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Chapter 1: Sets
Example 1

Write the solution set of the equation x* +X—2 =0 in roster form.
Solution

The given equation can be written as
X*+2x—-x-2=0

(x+2)(x-1) =0
X(x+2)-1(x+2)=0

So, Xx=-2or x=1

Thus, the solution set of the equation can be written in roster form as {1, -2} .

Example 2

Write the set {x :X is a positive integer and x* < 40} in the roster form.

Solution

Given,

{x:x is a positive integer and x* < 40}

1 =1<40

22 =4 <40
3 =9<40
4* =16 < 40
52 =25<40
62 =36 <40
72 =49> 40

The required numbers are 1,2, 3,4,5,6.

So, we have the given set in the roster form is {1, 2,3, 4,5, 6}

Example 3
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Write the set A ={1,4,9,16,25,.. .} in set-builder form.
Solution

Given, Sets A={1,4,9,16,25,.. }

Consider each of the elements separately.

Write them as,
1=(1)°
4=(2)
9=(3)°

16 =(4)°
25=(5)°

36 = (6)’

And so on. Now, from the above, observed that all the elements are the squares of the natural
numbers.

The range of n as natural numbers, thatis ne N .
A ={x: X is the square of a natural number }

Alternatively, can write

A={x:x=n2, WhereneN}

Example 4

Write the set < —,—,—,—,—,— ¢ in the set-builder form.
234567
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Every member in the given set becomes a single numerator one less than the denominator.

Also, the numerator occurs 1 and doesn’t exceed 6 .

Hence, within the set-builder form the given set is

n .
{x i X =——,where n isanatural number and 1<n< 6}

n+1

Example 5

Match each of the set on the left described in the roster form with the same set on the right

described in the set-builder form:

() {P,R,I,N,C,A, L}

(@) {x:x is a positive integer and is a divisor
of 18}

(i) {0}

(b) {x:x is an integer and x2—9:0}

(iii) {1, 2,3,6,9,18}

(c) {x:x isaninteger and x+1=1}

(iv) {3,-3}

(d) {x: x is a letter of the word PRINCIPAL
}

Solution

1) Let A ={x:X is a letter of the word PRINCIPLE }

Therefore, A={P,R,I,N,C,L,E}

so (i) matches (d).

2) Let B={x:xisaninteger and x+1=1}

Therefore, B ={0}
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(i) matches (c) as Xx+1=1 implies x =0.

3) Let C={x: X isa positive integer and divisor of 18}
Therefore C={1,2,3,6,9,18}

So (iii) matches (a).

4) Let D:{x:x is an integer and x2—9:0}

Now, x?—=9=0
x> =9
X =13

D={3-3}
EXERCISE 1.1

1. Which of the following are sets? Justify your answer.

(i) The collection of all the months of a year beginning with the letter J.
(ii) The collection of ten most talented writers of India.

(iii) A team of eleven best-cricket batsmen of the world.

(iv) The collection of all boys in your class.

(v) The collection of all natural numbers less than 100.

(vi) A collection of novels written by the writer Munshi Prem Chand.
(vii) The collection of all even integers.

(viii) The collection of questions in this Chapter.

(ix) A collection of most dangerous animals of the world.

Solution

(i) The collection consists of months January, June and July. It is well-defined and therefore, it's a
group.

(ii) A writer of India could also be most talented for one person but not for an additional person.
Opinion varies from person to person. So, the given collection isn't well-defined and thus, not a set.

(iii) The term 'best cricket batsman' is vague. The same batsman could also be one among the simplest
for one person but not for an additional. Opinion varies from person to person. So, the given
collection isn't well-defined and thus, not a set.

(iv) Any boy is either in your class or not in your class. There is no ambiguity. The given collection is
well-defined and therefore, it's a group.
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(v) The collection consists of first 99 natural numbers. It is well-defined and therefore, it is a set.
(vi) it's a well-defined collection and thus, it is a set.

(vii) it's a well-defined collection and thus , it is a set.

(viii) It is a well-defined collection and therefore, it is a set.

(ix) The criterion for determining an animal as most dangerous varies from person to person. For
some people, even a lizard is extremely dangerous. So, the given collection isn't well defined and thus
, it's not a group ..

2. Let A={1,2,3,4,5,6}. Insert the appropriate symbol € or ¢ in the blank spaces:
(i) 5...A

(i) 8...A

(iii) 0...A

(iv) 4...A

(v) 2...A

(vi) 10....A

Solution

Given, A={1,2,3,4,5,6}
So, Find the symbols that matches
(i)5isinset A

So,5€A

(ii) 8isnotinset A

So, 8¢ A

(iii) O is not in set A

So, 0z A

(iv) 4isinset A

Hence, 4 A

(v) 2isnotinset A

Hence, 2€ A

(vi) 10 is not in set A
Hence, 10 A.
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3. Write the following sets in roster form:

(i) A={x:x isaninteger and —3<x< 7}

(ii) B={x:x is a natural number less than 6}

(iii) C={x: x is a two-digit natural number such that the sum of its digits is 8}
(iv) D ={x: x is a prime number which is divisor of 60}

(v) E = The set of all letters in the word TRIGONOMETRY

(vi) F= The set of all letters in the word BETTER

Solution

(i) The integers are —3,—2,-1,0,1,2,3,4,5,6 (not 7).

.. Inroster form, A={-3,-2,-1,0,1,2,3,4,5,6}

(i) Natural numbers less than 6 are 1,2, 3,4,5.

.. Inroster form, B={1,2,3,4,5}

(iii) The numbers are 17,26, 35,44,53,62,71,80.

.. Inroster form, C={17, 26,35, 44,53,62,71,80}
(iv) Divisors of 60 are 1,2, 3,4,5,6,10,12,15, 20, 30, 60.
Among them, prime numbers are 2,3,5.

.. Inroster form, D ={2,3,5}

(v) In the word TRIGONOMETRY, the letters T, R and O are repeat. Dropping the repetitions, in
roster form E={T,R,1,G,O,N,M,E, Y}

(vi) In the word BETTER, the letters E and T are repeated. Dropping the repetitions, in roster form
F={B,E,T,R}

4. Write the following sets in the set-builder form:
(i) (3,6,9,12}

(ii) {2,4,8,16,32}

(iii) {5,25,125, 625}

(iv) {2,4,6,.. }

(v) {1.4,9,...,100}
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Solution
(i) {3,6,9,12} ={3x1,3x2,3x3,3x 4}

={x:x=3n,neN and1<n<4}
(i) {2,4,8,16,32} = {21, 22,2% 2*, 25}
:{x:x=2",neN andlsnsS}
(iii) {5, 25,125,625} = {51, 52,53,54}
={x:x=5”,neN and1Sns4}

(iv) {2,4,6,.. }={2x1,2x2,2x3,.. }
={x:x=2n,ne N}
Alternatively, we can write {X: X is an even natural number }.

(v){1,4,9,...,100}:{12,22,32, ...... ,102}

={x:x=n2,neN and1Sn§10}

5. List all the elements of the following sets:

(i) A={x:x isan odd natural number }
(i) B={x:x is an integer, —% <X< %}

(iii) C={x:x isan integer, x> < 4}
(iv) D ={x:x is aletter in the word "LOYAL" }

(v) E={x:x is a month of a year not having 31 days }

(vi) F={x:x is aconsonant in the English alphabet which precedes k}.

Solution

(i) Odd natural numbers are 1,3,5,...

A={L,35,.}

(ii)Integers greater than —%and less than % are 0,1,2,3,4
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B={0,1,2,3,4}
(iii) Integers whose square is less than or equal to 4 are —2,
-1,0,1,2
~C={-2,-10,12}
(iv) Dropping the repetition D ={L,O, Y, A}
(v) Months of a year not having 31 days are: February, April, June, September, November
.. E ={February, April, June, September, November }
(vi) Consonants in the English alphabet which precede k are:
b,c,d, f,g,h, ]
~F={b,c,d, f,g,h, j}

6. Match each of the set on the left in the roster form with the same set on the right described in
set-builder form:

(i) {1,2,3,6} (@) {x: x isa prime number and a divisor of 6}

(ii) {2,3} (b) {x: X is an odd natural number less than 10
}

(iii) {M,A, T,H,E,I,C,S} (c) {x: x is natural number and divisor of 6}

(iv) {1,3,5,7,9} (d) {x: x is a letter of the word
MATHEMATICS }

Solution

(i) All the elements of the set are natural numbers similarly well-being the divisors of 6.
Hence, (i) matches with (c).

(ii) It can see the 2 and 3 are prime numbers. They include the divisors of 6.

So, (ii) matches with (a).

(iii) All the elements of the set are letters of the expression MATHEMATICS.

Hence, (iii) matches with (d).

(iv) All the elements of the set are odd natural numbers less than 10.

Hence, (iv) matches with (b).

Example 6

State which of the following sets are finite or infinite:
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() {x:xeN and (x-1)(x-2) =0}
(i) {x:xeN and x* =4}

(iii) {x:xe N and 2x-1=0}

(iv) {x:xe N and x is prime }

(v) {x:xeN and x isodd }

Solution

(){x:xeN and (x-1)(x—2) =0}
(x=1)(x—2)=0

Hence, x=1,2

Given set ={1,2}.

Since the elements has 2 sets
Hence, it is finite.

(i) {x:xeN and x* =4}
X =4

X=12

The x be the natural numbers
Given set ={2}.

Hence, it is finite.

(iii) {x:xe N and 2x-1=0}

2x-1=0
1
X==
2

But X should be a natural number

It cannot be fraction.

The given set has no elements.

Givenset =¢.

Since the number of elements of a null setis O,

Hence, it is finite.
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(iv) {x:xe N and x is prime }

A given set is a set of all key numbers and as a set of key numbers is unlimited. So, the given set is
infinite

(v) {x:xeN and x isodd }

As there is an infinite number of odd numbers, therefore, the set given is infinite.

Example 7

Find the pairs of equal sets, if any, give reasons:

A={0},

B={x:x>15and x <5}

C={x:x-5=0},

D= {x X = 25}

E ={x: x is an integral positive root of the equation x* —2x—-15= 0}

Solution

Since 0 € A and 0 does not belong to any of the B,C, D and E sets, it follows,
A=zB,A=-C A=xDA=E.

From B = ¢ but none no other sets are empty. So B C,B=D and B#E.
And C={5} but -5 D, hence C=D.

From E ={5},C = E. Additionally D ={-5,5} and E ={5}, we find that, D = E . Thus, the only
pair of equal setsis C and E.

Example 8
Which of the following pairs of sets are equal? Justify your answer.

(i) X, the set of letters in "ALLOY" and B, the set of letters in "LOYAL"".
(i) A={n:neZ and n* <4} and B={x:xeR and X’ —3x+2=0}.

Solution

(i) X={A,L,L,0,Y}B={L,0,Y,A, L} Then X and B are equal sets as repetition of elements
in a set does not change a set.

Every element of X is same as every element of B .

So,X={A,L,0,Y}=B
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(i) A={n:neZ and n* <4}

Combine the terms

n>=4

n=+2

So, -2<n<2
A={-2,-1,0,1,2},

Similarly, BZ{XZXER and x2—3x+2:0}.

x*—3x+2=0
Solving we get
(x-2)(x-1) =0
Xx=2or x=1
B={12}

Since 0 A and 0 ¢ B,Aand B are not equal sets.

EXERCISE 1.2

1. Which of the following are examples of the null set
(i) Set of odd natural numbers divisible by 2

(ii) Set of even prime numbers

(iii) {x: x is a natural number, X <5 and x> 7}

(iv) {y :y is a point common to any two parallel lines }

Solution

(i) No odd natural number which is divisible by 2. So, the given set is a empty set.

(ii) Set of numbers ={2} # ¢. So, the given set is not a empty set. It is a singleton set.

(iif) No natural number which is either than 5 and greater than 7. So, the given set is an empty set.
(iv) Two parallel do not have the common point. Therefore, the given set is a null set.

Hence (i), (iii) and (iv) are examples of the null set.

2. Which of the following sets are finite or infinite?
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(i) The set of months of a year.

(i) 4,2,3,.. }

(iii) 41, 2,3,...,99,100}

(iv) The set of positive integers greater than 100

(v) The set of prime numbers less than 99.

Solution

(i) Since there are 12 months (i.e., actual number of months) per year, the given set is finite.
(ii) As per number of elements in the set is infinite, the given set is infinite.

(iii) Since the number of elements in the set is 100 (i.e., exact number), the given set is finite.
(iv) Since there are infinitely more numbers than 100, the given set is infinite.

(v) Since the number of primes less than 99 is a straight number, the given set is finite.

3. State whether each of the following set is finite or infinite:

(i) The set of lines which are parallel to the X -axis

(ii) The set of letters in the English alphabet

(iii) The set of numbers which are multiple of 5

(iv) The set of animals living on the earth

(v) The set of circles passing through the origin (0,0)

Solution

(i) Since there are infinite number of lines corresponding to the X — axis, the given set is infinite.

(ii) Since there are 26 letters, that is, a exact number of letters, in the English alphabet, the given set is
finite.

(iii) Since there are many multiples of 5, the given set is infinite.

(iv) The process of counting land animals ends. Therefore, a certain number of animals live in the
world and that is why a given set is finite.

(v) There is no end to the number of circles that exceeds the origin (O, O).

Hence, the given set is infinite.

4. In the following, state whether A =B or not:
(i) A={a,b,c,d};B={d,c,b,a}
(i) A={4,8,12,16};B ={8,4,16,18}
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(iii) A={2,4,6,8,10}; B ={x: x is positive even integer and x <10}
(iv) A={x:x isamultiple of 10},; B ={10,15, 20, 25, 30,...}

Solution
(i) A and B have exactly same elements, though not in the same order.
A=B
(i)12eAbut12¢ B
A=B
(iii)In roster form B={2,4,6,8,10}
Since A and B have exactly same elements, therefore, A =B

(iv) In roster form A ={10,20,30,.. .}

Since 15 B but 15¢ A, therefore A=B.

5. Are the following pair of sets equal? Give reasons.
(i) A={2,3}, B={x:x issolution of X*+5x+6= O}
(i) A={x:x isa letter in the word FOLLOW }

B={y:y isa letter in the word WOLF }

Solution
(1) B={x:x is solution of (x+2)(x+3) =0}
[ X> +5X+6 =X +2X+3X+6
=X(X+2)+3(x+2)
=(X+2)(x+3)]
={-2,-3}
2cAbut 2¢B
A=B

(ii) Dropping repetitions A ={F,O,L, W}

B={W,O,L,F}
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Sets A and B have exactly same elements, though not in the same order.

A=B.

6. From the sets given below, select equal sets:

A={2,4812}, B={1,2,34}, C={4,812,14}, D={3,14,2}
E={-11}, F={0,a}, G={L-1}, H={0,1}

Solution
A={2,4,8,12};B={12,3,4};C ={4,8,12,14}
D={314,2};E={-11};F ={0,a}
G={,-1};A={0,1}

Set A has 4 elements,

So, A isnotequal tosets E,F,G,H
Also, elements of Set A arenotin B, C, D
So, A isnotequal toset B,C,D

Set B has 4 elements,

And all elements of set B areinset D.
Hence, B=D

Now,

C is not equal to any set

And D is already equal to C

Elements of set E and set G are the same
So, E=G

And there are no other equal sets

Hence, among the given sets, B=D and E=G

Example 9
Consider the sets
¢ A={1,3}, B={1,59}, C={1,3579}

Insert the symbol < or & between each of the following pair of sets:

() 4...B
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(i) A...B
(iii) A...C
(iv) B...C
Solution

(i) ¢ = B as ¢ is asubset of every set.
(i) AcBas3eAand 3¢B
(iii) AcC as 1,3 A also belongs to C

(iv) B C as each element of B is also an element of C.

Example 10

Let A={a,e,i,o,u} and B={a,b,c,d}. Is A asubset of B ? No. (Why?). Is B a subset of A?
No. (Why?)

Solution
(i) For a set to be a subset of another set, it needs to have all elements present in another set.

Set A,{e,i,0,u} elements exists but these are not set in B Hence A is not a subset of B .

(ii)For this condition to be true, are elements of sets B should be present in set A

In set B,{b,c,d} elements exists but these elements are not in set A

So, B is not a subset of A

Example 11

Let A,B and C be threesets. If A B and Bc C, isittrue that Ac C?. If not, give an
example.

Solution

A e B shows an element A belongs to set B .
Let A=3,B=(12,3)

B — C shows B is a proper subset of C.

Let C =(1,2,3,4,5)
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So, Element A is an element of Set C.
Hence correct depiction will be AeC.

Ac Cisincorrect.

EXERCISE1.3

1. Make correct statements by filling in the symbols < or ¢ in the blank spaces :

() {2,3,4}...{1,2,3,4,5}

(i) {a,b,c}.. {b,c,d}

(iii) {x: x is a student of Class XI of your school }...{x: x student of your school }

(iv) {x: x isacircle in the plane }...{x: X is acircle in the same plane with radius 1 unit }
(v) {x:x isatriangle in a plane }...{X: X is a rectangle in the plane }

(vi) {x: x is an equilateral triangle in a plane }...{x: X is a triangle in the same plane }
(vii) {x: x is an even natural number }...{X: X is an integer }

Solution

(i) Every element of the set {2, 3,4} is also an element of the set {1, 2,3,4,5}
42,34y {1,2,3,4,5}.

(i) ae{a,b,c} but ad b,c,d} ..{a,b,c}c{b,c,d}.

(iii) Every student of class XI of your school is a student of your school.

X x is astudent of class XI of your school } < {x: x is a student of your school }.
(iv) Every circle in a plane is not a circle with radius 1 unit, as it can have any radius r,(r > 0).
~A{x:x isacircle in the plane } & {X: X is a circle in the same plane with radius 1 unit }.
(v) Any triangle is never a rectangle.

~{X:x isatriangle in the plane } ¢ {x: x is a rectangle in the plane }.

(vi) Every equilateral triangle in a plane is a triangle in the plane.

~{X:x is an equilateral triangle in a plane } —{x: X is a triangle in the same plane 1 .
(vii) Every even natural number is an integer.

~.{X:x isan even natural number } —{X: X is an integer }.



|nfinit» . Sri Chaitanya
Learn"‘ : Educational Institutions

2. Examine whether the following statements are true or false:

(i) {a,b} £{b,c,a}

(i) {a,e} < {x: x is avowel in the English alphabet }

(iii) {1,2,3} <= {1, 3,5}

(iv) {a} ={a,b,c}

(v) {a}e{a,b.c}

(vi) {x: x is an even natural number less than 6} —{x: X is a natural number which divides 36 }

Solution

(i) False, since every element of the set {a,b} is also an element of the set {b, c,a}, therefore,
{a,b}c{b,c,a}.

(ii) True, since every element of the set {a, e} is also an element of the set of vowels {a,e,i,0,u},
therefore, {a,e} —{a,e,i,0,u}.

(iii) False, since 2 €{1,2,3} but 2 ¢{1,3,5}.
(iv) True, since a €{a,b,c}.
(v) False, since {a} is subset of the set {a,b,c} but not an element of the set {a, b, c}.

(vi) True, since {x: X is an even natural number less than 6} ={2,4} and {x: x is a natural number
which divides 36 }={1,2,3,4,6,9,12,18,36}.

Clearly, {2,4} {1, 2,3,4,6,9,12,18, 36}

3. Let A={1,2,{3,4},5}. Which of the following statements are incorrect and why?
) {84 cA

(i) {3,4}c A

(iii) {{3,4}}c A

(iv) 1e A

W) 1c A

i) {1,2,5}c A

(vii) {1, 2,5} € A

wiii) {1, 2,3} c A

(ix) g A
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) g A
(xi) {g} <A

Solution

Given A={1,2,{3,4},5}
(i) The statement {3,4} < Ais incorrect because 3 {3,4}; however, 3¢ A.

(ii) The statement {3,4} € A is correct because {3,4} is an element of A.
(iii) The statement {{3,4}} — A is correct because {3,4} e{{3,4}} and,{3,4} € A.

(iv) The statement 1€ A is correct because 1 is an element of A .
(v) The statement 1 < A is incorrect because an element of a set can never be a subset of itself.

(vi) The statement {1,2,5} — A is correct because each element of {1,2,5} is also an element of A.
(vii) The statement {1, 2,5} € A is incorrect because {1, 2,5} is not an element of A.
(viii) The statement {1,2,3} — A is incorrect because 3 {l,2,3}; however, 3¢ A.

(ix) The statement @ € A is incorrect because @ is not an element of A.
(x) The statement ® — A is correct because @ is a subset of every set.

(xi) The statement {®@} < A is incorrect because ® €{d}; however, ® € A.

4. Write down all the subsets of the following sets
() {a}

(ii) {a,b}

(iii) {1, 2,3}

(iv) ¢

Solution

(i) Let A=|a|, then A has one element.

. Number of subsets of the set A=2"=2"=2.
Subset of A will have either no element or one element.

Subset of A having no element is ¢

Subset of A having one element is {a} .. The subsets of A are ¢,{a}.
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(i) Let A={a,b}, then A has 2 elements.

. Number of subsets of A=2"=2°=4.

Subset of A having no element is ¢

Subsets of A having one element are {a|,|bl ,

Subset of A having two elements is {a, b}

.. The subsets of A are ¢,{a},{b},{a,b}.

(iii) Let A={1,2,3}, then A has 3 elements.

. Number of subsets of A=2"=2°=8.

Subsets of A having no element is ¢

Subsets of A having one element are {1},{2},{3}
Subsets of A having two elements are {1, 2},{1, 3},{2, 3}
Subset of A having three elements is {1, 2, 3}

.. The subsets of Aare ¢,{1},{2},{3}.{L 2},{1,3}.{2,3}, {1, 2,3}.

(iv) The only subset of the empty set ¢ is ¢ itself.

5. How many elements has P(A),if A=¢ ?
Solution

A=

Set A does not contain any elements

Use the formula to calculate the number of Subsets,
n(P(A)) =2"

Here, Number of elements (n) in Set A is 0

Hence,
n(P(A)) = 2°
n(P(A)) =1

Since, Set A has no elements, The number of elements is its power set is 1 .
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6. Write the following as intervals:
() {x:xeR,-4<x<6}

(i) {x:xeR,-12 < x<-10}

@(iii) {x:xeR,0<x< 7}

(iv) {x:xeR,3<x<4}

Solution
(1)) TheSet A={x:xeR,-4<x<6}

Write the set builder form in the form of intervals after checking the type of inequality used at the end
points.

{x:xeR,-4<x<6}:

This represents that the interval is an open interval including 6 but excluding —4, therefore the
interval will be (—4,6].

(i) The Set A={x:xeR,-12< x<-10}

Write the set builder form in the form of intervals after checking the type of inequality used at the end
points.

This represents that the interval is an open interval excluding both the end points, that is, =12 and
—10, therefore the interval will be (-12,-10).

(iii) The Set A={x:xeR,0<x< 7}

Write the set builder form in the form of intervals after checking the type of inequality used at the end
points.

{x:xeR,0<x<T7}

This represents that the interval is an open interval including 0 but excluding the end point 7,
therefore the interval will be [0,7).

(iv) The Set A={x:xeR,3<x<4}

Write the set builder form in the form of intervals after checking the type of inequality used at the end
points.

{X:xeR,3<x<4}:

This represents that the interval is a closed interval including both the end points, that is, 3 and 4,
therefore the interval will be [3,4].
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7. Write the following intervals in set-builder form:
(i (=3,0)

(ii) [6,12]

(iii) (6,12]

(iv) [—23,5)

Solution

The following interval in set builder form

(i) Set builder form {x: x e R,-3< x <0}
(ii) Set builder form {x:x e R,6 <x <12}
(iii) Set builder form {x:xeR,6 < x <12}

(iv) Set builder form {Xx:x e R,-23<x <5}.

8. What universal set(s) would you propose for each of the following:
(i) The set of right triangles.

(ii) The set of isosceles triangles.

Solution
(i) In the right-hand triangle set, the universal set may be a set of triangles or a set of polygons.

(i) With a set of isosceles triangles, a universal set could be a set of triangles or a set of polygons or a
set of two-dimensional figures.

9. Given the sets A ={1,3,5},B={2,4,6} and C={0, 2,4, 6,8}, which of the following may be
considered as universal set (s) for all the three sets A, B and C

(i) {0,1,2,3,4,5,6}

(i) ¢

(i) {0,1,2,3,4,5,6,7,8,9,10}
(iv) {1,2,3,4,5,6,7,8}
Solution

(i) It can be seen that Ac{0,1,2,3,4,5,6}
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B<{0,1,2,34,5,6}

However, C ¢{0,1,2,3,4,5,6}

Hence, the set {0,1, 2,3, 4,5, 6} cannot be the universal set of A, B, and C sets.
(i) Ac®,Bxd,C D

Therefore, @ cannot be the universal set for the sets A, B,and C.

(iii) Ac{0,1,2,3,4,5,6,7,8,9,10}

B <{0,1,2,34,5,6,7,8,9,10} C <{0,1,2,3,4,5,6,7,8,9,10}

Therefore, the set {0,1,2,3,4,5,6,7,8,9,10} is the universal set for the sets A, B,and C.
(iv) Ac{1,2,3,4,5,6,7,8}

B<{1234,5,6,7,8}

However, C ¢{L,2,3,4,5,6,7,8}

Therefore, the set {1,2,3,4,5,6, 7,8} cannot be the universal set for the sets A, B,and C.

Example 12

Let A={2,4,6,8} and B={6,8,10,12}. Find AUB.
Solution

Given,

A={24,6,8}

B={6,8,10,12}

The combination of two sets
AuB={2,4,6,8{6,8,10,12}

Common elements 6,8 should be taken once

The combination of the sets the Au B ={2,4,6,8,10,12}

The common elements 6 and 8 have been taken only once while writing AU B

Example 13
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Let A={a,e,i,o,u} and B={a,i,u}. Showthat AUB=A

Solution

Given,

A ={a,e,i,o,u}

B={a,i,u}.

The combination of sets

AuB={aeio0ou}=A.

~AUB=A

The example illustrates that union of sets A and its subset B is the set A itself,

if Bc A,then AUB=A

Example 14

Let X ={ Ram, Geeta, Akbar } be the set of students of Class XI, who are in school hockey
team. Let Y ={ Geeta, David, Ashok } be the set of students from Class XI who are in the
school football team. Find X U'Y and interpret the set.

Solution

Given X ={ Ram, Geeta, Akbar }

Y ={ Geeta, David, Ashok }

Common elements (Geeta) should be taken once
XuY ={ Ram, Geeta, Akbar, David, Ashok }.

This is the group of students from Class XI who are on the hockey team or the football team or both.

Example 15

Consider the sets A and B of Example 12. Find AUB.
Solution

From example 12

Given, A={2,4,6,8}

B={6,8,10,12}

6,8 are the only elements which are common to both A and B.

Intersection of common sets
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Hence AnB ={6,8}.

Example 16

Consider the sets X and Y of Example 14. Find XNY .
Solution

Given X ={ Ram, Geeta, Akbar }

Y ={ Geeta, David, Ashok }

So, the intersection of sets

XNY ={ Ram, Geeta, Akbar }~{ Geeta, David, Ashok }
'Geeta' is the only element common to both.

Hence, XNY ={ Geeta }.

Example 17

Let A={1,2,3,4,5,6,7,8910} and B={2,3,5,7}. Find AnB and hence show that
ANnB=B.

Solution

Given, A={1,2,3,4,5,6,7,8,9,10}

B={2,357}

The intersection of sets

The setsof AMB={1,2,3,4,5,6,7,8,9,10}~{2,3,5, 7}
AnB={2,357}=B.

So Bc A andthat A~ B =Biis proved.

Example 18

Let A={1,2,34,5,6},B={2,4,6,8. Find A-B and B-A.
Solution

Given,

A={1234,56},B={2,4,6,8}

Intersection of common sets
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A-B=A-(ANnB)

The intersection of sets
AnB={1,2,34,56}{2,4,6,8}
={2,4,6}

Substitute the values
A-B=A-(ANB)
={1,2,3,4,5,6}—{2,4,6}
={1,3,5}

Finally,

B-A=B-(BnA)

=B-(AnB)
={2,4,6,8}—{2,4,6}

={8}

So, A—B={1,3,5}, since the elements 1,3,5belongto A butnotto B and B—A ={8},

Hence the element 8 belongs to B and notto A .

Therefore, A—-B=B-A.

Example 19

Let V={a,e,i,o,u} and B={a,i,k,u}. Find V-B and B-V

Solution

Given, V ={a,e,i,0,u} and B={a,i,k,u}

V —B = is a set which contain elements which are only present in V

-~ V-B={e, o0}

B —V = is a set which contain elements which are only presentin B .. B—V ={k}
Hence, V-B=B-V

Since the elements e, 0 belongto V butnotto B and B—V ={k}, since the element k belongs
to B butnotto V.

EXERCISE 1.4
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1. Find the union of each of the following pairs of sets:

(i) X={1,3,5} Y ={1,2,3}

(i) A=[a,e,i,o,u} B={a,b,c}

(iii) A ={x:x is a natural number and multiple of 3} B ={Xx: x is a natural number less than 6}
(iv) A={x:x isanatural number and 1< x <6} B={x:x isa natural number and 6 < x <10}
v) A={1,2,3},B=¢

Solution

(i) X={1,3,5}Y ={1,2,3}

The combination of two sets

XY ={1,3,50{12,3}

={12,3,5}

(i) A=[a,e,i,o,u} B={a,b,c}

Combination of two sets

AuB={a,e,i,ou}u{a,b,c}

={a,b,c,e,i,0,u}

(iii) A={3,6,9,12,..}B={1,2,3,4,5}

AuUB ={3,6,9,12,.. }U{1,2,3,4,5}

={1,2,3,4,5,6,9,12,.. }

={x:x=12,4,5 or a multiple of 3}

(iv)

A={2,3,4,5,6}
B={7,8,9}

AuB={234,56}| 7,89}
={2,3,4,5,6,7,8,9}
={x:1<x<10 and x € N}

V)
AUB={123} U4
={1,2,3}

=A
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The result of this is true in general also.

AU g = A forevery set A.

2.Let A={a,b},B={a,b,c}. Is AcB ?Whatis AUB ?
Solution

Given, A={a,b}

B={a,b,c}

Every element of A isin B.

So, A isasubset of B

Thatis Ac B.

AuB={a,b}u{a,b,c}

={a,b,c}

Yes. AuB={a,b,c}=B

3.If A and B are two sets such that A < B, then whatis AUB?
Solution

Let's take an example

A={1,2}

B={12,3}

Every element of A isin B.

Hence, A isasubset of B

Thatis Ac B.

AuB={x:xeAorxeB}

={x:xeB}

4.1F A={1,2,3,4},B={3,4,56},C={5,6,7,8} and D ={7,8,9,10}; find
(i) AUB
(i) AUC
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(i) BUC
(iv) BUD
(v) AuBuC
(vi) AuBuUD
(vii) BuCuD

Solution

Given, A={1,2,3,4},B={3,4,5,6},C ={5,6,7,8}and D ={7,8,9,10};
(i) The combination of sets A and B
AuB={1234}U{34,5,6}
={1,2,3,4,5,6}

(i) The combination of sets A and C
AuC={,234}U{5,6,7,8}
={1,2,3,4,5,6,7,8}

(iif) The combination of sets B and C
BuC={34,5,6}uU{5,6,7,8}
={3,4,5,6,7,8}

(iv) The combination of sets B and D
BuD={34,5,6}U{7,8,9,10}
={3,4,5,6,7,8,9,10}

(v) The combination of sets

AuBuUC=(AuB)UC
={1,2,3,4,5,6}{5,6,7,8}
:{112’3’ 4’5161718}

(vi) The combination of sets

AuBuUD=(AuB)uUD
={1,2,3,4,5,6}{7,8,9,10}
={1,2,3,4,5,6,7,8,9,10}

(vii) The combination of sets
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BuUCUD=(BUC)UD={3,4,5,6,7,8U{7,8,9,10}

={3,4,5,6,7,8,9,10}

5. Find the intersection of each pair of sets of question 1 above.

Solution

From exercise 1

(i) The intersection of sets

XNY ={1,35}{1,2,3}={1,3}.

(ii) The intersection of sets
AnB={a,e,i,ou}n|ab,clHal.
(ii)A={3,6,9,12,.. }

B={12,34,5}

The intersection of sets
ANnB={36,912,..}{1,2,3,4,5} ={3}
(iv) A={2,3,4,5,6}

B={7,8,9}

The intersection of sets
ANnB={234,56} 7,89}=¢

(V) The intersection of sets

ANnB={L23 ng=¢

The result of this part is true in general also.

A Nn¢ = ¢ forevery setA.

6.1f A={357,911},B={7,9,1113},C={11,13,15} and D ={15,17}; find
(i) AnB

(i) BNC

@iy AnCnD

(iv) ANC
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(v) BnD

(vi) An(BuUC)

(vii) AnD

(viii) An(BuD)

(ix) (AnB)n(BuUC)

Solution

Given A={3,5,7,9,11},B={7,9,11,13},C ={11,13,15} and D ={15,17}
Intersection of sets

(i) AnB={35,7,913{7,9,11,13}

={7,9,13

(ii) Intersection of sets

BNC={7,9,11,13} n{11,13,15} ={11,13}

(iii) Intersection of sets

ANnCnD=(AnC)nD

=(3,5,7,9,11| n|11,13,15|)n|15,17 |
={13n|1517}=¢

(iv) Intersection of sets
ANC={357,9,11}n|11,13,15|< 11|

(v) Intersection of sets
BND={7,9,1113}{15,17}=¢

(vi) Intersection of sets
ANn(BuC)={357,913n({7,911,13}{11,1315})
={3,5,7,9,13{7,9,11,13,15}

={7,9,13

(vii) Intersection of sets
ANnD={3579103n{1517}=¢

(viii) Intersection of sets
AnN(BuUD)={35,7,913n({7,9,11,13} U{15,17})
={3,5,7,9,13n7,9,11,13,15,17 |
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={7,9,11}

(ix) Intersection of sets

(AnB)Nn(BUC)=({3,5,7,9,13n{7,9,11,13}) n ({7,9,11,13} U{11,13,15})
={7,913{7,9,11,13/15} ={7,9,11}

(x) Intersection of sets

(AuD)N(BUC)=({3,5,7,9,13U{1517}) n({7,9,11,13} U{11,13,15})
={3,5,7,9,11,15,17}n| 7,9,11,13,15}

={7,9,1115}

7. 1f A={x:x isanatural number },B={x:x isaneven natural number } C={x:X isan
odd natural number } and D ={X: X is a prime number }, find

(i) AnB

(i) AnC

(iii) AnD

(iv) BNC

(v) BnD

(vi) CnD

Solution

Given

A={x:x isanatural number }={1,2,3,4,5.. }

B ={x: x isan even natural number }={2,4,6,8..}
C ={x:x is an odd natural number }={L,3,5,7,9.. }
D ={x:x isaprime number }={2,3,5,7.. .}

(i) AnB=B

Because, Bc A

Every even natural number is a natural number

(i) AnC=C

Because, Cc A

Every odd natural number is a natural number

(i) AnD =D
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Because D c A
Every prime number is a natural number

(iv) BN C =¢ There is no natural number which is both even and odd
(v) BnD={2},2 is only even prime number.

(vi) CnD ={x:x isan odd prime number }.

8. Which of the following pairs of sets are disjoint

() {1,2,3,4} and {x: X is a natural number and 4 < x < 6}
(ii) {a,e,i,0,u} and {c,d,e, f}

(iii) {x: x isaneven integer } and {X: X is an odd integer }
Solution

(i) Let A41,2,3,4} and

B x:xeNand 4<x<6}={4,5,6}

ANnB={4}=¢.. Sets A and B are not disjoint.

(i) e is a common element of the two sets.

.. Sets are not disjoint.

(iii) Given sets are disjoint sets because there is no natural number which is both even and odd.

9. If A={3,6,9,12,15,18, 21}, B ={4,8,12,16, 20} C ={2, 4,6,8,10,12,14,16},
D ={5,10,15, 20}; find

(i) A-B

(i) A-C
(i) A—D
(iv) B—A
(v) C-A

(vi) D—A
(vii) B—-C
(viii) B—D
(ix) C—B
(x) D-B
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(xi) C—D
(xii) D—C

Solution
Given,

A={3,6,9,12,15,18,21},
B ={4,8,12,16, 20}

C={2,4,6,8,10,12,14,16},

D ={5,10,15, 20};

(i) The sets in difference
A-B={36,9,12,15,18,21}—{4,8,12,16, 20}
={3,6,9,15,18, 21}

(ii) The difference of two sets
A-C={3,6,9,12,15,18,21}-{2,4,6,8,10,12,14,16}
={3,9,15,18, 21}

(iii) The difference of two sets
A-D={3,6,9,12,15,18, 21} —{5,10,15, 20}
={3,6,9,12,18, 21}

(iv) The difference of two sets
B-A={4,81216,20}-{3,6,9,12,15,18, 21}
={4,8,16, 20}

(v) The difference of two sets
C-A={24,6,810,12,14,16}—{3,6,9,12,15,18, 21}
={2,4,8,10,14,16}

(vi) The difference of two sets
D-A={510,15,20}—{3,6,9,12,15,18,21
={5,10, 20}

(vii) The difference of two sets

B-C={4,8,12,16,20}—{2,4,6,8,10,12,14,16}
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={20}

(viii) The difference of two sets

B-D ={4,8,12,16, 20} —{5,10,15, 20}
={4,8,12,16}

(ix) The difference of two sets
C-B={2,4,6,8,10,12,14,16}—{4,8,12,16, 20}
={2,6,10,14}

(X) The difference of two sets
D-B=4{5,10,15,20}—-{4,8,12,16, 20}
={5,10,15}

(xi) The difference of two sets
C-D={2,4,6,8,10,12,14,16}—{5,10,15, 20}
={2,4,6,8,12,14,16}

(xii) The difference of two sets
D-C=4{5,10,15,20}-{2,4,6,8,10,12,14,16}
={5,15, 20}

10. If X={a,b,c,d} and Y ={f,b,d, g}, find
(i) X-Y

(i) Y =X

(i) XY

Solution

Given

X ={a,b,c,d}

Y ={f,b,d, g}

(i) The difference of two sets
X-Y ={a,b,c,d}—{f,b,d, g}
={a,c}

(ii) The difference of two sets
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Y-X={f,b,d,g}-{ab,c,d}
={f,a}

(iii) The intersection of two sets

XY ={a,b,c,d}n| f,b,d,g|
={b,d}.

11. If R is the set of real numbers and Q is the set of rational numbers, then what is R —Q?
Solution

The Set R ={x: X isareal number }

The Set Q{x: x is a rational number }

R-Q={x:xeRandx¢gQ}

={x:x is a real number and x is not a rational

={X: X isan irrational number }

=T

Each real number is either rational or irrational but not both

12. State whether each of the following statement is true or false. Justify your answer.
() {2,3,4,5} and {3,6} are disjoint sets.

(ii) {a,e,1,0,u} and {a,b,c,d} are disjoint sets.
(iii) {2,6,10,14} and {3,7,11,15} are disjoint sets.
(iv) {2,6,10} and {3,7,11} are disjoint sets.
Solution

(i) Given sets is

{2,3,4,5} and {3,6}

Intersection sets are:

{2,3,4,5}~{3,6} ={3}

Hence these are not disjoint sets.

The given disjoint sets are false.

(if) Given sets is
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{a,e,i,o,u}and {a,b,c,d}
Intersection sets are:
{a,e,i,o,u}{a,b,c,d}={a}
Hence these are not disjoint sets.
The given disjoint sets are false
(iii) Given sets is

{2,6,10,14} and {3,7,11,15}
Intersection sets are:
{2,6,10,14}~{3,7,1,15} =
Then, AN B is an empty set.
Hence these are disjoint sets.
The given disjoint sets are True.
(iv) Given sets is

{2,6,10} and {3,7,11}.
Intersection sets are:
{2,6,10}{3, 7,1} =9

Then, AN B is an empty set.
Hence these are disjoint sets.

The given disjoint sets are True.

Example 20

LetU ={1,2,3,4,5,6,7,8,9,10} and A={L,3,5,7,9}. Find A"
Solution

Given,

U={123456,7,809210}

A={1,35,7,9}

The value of A =U — A={2,4,6,8,10}

2,4,6,8,10 are the elements of U which does not belong to A.

Example 21
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Let U be universal set of all the students of Class X1 of a coeducational school and A be the set
of all girls in Class XI. Find A’.

Solution
In a coeducational school, there can be only boys and girls in a school.

A is the set of all girls,
A" = Set of all Students — Set of all girls
A" = Set of all boys in class XI.

Since A isthe set of all girls, A" is clearly the set of all boys in the class.

Example 22
Let U ={1,2,3,4,5,6}, A={2,3} and B ={3,4,5}

Find A,B,A'nB,AUB and hence show that (AUB) =A NB'.

Solution

Given

U={1234,56} A={23}
B={34,5}

The complement of Set A

A =U-A={,234,56}-{2,3}
={1,4,5,6}

Clearly A" ={1,4,5,6},

Similarly

B =U-B={1234,5,6}-{3,4,5}
={1,2,6}

B ={1,2,6}

Now,

A NB ={1,4,56}n{L,2,6}
={L6}
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Hence A'nB ={1,6}

Also,

AuUB={2,3}u{3,4,5}

={2,3,4,5}

Also AuB={2,3,4,5},

So that (AU B) ={1,6}

Now, to prove (AUB) = A "B’
(AUB) =U - (AUB) ={1,2,3,4,5,6}-{2,3,4,5}
={1.6}

Now, A nB' ={1,6}

(AUB) ={L6}

Thus, (AUB) =A NB’

Hence proved

EXERCISE 1.5
1. LetU ={1,2,3,4,56,7,8,9}, A={1,2,3,4},B={2,4,6,8} and C={3,4,5,6}. Find
i) A
(i) B
(i) (AUC)
(iv) (AUB)
v (A)
(vi) (B-C)
Solution
Given,
U ={1234,586,7,8,9},
A={1,2,3,4},
B={2,4,6,8}
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C={34,5,6}

(i) The complement of set

A =U-A={1,2,34,56,7,89}-{1,2,3,4}
={5,6,7,8,9}

(i) The complement of set

B =U-B={1,23,4,56,7,8,9}-{2,4,6,8}
={1,3,5,7,9}

(i) The complement of set
AuC={1234}{34,5,6}={12,34,5,6}
(AUC) =U-(AUC)
={1,2,3,4,5,6,7,8,9}—{1,2,3,4,5,6}
={7,8,9}

(iv) The complement of set
AuB={234}0{2,4,6,8}={12,3,4,6,8}
(AUB) =U-(AUB)
={1,2,3,4,5,6,7,8,9}—{1,2,3,4,6,8}
={5,7,9}

(v) The complement of set

A =U-A={1,2,34,56,7,89}-{1,2,3,4}
={5,6,7,8,9}

So,
(A) =U-A ={1,2,34,5,6,7,8,9}-{5,6.7.8,9}
—{L2,3,4}=A

(vi) The difference of two sets

B—C={24,6,8}—{3,4,5,6}={2,8}
(B—C) =U—(B-C)={12,3,4,5,6,7,8,9}—{2,8}
={1,3,4,5,6,7,9}.
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2.1f U={a,b,c,d,e, f,g,h}, find the complements of the following sets:
(i) A={a,b,c}

(i) B={d,e, f,g}

(iii) C={a,c,e, g}

(iv) D={f,g,h,a}

Solution

Given,

U={a,b,c,d,e, f,g,h}
(i) The complement of sets

A =U-A={ab,cd,e f,g,h}-{a,b,c}
={d,e, f,g,h}
(ii) The complement of sets

B =U-B={a,b,c,d,e f,g,h}-{d,e, f,g}
={a,b,c,h}
(iii) The complement of sets
C=U-C={ab,c,d,e f,g,h}—{a,c,e g}
={b,d, f,h}

(iv) The difference of universal sets ad set D

D' =U-D={a,b,c,d,e, f,g,h}—{f,g,h,a}
={b,c,d,e}

3. Taking the set of natural numbers as the universal set, write down the complements of the
following sets:

(i) {x: x is an even natural number }
(ii) {x: x is an odd natural number }
(iii) {x: x is a positive multiple of 3}

(iv) {x: X is a prime number }
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(v) {X:x is a natural number divisible by 3 and 5}

(vi) {x: x is a perfect square }

(vii) {x: x is a perfect cube }

(viii) {x:x+5=8}

(ix) {x:2x+5=9}

x) {x:x>T7}

(xi) {x:xe N and 2x+1>10}

Solution

(i) Complement of the set = Universal set (set of all natural numbers) - Set of even natural numbers.
The complement of {X: X is an even natural number }is{X: X is an odd natural number }

(ii) Complement of the set = Universal set (set of all natural numbers) - Set of odd natural numbers

The complement of {X: X is an odd natural number }is {x: X is an even natural number }

(iii) Complement of the set $=% Universal set (set of all natural numbers) - Set of all positive
multiples of 3

The complement of {X: X is a positive multiple of 3}is {X: X e N and X is not a multiple of 3}

(iv) Complement of the set = Universal set (set of all natural numbers) - Set of all prime numbers

The complement of {X: X is a prime number }is {X: X is positive composite number and x =1}

(v) Complement of the set = Universal set (set of all natural numbers) - Set of all numbers divisible by
3and5

The complement of {X : X is a natural number divisible by 3and 5}is{x:x e N and X is not
divisible by 3 or not divisible by 5}

(vi) Complement of the set = Universal set (set of all natural numbers) - Set of all perfect squares
The complement of {X: X is a perfect square }is {x:x e N and X is not a perfect square }
(vii) Complement of the set = Universal set (set of all natural numbers) - Set of all perfect cubes
The complement of {X: X is a perfect cube } is{x:x e N and X is not a perfect cube }

(viii) The complement of {x:X+5=8}is{x:x=3} ={x:xe N and x =3}

(ix) The complement of {x:2x+5=9}is{x:xe N and x = 2}

(x) The complement of {X:x>7} is{x:xe N and x<7}={L2,3,4,5,6}
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(xi) The complement of {X:xe N and 2x+1>10} is {X:XG N and X>%}={XZX€ N and

9
X< E} :{1, 2,3, 4}

4.1f U={1,2,3,4,5,6,7,8,9}, A ={2,4,6,8} and B={2,3,5,7}. Verify that
(i) (AUB) =A' NB

(i) (ANB) =A UB'

Solution

Given

U={1,2,34,5,6,7,8,9},

A={2,4,6,8}

B={2,357}

Here A =U-A={1,3,57,9} and B =U-B={1,4,6,8,9}
(i) The union of the sets

AUB ={2,34,5,6,7,8

(AUB) =U—(AUB)={L 9}

A B ={1,35,7,9~{L4,6.8 9} —{L 9}
Therefore the (AUB) =A "B

(ii) The union of sets

AnB={2}

(AnB) =U-(AnB)={134,5,6,7,8,9}
A UB ={1,3,5,7,9}{L4,6,8,9}
={1,3,4,5,6,7,8,9}

(ANB) =A'UB
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5. Draw appropriate Venn diagram for each of the following:
() (AuB),

(i) A NB,

(iii) (ANB),

(iv) A UB

Solution

The venn diagram of (AU B)

The green region is (AU B)

(ii) The venn diagram A' "B,

/}P\K_\}

X

The required region is the green region

(iii) The venn diagram (AN B)',

1

A B

(iv) The venn diagram A UB’

T

[
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D

] . . e
“~
\)
/
S
|
|
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6. Let U be the set of all triangles in a plane. If A is the set of all triangles with at least one
angle different from 60", what is A" ?

Solution
U = Set of all the triangles in a plane (Universal Set)

A = Set of all the triangles with at least one angle different from 60
Use A =U-A
= Set of all triangles with no different angles to 60°

= Set of all triangles per angle 60

= Set of all equal triangles.

A’ is the set of all equal triangles.

7. Fill in the blanks to make each of the following a true statement :
(i) AUA =...

(i) § NA=...

(iii) ANA =...

(iv) UnNA=..

Solution

(i) AUA (elements of set A ) +(elements of universal set that does not belong to set A=
Universal Set

The statement of AUA = U [Property of complement sets]
(i) g "A =UNA =A

The statementof ¢ "NA=UNA=A

(iii) No common element between the two sets

The statement of ANA' = ¢

(iv) The complement of the universal set.

@ is the null set.

The statementof U NA=gNA=¢
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Example 23

If X and Y are two sets such that XY has 50 elements, X has 28 elementsand Y has 32
elements, how many elements does X NY have ?

Solution

Given that

n(XuwY)=50,

n(X) = 28,

n(Y) =32,

n(xXny)="?

By using the formula
n(XuwY)=n(X)+n(Y)-n(XNY)
nN(XNY)=n(X)+n(Y)-n(XUY)
Substitute the values

=28+32-50

=10

Example 24

In a school there are 20 teachers who teach mathematics or physics. Of these, 12 teach mathematics
and 4 teach both physics and mathematics. How many teach physics?

Solution

Let M mean a set of math teachers and P mean a set of physics teachers

In the problem statement, the word 'or' gives us a clue as well as the word 'and’ gives us a clue.
Number of teachers teaching Maths or Physics =n(M W P) =20

Number of teachers teaching Maths =n(M) =12

Number of teachers teaching Maths and physics =n(M N P) =4

Number of teachers teaching physics =n(P) =?

Using the result

n(MUP) =n(M) +n(P)—n(MnP)

20=12+n(P)-4 n(P)=12
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So,n(P) =12

Hence 12 teachers teach physics.

Example 25

In a class of 35 students, 24 like to play cricket and 16 like to play football. Also, each student likes to
play at least one of the two games. How many students like to play both cricket and football?

Solution

Let X be the set of students who like to play cricket and Y be the set of students who like to play
football.

Then X UY is the set of students who like to play at least one game, and X NY is the set of
students who like to play both games.

Given

n(X) =24,

n(Y) =16,

n(XuwY)=35,

n(xXny)="?

Using the formula

N(XuUY)=n(X)+n(Y)-n(XNY),
35=24+16-n(XNY)

Thus, N(XNY)=5

5 students like to play both games.

Example 26

In a survey of 400 students in a school, 100 were listed as taking apple juice, 150 as taking orange
juice and 75 were listed as taking both apple as well as orange juice. Find how many students were
taking neither apple juice nor orange juice.

Solution

Let U mean a set of surveyed students and A mean a set of students taking apple juice and B means a
set of students taking orange juice. Then

Number of students taking apple juice n(A) =100

Number of students taking orange juice n(B) =150
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Number of students taking both orange juice and apple juicen(A N B) = 75.
Total students n(U) =400,

Now n(A' A B') =n(AUB)

=n(U)-n(AuUB)

=n(U)—n(A)-n(B)+n(AnB)

=400-100—-150+75 =225

So, 225 students were not taking apple juice or orange juice.

Example 27

There are 200 individuals with a skin disorder, 120 had been exposed to the chemical C,,50 to

chemical C, , and 30 to both the chemicals C, and C, . Find the number of individuals exposed to
(i) Chemical C, but not chemical C,
(ii) Chemical C, but not chemical C,

(iii) Chemical C, or chemical C,

Solution
Let U refers universal set that includes people with skin disorders,

A mean set of people exposed to the chemical C

B means a set of people exposed to the chemical C, .

Then, n(u) =200,n(A) =120,n(B) =50 and n(AnB) =30

A

(ANB)

U

(i) From the Venn diagram, we have A=(A-B)U(AnB) ..n(A)=n(A-B)+n(AnB)A-B
and AN B are disjoint

~n(A-B)=n(A)—-n(AnB)
=120-30=90

Thus, the number of people exposed to the chemical C, but not to chemical C, is 90 .
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(i) Similarly, B=(B—-A)U(ANB)

n(B)=n(B—A)+n(AnB)

“(B-A)N(AnB)=¢p

~n(B-A)=n(B)-n(AnB)

=50-30=20

Thus, the number of people exposed to the chemical C, and not to chemical C, is 20
(iii) Number of people exposed to both chemicals C, andC, =n(ANB)
=30

Number of people exposed to the chemical C, or to chemical C, =n(AU B)
We know that

n(AuB)=n(A)+n(B)-n(AnB)

=120+50-30

=140

Thus, 140 people are exposed to the chemical C, or to chemical C,

EXERCISE 1.6
1.1f X and Y are two sets such that n(X)=17,n(Y) =23 and n(X uY) =38, find n(XNY).

Solution
Given that

n(X) =17,
n(Y) =23

n(X uY)=38

Using (XU Y)=n(X)+n(Y)-n(XNY),
Substitute the values
38=17+23-n(XNY)
n(XNY)=40-38

nXAY)=2
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2.1f X and Y are two sets such that X UY has 18 elements, X has 8 elements and Y has 15
elements ; how many elements does X NY have?

Solution

According to given information,

n(XuwY)=18,

n(X)=8

n(Y)=15

Putting values in N(XWY)=n(X)+n(Y)-n(XNY),
we have 18 =8+15-n(XNY)

S n(XNY)=23-18

n(XY)=5.

3. In a group of 400 people, 250 can speak Hindi and 200 can speak English. How many people can
speak both Hindi and English?

Solution

Let H be the set of people who can speak Hindi and E be the set of people who can speak English.
Then,

n(H UE) = 400,
n(H) = 250,
n(E) = 200

Have to find n(HNE) .

Using
n(HUE)=n(H)+n(E)—n(HNE),
Substitute the values

400 =250+200—n(HNE)
n(HNE) =450-400
n(HNE)=50

4.1f S and T are two sets such that S has 21 elements, T has 32 elements, and ST has 11
elements, how many elements does SU T have?

Solution

According to given information,
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n(S) =21,

n(T)=32

n(SNnT)=11

Using N(SUT)=n(S)+n(T)—n(SNT), we get
Substitute the given data

n(SuT) =21+32-11

=53-11=42

2.SUT has 42 elements.

5.1f X and Y are two sets such that X has 40 elements, X UY has 60 elementsand X NY has
10 elements, how many elements does Y have?

Solution

Here, given
n(X) =40,
n(XuwY)=60,
n(XNY)=10

Have to find n(Y).

Using (XU Y)=n(X)+n(Y)-n(XNY),
Substitute the values

60 =40+n(Y)-10

60 =30+ n(Y)

n(Y) =30

6. In a group of 70 people, 37 like coffee, 52 like tea and each person likes at least one of the two
drinks. How many people like both coffee and tea?

Solution

Let C be the set of people who like coffee and T be the set of people who like tea.
Given data

n(CuT)=70,

n(C) =37,

n(T) =52




Infinif» . Sri Chaitanya
Learn” : Educational Institutions

Using N(CuT)=n(C)+n(T)—n(CNT), we get
Substitute the values

70=37+52-n(CNT)

n(CNnT)=89-70=19

19 people like both coffee and tea.

7. In a group of 65 people, 40 like cricket, 10 like both cricket and tennis. How many like tennis only
and not cricket? How many like tennis?

Solution

Let C mean a set of people liked cricket and T mean a set of people liked tennis.
Given information

n(CUT) =65,
n(C) = 40,
n(CAT)=10

Using N(CuT)=n(C)+n(T)—n(CNT),
Substitute the values
65=40+n(T)-10
65=30+n(T)
n(T)=35
35 people like tennis.
Now, n(T—-C)=n(T)—n(CNT)
Substitute the values
=35-10
=25

25 people like tennis only and not cricket.

8. In a committee, 50 people speak French, 20 speak Spanish and 10 speak both Spanish and French.
How many speak at least one of these two languages?

Solution
Let F means a set of people speaking French and S means a set of people speaking Spanish.

Given information
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n(F) =50,

n(S) = 20,

n(FnS)=10

To find the number of people speaking at least one of the two languages,
Thatis n(FuUYS)

n(FuS)=n(F)+n(S)—n(FNYS)

Substitute the values

=50+20-10=60

The required number of people speaking at least one of the two languages is 60 .

Example 28

Show that the set of letters needed to spell " CATARACT " and the set of letters needed to spell
TRACT" are equal.

Solution

Let X be the set of letters in "CATARACT".

Then X ={C,AT,R}

Let Y be the set of letters in "TRACT". Then

Y ={T,R,AC,T}={T,R,AC}

Since every element in X isin Y and every elementin Y isin X.

It follows that X =Y .

Example 29

List all the subsets of the set {-1,0,1}.
Solution

Given Set A={-1,0,1}.

The element A-free element is an empty set of ¢ . The sub-sets of A have one item in {—1},{0},{1}.
The sub-sets of A have two element{-1, 0},{—1,1},{0,1}. A subset of A with three elements of A is
A itself.

Subsets of given set = ¢,{—1},{0},{1},{-1,0},{0,3,{L,-1},{-1,0,1}
Thus, all sets under A are ¢,{—1},{0},{1},{-1,0},{~1,1}, {0,1} and {-1,0,1}
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Example 30

Show that AuB=ANB implies A=B

Solution

Let ae A.Then ac AUB.Since AuB=AnB,acsAn B.SoaeB.
Therefore, A B. Similarly, if be B,then be AUB.

Since AuUB=ANB,be An B.So, be A.

Therefore, B< A. Thus, A=B

Example 31
For any sets A and B, show that P(AnB) = P(A) N P(B)

Solution

Letaset X belong to Power set P(ANB)
X e P(ANB)

Asset X isinthe power set of AnB, X isa subset of A B because power set is the set of all
subsets

Thus, X isasubsetof AnB

X cAnB.

So, XcAand X = B.

Therefore, Since X is a subset of A & B, X is in power set of A and X is in power set of B
X eP(A) and X € P(B)

X eP(A) and X € P(B)

= X e P(A)nP(B)

So, if X e P(AnB), then X e P(A)nP(B)

All elements of set P(ANB) are inset P(A) N P(B)
Thus, gives P(ANB) c P(A)nP(B).

Similarly,

Letaset Y belong to Power set P(A) N P(B)
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ie. Y e P(A)NP(B)
Then Y e P(A) and Y € P(B)

Asset Y isinthe power set of A &B,Y isasubsetof A &Y is a subset of B because power set is
the set of all subsets

Thus, Yc A and YCB

~YcANB

Therefore, since Y is a subset of ANB,Y isin power set of AN B
=Y eP(ANnB)

So,if Y e P(A)nP(B),then Y e P(ANB)

This gives P(A)nP(B) c P(ANB)

Now,

Since P(ANnB) c P(A)nP(B) & P(A)nP(B) c P(AnB)

Hence, P(AnB)=P(A)nP(B).

Example 32

A market research group conducted a survey of 1000 consumers and reported that 720 consumers like
product A and 450 consumers like product B, what is the least number that must have liked both
products?

Solution
Set of buyers who liked the product A & product B to A & B respectively
Number of buyers who liked product A=n(A) =720,

Number of buyers who liked product B = n(B) =450
We know that

n(AuB)=n(A)+n(B)—n(AnB)
n(AuB)=720+450-n(ANB)
n(AuB)=1170-n(ANB)
n(AnB)=1170-n(AuUB)

Therefore, N(A N B) is less than n(A W B) is maximum

Number of people who liked product A or B (i.e. n (A U B)) is higher than the number of people
surveyed
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So, maximum value of n(Aw B) is 1000.
Thus, the least value of n(ANB) is
n(AnB)=1170-n(AuUB)
=1170-1000

=170

Hence, the minimum number of consumers who prefer both products is 170.

Example 33

Out of 500 car owners investigated, 400 owned car A and 200 owned car B,50 owned both A and
B cars. Is this data correct?

Solution

Let the set of owners of car A & car B became A & B respectively
Numbers of car owned by A=n(A) =400

Numbers of car owned by B =n(B) = 200

Number of car owned by A and B=n(AnB) =50

We know that

n(AuB)=n(A)+n(B)—n(AnB)

=200+400-50

=550

Thus, number of people who own car A or car B =550

But total number of car owners is only 500 (given in question)

Number of persons owning car A or car B is less than total number of car owners investigated
But, here 550 > 500

This is a contradiction.

So, the data provided is incorrect.

Example 34

A college awarded 38 medals in football, 15 in basketball and 20 in cricket. If these medals went to a
total of 58 men and only three men got medals in all the three sports, how many received medals in
exactly two of the three sports?

Solution
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Let F,B,C means a set of people received medals in football, basketball & cricket respectively
Given,

Number of medals won in football =n(F) =38,

Number of medals won in basketball =n(B) =15,

Number of medals won in cricket =n(C) =20

Number of medals won in either football, basketball or cricket=n(F U BwC) =58

Number of medals won in all football, basketball and cricket=n(F "BNC) =3

We know
n(FuBuUC)=n(F)+n(B)+n(C)—n(F "B)—n(F "C)-n(BNC)+n(F "nBNC)

Substitute the values

58=38+15+20-n(F "B)-n(F "C)—-n(BNC)+3
58=38+15+20+3—-n(FB)—-n(FC)—n(BNC)
58=76—-n(F nB)-n(F nC)-n(BNC)

Rearrange the equation
n(FNB)+n(FNC)+n(BNC)=76-58
n(F~B)+n(FNC)+n(BNC)=18

U

F A B
(65X
.
Also, In the Venn diagram,
Let a means the number of men who win medals in football & basketball but not cricket
Let b means the number of men win medals in football & cricket but not basketball
Let ¢ means the number of men win got medals in cricket & basketball but not football

Let d means the number of men who win medals in football & basketball & cricket

Here d =n(FNBNC)
-.d=3

Number of people who received exactly two medals =a+b+c
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From equation

n(F "B)+n(FC)+n(BNC)=18
Rearrange the equation as per diagram
(@a+d)+(b+d)+(c+d)=18
a+b+c+d+d+d=18

Rearrange the equation
a+b+c+3d=18
a+b+c+3x3=18
a+b+c+9=18

Arrange in common terms
a+b+c=18-9

a+b+c=9

.. 9 people who won medals in two of the three sports

Miscellaneous Exercise on Chapter 1

1. Decide, among the following sets, which sets are subsets of one and another: A = {x :XeR and
X satisfy X2 —8x+12 = 0}

B={2,4,6}, C={2,4,6,8,..},D={6}

Solution

Given

A={x:xeR and (x-2)(x-6) =0}={2,6}
B={2,4,6},C={2,4,6,8,..},D ={6}

Here,

So, all elements of A arein B, A isasubsetof B,

AcB
Hence all elements of A arein C, A isasubset of C,
AcC

A={2,6},B={2,4,6},C ={2,4,6,8..},D ={6}

C is not a subset of any set.
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So, all elements of D isin A, D isasubset of A,
Thatis Dc A
Since all elements of D arein B, D is a subset of B,

Thatis Dc B

2. In each of the following, determine whether the statement is true or false. If it is true, prove it. If it
is false, give an example.

(M If xeAand AeB, then xeB

(ii)If AcBand BeC,then AcC

(i) If AcBand BcC,then AcC

(ivyIf AzBand B&C,then A¢C

(v) If xe A and A¢ B, then xeB

(vi)If AcB and xg B, then xg A

Solution

(i) False. Let A={1} and B={1},2}. Clearly, 1€ A and AeB but1¢B.
Thus, x € A and A € B need not imply x € B.

(ii) False. Let A={1},B={1,2} and C={{L1,2},3}. Clearly, AcB and BeC but A¢C.
Thus, Ac B and B € C need notimply AeC.

(iii) True. Let x be any element of A . Then

XxeA =xeB

=xeCz

Thus, Xe A= XxeC forall xe A, therefore, AcC.

Hence, AcB and BcC = AcC.

(iv) False. Let A={1,2},B={2,3} and C={1,2,5}. Clearly, A¢ B since 1€ A and 1¢ B. Also
B¢ C since 3eB and 3¢ C.

But AcC.
Thus, A& B and B & C need notimply A ¢ C.
(v) False. Let A={1,2} and B={2,3}. Clearly, 1 A and AB but 1¢B.

Thus, X € A and A & B need not imply x € B.
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(vi) True. Let Ac B and x ¢ B. If possible, suppose x € A.
Now, X € A and A — B = x € B which is a contradiction to given.
Therefore, our supposition is wrong. Hence x ¢ A.

Thus, AcB and xgB=> xA.

3. Let A,B,and C be the sets such that AUB=AUC and AnB=AnNC. Showthat B=C.
Solution

Let xeB

The subsets is combination of AU B
=xeAuB

=xeAuC
[-AuB=AuUC (given)]
—=XeAor xeC

For Case |

Let Xxe A

=XeA and xeB
=xeAnNnB
[-AnB=ANC (given)]
=xeAnC

=XxeAand xeC

= xeC also

For Case Il

Let xeC

. Ineach case xeB=xeC
wBcC

Similarly, Cc B

So, B=C.

4. Show that the following four conditions are equivalent:

(i) AcB
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(i) A-B=4¢

(i) AUB=B

(iv) AnB=A

Solution

Showing Condition (i) is equals to Condition (ii).
Let AcB

It means all elements of A arein B,

hence, A has no element different from B

= A-B=0
Showing Condition (ii) is equals to Condition (iii).
A-B=9Y

It means A has no elements different from B
Therefore, all elements of A arein B
Since, AUB=B
Showing Condition (iii) is equals to Condition (iv).
AuB=B

It means all elements of A arein B,
So, the same elements of A and B must be the elements of A
So, AnB=A

Thus, all the four conditions are equals.

5. Show that if AcB,then C-BcC-A.
Solution

Given AcB

Let xe(C—-B)=>xeCand x¢B
xeCand xg A

xe(C-A)

It is proven that (C—B) c (C—-A)

6. Assume that P(A) = P(B). Show that A =B
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Solution

Let assume P(A) =P(B),
i.e., Power set of A = Power set of B
Toprove A=B.

Let xe A.

x|l A

Subsets of P(A)
~{x}eP(A)

{xle P(B)

{x}cB

xeB

AcB

Similarly, B c A

Hence it A =B is shown

7. Is it true that for any sets A and B,P(A)UP(B) =P(AwB) ? Justify your answer.

Solution

Let

A={1},B ={2}, then

P(A) ={¢.{1}} and P(B) ={¢.{2}}

P(A) WP(B) ={#.{L}}\{¢.{Z}H

={¢.{}.{2}}

Also AUB={L,2}, then

P(AUB) ={s{1}.{2} {1 2}}

Now, {1, 2} e P(AUB) but {1, 2} ¢ P(A) UP(B)
Therefore, P(A) UP(B) = P(AUB)

8. Show that for any sets A and B,
A=(AnB)U(A-B) and AU(B-A)=(AUB)
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Solution

Let consider U ={1,2,3,4,5}
A={1,2}

B={234}
A-B=A-(AnB)={,2}—-{2}
={

Also,

B =U-B={123,4,5}-{2,3,4}
={L5}

A-B=AnB ={,,2}n{L5}
=

(ANB)U(A-B) =(ANB)U(ANB)
Applying the Distributive Law
=AN(BUB)

=ANnU=A
Also AU(B—A)=AU(BNA)
Applying the Distributive Law
=(AUB)N(AUA)
=(AuB)nU

=AuUB

9. Using properties of sets, show that
(i) AU(ANB)=A

(i) An(AuUB)=A.

Solution

In order to prove

i) AU(ANB)=A

we should prove
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AU (ANB) isasubset of A

Thatis AU(ANB)cC A
A is a subset of ALU(ANB)
ThenAc AU(ANB)

As set is a subset of itself, Ac A

Also, A isasubsetof AnNB,

So, Ac AnB

as all elements of set A arein AnB

Now,

AU(ANB)

Using distributive law: AU (BNC)=(AuB)n(AUC)
=(A)N(AuUB)

=A

Thus, AU(ANB)=A

Hence its proved

(i) An(AuB)=A

AU(ANB)

Using distributive law: Au(BNC)=(AuB)n(AUC)
=(AUA)N(AUB)

=(A)N(AUB)

=A

Thus, AU(ANB)=A

Hence its proved

10. Show that AnB=ANC need notimply B=C.
Solution

Let A={12,3},B={2,4},C={2,5}

Then ANB={2}=ANnC

But B#C.
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11. Let A and B besets. If AnNX=BnX=¢ and AuX=BUX for some set X, show that
A=B.

Solution

Given:

Let A and B be two sets suchthat ANX =B X = and AuX =BuU X for some set X
Toprove: A=B

Let A=An (AU X)

Given AuX =BuU X
A=An(BuX)

Using distributive law:
ANn(BUC)=(AnB)U(ANC)
=(AnB)U(An X)

As AN X = given

=(AnB) LY

So,A=ANB

Again,

Let B=Bn(Bu X)

Given AuX =BUX
B=Bn(AuX)

Using distributive law:
AUu(BNC)=(AnB)U(ANC)
=(BNA)U(Bn X)

AsBNnX =®

=(BNA)UD

B=BnA

B=ANB

A=AnB &B=ANB

A=B

Hence the both condition is proved.
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12. Find sets A,B and C such that AnB,BNC and ANC are non-empty sets and
AnNBNC=¢.

Solution

Let consider A ={X, y},B={x,z},C={y,z}

So the sets willbe ANB={x}=¢,BNC={zl# ¢, ANC={yl# ¢
and AnBNC=¢.

13. In a survey of 600 students in a school, 150 students were found to be taking tea and 225 taking
coffee, 100 were taking both tea and coffee. Find how many students were taking neither tea nor
coffee?

Solution

Given,

Total students =600

n(T) = Number of students drinking tea =150
n(C) = Number of students drinking coffee =225
n(T N C) =n( both tea and coffee ) =100

Using the formula
N(TuC)=n(T)+n(C)—n(TNC)

Substitute the values

=150+225-100 =275

i.e., number of students taking at least one of the two drinks
=275

.. Number of students drinking tea or coffee
=Total number of students —n(T W C)
=600—-275=325

325 students were taking tea or coffee.

14. In a group of students, 100 students know Hindi, 50 know English and 25 know both. Each of the
students knows either Hindi or English. How many students are there in the group?

Solution
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Let H mean a set of students who knows Hindi and E mean a set of students who knows English.
Number of students knows Hindi =n(H) =100
Number of students knows English =n(E) =50
Number of students knowing Hindi and English =n(HNE) =25
So, each of the students knows Hindi or English
Number of students in group
= Number of students knows Hindi or English
=n(H VE)
Using the formula

n(HUE)=n(H)+n(E)-n(H NE)
=100+50-25
=125

Hence, 125 students in the group.

15. In a survey of 60 people, it was found that 25 people read newspaper H, 26 read newspaper T, 26
read newspaper |, 9 read both H and I, 11 read both H and T, 8 read both T and 1,3 read all three
newspapers. Find:

(i) the number of people who read at least one of the newspapers.
(ii) the number of people who read exactly one newspaper.
Solution

Number of people reads newspaper H=n(H) =25,

Number of people reads newspaper T =n(T) =26,

Number of people reads newspaper | =n(l) =26,

Number of people who reading both H & I =n(HN1)=9,
Number of people who reading both H & T =n(H nT) =11
Number of people who reading both T & I =n(T n1)=8
Number of people who reading all H, T &I =n(HNTn1)=3

(i) Number of persons who reading one of the newspapers

=n(HUTUD=nH)+n(T)+n()-N(HAT)=n(HAD)=n(INT)+n(HATNI)
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Substitute the values
=25+26+26-9-11-8+3=52.

(i) Number of people who reads exactly one newspaper.
nfonly(H)]=n(H)-n(HAT)—n(HAD)+n(HATNI)

Substitute the values

=25-11-9+3=8
nfonly(T)]=n(T)—-n(TAH)-n(TAD)+n(TAHANI)
Substitute the values

=26-11-8+3=10

nfonly (N]=n(D)—n(InH)=n(INT)+n(TAHANI)
Substitute the values

=26-8-9+3=12

Number of persons who read exactly one newspaper
=n(only H)+n(only T)+n( only I)

Substitute the values

=8+10+12=30

Hence, 30 people reading one newspaper exactly.

16. In a survey it was found that 21 people liked product A, 26 liked product B and 29 liked product
C . If 14 people liked products A and B,12 people liked products C and A,14 people liked

products B and C and 8 liked all the three products. Find how many liked product C only.
Solution

Let A,B,C set of people who liked product A, product B & product C respectively
Number of people liked product A=n(A) =21

Number of people liked product B =n(B) = 26,

Number of people liked product C =n(C) =29,

Number of people liked product A and B=n(AnB) =14,

Number of people liked product C and A=n(C " A) =12,

Number of people liked product B and C=n(B"C) =14,

Number of people liked all three products A,B and C
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=n(ANBNC)=8

Let us draw a Venn diagram

Let a be the number of people who liked product A & B but not C.
Let b be the number of people who liked product A & C but not B..
Let ¢ be the number of people who liked product B & C butnot A.
Let d be the the number of people who liked all three products.
Number of people liked product C only

=n(C)-b-d-c

Now, d =n(AnBNC)=8

Given n(ANnC) =12

b+d=12

Putting d =8

b+8=12

b=12-8

b=4

Similarly, n(BNC) =14

c+d=14

Putting d =8

c+8=14

c=14-8

c=6

Number of people who liked product C only =n(C)—-b-d-c
=29-4-8-6

=11

Therefore, number of people liked product C only is 11.
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