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�#���.

(a) �̧��H Ñþ��Ér 1lq�̀¦ t�m�t� ·ú§��H��.

(b) 1lq�̀¦ t���� Ñþ�s� �>rF�ô�Ç��.

(c) 1lq�̀¦ t�m�t� ·ú§�Ér Ñþ�s� �>rF�ô�Ç��.

Û�¦s�

�̧��H Ñþ�_� �̧e���̀¦ U, e��_�_� "é¶�è x ∈ U\� @/ô�Ç "î
]j�<ÊÃº

“x��H 1lq�̀¦ t������.”\�¦ p(x)�� 
���. Õª�Q���

ÅÒ#Q��� "î
]j_� ÂÒ&ñ
�Ér ∼ ∀x p(x)s���.

∼ ∀x p(x) ≡ ∃x ∼ p(x)s�Ù¼�Ð (c)�� ½̈
���H "î
]js���.
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���_þvë�H]j 1.6

4, 5, 6��� : Û¼Û¼�Ð K����. |9�ë�H�Ér ���½̈z�́�Ð.
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1.7 ��{©�$í
 µ1ßjËµ

�7Ho��<Æ��_� ×�æ¹כô�Ç õ�]j ×�æ_� 
�����H �7H7£x�̀¦ &h����
���H

{9�s���.

�7H7£xs�êøÍ ��&ñ
 ¢̧��H ���]j�Ð Ô�¦o���H "î
]j�ÐÂÒ'� ����:rs����¦

Ô�¦o���H "î
]j\�¦ �7Ho�&h�Ü¼�Ð Ä»�̧
���H õ�&ñ
�̀¦ >pwô�Ç��.

#�l�"f ��&ñ
[þt_� �7Ho�Y�Ls� ����:r�̀¦ �<Ê_�
���� Õª �7H7£x�Ér

��{©�ô�Ç �Ü¼�Ð	כ #�|����.
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1.7 ��{©�$í
 µ1ßjËµ

��6£§�Ér W1 "î
]j H1 −H4�� �̧¿º ��&ñ
s��¦ C�� ����:r��� �7H7£x

s���.

\V]j

H1. "î
Ãº�� _��<Æ/BNÂÒ\�¦ ô�Ç����� ��0>òÁ�o�Û¼\�"f ¶ú� Ãº

e���̀¦ �.���s	כ

H2. "î
Ãº�� \VÕüt/BNÂÒ\�¦ ô�Ç����� \VÕüt_� ���{©�\�"f /BN����̀¦

½+É Ãº e���̀¦ �.���s	כ

H3. "î
Ãº�� ��0>òÁ�o�Û¼\�"f ¶ú����� \VÕüt_� ���{©�\�"f

/BN����̀¦ ½+É Ãº e��Ü¼�9��� @/�<Æ1px2�¤�FK�̀¦ ���Ér /BM\� ��6 x
����

îß� �)a��.

H4. "î
Ãº��H @/�<Æ1px2�¤�FK�̀¦ ���Ér /BM\� ��6 x
��¦ e����.

C. ����"f "î
Ãº��H _��<Æõ� \VÕüt�̀¦ /BNÂÒ
�t� ·ú§��H��.
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1.7 ��{©�$í
 µ1ßjËµ

0A �7H7£x_� ��&ñ
õ� ����:r\� ����èß� éß�í�H"î
]j[þt�̀¦ ��6£§õ� °ú s�

³ð�&³
���.

M. "î
Ãº��H _��<Æ/BNÂÒ\�¦ ô�Ç��.

A. "î
Ãº��H \VÕüt/BNÂÒ\�¦ ô�Ç��.

T. "î
Ãº��H ��0>òÁ�o�Û¼\�"f ¶ú� Ãº e����.

P. "î
Ãº��H \VÕüt_� ���{©�\�"f /BN����̀¦ ½+É Ãº e���̀¦ �.���s	כ

W. "î
Ãº��H @/�<Æ1px2�¤�FK�̀¦ z©�q�ô�Ç��.
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1.7 ��{©�$í
 µ1ßjËµ

0A �7H7£x�̀¦ ��6£§õ� °ú s� ����è­q Ãº e����.

H1. M→ T

H2. A→ P

H3. (T ∨ P)→∼W

H4. W

————————————-

C. Õª�QÙ¼�Ð ∼M∧ ∼ A
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1.7 ��{©�$í
 µ1ßjËµ

�7H7£x_� ��{©�$í
 7£x"î


1. W (H4)

2. ∼ (T ∨ P) (H3_� @/Äº"î
]j)

3. ∼ T∧ ∼ P (×¼�̧ØÔçß�_� ZO�gË:)

4. ∼M∧ ∼ A (H1õ� H2_� @/Äº"î
]j)

Õª�QÙ¼�Ð 0A �7H7£x�Ér ��{©�
���.
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1.7 ��{©�$í
 µ1ßjËµ

\V]j 10 [f��]X�7£x"î
]

��6£§ �èF�c ñ îß�_� ë�H��\�¦ +�"f ��A� �7H7£x\� @/ô�Ç ��{©�$í
�̀¦

+þAd��&h�Ü¼�Ð µ1ß)��Ð����.

Winstons� 0A"é¶�r �r�©�Ü¼�Ð ���Ø�¦÷&���� Halbertü< Luke��H

ÂÒ�r�©�Ü¼�Ð ���Ø�¦�)a��. Winstons� �r�©�Ü¼�Ð ���Ø�¦÷&����

Halbert�� ÂÒ�r�©�Ü¼�Ð ���Ø�¦÷&��� David��H �½Ó_�"f\�¦ ]jØ�¦½+É

�.���s	כ Õª�QÙ¼�Ð Winstons� �r�©�Ü¼�Ð ���Ø�¦÷&���� David��

�½Ó_�"f\�¦ ]jØ�¦½+É �s���(W	כ ,H, L,D).
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1.7 ��{©�$í
 µ1ßjËµ

7£x"î


1. W ∨ (H ∧ L)

2. W ∨ H → D/Õª�QÙ¼�ÐW ∨ D

3. (W ∨ H) ∧ (W ∨ L) (1, ì�rC�ZO�gË:)

4. W ∨ H (3, éß�í�H�oZO�gË:)

5. D (4, 2)

6. D ∨W (5, ½+Ë_� ZO�gË:)

7. W ∨ D (6, �§8̈�ZO�gË:)

Õª�QÙ¼�Ð 0A �7H7£x�Ér ��{©�
���.
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1.7 ��{©�$í
 µ1ßjËµ

\V]j 11[çß�]X�7£x"î
]

��6£§ �7H7£x_� ��{©�$í
�̀¦ µ1ß)���.

p ∨ q → r

s → p ∧ w

q ∨ s/ Õª�QÙ¼�Ð r
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1.7 ��{©�$í
 µ1ßjËµ

7£x"î


1. p ∨ q → r

2. s → p ∧ w

3. q ∨ s/ Õª�QÙ¼�Ð r

4. ∼ r (çß�]X�7£x"î
(����:r ÂÒ&ñ
))

5. ∼ (p ∨ q) (1, 4, @/ÄºZO�gË:)

6. ∼ p∧ ∼ q (5, ×¼�̧ØÔçß�_� ZO�gË:))
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1.7 ��{©�$í
 µ1ßjËµ

7. ∼ p (6, éß�í�H�o ZO�gË:)

8. ∼ q (6, éß�í�H�o ZO�gË:)

9. s (3, 8, �7Ho�½+Ë_� ���éß��7HZO�)

10. p ∧ w (2, 9)

11. p (10, éß�í�H�oZO�gË:)

12. p∧ ∼ p (7, 11, �7Ho�Y�L)

12 éß�>�\�"f "î
]j p∧ ∼ p��H �̧í�Hs�Ù¼�Ð 0A �7H7£x�Ér

��{©�
���.
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���_þvë�H]j 1.7

1, 2, 3, 4 ��� : Û¼Û¼�Ð K����. |9�ë�H�Ér ���½̈z�́�Ð
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1.8 Ãº�<Æ&h� )
±ú�ZO�

Ãº�<Æ&h� )
±ú�ZO�

�����Ãº n\� �'aô�Ç "î
]j�<ÊÃº p(n)\� @/
�#�

(1) n = 1{9� M: p(1)s� �ÃÐs���.

(2) e��_�_� �����Ãº k\� @/
�#� p(k)⇒ p(k + 1)

\�¦ ëß�7á¤
����, �̧��H �����Ãº n\� @/
�#� p(n)�Ér �ÃÐs���.

(2)\�"f “n = k\� @/
�#� p(k)��H �ÃÐs���.”����H ��&ñ
 
�\�

“p(k + 1)�Ér �ÃÐs���.”\�¦ Ä»�̧K��� ô�Ç��.

“p(k)��H �ÃÐs���.”\�¦ )
±ú�&h� ��&ñ
s����¦ ô�Ç��.
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1.8 Ãº�<Æ&h� )
±ú�ZO�

�ÃÐ�¦:�̀���̧_� /BNo�(p.367)

��6£§ /BNo� 1∼5\�¦ �̧¿º ëß�7á¤
���H |9�½+Ë Ns� �>rF�ô�Ç��. s�M: Õª

"é¶�è\�¦ �����Ãº���¦ ÂÒ�Ér��.

1 N\���H 1�Ð �����·p :£¤Z>�ô�Ç "é¶�è�� �>rF�ô�Ç��.

2 y�� n ∈ N\� @/
�#� Õª_� Êêe������� "é¶�è n+�� N\� éß�

���m�� �>rF�ô�Ç��.

3 �̧��H n ∈ N\� @/
�#� n+ 6= 1.

4 N_� "é¶�è m, n\� @/
�#� m+ = n+ ⇒ m = n.

5 y�� n ∈ Nõ� N_� ÂÒì�r|9�½+Ë P\� @/
�#�
(1 ∈ P ∧ n ∈ P⇒ n+ ∈ P)s���� P = N.
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1.8 Ãº�<Æ&h� )
±ú�ZO�

\V]j 12

e��_�_� �����Ãº n\� @/ô�Ç ��6£§ 1pxd��s� $í
wn�ô�Ç��. s��¦̀�	כ Ãº�<Æ&h�

)
±ú�ZO�Ü¼�Ð 7£x"î

�#���.

1 + 2 + 3 + · · ·+ n =
n(n + 1)

2
(∗)

7£x"î


e��_�_� �����Ãº n\� �'aô�Ç 1pxd�� (∗)\�¦ p(n)Ü¼�Ð Z�~��H��.

(1) n = 1{9� M: p(1)s� �ÃÐe���̀¦ �Ðs���.

ýa����Ér 1, Äº����Ér 1(1+1)
2 = 1 s���. ����"f p(1)�Ér �ÃÐs���.
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1.8 Ãº�<Æ&h� )
±ú�ZO�

(2) n = k\� @/
�#� p(k), 7£¤ 1 + 2 + 3 + · · ·+ k = k(k+1)
2 s�

�ÃÐs����¦ ��&ñ

��¦ p(k+)s� �ÃÐe���̀¦ �Ð#��� ô�Ç��. 0A 1pxd��_�

�ª����\� k + 1�̀¦ �8
����

1 + 2 + 3 + · · ·+ k + (k + 1) =
k(k + 1)

2
+ (k + 1)

=
k(k + 1)

2
+

2(k + 1)

2

=
(k + 1)(k + 2)

2

s���. ����"f p(k + 1)�Ér �ÃÐs���.

Õª�QÙ¼�Ð, Ãº�<Æ&h� )
±ú�ZO�\�"f_� ���]j (1), (2)�� �̧¿º

$í
wn�
�Ù¼�Ð e��_�_� �����Ãº n\� @/
�#� 1pxd�� (∗)�� $í
wn�ô�Ç��.
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1.8 Ãº�<Æ&h� )
±ú�ZO�

Ãº�<Æ&h� )
±ú�ZO��Ér �����Ãº\� �'aº���)a &ñ
_�\�¦ ?/o���H X<\��̧

s�6 x�)a��. ��6£§�Ér ë�H�� x\� @/ô�Ç ��[þv]jY�L_� &ñ
_�s���.

x1 = x , e��_�_� �����Ãº n\� @/
�#� xn+1 = xnx .

0A_� ¿º 1pxd���Ér

x1 = x , x2 = x · x , x3 = x2 · · · x , · · ·
ü< °ú �Ér ��z�́�̀¦ �¹���Kכ Z�~�Ér �.���s	כ
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1.8 Ãº�<Æ&h� )
±ú�ZO�

&ñ
_� 7

&ñ
Ãº n (n ≥ 0)õ� &ñ
Ãº r\� �'aô�Ç l� ñ C (n, r)�̀¦ ��6£§õ� °ú s�

&ñ
_�ô�Ç��.

C (n + 1, r) = C (n, r) + C (n, r − 1)

:£¤y�,

C (0, 0) = 1, C (0, r) = 0, r 6= 0
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1.8 Ãº�<Æ&h� )
±ú�ZO�

&ñ
o� 8

&ñ
Ãº n, r (0 ≤ r ≤ n)\� @/
�#� ��6£§ 1pxd��s� $í
wn�ô�Ç��.

C (n, r) =
n!

r !(n − r)!

#�l�"f n > 0{9� M: n! = 1 · 2 · 3 · · · · (n − 1)n�̀¦ �����·p��. :£¤y�,

n = 0s���� 0! = 1�Ð ���5Åqô�Ç��.

7£x"î


���_þvë�H]j 1���
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1.8 Ãº�<Æ&h� )
±ú�ZO�

&ñ
o� 9(s��½Ó&ñ
o�)

e��_�_������Ãº nõ�¿ºë�H�� x , y\�@/
�#���6£§1pxd��s�$í
wn�ô�Ç��.

(x + y)n = C (n, 0)xn + C (n, 1)xn−1y + · · ·+ C (n, r)xn−ry r

+ · · ·+ C (n, n)yn

7£x"î


(1) n = 1{9� M:, ýa����Ér x + y , Äº����Ér C (1, 0)x + C (1, 1)ys���.

#�l�"f C (1, 0) = C (0, 0) + C (0,−1) = 1 + 0 = 1s��¦

C (1, 1) = C (0, 1) + C (0, 0) = 0 + 1 = 1s�Ù¼�Ð,

C (1, 0)x + C (1, 1)y = x + ys���. ����"f ýa���õ� Äº����Ér °ú ��.
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1.8 Ãº�<Æ&h� )
±ú�ZO�

n = k\� @/
�#� ��6£§ 1pxd��s� $í
wn�ô�Ç���¦ ��&ñ

���.

(x + y)k = C (k, 0)xk + C (k , 1)xk−1y + · · ·+ C (k , r)xk−ry r

+ · · ·+ C (k, k)yk

s� 1pxd��_� �ª����\� y��y�� x + y\�¦ Y�L
����

(x + y)k+1 = (x + y)(C (k, 0)xk + C (k , 1)xk−1y + · · ·

+ C (k, r)xk−ry r + · · ·+ C (k, k)yk)

= xk+1 + {C (k, 0) + C (k , 1)}xky + · · ·

+ {C (k , r − 1) + C (k, r)}x (k+1)−ry r + · · · yk+1

= C (k + 1, 0)xk+1 + C (k + 1, 1)xky + · · ·

+ C (k + 1, r)x (k+1)−ry r + · · ·C (k + 1, k + 1)yk+1
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1.8 Ãº�<Æ&h� )
±ú�ZO�

����"f n = k + 1\� @/
�#� 0A 1pxd���Ér $í
wn�ô�Ç��. Õª�QÙ¼�Ð

Ãº�<Æ&h� )
±ú�ZO�\� _�
�#� e��_�_� �����Ãº n\� �'aô�Ç 0A 1pxd���Ér

$í
wn�ô�Ç��. #�l�"f C (n, r)\�¦ s��½Ó>�Ãº���¦ ô�Ç��.
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3, 4, 5, 6, 7 ��� : Û¼Û¼�Ð K����
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