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2.1 |9�½+Ëõ� ÂÒì�r|9�½+Ë

&ñ
_�

Äºo�_� f���'a ¢̧��H ���¦_� @/�©�Ü¼�Ð"f "f�Ð Ìº§Â	s� ½̈ì�r÷&��H

@/�©�_� �̧e���̀¦ |9�½+Ës����¦ ô�Ç��. Õªo��¦ |9�½+Ë_� y�� ½̈$í
"é¶�̀¦

"é¶�è���¦ ÂÒ�Ér��.
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ô=Ãº_� l�ņq��_� ½©gË:[þt_� �̧e��

]jY�L���� 2ü< °ú �Ér Ä»o�Ãº[þt_� �̧e��

�����Ãº[þt_� �̧e��

0õ� 1 ��s�_� z�́Ãº[þt_� �̧e��

3 / 37



2.1 |9�½+Ëõ� ÂÒì�r|9�½+Ë

\V]j

��6£§�Ér |9�½+Ë_� \V[þts��� :

W @/�<Æ�§ Ãº�<Æ�§¹¢¤õ� �<ÆÒqt[þt_� �̧e��

t�½̈�©�_� ²DG��[þt_� �̧e��

ë�H�� a, b, c , d [þt_� �̧e��
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"é¶�è_� >hÃº\�¦ �����Ãº�Ð ����èq Ãº e����H |9�½+Ë�̀¦ Ä»ô�Ç|9�½+Ës���

��¦, Ä»ô�Ç|9�½+Ës� ����� |9�½+Ë�̀¦ Áºô�Ç|9�½+Ës��� ô�Ç��. :£¤y�,

"é¶�è�� ����̧ �>rF��t� ·ú§��H |9�½+Ë�̀¦ /BN|9�½+Ës��� ô�Ç��. s��¦̀�	כ

φ�Ð ����?/�¦ Ä»ô�Ç|9�½+ËÜ¼�Ð çß�ÅÒô�Ç��.
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2.1 |9�½+Ëõ� ÂÒì�r|9�½+Ë

&ñ
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¿º |9�½+Ë A, B\� @/�#� A_� "é¶�èü< B_� "é¶�è�� °ú �̀¦ M: ABü<

B��H °ú ���¦ ��¦ A = B�Ð �����·p��. 7£¤

A = B ≡ ∀x(x ∈ A⇔ x ∈ B)

ô�Ç¼#� Aü< B�� °ú t� ·ú§�̀¦ M:��H A 6= B�Ð �����·p��. (�ÃÐ�¦ :

�§F�_� x 0Au� �̧��)
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e��_�_� |9�½+Ë A, B\� @/�#� A_� �̧��H "é¶�è�� B_� "é¶�è{9� M:

A��H B_� ÂÒì�r|9�½+Ë, B��H A_� �í|9�½+Ë ¢̧��H �í�<Ê|9�½+Ës��� ��¦

s��¦̀�	כ A ⊆ B ¢̧��H B ⊇ Aü< °ú s� �����·p��. 7£¤,

A ⊆ B ≡ ∀x(x ∈ A⇒ x ∈ B)

A ⊆ Bs��¦ A 6= B{9� M:, A\�¦ B_� ���ÂÒì�r|9�½+Ë, B��H A_�

����í�<Ê|9�½+Ës��� ��¦, A ⊂ B ¢̧��H B ⊃ A�Ð �����·p��.
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2.1 |9�½+Ëõ� ÂÒì�r|9�½+Ë

&ñ
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/BN|9�½+Ë φ��H e��_�_� |9�½+Ë_� ÂÒì�r|9�½+Ës���.

7£x"î


e��_�_� |9�½+Ë�̀¦ A�� Z�~�¦ ��6£§ "î
]j�� �ÃÐe���̀¦ �Ðs���x��.

∀x(x ∈ φ→ x ∈ A)

/BN|9�½+Ë φ\���H "é¶�è�� �>rF��t� ·ú§Ü¼Ù¼�Ð e��_�_� x\� @/�#�

"î
]j�<ÊÃº “x ∈ φ”��H ��f±	s���. ����"f, "î
]j

“x ∈ φ→ x ∈ A”��H “x ∈ A”_� �ÃÐ, ��f±	\� �'a>�\O�s� �½Ó�©�

�ÃÐs���. Õª�QÙ¼�Ð e��_�_� |9�½+Ë A\� @/�#� φ ⊆ A.
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&ñ
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e��_�_� |9�½+Ë A,B,C\� @/�#� A ⊆ B ∧ B ⊆ Cs���� A ⊆ C .

7£x"î


A ⊆ Cü< 1lxu�"î
]j���

∀x(x ∈ A⇒ x ∈ C )

e���̀¦ µ1ßy���� Ø�æì�r���. ��&ñ
\�"f A ⊆ Bs��¦ B ⊆ Cs�Ù¼�Ð

x ∈ A⇒ x ∈ B (∵ A ⊆ B)

⇒ x ∈ C (∵ B ⊆ C )

����"f x ∈ A⇒ x ∈ Cs���. Õª�QÙ¼�Ð, A ⊆ Cs���.
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���_þvë�H]j 2.1

4, 5, 6 ��� : �̧Z>� ]jØ�¦. 4�Z4 9{9���t�
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2.2 |9�½+Ë_� ½©&ñ


W @/�<Æ�§ Ãº�<Æ�§¹¢¤õ� �<ÆÒqt[þt_� |9�½+Ë A\� @/�#�, ��6£§õ� °ú �Ér

|9�½+Ë�̀¦ Òqty��½+É Ãº e����:

{x ∈ A | x��H #��<ÆÒqts���}
{x ∈ A | x��H z���<ÆÒqts���}
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2.2 |9�½+Ë_� ½©&ñ


{9�ìøÍ&h�Ü¼�Ð ��6£§õ� °ú s� |9�½+Ë�̀¦ ����èq Ãº e����:

&ñ
_�

|9�½+Ë A_� e��_�_� "é¶�è x ∈ A\� �'aô�Ç "î
]j�<ÊÃº p(x)\� @/�#�

A_� "é¶�è�Ð"f p(x)�� �ÃÐ��� ��Ü¼�Ðëß	כ s�ÀÒ#Q��� |9�½+Ë�̀¦ ��A�ü<

°ú s� �����·p��.

{x ∈ A | p(x)}

s� ³ðl�\�¦ |9�½+Ë_� �̧|	�]jr�ZO�s��� ô�Ç��.
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2.2 |9�½+Ë_� ½©&ñ


\V]j 1

z�́Ãº_� |9�½+Ë R\�"f_� ��6£§ 1pxd��s� $í
wn�ô�Ç��:

(a) {x ∈ R | x = x + 1} = φ

(b) {x ∈ R | 2x2 − 5x − 3 = 0} = {−1
2 , 3}

(c) {x ∈ R | x2 + 1 = 0} = φ
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2.2 |9�½+Ë_� ½©&ñ


³ðl�

R = {x | x��H z�́Ãºs���}

Q = {x | x��H Ä»o�Ãºs���}

Z = {x | x��H &ñ
Ãºs���}

N = {x | x��H �����Ãºs���}

I = {x ∈ R | 0 ≤ x ≤ 1}

R+ = {x ∈ R | x > 0}

N ⊂ Z ⊂ Q ⊂ R, N ⊂ R+ ⊂ R
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2.2 |9�½+Ë_� ½©&ñ


&ñ
_�

ÅÒ#Q��� |9�½+Ë A_� �̧��H ÂÒì�r|9�½+Ës� "é¶�è��� |9�½+Ë�̀¦ A_�

"4�|9�½+Ës��� ��¦ s��¦̀�	כ P(A)ü< °ú s� �����·p��.

\V]j 2

P({a}) = {φ, {a}}

P(φ) = {φ}

P({a, b}) = {φ, {a}, {b}, {a, b}}
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P({a}) = {φ, {a}}

P(φ) = {φ}

P({a, b}) = {φ, {a}, {b}, {a, b}}
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2.2 |9�½+Ë_� ½©&ñ


&ñ
o� 3

"é¶�è�� n >h��� |9�½+Ë A_� "4�|9�½+Ë P(A)_� "é¶�è_� Ãº��H 2nü< °ú ��.

7£x"î


A = φ��� �â
Äº, ì�r"î
y� �ÃÐs���(Why?).

A 6= ∅��� �â
Äº, A = {a1, a2, · · · , an}Ü¼�Ð Z�~��. Õª�Q��� A_� y��

ÂÒì�r|9�½+Ë\� "é¶�è ak�� 5Åq���H �â
Äºü< 5Åq�t� ·ú§��H �â
Äº�� e����.

7£¤ A_� y�� "é¶�è\� @/�#� ¿º ��t� ��0px$í
�̀¦ Òqty��½+É Ãº e���¦

s���Ér	כ A_� ÂÒì�r|9�½+Ë_� >hÃº�� 2ne���̀¦ _�p�ô�Ç��.
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2.2 |9�½+Ë_� ½©&ñ


Z>�7£x

"é¶�è_� Ãº�� 0��� ÂÒì�r|9�½+Ë_� Ãº��H C (n, 0) = 1s��¦, "é¶�è_� Ãº��

1��� ÂÒì�r|9�½+Ë_� Ãº��H C (n, 1) = ns���. {9�ìøÍ&h�Ü¼�Ð "é¶�è_� Ãº��

k>h��� ÂÒì�r|9�½+Ë_� Ãº��H C (n, k)s���. ����"f A_� �̧��H

ÂÒì�r|9�½+Ë_� Ãº��H

C (n, 0) + C (n, 1) + · · ·+ C (n, n)

s���. s��½Ó&ñ
o��ÐÂÒ'�

(1 + 1)n = C (n, 0) + C (n, 1) + · · ·+ C (n, n)

s� $í
wn��Ù¼�Ð P(A)_� "é¶�è_� Ãº��H 2nõ� °ú ��.
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���_þvë�H]j 2.2

3, 4, 5 ��� : �̧Z>� ]jØ�¦. 4�Z4 9{9���t�
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2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

&ñ
_� 3

e��_�_� ¿º |9�½+Ë A, B\� @/�#� &h�#Q�̧ A, B y��y��\� 5Åq���H

"é¶�è[þt_� |9�½+Ë�̀¦ Aü< B_� ½+Ë|9�½+Ës��� ��¦ A ∪ B�Ð �����·p��.

7£¤,

x ∈ A ∪ B ≡ x ∈ A ∨ x ∈ B.

A ∪ B = {x | x ∈ A ∨ x ∈ B}
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2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

&ñ
_� 4

e��_�_� ¿º |9�½+Ë A, B\� @/�#� A, B\� 1lxr�\� 5Åq���H "é¶�è_�

|9�½+Ë�̀¦ Aü< B_� �§|9�½+Ës��� ��¦ A ∩ B�Ð �����·p��. 7£¤,

A ∩ B = {x | x ∈ A ∧ x ∈ B}

¢̧��H

A ∩ B = {x ∈ A | x ∈ B}

19 / 37



2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

\V]j 3

|9�½+Ë I, N, Z, Q\� @/�#� ��6£§ 1pxd���̀¦ %3���H��:

(a) I ∩ Z = {0, 1}

(b) Z ∪Q = Q, Z ∩Q = Z

(c) I ∪ I = I, I ∩ I = I

(d) N ∩ {m ∈ Z |m < 0} = φ

20 / 37
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2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

&ñ
o� 4

|9�½+Ë X_� ÂÒì�r|9�½+Ë A, B, C\� @/�#� ��6£§s� $í
wn�ô�Ç��:

(a) �½Ó1pxZO�gË: A ∪ φ = A, A ∩ X = A

(b) "4�1pxZO�gË: A ∪ A = A, A ∩ A = A

(c) �§8̈�ZO�gË: A ∪ B = B ∪ A, A ∩ B = B ∩ A

(d) ���½+ËZO�gË: A ∪ (B ∪ C ) = (A ∪ B) ∪ C

A ∩ (B ∩ C ) = (A ∩ B) ∩ C

(e) ì�rC�ZO�gË: A ∩ (B ∪ C ) = (A ∩ B) ∪ (A ∩ C )

A ∪ (B ∩ C ) = (A ∪ B) ∩ (A ∪ C )
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2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

7£x"î
 \O���H ��Ér	כ Û¼Û¼�Ð K����(���_þvë�H]j)

7£x"î


(a)

x ∈ A ∪ φ ≡ x ∈ A ∨ x ∈ φ (A ∪ φ_� &ñ
_�)

≡ x ∈ A (x ∈ φ ≡ c , p ∨ c ≡ p)

Õª�QÙ¼�Ð A ∪ φ = As���.
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2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

(d)

x ∈ A ∪ (B ∪ C ) ≡ x ∈ A ∨ x ∈ B ∪ C (∪_� &ñ
_�)

≡ x ∈ A ∨ (x ∈ B ∨ x ∈ C ) (∪_� &ñ
_�)

≡ (x ∈ A ∨ x ∈ B) ∨ x ∈ C (���½+ËZO�gË:)

≡ x ∈ A ∪ B ∨ x ∈ C (∪_� &ñ
_�)

≡ x ∈ (A ∪ B) ∪ C (∪_� &ñ
_�)

Õª�QÙ¼�Ð A ∪ (B ∪ C ) = (A ∪ B) ∪ Cs���.
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2.3 ½+Ë|9�½+Ëõ� �§|9�½+Ë

(e)

x ∈ A ∩ (B ∪ C ) ≡ x ∈ A ∧ x ∈ B ∪ C (∩_� &ñ
_�)

≡ x ∈ A ∧ (x ∈ B ∨ x ∈ C ) (∪_� &ñ
_�)

≡ (x ∈ A ∧ x ∈ B) (ì�rC�ZO�gË:)

∨ (x ∈ A ∧ x ∈ C )

≡ x ∈ A ∩ B ∨ x ∈ A ∩ C (∩_� &ñ
_�)

≡ x ∈ (A ∩ B) ∪ (A ∩ C ) (∪_� &ñ
_�)

Õª�QÙ¼�Ð A ∩ (B ∪ C ) = (A ∩ B) ∪ (A ∩ C )s���.
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���_þvë�H]j 2.3

1, 2, 3, 4, 5, 6, 7 ��� : Û¼Û¼�Ð K����.
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2.4 #�|9�½+Ë

&ñ
_� 5

|9�½+Ë A, B\� @/�#� A\� 5Åq�t�ëß� B\���H 5Åq�t� ·ú§��H "é¶�è_�

|9�½+Ë�̀¦ A\� @/ô�Ç B_� 	�|9�½+Ës��� ��¦ A− B�Ð �����·p��. 7£¤,

A− B = {x ∈ A | x 6∈ B} = {x | x ∈ A ∧ x 6∈ B}
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2.4 #�|9�½+Ë

\V]j 4

|9�½+Ë A = {a, b, c , d}, B = {c , d , e, f }\� @/�#� ��6£§�̀¦
½̈�#���.

A− B, A− (A ∩ B)

Û�¦s�

A− B = {a, b, c , d} − {c , d , e, f } = {a, b}
A− (A ∩ B) = {a, b, c, d} − {c , d} = {a, b}
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2.4 #�|9�½+Ë

\V]j 4

|9�½+Ë A = {a, b, c , d}, B = {c , d , e, f }\� @/�#� ��6£§�̀¦
½̈�#���.

A− B, A− (A ∩ B)

Û�¦s�

A− B = {a, b, c , d} − {c , d , e, f } = {a, b}
A− (A ∩ B) = {a, b, c, d} − {c , d} = {a, b}
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2.4 #�|9�½+Ë

³ðl�

In this book, a universal set is denoted by U.

We write Ac for U − A.
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2.4 #�|9�½+Ë

#��Qì�r_� p�A�\�¦ 0AK� s� ÂÒì�r�Ér {9�ÂÒ %ò
#Q�Ð!!!

\V]j 5

Show that A− B = A ∩ Bc .

Proof

x ∈ A ∩ Bc ≡ x ∈ A ∧ x ∈ U − B (∩,c_� &ñ
_�)

≡ x ∈ A ∧ (x ∈ U ∧ x 6∈ B) (−_� &ñ
_�)

≡ (x ∈ A ∧ x ∈ U) ∧ x 6∈ B ���½+ËZO�gË:)

≡ x ∈ A ∩ U ∧ x 6∈ B (∩_� &ñ
_�)

≡ x ∈ A ∧ x 6∈ B (A ∩ U = A)

≡ x ∈ A− B (−_� &ñ
_�)

Õª�QÙ¼�Ð A− B = A ∩ Bcs���.
29 / 37
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2.4 #�|9�½+Ë

&ñ
o� 5

e��_�_� |9�½+Ë A, B\� @/�#�

(a) (Ac)c = A

(b) φc = U, Uc = φ

(c) A ∩ Ac = φ, A ∪ Ac = U

(d) A ⊆ B ⇔ Bc ⊆ Ac
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2.4 #�|9�½+Ë

7£x"î


(a), (b), (c)��H ���_þvë�H]j

(d)

A ⊆ B ≡ (x ∈ A⇒ x ∈ B) (⊆_� &ñ
_�)

≡ (x 6∈ B ⇒ x 6∈ A) (@/ÄºZO�gË:)

≡ (x ∈ Bc ⇒ x ∈ Ac) (c_� &ñ
_�)

≡ Bc ⊆ Ac (⊆_� &ñ
_�)

Õª�QÙ¼�Ð A ⊆ B ≡ Bc ⊆ Acs���.
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2.4 #�|9�½+Ë

&ñ
o� 6 (×¼ �̧ØÔçß�_� &ñ
o�)

e��_�_� ¿º |9�½+Ë A, B\� @/�#�

(a) (A ∪ B)c = Ac ∩ Bc

(b) (A ∩ B)c = Ac ∪ Bc

32 / 37
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2.4 #�|9�½+Ë

�§F� �̧�� e��Ü¼m� ÅÒ_�!!

7£x"î


(a)

x ∈ (A ∪ B)c ≡∼ (x ∈ A ∪ B) (c_� &ñ
_�)

≡∼ (x ∈ A ∨ x ∈ B) (∪_� &ñ
_�)

≡∼ (x ∈ A)∧ ∼ (x ∈ B) (�7Ho�\� �'aô�Ç

×¼ �̧ØÔçß�_� ZO�gË:)

≡ x ∈ Ac ∧ x ∈ Bc (c_� &ñ
_�)

≡ x ∈ Ac ∩ Bc (∩_� &ñ
_�)

Õª�QÙ¼�Ð (A ∪ B)c = Ac ∩ Bcs���.
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2.4 #�|9�½+Ë

\V]j 6

e��_�_� |9�½+Ë A, B, C\� @/ô�Ç ��6£§ 1pxd��

A ∩ (B − C ) = (A ∩ B)− (A ∩ C )

�̀¦ 7£x"î
�#���.
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2.4 #�|9�½+Ë

�7Ho����íß�s� ����� |9�½+Ë���íß�õ� �'aº���)a &ñ
o�[þt�̀¦ s�6 x�#� 7£x

"î
.

7£x"î
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���_þvë�H]j 2.4

2, 3, 5, 9 ��� : Û¼Û¼�Ð K����.
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