the operation > is not associative.
Thus, the operation * is not commutative.



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

Fora,b € Q, we have:

akxb=a’+b>=b>+a’=b*a

SLakxb=bx*xa
(1*2)*3:(12+22)*3:(1+4)*4:5*4:52+42:41

1*(2*3):1*(22+32):1*(4+9):1*13:12+132:169
S (1%2)%k3 %1% (2%3); where 1,2,3 € Q

Thus, % is not associative.

, the operation

(iii) Q, the operation * is defined asa * b = a + ab
It can be observed that:

1%2=1+1%x2=1+2=3

2% 1=2+42x1=2+2=4

L1k 2#2%1; wherel,2 € Q

Thus, the operation * is not commutative.

It can also be observed that:
(1*%2)*%k3=(1+1%x2)%x3=3%x3=3+3x3=3+9=12

1%(Q2%3)=1%(2+2x3)=1%8=1+1x8=9
S (1%2)%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-b)?
bxa=®B-a)?=[-(a-b)? = (a-b)?
Laxb=bx%ka

Thus, the operation * is commutative.

It can be observed that:
1%2)%3=(1-22%3=(-1)2%3=1%3=(1-3)2=(-2°2=4
1% (2%3)=1%k2-32=1%(-1)2=1%1=(1-1)2=0

Sk 2)%3#1% (2% 3); where1,2,3 € Q
thus, the operation is not associative.

(v) On Q the operation is defined as



ab
axb= 2

Fora, b € Q, we have:

SLakb=bxa
Thus, the operation * is commutative.

For a, b, c € Q, we have:

ab
ab 3¢ abc
(@*b)*c=*c 7 6
bc
be a°7% abc
Cl*(b*C)—Cl*T— 2 T

S(@a*xb)ykc=a*x(b*xc
Thus, the operation * is associative.

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

It can be observed that:

|
N| =

1
3

N[~

*

W =

1
* 5 =

Wl -

1 1 1 1
Ty XFEIHY

11
where 353 SN0

Thus, the operation * is not commutative.

It can also be observed that:

1 1 1 1 1\2 1 1 1 1
a¥3*a (2 |3) | FaT e *aTwe

2 1
T 18x16

2 1
) 2% (48)?

N —
N
| W— |
Il
Nl -
*
&l =
1
N
—
&l =

W]l

N
m
le)

(1 1 1 1 1 1 1
|z *3) %373 %|3 % ;| wheres3,

Thus, the operation > is not associative.
Hence, the operations defined in (ii), (iv), (v) are commutative and the operation defined

in (v) is associative.
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Q10 Find which of the operations given above has identity.



Answer.
An element e € Q will be the identity element for the operation * if

ake=a=ex*xaVa€Q
satisfying the above condition.

Thus, none of the six operations has identity.
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Q11
Let A= Nx Nand * be the binary operation on A defined by

(a,b) * (c,d) = (a+c,b+d)
% is commutative and associative. Find the identity element for * on A,

Answer.
A=NxN

% is a binary operation on A and is defined by:
(a,b) * (c,d)=(a+c,b+d

Let (a, b), (c,d) € A

Then, a,b,c,d € N

We have:
(a,b) * (¢c,d) = (a+c,b+d

(c,d) * (a,b) =(c+a,d+b)=(a+c,b+d
Therefore, the operation * is commutative.

Now, let (a, b), (¢, d), (e, f) € A
Then, a,b,c,d,e,f € N

We have:

((a,b) * (c,d) * (e,)=(a+c,b+d) *k (e,f)=(a+tc+eb+d+f)
(a,b) * ((c,d) * (e,)) =(a,b) k (cte,d+tf)=(a+tc+teb+d+f)
(@, b) * (¢, d)) * (e, f) = (a, b) * ((c, d) * (e, )

Therefore, the operation > is associative.

An element e = (el, ez) €A

will be an identity element for the operation * if

a*e=a=e*aVa=(al,a2)€A

not true for any element in A .

Therefore, the operation * does not have any identity element.
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Q12
State whether the following statements are true or false. Justify.

(i) For an arbitrary binary operation * on a set N, a * a = aVa * N.

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



Answer.
(i) Define an operation * on N as:

a*b=a+b Vagb€&N
Then, in particular, for b = a = 3, we have:

3x3=3+3=6%#3
Therefore, statement (i) is false.

(ii)) R.H.S. =(c *k b) *k a
= (b * ¢) * a[ * is commutative ]

=a * (b * ¢)[ Again, as * is commutative]
= L.H.S.

SLak((b*kc)=(*b)*ka

Therefore, statement (ii) is true.
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Q13

Consider a binary operation * on N defined as a *b = a® + b3 . 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:

a*xb=a3+b3=0b3+a3=b % a[Addition is commutative in N]
Therefore, the operation * is commutative.

It can be observed that:

(1*2)*3:(13+23)*3:9*3:93+33:729+27:756

1*(2*3):1*(23+33):1*(8+27):1><35:13+353:1+(35)3:1+42875=42876

Sk 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.
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Let f:R — R be defined as f(x) = 10x + 7. Find the functiong:R - Rsuchthatg o f=f
og=1yx

Answer.
It is given that f: R — R is defined as f(x) = 10x + 7.

One-one:

Let f(x) = f(v), wherex,y € R.
= 10x+7 =10y + 7

= X = y

.. fis a one-one function.
Onto:

Fory € R, lety = 10x + 7

y-
= = —
X 10 €ER
y-7

Therefore, for any y € R, there exists *~ 10 €

R such that

f(x)=f(y1;07)=10(%)+7=y—7+7=y

.. fis onto.
Therefore, fis one-one and onto.

Thus, fis an invertible function.

y=7
Let us define g:R — Ras 90 =710

Now, we have:
(10x+7)-7  10x

And

y—-7 y—7
fog()')=f(g(y)):f(ﬁ):10(W)+7:y—7+7:y
wgef=Igandfeg=1Ig

y—7
R - Ris defined as 90) = o
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Q2
Let f:W — W be defined as f(n) = n - 1, if isodd and f(n) = n + 1, if n is even. Show

that f is invertible. Find the inverse of f. Here, W is the set of all whole numbers.

Answer. It is given that
n -1, if nis odd

n+ 1, if nis even

f:W - Wis defined as f(n) = {



It can be observed that if n is odd and m is even, then we will haven—-1=m + 1.
=>n-m=2

However, this is impossible.

Similarly, the possibility of n being even and m being odd can also be ignored under a

similar argument.
. Both n and m must be either odd or even.

Now, if both n and m are odd, then we have:
flmy=fm=>n-1=m-1=n=m

Again, if both n and m are even, then we have:
flmy=fm=>n+1=m+1=2n=m

is one-one.
It is clear that any odd number 2r + 1 in co-domain N is the image of 2r in domain N

and any even number 2r in co-domain N is the image of 2r + 1 in domain N .

.. fis onto.
Hence, fis an invertible function.

Let us defineg: W — W as:

m+ 1, if mis even

g(m) = {m— 1, if mis odd
Now, when n is odd:

gof () = g(ftn)) =g(n-1)=n-1+1=n
And, when n is even:

goft(m) =g(f(n) =gn+1)=n+1-1=n
Similarly, when m is odd:

fog(m) = flgim)) = f(m-1)=m-1+1=m
fog(m) = flg(m)) = f(m+1) =m+1-1=m

Sgef=1,andfog =1,
Thus, fis invertible and the inverse of fis given by f~! = g, which is the same as f.

Hence, the inverse of fis f itself.
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Q3
f:R - Ris defined by f(x) = x* - 3x + 2, find f(f(x))

Answer.
Itis given that f: R — R is defined as f(x) = X2 =3x+2.

fifo) = f(x* - 3x +2)
= ( 2—3x+2)2—3(x2—3x+2)+2

=xt+ox2+4-6x°-12x+4x2 - 3x2 +9x -6+ 2
=x4—6x3+10x2—3x
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Q4 Show that the function f:R - {x € R: — 1 < x < 1} defined by f(x) =

1+ x|

X € R is one one and onto function.

Answer. It is given that

[:R - {x € R: -1 <x <1} defined by f(x) =

x €R.

1+ x|
Suppose f(x) = f(y), where x, y € R.
X y

REETIFETY
It can be observed that if x is positive and y is negative, then we have:

X y
Tix 1y = 2xy =x-y
Since x is positive and y is negative:
x>y=x-y>0
But, 2xy is negative.
then 2xy # x -y
Thus, the case of x being positive and y being negative can be ruled out.
Under a similar argument, x being negative and y being positive can also be ruled out
x and y have to be either positive or negative.

When x and y are both positive, we have:
X y
f0=f0)= 105 = Ty XY=y vy = x=y

When x and y are both negative, we have:
X

f) =fy) = 1= = 1yTy SX-XYTYy-YX=Xx=y

. fis one-one.
Now, lety € Rsuch that -1 <y< 1.

. : . y
If x is negative, then there exists x = oy € R such that,

f(x)=f(1ﬁy)= () . )Hﬁyy

1+ | = 1+ [ =
1+y

Tty
. . . y
If x is positive, then there exists x = p € R such that

1

()

1-y

. fis onto.
Hence, f is one-one and onto.
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Q5
Show that the function f: R — R given by f(x) = x3is injective

Answer.

f:R - Risgiven as f(x) = x3.

Suppose f(x) = f(y), wherex,y € R..

= x3=y3...(1)

Now, we need to show thatx =y .

Suppose x # y, their cubes will also not be equal.
= x3 Z y3

However, this will be a contradiction to (1)

Jox = y

Hence, fis injective.
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Q6
Give examples of two functions f:N — Z and g:Z - Z such that g o fis injective but g is
not injective.

Answer.

Define f:N - zasf(x) =xandg:z - zasg(x) = |x|

We first show that g is not injective.

It can be observed that:

g(-D=1-1 =1

.. g is not injective.

Now, gof: N — Zis defined as g of (x) = g(f(x)) = g(x) = | x|

Let x, y € N such that gof (x) = gof(y)
Let x, y € N such that gof(x) = g ° f(y)

= x| = |y

since x and y € N, both are positive.
Sxl =yl =x=y

Hence, gof is injective
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Q7
Given examples of two functions f: N - Nand g:N — N such that g o fis onto but fis
not onto.

Answer.
Define f:N — Nby

fx) =x+1



x—1 ifx>1
9t = { 1 ifx =1
We first show that g is not onto.
For this, consider element 1 in co-domain N . It is clear that this element is not an image

of any of the elements in domain N .

" .. fis not onto.
goftx) = g(fx)) = glx + 1) =(x+1) -1 [x EN= (x+1)> 1]
=X
Then, it is clear that for y € N, there exists x =y € N suchthatg o f(x) = y.

Hence, gof is onto.
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Q8
Given a non empty set X , consider P(X) which is the set of all subsets of x.

Define the relation R in P(X) as follows:
For subsets A, B in P(X), ARB if and only if A € B. Is R an equivalence relation

Justify you answer:

Answer.
since every set is a subset of itself, ARA for all A € P(X) .

~. R is reflexive.
Let ARB= A C B.

This cannot be impliedto B € A.
.. R is not symmetric.

Further, if ARB and BRC, then A € BandB < C.
=>AE€C

= ARC

. R is transitive.

Hence, R is not an equivalence relation since it is not symmetric.
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Q9
Given a non-empty set X , consider the binary operation * :P(X) x P(X) —» P(X) given by

A % B = A n B[JA, B in P(X) is the power set of X . Show that x is the identity element
for this operation and X is the only invertible element in P(X) with respect to the

operation*.

Answer.
it is given that * :P(X) x P(X) — P(X) is defined as A * B = A n BVA, B € P(X)
we know that An X = A = X n AVA € P(X)

= A*X=A=X % AVA € P(X)



=A% X=A=X*AVA € P(X)

Thus, X is the identity element for the given binary operation *

A € P(X) is invertible if there existsB € P(X)
A*x B=X=B5A.

i.e.,

AnB=X=BnA

This case is possible only when A = X = B..

such that

Thus, X is the only invertible element in P(X) with respect to the given operation*.

Hence, the given result is proved.
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Q10 Find the number of all onto functions from the set {1,2,3,.....,n} to itself.

Answer.
Onto functions from the set {1, 2, 3, ..., n} to itself is simply a permutation on n symbols

1,2,...,n.
Thus, the total number of onto maps from {1, 2, ..., n} to itself is the same as the total

number of permutations on n symbols 1, 2, ..., n, which is the same as the total
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Q11
LetS={a,b,ctand T = {1,2,3}. Find F Lof the following functions F from S to T, if it

exists.

@ F = {(a, 3), (b, 2), (c, DI (i) F = {(a, 2), (b, 1), (c, )}

Answer.
S={ab,c}, T={1,2,3}

()F:S - Tis defined as:

F = {(a,3), (b, 2), (c, 1)}

= F(a) = 3,F(b)=2,F(c) =1
Therefore, F~': T - Sis given by
F'={(3,a),(2b),1,0)}

since F(b) = F(c) = 1, F is not one-one.

Hence, F is not invertible i.e., F 1 does not exist.
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Q12 Consider the binary operations * :RxR - Rando:R xR — Rdefinedasa *b=|a-Db|and a
ob=a, Va,b & R. Show that * is commutative but not associative, o is associative but not
commutative. Further, show that Va,b,c €R,a * (boc)=(a * b) o (a * c). [If it is so, we say that



the operation * distributes over the operation o]. Does o distribute over *? Justify your answer.

Answer.
Itis giventhat * :RxR - and0:RxR - R

a*b=|a-b| q4.p=a0ab&ER
Fora,b € R, we have:
a*xb=|a-b|
bkxa=|b-a|=|-(@-b)| =|a-b|
Lakb=b%a

.. The operation * is commutative.

It can be observed that,
1*%2)y%x3=(]1-2])%k3=1%3=|1-3]

1% Q2%*3)=1%(|2-3)=1%1=[1-1]

S (1% 2)%3#1 % (2% 3)(wherel,2,3 E€R)
Now, consider the operation o:

It can be observedthat 102 =1and201 =2.
S 102#201 (wherel,2 €R)

. The operation o is not commutative.
Let a, b,c € R. Then, we have:

(@aeb)ec=acc=a

aoc(bec)=aob=a
=aob)oc=ac(boc)
.. The operation o is associative.

Now, let a, b, c € R, then we have:
Now, let a, b, c € R, then we have:

ak(boc)y=a*xb=|a-b|
(@*Db)o(a*c)=(la-b[)e(la-c|)=[a-b]
Hence,a * (b o ¢) = (a *k b) o (a * ¢)

Now,
102 % 3)=10(|2-3|)=101=1

(lo2)*(1e3)=1%1=[1-1]=0
S1o(2%3)#(1e2) % (lo3)(wherel, 23 €ER)

.. The operation o does not distribute over*.
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Q13

Given a non empty set X, let * :P(X) x P(X) - P(X) —» be definedasA * B=(A-B) U (B
—A), for allA, B € P(X). Show that the empty set @ is the identity for the operation

the elements A of P(X) are invertible with A l=a (Hint: A-®) U (d-A)=Aand (A
—-A)UA-A) =A% A=0)

Answer.



It is given that * :P(x) X P(X) — P(X) is defined as

A*x B=(A-B)U (B-A)OJA B € PX)

Let A € P(X). Then, we have:
AXDO=A-D)U(DP-A)=AUdD=A
PxkA=(P-AUA-D)=DUA=A
LA¥D=A=0%A DA € PX)

Thus, @ is the identity element for the given operation >
A*B=® = B % A. ( As @ is the identity element)

Now, we observed that A¥A=(A-A) U (A-A) = ¢ U ¢ = VA € P(X)
A of P(X) are invertible withA~1 = A
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Q14 Define a binary operation *on the set {0, 1, 2, 3, 4, 5} as
a+tb, ifa+b<6
axb= {a+b—6 ifa+b>6
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.

Answer.
LetX =1{0,1,2,3,4,5}

The operation * on X is defined as:
a+b ifa+b<6
axb= {a+b—6 ifa+bh>6
An element e € X is the identity element for the operation * , if a *e=a=e*aVa E X

Fora € X, we observed that:
ak0=a+0=aqa [e€EX=2a+0<6]

Oka=0+a=a [eeEX=0+a<6]

a*x0=a=0%adVa € X
Thus, 0 is the identity element for the given operation *

An element a € X is invertible if there exists b € X suchthata* b=0=b % a.
at+tb=0=b+a, ifa+b<6

{a+b—6=0=b+a—6, ifa+b>6

a= —borb=6-a

But,x ={0,1,2,3,4,5}anda,b € X. Then,a# - b

. b =6 — aisthe inverse of a [Ja € X.

€ X,a#0is6-aie,a '=6-a
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Q15
A={-1,0,1,2},B={-4, —-2,0,2}and f,g:A - B be functions defined by f(x) =



1
x*-x;x € Aandg(x) =2|x- ;|- 1,x € A. Are fand g equal ?

Answer.
Itisgiventhat A= {-1,0,1,2},B={ -4, - 2,0,2}

Also, it is given that f, g:A — B are defined by f(x) = x> = x,x € A and

1

gx) =2|x -3 -LLx€EA

It is observed that:
f(-D=(-D*-(-D=1+1=2

1 3
m—l)zzk—n—g —1=2(5)—1=3—1=2

= f(-1)=g(-1)

f(0) = (0)>-0=0

g(0) =2 —1:26)—1:1—1:0
= f(0) = g(0)

f)=1)?-1=1-1=0

g =2 —1:26)—1:1—1:0
= f(1) = g(1)

f2)=()?-2=4-2=2

3
—1=2$)—1=3—1=2
= f(2) = 9(2)

- fla) = g(a)Va € A

Hence, the functions f and g are equal.

1
0-3

1
1-3

1

gQ2)=2|2 -3
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Q16 Let A {1, 2, 3}. Then number of relations containing (1, 2) and (1, 3) which are
reflexive and symmetric but not transitive is

A) 1

(B) 2

©)3

(D) 4

Answer.



The given setis A = {1, 2,3} .
The smallest relation containing (1, 2) and (1, 3) which is reflexive and symmetric, but

not transitive is given by:
R=1{(1,1),(2,2),(3,3),(1,2),(1,3),(2,1), (3, 1)}
This is because relation R is reflexive as (1, 1), (2, 2),(3,3) € R.

Relation R is symmetric since (1, 2), (2,1) € Rand (1, 3),(3,1) €R.
But relation R is not transitive as (3, 1), (1,2) € R, but (3,2) € R.

Now, if we add any two pairs (3, 2) and (2, 3) (or both) to relation R, then relation R will

become transitive.
Hence, the total number of desired relations is one.

The correct answer is A.
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Q17 Let A — {1, 2, 3}. Then number of equivalence relations containing (1, 2) is
A) 1
(B) 2
©)3
(D) 4

Answer.
It is given that A = {1, 2, 3}.

The smallest equivalence relation containing (1, 2) is given by,

R, =1{(1,1),(2,2),(3,3),(1,2),(2, 1)}
Now, we are left with only four pairs i.e., (2, 3), (3, 2), (1, 3), and (3, 1) .
If we odd any one pair [say(2, 3)] to R, then for symmetry we must add (3, 2). Also,

for transitivity we are required to add (1, 3) and (3, 1) .
Hence, the only equivalence relation (bigger than R, ) is the universal relation.

This shows that the total number of equivalence relations containing (1, 2) is two.

The correct answer is B .
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Q18 Let f:R — R be the sigmum function defined as

1,x>0

fix) =40, x=0 andg:R -9R be the Greatest Integer Function given by g(x) = [x] where [X] is
-1,x<0

greatest integer less than or equal to x. Then does fog and gof coincide in (0, 1) ?

Answer.



1, x>0
f:R - Risdefinedasfix)=40, x=0
-1,x<0
Also, g:R - Ris defined as g(x) = [x], where [x] is the greatest integer less than or

equal to x.

Thus, when x € (0, 1), we have fo g(x) =0andg ° f(x) = 1

Hence, f o g and g do not coincide in (0, 1] .
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Q19
Number of binary operations on the set {a, b} are
(A) 10(B)16 (C) 20 (D) 8

Answer.
A binary operation * on {a, b}, is a function from {a, b} x {a, b} - {a, b}

i.e., ¥ isa function from {(a, a), (a, b), (b, a), (b, b)} - {a, b}
Hence, the total number of binary operations on the set {a, b} is 24 i.e, 16.

The correct answer is B .
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