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 � �  
 � � �  � � � � � � �(E v e n t )� � � �  . "  
  �  � � 
� �! �
� ����
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�
���� 	. ��/ �� 0 1 % � $ ���2 � ��
�� �% � $ �
���� $ 
�
���� 	. ��/ ��
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% � 5 �, !

 $ - 	�"& ���� " �. 

� 4�# �� �	� �� �
��� $ ��� � ��)52 (� �.  $ - 	4/1 
 �	� $ ��� � �� �
��� $ - 	� �% ��� �� �, 9  �% % � �.  $ �
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�.  �������'  �, 9 52/13  =   4/1. 
 2 � 0 
���� �
% 	��� 
�2  
�� B �% �� �, �� (�� 	�� �����. � 	2 � > ������ 	
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 (BE R N O U L L I ) $ 
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��� $ ��%  " % �!  �% . � �. 	
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������� �# � & '. 
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�� (��� �% �� # 
 ������� �# � " �
	/ % � 0 �� F 	� �� �! ��%  & !

�� ��� �, .  & '  �
E ��� & ��� �
	����� F ��: 
1� � � � � � �  � � � � � � �  � � � � � � � �  
 � � � � � : 

            �!  / �* % � (* ) � 
	% �� �	. �  & �	!  �� $ �	 � + �	 ; � ���%  �% % � F 	�' �
        $ ���� :  �@ � 
�� 	��/  & . � $ % ! ���� H I ��% ��1   �� 2   �� 3 ��  4   �� 5 

  ��6         J � J 
	'  �- 	 	��/ � ������ �% % � F 	�1 % � 1   �� 3   �� 5   �K� 
 $ KK�	 ��� . < �KK�� �	KK. � �� & KK�	 $ KK
# �� �; KK'  �, KK! . ��   � � � � 

(E x p e r i m e n t )         < ��
 �% ����. � ��� �.  J 
	'  �- 	 	��/ �  !�  " � � � 
(E v e n t )         < �K�� 	��/ �� $ % ! ���� " ����� > 
�  $ ��� ��   � � � � � �  �
� � � � � � .(S a m p l e  S p a c e )  
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��� L �	1 �� �� 	) ! � �� $ ��� ��! 
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2�  � � � � � � �  # � � � � �(P o s s i b l e  C a s e s ) 
 + �	 M  $  
�%  	�/ � �� �! �
 & ��� $ 1 # �E ��� H I ��% �� �� " ����� & .
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�� $ �	 ��   �� �	�=  ��� 
�%  ��! � $ # �� $ ��-  & �	 
% � (* ) �'  
 ��� 
�%  ��! � 
	%  �	. �  & �	 
% �� �  $ ���!1 �� 2 �� 3 �� 4 �� 5 
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� �� ���
'  2 � $ # ���� $ ��-  & �	 $ ��� & '  6 

	% �� �	. �  & �	 $ ��� & '. 

3�  � � � � � � � �  # � � � � �(F a v o r a b l e  C a s e s )  
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���� �
��� < �9  J 
N � & ��� " ����� �� H I ��% �� & .
 & '  J 
	'  �- 	 < # � ��= ��� �.  3 
���� ��!  �, ; '  �  �% ����. � > C ��
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���� �, .  ���� & ��� " ����� �; '  
	% �� �	. �  & �
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4�  � $ " � � � � � �  # � � � � �(E q u a l l y  L i k e l y  C a s e s )  

 & '  $ �% � �� �
��� �
�� �� $ ��% = � $ 
% 
�� " �	!  �
� �% 

� ��!  �, 9
% �C � � ���� �� ��� 0 1 %  ���� $ ' �) ! �� ��% � �	!  �% ���� 0 
!  & '  �. �

 �! � ��! 
 J � $ # ) ���� " ��� ��! � " �	! �� D , .  �; '  (�

  ���# E  
��
4���� & '  4
= % �� 0 1 %  ��% �. 

5�  � � % � � � � � �  
 � � � � � �(M u t u a l l y  E x c l u s i v e  E v e n t s )  
 �
) 
���� �� ���
A � B ��� ���) �
� ������ �, 9  ��
' �% �� ���% �  .

! �
 � 
	% �� 	 � & �	 
% � (* ) �' " - � & '  �
� � < # � ��= ��� �

���. 

6�  � $ � � & � � �  
 � � � � � �(I n d e p e n d e n t  E v e n t s ) 
 �
) 
���� 	���
A �� B �
� �� ��. �
�9  B �- � ��!  �, 9  �
# ���� �
) 
�� 

& '  	) N 
 � : ��- � 	E O � B �- �.  �
��� $ # �� $ ��-  & �	 
% � (* ) �'
�@ � $  
�% � 	) ? �� � $ 
% �) �� $ 
�	�� $  
�%  �; '  �
�
����� �
�	�< �. 

 

7�  � $ � � ' � �  
 � � � � � �(E x h a u s t i v e  E v e n t s ) 
 3 
����� < ���A �  B �  C ...  ��!  �, 9  �� $ �	 � & '  $ # ��2  3 
���

$ �	 ��� + �	 9  
% � �. �
�9  3 �
� �� 
��. 
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  ��!  �, 9  �� : ���� $ ' 	��� $ ��� �� �� 4��� 	�
�E � 
% � (* ) �'
� 
�� : % @  $ # ��2  3 
��� " ����� D , .  	���� �E 
� 	
� �� �% E 
� 
	1 #

" �1 = �� D , .  �� �
��� $ 1 =  : � ��! 
 �� . < # � ��= ��� �; '  5 �, !
 

���1 �� 2 �� 3 �� 4 �� 5 �� 6 	���� 
	% �� 	 � & �	 
% � 

�. �
�9  3 �
� �� 
�� : % @  $ # ��2  3 
���. 
�  ���������� � ���� � 

 �������"� � � � � � �  � � ( � �  � � �  ) � � ( � �  � � � � &  � � *  � � � � +  � � & �  � 	 "
� 	1 =  $ �
��� �
� 3 
� < # � 
��� $ �
���� 3 �
��� $ ������ $ ��� < #

B �- ��� 

! @ � 3 
���� . �
��
	�� D 	

�� �� : ���� �! �
� : 
P J 	/ % �� ������� . 
P  & �
	 ��� �������. 

�  � � � �� � ������� )T h e o r e t i c a l  A p p r o a c h(  
 $ ) 
�� 3 �
�� J 	/ % �� �������� �  & ! 
�* ! �� �������� (�C 
� �	�


�� 

� $ ��%  �.  �� F 	'  < # � 3 �
��� $ % ! ���� " ����� 

� < �9  $ 
������ " ���
3 �
��� & '  + & ' �! �� 4
= %  ��� " ����� �!  ��. 

 , �  " �1 :   
 ������ �	
 ��	�
 ��
 ���8 �  � �� � �  � �� 
 3 �� �  � �� 	� � �� 
 

� � �� 	� � � 
 �� 
� �  �		� � 
� � ��  �  ��  � � 
  � ! � �" # �� � � � � $ 
,  � � �:    

 $ % ! ���� " ����� 

� =11 
� $ 
������ " ����� 

 =3 
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  ∴ + �C 
� �	!  4�� ������  =11/3 
 

� $ ' 	�� �� 
�� �� $ ) 
�� 3 �
� ������ 4��� � � �� �, 9
 $ 
������ " ����� 

�� 3 �
��� & '  + & ' �! �� 4
= %  ��� & ��� $ % ! ���� " �����. 

 , �  " �2 : 
!  �, 9K 5 �% .  ��)4 (�9  �	�
9  0 #  � �� + �C ��K
! 	2 �� QK �.  " � 

)A �  B �  C �  D (
�E � �
�2 	�
�� & '  $ ! 	2 �� �
) ��� ��% � �
% ) � 	� 
 $ 
��
�� " �	��N ���: 

� .  �C ��� 	�
�E � ������ �.  ��A 
4 .   �
�C ��� 
�� 	�
�E � ������ �.  ��A �� D 
R . �
�C ��� 	�
�E � ������ �.  ��A  �D 

 . �C ��� 	�
�E � �
� ������ �.  ��A 
 

,   � � � :�� L �	1 �� & % 
�S J � $ % ! ���� " ����� $ ��� � �.   
S  = {AB,  AC,  AD,  BC,  BD,  CD} 

� P  �C ��� 	�
�E � $ 
������ " ����� 

�A �.  3 

� �  " ��� 
 $ % ! ���� " �����6" ��� . 

 ������� = 
 

     216
3)A(P == 

4P 5 �% .   5 	�
�E � $ 
���� " ��� A �� D  
6
5  P(AUD)   D)or  A(P == 

 $ 
������ " ����� 

� 
 $ % ! ���� " ����� 

� 
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RP 	�
�E � $ 
���� �
��� $ ��� 5 �% .  D  ,   A 
      P (A  ,   D)  =  P (A ∩  D)  =  

6
1  


P 5 �% .  3 	�
�E � �
�� $ 
���� " ��� A 
          2

1
6
3)A( P  ==∴  

 3 
�   )A(    P 	�
�E � �
� ������ & .  A 

� �� �� � � ��� � �������� � � 
 �����* � J 	/ % �� �
	���� �
��� & '  " ����= �� �� 4�
��� F �� 5 �% .

��% � : 
1�  � � � � � � �  # � � � � �  � � +  � ( �  � � � � ( 

 �
������ �% 

� ��!  �� (* ) �'SP �% 
�9  4# �� 0  $ ��% �� : 
# � " , E � 
 �
������ �� K  4 + �  �� & '  0  $ ��% �� B �- � ������ 4���. 

 
                          

 4��%  �� �% 
# � R 4 + �  �� & '  0  $ ��% �� B �- � ������ 4����
 ��� $ 
������ " ����� 

� �) �� & ��� & . � K  4 + �  �� ���%  B �� �

 �
������ ���%  B �� � 4��%
 � �  $ % ! ���� " ����� 

� �) �� & ���� 
 �� & ������� ���% �� D , .  

� 4��� (�
  4�= �� �� : % � Q 	%  �% % ! ��

4�= �������* � J 	/ % �� �
	���� �
��� . 

" � * * * 
� 

   & 
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2�  � � � � � � �  # � � � � �  , " � � �  - � � � �  . � + 
 �, .  �! �� $ % ! ���� " ����� �) ��� : �
���� �	�2 
 J 	/ % �� �
	����' 
 $ 
���� �� : ���� $ ' 	��� �� S E 2  	�
�E � 
% � (* ) �'  ��I �
 ����
 �

): 
 ��� �� ( ����� �% % ! �
 * '  ��	� �� �# �� �� R�� �� �� 4� �� & . �
� J ���
 T* ) � (* �	� : % �!  ������ �4/1 4��� �! �
 �� ��  

 �� U C ���� �� : % @  J 	/ % �� �
	���� ��
E ���� ������� �, .  	

�� ��
$ # ) ���� 	
� $ % ! ���� " ����� D , .. 

 J ���
 (�	! ,  
������ ��! 
 �� ������ �? � ����� > 
���%  � 5 �, !2/1 

��� $ ��� $ 
������ " ����� �� 	����� < # � " ������ (�	! ,  : % �!  & . � �

 ������ $ % ! ����)< ) % � �� 	! , ( + ��% � > 
�  & '  
. �2 ��� �� : % @  5 �, �
3 �% M � < # � 	�! , �� 

������ 

� �
�
�  �.  ������. 

 D , .  �) � < # � 4# V �
 �����* � 	E W  �
	�� < �9  $  ���� " ? 2 %  �% .  ��
& �
	 ��� ������� �.  �
	���� �, .  " ����= ��. 

� � � � �� � �������� �  )E m p i r i c a l  A p p r o a c h(  
  " * 
���� J � ���� �! 2  < # � " 
	�!  $ �# � �% 
�	 �, 9N 

� ��! � �	� 

 < # �� < �9  	
�! �� :  ��� 	��/  ��� 
�%  & ��� " �
�	��n1 & ��� " �
�	�� 

�� 
 ������� :  ��� 	��/  ��� 
�%n2 :  ��� 	��/  ��� 
�%  & ��� " �
�	�� 

�� 

 	
V = ��n3�; '    
# � " �	��� 

� $ ��% 	
�! �� :  � =

N
n1 
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  ������� :  �# � " �	��� 

� $ ��% =
N
n2 

  	
V = �� :  �# � " �	��� 

� $ ��% =
N
n3 

 K�� �� �# �E � 4�% �� D , .
3
1 $ % ! ���� " ����� �) ��� �
��  

 " % �!  ��# ! �N.  " �	�- � ��# !  �	
�!   $ �
-  
% � 	�	����� �� 4�% �� D ,
 (* ) � ��! � 
- � $ ���)70 % �20 % �10 %& ������ < # �.  

�� ����� �! �
 3 
��  
L i m  70.0

N
n1 =  

N  →  ∞  
 

 :  ��� < # � ��= ��� ������ �. �
 " 
	�! �� $ �# � & �	 
% � 	�! @ � 

L i m  20.0
N
n2 =  

N  →  ∞  
 

 :  ��� < # � ��= ��� ������ �. �
" 
	�! �� $ �# � & �	 
% � ���@ � 

L i m  10.0
N
n3 =  

N  →  ∞  
 :  ��� < # � ��= ��� ������ �. �
" 
	�! �� $ �# � & �	 
% � 	V = @ � 

, ! $ # �� $ ��-  �% 
�	 �, 9  5 �n :  ��� 	��/  " �	� 

� ��! � �	� 
 �.  �	�=r 	�= �� 

� $ ��%  �; '  �	�  =

n

r .  �� �# �E � 
-  $ ��% �� D , .2/1 
 " % �!  �, 9n " 
��  ��# !  : % � " ��) �� �� �! �� �	
V =  n $ ��% �� " �	�- � ��# !  

n

r 
 ��2/1� ��
% � : % � 3 
��  ��!n �� (�
  $ �
	-  $ ��% �� U �= � (�
  �	
�!  2/1  

        J � ��      
 

L i m  2/1
N
n1

=  
N  →  ∞  
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�% �� $ ��-  & �	 
% � �	�=  < # � ��= ��� ������ �. �. 
 
 
 
 
 

� � ��������� � � ���� � 
 � � � � � � � � � 	 � 
  � � � �   

� �  � � � � � 	 
  � � 
 � � � 
  � � �  � � � �  � � 
 3 
����� " % �!  �, 9A3 ,  A 2  ,  A1 .... �
� �� < % ��� $ 
' �% �� 3 
��� �. 
K�� 3

 J 
N K
 
 D , .  3 �
� ������ �; '  & ������� Q 	E @ � 3 
����� �� J � 3 �
� $ ������ < �9

 �; '  (���
�� ��! 
 (��� 3 
����� 
 
 
 
 ��!  �, ; 'B �  A �! 2 �� & '  ��!  �

' �% �� �
) 
�� )1( 

 �; '= P(A) +  P(B)) B �� A (P 
 � �	��� �
) 
���� 
�� B �- � ������ (�C 
� � �	
 

P (AU B) = P (A) +  P (B) 

s 
A B 

��� ��� ���	
��
 ������
 ��	�� ���� ��� ���� : 
       �� � � � � ������ � 
	� � �	
� � �	
�  
��N    � �  � ���� 

          ��  ���� ! � �� �" # � �� �$  % & ��� ���
 � 
	��
r  ' 	� 
 ( ��) � ! � ���
 
��  * �+ � �����
 ��$ 

Li

m  r  

 � �$ �# ���
 ! � 
���
 �� ! � �� ( �  * �+ � �����

! � 
���
 , ��  * �+ � � �����
 * ��
� ( ��) � 

 �����)1( 

������� 	
��
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 �� �� 
3 : YJ 
	'  

� < # � ��= ��� ������ �.  �� 
	%  �	. �  & �	 $ ��� & ' 

� � 
�� � : < # � ��= ��� D �% �� J 
	'  

� < # � ��= ���1 �� 3 �� 5 3 
�� 
 �; '  $ 
' �% �� $ ) * ) �� 3 
����� D , .  �� 

P (1  ��  3  ��  5 )  =  P (1 )  +  P (3 )  +  P (5 ) 
    =  

6
1

6
1

6
1 ++  

    =   
2
1    

 

 �� �� 
4:  
     Y�
���2 �� �
� � < # � ��= ��� ������ �.  �� �
�	� 
	%  �	. �  & �	 
% � 

���� � 
  : 
      < # � ��= ��� D �% �� �
���2 �� �
� � < # � ��= ���)1 � 1(�� ) 2 � 2 (
 ��)3 � 3 ... (�� )6 � 6 ( ��% � �!  ������� $ 
' �% �� 3 
��� & . �

36
1 

)6 � 6 (P+  ... +  )2 � 2 (P+  )1 � 1 (P ) =  �
���2 �� �
� � (           P 
         =  

36
1...

36
1

36
1

+++   

        =   
36
6  
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  �� 
 %  ��� ���� 
 
 
 
 
 

 

 

��  � � � � � 	 
  � � �  � � 
 � � � 
  � � �  � � � �  � � 
 �
) 
���� & ' �% � ��	�2 � �
� 
% �A � B 3 
����� 
�= ���� ��! 
 )A 

 ��B ( B �- �A- � �� 
�	1 % � < # � � BB �
) 
���� B �- � �� 
�	1 % � < # � A � B 
 �! 2 �� �� U C �
 ��!  
��� " - � & '  ���)2 (& ����� 

 
 
 
 
 

 �O �P (A) +  P (B) 3 
��# � $ 
������ " ����� B �� � �) �� A (�' �C � 
 � � ��
�9   " ����� B �   3 
��# � $ 
������B           �K� �K!  �� $ K/ �* � 4K 
 �! ��

    3 
��# � $ 
������ " �����A     3 
��# � $ 
������ 5 # �� B     $ K
������ " ����� ��C �� 
 B �- ��A � B > �  $ ��� & '  : % ; '  �, ��� �  (��� P (A) � (B) P     > K� %  �K% % ; ' 

s 

A B 

A and B 

 � � �  
 � �B ,  A � � �  � � � � � 	 
 �  � � � 
 � �  � � � � � �   
P (A)  +  P(B)  =  1 

 � � �  
 � �B ,  A
 � �  � � � � � �   � � �  � � � � � 
 	 
 �  � � � � � 	 
 �  � � � 
P (A)  =  P (B)  =  1/ 2  

 � �  �  ! � "  � � � � � �  � � # 
 �  
 � �A # 
 � � � $  A � � � � � � � 
  � � �  A�  A 
 � � �  � � � � % � 
  & % � � 
  � � � �  � � �� 
  '  � � � 
 � � �  � � � � � � 	 
  � � � � � �

 � % � 
 

 ���)2( 

	 
 � � 
 � �  � 
 �  � � �� � 
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 )B � A (P [ 	� �� 
�� �, �� �  �
�	� )B  � A (P �= �% � �
��� �	� 
������� < # � )B �� A (P�, . �  �.   : 
      )B � A (P – P (A) +  P (B) )=  B �� A (P   

 �� 
  P (AU B) =  P (A) +  P(B) – P (A∩  B)  

 
 �� �� 
5:  

 ������ �.  �� � " �! 	2 �� Q 
�9  �	�
9  0 #  � + �C �� ��) � < �9  B � 	���
 �C ��� 	�
�E � ��
 ��A �C ��� �� D �
� �� 4 Q 
�9  �	�
9  0 #  � �� + �C �� 

 " �! 	2 ��) �.A � B � C � D (Y " �	��N ��� 
�� & '  ��# 
) ��� 
���� � 
 : 

 $ % ! ���� " ����� B �� � �. � & % 
��� L �	1 �� 
S  =  

{ }CD BD, BC, AD, AC,  ,AB  
P 	�
�E � $ 
������ " ����� A & .  (AB,  AC,  AD) 
P 	�
�E � $ 
������ " ����� D & .  (AD,  BD,  CD) 
P 	�
�E � $ 
������ " ����� A � D & .  (��� (AD) 

(����� ��
# � �% # = � & ��� $  
�% �� < # � �= �%  " ������� > �  �
��-  4��. 
P (AU D) =  P (A �� D) =  P (A) +  P (D) – P (A∩  D) =  

6
1

6
3

6
3 −+  
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  �� �� 
6: 
 �� �����	 
� ��� 
���	 �	�
� ��
��� �� ���
 ���� 	��

� � � ���
�	 �
� � �� 
� ��	 ����� 	 ���
����	 �� ��  �� ��
��� �� 
� !	
" 
���	 �	�
� 

���� � 
  : 
 �� F 	1 %A ��� 

� < # � ��= ��� �) �
 B < # � ��= ��� �) �
 

 �! ��� $ % 
�� $ ��� � �� $ - 	�"J 	�% 

��" 
    P (A)  =  

52
40  

      P (B)  =   
52
13  

   P (A∩B) =  
52
10  

 " ������� > �  ��% �-  ��� 
P (AU B) =   P (A) +  P (B) – P (A∩B) 

        =   
52
10

52
13

52
40

−+   

                  =   
52
43  

�  ���������	 
����� 
 
 
 

�
) 
���� �% 

� ��!  �, 9 �
# ������ A � B �; '   
P (A∩B) =  P (A) P (B) 

�  � � � �  �� 
 	 � 
  � � �( � �  ) � � * �  +� , 
  � � � � � � � � � - 	 * 
  � � � � �
+� . , $  � / . , $ $  � � 
 � � � 
  0 � 1  � 
  � � 
 �  ��  � � � �  �� 
 	 � 
  2 � . 
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  �� �� 
7:  
   :  ��� < # � ��= ��� ������ �.  ��)3 �  3 (Y
	% �� 	� �� �� R��  & �	 
% � 
� � 
���:  
  :  ��� < # � ��= ��� ������ ��3 �.  
	% �� �� ��@ � 	 ��� & �	 Q 
� 

6
1 

�= �� ������ 5 �, ! � :  ��� < # � �3 �.  
	% �� �� & % �) �� 	 ��� & �	 Q 
� 
6
1 

P (A ∩  B) =  
P (A)  P (B)  =   

36
1

6
1

6
1 =×  

� 
 � �� � 	 � �������	  Conditional Probability 

  $ 
	�
M � " �	�	��� �� 


��� , �E �� �
� " �! 	2 �� + �	
� ���
 
� ��� ��3 �
� ������ $ ' 	��� $ 
	3 
�  �
�� A 	E W  (�) 
� ��!  �, 9  B 
-  
3 
� & I ��
 �* �9  	2 % � �	�	-  , E �
 �� 	

��� �� (���# �� ��! 
 �
� (* ) �'  �

 �� (�= E 2  �� ������ �.  �� $ ' 	��� ����� ��! 
 : % ; '  ��
� 1 # ��� & '  �� $ �# ��
 $ �# ��� J 	�2 
�) 3 
����A ( & '  �* �M � 
. �2  �� �= � 
-  ��!  �, 9 ��
� 1 # ��� 

) 3 
����B.( 
  3 
���� B �- � ������ �; '  �, ! . �A 3 
���� B �- � �	2 � B < �

 

 �	�=  < # � 4�! 
� & �	2 �� ��������P (A/B) 3 
���� ������ �	��� A 
�� 
 3 
���� B �- �B. 
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 & ����� ��) ��� �
����� & �	2 �� ������� ���1 � U C �% � : 
 �� �� 
8:  

 < # � J ���
 0 
!3 � + �
�� " �	!  7	!  + �C 
� " � 
 �
��9  ��
�� D 
� < # � �!  �
�	!  : % � �% ��� �% % � F 	1 % � . 4�� < �9  �% � �	 �, ; '

 � �	��� + �C 
� �	!A  � �	��� + �
�� �	!  4�� < �9 � B $ �! 	��� " ����� �; '  
& # 
 ��� �) ��� ��
# � �= �%  & ��� : 

P  ����C 
� ���	! ��   AA 
P + �C 
� $ 
% �) ��� + �C 
� < ��@ �  AB 
P ��� + �
�� < ��@ �+ �C 
� $ 
% �)  BA 
P  ����
�� ���	! ��   BB 

 4
�	���� $ 
% �) �� �)  < ��@ � �	! �� 4��� H I ��% �� " �������	��� ����C 
9  �! �
 �
& ����� : 
 
 
 
 
 
  
 
 
 

3 � � 4 
  5 � �� � 
 
 

� � � � � � 
  5 � �� � 
 
 

A 

B 

A 

A 

B 

B 
P(A) = 7/10 

P(B) = 3/10 

P(A/A) = 6/9 

P(B/A) = 3/9 

P(A/B) = 7/9 

P(B/B) = 2/9 
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 & # 
 ��!  : ���� �! �
 4! 	��� ������� �; '  �, ! . � : 
 + �C 
� $ 
% �) ��� + �C 
� < ��@ � �	! �� ��! � �� ������ =���� �� ��

 ��! � �� �	2 � + �C 
� $ 
% �) �� ��! � �� ������ & '  ���	C � + �C 
� < ��@ � ��! �
+ �C 
� < ��@ �. 

 P (A∩A) =   P (A ,  A) =   P (A)  P (A/ A) 
        =   

90
42   

9
6  

10
7

=×  

) �����K� 
P (A∩B) =  P (A)  P (B/ A)  =   

90
21    

9
3  .  

10
7 =  

P (B∩A) =  P (B)  P (A/ B)  =   
90
21    

9
7  .  

10
3 =  

P (B∩B) =  P (B)  P (B/ B)  =   
90
6    

9
2  .  

10
3 =  

 

& �	2 �� �����* � & ����� �
	���� �
�% � ��) ��� �, .  ���%  �O �� : 
 
 

 

 
 
 
 
 

-  �. 	 / �
 ���  ���
 
 ��0 � ���
 �# �� � ��� 
��B , A ���� P  (B) �1 $  	2 3 �
 ( ��) � � 

 ! � ���� �. 	/ �
 ������
A ! � ���
 * �+ � . 	/ � B �. �� 
� �����
 � �� ������ : 

P (A/B) = P )B(P
)BA( ∩  

 ! � ���� �. 	/ �
 ������
 ��  ( �A ! � ���
 * �+ � . 	/ � B ( ��) � 
  � 4 �	��
 ������
 � �) +  �3 ��B , A ! � ���
 �����
 ��� B 
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 � & �	2 �� ������� ��4! 	��� ������� H �% ��%  �� �% % ! �
 D * � B) P(A 
         P (A∩B) =  P (A) P (B/ A) 

   =  P (B) P (A/ B)   
 

 $ ��� & 1 '  �
) 
�� �� 	) ! @  $ V 
= �� D , .  ���%  �� �% % ! �
�3 ��! � 3 
���  
  P (A∩B ∩  C) =  P (A) P (B/ A) P (C/ AB) 

 
 �� �� 
9:  

 < # � J ���
 0 
!7� + �C 
� " �	!  3 : % � " ��� + �
�� " �	!  3 
Y+ �C 
� ��# !  ��! � �� ������ �.  �� �
��9  ��
� " �	! 

���� � 
:  
   �! 
� A1  < ��@ � 4���� & '  + �C 
� �	!  < # � ��= ��� �. 

  A2 & % �) �� 4���� & '  + �C 
� �	!  < # � ��= ��� �. 
  A3  �	!  < # � ��= ��� �.3 ��) �� 4���� & '  + �C 
� 

��% ��# � 	2 ����� �
������� 
 P (A1∩A2 ∩  A3) =   P (A1) P (A2 / A1) P (A3 / A1A2) 

              =   









8
5  

9
6  

10
7  

              =   
720
210   
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  �� �� 
1 0 :  
��� � �� ���- 	� " ��� �� ������ �.  �� �
��9  ��
� 4�# �� ��	�� $

Y�
�	2 � ��! � 
 ���� � 
:   

�! 
� A  

��� < # � ��= ��� �.10 < ��@ � $ - 	��� & '   
  B  

��� < # � ��= ��� �.10$ 
% �) �� $ - 	��� & '   
   P (AB)  =  P (A) P(B/A) 

                 =  
51
3  .  

52
4  

� � � � �� �� 	 � � � 	� � � � 	 ��� � �� � 	 � � � �� � � 	 ��� � � 	�   
 

 
 

 J � " ������ 4����� " �
�# ��� D , .  �) � �= �� $ ���% ��� �	��� ���
 3 
� �& ����� ��) ��� & '  $ �C ���� $ 
% �
��� 	� 2 @ � $ �
	� : 

 �� ��� 
1 1:    
& # 
 ��!  R�	
� $ ) * )  �% 

� : 

 R	
���I 
 �
 6 ��% 
� �� �


'  $ �	2 � 2 ��
�%  � . 
 R	
���II 
 �
 8
'  $ �	2 �  ��% 
� �� �

3$ 
�%  � . 
 R	
���III 
 �
 4 ��% 
� �� �


'  $ �	2 � 1& �%  � . 

 � �" �# ��
 � �5 
�/ ��
 � ������� � 3 & � : ! ��� � �������
 4 	�
��

# �
 �� 6 �# � � � � 6 �	
� ��� ����' �. �� � ������� 7 �
�  
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  $ 
I ��2 � $ �
	�� (��
	2  : % � 4��� $ 
I ��2 � $ �
	�� � 	
 	
�E �
(�C 
� . ������� �.  ��'(P)(�
�	� �
	2 �� ��! 
 �� . 

���� � 
:   
�
��	 � �� $ ������ $ 
I ��2 ��� $ 
# ���� ��) ��� �, .  & ' 

)i( ) �� �� � 	
 	��E % R�	
� $ ) *. 
)ii(  (�
�%  � ��! 
 �� ����
� ��
	2  	��E %(A) (�
�	� �� (B).  

 	��� �� B 	'  �! � ������� & ���� $ 
# ���� D , .  $ 
����� $ 
% �
��� �	 2 �� �) ��
�	 2 # �: 

 
 
 
 
 
 
 

 4	C  �= ��� (�
���� $ ���� " �	����� �� 	��� J � 3 �
� ������ ��! 

B 	'  �! � " �������	����� �, .  & '   . R	
�� 	�
�E � (* ) �'II (��
	2  	�
�E � �)  

 �.  (�
�%  �






8
3 

3
1 .  

 B �� � ��! 
 & �	� �
	2  < �9  J 
N � $ 
' �% �� " �	��� $ ) * )  
 �� : % � 3 
��
 4�# ���� ������� �.  $ ) * ) �� " �	����� D , .  " ������) ��= ��� ������ J �

& �	� �
	2  < # � :( 

I 
 
 
II 
 
 

III 

A 
B 
A 
B 
A 
B 

3/1  

3/1  

3/1  

6/4  
6/2  

8/3  

8/5  
4/1  

4/3  
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       P     =   
4
3 . 

3
1  

8
5.

3
1  

6
4 . 

3
1

++  

   =   


 ++
4
3    

8
5   

6
4  

3
1  

   =   
72
49  

24
49  

3
1 =


  

� � ��� �  � ����� �� � ) T h e ore m'Baye s( 
$ �
��� $ �
# � " �
	1 � ��# E �
� �
- �
% =  �% 

� �� �% C 	�' � �� . D 
	1 �

 �.  �� �	�%  �� 4�% � � �

�� ��
 �
- �
% = �� 
�� �� (�
I ��2 � " ��� : �
��
��������@ � ��
% = �� �� " ��� 
-  $ �
���� �
	1 ��� D , .  ��! � �� . 

  & ���� � 
� $ 
	/ %  �� �
��-  �
E ��%  B �% �� �, .  �� $ # I �� < # � $ �� ] �
& �	2 �� �����* � (��
��� �. 	����� �! �
. 

  < # � + �% � F �	1 �� $ �=  " ������ 4��� < �9  � 
� $ 
	/ %  �
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+6�� :6
 9 
�  � � - 	* 
� 
 5 � � � 	
� 
 2 � �8 	� 
 9 $ �� � 
 ��
	� 

 
� %  $� � - + �� � 9  
% � (* ) �N �% % ? '  �	 �=  :  �� � 	 �� / � �

% � � �% ! � �	 � 
< # � � = � %  
� '  � �	 �=  :  �� � 	 �� /  " �	 � 

� �  $1 # �E� H I��%  5 �% .  �? � / � * % 

)N$���!  	 1 = � �	 �=   ( ��)1P N$���!  �
� �� �	 �� �	 �=   ( �� 
)2PN$���!  �
�	 �� �	 �=   ( �� ... ��) � �	 �=  	 1 =N���!  $ ( 5 �% .  ��  J �



26  

 1+  N $% ! �� $� ��   . " � �� � � �; '  " �	 � 0 �E 
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    0  <  x  <   2                                     
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 K K  � � : 

i) P  ( 0 .5 <  x <  1 ) 
ii) P  ( x > 1.5 ) 
iii) P  ( x <  0 .3) 
iv ) P  ( 0  < x <  2) 

 
7P � 1 2 � �  " �% �� � � � �  
 � �  & ' � �� � � �  � �!  � , 9  �  $ # I � �  $ � � E  � �  � � ! � � �  $ 


 � .  $ � 
 � =  : � � �  � � N �  J �  < # �  � 
 % � � � � � �  
 � �  4 
  
  � �0. 6 .  
 : �  � 2 '  � � �  � � -  $ � 
 � =  " �� � 9  �� 
 # �  4 
  
  & � � �  $ # I � @ �  
 
 � �  �% � � 	 �

 � � 	 � ��  $ � � M �  & 'x.  
 > 
 � � �    
 K K  � �x & � �� � � � �  . 

 
8P  & .  � �- 	 �  $ ) * )  : 
 # �  4 � � 
2 �  3 �  4
 �  � , 9    � 
 � 	 �  4 � � 
 � �  �% 	

 �% C 	 '  � , 9 �  $ ) * ) � �  � �- 	 @ �  
 � �  < # �  � 	 �  � !  & '  	 2 N � � �  	 2 N 
  3 
 � �
 � �x � 
  � �% � �  � 
 � - 	 � �  B � �  �  � ) � �   . H � % � � � �  $ % ! � � � �  H I �� % � �  	 = � �

  > 
 � � �x& � �� � � � �  . 
 
9P  � .  + �= � M �  � �� � � �  & '  4 � �� � �  U  % 
  � �  � �� � � �  � �!  � , 94

1 � 
 � �  �  
 � �� � � * �4 * �  $ ) * ) . � ? �  �% C 	 '  � , 9x � 
 �  �% � �  
 
 �  � ) � �   . 	 = � �

 K �  & � �� � � � �  > 
 � � � � �  H � % � � � �  $ % ! � � � �  H I �� % � �x .  
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 �� � 
  � � � � 
  ������ � � 
 

1P  

  

1/32  C    
1 ) 15101051 (  C    

     1  )( C    
 1)( C  

1)x(f    

5
x

5
x

x11a

=

=+++++

=

=∴

=

∑
∑
∑

  

2P � 	
:  
       ∑ =

x11a
1)x(f   

  ∴ C +  2C + 3C +  4C +  1.5C +  0 .5C = 1 
  ∴ C = 1/ 12 

��� � �� : 
i) P  (x< 3) = P  (x=0 ) +  P  (x =1) +  P  (x = 2) 

= C +  2C +  3C 
= 6 C 
= 6  (1/ 12) 

   = 1/  2   

ii) P  (0  <  X ≤  4) = P (X=1) +  P (X=2) +   
          P (X=3)  +   P (X = 4) 

     = 2C +  3C + 4C +  1.5C 
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 = 10 .5. C 
= 10 .5 (1/ 12) 

   = 10 .5/ 12 
   � � 

    = 1 – [ (P  (X=0 ) +  P (X=5)]  
    = 1 – (C +  0 .5 C) 
    = 10 .5 C 
    = 10 .5 
         12 

iii)   P (0  < X <2) = P  (X =1) 
         = 2 C 
         = 2/ 12  = 1/ 6  

 
 ���
 �� : � � 
 ��� � � �  � � � 	� 
 �  � 
 � �x 

   F(x) = P  (X ≤  x) 
   F(0 ) = P  (X ≤  0 ) = 1/ 12 
   F(1) = P  (X ≤  1) = 3/ 12 
   F(2) = P  (X ≤  2) = 6 / 12 
   F(3) = P  (X ≤  3) = 10 / 12 
   F(4) = P  (X ≤  4) = 23/ 24 
   F(5) = P  (X ≤  5) =    1 
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 3P  
f(x)  = (1/ 2)x 
x= 1,  2,  …  

4P  
X = x 1 2 3 … … … … .10  

f ( x)  = P ( X=x)  1/ 10  1/ 10  1/ 10  … … … .. 1/ 10  
f(x) = 1/ 10   x = 1,  2,  … ,  10  

5P  
i) P (0 .5  <  x  <  1.5) = ∫ .5.1

5.0
dx  2/1     

 = 
1.5

0.5
  

2
x    

= ½  

ii) P (x  >  0 .25) =  ∫
2

25.0
dx  2/1     

     = 7/ 8  

iii) P ( x  <  0 .75) = ∫
75.0

5.0
dx  2/1     

      = 3/ 8  
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 iv ) P (x  >  3) = ∫
∞

3
dx  2/1      

= 0  
 0  ≤  x  ≤   2  � �  

6P  
i) P  (0 5  <   x  < 1)  dx  

2
x2  

1

5.0
∫ −

=   

1

5.0

21

5.0

1

5.0

1

0.5.

0

1

5.0

4
x  -  x  

dx  
2
x  -dx   x  

dx  
2
x - 1   

=

=

=

∫ ∫

∫
 

= 1/ 2 - 
16
5    

 16
3

=  

ii) P (x  >  1.5)    dx  
2
x2  

2

5.1
∫ −

=  

   = 
16
1  

iii) P  (x < 0 .3)  dx  
2
x2   

3.0

0
∫ −

=  

     =  0 .2775 
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 iv ) P (0  < x <2) =   dx  
2
x2 

2

0
∫ −    

           =   1 

7P  
x 0 1 2 3 4 5 

p(x) 0.4 ( 0.6 ) 1 
( 0.4)  

( 0.6 ) 2 
( 0.4)  

( 0.6 ) 3 
( 0.4)  

( 0.6 ) 4 
( 0.4)  

( 0.6 ) 5 

8P 
x 4 5 6 7 8 

p(x) 
9
1  

9
2  

9
3  

9
2  

9
1  

9P 
  P (x)  =  n

xC   p x q n-x 

  P (0 )  =  
64
27    ,    P (1)  = 

64
27    ,    P (2)  =   

64
9  

  P (3)  =  
64
1  
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�� 
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 ������ ��	�� 

����
��� ������
�� ����
 
��� 

 ����������	
  �  ������
��	   �   ������� 
��	 
 "��#���� F�� �
	� �� �!�
)"�	� ��	���� ( "�1 =  
 
 � %  ��

 � . �  ���  �  F��� �� C �� : 
I �= � � � "����  ��� �	�� %  �� �  &I �= � M � > ��  ���
 0 �
� � � . �  ������� �  > ��  �#� > C � ��� � !	� 
 
 � 
 � . �  � 	 
 ��� : "��#���� D , .

. �
	
V � � �
� ���� 	* �  0 �
� � � . �  � ��� ��� �  	�2 � % � � 
 "��#���� D , .  $ � �	
  � � �% � %  &#
 ��
' � :  

� ���� 
��	      Expectation 
 ��! �, 9x : ���� � � $ ' �) ! &I �� 2 � 	
V � �  f(x) 	�
 � ��� � 	�
'    

∫∞
∞-

dx  f(x) x 
 > - � � ��� . (�� ��)  �� !
�  	�
 � ��� �, . �)
 � 
 � � � ��!�  : % � ( < #� 
 �� �
 : % !��
 "��� ) �� � ��� � � � $ ' �) ! $ ��
  �� % �C � �  &� ��f(x) 

 	
V � ��� ��! �, 9 �x  J � �� 
 $ ��� �� D , .  &'  > - � � �� U �= 
 ���� � �   
∑
 xall

P(x)    x  

 3 
�P(x) 	
V � �#� $ 
���� � � � $ ��
 �� x 
 > - � � � � �	% �x � �	���  E(X) � 	� �� 3 
�   E $ 
C �
	 $ 
#�� < �9  	
2 
  
Q 	 �  $ % 
�� 	
V � ��� < #� x �� % � �C ��   : 
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 E (x)  ∫
∞

∞

µ==
-

 dx  (x)  f x   

   � � 
  µ== ∑        xP(x)  

  xall
 

 	
V � ��� �� ! 4 � �x(���� � � � �  * = � �  . 
 > - � � �� < �
 
 ��!E(x) � 	� �� � 
 E � � 
�  &���� � � � > 
� � � #� &��� � �� �� � ���  

 &� 
	� M �µ) � 
� ( �� 	
��� #� 4 ��V �� &' 	
V � �#� $ �- � � ��� $ �
� ��x.  
 > - � � �� $ V 
=  �� / � * 
�)(* ) � > �� � ��� 	
V � ��� $ ���  &' ( : �2 �  �� % �

 (�% �� � �P(x) �1 % �� 
 % � $ � #�� xi)  2 ,  1 �  0 �   =i ( 4 �� �  � ��� 
 > - � � ���
 &. �  ��� � @ � D , .  � � )  � !	���� � � � : �� %.  

 ��! �, 9x &'  $ ��
  J �  ��'  (�
I �� 2 � (�	
V � �  x) (* ) � � � % � (x) ϕ ( &.
J � �� 
 : �- � � �  &I �� 2 � 	
V � � Q 	E @ � : 

        E [ ϕ  (x)]   =   P(x) (x)  
 xall
∑ ϕ   

     =    ∫ϕ
    x
Range

dx  f(x)  (x)    

 �� ! 4 � �x  (* = � � � �  (���� � � . 
 

, K K E ? % �  r x (x) =ϕ 
 �� K K !
 

              E (xr)  =   ∑
 xall

r (x) P  x  
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               =   dx (x) f x
Rx

r∫  

      � � % �� r  =  1 
 �� K K !
 

              E (X)  =   ∑ µ=
 xall

  (x) P  x  

              =   µ=∫  dx   (x) f x
Rx

 

: 1 � � � � � �  
� �� � .  ��'  $ 
��� � � "�	� 3 * )  $ 
% 
 �� 
 � %  $ ��-  "
� �� &C �
	�� > - �

 	� � /  "�	� 
 
 ��"� 	� ="Y  

������  
&��� �� � � 
  �� &'  � 	/ �% ��� "� ��� � � ��  &% 
��� L �	1 �� � ) �%  ��  �% % !�
:  

� � 	 
 
 �� � � 
 ��� � 	 
 � � 
  	 
 � �  � � �  � � � � � � � 
  
S  S  S  3 8/1  
5  S  S  2 8/1  
S  5  S  2 8/1  
5  5  S  1 8/1  
5  5  5  0 8/1  
S  5  5  1 8/1  
5  S  5  1 8/1  
S  S  5  2 8/1  
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  B 
 X "
� �� ��
 % � D 	� =  :  �  < #� � � = � �� "�	� 
 
 � � ) ��  
 	
V � �#� � ��� � � � : ��
  "�	� 3 * )  
 � % �� : ��- X &��� �� � � 
  �� &'  D ����  :  

X = x 0 1 2 3 
f ( x)  =  P ( X = x)  8

1  
8
3  

8
3  

8
1  

 
E(X) =   ∑

=

3

0  i
(xi)  P   Xi        

  =   0 (
8
1 ) +  1 (

8
3 ) +  2(

8
3 ) +  3(

8
1 ) 

  =   2
3  

 &% �
��� � � 	��� ���� �� � � 
  �� &'  $ % 
���� $ 
���� � � � $ ��
 �� � ) �%  ��  �% % !�
�
��� ��& :  

 
 
 
 
 
 
 
 
 

       f ( x )   =  P ( X =  x )  
 
 

•  
 
•  

 
•  
 

8/3  

 

8/2  

 

0      1          2   3 
X 
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 � �������� 	��
   P r o p e r t i e s  o f  E xp e c t e d  V al u e 

 > - � � �� � 
�
  ��  �% 
� 	E : % 
�� $ 
C �
	 $ 
#�� < �9  	
2 
 � �	 �� � 	���  
 S �� E ��� � 
�
 �� �, .  � �� �
�  � 
�
 �� �, � � &��� �� &I �= � M � 	
V � ��� < #� J 	 �

$ 
��� �� :  

 � � �  
 � �a 
  � � � �   x � � �  � � 
 
 � �  	  ! � �    
E (ax) =   aE  (X) 

��K K K . 	��� :  

E (ax) =   P(x) ax
 xall
∑  

=    ∑
 xall

P(x) Xa  

   =   a E (X) 
� �  

E (ax) =    dx (x)  xfa
-

∫
∞

∞

 

=   a dx (x) f 
-

∫∞
∞

 

=   a E (x) 
 

 ������ �	�
� ������ �
	� 
 ��! �, 9 a �  "��)   X �; '  &I �� 2 � 	
V � �   
E (a) =  a 
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  ��K K K . 	��� :  

E (a) =  P(x)a
  xall
∑  

  =  ∑ (x)  P  a   
=   a (1) 
=   a 

 $ K K K  
� %:  

E (ax+ b ) =  a E (x) +  b  
 ��K K K . 	��� :  

E(ax+ b ) =  E (ax) +  E(b ) 
          =  a E (x) +  b  

 

 � �� � ��2 : 
E(2x +  3) =  2 E(x) +  3 

 
" 
 � � 
  # " 
 � # " 
 � � 
  $ 
 � %   # 

E [ E(x)]  =  E (x) 
��K K K . 	��� :  

 "��) �� J � �� 
 "��) �� > - � �  ��  ����  �% 	!,  ��! $ � ��)  $ �
-  > - � � �� ��  ���
> - � � �� J � �� 
 > - � � �� > - � �  �, �.  

 > - � �  < �9  �% � �	 � #' E(x) $ � ��) �� $ �
� ���  z 
 ��' E(z) =  z  
 �� % �� E[ E(x)]  =  E (x) 
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 4&   E  [ ( X  - E ( x) ]  =  0  
��K K K . 	��� :  

E [  (x – E (x) =   E (x)  - E(E (x)]  
   =  E (x)  - E (x) 
   =  0 
 

 �������1 :    	 
 �  � 
 �X   �  Y 	 
 �  	 ��� � � � �  	 ���� � �    : 
E  ( X ±  Y)  =  E  ( x )  ±  E  ( Y)  


 � � � �  � � � � �  � � 
 � � 	 ���� � �  � � � � �  � � � �  	 �  � �	 ���� � � � �    
��K K . 	��� : 

 E (X ±Y)  =  ∫ ∫∞

∞−

±  xdyd f(x.y) y)(x   

   =   ∫ ∫∫ ∫ ± dxdy y)(x, f y    dxdy  y) (x, f x  
   =   ∫ ∫∫ ∫ ± dx]dy y)(x, f[ y    dx]y)dy f(x, [ x  
   =   ∫ ∫± dy  f(y)y   dx  f(x) x  

   =    E(X) ±  E(y ) 
 

 �������2:    	 
 �  � 
 �  Y ,  X  � � � �  	 ���� � �   	 
 �  	 �! " � � �  	 ��� : 
E  ( XY)  =  E ( X)  E ( Y)  

 ��K K K . 	��� : 
 E(X Y)   =   ∫ ∫ y d x d  y) (x, f Y X  



8 1  

      =   ∫ ∫ y d x d f(y)  (x) fxy  … … .  � * � � � �  
   =   ∫ ∫ y d (y) fy  x     d  (x) fx  

   =   E (X) E (Y) 
 

 � � � � � �3 :  
 ��! �, 9X&.  : 
���� � � � : � ��
  �
I �� 2 � �	
V � �   : 

f(x) =  2x 
      0 ≤  X ≤  1        �� �  

 �K � � K ! 
 K K  � ? ' 
E(x+ 1)2   E(x2)  E (x)  

� � � � � 
 : 
  E(x)  =   ∫1

0
dx  (x) f x   

   =   ∫
1

0
dx  (2x) x   

   =   ∫1
0

2 dx  x2  

   =   2 1

0

3

3
x  

   =   2  0-
3
1  

   =   
3
2  
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 E(x2)  =   ∫
1

0

2 dx  (x) f  x  

  =   ∫
1

0

3 dx (2x)   x  

  =   ∫
1

0

3 dx   x2  

  =   2 1

0

4
 

4
x  

  =   
2
1  

 
    E (x +  1)2 =   E [ x2  +  2 × +  1]  
  =   E(x2)  +  2 E (x) +  1 
  =    ½  +  2 (2/ 3) +  1 
  =   ½  +  4 / 3 +  1 
  =   

6
17  

� �������� 
����
�� �������     Variance & Standard Deviation 

              "� K 2 � #� 0 

�K � � &K .  J 	�K 
���� � �	K � % � ��  �
�K �� �� �� � 	�%
(D is p e r s io n )           "� K 2 � #� 0 

�� �! �O � ��� 2 - �% % �  �% % !��  J 	�	!�  > 
� � � � � �   

 &I �� 2 � 	
V � �� &���� � � � > 
� � � #�. 
    : �- � � ��� $ �
� �� ��)   &��K � � �� �� � �� � � (� � �      	K 
V � �� &��K �� � � > K 
�

            �K � $ �
	�  "��� #�� �% 
��� �  &���� � � � > 
� � � �� � !	� < #� �% �
 �  �� &I �� 2 �
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                �  �� % !��  �  	) !�  �� $ �	 �  + �	 9  &'  	�� � � �� �, 9  
 
���� Q 
 ��� &'  �� � ��
       : K �	 �  �� &I �� 2 ��� 	
V � ��� � 
-  "� 2 �  � �  	�2 � % � Q 
 � �� "��� #�� J �  �% 
���

 Q 	E �  < �9 .   ) !�  < �9  �% .  �	�� % � �         0 

�K � � �K � � ���� K � ��  (��� 
2  0 

�� ��� 	
J 	�
���� � �	� % � ��  �
��� �� &. �  &I �� 2 ��� 	
V � �#� &���� � � � > 
� � � �� "� 2 �. 

         $ K � 
	� 0 1 % K � �����  0 �� 
 &I �� 2 � 	
V � �� &���� � � � > 
� � � �� �
���  ��
             > �	� �� � � � 
  %  �O � �% % �  � .  
 
� � �� �	1 ���  J 	�	!� �� > 
� � � �� $ ���  &'  : � �
-

  "�' �	� % �      �K � "�' �	� % � � > �	� �� � � � 
 � 
9  �� � 
 � $ �- � � ��� $ �
� �� �� � 
� ��
J 	�	!� �� > 
� � � �� � �  $ % 
�#� &��� � �� �� � ��. 

 

 

 

 

 

 

 

 

 

 

 

-  �� � ������ 
 � � ��� �  ��� ��� � �����
� � �� ���� �����X � ��� � � ��� ��  
 � ��  � � �����X ��! � " �� ����� " ��# �� ��    ��� ��! � � �����
� � �� X 
 ��$  �% &   µ  E ( x )  =   
 ����� ' �� ��� �� �% ( �X � �  σ2

x    �)  V a r  ( x )  ��    
  σ

2
x  =  V a r ( x )   =   (x) p )x(

 xall

2∑ µ−  

    =  ∫∞
∞

µ−
-

2 dx  (x) f )x(  

� �)  ��� # �� ��� ���� ��$  * � � +, - �  

    =  E  [ ( x -u ) 2] 
    =  E  [ x  - E  ( x ) ]2 
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 �� �- � �  �� � 
� �� "�' �	� % � > �	� > - � �  �� � 	��� � .  �
��� �� ��  J �.  

  � 
-  ��  / � * % X K � $ ��	��� � 
� �� &.  �
��� �� 4 �� �  &'  $ #E �
 ��  X �, !. �   
� ��' � 
-  0 1 % � "� 2 � �� 0 
� 
 �  �
��� � X < #� � = � %  &!�  $ ��	��� �� �
� 
 ��% 9 �  

 � 
-  0 1 % � "� 2 � #� 0 �
� �X �� � . �  �
��� #� 4  � ��� &�
�	� �� 	,  �� 
  %  �% % ? '   
J 	�
���� � �	� % � �� < �
 
.  

 

 

 

 

 

 

          J 	�K 
���� � �	� % � ��  �
��� �� 4 �� �  �	� < �9  � 
 � ���� 4 * ��� U = % %
C ��� � �-  J 	�	!� �� > 
� � � #�+ �  �� �, .  &'  ��
 -  &. 

 ������4 :  
    ��)� <�9 �
�����)1 (       B 
 �  " � 	 K � 3 * ) 
� %  : �� -  + �� �9 �. � x  & K .  

      �	 �=  :  ���  	 �� /  " � 	 � 
�  & I � �2 ���  	 
 V � ��� .      $ K �� 
 & K � �
  & ��� ��  ��
 ��
   	 
 V � �# � ���� � � � x       � 
 ��� ��  � � �!  4 �� �  $ 
 1 
 ! � 2

xσ       J 	 �K 
 ����  � � 	 � % � � �  
xσ . 

 

 

 

-  � 	 � 
 � � � 
  � 
 	 � � � 
 
 

 ������ ������ �������� 
����
� X ���� ���� �% . �� ��  
 � ��� �� * . ����X � �����  / � � ���� xσ ���� ��  :  

   xσ  =   22
x )-(x E   µ=σ  
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X  =  x f ( x)  = P ( X=x)  Xf ( x)  ( x-E  ( x) ) 2 [ x-E  ( x) ] 2 f ( x)  

0 1/ 8 0 ( 0-3/ 2) 2 =  9 / 4  9 / 32 
1 3/ 8 3/ 8 ( 1-3/ 2) 2 =  1/ 4  3/ 32 
2 3/ 8 6 / 8 ( 2-3/ 2) 2 =  1/ 4  3/ 32 
3 1/ 8 3/ 8 ( 3-3/ 2) 2 =  9 / 4  9 / 32 
  E ( x )

2
3

8
12

=   
 

4
3

32
242

x ==σ

 

�   � ? '  � , ! .
4
3   2x =σ� 
 ��� ��     

    
4
3

x =σJ 	 �
 ����  � � 	 � % � �    
        

2
3 =   
������� : 	 
 �  � 
 �X    � �� � � �  
 �� � � �� �  
 ����� � �   µ =   E  (x) � ���
 � � �    

 2
Xσ =  V a r  (x) 	 � �   

   2σ    =   E (x2)  - [ E  (x)] 2 
    =   E (x2) - µ 2 

 � �K K K . 	 ���: 
    2σ    =  E [(x - E (x)]2 
    =  E [(x2 – 2xE(x) + { } ])x(E 2  
    =  E (x2) – 2{ } { }22 )x(E)x(E +   

 =  E (x2) - [ ]2)x(E  
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 �������5 :   
         
� %  : �� -  & �	  �. � � ��� ��  ��)���  <�9 �
�����3      ��
K  ��  � �K '  " � 	 � 

         K � J 	 �
 ����  � � 	 � % � � � � 
 ��� ��  4 �� �  : � 
 	 �  & � �
  & ��� ��x   $ 
 	 / % ��  � � 
E � � �� 
 $ � ��� �� 

[ 2σ  = E (x2) - µ 2 

X  =  x f(x)  xf(x) x2f (x) 
0 1/ 8  0 (0)2 = (1/ 8 ) = 0 
1 3/ 8  3/ 8  (1)2 (3/ 8 ) = 3/ 8  
2 3/ 8  6 / 8  (2)2 (3/ 8 ) = 12/ 8  
3 1/ 8  1/ 8  (3)2 (1/ 8 )= 9 / 8  
  E(x)

2
3

=   E(x2) = 
8
24 = 3 

J ��� 
  � 
 ��� ��  � �'  � , ! . � 
 

2σ    =  E(x2)  - [E (x)]2 

= 3 - 2)2
3(  

= 2
3  

 � 
 ��� # � 4  ����  & �
 �	 � ��  	 ,  ��  J ��� 
  J 	 �
 ����  � � 	 � % � � � =
2
3 

4
3
==σ 
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� ��������   
�����  Properties of Variance  

         � �  �% 
 # �  �� � �  S � �E ��  D , . � � 
 ��� # � S � �E  D 
�  5 �% .   J @  � 
 ��� ��  4 �
 & I � �2 ���  	 
 V � ���  & '  : �� 
X& .  S � �E ��  � . � �   : 

1(  	 �
  � � 
a �  � � �� X 	 � �  � � � � � �  � � � � �  
V ar  (ax) = a2 V ar  (x) 

 � �K K K . 	 ��� : 
V ar  (ax) =  E [ax – E (ax)]2 
=  E [ax – a E (x)]2 
=  a2E [x –E (x)]2 

=  a2 v ar  (x) 

 ������6 :   
 � 
 ���  � �!  � , 9x J ��� 
   0 . 5$ 
 ��� ��  " � 	 
 V � ���  � 
 ���  �.  ��'   : 

i( 2 X 
ii( 2

X 

���� � � : 
i) V ar  (2x)   =  4 V ar  (x) 

   =  4 (0. 5 ) 
   =  2 
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ii) V ar  )2

X(    =  4
1    V ar  (x) 

 =  4
1  (0. 5 ) 

=  0. 125 

2 ( � � �  � � � �  � � ��� �  	 � �� �  
 � �!  � , 9a � �'  " ��)   

V ar   (a) = 0 
  � �K K K . 	 ���: 

   V ar  (a)  =  E [a –E (a)]2 
      =  E (a – a)2 
      =  E (02) 
      =  0 

 $ K K K  
 � % : 
V ar  (x ±  a)  =  V ar  (x) 

 � �K K K . 	 ��� : 
     V ar  (x ±a)  =  V ar  (x) ± V ar  (a) 
     =  V ar  (x) ± 0 
     =  V ar  (x) 

               	 K 
 V � ���  � � ��  <�9 : � ��) $ �
 -  J �  [ 	 �  ��  $ �
 -  J �  $ ' �C 9 � �'  � , ! . �
	 
 V � ���  � , � � � 
 ��� ��  <# �  	 )N �  �  & I � �2 ���. 
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 ������7:   	 
 V � ���  � 
 ���  � �!  � , 9 x J ��� 
   5 � � �!  � 
 ���  �.  ��'   : 

i) x + 3 
ii) x – 6   

 ���� � � : 
i) V ar  (x + 3) = V ar  (x) = 5  
ii) V ar  (x – 6 ) = V ar  (x) = 5  

3 ( 	 �
  � � 
X !  Y 	 ��  	 � " # �  � 	 � � � � � � �  	 � � � � � �  : 
  V ar  (x+Y) = V ar  (X)  + V ar  (Y) 
  V ar  (x - y) = V ar  (x) + V ar  (y) 

� J ��� 
  ��� % 
 � � 	 1 ��  ��  � 
 # � � � � � 
 I � �2 �  � 
 	 
 V � � B �� � � 
 ���  � �  J � B �� 
��� 
 % 
 ���. 

 � �K K K . 	 ��� : 
V ar  (X ±Y) = E [(X ±  Y) – E (X ±  Y)]2 

    = E [{ } { } 2]E(y)- Y  )x(EX ±−  

    = E [{ } { } { }{ })y(EY)x(EX2E(y)-Y )x(EX 22 −−±+− ] 

    = E { } { } { }{ }])y(EY)x(EX[ E2E(y) - YE )x(EX 22 −−±+−  

    = V ar  { }{ }])Y(EY)x(EX[ E2(Y)Var  )x( −−±+  
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 � 
 # � � � � � 
 )
�� ��  � �  ��� 	 1 =  J ��� 
  	 
 E @ �  
� ��  � ? � " �)%  � �  �% 
 # �'  � , ! . �

(�
 ��� � 	 
 E ��  
� ��  � �! 
 
          =  2 [ E { } { }]E(y)-YE  )x(Ex −   
          =  2 [(0) (0)] 
          =  0  

∴ V ar  (X± Y) = V ar  (x) + V ar  (Y) 
 

 J �  : # � � � ���  " � 	 
 V � ���  � � 
�
� � 	 
 �  

�  J �  <# �  D 
� �� ��  D , .  � 
 ���  � ! �
 �
 � � : 

V ar  (x1± x2 ± x3 ± …  ± xn)=V ar  (x1)+V ar (x2)+… + V ar  (xn) 
 
� �����������      variance C o  

 � 
 	 
 V � � � 
 � � ��� 	 * � 0 �
 � � �. �  Y,  X " % �!  � , �'   f(xy) ���� � �  $ ' �)!  : �� 
 
 � 
 	 
 V � ���  	 
 �V �   � �'  ��� � 	 
 V � ���  � 
 , .  Y,  X & # 
  ��!  (�
 C �
 	  � 	 �
  : 

 Co v  (X,  Y)  =  ∫ ∫
∞

∞−

[X –E (x)] [Y – E(y)] f (xy) d xd y 

  =   E [{ }{ }E(y)-Y )x(EX − ] 
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� �	��������� � ������ � 
1� � � � � �   X, X � � � 	 �  
 �   X � 
   
  Co v  (x,  x) = V ar  (x) 

� �K K K . 	 ��� : 
 > C ��X �
� Y 4 �# � ���  <�9 �= %  D * � �  	 
 �V � ��  : �
��� & '   

2�  � � �  � � �   b  , a   � � �  � � � 	 � � : 
Co v  (ax,  b y) = ab  Co v  (x, y) 

� �K K K . 	 ��� : 
 Co v  (ax,   b y)  = E { }{ }[ ])by(Eby)ax(Eax −−  
    = ab  E { }{ })y(EY )x(Ex −−  
    = ab  c o v  (x,  y) 

3� � � �  � � �   a � � �  � 	 � �   
Co v  (x,  a) = 0 

P  ���������� 
 
 ������ � � ������� 
 ��  �� � � �Y, X)   � � ����  � � � � �� � � ���C 

 � �Co v ( 
 ������ �� � � ��� � � � ��   ! ��  " # � � 
 $  % ��� $  � �
 � � �& � � �  �� ' �� � ��  
 $: 

Co v  ( x , Y)  =  E  [ ( x -µ x )   ( Y-µ y ) ]  
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  � �K K K . 	 ��� : 
 Co v  (x,  a)    = E { }{ }[ ])a(Ea )x(Ex −−  
    = E { }{ }[ ]0 )x(Ex −  
    = 0 

4P  
 Co v  (x1 + x2 ,  y) = Co v  (x1 ,  y) + Co v  (x2 ,  y) 

� �K K K . 	 ��� : 
Co v  (x1 + x2 ,  y)  = E { }{ }[ ](y) E-Y )xx( E)xx( 2121 +−+  
=E { }{ }[ ] { }{ }[ ])y(Ey )x(Ex E)y(Ey )x(Ex 2211 −−+−−    
= Co v  (x1 ,  y) + Co v  (x2 ,  y) 

5� � � � � � � �  � 
  � � � �  � �  x2 ,  x1 � � �    
 V ar  (x1 + x2)  = V ar  (x1) + V ar  (x2) + 2Co v  (x1 ,  x2)
 V ar  (x1 - x2)   = V ar  (x1) + V ar  (x2) - 2Co v  (x1 ,  x2) 

� �K K K . 	 ��� : 
V ar  (x1 + x2)  = E [ (x1 +x2)  

- E (x1 +x2)]2 
  = E { } { }[ ]22211 )x(Ex  )x(Ex −+−  
  = E 2

22
2

11 )]x(Ex[E)]x(Ex[ −+− + 
     2 E { } { }[ ])x(Ex  )x(Ex 2211 −−  
  = V ar  (x1) + V ar  (x2) + 2 Co v  (x1 ,  x2) 

��  & '  J �  � 
 	 
 V � � � 
 � � 	 1 ��  � 
 ���  : ���  & '  �)�����: � 
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 V ar  (x1 – x2) 
6� � � �  � � 
   x2  ,  x1� � �  � � � � � � �  � � � � � � �    

     Co v  (x1 ,  x2) = 0 
 � �K K K . 	 ��� : 

Co v  (x1 ,  x2) =  E { } { }[ ])x(Ex  )x(Ex 2211 −−  
          =  E[x1 x2 + E (x1) E(x2) – x1 E (x2) – x2 E(x1) 
          = E(x1) E(x2)+E(x1) E(x2)–E(x1) E(x2)-E(x1) E(x2) 
          =  0 

� �! 
  � 
 # � � � � � 
 	 
 V � ���  � �  ���� 
E (x1 x2) = E (x1) E (x2) 

  

� ����� � � �  � �� � � 	 
 � � 
 
 
 
 

 � 
 � 	 
 �V � ��  � �!  � , 9 � 	 1 =  �������  � , .  � �! 
 �Y ,  X	 1 =  J ��� 
  . 
 Q 
���  & '  > � 
  � ��� 	 � �  ������  

1  ≥   ρ   ≥  - 1 
 � ; K '  � , K ! . � 

ρ 2 ≤  1 

� � � � � � � 	 �  
 � � � �   
ρ=  (y)Var  (x)Var 

Y) , (X Cov
 

 
 � � � � � � � �  
 � � � � � � 	 �  
 � �  � � � � � � �  � � � � � � Y , X 
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 � 
 �� � �	 
� � � �� � �  � � � � � � 

1  (  � �!  � , 9µ E (x) = � �  " �)? '   : 
i) E (x-µ ) = 0 
ii) E (x-c )2 = E (x - µ )2 + (µ  -c )2 

  3 
 �      C " ��) J �   . 
 

2  (            ��  � �K = E 2  ��  
� � � S E 2  
 �
  � �  " � ��� � �  " % �!  � , 93  ��  4 ��  5 ��  
6 4 
 � 	 � ��  <# �  & .  �	 I �� # � <��@ �  $  	 
��  & '  S �E 2 �   : 

0. 05 �  0. 43 �   0. 27 �   0. 12 �  0. 09 �  0. 04 
I �� # � <��@ �  :  	 
��  & '  � . 
� � > - �� ���  S �E 2 @ �  

�  �.  ��'Y  �	 

 

3 ( 	 � 
� ���  � �  " �)�E (x-a)2 " ��)��  � �! 
  ��
% �  Q 	 V = ��  : � 
 �� %  & '  � �! 
   a 
 J ��� 
E(x).  

 

4 ( � 
 # � � � ���  � 
 	 
 V � ���  �% 
 
� � �!  � , 9Y ,  X& .  ��� ���� � �  $ ' �)!    : 
   f (x)  = 12 x 2 (1 – x)  0 ≤ X ≤ 1 
   f (y)  = 2 Y   0 ≤ Y ≤ 1 

	 � 
� ���  > - ��  
 �� 
Y
x  

x
Y
2 + 

 



95  

 5 ( � �!  � , 9X & ��� � ��  : � � � & I � �2 �  	 
 V � �  10 : % 
 ��� � 6 $ �
 -  
 ��   
E (x2 + 3 x) 

 

6 ( 
� �  ��-  � � $ � �����  " � 	 �
 � ��  

�� & ���� � � �  > 
 � �� ��  & � �
  & ��� ��  ��
 ��
��  & �I ��	 � 2  �* E  " � 	 �
 �: 

� � � � � � �  � � � � � � � � �  ! ! " 
0. 01 0 
0. 05 10 
0. 39 20 
0. 45 30 
0. 10 40 
1.00 #
������$��� 


KK �� : 
i( 	 � 2 � �  � * E  : � � � � � �  " � 	 � 
 � � �  

�  � � �� �. 
ii( 	 � 2 � �  � * E  : � � � � � �  " � 	 � 
 � � �  

�  � 
 � � �. 

 
7P�  & '  � 
� �  : � � � � � �  : % �# � � �  " � % �
 � 1 # � � �  

�  � 
 � 
  & � � � � �  � �
 � �   " * � � � �  
�

� � % �  � ! �  	 / � % � � �  � � � � � � � � (� 
 � �� � � : 
� � ���� �  � � � % 
� & ' � � �� ! ! �" 

0. 13 0 
0.27 4 
0. 39 6 
0. 21 8 
0. 07 40 
1.00 #
������$��� 
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KK �� : 
i( $ 
 � �� � @ �  " � � 
 � � � �  � � �� � 
ii(  $ 
 � �� � @ �  " � � 
 � � # �  & � � � � � �  � � �� �  � 
 � � � 

 
8 (        
  � � > 
 � � � 
  �  4 
 = % � 
  $ - � � �  S E 2  J 	 � 2 �      & K. � < K� �@ �  � � I �  � �  U � 	

4000         & K. � $ K
 % � ) � �  � � I �  � �  �� 	 � % 
 
 3000   � � K� � � � �  	 � K% 
 
 0. 005 �  
0. 008Y $ - � � � � �  D , � �  4 � � % � � �  	 � � � �  �.  � � '  4 
 � 	 � � �  < # �   

 
9 (              � 	 � 
 K� � �  	 � � E 
 K�  � � K!  � , � K'  D 	 � 
 �  + � 	 2 �  S E 2  4 . ,A   �� B   �� C 

  � � � � � � �0. 4   � 0. 3   � 0. 3         � 	 � 
 K� � �  � K� )  � � ! � 4 
 � 	 � � �  < # �  A 2000 
 � 	 � 
 � � � � 	 � % 
 
B 25 00 � 	 � 
 � � � � 	 � % 
 
 C 3000    a K# � � � �  �.  � � '  	 � % 
 
 

Y S E 2 � �  � , .  : � ' 

  � � > - �� � � � 
 

10 ( & .  $ # � � � �  > 
 	 � 2 �  $ ) * )  & '  � � � �  $ ! 	 2C ,  B,  A  : K� - �� � � �  " � 
I � � � � �  
  & K.  $ ) * ) � �  > 
 	 � 2 � # �100. 000 �  5 0. 000 �  25 . 000     4 K
 � 	 � � �  < K# �

 & .  " � % 
 � � � � � �10. 000 �  5 000 �  3.000�.  � � '  4 
 � 	 � � �  < # �  	 � % 
 
  : 
i(  $ ) * ) � �  > 
 	 � 2 � � �  � �  $ � - �� � � �  " � 
I � � � �  & � � �  �. 
ii( � 
 � � � � �  & � � �  �. 

 
11 ( " % � !  � , 9X � �� $ � 1 =  & '  $ 
 � � � � � �  + � � E @ �  

�  & .   

    f  (0) = 0.9  
    f  (1) = 0.05 
    f  (2) = 0.03 
    f  (3) = 0.02 
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  & '  > - �� � � �  + � � E @ �  

�  �.  � � '200Y  $ � 1 =   
12 ( � � !  � , 9C � " � � )  X : � � � � � �  : � � 
 & I � �2 �  	 
 V � �   

f (x)  = c x 
x = 3,  4,  5,  6 

 
KK �� : 
i(  " � � ) � �  $ � 
 -C 
ii(  > - ��X 
iii(  � 
 � � �X 

 
13 ( � � " � ) � 

Co v  (x,  y) = E (x y) - µ x µ y 

 
14 (	 
 V � � # �  $ ! 	 � 2 � � �  � � � � � � �  $ ' � ) !  : � � 
 � � " � # �  � , 9 � 
 y, x & .   

    f (x,  y) = x + y 0 ≤ X ≤ 1 
      0 ≤ X ≤ 1 
 
KK �� 
 i (  	 
 � V �y,  x   J �  Co v  (x,  y) 
 ii(  � � � � 	 � �  � � � � �y ,  x  J �   (x,  y) 
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 �� � � 	� 
 � 
 � � � ��� � � � ����� 
 
1 ( 

i)    E (x-µ ) =  E[ (x-E (x)]  = E (x) – E (x) 
    =  0 

 
ii) E(x-C)2   =  E (x2-2c x + C2)            P	 � 
 @ �  � 	 � � �    

  =  E (x2) – 2CE(x) + C2 
  =  E (x2) – 2Cµ  + C2 

P� 	 � � �    � � 
 @ � 
E (x-µ )2  + (µ -c )2  =  E (x2 - 2µ x + µ 2) + µ 2- 2µC + C2 
   = E (x)2 – 2 µ 2 + µ 2 + µ 2 - 2µC + C2 
   =  E (x2) – 2 µ c  + C2 

∴ 4 �# � � � �  �. � � 
 
 �� � � �  � � ' 	 � � �  � �! 
  
2 ( 

x  f ( x )  f ( x )  X  =  x  
0.05 0.05 1 
0.86 0.43 2 
0.81 0.27  3 
0.48 0.12 4 
0.45 0.09  5 
0.25 0.04 6 

E(X) = ∑
allx

)x(XP 
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 = 2.89 
 4 �# � � � �  �. � 

 
3(  J �� � �  : �  < � �@ �  : � � 2 � � �  " % � !  � , 9  Q 	 V = � �  : � 
 � � %  & '  	 � 
� � � �  � �! 


	 1 = � �  
444 3444 21

Z

222 a (x) E a 2)x(E)ax(E +−=−  

 	 � 
� � � �  � , .  � � 2 %) Z  ( K�  $ � � % � � � a 

da
dz = 0-2 E (x) + 2a 

= 0 – 2 a + 2a 
= 0 

 3 
 �a = E (x) 
∴  Q 	 V = � �  : � 
 � � %  & '  	 � 
� � � � 
 

4 ( 
 E 


+


=


 +

Y
XE

X
Y E

Y
X

X
Y

22  

   = E (Y) E 


+



Y
1 E)X(EX

1
2  

 � * � � � �  � � � % @ 
D * � � : � 
� � � � �  & '  H � � % � �  F �� % � D 
�  < # �  > - ��  � !  
 %  � O � 



10 0  

   E (Y)  =  ∫
1

0
Y f  (Y) d y 

   =  ∫
1

0
Y  (2Y) d y 

   =  2 ∫
1

0
Y2 d Y 

   =  2 
1

0

3
  

3
Y    

   =  3
2  

 

 E 



2X
1  =   ∫

1

0
{ } X)-(1 X  12  X

1 2
2  d X 

   =   ∫
1

0
{ } )X 12- X  12  X

1 32
2  d x 

   =  12 ∫
1

0
(1-X) d X 

   =  12 
1

0

2
 

2
X - X   

   =  12 



2
1  

   =  6  
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  E (X)  =   ∫
1

0
{ } X)-(1 X  12  X 2  d X 

   =  12 ∫
1

0
X3 – X4  d x 

   =  12 
1

0

54
   

5
X  -  

4
X   

   =  12 
5
3    

20
12    

5
1  -  4

1 ==


  

 

 E 



Y
1  =   ∫

1

0 Y
1  (2Y) d y 

   =   ∫
1

0
2 d y 

   =  2 
 E 


 +

Y
X

X
Y
2  =  E (Y)  E 




2X
1  + E(X) E 



Y
1  

   =  



3
2  (6)  +  



5
3  (2) 

   =  5.2 
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 5  ( 
 E (X2 + 3X) = E (X2) + 3 E (X)  … … …  1 
 V ar (x)  = E (X2) - { }2)X(E    … … …  2  
 6 =  E (X2) – (10)2 
  E(X2)  = 106     … … …  3 

 � � � � �      3 � � 	   1 
 E (X2 + 3 X) =  106 + 3(10) 
   =  106 + 30 
   =  136 

 
6( 

�������� 		
 
X – x  f ( x ) = P ( X= x )  X f ( x )  X2 f ( x )  
0 0.01 0 0 
10 0.05 0.50 5 
20 0.039  7 .80 156 
30 0.45 13.50 405 
40 0.10 4.00 160 

  
E(x)  = ∑

allx
)x(Xp   E(x2) = ∑

allx

2 )x(Px    

  = 25.8            =  7 26 
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 V (x) =  E(x2) - { }2)x(E  
   =  7 26 – 665.64 
   =  60.36 

 
7( 

X P ( X)  XP  ( X)  X2 P ( x )  
2 0.13 0.26 0.52 
4 0.27  1.08 4.32 
6 0.32 1.9 2 11.52 
8 0.21 1.68 13.44 
10 0.07  0.7 0 7 .00 

 E(x)  = ∑ )x(XP   E(x2)  = ∑ )x(px2    

  = 5.64     =  36.80 
  

 V (x) =  E(x2) - { }2)x(E  
  =  36.80 – 31.809 6 
  =   4.9 9 04 
  ≅   5 
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 8(
 � � � 
 �  � � � �  � � � � �  � � � � � 
 �  � � � 
 �   
 E(x) =  ∑

allx
(X)  P  X   

  =   4000 (0.005) + 3000 (0.008) 
  =   20 + 24 
  =   44 

 
9  ( � � � � 
 �  � � � � � �  
 � � �  � �  � � 	 � �  � �  
 � � � � 
 �   �  ! � 
 � 

 E(x)  = ∑
allx

)x(XP     

=  2000 (0.4) + 2500(0.3)  + 3000(0.3) 
  =  800 + 7 50 + 9 00 
  =  2450 

 
10  ( � �  � � � � � � 
 �  " � � # � � 
 �  � 
 � � $ %  � � & �  �  ' � � �  
 � � � ( � 
 �  � �  � � ! 

i) E ( X1 +  X2  +  X3)  =  E (X1) + E(X2) + (X3) 
  = 100000 + 50000 + 25000 
  = 17 5000 
 

ii)  V  (X1 + X2 + X3) =  V  (X1) + V (X2) + V  (X3) 
= 10000 + 5000 + 3000 

 = 18000 
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 11(  ) � * � � 
 �  � * + , 
 �  � 	  � � � � � � 
 �  - � . / � �  � � 0  = 
  E (x)  =  ∑

allx
(X)  P  X   

   =  0 (0.9 ) + 1 (0.05)+2 (0.03) + 3 (0.02) 
   =  0 + 0.05  +  0.06  +  0.06 
   =  0.17  

 � 	  � � � � � � 
 �  - � . / � �  � � 02 0 0 � 
 �  " � � � � �  1 � � $ �  � �  � * + ,  2 0 0 � * + ,  
 �  ' � � �  2 � � � *  � 3 � � 

   = 200 (0.17 )  =  34 
 

12 ( 
  i) 1    (x)  f  

allx
=∑  

  1 X C  =∴∑  

  ∑ = 1    X  C  
  C (3 + 4 + 5 + 6) = 1 
  ∴  C = 

18
1  

 
ii)   E (x)   =  ∑

allx
P(X) X  

=  ∑ CX  X   
=  ∑ 2xC  
=  

18
1  ( 9  + 16 + 25 + 36) 
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 = 9
43  

iii) V (X)  =  E (X2) - { }2)x( E     
  =  E(X2)  =  ∑

allx

2 (X) P X   

  =  C∑ 3X    

  =  
18
1  (27  + 64 + 125 + 216) 

  =  
9
216  

  V ar (x) =  
9
216   -  

2

9
43 


  

   =  
81
18491944 −  

   =  81
95  

 
13 ( � �  � � � � 

Co v  (x,  Y) = E (XY) - yx µµ  
� � 	 	 	 
 � � � 
: 

 Co v  (x,  y) =  E [ (x - xµ ) (y - yµ )]  
   =  E (xy - x yµ  - xµ y + xµ  yµ ) 
   =  E (xy) - xµ yµ  - xµ yµ  + xµ yµ   
   =  E (XY)  -  xµ yµ  

 � � 	 � � � � 
  � 
 � 
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 14 ( 
Co v  (x,  y) = E(xy) – E(x) E(y) 

∴ � �  � �  � � �  � � � � � � 
  � � �  � � � � � � �  �� � �  �X � � � � �   Y � � � � �  XY.   
 � � !  " # � �  � � �E (y) ,  E(x) � !  $ � � �  E(x+y) 

E (x + y)   =  ∫ ∫
1

0
(x+y)  f (x, y) d x d y 

   =  ∫ ∫
1

0
x f   (x, y) d x d y  +  ∫ ∫

1

0
x f   (xy) d x d y 

   =  
444 3444 21

)x(E

1

0

1

0
dx  dy] )xy(fx[∫ ∫   +  

444 3444 21

)y(E

1

0

1

0
dy    dx] )xy(f [ y∫ ∫  

   =  ∫ ∫ +
1

0

1

0
  dy] )yx(x[ d y  +  ∫ ∫ +

1

0

1

0
  dx] )yx( [ y d y  

   =  ∫ +
1

0

1

0

2
   2

y xy   x d y   +   ∫ +
1

0

1

0

2
   yx2

x y d y 

   =  dx
2
1xx

)x(f

1

0 43421




 +∫     +  dy2
1yy
)x(f

1

0 43421




 +∫    

   =  dy2
yydx2

xx
1

0

2
1

0

2 ∫∫ 


 ++


 +  

   =  
1

0

231

0

23

4
y

3
y

4
x

3
x

+++  

   =  
12
7

12
7
+  
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  �� �� 
  E (x)  =  

12
7  

  E (Y) =  
12
7  

  f  (x) =  x + 
2
1   

  f  (y) =  y + 
2
1  

  � � � �  �	 
E(xy) 
E (xy) =  ∫ ∫

1

0
xy f (xy) d xd y 

 =  ∫ ∫
1

0
xy (x+y) d xd y 

 =  ∫ ∫
1

0
x2y + xy2 d xd y  

 =  ∫ ∫∫ ∫ +
1

0

1

0

2
1

0

1

0

2 dy     dx] xy [  dy   dx] yx [  

 =  dy      3
xy     dy      3

yx   
1

0

1

0

31

0

1

0

3 ∫∫ +  

 =    xdx3
1 ydy   3

1 
1

0

1

0
∫∫ +  

 =       2
X  3

1    2
Y  3

1   xdx   3
1  ydy     3

1 1

0

21

0

21

0

1

0
+=+ ∫∫  

 =   
3
1    

6
1    

6
1

=+  
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   � � � � � 
 �� 
 C o v  (x,  y) =   E (xy) – E (x) E (y) 
   =   

12
7  .  

12
7    

3
1

+  

   =     144
49    3

1
−  

   =    144
1  

 
ii ( � � � �  � �  � � �  � � � � �� 
  � � � � �  � � � � �V  (y)  ,  v (x) 

  V (x) =   E (x2) -  { }2)x(E  

  E (x2)  =   dx )x(fx2
1

0
∫  

   =   dx )2
1x( x2

1

0
+∫  

   =   
1

0

34
  

6
X

4
X +  

   =   
12
5  

  V a r (x) =   
144
11    

12
7  -  

12
5 2

=


  
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  � �  � � � � � ��� � 
  �  �� � 
V (y) =  144

11  

11
1- 144/11

144/1

144
11.144

11
144/1

V(y) )x(V
y)(x, Cov  )y,x( =−=−==ρ  
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 ����������� ���	
�� 
� � 
 � � � �� � � �� � � � � � � � � � � � � �� 

THE DISCRETE PROBABILITY DISTRIBUTIONS 

� ������������� 
           ! � �" � �  #  $ � � ���  ! �" � �  � % ��  � � � � � �  � � �� � � � � 
  & � � �" � �  ' � (  ) � � �* 

      �" � �  # � � � � � � 
  � �� � � 
  $ + � �,  ! �" � �  # � � �� � � 
  $ + � �,     ! � � �" � �  # � � � � � 
  ��, 
  ! �
� �% � 
��� � � �� ��           ! � �" � �  � � �  � -  � 
  
 . *  $ �  � �� ��  � ��
 � �  # � � � 
 � �  ! �" � � �  )

            $ �  � � � 
 �  & � � �� � �  � �  � �� �" � � � 
  � �. % �  � � �  
 �/ � � � � 
 � �  ! �" � � �  � �� � � 
  $ + � �,
� � - � 0 � 
 �  ' �� � � � 
. 

� � � �	 
 �  � 
 � � �  � � � � � @The Binomial Distribution@@

    � - � 0 � 
  & � � �� � � � 
  � �  ��, 
  $ �         � � � 
 �� �  � �� ��� �  � � 
 � � �  
 ��, 
  � ��� � � � 
 �  � ��
             � �  2 � � �� � �  ' � � (  � � �( � �  � �  � � * �  � � �  � �� �
 � �  � �� � �� � � % �  � � 
 � $ � � 
  & 
 �� � � 3 � 


      ,  & 
 �� � � 3 � � �  4 �� �  & 
 �� � � 3 � 
  5 . *  � , �  # � 6  � 
�       � � �   �� � � 3 
  � , �  #  � �� � � 
  � �+ �
           �� �  � �  � � �7 �  � �  ! �- �  � % � � �� $ � � 
  � �+ � � �% 
 � 
  8 �� � - � � 
  � � �  � � 
  
 . 9  � � .  � � � � ��

          � �� � � 
  � �+ � �,  & 
 �� � � 3 
   ' � (  � �  � � 
 � �  $ � � 
  � � �� � 7 �  � �� � � 
  � �+ � �,  � � �� � � � �  � , �  
  � 
 : �100         �  ; �  � � �3 � � 
 � �� 
  
 . 9  � �  � � � �   .       � � � �� �  � �  $ �  < � � � � � �  � � ��

� �� � � � 
  � � � �= 
  � � �6 � 
  � �� � � 
  � �+ � �, : 
1. � �� � �  � � 	 
 � � 
 � �  � � �. 
2. � � �  
 � � � � � � � � � �  � � � � � � �  � � �  	 
 � � 
 �  � � �� � � � �  ��  � 
 �. 
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 3.  � �  �  � 
 �  � � � � 	 
 � � 
 � �  � �  ! �  � � 
 "  � �� �  � 
 � � � �  � 
 � � � �
	 
 #  	 
 � � 
 �. 

4. $ % �  � �  
 & ' % �  (  � � ) �  � � 	 
 � � 
 � �. 
 ! � 
 � � � � �  * � + �� � �  , � � � � - ' ��  � �)  ! � 
 � � �  � 
 " � � �  � . 
  � �

 / ) 
 �  � 	 % �  
 �  �� � � � � � � �  ( � 0 
 � "  ( � 	 � �  ! �  � � � � � �  ! 0 
 � "  ! 0 � �� �  	 � 1 � � �
� � � � � �  ! 0 
 � "  * � + �� � �. 

 � � ��� �1:  
   � � 
 �  ��n          ! 2 � � � � � � � �  ( � 0 
 � "  ( � 	 � � � �  ! �  � � 	 
 � � 
 � �  � � �  ! �  

 � � 
 � � ( � � � % �  3  � �  ( % � 4  5 
 � � 6P 7 	 �8  3 � �� �  9  �  � �8 � � �  � 
 � � � �  ! �  
) � 
 � � � �  ; � (  �(1-P)     + � 	 � 
 �  
 & �  + � 	 � � q      3 � �� �  	 �& =  / � �  � 
 � � � �  ! �  

 7 	 �8)� � � � �  ; � (	 
 � � 
 �  � �  ! �  3 � 
 � �  3 � �� �  	 �& =  � 
 � � � �  ! �  ; � : 
�� � �:  � � � � �  � 
  1 =  n 

  � �� �  ( � � � � � �  � � 
 � � �  ( � �� � �  � ? � 
 )@  � A =  (S 

 7 	 �8  3 � �� �  9 � 6  + � 	 �  A  C � � 
   3 � 
 � �  3 � �� �  9 � 6  + � 	 �  @ 

 D �X7 	 �8  3 � �� �  	 �& =  � � 	 �  � � �  ! 0 � �� % � �  	 � 1 � � � �  � " � �   
2 �  ( � � � � � �  / � � � �  � �� � �  X ! �  0 E   1 

   P7 	 �8 � �  	 �& =  � 
 � � � �  ! �   
  q=  (I-P)� � �  ! �   ( � 
 � � � �  	 �& =  � 
 � 

 	 � 1 � �  �  ! � 
 � � � � �  * � + �� � �  � �� � �x! � 
 � � �  � � � � �  9  �   : 
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  � � � � �1 
� � � 	 
 �  � 
 � � �  � � � � � 
 � 

1  =n 
X  =  x  f  ( x )  =  P  ( X  =  x )  
0 
1 

f  (0) =   P )�(   =  q 
f  (1) =  P )�(   =  P 

� � � � � 
 �  q +  P  =  1  
 

 �� � � � �:    � � � � �  � 
2 =  n 
  � �� �  ( � � � � �  � � 
 � � �  D �� � �  � 
 � 
 )A  A@  @  E  A  @  E  @  A  E   =  (S 

 
 C � �  F 	 �8  ( � � 
 " � � � F 	 �8  9 � �G �  ! � % �  A  A 

  ( � 
 � �  ( � � 
 " � � � ( � 
 � �  9 � �G �  ! � % �  @  @ 
 ( � 
 � �  ( � � 
 " � � � F 	 �8  9 � �G �  ! � % �  @  A 
  F 	 �8  ( � � 
 " � � � ( � 
 � �  9 � �G �  ! � % �  A  @ 

 ( � � � � � �  � � 
 � � �  � � �  � �  ; �4 � � 
 �   
 ! �  � � 
 � � �  7 H �  � � 
 � � � �  � �� � � 

qq ,  qp,  pq,  pp 
 (  � � ) �  � � 	 
 � � 
 � �  � �  C � � 

 / � 4  � �� � �x ! �  ( � � � � � �  0 E  1 E  2 
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  2 �  ! � 
 � � � � �  * � + �� � �  � �� � �x! � 
 � � �  � �� � � �  ! �  
 � �   : 
 
 ������)2( 

	 
 �� � 
  � � � � �  � 
 � �� 
n =  2 

X  =  x  f ( x )  =  P  ( X  =  x )  
0 

1 
 

2 

f  ( 0)  =   P  )� �(   =  P  )�(   P  )�(   =  q q  =  q 2  

f  ( 1)  =  P  )� �(  +  P  )� �(  =  P  )�(  P  )�(  +  P  )�(  P  )�(   

        =  P q  +  q P   =  2q P  
f  ( 2)  =  P  )� �(  +  P  )�(  P  )�(  =  P P  =  P 2 

� � � � � 
 �  q2  +   2 qP  +  P 2  =   ( q+ P ) 2  =   1  
 

 �� �� 
 � � : � � � � �  � 
n � � � � �  3 
 � �� �  ( � � � � � �  � � 
 � � �  ( � �� � �  � ? � 

}� � � � � � � � � � � � � � � � � � � � � � � � � �
� � � �  �{S =   

 ( � � � � � �  � � 
 � � �  D �� � �  � �  ; � =8 � � 
 �   
 ! �  � � 
 � � �  7 H & �  F 	 = 
 � � � �  � � 
 � � � � �  � �� � � 

qqq,   qqP,   qPq,   qPP,   Pqq,   PqP,   PPq,   PPP 
 / � 4  � �� � �x ! �  ( � � � � � �  0 E  1 E  2 E  3 

 2 �  ! � 
 � � � � �  * � + �� � �  � �� � �x�� � � �  ! �  
 � �  ! � 
 � � �  � : 
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 � � � � � �3 

� � � 	 
 �  � 
 � � �  � � � � � 
n =  3 

X  =  x  f ( x )  =  P  ( X  =  x )  
0 
1 
 
2 
 
3 

f  ( 0)  =   P  )� � �(   =  P  )�(   P  )�(   P  )�(   =   q 3  

f  ( 1)  =  P  )� � �(  +  P  )� � �(  +  P  )� � �(   

        =  q 2 p   +  q 2 p +  q 2 p = 3  q 2 p  
f  ( 2)  =  P  )� � �(  +  P  )� � �(  +  P  )� � �(   

        =  q p 2 +  q p 2 +  q p 2 =  3 q p 2 

f  ( 3 )  =  P  )� � �(   =   P  )�(   P  )�(   P  )�(   =  p 3 

� � � � � 
 �  q3 +  3 q2 p   +   3 qp 2  +   P 3  =   ( q+ p ) 3 =  1  

 ��  ( � � � � � �  � � 
 � � �  � � �  � �  ( � � 
 ) � �  ( " . " � �  � �� � � � �  � �  = � . � : 
  � � 
 �  � H 6n ; �
 ) �   1  ( � � � � � �  � � 
 � � �  � 
 �   =21 =   2 
  � � 
 �  � H 6n�    ; �
 )2  ( � � � � � �  � � 
 � � �  � 
 �   =22 =   4 
  � � 
 �  � H 6n ; �
 ) �   3  ( � � � � � �  � � 
 � � �  � 
 �   =23 =   8 

            � � � 2 � � �  ( 2 � 0 
 � "  ( � 	 � � �  ( � � � � � �  � � 
 � � �  � � �  � �� �  ( � � � � � �  7 H �  / � � % � � �
  ; �
 ) �2n        � �  3 � �� �  ( � 	 � � � �  � � 
 �  � H 6n 	 
 � � 
 �   .      ! 2 �  
 � � 	 � � 2 ) �  
 �  � H 6

    � � 	 
 � � 
 � �  � � �  F � 
 � +n    F 	 �8 �  
 � � 
 �          I 2 � �  , 2 � � �  � �  * � � � 2 ) �  ( � 
 �
           � �� � 2 )  ( � � 
 ) � � �  � 
 �  � % � �  � � � � ( � � 
 ) � �  ( " . " � �  � �� � � � �  ! �  
 � �  ( � � 	 � � �

@ � H  
 � �  � & ) �  ( � 
 �  ( � � 	 �  � �  � �  � � 3  � � � (  � ��. 
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           F 	 �8  3 � �� �  9  �  � �8 � � �  � 
 � � � �  � J �  � �� � �  * � � � ) �  � # � �x  F 	 �  
        � �  � �� � �  � � � � � �  ( � 0 
 � "  ( � 	 � �  ! �  � � ' � 
 �n   	 
 � � 
 �  ) ( % � 4  5 
 � � �  3 2  � �   (

             D �2 4 � � 
 2 � � � �  ��  ( � � � �  ��  ( � � % �  ( � 
 � � � � � F 	 �8 � �  K � � 	 �  � �� �  
 � � � �
  C � 
 � � �)  F 	 �8  3 � �� �  	 �& = (x     ( � �4 � / � � � F 	 �  (n-x)    ! �  @ � H � F 	 �  

( �  � 
 �  � � 
 �. 
  C � 
 � � �  D �4 � � 
 � � � �)F 	 �8 ( x ��  F 	 �  Px 
  C � 
 � � �  D �4 � / � �  � 
 � � � �n-x ��  F 	 �   qn-x 

�  � �� �  � � 
 � � � � �  K 	 '  F � � 
 4  � � � C � 
 � � �  D �4 � � 
 � � �x ��  F 	 �  px 
qn-x 

          ; �
 ) �  �� � , � � � �� � 
 �  3 � 
 ) �  
 � � � � �  C � 
 � � �  D �4 ��  ( � � � �� � �  � � 
 � � �  � � � �
 , � � � ��x � �  n ; �   

! x)-(n !x
!nn

x

n
xC =



= 

 
 7 	 �8  3 � �� �  9  �  � �8 � � �  �� � K � � � � �  � 
 � � � � �  � �� �  � H � � �x F 	 �  

 � �  � � ' � 
 �n 9 � 6  L
 � �
 ) �  	 
 � � 
 �   : 
( )nx px qn-x 

  � � 
 �  ��  E  L. 2 2 " �n ; �
 ) �  3 7 	 �8  3 � �� �  	 �& =  � � 
 � � � �  � �� �  0 E  
1 E  2 E  3 ! � � �� � �  9  �  ! �  � � 	 �   : 

(33) p3 ,   (23) p2 q  ,   (13) pq2  ,   (03) q3 
p3 ,    3p2q   ,     3pq2    ,  q3 
 � �� �  ! �  
 & �  �  
 �  8 �  ! � � �  � � 
 � � � � �  I � �  ! � �)3( 
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� �  / � � � �  � �  = � . � � � �� 
 � � �  � �  ( � � 
 � 

( )nx px qn-x 
x =  0,  1,  … . . ,  n  

 � � 	 
  � � 
  � � � � �  � �x � � � � 	 
  � � � � �  �� � � �  � �   
(q+ p)n 

 � � � � � 
(q+ p)n =  qn +  ( )n1 pqn-1 +  ( )n2 p2qn-2 + … +   ( )nx pxqn-x + …  +   ( )n  

1n− pn-1q +  pn 
 � � � � � �  ! 0 
 � "  * � + �� � 
 �  ! � 
 � � � � �  * � + �� � �  � H �  ( � � ) �  � 5 
 �  
 � �  � � � 

��  � � � � � �  ! 0 
 � "  * � + ��  � 
 �  	 
 8 � 
 
 � � : 
 
 
 
 
 
 
 
 
 
 

� � �	 
 �  � 
 � � �  � � � � � 
 �   : 
    �  �� �
 �  � 
 � � ! � 
 �  " � # � �� 
  � 
 � �� 	 � �  � � � � � 
 �  � $x  � % �
 � �  

      � &  ' � � � 
 �  ( � " � ��)  � � ��n        *  � � ��	 
 �  � 
 � �� �  " � �+ � , �  
� - 
 � +  � � � � � 
 �  � % $  �  � � � �# 

f ( x)  =  ( )nx  px qn-x 
 . � 	: 

i( x=  0,  1,  …,  n 
ii( p" � + � , �  � 0  � &  ' � � � 
 �  � � �� 	 �  � $   
iii( q" � + � , �  � 0  � &  � ! 1 
 �  � � �� 	 �  � $   
iv( 1 =  p  +   q 



119 

  
 � � �� �2 :  

 ! ) � 	 � � �  ! � � � �  � � �  � �  K  �)� � 
 � � � � ( � �  ! �  * ' �  � �  ( � ) 	 � � � �
       � � 	 ) � G 
 �  ( 8 
 
 � �  � � 
 � � � �  $ % �  ( ) � 	 �  ( � 	 M)� � 	 ) � � � .( �  � H 6  /  % �  � 


 � �10 %
 � � 
 �  � � 	 � % �  ( � 	 M  � �  � 
 � � � �  ��  
 �  � � 	 ) � �  � 
 � ) � �  � � : 
i(  	 ) �  ; �  9  �  ; �� � �  � 
ii(  � � 	 ) � �  / & � �  � 
 � " � 
iii( � � 	 ) � �  / & � �  � � � " �  � �  	 " � � 
 
� ��	 
 �:   D �x ( � 	 1 � �  7 H �  ! �  � � � �� �� � �  � � 	 ) � � �  � � �  � " � �   
  2 �  ( � � � � � �  / � � � �  � �� �   x ! �  0 E  1 E  2 E   ... E20 
  D �   p; �
 ) �  � 	 ) � �  � 	 � � �  � �� �  � �  � 
 � � � �   
   q� 	 ) � �  � 	 � � �  � �� �  �  � �  � 
 � � � �  ; �
 ) �   

   ∴ p =   0. 10 
    q =   1-P =  0. 9 0 
    n =   20 

i) p )� � � 
   ! �  " � # � #  $(  =  f (0) 
f (x) =  ( )nx px qn-x 
f (0) =  ( )20

0  p0 q20 
       =   (q)20 =  (0. 9 0)20 
       =  0. 122 
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 ii)  P )� 
 � � � 
  � � � � 
(  =  f  (2) 
 f (2)  =  ( )20

2  p2  q18  
=   19 0 (0. 01)2 (0. 9 0)18  
=  19 0 (0. 01) (0. 9 )18  

 =  0. 28 5  
 

iii) P )� � � � 
  � �  � � � 
(  =   p (x > 2) =  1- p (x 
≤ 2) 

=   1 - { }) 2(x  p  1)(x p  0) (x  p =+=+=  
=   1 - { }285.0.9)0( .1)0( 20  .9)0( 1920 ++  
=   1 - { }.2850  .2700  0.122 ++  
=   0. 323 

�  � � � � � �  ! 0 
 � "  * � + �� � �  * 4 �� 
            ( 2  � �  ( % � 4  5 
 � � 6  ( � 	 � �  �� � , � 
 ) � �  � 
 " � � �  9 � 6  F � �% � 
 �n   F 	 2 �  
  � % � � �n   ; �
 ) �  1       ! 0 � �� % � �  	 � 1 � �  �  ! � 
 � � � � �  * � + �� � �  � 
 �  x   � � �  �� � 

        � �� � � �  ! �  9 � % �  F 	 �8  3 � �� �  	 �& =  � � 	 �)1 (�    * 2 � + �� � �  � H & �  * 4 �� � �
 � �� 2 2 2 2 2 2 2 2 2 2 �  ! 2 2 2 2 2 2 2 2 2 2 �  K �2 2 2 2 2 2 2 2 2 2 ) � � 

)4 (! � 
 � � � : 
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  ������)4( 
	 
 �� � 
  � � � � �  � 
 � ��  � � �� 

n =  1 
X f  ( x ) x  f  ( x ) 
0 
1 

q 
p 

0 
p 

����������  ∑ ==µ
1

0
p)x(xf  

  � % � � �n   ; �
 ) �  2       ! 0 � �� % � �  	 � 1 � �  �  ! � 
 � � � � �  * � + �� � �  � ? �  x   � � �  �� � 
      �� � � �  ! �  9 � % �  7 	 �8  3 � �� �  	 �& =  � � 	 �  �)2 (   * 2 4 �� � � �)   � 2 ) �� �  ��

! � 
 ) � � � ( � �� �  ! �  K �) � �  * � + �� � �  � H & �)5 (! � 
 � � �: 
 
 	 �
 ���)5( 


 � 
 � �� � � � � �  � � � ��  � � �� 
n =  2 

 

X f ( x ) x  f  ( x ) 
0 
1 
2 

q2 
2pq 
p2 

0 
2qp 
2p2 

 

����������  E ( x ) =  2 p  ( q + p ) 
= 2 p  

 � % � � �n ; �
 ) �  3 ! 0 � �� % � �  	 � 1 � �  �  ! � 
 � � � � �  * � + �� � �  � ? �  x ��  
  � � �          � �� 2 � � �  ! 2 �  9 � % �  F 	 �8  3 � �� �  	 �& =  � � 	 �)3 (   * 2 4 �� � � �) ��

! � 
 ) � � �  � ) �� � ( � �� �  ! �  
 � �  3 � 
 ) �  � � � �  * � + �� � �  � H & �)6 (! � 
 � � � : 
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  	 �
 ���)6( 

 � 
 � �� � � � � �  � � � ��  � � �� 

n =  3 
 

X f ( x ) X f  ( x ) 
0 
1 
2 
3 

q3 
3p2q 
3qp2 
P3 

0 
3q2 p 
6 q p2 
3p3 

����������  µ  =  E ( x ) =  3 p ( q 2 +  2 q p  +  p 2) 
 =  3 p  ( q  +  p )2 =  3 p  

 ! � 
 ) � � �  � ) �� �  � J �  = � . �  
 � � 
 �  � H � � �)* 4 �� � �  �� ( � � � � � �  ! 0 
 � "  * � + ��  �
 �� : 

 P  � � 
 �  � H 6   n ; �
 ) �   1 
 2p  � � 
 �  � H 6  n ; �
 ) �   2 
 3p� H 6    � � 
 �  n ; �
 ) �   3 

0 
 � "  * � + �� � �  * 4 ��  � J �  � �� � �  ( � � � � � �  7 H �  / � % �  � �  � # �  
 � � � � � � !
 ; �
 ) �  � � � � � �n p 2 �  n� � 	 
 � � 
 � �  � �  . 

 
 
 
 

�� � � � � �  	 
 � � 
  � � � � � � �  � � � �   
 � � �  � � �p �  � � � � � �  � � � � � �  � �  q 	 �  � � � � �  � � � � � �  � �  

� � � � � � �  � � � � � �  � �  �  � � !  � " �   � # � $ �  � � � �  %n  � # � $ �  
 � �np=µ 
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 !  �  
 � �  * 4 �� � �  � � 	 % �  / � � 
 � ) 
 �  L
 ' � �  @ � H  � � 	 � �  � �  
 � � � � � � 
)x( E    =µ   =    ∑

=

n

0x
(x) f x  

  =    ∑
=

n

0x

x-nxn
x q p )( x  

  =    ∑
=

n

0x

x-nx q p! x)-(n !x 
!n x   

  =    ∑
=

n

1x
1)-(x - 1)-(nx q  p  ! 1)]-(x  - 1)-[(n  ! 1)-(x 

!n    

  =    ∑
=

n

1x

1)-(x - 1)-(n1-x
! 1)]-(x - 1)-[(n  ! 1)-(x

q  p   ! 1)-(n   np  

  =    1)-(x-1)-(nn

1x
1-x1n

1-x q  P  )(  np∑
=

−  

  =    np (q+ p)n-1 
  =    np 

 
  � � & 
 �3  :  ( � � � �  ( % � 4  � � � � �  � H 6100  ( 2 % 4 �� � � �  � � 	 � � �  � � �  ��  
 � �  F 	 �  

O F 	 �8  3 � �� �  	 �& = � 
� & & � � �:   D �  x           3 2 � �� �  	 �2 & =  � � 	 �  � � �  �� � ! 0 � �� % � �  	 � 1 � � � �  � " � �  

 � ? �  � H � � � F 	 �8x� � �  ! 0 
 � "  * � + ��  
 & �  2 �  � � � 
   P =  

2
1   

   n =  100 
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    np =  � � � � � �  ! 0 
 � "  * � + �� � �  * 4 �� � 
   µ =  E (x) =  np =  100 



2
1   =  5 0 

K �2  � � � �  �2 2 � � 
o � � � � � �  	 
 � � 
  � � � � � � �  � � � # � 

    � 
 " �  9 � 6  F � �% � 
 �)1 ( � � �  ( % � 4  5 
 � � 6  ( � 	 � �  �� �n� � F 	 �   / � � 
 � ) 

   � � 
 � � � �  � �� 
 4∑ µ=σ f(x) )-(x  22

x    � 2 % � � � n      / � 2 � � �  H 2 
 J �  1  E2  E3  
� � � � � �  ! 0 
 � "  * � + �� � �  � � 
 � � �  ( � 
 �  ( 1 � 8  9 � 6  � 8 �  � �  * � � � ) �. 

   � % � �n   ; �
 ) �  1        ! 0 � �2 � % � �  	 � 1 � �  �  ! � 
 � � � � �  * � + �� � �  � �� �  x 
          � �� � � �  ! �  9 � % �  F 	 �8  3 � �� �  	 �& =  � � 	 �  � � �  �� �)1 (   � H 2 �  * 4 �� �

 �  * � + �� � �     � �� � � �  ! �  K ) �  
 �)4 (  �� �p  � � � � 2 �  * � + �� � �  � H �  � � 
 � �  
 � � � 
 � �� �  ! �  
 � �  3 � 
 ) �)7 (! � 
 � � � : 

 ������)7( 
	 
 �� � 
  � � � � �  � 
 � �� � 
  	 
 � � � 

n  =  1  
 

X f ( x ) x  - µ  ( x -µ )2 f  ( x ) 
0 
1 

q 
p 

0-p 
1-p 

q2 q 
(1-p)2 p 

�������� 
  2

xσ  =   p2 q   +   q 2p 
       =  pq  ( p+ q )  =  pq  
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  � % � � �n   ; � 
 ) �  2        ! 0 �� 2 � % � � 	 � 1 � �  �  ! � 
 � � � � � * � + � � � � � ? �  x  

 � � � �  ! �  9 � % �  F 	 � 8  3 � � � � 	 � & =  � �	 �  � � �  � � �)2(    �H 2 �  * 4 � � �  
   � �  * � + � � � �2p       � � � �  ! �  K ) �  
 � �   )5 (      � � � � 2 �  * � + � � � � �H �  � � 
 � �  
 � � �

� �  ! �  
 � �  3 � � 6  � � 8 � � � � �)8 (! � 
 � � � : 
 ������)8( 

	 
 �� � 
  � � � � �  � 
 � �� � 
  	 
 � � � 
n = 2 

 

( x -u) 2  f ( x )  x  – 
u 

f ( x )  X 

4 p2  q2 
(1-2p)2 2pq 
4 (1-p)2 p2 

-2p 
1-2p 
2-2p 

q2 
2pq 
p2 

0 
1 
2 

2
xσ =  4 2q2p + ( 1 -2 p) 2 2 pq + 4 ( 1 -p) 2 p2 

     =  4 2q2p +  ( 1 -4 p+ 4 p2 )  2 pq  +  4 q 2 p2 

     =  8 2q2p +  2 pq  - 8 p2 q  +  8 p2 q  

     =  8 p2 q  ( q -1  +  p)  +  2 p q  
     =  8 p2 q  ( 0 )  +  2 p q  
     =  2 pq  

  (�&����� 
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 � � � � � * � + � � � � � 
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        � � � �  ! �  9 � % �  F 	 � 8  3 � � � � 	 � & =  � �	 �  � � �  � � �)3 (   �H 2 �  * 2 4 � � �
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 ) � � ( � � 	 � � � I � � �  
 � � � � � �  

 ; � 
 ) �  * � + � � � � �H �  � � 
 � �  9 � 6  � 8 �3pq 
 � � � �  n ; � 
 ) �  3  
; � 
 ) �  � � � � � � ! 0 
 � "  * � + � � � � � � 
 � �  � � � �  �H � � � : 

  pq 
 � � � �   n ; � 
 ) �   1 
  2pq 
 � � � �  n ; � 
 ) �   2 
  3P q 
 � � � �  n ; � 
 ) �   3 
 % �  
 � � � � � �           ; � 
 2 ) �  � � � � � � ! 0 
 � "  * � + � � � � � � 
 � �  � 
 �  � � � � 
 �  ( � � � � � � 7 H �  /� �

npq 2 �  n	 
 � � 
 �   
 
 
 
 

 !  �  
 � �  � � 
 � � � ��  * 4 � � � � � � � �� 4  /�� 
 � ) 
 �  
 ' � �  @ � H  3 � � 	 �  
 � � � � � � 
=σ2

x  E (x2) – [ E  (x)] 2 

E  (x2) = ∑
=

n

0x

2 (x) f x  

 = ∑
=

n

0x

x-nxn
x

2 q p )( x  

�� � � � �� 	 
 � � 
  � � � �� �� � � � # �   
 � � �  �� �p � � � �� �� � � �� � � ��  q � �  	 �  � � � �� � � �� � � ��  

 &� 	 �� �� � ) � � � � �� �� � � � # �  � " �   � # � $ �n ��   � # � $ � 
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  = ∑
=

n

0x

x-nx2

 ! x)-(n  ! x 
q p  !n   x   

 � � �  $ � � % � � 
 � �x2 2 �  x(x-1)+ x 
 = xnx

n

0x
qp ! x)-(n !x 

!n  x] 1)-[x(x   −

=

∑ +  

 =   q p ! x)-(n !x 
! xn     qp ! x)-(n !x 

!n   1)- x(x  xnxn

0x

xnxn

0x

−

−

−

=

∑∑ +  

 = ∑
=

n

2x
 ! 2)]-(x-2)-[(n ! 2)-(x

! 2)-(n 1)-n(n   px q ( n-2) -( x-2)  +  E (x) 

      = n (n-1) p2 ∑
=

n

2x
 ! 2)]-(x-2)-[(n ! 2)-(x

! 2)-(n    px-2 q ( n-2) -( x-2)  +  np 

 = n (n-1) p2  2n)pq( −+  +  np 
 = n2 p2 – np2 +  np 
2
xσ  = E  (x2) – [ E (x)] 2 

 = n2 p2 – np2 +  np – n2 p2 
 = np – np2 
 = np (1 – p) 
 = npq 

  � 
 �  �H � � � = npq2σ 
        ! 2 % � � 	 � � � 	 H 2 � � � ; � 
 2 ) �  � � � 2 � � � ! 0 
 � "  * � + � �  �  ; 	 
 � % � � � � �	 � � � ��

 � � 
 � �  �  K � � � � � 
npq        2 =σ=σ  
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 " �  9 � 6  F � � % � 
 �3 � � �  ( % � 4  5 
 � � 6  � � �  10 0 � � 
 � � � � � �  
 � �  7 	 �  

O F 	 � 8  3 � � � � 	 � & =  � �	 �  � � % �  ; 	 
 � % � � � � �	 � � � �� 
���� 	 
 : 
  D �x 3 � � � � 	 � & =  � �	 �  � � �  � � �  ! 0 �� � % � � 	 � 1 � � � � � " � �   

 � 
 �  �H � � �  7 	 � 8x 3 � �  � � � � � � ! 0 
 � "  * � + � �  
 & �   
P   =  2

1  

q  =  2
1  

n  =  100 
� � 
 � � � � =  2

xσ   = npq 

         = 100  



2
1  



2
1  = 25  

    ; 	 
 � % � � � � �	 � � � �      = 25  npq    ==σ  = 5  
 

� � � �����
 
 � �  � � � � � 
  � �  * � + � �  /� 
 � ) �         D � 2 4 �  
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   + � � � � � �)   ( � 
 ) � � � � �  � � � � � � " � (       � � � 2 � � � ! 0 
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 � � � �  E
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    � 4 �  � �	 �  � � �  ( � 	 % � �        � �  � � � �  � � �  ! �  /
 � � � � � * ' � �  C � � � � D
 � �	 
 � � 
 � � .� � ) �� �  * � + � �  � 
 � � � � �  (  " � �  � � � : 

�        ( � " �  � � + � 
 �  3 � � � 	 � � � � �  	 
 = � � � � 9 � 6  Q 
 � � �  ! � � � � 0 
 ) � � � : 
R 
 �  ( � � � � �  D � � ) �  ! �  	 � ) � � C � �� �  � � �. 
R ( � 
 ) � � ! �  ( � � � � � 	 � 
 1 �  ! � � � � �	 
 � � � � � � �. 
R � + � �	 �  � � �  ! �  � � % � �	 � � � � � �/� � � � ! �  ( � � 
 �. 
R ( � � 4 � � � ! �  ! ) � 
 � � � � �	 � � 
 � 
 �  � �  ! � � � ( � � � 
 & � � � 
 � � 
 � � � � � � �. 
 

�  ( � � � � � 	 
  � � �  � 
 � 	 
  � �  � 
 � � 	 
  � � � � � �  � � � � �  � � 	 
  � � � � � 	 

 � � � � �  � � � � 	 
  � � � 
 � � �  � � � � � � 	 
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R ( � 
 ) � � � F � � � �  S 
 � 4  ( % � 4  ! �  F � � � � � � � K � � % � � � � � 
R �  3 � � �  � � 
 &  �  @  )  ! �  F � � � � � � � K � � % � � � � �� �	 � � �  � 

R            T � 2 � 6  
 2 & � � � 	 �  ! 2 � � � ( � � 8 � � ! �  ( � % � � � � � 5 
 � 
 G � � � �
� �	 � � 	 � ) � �  

             /� 2 � � � � 2 �  ( � � 4  H 
 
 �  * � � � �  	 � 1 � �  � �  ! � � ) �� � � � 	 � 1 � � � � � 
 �  �H � � �
   � �  	 � 81   � �  2   � �   ...    ( 2 � � � �  � �  + 2 � �  ! 2 �  � �  (  8 � �  ( � � � +  F 	 � �  ! �

( � � 
 � � � ( " . " � � � � 	 � � � , � � �  � �  K � � �  (  8 � �: 
1R  � � ) �  � 
 � � � � � �	 �  � � � � �  � � + � � � �  � � � � � 
 � � �  � � � 	 � �  ! �  (

+ � � � � � �  � � �  8 � �  � � � � � � �. 
2R           � �  F 	 � 1 8  ( � � � �  � �  � � + � � � �  F 	 � 8 4  F 	 � �  � . 
  � 
 � � � � � 
 � � � �

+ � � � � �H �  ( � � � �  � �  F 	 � � � � 7 H �  � � �  * �  K ) 
 � � �  + � � � �. 
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 � � � 	 
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� � 
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! x
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, � � 
 x =   0 #1 #2 #   ... 
 e =    . � �� /  � � ��2. 7 18 28 
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  0 � � 1 	 
  � &  2 �3 � 	 
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 � � ) ) (  + 
 � � �  + " � � � 4   � � �

� � � � � 	 
   �5 � � ' �
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: 
   D �x          ! �  � � � � � � �  
 � �  � � H � � � 0 
 � + � � � � �  ! 0 �� � % � � 	 � 1 � � � � � " � �  

 2 �  � � � � �  ( � � 4 � � � x ( � ) � � �  ! � � ) �� �  * � + � �  λ ; � 
 ) �  3 .   /�� 
 � 2 ) 
 �
� � ) �� �  * � + � �  ( 1 � 8 : 

  f (x) = 
! x
   e xλλ−  

p(x=4 ) = f  (4 ) =  ! 4
)3(  e 43−

 

=  24
)81(  05.0  

) C � �0 . 0 5 =   (e-3 
    =  

800
135  

=  16875.0  

 �����6: 
  � � ��  � �  F 	 � � �  ( � � 
 � +  ( � � 	 �  ! �  K � � % � � � � �  � ) � � �  � 
 �  �H 6
 � � �20 ( � � 	 �  � � � 
 � � � � � �  
 � �  * � 	 �  /� 4  3 ×  10  /� 4 : 

i( K � � �  9  �  ; � � � �  �. 
i i( � 4 G � 9  �  � � ��  K � �  9  �  ; � � � �. 
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  D �x ( � � 	 � � � ! �  K � � % � � � � �  � " � �  3 ×  10 
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      1.5    
20
10    3    =×=λ  

 ( � � 	 � � � ! �  K � � % � � � � �  � ) � � �  � �  ; �3 ×  10  � �  1. 5 
� � ) �� �  ( 1 � 8  , � � � � � � : 

f (x) = 
! x
   e xλλ−  

i) P  (x=0) = f (0) = ! 0
(1.5) e 05.1−

  =  e-1. 5  = 

0. 223 
ii) p )� 4 G � 9  �  � � ��  K � �(   = 1-p (x=0) =  

1 - 0. 223 
             =  0. 7 7 7  

�  � � 
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 � � 
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   f (x) = 
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             λ  >    0 

 ! 0 �� � % � � � � ) �� �  	 � 1 � �  � � 
 � � �  * 4 � �  � 
 �x ; �  * � + � � � � ( �  % �  ; � 
 ) �   
 ; � 
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    xµ   = E (x) = λ  
   2

xσ  = E  (x2) – [  E  (x)] 2 = λ  
� 
 2 2 � 	 � � �: 
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∞
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−
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     e  
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! x
 e   x] 1)-(x[x    

   =  ! x
 e x   ! x

 e  1)-(x[x   
x-

00

x- λ+λ λ∞∞ λ
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   =  (x) E  ! )2x(
 e x 
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2
+

−
λλ∞

∑  

   =  λ+
−
λλ ∑

∞
λ−   ! )2x(

 e  
2-x

2

2  

   =   λ 2 e-λ eλ  +  λ  
   =   λ 2 +  λ  

  v a r  (x) = E  (x2) – [  E  (x) ] 2 
   = (λ 2  +  λ ) - λ 2 
   = λ  
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 � � � � � � � � �   : 
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 � � � K � � �  � � � 
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 � 
 � � � � � �  
 � �  (  � � ) �: 
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5  (   
 & � � �  7 	 ) �5   
 �  �H ? �  � 
 � � �           ; � 
 2 ) �  �� 2 � �  � � � � � � � � �  � �  � 
 � � � � �

 ; � 
 ) � �  
 � � �  � � � �  � �  � 
 � � � �2/1 � 
 � � � � � �  
 � �  E   : 
i   (I � � � � I � �  � �  � 
 � � G � * � � �  � � � �  � �  )16/1( 
ii  (F � � ��  
 � � � �  �� � ��  �� � �  � 4 G � 9  �  F 	 ) G � T � �  � � � �  � �  
)16/15( 
 
6  (           ! 2 � % �  ! 4 
 2 � � ��  �	 � � �  L�� 	 �  ! � % �  
 & "  "  � 	 � � � 	 � H �  � �  ( �  �  �� 	 �  

 
 � � 	 +  �H ? �  E  L
 ' � � �7 � 
 � � � � K ) � J �  ( �  % � � 7 H �  � �  � �	 H �   : 
i   (5 �	 � �  7 � 	 �  ; �  9  �  � 8 � �  �  � �   )2187/128( 
ii  (5 �	 � �  7 � � ��  7 � 	 �  9  �  � 8 � �  � �   )2187/448( 
iii ( 5 
 ' � �  7 � 	 �  ; �  9  �  � 8 � �  �  � �   )2187/1( 
 
7  (          � �  � � �  � �  �� � ��  
 � � 
 �  � ) � � � � � ! �  � 
 �  �H 64 � �� �     � � 1 � �  � � � �  �

         ( � 
 2 ) � ��  7 	 2 � �  ( � � 
 � � � ( � 
 ) � � � � �  
 �  ( � � � �  ! �  ( � 	 
 � �  ( � � � �  ! �
           � 2 � � �  � 2 4 � � � @ � H  ! �  � �  �  ( � 0 �� � �  /
 4 	 �  ( % ) �  � ��  7 	 � �  ( � � 
 " � �

� 
 � � � � : 
i   (( � � 1 � �  	 � M  ( � �  � � � � � � �� & � � * � � �  � �    )0. 075( 
ii  (� � 1 � �  � � �  �� � ��  � �      )0. 225( 
iii (� �  	 " � �  � �  � � � " � � �( � � 1 � �  ( � �  � � � � � � �� & � �     )0. 700( 
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8 (            
 2 � & � �  � 
 � � � � K ) � 6  � �	 �  I � 
  � � �  ( % � 4  
 � & � �  � �  9 � � �  � 
 8 
 �

	 � 8 � � � �  � � % � � I � �  9  �  L. 8 �.   
 )256/63( 

 
9 (            � �  ( � � 	  � �  ! �  (  )  7 	 �  K � . �  � � � & � � � � 
 � � � � � 
 �  �H 65/1   � �  
 � �  

 9  �  � � 8 � � � � 
 � � � �4 � �  � 4 G � 9  �  � �� � �  253 � � 	  .  
)0.766( 
 

10 (           3 � 
 � � � �Z )  9  �  � �� �  K � � �  � �  � 
 � � � � ( � � � � � � � 
 � 
 � � � � � � � �  ! �
   � �  ( � � � 83/1            � � �  � 2 �  I � 
 2 
 � � � �Z ) � � � � � �  � �  � 
 � � � � � �  
 � �  

 ( � � � 8  ( � 
 � 6  3 �  �  K � � �  � �Z ))243/16.( 
 

11 (   � �  $ 	 � � �0. 30          � �  ( � 0 �� � �  3 � � �  � 	 � � 
 � E  � � � 
 � �  ( �  � � � � �  6 
� � � " � � �  � 
 � � � � � �  
 �  E  A 
 
 � � O � � � 
 � �  � 4 G � 9  �  /& � �  )0. 58( 

 
12 (            ! 2 2 �  	 � 2 2 � + � + � �	 � � � ! 2 �  ( 2 2 � " � � ( 2 � 	 �  � 2 � 
 �  �H 60. 90 . 

 3 2 � � � � �	10�  
  D � 4 �  � 
 � � � � � �  
 �  E  � �	 � � + � + � �	 �     
)0. 6513( 
 

13 ( � 
 �  % � � � /� 4  � � � �p ,  n 3 � ) �  ; H � � � � � � � � ! 0 
 � "  * � + � �  �  9 3 � � 
 � � �   
5/18) 5/3 =   p  E  15 =  n(  
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 14 (�  � � � �  3 � �  ; H � � � � � � � � ! 0 
 � "  * � + � � � � � � 
 � � �  * 4 � �  � �  �p = 
0. 2                                 E   

n = 35 
(µ  = 7     2σ  = 5 . 6 ) 

 

15 ( � �  � � Z �  K 
 � �232 3 �  E  ( � � 8  232 3 � + � �  ! % � � �  J � 
  
 
 �  ( � � 8  � � � 
 � � � � K ) � �  
 � 0 �� � � : 

 i    (� � J � 
  � � ' � 
 �  
 & �   )e-1/2  = 
0. 18 39( 
 ii   (� � J � 
  � �  � 4 �  
 & �   )2e-1  = 0. 7 35 6( 

 
 
 
 

16 ( � �  
 �  * � 8 �  ! �  � � % � � C � �� �  � � �  � ) � � �  � 
 �  �H 64 C � �� �  
 � 
 � � � � � �  
 � �  
 � 	 & � : 

i   (� � % �  	 & �  ! �  C � 
 �  ; �  * � �  �  � �  )   e-4 = 0. 018( 
ii  (� � % �  	 & �  ! �  	 " � G � 9  �  C � �� �  ( " . "  * � �  � � )   0. 426( 
 

17 (� � �  � 
 �  �H 6 � �  � 
 � " � � �  ( � � 
 � � + � �	 �  � � �  ! �  � � % � �	 � � � � � �  � )
 � �  
 � �  E � � ) �� �  * � + � �  * � � �  � � % � �	 � � � � � �  � 
 �  �H 6 �  , 0 
 4 �  I � 


� 
 � � � � : 
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 i    (, 0 
 4 �  I � 
  � . 
  * � �	 �  ; �  � 8 �  �  � � ) e-2 = 0. 135( 
ii   ( � �  	 " � �  � �4 � . 
  ��  8 �  � � % � �	 �  10, 0 
 4 �   )0. 382( 
 

18 (� �  9 �  � �  � �  � 
 � � � � � �  
 � � . 
  ( � � � 
 �  � 
 � � 
 � �  * � 	 �  � � �	 � � ) � � �
 � �	 � � ) � � � 8 �  ! � � � ( � � � 
 & � � � 
 � � 
 � � � � � � �  � � ) � �  � 
 �  �H 6  � � � � � 4 �

O � � � � � 4 � � � ! �  � 
 � � � 
 � �  � �     )0. 09( 
 

19 ( T � � 6  
 & � � � 	 �  ! � � � ( � % � � � � � 5 
 � 
 G � � � �  � ) � � �  � 
 �  �H 6
 � �  � �	 � � 	 � ) � �4� 
 � � � � � �  
 � �  E  ( � � 8 � � ! �  5 
 � 
 �  : 

i    (� �  � � 5 
 � 
 �  � � � �  3 � � 8  * �    (e-4=0. 018 ) 

ii   (� 
 � � 8 � � � � �  ( � 
 � �  ! �  � 4 G � 9  �  � � J � 
  K � � 	 �  � � (0. 91) 

 
20 ( � � �  � � ��  � �  7 	 � � �  ( � � 
 � +  3 � � 	 �  ! �  K � � % � � � � �  � ) � � �  � 
 �  �H 6

 3 � � 	 �  � �  � 
 � � � � � �  
 � �  ( % � 	 �  /�� 4 �  F 	 � �6 ×  10/� 4  :R 
i   (K � � �  � � � �  � � � �  � � )    (e-6=0. 0025 ) 
ii  (� � ��  K � �  � 4 G � 9  �  
 & �  � � � � )    (0. 997 5 ) 

 

21 ( ( � � � � � � ( � 	 � G � ! �  [ � 	 �  C � � �  � � � ) � � � 3 � 	 � �  Q 
 � � X  * � 8 �  ! �
 � �  [ 	 �  � ) � � � �  L
 � 0 �� � �200 ! �  � � � �  � �  � 
 � � � � K ) � �  	 � �  

 3 � � �  � � 	 �500	 � �  . 
i  ( 	 " � G � 9  �  � � 
 	 �     (0. 5 4 3) 
ii ([ � 	 �  C . "  � 4 G � 9  �    (0. 4 5 7 ) 
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 (22C � � �   � � % � �  /� 	 � � 
 �  K  8 � � � �  , 0 
 4 	  3 � � 1 �  ! �  K � � �  
 � �  ! �  � � ��2/2 
 � � 
 % � �  3 � � 4 	  � � � �  � �  � 
 � � � � 
 �  E  3 / ×7 /. 

i  (K � � % � � � �  3 � � 
 
     )0. 00001( 
ii (� � ��  K � �  	 " � G � 9  �  
 & �    )0. 0001266( 
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� �� 
@

1(  	 � 1 � � � � D �x( � � � ) � � � ( � � 
 � � � - � � 
 8 � � � � � �  9  �  � � �   
 /� 4  � � � � �x ! �  ( � � � � � � 0 E  1 E  2 E  3 E  4.  

 D �p H 0 � � �  � � 
 �  � 
 � 8 �  K � )  � 
 � � � � � " � �  4
1

20
5p == 

 	 � 1 � � � �x F � 
 � X 
 �  /� �  K � ) � � � �  @ � H �  � � � � � � ! 0 
 � "  
 � �  
 � �  	 
 �  9 � 6  	 
 � � 
 � � �  	 � 1 � �  �  � � 
 �  � 
 � 8 �  K � )  � 
 � � � ��

 ; � 
 ) � �  � � 
 "
4
1

 

i( n =  4 
 x =  1 

4
1p =  

4
3q =  

 9  �  � 8 � �  � � � � � � ! 0 
 � "  * � + � � � � ( 1 � 8  /�� 
 � ) 
 � � : 
 P  (x =1) = f (1)  = 

314

1 4
3 

4
1 








  

       = 
3

!!

!

4
3  

4
1  

3  1
4 





  

       = 4 






64
27 

4
1  

       =  
64
27   
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 ii  ( 
 P  (x 1≥ ) = p (x =1) +  p (x =2) +  p (x = 3) +  p (x = 4 ) 
      = 1 – p (x =0) 
      = 1 – 


 4

0

40

4
3 

4
1 





  

      = 1 - 
4

4
3 


  

      = 1 – 8 1/ 25 6  = 17 5 / 25 6  
 

2(  D �x(  0 ) G � � � �  � " � �   /� 4  � � � � �  K � 
 � � � 
 & �  �  K � � �  ! � � � x 
     ! �  ( � � � � � �10 E  … E  1 E  0 

 �H 2 � � � 
  n = 10 

   p = 0. 2 

   q = 0. 8 
� � � � � � ! 0 
 � "  * � + � � � � 3 1 � 8  /�� 
 � ) 
 � � 

i) f  (x) = ( )nx  px qn-x 
p(x = 0) = f (0) = ( )10

0  (0. 2)0 (0. 8 )10 
      = (0. 8 )10 
      = 0. 107 4  
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 ii) p(x ≥1) = f (1) + f(2) … + 
f(10) 
     = 1 – f(0) 
    = 1 – (0. 8 )10 
    = 0. 8 9 26 

iii) p (x = 3) = f(3)  = ( ) 7310
3 (0.8) (0.2)   

     = 120 (0. 008 ) (0. 8 )7 
     = 0. 2013 
     ≅  0. 2 

3( D �x� �  F + & � G �  � � �  � " � �   � � � %  �  3 � � � � � � �  3 � � % � . / � 4  � � � � �x 
 ! �  ( � � � � � �15 E ... E2 E  1 E  0 
0. 15 =  p  
 � � % �  + 
 & � � �  � � � �  � �  � 
 � � � � 
0. 85 =  q  
 � �  )  + 
 & � � �  � � � �  � �  � 
 � � � � 

  15  =  n 
 

i) p (x = 0) = f(0) = ( )15
0  (0. 15 )0 (0. 8 5 )15  

        = (0. 8 5 )15  
        = 0. 08 7 3 

ii)  p ( x ≤  1)  = p (x = 0) + p (x =1) 
        = f (0) + f(1) 
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         = ( )15
0  (0. 15 )0 (0. 8 5 )15  + ( )15

1 (0. 15 )1 (0. 8 5 )14 
        = 0. 08 7 3 + 15  (0. 15 ) (0. 8 5 )14 
        = 0. 08 7 3 + 0. 2312 
        = 0. 318 5  

 
4(  / � � � � 2 �  ( � � � � � �k  ! �  : 

 4 E  3 E  2 E  1 E  0 
   4 =  n 
  

6
1 =  p  3 � )  3 � � � �  9  �  � � 8 � � �  � 
 � � � � 

  
6
5=  q  

   p (K = k) = f (k) = 
k4k4

K 6
5 

6
1 

−










  

 	 � 1 � �  �  ! � 
 � � � � �  * � + � � � �  ! � % �  ! � 
 � � �  � � � � � � �K   
 ����� ��� 	
���4� ��
   

K Pk Pk 
0 (5 / 6)4 0. 48 23 
1 4(1/ 6) (5 / 6)3 0. 38 5 8  
2 6(1/ 6)2 (5 / 6)2 0. 115 7  
3 4(1/ 6)3 (5 / 6) 0. 015 4 
4 (1/ 6)4 0. 0008  
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5(  D �x / � 4  � � � � �  � 
 � � G �  � � �  � �  � � � G �  � � �  � " � �  x ! �  ( � � � � � �  

5 E   ... E1 E  0 
5 =  n 
2

1 =  p  � � � �  � � � � �  � � � �  � �  � 
 � � � � 
2

1 = q  
 � � �  � � � � �  � � � �  � �  � 
 � � � � 
i) 
 � 4 G �  9  �  7 � � � �  
 � � � �  � � � � �  � � � �  7 	 ) G �  T � �  � � � �  � �  � 
 � � � �

 � �  ; �  E  ( % � 	 �  � �  3 " . "  � �  � � � " �  � �  � � �  
 & � � �  � � � �  � �  � 
 � � � �  � �
 
 & � � �  � � � �  �5 � �  � � � �  5� 
 � �  . 

 ; � 
 ) �  K �  � � � �  � 
 � � � � �  � � � � � 
P   =  P(1) + P(2) + P(3) + P(4) 
     = ( )( )( ) ( )( ) ( ) ( )( ) ( ) ( )( ) ( )415

4
235

3
325

2
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1 2
1 2

1   2
1 2

1  2
1 2

1   2
1 2

1 +++  

= 
16
15 

32
5  

32
10  

 32
10  

32
5

=+++  

� � 
 K �  � � � �  � 
 � � � � � =1R)  � � � �  ( ) � 
 � �  � 
 � � � � + ( ) � 
 � �  � 
 � � � �

� 
 � �( 
= 1 - [ ](0) P  )5( P +  
= 1- 

16
15  

32
1  

32
1 =


 +  

ii)  
 � � � �  / &  �  � 
 � � � �  ; � 
 ) �  K �  � � � �  � 
 � � � � � +� 
 � � � �� 
 � �  / &  �   
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 P = P (0) + P (5 ) 
 = 

16
1   

32
1  

32
1

=+  

6(  D �x D 	 +  � �  
 & �  �  � 8 � �  ! � � �  5 � 	 � � � �  � � � 	 � � �  � � �  � " � �  7 
 / � 4  � � � � �  E  � � 	 H � x ! �  ( � � � � � �  0 E  1 E  2 E   ....7 

 D �p 5 � 	 � �  7 � 	 �  9  �  � � 8 � � �  � 
 � � � �   
    q5 � 	 � �  7 � 	 �  9  �  � � 8 � � �  / � �  � 
 � � � �   

3
1 =  p 
3
2 =  q 

i) p (0)   = f (0) = 
707

0 3
2 

3
1 








  

     = 0.05853  
2187
128  

3
2 7

==


  

ii)  p (1)  =  f (1) = 
67

1 3
2 

3
1 








  

  = 7 0.2048  
2187
448  

3
2 

3
1 6

==





  

iii)   p (7 )  = f (7 ) = 
077

7 3
2 

3
1 








  

 = 0.0005  
2187
1  

3
1 7

==


  
 

7(  D �x / � 4  � � � � �  E  3 � � 1 � � � �  � � � � & � �  � � �  � " � �  x ! �  ( � � � � � �  0 E  
1 E  2 E   ...9  
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 9 =  n 
4
1 =  p 
4
3 =  q 

i ( � �  � 
 � � � �  � �  3 � � 1 � �  	 � M  ( � �  � � � �  � � � � & � �  * � � �  � �  � 
 � � � �
L� � 1 � �  
 & � �  	 � 8  � � � � 

 P (x = 0) = f (0) = 
9

4
3 

0

4
1 9

0 








  

         = 
9

4
3 


   

         =  0. 07 5  
 

ii (� � 1 � �  � � �  � � � � �  � �  � 
 � � � � 
 P (x = 1) = f (1) = 

819

1 4
3 

4
1 








  

       =  0. 225  
 

iii (3 � � 1 � �  	 " � �  � �  � � � " �  � �  � 
 � � � � 
 P (x ≥  2)  =  p (x = 2) + p (x = 3) + … + p (x = 9 ) 
        = 1- [ p (x =0) + p (x = 1)] 
        = 1 – 0. 07 5  – 0. 225   
        =  0. 7  
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 8(  D  �x � � �  7 	 � 8 � �  3 � �  9  �  � � 8 � � �  � � 	 �  � � �  � " � �  
 3  � �  3 % � 4  5 
 � � �5 / � 4  � � � � �  E  � � 	 �   x ! �  A 
 �  � � �  ( � � � � � �  

0، 1 E  2 ... 5 
5 =  n 
21 =  p = q 

   � �  9  �  � . 8 � �          	 � 8  9  �  
 � & � �  � �  � 8 �  � H 6  	 � 8 � �  � �  � � % � �  I
 � �1 � �  2 � �  3 � �  4 � �  5 ; �   

)5 �  5 ( � �)4 �  4 ( � �)3 �  3 ( � �)2 �  2 ( � �)1 �  1 ( � �)0 �  0( 
  ; � 
 ) �  � � 
 � � �  7 H �  � �  ( � 
 �  � �  9  �  � � 8 � � �  � 
 � � � � 

25

2
1 5

x 











 
" � �L.   

(0 ,  0) = P(0)  p(0) 

 = ( ) ( ) 


































 50
5
0

50

2
1 

2
1   

2
1 

2
1 5

0  

 = ( ) 25
5
0 2

1 








  

∴ � �  	 � 8 � �  � �  � � % � �  I � �  9  �  . 8 � �  � �  � 
 � � � �   
P = ( ) ( ) ( ) ( )

















+











+











+












25

5
3

25
2

25
5
1

25

2
1    

2
1 5 

2
1    

2
1 5

0  
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      + ( ) ( )  

2
1    

2
1 5

4

25
5
5

25

















+











  

   = 



+



+



+



+



+





101010101010 2
1

2
125  

2
1 100  

2
1100  

2
125  

2
1  

   = 102
252  = 

1024
252  = 

256
63  

9(  D �x � �  3 � � � � � � �  � � � � G �  � � �  � " � �  25 / � 4  � � � � �  E  3 � � 	  x 
 ! �  ( � � � � � �0 E  1 E   ...25 

25 =  n    E    
5
1 = p   E      

5
4 =  q  

9  �  � � � � �  ( % � 	 �  9  �  � � 8 � � �  � 
 � � � � � 
 � � � �  � �  � 4 G �  
� � �  	 " � �  � �  � � � � �  ( % � 	 �  9  �  � � 8 � � � 

P = (x = 4) + p (x = 5 ) + … + p (x = 25 ) 
   = 1 – [ p (x = 0) + p (x = 1) + p (x = 2) + p (x =3)] 

   = 1 - 
( ) ( ) ( )
( ) 






















+







+





+







223
25
3

232
25
2

24
25
1

25
25
0

5
4 

5
1 

5
4 

5
1  

5
4 

5
1   

5
4 

5
1 

  

   =  1- (0. 0037 7 7 7  + 0. 0236110 + 0. 07 08 336 + 0. 135 7 644) 
   =  0. 7 66 

 
10( � �            3 �  �  K 
 � �  � � Z )  � � �  � �  I � 
 
 � �  � � Z ) � �  � � � �  � �  � 
 2 � �

           9 2 � � G �  ( % � 	 G �  (  0 ) G �  9  �  K 
 � �  � �  � 
 � � � �  � �  ( � � � 8  ( � 
 � 6
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         ( � � � 8  ( � 
 � 6  I � 
 
 � �  � � Z ) � �  9  �  K 
 � � �  ( 0 � 
 
  � 
 � 
 � ? �
; � 
 ) � �: 

 p = ( ) ( ) 
























 01
1
1

40
4
0 3

2 
3
1   

3
2 

3
1  

   =  
243
16  

3
16  

3
1 

3
2

5

4
==


  

   
� �    

 P = 
243
16     

3
1    

3
2    

3
2    

3
2    

3
2 =××××  

 
11(  D �    x / � 4  � � � � �  � � � 
 � � � �  � � �  � " � �  x! �  ( � � � � � �   :0 E  1 E  

 ...6  
            � 
 2 � � � �  � 
 2 � � � �  � �  
 � 
 � �  K � 
 � � �  � � � �  � �  � 
 � � � � =p =   
0. 30 
           � 2 � � � �  � 
 � � � �  � �  � 
 � �  	 � M  K � 
 � � �  � � � �  � �  � 
 � � � � =q =  
0. 70 
          n =  6 

          � 
 2 � � � �  � �  � � � 
 � �  � 4 G �  9  �  ( � � % � �  � �  � � � " �  � �  � 
 � � � �  � �  
 � � � 
 � � � �  � � �  � � � �2 � �  3 � �  4 � �  5 � �  6 � �   

 P (x ≥  2)  = 1- p (x < 2) 
            = 1 – [ p (x = 0)  +  p(x = 1)] 

 � H 2 � � � 
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  P = 1- [  ( ) ( ) 516
1

606
0 (0.7) (0.3)     (0.7) (0.3) + ] 

    =   1  – ( 0 . 1 1 7 6 4 9   +   0 . 3 0 2 5 2 6 ) 
    =   0 . 5 7 9 8 2 5  
 

12(    � 2 � 
 �  � H 6  �  
 � �  * 2 � �           9 2  �  � 2 2 � � �  	 � 2 � + � + � � 	 �  �  �  � �  
� 2 4 G �  D �x / � 4  � � � � �  3 � � 
 � � �  � � 	 � � + � + � � 	 � � �  � � �  	 � 1 � � � �  � " � �  

x ! �  ( � � � � � �   
)10 E   ... E2 E  1 E  0( 

 � 
 � � � �  � 
 � � � �  = �  
  D � 4 �  � 
 � � � � =p =  0. 1 
 � � � � �  � 
 � � � � = �  
  D � 4 �  / � �  � 
 � � � � =q =  0. 9 

             n =  10 
    �  
  D � 4 �  � 
 � � � � =� �   �  
  D � 4 �  / � �  � 
 � � � �  A 4 
 �  � � = � � � �

 � � % �  
 &  �  � � � �  � �  � 
 � � � �  A 4 
 � 
 P  =  1  –  ( )10

0  ( 0 . 1 )0 ( 0 . 9 )10   =   1   –  ( 0 . 9 )10 
                =   0 . 6 5 1 3  
 

13(  ; � 
 ) �  � � � � � �  ! 0 
 � "  * � + � �  �  * 4 � � � �  � �  ! � 
 ) � � �  � ) � � �  np  

 ) �  � � � � � �  ! 0 
 � "  * � + � �  �  � � 
 � � � � �        ; �npq  

          n p  =  9  … … … … … … … .  ( 1 ) 
          n p q  =  

5
18  … … … … … …  ( 2 ) 

 � � � � � �)1 ( 
 �)2 ( 
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    9 q  =  
5
18
     

   q  = 
5
2  

45
18

=  

p  = 1 - 
5
3  

5
2 =  

 ( � � 4  $ � � % � �P ! �  )1( 
n =  9  ÷ 15    

3
45    

5
3

==  
 

14( 
  35 =  n 
  0. 2 =  p 
  0. 8 =  q 
   * 4 � � � � =np 
   � � 
 � � � � =npq 

 µ  = np 
∴  µ  = 35  (0. 2) =  7  

2σ  = npq 
2σ  = 7  (0. 8 ) = 5 . 6 

 
15 ( D �x 2 �  � � � � �  E  F � � � � � �  ( � � 8 � �  ! �  5 
 � 
 G �  � � �  � " � �  x * � + � �  

( � � 8  � �  ! �  � � � �  J � 
  � ) � � � �  � � ) � � � 
1    

232
232    ==λ  
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      i( 
 f  ( x)  =   

!x
   e xλλ−  

 p  ( x =  2 )  =    f ( 2 )  =    !2
(1)  e 21−  

  =  e-1 / 2   =   0 . 1 8 3 9  
 C 2 � �       

  e-1 =  0 . 3 6 8   
     ii( 
 P  ( x < 2 )  =   ∑

=

−1

0x

x1

!x
(1) e  

     =   e-1  ( 1   +   
11
1 ) 

    =   2  e-1 
    =   0 . 7 3 6  
 

16 ( D �x � � ) � � �  * � + � �  
 & �  � � � � �  � � % � � �  	 & � � �  ! �  C � � � � � �  � � �  � " � �  
 3 � �  % �  ; H � � =4 

     i( 
  f ( 0 ) =  !

04

0
)4( e−  

         =   e-4 
         =   0 . 0 1 8  

     ii( 
  P (x ≤3) = ∑ λλ

!

x-

x
)( e   
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   = p (x  =  0)  +  p (x  = 1)  +  p (x  =  2)  +  p (x  = 3) 
  f(0)  =  e -4  =  0. 018  

  f(1) =  !

4

1
4 e−   =  0. 07 2 

  f(2)  =  !2
(4)  e 24−

  =  0. 144 

  f(3)  =  !3
(4)  e 34−

  =  0. 19 2 

  f ( x  ≤  3)  =  0. 426 
 

17 ( D �x � � % � � 	 � � �  � � �  ! � �  	 � 1 � � � �  ! �   
  ( � � 4 � � �  ! �  � � % � � 	 � � �  � � �  � ) � � � =

5
2    =λ 

 � � � ! �  � � % � � 	 � � �  � � �  � )5 , 0 
 4 �   =2 
  ! �  � � % � � 	 � � �  � � �  � ) � � �10 , 0 
 4 �   =4 
 ∴ 2 =  λ, 0 
 4 �  I � 
  ! �    
  4 =  λ, 0 
 4 �  	 � �  ! �    

      i) P (x = 0) = f(0) = 
!0
2 e 02−

 

     = e -2 
     = 0. 135  
 

 ii) λ  = 4  P (x > 4) = 1-P (x ≤4) 
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   P (x ≤  4) = ∑
=

λ λ4

0x

x-

x!
  e   

  = P (x = 0) + P(x =1) + P(x =2) + P (x =3) + P(x =4) 
  f(0) =   e -4   =  0. 018  
  f(1) =   e -4 (4)   = 0. 07 2 

  f(2) =  !2
(4) e 24−

 = 8  e -4 = 0. 144 

  f(3) =   e -4 



6
64   =  0. 19 2 

  f(4) =  6
64

!4
(4) e 44

=

−

 e -4 = 0. 19 2 

       0. 618  
  ∴  P (x > 4)  =  1 – P ( x  ≤   4 ) 
    =  1  –  0. 618  
    =  0. 38 2  

18 ( D � x � � � � � 4 �  � . 
  � 8 �  ! � � �  ( � � � 
 & � �  � 
 � � 
 � � � �  � � �  	 � 1 � � � �  � " � �  
 3 �  % � �  � � ) � � �  * � + � �  
 & �  � � � � �2 =  λ 

  P ( x  = 4 ) = f (4) =  
4
2   e 42−

 

          =  
3
2   e -2 

          =      3
)135.0(2

=
3
270  

          =  0. 09 0 
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 19 ( D �x � � � � �  ( � � 8 � �  ! �  ( � � � 	 � � �  5 
 � 
 G �  � � �  	 � 1 � � � �  � " � �  
 2 �x 3 �  % � �  � � ) � � �  * � + � �  4    =λ 

 

  i) P (x = 0)  =  f (0)  =  
!0
2  e 42−

 

        =   e -4  = 0. 018  
 

  ii)        P(x ≥  2) = 1 – P (x  <  2) 

        =  1 – [ P (X  = 0)  +  (P(X  =1)] 
        =  1 – (0. 018   +  4 e -4) 
        =  1 – (0. 018   +  0. 07 2) 
        =  0. 9 1 

 
 

20 ( D �x 3 � � 	 � � �  ! �  K � � % � �  � � �  � " � �  6 ×  10/ � 4   
  2 �  � � � �x * � + � �   3 � �  % �  ; H � �  � � ) � � �λ==     10

(10)  (6)    6 
 

x!
  e xλλ− f(x)  =   

i)       P (x = 0)  = f(0)  =  e -6 =  
0. 0025  
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 ii) P (x ≥  1)  = 1- P (x < 1)  
= 1-P (x = 0) 
          = 1 – f (0)  
          = 1 - 0. 0025   =  0. 9 9 7 5  
 

21(  D �  x � " � �   2 � �  ! �  [ � 	 � � �  � � �500 	 � � 
  ∴  λ==     

200
500    5.2 

  !x
  e    )x(f

x- λ=
λ 

i) P  ( x ≤  2 )  =   f ( 0 )  +   f ( 1 )  +   f ( 2 ) 
         f ( 0 )  =  e -2 . 5  
         f ( 1 )  =  e -2 . 5  

         f ( 2 )  =   2.5-25.2
e 3.126  2

(2.5) e
=

−

 

        P  ( x ≤ 2 )  =   6 . 6 2 5   e -2 . 5   =   ( 6 . 6 2 5 ) ( 0 . 0 8 2 )  =  0 . 5 4 3 
 

  ii) P  ( x ≥  3)  =   1  – P ( x < 3) 
          =   1  - { }f(2)  f(1)  )0(f ++  

          =   1  – 0 . 5 4 3 
          =   0 . 4 5 7  
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22 ( D �x ( � � 4 	 � �  ! �  K� � % � �  � � �  � " � �  3  ×  7 /   

λ==λ=
λ

  2
21  11.5                       x!

 e  )x(f
x- 

i) P  ( x =  0 ) =  f ( 0 ) =  e -1 1 . 5  =  0 . 0 0 0 0 1  

ii) P  (  x ≤ 1 )  =  f ( 0 ) +  f ( 1 ) 
         f ( 1 )   =  e -1 1 . 5   1 1 . 5  

   f ( 0 ) +  f ( 1 ) =  1 2 . 5  e -1 1 . 5  =  0 . 0 0 0 1 2 6 6  
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 � � � �� � � � � � �� 

The Normal Distribution     
 

           
 2 � 	 " � ��  ( 2 � � 
 � � � � �  � 
 % � + � � � �  / � � � �  ! % � � � � �  * � + � � � �  	 � � % �
             � � 
 2 � � � � �  ! 2 �  7 	 � � 8 � �  * ' � �  � � � �  3 � �  � �  E  , . � � �  9  �  � 
 � % � ) �

   � � �  � 4 �  E  5 
 8 � � � �     � 
 % � + � � � �  � �  � 	 � " �  � � � �  3 � ) �  ,"( � % � � � � � "  H 2 
 J �
  3 � 	 � � � � � � �  � 
 % � + � � � �  / = % �  � ? �  @ � H �  E  3 � �  
 � � 	 4  . � �) � � � � �  � 
 % � + � � �

� + � � � � (    � � � � 
 � � � �  5 
 � 
 � � 
 % � + � � �)      / � 2 � � � �  3 � � � � � � �  / � � � �  � � �  , � 	 � � �
7 � � 
 � � � � (              � 2 �  	 2 � " �  ! 2 �  * � + � � � �  � H �  / � 
 � ) � �  E  3 � �  
 � � 	 4  . � �  H 
 J �

 � �  K	 
 � � � �    � � 	 
 � � 
 �  ! �  3 % ) � �  � 
 � � � 
 � ) �  3 � �  7 � � � � �  � � 	 
 � � 
 � �  ( � � 
 � 8

 � 	 � M �  3 � � 
 % � � �  � 
 % � + � � �  F 	 � � � � �  � 
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 �  � H 6X ! % � � � � �  * � + � � � �  3 �    )2,σµ (N 

 � � � �: 
  

i)       P ( )x σ+µ<<σ−µ  
ii) P ( )2x2 σ+µ<<σ−µ  
iii) P ( )3x3 σ+µ<<σ−µ  


� � ���  : 
        i)      z1 =   1)( −=

σ
µ−σ−µ  

      z2 =   1)( =
σ

µ−σ+µ
 

  ∴ P ( )1z1(P)x <<−=σ+µ<<σ−µ  
 � � �  ( � 
 ) � � �  � �  F 	 
 � �  � � �z = -1  �    z = 1 

 = � � �  ( � 
 ) � � �z = 1 �   z = 0  +   ( � 
 ) � � � � � �z = 0  �    z = 1 
 
 
 

            -1        0        1 
 ! � 
 ) � � �  � ) � � �  	 
 ) � �  � � � �  9  �  9 � � � � � �  � " 
 � � �  ( � � � � �0=µ  � 
 �

� � �  ( � 
 ) � � � z = -1  �z = 0 � � �  ( � 
 ) � � �  ; � 
 ) � z = 0 �  z = 1  
 � �
 � � � � � �  � �  ; � 
 ) � �  7 . � � � � � � �  ! �0. 3413 

Z 
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      ∴ P ( σ+µ<<σ−µ     x        ) = 0. 34 13  +   0. 34 13 
        = 0. 6 8 26  
        = 6 8 . 26  %  

 � � ! � % �  � H � �68. 26 % � � '  * � �  9 � � � � � �  � � �  ( � 
 ) � � �  D � � � �  � �
! � 
 ) � � �  � ) � � �  � �  � � � �  ; 	 
 � % �  � � 	 � � �. 

 ii) P ( )2    x     2 σ+µ<<σ−µ  
  z1 = 2      )2    ( −=

σ
µ−σ−µ   

  z2 = 2)2( =
σ

µ−σ+µ   

 ∴ P ( )2z2(P)2x2 <<−=σ+µ<<σ−µ  
 � � �  7 	 � 8 � � � �  ( � 
 ) � � �  ; � 
 ) � �z = -2 �  z = 0 +  F 	 � 8 � � � �  ( � 
 ) � � �

 � � �z =0 �  z =2 � � � � � �  � � �   
   = 0. 4 7 7 3 +  0. 4 7 7 3  
   = 0. 9 5 4 6  
   = 9 5 . 4 6  %  

   � � ; �95. 46 %  �  D � � � �  � �      � � � � 	 � � �  � � '  * � �  9 � � � � � �  � � �  ( � 
 ) � �
 	 � 8  ! � 
 ) � � �  � ) � � �  � �  � � � 	 
 � % �. 

 
 
 Z 
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      -2  2  
 iii) z1 = 3)3( −=

σ
µ−σ−µ  

z1 = 3)3( =
σ

µ−σ−µ  

 ∴ P ( )3z3(P)3x3 <<−=σ+µ<<σ−µ  

 � � �  7 	 � 8 � � � �  ( � 
 ) � � �  ; � 
 ) � �z = -3 �  z = 0 +  F 	 � 8 � � � �  ( � 
 ) � � �
 � � �z =0 �  z = 3� � � � � �  � � �  : 

   = 0. 4 9 8 7  +  0. 4 9 8 7  
   = 0. 9 9 7 4  
   = 9 9 . 7 4 %  

 
   � � ; �99. 74 %            � � 2 '  * 2 � �  9 2 � � � � � �  � 2 � �  ( � 
 ) � � �  D � � � �  � �3 

 ! � 
 ) � � �  � ) � � �  � �  3 � 	 
 � % �  � 
 � � 	 � � �. 

-3                                      
3 

 

 

  
 

 

  
   
 

  
 
 

 

 
%99.74  
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 � �� � �� 
� � �� � �	� �� 
������� � �� ���� 

 
1. �  � �( � � 
 � � �  � � 
 � � � � �  � � � � ; 	 
 � % � � �  ! % � � � � �  * � + � � �: 

i)     (0. 7 < z<   0 (P   )0. 2580( 
ii)    (1. 2 < z<   0 (P   )0. 3849( 
iii)   (0 < z<   1R (P   

 )0. 3413( 
iv)   (0. 96 < z<   0. 82R (P   

 )0. 6254( 
v)    (R0. 6 < z  (P   )0. 2742( 
vi)    (1. 1R > z (        P    )0. 8643( 

   
2.  � � �  ( � 
 ) � � �  � � � �0. 5R =  z 

 
3.  ! 0 � � � % � �  	 � 1 � � � �  � 
 �  � H 6x ! % � � � � �  * � + � � � �  3 �  N (2,  1) � � � � : 

i )    (4 > x  (P    )0. 0227( 
ii )   (2 < x < 0 (P     )0. 4773( 

 
4.             
 2 & � �  
 2 � % � � �  3 2 � + � �  � 
 % � 
 � � �  T � � �  K. �  � � � � � � � 
 �  � H 6

      ! � 
 ) � � �  3 � ) �  ; H � �  ! % � � � � �  * � + � � � �68. 50    3 2 � � 	 � � � �  3 8 � �  
 ; 	 
 � % � � �2. 33 8 � �   : 
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 i(           � � + �  ( % � 
 � � �  � �  K� 
 �  ; � � � �  � �  � 
 � � � �  � �  
 �
 � �6 / � � 4 � )723 8 � �  ) (0. 0643.( 

ii(           � � �  / & � � � � � � � � 	 � �  � � H � �  ( % � 
 � � �  ! �  3 �  � � �  ( � ) �  ! �  
 �
70 �  72 3 8 � �  )0. 1935( 

 
5.     � � � � � � � 
 �  � H 63000        � 
 2 � �  ! % � � � � �  * � + � � � �  � � �  H 
 � �  K� 
 �  

 ! � 
 ) � � �  � ) � � �       ; � 
 2 ) �  � � � 2 � G �  7 H & �  170    � � 	 2 � � � � �  / 2 )
 ; � 
 ) �  
 & �  ; 	 
 � % � � �5 / ) : 

i(  � �  	 " � � / & � � � � � � � H � �  ( �  � � �  ( � ) �  � � � �185/ ). 
ii(  � �  / & � � � � � � � + �  � � H � �  ( �  � � �  � � �  � � � �185/ ). 
iii(           � 2 ) � � � � �  , � 2 �  / & � � � � � � � H � �  ( �  � � �  ( � ) �  � � 
 �  � H 6

      � � � � �  � � % �  � � �  � �  � 4 ��x   � �  0. 2881    � 2 �  
 � �  
O� � � � �  � H �. 

 
6. 6     ! 0 � � � % � �  	 � 1 � � � �  � 
 �  � Hx         3 � 2 ) �  ; H 2 � �  ! 2 % � � � � �  * � + � � � �  3 �  

 ! � 
 ) � � �80 ; 	 
 � % � � �  3 � � 	 � � � �  0. 30� � � J �  : 
i( )80. 36 ≤ X (P 
ii(  � � % � �C � 
 �  � H 6 0. 95) =  C ≤ X ( P 

 
7.             
 & � �  � �  	 � 4  � � � �  � � $ � 	 � �  	 � G �  � �  
 � � �  W � � �  * � 8 �4

1 
           * � + � �  
 & �  * � 8 � � �  � H �  Q 
 � � �  � �  	 � G �  	 
 � 4 � � � � � �  7 	 � 
 � 
 � �  / )

    ! � 
 ) � � �  3 � ) �  ! % � � �2. 5    ; 	 
 � % � � �  3 � � 	 � � � �  / �0. 0025   E  / 2 �
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              � � 2 �  
 2 � 	 � 4  � � � 	 2 � �  ! 2 � � �  	 � a �  ( � � 0 � � �  ( � ) � � �  ! �  
 � �
2. 4951 �  2. 5049O/ � 

 
8.       � � 
 % � �  	 � � � ) � � �  � 
 �  � H 64      ; 	 
 � % �  � � 	 � � 
 �  ( � 
 ) � �  ! �  	 � � 
 � �  

0. 50            ( � 2 ) �  ! �  
 � �  
 � % � � �  
 % � + � �  * � � �  	 � � G �  � � 
 �  � H 6�  	 
 � � �
 � � �  
 �  � 	 � � � � ' 
 � � �  � � H � �  � 
 � % � �2. 5 �  3O( � 
 ) � �  ! �  	 � � 
 � �   

 
9.        ! 0 
 � 	 & � � �  � 
 � 8 � � �  	 � �  � ) � � �  � 
 �  � H 61500    � � 	 � � 
 2 �  ( � 
 )  

 ; 	 
 � % �50 � 
 � � � �  � �  
 � �  
 � % � � �  
 % � + � �  * � � � �  ( � 
 )   : 
i(  � � 4  , 	 � � � )  
 � 
 � 8 �  � �1400( � 
 )  . 
ii( �  � 6 � �  	 " � � S � % � )  
 � 
 � 81550( � 
 )  . 
iii(  � � �  
 �  S � % � )  
 � 
 � 8 �  
 � 61450 �  1550( � 
 )  . 

 
10.         ; � 
 ) �  3 � �  3 � 
 � � � �  � + �  � 
 � � � �  � �  , � � � 8  10   I 2 � � � 

(O U NCE S ) ; 	 
 � % �  � � 	 � � 
 �  1. 5 3 � + � �  � 
 � � � �  � � + � ��  I � � � 
           � � 2 �  
 & � + �  * � �  ! � � �  � 
 � 
 � � � �  ( � ) �  ! �  
 � �  
 � % � � �7. 9   �  12. 4 

OI � � � 
 

11.    6 � 
 � � �  � � 
 �  � H 6         * 2 � + � � � �  
 2 & �  ( � ) � �  ! �  � 
 � 	 � � �  T � �
    3 � ) �  ; H � �  ! % � � � � �100        ; 	 
 2 � % � � �  3 2 � � 	 � � � �  	 
 � � �  � � �  �  5 

 	 
 � � �  � � � . � : 
i(  � �  � � + � )  ( � 	 � � �  � 
 � � �  � �  � 
 � � � �  � �  
 �  100	 
 � � �  � � �  �  . 
ii(  � �  � � � )  ( � 	 � � �  � 
 � � �  � �  � 
 � � � �  � �  
 �  100	 
 � � �  � � �  �  . 
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 iii(           � � 2 �  � � � � )  ( � 	 � � �  � 
 � � �  � �  � 
 � � � �  � �  
 �  100   �  110 
	 
 � � �  � � �  �. 
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 � �� � �� 
� � �� � �	� �� 
� 
)������� � �� ����( 

 
1 . � � � � � �  � �  ( � �  � � � �  � � 
 � � � � �  � � �27 	 � 
 � �  , �  � � 
 �  . 
 
2 .  ! 2 2 �  ( 2 2 � �  � � � �  ( � 
 2 2 ) � � �

       � � 2 � � �  ! 2 �  ( 2   = � � �  ( � 
 ) � � �
    � � 2 �  F 	 � 8 � � � � �∞R   �  0. 5R 

       � 2 �  ( � 
 2 ) � � �  � " 
 � �  ! � �0.5 
  9 � �∞      � 2 �  ( � 
 2 ) � � �  A 4 
 �  

 9 � �  	 � 80. 5 � � � � � �  � � �   = 
     0. 3085 =  0. 1915 – 0. 5 
 
3 .; 	 
 � % �  * � + � �  9 � 6 ! % � � � � �  * � + � � � �  � � � � 
i( 

σ
µ= -z

 z 
 2

1
2-4 z == 

      ∴ P (X > 4 ) = P (z > 2)  
            =  0. 5  – 0. 4 7 7 3 
            = 0. 0227  
 

 ii ( 2-    
1
2  -  0    Z1 ==  

 

-0 . 5  Z 
0       2  



18 0  

   0   1
2  -  2    Z2 == 

     ∴    P (0 < X < 2)    =  P  (z > 2) = P (-2  <  z < 0) 
         =  P (0  <  z  <2) 

    
=  
0. 4 7 7 3 

 

4  . 
i. 

Z  = 
σ
µ - x  

   = 
2.5
3.5  

2.3
68.5 - 72

=  

   = 1. 5 2 
∴ p  (x > 7 2) = p  (z > 1. 5 2) 
                    = 0. 5  -0. 4 35 7  
                    = 06 4 3 

 

ii. 
z1 =  2.3

68.5 - 70   = 0. 6 5  

z2 =  2.3
68.5 - 72   = 1. 5 2 

∴ P (7 0 < x < 7 2) = P (0. 6 5  < 
z  < 1. 5 2) 

 

 
0     

 

 
  
  



18 1 

 
                    = 0. 4 35 7  – 0. 24 22 
                    = 0. 19 35  
 

5  . . i 
z = 3   

5
170185

=
−  

∴ P (x > 18 5 ) = P ( z > 3 ) 
                      = 0. 5  – 0. 4 9 8 7  
                      = 0. 0013 

ii. 
3000 =  %  100 
    x   =  %  0. 13 
x = 100.0

(3000) )0013.0(  

   = 3. 9  ≅  4  

 
 
 
 

iii. 
z  =   

5
170     -     x  

     ( � � 4  � �  � � � � � �  � � �    z  7 	 = 
 � � � �  
 ( � 
 ) �  �0. 2881 ! �  0.8 

∴ 0. 8  =   
5
170 - χ  

      x   =   174 

 

0               3  

  
    

 
    

x           0  

 

0 . 28 8 1 
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6. i. 

Z  =  1.2   
3.0

 80 - 36 - 80
=  

)2.1  z ( p     ) 80.36   x  (  p  ≤=≤∴  
                        =  0. 5  +   0. 38 49  
                        =  0. 8 8 49  

 

ii. 
z =   

3.0
80    c −  

        ( 2 � � 4  � �  � 2 � �  � � � � � �  � �z 
  ( � 
 2 2 ) �  �  ( 2 2  � 
 � � � �)0. 50 – 

0. 95 (   ( � 
 ) �  �  ; �0. 45  ! �  
1. 64 

∴  64.1
3.0
80     c

=
−  

∴  c  =  8 0. 49 2 

 
 
 
 

          
444 3444 21
                                    

 ������� 	
� ���
 =0.95 
    � ��  �� ������ �� 
� �0.4 5     � �� � � � �� �� � � �� � �  

 � � � � �  �� � �∞ � � ! " ��  ∞− � � � ∞ 
7. 

z1 =   96.1
0025.0

5.24951.2
=

−  

z2 =   96.1
0025.0

5.25049.2
=

−  

∴ P (2. 49 51 < x  < 2. 5049 ) =  P 
(-1. 9 6  < z < 1. 9 6 ) 
                           =  2 (0. 4750) 

 

1 .2  

 
 

  
  

  
 
    

0           0  

 

0 . 4 5  

-1. 9 6                
1. 9 6  
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                           =  0. 9 5 

8. 
z1 =  3-  

5.0
45.2
=

−  

z2 =  2-  
5.0
43
=

−  

∴ p (2. 5 < x  <3) =  p  (-3 < z <-
2) 
                    =  p  (2 < z < 3) 
                    =  0. 49 8 7 – 0. 4773 
                    =  0. 0214 
 

 

9. i. 
z =  

50
1500 - 1400  =  -2 

∴ p  (x  < 1400)  =  p  (z < -2 ) 
                          =  0. 5 – 0. 4773 

=  0. 0227 
ii . 

z =   
50
1500 -1550  =  1 

∴ p  ( x  > 1550) =  p  (z > 1 ) 
                          =  0. 5 – 0. 3413 

 

-3      -
2 

 -2       0  

 
0        1 
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=  0. 158 7 
 
 

iii. 
1z  =  

50
1500 - 1450  =  -1 

2z  =  1  
50
1500 - 1550

=  

∴ p  (1450 < x  < 1550) =  p  (-1 
<  z  1< ) 
                              =  2 (0. 3413) 
                              =  0. 6 8 26  

10 . 

1.4  
1.5

10 - 7.9   z1 ==   

1.6  
1.5

10 -  12.4   z2 ==  

∴ p  (7. 9  < x  < 12. 4 ) =  p  (-1. 4 
< z < 1. 6 ) 
                    =  0. 419 2 +  0. 4452 
                    =  0. 8 6 44 

 

11. 
i. 

 

 

-1        0          
1 

 

  -1. 4          0         1. 6  
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z =   0   

5
100 -  100

=  

p  ( x  > 100 ) =  p  (z > 0 )   =  0. 5 
 

ii. 
z =   0   

5
100 -  100

=  

p  ( x  < 100 ) =  p  (z > 0 )   =  0. 5 
iii. 

0  
5
100 - 100  z1 ==  

2  
5
100 - 100  z2 ==  

∴ p (100< x < 110) = p (0 < z < 
2) 
                             =  0. 4773 
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 ��� ���� �	
��� 
� 
 �� ��� 
 � 

 
1R   
 & �  (  0 
 �  	 
 � � 
 �  ! �  ( � 0 � � � % � �  ( � 	 � � � �  � � � �3   � � � 2 ) � �  � 
 2 � � �  

 � 
 � � G �  5 � Z �    F � � � � �  � )  ) � �  I � � � �  K ) �   .    � �  � 
 2 � � � �  K ) � �
� � � � �  (  0 
 %  �  � � � � .      

 )8/3( 
2R    � 
 �  � H 6A1   E  A2       ! 2 � � % � �  c � 	 � � �  ! �  � � " � 
 �  S     � 
 2 � �   0. 5 = 

P(A1)                       �  0. 7 = P(A2)  
 �0. 3 = P(A1 A2):   
i    ( � �A1 �  A2 � �  � 
 �  � � " � 
 �   

)     � � � �  ; � 
 ) �  �  
 � & � � 
 � � � �  D � � � �  � �  �(  
ii   (� � � �)A2 � �  A1 ( P    )0. 9(  
iii   ( � � � �)A1 R A2 ( P    )0. 2( 
iv  ( � � � �)A2  R A1 ( P   

 )� � � � ) �( 
3R    � 
 �  � H 6A    �   B        ! 2 � � % � �  c � 	 � � �  ! �  � � " � 
 �   S    � 
 2 � �  0. 4 =  

P(A)                         �   0. 7 = P(B)  
 �0. 3 = P(AB) � 
 � � � �  K ) � �   : 
i    ( � � " � 
 � � �  � � �  D � 4 �A  � �   B   )0. 8(  
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 ii   ( D � 4 �A� �   B
 � & �  �  I � � �     
 )0. 5( 

iii  ( D � 4 �  / � �A     )0. 6( 
iv   ( D � 4 �A D � 4 �  / � � �  B    )0. 1( 

4R  ( � � 
 � � �  C � � � � � �  � � 
 � � � �  � � � �  7 � � � �  7 	 �  � 	 �  � 	 � �  ! � � � : 
i    (A1 � � 	 � 
 = � �  � � � 4 	 � �  D � � � �  7   )36/6( 
ii   (A2 � �  	 " � �  � � 	 � 
 = � �  � � � 4 	 � �  D � � � �  10 

 )36/3( 
iii  (A3  � 4 	 � �  D � � � �             ; � 
 2 ) �  � �  � 2 �  � 2 4 �  � � 	 � 
 2 = � �  � �5

 )36/10( 
iv   (A4 � � % � �  2� 4 G �  9  �  7 � � � �  7 	 �  	 & =   

 )36/11( 
 

5R ( � � � �  � � 
 � � � � �  K ) � �  , � 
 ) � �  � � 	 � � � �  I � �  ! � : 
i    ( � � G �  	 � � � �  � �  $ 	 �  9  �  ! � � +  D � � � � � �6 ) 6/3(  
ii   ( ! � 
 " � �  	 � � � �6! � � +  D � � � �  � �  $ 	 �  9  �     
)18/3( 
iii  (� +  D � � � � � � � �  � 4 �  D � � � � � �  � �  � �  �  � H 6  ! �5 ) 6/4( 
iv   ( ! � 
 " � �  	 � � � �6 � � G �  � �  $ 	 �  9  �  4   ) 6/1( 
 v    ( ; � 	 �  � � G �  	 � � � �  � �  � �  �  � H 6  ; � 	 �  D � � � � � � ) 18/9( 
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 6R           � �  ( 8 	 �  � � 
 �  � H 
 �  � � + M  9 � 6  
 % �  
 � & � � � 4 � � �  � � � 
 � 8  3 � � �
      ! �  � � + 1 � �  ( � 
 8 6  ! �  
 � & � �

3
1  �  K ) � J �       � � + 2 1 � �  ( � 
 8 6  � 
 � � �   .

 )9/5( 
7R    � � 
 �  � H 6A   P ) � �  20 %     � � 
 � �  � & % � � �  � 
 � 
 � 
  � �50 %  � 2 �

      P ) � �  
 � � � �  5 
 � 
 �  � � � �  
 & � 
 � 
 � 
B     � 2 � 
 � �  ! 4 
 � � �  90 %  � 2 �
  5 
 � 
 �  � � � �  
 & � 
 � 
 � 
 .        � 2 & % � � �  � 
 2 � 
 � 
  � �  K 
 � 
  K � )  � H ? �

5 
 � 
 �  � � � �  K 
 � 
 � �  � � � �  � �  � 
 � � � �  K ) � 
 � .   
 )0. 82( 
8R    � H 6  , � 
 ) � �  � � Z ) � �  ! �        5 
 2 � 
 �  3 � �  
 � 
 � 
  K � � ) � � �  K 
 � 
 � �  � 
 �  

 � � � �  � �  � 
 � � � �  � �  
 � �A   O 3 � � � �  ! � � �  ! �         
)0. 5555=18/10( 

9R          5 
 8 � � �  F � 
 �  ! �  K � 
 � � �  � 
 � �  � 
 � � � �  � 
 �  � H 6 =0. 40   � � � �  / �  
 � 
 � � � � : 

i    ( � � �  � �  � � � �  K � 
 �  - � � �  � �5K . �   ) 0. 2592(  
ii   (� 4 G �  9  �  � � � �  K � 
 �  - � � �  � �  ) 0. 92224( 
iii  ( - � � �  � �4	 " � G �  9  �  K . �    ) 0. 98976( 
iv   (� � �  - � � �  �  � �    ) 0. 07776( 

10R         D � � � �  9  �  � 8 � �  � �  � 
 � � � �  � �  
 �5     ! � 	  � �  � � 	 �  C . "  
 � 	 �  ! � 	 � +6 O � � 	 �     

 )0. 17342( 
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 11R        � � &  �  [ � 	 
 8 � �  ( � 
 8 6  � 
 � � � �  � 
 �  � H 60. 3    � � 2 �  � �  
 �  
      6  � 
 � � � �  � � � �  ! �  
 & 4 . � 6  / + . � �  P � 	 � � 8 � �   9  �  � � & � �  ( � 
 8

 � 4 G �80.% 
 

 � � � � � �   :   J � 
 � �  � 
 � � � �  =0. 7 
    d � 
 �  P � 	 � � 8 � �  � 
 � � � � =n)0. 7( 
    � �  K �  � � � �0. 8> 1-(0. 7)n    

0. 2R > (0. 7)n 
   0. 2  < (0. 7)n  

   (0. 7)1 =  0. 7  ,   (0. 7)2  =  0. 49 

   (0. 7)3 =  0. 743  ,   (0. 7)4  =  0. 2401 
   (0. 7)5 =  0. 16 8 07 

   � � �  P � 	 � � 8 � �  5 = n  ∴ 
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   � � 	 
  � � � � 
)1( 
 � � � � � � �  � � � � �  � � � � � �  � � 	e-x 

e-x x e-x x e-x x e-x x e-x x 

0.00034 8 .0 0.002 5 6.0 0.01 8  4.0 0.1 35 2 .0 1 .000 0.0 

0.00030 8 .1  0.002 2  6.1  0.01 7  4.1  0.1 2 2  2 .1  0.9 05 0.1  

0.0002 8  8 .2  0.002 0 6.2  0.01 5 4.2  0.1 1 1  2 .2  0.8 1 9  0.2  

0.0002 5 8 .3 0.001 8  6.3 0.01 4 4.3 0.1 00 2 .3 0.7 41  0.3 

0.0002 3 8 .4 0.001 7  6.4 0.01 2  4.4 0.09 1  2 .4 0.67 0 0.4 

0.0002 0 8 .5 0.001 5 6.5 0.01 1  4.5 0.08 2  2 .5 0.607  0.5 

0.0001 8  8 .6 0.001 4 6.6 0.01 0 4.6 0.07 4 2 .6 0.549  0.6 

0.0001 7  8 .7  0.001 2  6.7  0.009  4.7  0.067  2 .7  0.49 7  0.7  

0.0001 5 8 .8  0.001 1  6.8  0.008  4.8  0.061  2 .8  0.449  0.8  

0.0001 4 8 .9  0.001 0 6.9  0.007  4.9  0.055 2 .9  0.407  0.9  

0.0001 2  9 .0 0.0009  7 .0 0.0067  5.0 0.050 3.0 0.368  1 .0 

0.0001 1  9 .1  0.0008  7 .1  0.0061  5.1  0.045 3.1  0.333 1 .1  

0.0001 0 9 .2  0.0007  7 .2  0.0055 5.2  0.041  3.2  0.301  1 .2  

0.00009  9 .3 0.0007  7 .3 0.0050 5.3 0.037  3.3 0.2 7 3 1 .3 

0.00008  9 .4 0.0006 7 .4 0.0045 5.4 0.033 3.4 0.2 47  1 .4 

0.00008  9 .5 0.00055 7 .5 0.0041  5.5 0.030 3.5 0.2 2 3 1 .5 

0.00007  9 .6 0.00050 7 .6 0.0037  5.6 0.02 7  3.6 0.2 02  1 .6 

0.00006 9 .7  0.00045 7 .7  0.0033 5.7  0.02 5 3.7  0.1 8 3 1 .7  

0.00006 9 .8  0.00041  7 .8  0.0030 5.8  0.02 2  3.8  0.1 65 1 .8  

0.00005 9 .9  0.00037  7 .9  0.002 7  5.9  0.02 0 3.9  0.1 50 1 .9  
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   / 2 4 	  , 2 �  �)2  /     (! % � � � � �  9 � � � � � �  � � �  � 
 � 
 ) � � � 
 )A  � �  � � � � 	 
  � � 
 � 
  � �  � � � � � 
  � �  0 , 2(   

 
 
A Z A Z A Z A Z 

0.4 207  1 .4 1  0.326 4  0.9 4  0.1 8 08  0.4 7  0.0000 0.00 
.4 222 1 .4 2 .328 9  .9 5  .1 8 4 4  .4 8  .004 0 .01  
.4 236  1 .4 3 .331 5  .9 6  .1 8 7 9  .4 9  .008 0 .02 
.4 25 1  1 .4 4  .334 0 .9 7  .1 9 1 5  .5 0 .01 20 .03 
.4 26 5  1 .4 5  .336 5  .9 8  .1 9 5 0 .5 1  .01 6 0 .04  

        
.4 27 9  1 .4 6  .338 9  .9 9  .1 9 8 5  .5 2 .01 9 9  .05  
.4 29 2 1 .4 7  .34 1 3 1 .00 .201 9  .5 3 .0239  .06  
.4 306  1 .4 8  .34 38  1 .01  .205 4  .5 4  .027 9  .07  
.4 31 9  1 .4 9  .34 6 1  1 .02 .208 8  .5 5  .031 9  .08  
.4 332 1 .5 0 .34 8 5  1 .03 .21 23 .5 6  .035 9  .09  

        
.4 34 5  1 .5 1  .35 08  1 .04  .21 5 7  .5 7  .039 8  .1 0 
.4 35 7  1 .5 2 .35 31  1 .05  .21 9 0 .5 8  .04 38  .1 1  
.4 37 0 1 .5 3 .35 5 4  1 .06  .2224  .5 9  .04 7 8  .1 2 
.4 38 2 1 .5 6  .35 7 7  1 .07  .225 8  .6 0 .05 1 7  .1 3 
.4 39 4  1 .5 5  .35 9 9  1 .08  .229 1  .6 1  .05 5 7  .1 4  

        
.4 4 06  1 .5 6  .36 21  1 .09  .2324  .6 2 .05 9 6  .1 5  
.4 4 1 8  1 .5 7  .36 4 3 1 .1 0 .235 7  .6 3 .06 36  .1 6  
.4 4 30 1 .5 8  .36 6 5  1 .1 1  .238 9  .6 4  .06 7 5  .1 7  
.4 4 4 1  1 .5 9  .36 8 6  1 .1 2 .24 22 .6 5  .07 1 4  .1 8  
.4 4 5 2 1 .6 0 .37 08  1 .1 3 .24 5 4  .6 6  .07 5 4  .1 9  

        
.4 4 6 3 1 .6 1  .37 29  1 .1 4  .24 8 6  .6 7  .07 9 3 .20 
.4 4 7 4  1 .6 2 .37 4 9  1 .1 5  .25 1 8  .6 8  .08 32 .21  
.4 4 8 5  1 .6 3 .37 7 0 1 .1 6  .25 4 9  .6 9  .08 7 1  .22 
.4 4 9 5  1 .6 4  .37 9 0 1 .1 7  .25 8 0 .7 0 .09 1 0 .23 
.4 5 05  1 .6 5  .38 1 0 1 .1 8  .26 1 2 .7 1  .09 4 8  .24  

        
.4 5 1 5  1 .6 6  .38 30 1 .1 9  .26 4 2 .7 2 .09 8 7  .25  
.4 5 25  1 .6 7  .38 4 9  1 .20 .26 7 3 .7 3 .1 026  .26  
.4 5 35  1 .6 8  .38 6 9  1 .21  .27 04  .7 4  .1 06 4  .27  
.4 5 4 5  1 .6 9  .38 8 8  1 .22 .27 34  .7 5  .1 1 03 .28  
.4 5 5 4  1 .7 0 .39 07  1 .23 .27 6 4  .7 6  .1 1 4 1  .29  

        
.4 5 6 4  1 .7 1  .39 25  1 .24  .27 9 4  .7 7  .1 1 7 9  30 
.4 5 7 3 1 .7 2 .39 4 4  1 .25  28 23 .7 8  .1 21 7  .31  
.4 8 2 1 .7 3 .39 6 2 1 .26  .28 5 2 .7 9  .1 25 5  .32 
.4 5 9 1  1 .7 4  .39 8 0 1 .27  .28 8 1  .8 0 .1 29 3 .33 

  
 0          z 
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.4 5 9 9  1 .7 5  .39 9 7  1 .28  .29 1 0 .8 1  .1 331  .34  

        
4 6 08  1 .7 6  .4 01 5  1 .29  .29 39  .8 2 .1 36 8  .35  
.4 6 1 6  1 .7 7  .4 032 1 .30 .29 6 7  .8 3 .1 4 06  .36  
.4 6 25  1 .7 8  .4 04 9  1 .31  .29 9 6  .8 4  .1 4 4 3 .37  
.4 6 33 1 .7 9  .4 06 6  1 .32 .3023 .8 5  .1 4 8 0 .38  
.4 6 4 1  1 .8 0 .4 08 2 1 .1 33 .305 1  .8 6  .1 5 1 7  .39  

        
.4 6 4 9  1 .8 1  .4 09 9  1 .34  .307 9  .8 7  .1 5 5 4  .4 0 
.4 6 5 6  1 .8 2 .4 1 1 5  1 .35  .31 06  .8 8  .1 5 9 1  .4 1  
.4 6 6 4  1 .8 3 .4 1 31  1 .36  .31 33 .8 9  .1 6 28  .4 2 
.4 6 7 1  1 .8 4  .4 1 4 7  1 .37  .31 5 9  .9 0 .1 6 6 4  .4 3 
.4 6 7 8  1 .8 5  .4 1 6 2 1 .38  .31 8 6  .9 1  .1 7 00 .4 4  
.4 6 8 6  1 .8 6  .4 1 7 7  1 .39  .321 2 .9 2 .1 7 36  .4 5  
.4 6 9 3 1 .8 7  .4 1 9 2 1 .4 0 .3238  .9 3 .1 7 7 2 .4 6  

 . . .� � � � � � � � 
A Z A Z A Z A Z 

0.4 9 9 7  3.4 7  0.4 9 8 4  2.9 4  0.4 9 20 2.4 1  0.4 7 00 1 .8 8  
.4 9 9 8  3.4 8  .4 9 8 4  2.9 5  .4 9 22 2.4 2 .4 7 06  1 .8 9  
.4 9 9 8  .4 9  .4 9 8 5  2.9 6  .4 9 25  2.4 3 .4 7 1 3 1 .9 0 

        
.4 9 9 8  3.5 0 .4 9 8 5  2.9 7  .4 9 27  2.4 4  .4 7 1 9  1 .9 1  
.4 9 9 8  3.5 1  .4 9 8 6  2.9 8  .4 9 29  2.4 5  .4 7 26  1 .9 2 
.4 9 9 8  3.5 2 .4 9 8 6  2.9 9  .4 9 31  2.4 6  .4 7 32 1 .9 3 
.4 9 9 8  3.5 3 .4 9 8 7  3.00 .4 9 32 2.4 7  .4 7 38  1 .9 4  
.4 9 9 8  3.5 4  .4 9 8 7  3.1  .4 9 34  2.4 8  .4 7 4 4  1 .9 5  

        
.4 9 9 8  3.5 5  .4 9 8 7  3.2 .4 9 36  2.4 9  .4 7 5 0 1 .9 6  
.4 9 9 8  3.5 6  .4 9 8 8  3.3 .4 9 38  2.5 0 .4 7 5 6  1 .9 7  
.4 9 9 8  3.5 7  .4 9 8 8  3.4  .4 9 4 0 2.5 1  .4 7 6 2 1 .9 8  
.4 9 9 8  3.5 8  .4 9 8 9  3.5  .4 9 4 1  2.5 2 .4 7 6 7  1 .9 9  
.4 9 9 8  3.5 9  .4 9 8 9  3.6  .4 9 4 3 2.5 3 .4 7 7 3 2.00 

        
.4 9 9 9  3.6 0 .4 9 8 9  3.7  .4 9 4 5  2.5 4  .4 7 7 8  2.01  
.4 9 9 9  3.6 1  .4 9 9 0 3.8  .4 9 4 6  2.5 5  .4 7 8 3 2.02 
.4 9 9 9  3.6 2 .4 9 9 0 3.9  .4 9 4 8  2.5 6  .4 7 8 8  2.03 
.4 9 9 9  3.6 3 .4 9 9 0 3.1 0 .4 9 4 9  2.5 7  .4 7 9 3 2.04  
.4 9 9 9  3.6 4  .4 9 9 1  3.1 1  .4 9 5 1  2.5 8  .4 7 9 8  2.05  

        
.4 9 9 9  3.6 5  .4 9 9 1  3.1 2 .4 9 5 2 2.5 9  .4 8 03 2.06  
.4 9 9 9  3.6 6  .4 9 9 1  3.1 3 .4 9 5 3 2.6 0 .4 8 08  2.07  
.4 9 9 9  3.6 7  .4 9 9 2 3.1 4  .4 9 5 5  2.6 1  .4 8 1 2 2.08  
.4 9 9 9  3.6 8  .4 9 9 2 3.1 5  .4 9 5 6  2.6 2 .4 8 1 7  2.09  
.4 9 9 9  3.6 9  .4 9 9 2 3.1 6  .4 9 5 7  2.6 3 .4 8 21  2.1 0 

        
.4 9 9 9  3.7 0 .4 9 9 2 3.1 7  .4 9 5 9  2.6 4  .4 8 26  2.1 1  
.4 9 9 9  3.7 1  .4 9 9 3 3.1 8  .4 9 6 0 2.6 5  .4 8 30 2.1 2 
.4 9 9 9  3.7 2 .4 9 9 3 3.1 9  .4 9 6 1  2.6 6  .4 8 34  2.1 3 
.4 9 9 9  3.7 3 .4 9 9 3 3.20 .4 9 6 2 2.6 7  .4 8 38  2.1 4  
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.4 9 9 9  3.7 4  .4 9 9 3 3.21  .4 9 6 3 2.6 8  .4 8 4 2 2.1 5  

        
.4 9 9 9  3.7 5  .4 9 9 4  3.22 .4 9 6 4  2.6 9  .4 8 4 6  2.1 6  
.4 9 9 9  3.7 6  .4 9 9 4  3.23 .4 9 6 5  2.7 0 .4 8 5 0 2.1 7  
.4 9 9 9  3.7 7  .4 9 9 4  3.24  .4 9 6 6  2.7 1  .4 8 5 4  2.1 8  
.4 9 9 9  3.7 8  .4 9 9 4  3.25  .4 9 6 7  2.7 2 .4 8 5 7  2.1 9  
.4 9 9 9  3.7 9  .4 9 9 4  3.26  .4 9 6 8  2.7 3 .4 8 6 1  2.20 

        
.4 9 9 9  3.8 0 .4 9 9 5  2.27  .4 9 6 9  2.7 4  .4 8 6 5  2.21  
.4 9 9 9  3.8 1  .4 9 9 5  3.28  .4 9 7 0 2.7 5  .4 8 6 8  2.22 
.4 9 9 9  3.8 2 .4 9 9 5  3.29  .4 9 7 1  2.7 6  .4 8 7 1  2.23 
.4 9 9 9  3.8 3 .4 9 9 5  3.30 .4 9 7 2 2.7 7  .4 8 7 5  2.24  
.4 9 9 9  3.8 4  .4 9 9 5  3.31  .4 9 7 3 2.7 8  .4 8 7 8  2.25  

        
.4 9 9 9  3.8 5  .4 9 9 6  3.32 .4 9 7 4  2.7 9  .4 8 8 1  2.26  
.4 9 9 9  3.8 6  .4 9 9 6  3.33 .4 9 7 4  2.8 0 .4 8 8 4  2.27  
.5 000 3.8 7  .4 9 9 6  3.34  .4 9 7 5  2.8 1  .4 8 8 7  2.28  
.5 000 3.8 8  .4 9 9 6  3.35  .4 9 7 6  2.8 2 .4 8 9 0 2.29  
.5 000 3.8 9  .4 9 9 6  3.36  .4 9 7 7  2.8 3 .4 8 9 3 2.30 

        
  .4 9 9 6  3.37  .4 9 7 7  2.8 4  .4 8 9 6  2.31  
  .4 9 9 6  3.38  .4 9 7 8  2.8 5  .4 8 9 8  2.32 
  .4 9 9 7  3.39  .4 9 7 9  2.8 6  .4 9 01  2.33 
  .4 9 9 7  3.4 0 .4 9 8 0 2.8 7  .4 9 04  2.34  
  .4 9 9 7  3.4 1  .4 8 0 2.8 8  .4 9 06  2.35  
        
  .4 9 9 7  3.4 2 .4 9 8 1  2.8 9  .4 9 09  2.36  
  .4 9 9 7  3.4 3 .4 9 8 1  2.9 0 .4 9 1 1  2.37  
  .4 9 9 7  3.4 4  .4 9 8 2 2.9 1  .4 9 1 3 2.38  
  .4 9 9 7  3.4 5  .4 9 8 3 2.9 2 .4 9 1 6  2.39  
  .4 9 9 7  3.4 6  .4 9 8 3 2.9 3 .4 9 1 8  2.4 0 
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1R   
 & �  (  0 
 �  	 
 � � 
 �  ! �  ( � 0 � � � % � �  ( � 	 � � � �  � � � �3   � � � 2 ) � �  � 
 2 � � �  

     F � � � � �  � )  ) � �  I � � � �  K ) �  � 
 � � G �  5 � Z � .    � �  � 
 2 � � � �  K ) � �
� � � � �  (  0 
 %  �  � � � � .      

 )8/3( 
2R    � 
 �  � H 6A1   E  A2       ! 2 � � % � �  c � 	 � � �  ! �  � � " � 
 �  S   2 � �     � 
0. 5 = 

P(A1)                       �  0. 7 = P(A2)  
 �0. 3 = P(A1 A2):   
i    ( � �A1 �  A2 � �  � 
 �  � � " � 
 �   

)     � � � �  ; � 
 ) �  �  
 � & � � 
 � � � �  D � � � �  � �  �(  
ii   ( � � � �)A2 � �  A1 ( P    )0. 9(  
iii   ( � � � �)A1 R A2 ( P    )0. 2( 
iv  ( � � � �)A2  R A1 ( P   

 )� � � � ) �( 
3R    � 
 �  � H 6A    �   B   �  � � " � 
 �        ! 2 � � % � �  c � 	 � � �  !S    � 
 2 � �  0. 4 =  

P(A)                         �   0. 7 = P(B)  
 �0. 3 = P(AB) � 
 � � � �  K ) � �   : 
i    ( � � " � 
 � � �  � � �  D � 4 �A  � �   B   )0. 8(  



19 7  

 ii   ( D � 4 �A � �  B
 � & �  �  I � � �     
 )0. 5( 

iii  ( D � 4 �  / � �A     )0. 6( 
iv   ( D � 4 �A D � 4 �  / � � �  B    )0. 1( 

4R � 
 � � � �  � � � �  7 � � � �  7 	 �  � 	 �  � 	 � �  ! � � � ( � � 
 � � �  C � � � � � �  � : 
i    (A1 � � 	 � 
 = � �  � � � 4 	 � �  D � � � �  7   )36/6( 
ii   (A2 � �  	 " � �  � � 	 � 
 = � �  � � � 4 	 � �  D � � � �  10 

 )36/3( 
iii  (A3             ; � 
 2 ) �  � �  � 2 �  � 2 4 �  � � 	 � 
 2 = � �  � � � 4 	 � �  D � � � �  5

 )36/10( 
iv   (A4 � � % � �  2� 4 G �  9  �  7 � � � �  7 	 �  	 & =   

 )36/11( 
 

5R � � �  K ) � �  , � 
 ) � �  � � 	 � � � �  I � �  ! �( � � � �  � � 
 � � : 
i    ( � � G �  	 � � � �  � �  $ 	 �  9  �  ! � � +  D � � � � � �6 ) 6/3(  
ii   ( ! � 
 " � �  	 � � � �6! � � +  D � � � �  � �  $ 	 �  9  �     
)18/3( 
iii  ( � �  � 4 �  D � � � � � �  � �  � �  �  � H 6  ! � � +  D � � � � � �5 ) 6/4( 
iv   ( ! � 
 " � �  	 � � � �6 � � G �  � �  $ 	 �  9  �  4   ) 6/1( 
 v    ( � �  � �  �  � H 6  ; � 	 �  D � � � � � � ; � 	 �  � � G �  	 � � � � ) 18/9( 
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 6R           � �  ( 8 	 �  � � 
 �  � H 
 �  � � + M  9 � 6  
 % �  
 � & � � � 4 � � �  � � � 
 � 8  3 � � �
      ! �  � � + 1 � �  ( � 
 8 6  ! �  
 � & � �

3
1       � � + 2 1 � �  ( � 
 8 6  � 
 � � � �  K ) � J �     .

 )9/5( 
7R    � � 
 �  � H 6A   P ) � �  20 %     � � 
 � �  � & % � � �  � 
 � 
 � 
  � �50 %  � 2 �

      P ) � �  
 � � � �  5 
 � 
 �  � � � �  
 & � 
 � 
 � 
B   ! 4 
 � � �     � 2 � 
 � �90 %  � 2 �
  5 
 � 
 �  � � � �  
 & � 
 � 
 � 
 .        � 2 & % � � �  � 
 2 � 
 � 
  � �  K 
 � 
  K � )  � H ? �

5 
 � 
 �  � � � �  K 
 � 
 � �  � � � �  � �  � 
 � � � �  K ) � 
 � .   
 )0. 82( 

8R            5 
 2 � 
 �  3 � �  
 � 
 � 
  K � � ) � � �  K 
 � 
 � �  � 
 �  � H 6  , � 
 ) � �  � � Z ) � �  ! �
 � � � �  � �  � 
 � � � �  � �  
 � �A   O 3 � � � �  ! � � �  ! �         

)0. 5555=18/10( 
9R     �  � 
 � �  � 
 � � � �  � 
 �  � H 6     5 
 8 � � �  F � 
 �  ! �  K � 
 � � =0. 40   � � � �  / �  

 � 
 � � � � : 
i    ( � � �  � �  � � � �  K � 
 �  - � � �  � �5K . �   ) 0. 2592(  
ii   (� 4 G �  9  �  � � � �  K � 
 �  - � � �  � �  ) 0. 92224( 
iii  ( - � � �  � �4	 " � G �  9  �  K . �    ) 0. 98976( 
iv   (� � �  - � � �  �  � �    ) 0. 07776( 

10R         D � � � �  9  �  � 8 � �  � �  � 
 � � � �  � �  
 �5 . "      ! � 	  � �  � � 	 �  C
 � 	 �  ! � 	 � +6 O � � 	 �      )0. 17342( 
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 �  � H 60. 3    � � 2 �  � �  
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          9 2  �  � � & � �  ( � 
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 & 4 . � 6  / + . � �  P � 	 � � 8 � �
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 � � � � � �   :   J � 
 � �  � 
 � � � �  =0. 7 
    d � 
 �  P � 	 � � 8 � �  � 
 � � � � =n)0. 7( 
    � �  K �  � � � �0. 8> 1-(0. 7)n    

0. 2R > (0. 7)n 
   0. 2  < (0. 7)n  

   (0. 7)1 =  0. 7  ,   (0. 7)2  =  0. 49 

   (0. 7)3 =  0. 743  ,   (0. 7)4  =  0. 2401 
   (0. 7)5 =  0. 16 8 07 

     P � 	 � � 8 � �  � � �5 = n  ∴ 
 


