Question 1:
Determine whether or not each of the definition of * given below gives a binary operation. In

the ev
1.
1i.
11i.
1v.
V.

11.

1il.

1v.

ent that * is not a binary operation, give justification for this.

On Z', define * by a*b=a-b
On Z' define * by a*b=ab
OnR | define *by a*b = ab’

On Z', define * by @*b=|a—?|
On Z', define * by a*b=a

On Z*, define * by a*b=a-b

It is not a binary operation as the image of (1.2) under * is
1¥2=1-2
=-1¢Z".

Therefore, * is not a binary operation.

On Z° define * by a*b=ab

It is seen that for each®.DE€Z’ , there is a unique element ab in Z".

a,b)

This means that * carries each pair ( to a unique element a*b =abin Z".

Therefore, * is a binary operation.

OnR | define * a*b = a»’
It is seen that for each @.b€R | there is a unique element «#® in R . This means that *

a,b)

Therefore, "is a binary operation.

carries each pair ( to a unique element a*5 = ab” in R.

On z, define * by a*b=|a—b
It is seen that for each @-P€Z" there is a unique element ‘a -b | in Z". This means that

. . . k=g — . + . .
* carries each pair (2.6) 1 a unique element ¢ b= |a Bl in 2, Therefore, *is a binary
operation.

On Z, define * by a*b=a
*carries each pair (@, b) to a unique element in a*b=a in Z".
Therefore, * is a binary operation.

Question 2:

For each binary operation “defined below, determine whether ™ is commutative or associative.

1.

On Z' define a*b=a—-b
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ii.

111.
1v.

V1.

11.

iil.

On Q, define a*b=ab+1
ab

3 -

o - —
OnQ, define 2

On Z', define a*b =2%
On Z', define a*b =a”

" a

On R*{_l}, define “ bzﬁ

On Z', define a*b=a-b

It can be observed that 1*2=1-2=~1gnd 2*1=2-1=1,

.'.1*2?’:2*1;Where 1, 2eZ

Hence, the operation * is not commutative.

Also,
(]*2)*3:(1—2)*3=—]*3=—1—3:—4
l*(2*3):1*(2—3):1*—1:1—(—1):2
.'.(1*2)*3;&1*(2*3)

Hence, the operation © is not associative.

On Q, define a*b=ab+1

ab = ba foralla,be Q

= ab+1=ba+1 foralla.b € O
=a*h=b*a foralla,b € O
Hence, the operation * is commutative.

(1*2)*3 =(1x2+1)%*3=3%3=3x3+1=10
123 =1 M2 34 [ =1*T=1xT1=8
A(I*¥2)*¥321%(2%3)

Hence, the operation ™ is not associative.

ab

# .

b=
OnQ, define “ "~ 2
ab =ba foralla,be Q

:@=@ forall a,b € O
2 2

S avb=b"*a foralla,be QO
Hence, the operation * is commutative.

where 1,2,3€Z

where 1.2.3Q
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1v.

V1.

And

a*(b*c) =a*(ﬁJ= a(b;] _abe

2
~(a*b)*e=a*(b*c)

Hence, the operation * is associative.

On Z", define a*b =2%

ab = ba ftoralla,be ”Z
= 2% =2" foralla,beZ
=a*b=b*a foralla,beZ

Hence, the operation * is commutative.

(1%2)#3=2" #3=4%3 22" =07
1%(2%3)=1%2"" =1*2° =1"64 = 2%
A(I*2)*321%(23)

Hence, the operation * is not associative.

On Z', define a*b =a"

1*2=1"=1
2%1=2'=2
SI1*F2£2%]

Hence, the operation " is not commutative.

(2%3)*4=2"*4=8*4=8" =2"
2%(3%4)=2%3"=pwp( =2
o (2%3)*4£2%(3*4)

Hence, the operation ™ is not associative.

where a.,b,c €Q

where 1.2,3eZ”

where 1,2,eZ”

where 2.3.4eZ”
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S 1F2£2%]

where 1:2€R- {_1}

Hence, the operation * is not commutative.

(1#2)%3 =

|*{2*3)=1*%=1*
2+

L (1%2)*321%(2%3)

Hence, the operation * is not associative.

Question 3:

—
—

1 2
33
2

where 12,3 €R _{_]}

Consider the binary operation ~ on the set {1.2,3,4,5} defined by @A b=min 18,6} Write the

operation table of the operation ~ .

The binary operation ~ on the set {1.2.3.4.5} is defined by anb=min{a.b for a1

a,be{l,2,3,4,5

The operation table for the given operation ~ can be given as:

N |

w2 o
U S W —

Question 4:

2

|
2
2
2
2

3

Lo W2 L o

4

1
2
3
4
4

5

(O e S R S

Consider a binary operation * on the set {l’ 2*3’4*5} given by the following multiplication table.
i.  Compute (2 *3) "4 and 2 *(3 * 4)

ii. TIs *commutative?
1ii.  Compute (2 o 3) : (4 *5).

(Hint: Use the following table)

5
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(2#3)*4=1*4=]
2*#(3%4)=2%1=1

ii. Forevery ®P¢€ 1,2,3,4,5}
(243)*(4%3)
(2#3)=1and (4*5)=1
~(2#3)*(4*5)=1*1=1

% . .
,we have a*b=>b*a. Therefore, * is commutative.

111

Question 5:

Let *' be the binary operation on the set {L 2*3’4*5} defined by a*'hb=H.C.F. of d¢andb. Is the
operation *’ same as the operation * defined in Exercise 4 above? Justify your answer.

The binary operation on the set {l’ 2*3’4*5} is defined by a*'b=H.C.F. of (¢ andb.
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 5

. . *kt %

The operation table for the operations * and * are same.
. r . . %

operation * 18 same as operation .

Question 6:
Let * be the binary operation on N defined by a*b=L.C.M. of ¢ 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 *?
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The binary operation on N is defined by a*b= L.C.M. of #andb.
i. 5*7=L.C.M of 5and 7=35
20*16=LCM of 20and 16=80

ii. L.C.M. of ¢andb=LCM of band ¢for all a,be N
La*b=b%qg

Operation "is commutative.

. For a,b,ce N
(a *b) Feo (L.CM. of aandb)* ¢=L.C.M. of a,b,c

a*(b*c)=g*(L.C.M. of band €)= L.C.M. of a.b,c
~{a*b)*c=a*(b*c)

Operation " is associative.

iv. L.C.M.of tand I=0=L.C.M. of | and tfor all ae N
a*l=a=1%a forall ae N
Therefore, ! is the identity of *in N.

v. Anelement a in N is invertible with respect to the operation * if there exists an element
bin N, such that a*bh=e=b*a
e=1
L.C.M. of tandb=1=LCM of hand ¢ possible only when ¢ and b are equal to 1.
I is the only invertible element of N with respect to the operation *.

Question 7:

Is * defined on the set {1’2*3’4*5} by a*b= LCM of ¢ and ba binary operation? Justify your
answer.

The operation * on the set {1’2*3’4*5} is defined by a*b= LCM of tandb.
The operation table for the operation *’ can be given as:

* 1 2 3 4 5
] 1 2 3 4 5
2 2 2 6 4 10
3 3 6 3 12 15
4 4 4 12 4 20
5 5 10 15 20 5
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A*d=2"3=hed
¥ =%5=100F A,
3¥4=4%3=12 ¢ A4,
3*¥53=5*3=15¢ 4,
4*5=5%4=20¢ 4
The given operation *is not a binary operation.

Question 8:
Let * be the binary operation on N defined by a*b=H.C.F. of ¢ and 5. Is * commutative? Is
* associative? Does there exist identity for this binary operation on N?

The binary operation * on N defined by a*b=H.C.F. of andb.
La*hb=b%*a
Operation * is commutative.

For all a,b,ce N |
(a *b)*c= ( HCF of ¢andb)* ¢c=HCF of a.,b.c

a*(b*c) =g *(HCF. of band ¢)= HCF of a.b,c
s(a*b)*c=a*(b*c)

Operation " is associative.

e e N will be the identity for the operation™if a*e=a =e*afor all ae N. But this relation is
not true for any ae N.
Operation * does not have any identity in N.

Question 9:
Let * be the binary operation on Q of rational numbers as follows:
. a*h=a-b
11. a®*h=a" +h?
1il. a*h=a+ab
iv. a*b=(a-b)
ab

a+b=—
V. 4

V1. a*¥h=ah?

Find which of the binary operations are commutative and which are associative.
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11

1il.

On Q, the operation * is defined as a*bh=a—b
1,1 1 1 3-2 1

23 2 3 3 4
And
el 11 2-3 -1
39 3 92 & 6
(1*1] [l*lj 11
2 3)7\3 2 where2'3 =€

Operation * is not commutative.

[l*l]*l;l*(l*l) 111 cO
23,4 2134 where 27374 ©

Operation " is not associative.

On Q, the operation * is defined as a*5 = ¢ + b*
For a,.b € QO
a*b=a’+b* =b"+a’* =b*a
a*h=h*a
Operation * is commutative.

(1*2)*3=f1* +2%)*3 =(1+ 43 =5*3=5" +3 =25+9=34
1*(2*3)=1%(2* +3*) =1*(4+9)=1*13=1" +13* =1+169 =170
+(172)*321%(2*3) wherel,2,3 € 0

Operation * is not associative.

On Q, the operation * is defined as a*b = a +ab
1*2=1+1x2=142=3

2%¥1=242%x1=2+2=4

S 1*2£2%] wherel,2e Q0

Operation * is not commutative.
(1*2)*3=(1+1x2)*3=3*3=3+3x3=3+9=12
1*(2*3) =1*(2+2x3)=1*8=1+1x8=1+8=9

5 (1%¥2)*321%(2+3) wherel,2,3€ O
Operation * is not associative.
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1v.

V1.

On Q, the operation * is defined as @™ 0 = (a-b)
For a.beQ

a*bh= (a---b)2
b*a:(b—a)z :[—(a—b}:lz :(fa—b)3
~a*h=h%*a

Operation * is commutative.
(1*2)*3=(1-2)" *3=(-1)*3=1*3=(1-3)" =(-2) =4

1%(2%3) =1*(2-3)" =1*(=1)’ =1*1=(1-1)° =0

~(1%2)*3#1%(2%3) wherel,2,3 € O
Operation * is not associative.

ab
. . h=—
On Q, the operation * is defined as at 4
For a,b € O
a*b=a—b=b—a=b*a
4 4
Y f}*h:;‘]*(}
Operation * is commutative.
For a,b,ceQ
ab
(0*B)bc 0w A _ 6N
4 4 16
prb
a*(b*c)-a*@‘ 4 :@
4 16
~(a*b)*c=a*(b*c) where a,b,c € O

Operation "~ is associative.

On Q, the operation * is defined as a * b = ab”

-

o | —
—
o0

2 3 3 2 where 273

Operation ~ is not commutative.


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

Operation * is not associative.

Operations defined in (i1), (iv), (v) are commutative and the operation defined in (v) is
associative.

Question 10:
Find which of the operations given above has identity.

An element e € O will be the identity element for the operation * if

a*e=a=e*q, forall acQ

_ab

Similarly, it can be checked for e*a =a, we get e =4 is the identity.
Question 11:

A=NxNand * be the binary operation on A defined by (a.6)*(c.d)=(a+c,b+d) ghow
that * is commutative and associative. Find the identity element for * on 4 , if any.

A= NxN and * be the binary operation on A defined by
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(a,b)*(c,d)=(a+c,b+d)

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

a,b,c,d e N

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

Operation ~ is commutative.
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Now, let (a.b).(c.d).(e.f)e
a,b,e,d,e, f e N

[(a,b)*(cd)]*(e f)=(a+c,b+d)*(e.f)=(a+c+eb+d+ [)
(ab)[ e}")] (a.6)*(c+e,d+ f)=(a+c+eb+d+ f)

- [(a.b)* (c, )]*(e./) = (a.b)*[(c.d)* (e, /)]

Operation * is associative.

An element €=(4:€) € 4 will be an identity element for the operation * if a+e=a =e*a for

all @=(a,,0,) €4 ie., (¢ +e.0, +e,)=(a.a,) = (¢ +a.e, +“2), which is not true for any
element in A.

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

Question 12:
State whether the following statements are true or false. Justify.

i.  For an arbitrary binary operation * onaset N,a*a =a forall aeN.

ii. If*isacommutative binary operation on N, then 4" (b*c)=(c*b)

i.  Define operation * onaset Nas a*a=a forall aeN.
In particular, fora =3,

3*3=0 = 3
Therefore, statement (1) is false.

ii. RHS. =(c*b)*a
=(b*c)*a [* is commutative]

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

a*(b*c)=(e*b)*a

Therefore, statement (i1) is true.

Question 13:
Consider a binary operation * on N defined as a * 5 = a* + »*. 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?
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On N, operation *is defined asa* b =a’ + 5.
For all a,.be N

a*b=a’+b =b +a’ =h*a

Operation * is commutative.

(1%2)*3= (P +2°)*3=(1+8)*3=9%3=9"+3" =729+ 27 =756
1#(2*3)=1%(2° +3°) =1*(8+27) = 1*35 =’ +35° = 1+ 42875 = 42876

S(1%2)*3 £ 1%(2%3) Operation *is not
associative.

Therefore, Operation * is commutative, but not associative.
The correct answer is B.
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