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� �2S� ?n7���2S� ?n7���2S� ?n7���2S� ?n7�� : : : :^��)�� ���2 8,9 ���S� qX�nD2 ��	�P^��)�� ���2 8,9 ���S� qX�nD2 ��	�P^��)�� ���2 8,9 ���S� qX�nD2 ��	�P^��)�� ���2 8,9 ���S� qX�nD2 ��	�PHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHrs�pr 
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�	 C���2 (�,��� ?$ ?UaR u���� ^��)��R %�L
W� ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHrv 
• ��
C��� 2� "�E7�� �	R j�7��?0�	ZS� �9 �	X�C��� d�6�S� �	R2 ?  HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHsw 
•  ?"�Z��� K���2 ���� %�6� 2� "��� l� B�. & �F�L�HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHss 
• =� �� �	�	�� (C9 59� 8,9 ����0�Z HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHsx 
• ?��M�W� C
y
 ��
�V��� �L,��� z��L�� ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHxw 
• ^��)�� ���2 * {O���� f@��2 =d����� f@�� �	R j�7��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHx| 
• ?�	���L�� 
��V7�� :�' 2� ���VL��R ?1�� ^��)��R %�L
W� ?  HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHx}    

� ~�#�� ?n7�� ~�#�� ?n7�� ~�#�� ?n7�� ~�#�� ?n7��  : : : :�	��4�� ?	���	��4�� ?	���	��4�� ?	���	��4�� ?	��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHps�opx    
•  8,9 :R �&C�1&� �	7	$2 �	��4�� ?	�� �  ��?^��)�� ���2HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHpp    
• ��	,9 ����2 �	��4�� ?	�� ��O 
������ ��Z�HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH|v    
• ?�	��4�� 56�� �6	.�6	� -�C  ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHvw    
• �
CRS� 2� �
C��4��R ����9&�HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH�p    
• � �	�4��� �	��4�� 2�	��4,� �
����
� �C��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH�|    
• ?(C��� �� �	;�i�&� 
�L	4V�� ��)� ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHowx    
• ���� -@2 %�O C��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoow    
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• 9 �F��?���7�� �@�P2 �	���$ �	_a� �HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoox    
• ?���7,� �@�P ���2 8,9 �	;�i�&� 
�L	4V�� �C� ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoox    
• ?"���L�� "��L�� 
�L	4� �9 �F��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHorw    
• ?�L6�� ��VL��2 =��L�� 5����� * �	�	�O 
�
��&�� C��� ?  HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoro    
• ?�	X��& ���,�$2 �����#$ 0���4�� T��#�� c$��� ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHorv    
•  (C9 ���Z�;�L�� * �	��S� �	.�6�' 8,9 �L,9 ?	�� ���2HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHor�    
• ?:�W� �9 0��m�1&�2 0�Z ?$ �	47� �
�>�� ��U��� �6L
 ?  HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHosv    
• �	�6�� d�V7.&� ��1 �9 ��y4�� �MU (C9 ���ZHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoxr    
• ?�@�E�� �	��� ���
 �@�E�� �7O %�.�@ ? HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoxx    
• K�2�d2 ?n7�� �I  �U�DHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHoxv    

� {��#�� ?n7�� {��#�� ?n7�� {��#�� ?n7�� {��#�� ?n7��  : : : : ?	�� ?	�� ?	�� ?	���	RC���2 (�6OW�2 %���W��	RC���2 (�6OW�2 %���W��	RC���2 (�6OW�2 %���W��	RC���2 (�6OW�2 %���W�HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHopp�rxs    
• d�E��� ���� ��Z� G�RHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo|w    
• "�	M�� "�VZHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo|w    
• �����L�� 
��	�2h�� (�C)�1�R �
2d�� "�VZ 0��RHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo|x    
• =d�7OS� ?V4�� * �>���R �
2d�� "�VZ 0��RHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo|x    
• ��d�)�� ?6��� * :R����� 8,9 0��R �
2d�� "�VZ 0��RHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo||    
• )�� �_�d��� GLM��"��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHovx    
•  5	Ln����	4��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHovp    
• �	7���� �,6��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHovv    
• �9��� �,6��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo}p    
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• ��c�D�� ?R���� �	e C	����� �,6��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo}�    
• =h��6�� d�V7.&� �,6��HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo�x    
• �$i�L�� ������ �d��L�� "�1a� �,���HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHo�}    
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(1) A Mathematician's Apology- G. H. Hardy - 10 – p. 13 - London 1940. 
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(1) Saouter, Y., & Riele, H. (2014). Improved results on the Mertens conjecture. 

Mathematics of Computation, 83(285), 421-433. 
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(1) Russell, Bertrand. "Is There a God? [1952]" The Collected Papers of Bertrand 

Russell, Vol. 11: Last Philosophical Testament, 1943–68. Routledge. pp. 547–
548. Retrieved 1 December 2013. 



 
PT< <

54��M,� ���,R�@ �	������,� * ���L��� f��,�)
2  5��� ��� 2 ?���7��R � �L4��O ���L�
C�R ��L4M
, f��
 {�O���� %� ��,� ,0��Z =� * =d����� A� �i�
 & :�6� 

 ���
�� * �	9���� 8���' b�7�	��1 ^��
�E�� �I�� 2 ����
CL�� j���P C��O� ��d 8��,9
 =d������� %���6� ���9 -��#MR ���,� ,C��M,L�� ���D�� ���
�� *2 ��y��L�� �L C��O�

"d2�VL�� ��
CL��R %�6
 �LR��H 
�� q,).=d����� �	R2 {O���� �	R /��	�$ \@�� ���  %� 8�' �I   H %�2

:��R ���U�D B���9� (C���
 5��	��L� =d�������2 C��M,L��2 ��y��L��, ��������R2 
� �� ��)R %� h��R ���E� 5��	LV� �O��U ��  KC�O2 ��y�L�� %� 59c�
 �

"�	�$ �E��m� KI�� ,B�9C��H 
 


��V7�� :�' 2� ���VL��R ?1�� ^��)��R %�L
W� ? 
��V7�� :�' 2� ���VL��R ?1�� ^��)��R %�L
W� ? 
��V7�� :�' 2� ���VL��R ?1�� ^��)��R %�L
W� ? 
��V7�� :�' 2� ���VL��R ?1�� ^��)��R %�L
W� ? ?�	���L�� ?�	���L�� ?�	���L�� ?�	���L��  
 5 ����2 ��6L
 ��	M�� 
���X�6��2 %��6�� %� �����#
 %� "C�O�L�� �C 

^��D 8�' ���M�� %2CR, %��6�� ^�,)� ��	��$ 0�
c	7�� �	.��@ %�6� %aR +�F2 
 0�	OS� �	.��@ %�6� %aR2 \	��$ /��	47� K�	47�2 K�	RC�2N ��_�d���2 
���7E��

����	�E�� T���)�.&�2 HH����' Q���X�6�� ^��,)� ���	��$ �	4��7�2 � �	RC���2 ���	M�� 
�
 � ���2 ��9���2 %� -��#. %� ���C  �	��yL�� �M. ?R��L�� *2 ,\	��$ /��	47�

:���	.���R &2 :4�7�R ?��4��
 %� ��6L
 & :�.�2 ^����D ��� :�� C��R & %��6�� �I� , 
"C�O�L�� 5 ���
 ��L$ KC���� %� ��6L
 & ����6� ,5��. K�	4�� �	.���@ ����� H

�� �	.����@ %� 5��,�. �M���� \R����1� ^����)�� ����,�� ����1 ����V� 0���	OS�2 0���
c	7
%�6�� �	RC��,(�1W� A� /�CR� �d���
 &2 �.C�9 :	� +Z & �I 2  H (�1W��



 
PU< 

 l� %� \��LX�� d����
�������1aR 0�	��ZS� dC���
 , KI��  %� \���	�
 5��,�. �����6�2 
��6,� \�	��$ /��	4�7� (C��� %� ?	M�4�2 ��47�R ?��4� %� ?	M�4� T��1S� %

�	M�� 
��X�6,� &2 H%�6�� * l� � dC@ ���� �
��L�� T��1S� �6�. & �M��, 
 b���� &2 ?���� K��
 & �I 2N ��  A����� ���12 0�2C��� ��  0�7���� ��4�� ��  A����� ���12 0�2C��� ��  0�7���� ��4�� ��  A����� ���12 0�2C��� ��  0�7���� ��4�� ��  A����� ���12 0�2C��� ��  0�7���� ��4��

 ���n�� ?L���2 %�L
W� �  l� �;d ��12 ��2c�� �  T�V.W� ��12 ?$S� ���n�� ?L���2 %�L
W� �  l� �;d ��12 ��2c�� �  T�V.W� ��12 ?$S� ���n�� ?L���2 %�L
W� �  l� �;d ��12 ��2c�� �  T�V.W� ��12 ?$S� ���n�� ?L���2 %�L
W� �  l� �;d ��12 ��2c�� �  T�V.W� ��12 ?$S�
�I�6 2�I�6 2�I�6 2�I�6 2 QHH 5�� :4��7. -�@��� *2N?��V. QT���1S� G���R � ����>�� �	4�7� * 

K�����2 ?��	�� ���  �I��  ����,@2 ^����),� � ���4����, ]
 ���� ���  �I�� 2  :���' :��	,9 ^��,E
���VL��R ?1���� �E��m� 2� �	���L�� 
��V7��, �L.'2 N��L,9 Q (��	@ ���M�1�

��4��7�R ���	.�6�� ������M�� �,4��,1,2 N����L,9 Q ���6,LL�� KI��  %���6� ���M���1�
0���	L9 ���	�	�P 
���	��R ���	M��,2 N����L,9 Q^����)�� �����2 ������ ���� +���F ���	e H

 ]M� +��6L
 ?�R ,"C�O�L�� 59c
 �L$ ?�V�� 8,9 �	�2 5,��� 8,9 �	��� ���V
 ���� %��5��L9� ��� \���L� G	����� 8,9 ��., ?�	�� ��	���L�� 
���V7�� :���� 

 ��� �	� "� �>�� KI  %� �>. %aR ���  2� ��  ��,O * �	��4�� b�E�.� �  :��	@
N����1Q, ���LR �������  %� �	��O * ,:���W� ���  ����4��� /�F' ����� \����1 5��,�. & ����.�

 ^���)�� ����2 8�,9 ��M. :�R �C�4. �� �  0�Z ?6� ��L6O2 �	��4�� ��n��
�, ���,	�� �M�U * \��	�
 �.C
c
 :L6M
 =I�� %�.����2 :��1 5,�. 0�Z ?6� 

 5 C�
c
 ��	���L�� 
���V7�� :��' ����9 :�,�V
 ���1 ?�$2 ^���)�� ���2 8,9
.�L
'�	V��L��2 �	,	�C�� �	R %���� ,5����R \ H u��1 ?�7��R G���� %�$ %'2

 8�7. 2� ��	�	�E�� 
��	���2 �	.������ ���2 87.2 
�E��mL�� +,� �� 0�Z *
�
��M�W� B2�9C�� 8,9 �	,6��R T���� ^,m
 �6� ����R� , %S 5��� aED �I�



 
QL< <

 ����� ���  d����S� ���� l� �RC��
 ������ T����1S� �����2 
����_' ���C��	�9 * ���1�d
�	����1W� H +��,� "dC��@ ���7�R %���6
 =����L�� ���67,� �	Mn���� G������ %S2

%��6��2 "��	M�� "� ��>� <?���$ <�	MU <�	47� 5
C�� 8,9 �	.�����2 T��1S�, 
�� ���2 ��7�R �	�2 H ��$��$ 8�,9 ��@�E�� dCn�� �� 2 "������ �L�����

�	4L��� �9�LVL��, 8�,9 ��
2�. 
�9��7� ���2 �.CUd �F��  ����,R ��$�$
 5 CO� 0��2� �#� 
�9��7L�� +�,� -���U ���� �  �L��� �@�P %� 59c	

 
�9��7� ��� C����� �L��� �@�P %S A.�U %2CR �$�6�� �I  8,9 �
2����
 * ���Z��L�� ��4���� ����� /�F' �����,R 8��,9 ���@�E�� dCn��� ���  �L�����2 ���
2�.

���  �
2���� 
�9�7L�� ���2 H� :�� ���,� %��	e �	4�7� �I�  ?�P�R2 �	M�U �
"� �>,� <��$ �	e2, /�U� "����� �	e �L��� %' :� ���. &2 H 

 �� ��� 2 ]
 � \�	�Z :4�7�� l� :	� �4�
 ��C�9 %����� %� �>	� 5�7�� 0�4
=��L�� ��4�� �7. ���
 �I��, 0�	�ZS� :4�7�� �4��
 ��C��9 l� %� ���	�M��2 

S� +,� ^��D :.aR �	$I��� �  +�IR ��n�L�� %�6
� �RC��2 0�	Z, &��� :�.�2 
0���Z C���2 ���L� :.�M���1 K����2,0���Z ?��$ * ���L����2 ����L�� �O���U :�.�2 , 

���S� �I��� l� KdC@ =I�� ��4�� �7. Cn�L�� �	�2, :�.� l� ��L6O ��� %S 
  C@����1aR 0�	ZS� d, �L�  �	�� 0����� �I  %� l� ���2 8,9 ?	�C�� %� 59� �

I���� :����1 ���  l� /�F' ����1 :���(���1W� �����
 & � H ��4���� ?�� � ����U� ���L�
 �9�LV��2N��9C��L�� j��� G�R ��	� 5�7��D ����2 Q ��� T���1S� 
���_' %�

�
C�� ��U�, �,��4�� ���,�V. & :4�7. -�@��� *2 d���,� \�@��O' -��#. �M�� 
+�IR,0�Z �F' j��OW� 8,9 ��dC@ ���� bc�
 %� 8,9 d��@ l� %� =�  H 



 
QM< 

� 5	��� �R� ���
 �� 8,9 \�,�T��1S� 87. � :¥ 8,9 �
��V�� 5>9� �[� 5_ 8,9 �
��V�� 5>9� �[� 5_ 8,9 �
��V�� 5>9� �[� 5_ 8,9 �
��V�� 5>9� �[� 5_
C��	O����2 
��������2 AX�������C��	O����2 
��������2 AX�������C��	O����2 
��������2 AX�������C��	O����2 
��������2 AX������� : : : : d���6.�R &' 5���
 & C��	O���� %� ������� (����
' d���6.�R &' 5���
 & C��	O���� %� ������� (����
' d���6.�R &' 5���
 & C��	O���� %� ������� (����
' d���6.�R &' 5���
 & C��	O���� %� ������� (����
'

 ��ER�R &' :.�M�1 T��� C	O�� 
��_' �6L
 & :.� 0����� B�d �F�� ,T��1S� ��ER�R &' :.�M�1 T��� C	O�� 
��_' �6L
 & :.� 0����� B�d �F�� ,T��1S� ��ER�R &' :.�M�1 T��� C	O�� 
��_' �6L
 & :.� 0����� B�d �F�� ,T��1S� ��ER�R &' :.�M�1 T��� C	O�� 
��_' �6L
 & :.� 0����� B�d �F�� ,T��1S�
�� \�R��$ C�V� & -�.�2 ,:�R 0��� ��LR2 C�	O����R 5���� 
0�1 ,T��1S��� \�R��$ C�V� & -�.�2 ,:�R 0��� ��LR2 C�	O����R 5���� 
0�1 ,T��1S��� \�R��$ C�V� & -�.�2 ,:�R 0��� ��LR2 C�	O����R 5���� 
0�1 ,T��1S��� \�R��$ C�V� & -�.�2 ,:�R 0��� ��LR2 C�	O����R 5���� 
0�1 ,T��1S� � � � �

%����� �� T��1�� \���_' 5>9� ��6��%����� �� T��1�� \���_' 5>9� ��6��%����� �� T��1�� \���_' 5>9� ��6��%����� �� T��1�� \���_' 5>9� ��6��£NoQH 
 l� � dC@ ���� �	.�����2 �	������ A��� & ���� 0�	�.S� 
�
� 8�O ?R
 %� dC@ ��C��� �
C�� * �	,6�� "C9���� KI�� "�9��� T��1aR l� ��,�� %�6,�

 81�L� �M��� ^,7
�8���� ��@ ��4R K��a� �M��� K�n�R T��
 %� K���  :
 !$ oΨøŠ ym÷ρr'sù 4’ n< Î) # y›θ ãΒ Èβr& >Î� ôÑ$# x8$ |Á yèÎn/ t� óst7 ø9$# ( t,n= x4Ρ $$ sù tβ%s3sù ‘≅ä. 5−ö� Ïù ÏŠöθ ©Ü9$%x. ÉΟŠÏàyè ø9$# 〈 

N0������:|sQ H K�n�R T��
 %� K��� ?	X��1' ���� %�	��� �V7
 %� ��d� ��C�92
8���� ��@ �VM�� : ÏŒÎ)uρ 4’ s+ó¡oKó™ $# 4†y›θ ãΒ Ïµ ÏΒöθ s)Ï9 $ oΨù= à)sù >Î� ôÑ$# š‚$ |Áyè În/ t� yfy⇔ø9$# ( 

ôN t�yfx4Ρ $$ sù çµ ÷Ζ ÏΒ $ tFt⊥øO $# nοu� ô³tã $YΖ øŠ tã ( ô‰s% zΟÎ= tã ‘≅à2 <¨$tΡ é& óΟßγt/ u� ô³̈Β ( (#θ è= à2 (#θ ç/ u� õ°$#uρ ÏΒ É−ø—Íh‘ 

«!$# Ÿωuρ (#öθ sW ÷ès? †Îû ÇÚö‘ F{$# tÏ‰Å¡ø4ãΒ 〈 N"�����:|wQH 
LM� ����� �n�
 %� ��d� ��C�92 /�C� ��7MR T��
 %� K��� dCR (�
 

8���� ��@ �	$��L�� ¡	� ���d : $ tΒuρ |M ø‹tΒu‘ øŒÎ) |Mø‹ tΒu‘ �∅Å3≈ s9uρ ©!$# 4’tΓu‘ 4 〈 

N��7.S� :ovQ H 5
�� j��
 %� ��d� ��C�92� f���� �
�e * 0�47. � 2 
8���� ��@ 0�
�@S� ������ � c  8,9 dC�
 & ���� �,)��� c� %� � ��� :  

 ü“Ìh“èδuρ Å7ø‹ s9Î) Æíõ‹Åg¿2 Ï' s# ÷‚̈Ζ9$# ñÝÉ)≈ |¡è@ Å7 ø‹n= tæ $ Y7 sÛ â‘ $ wŠ ÏΖy_ 〈 N5
�� :rpQH 

                                           
No Q   0�7Z T��$ ?	,��� * ?X�4� 0����� dC���2 �L6M��2  � ,?	,����2No}�HQ 



 
QN< <


��
� KI�  ?�6�,%��6�� �	.���@ �d��D ���,$2 , l� � dC�@ ���,$2  8������
T��1aR,%� 5ed +,�  S� /�CR� zX����� +,� ^	�M� ���IR +,L� & T��1, ��6� 

5	>��� ?US� �I�� "�9���H 
* * * 



 
QO< 

  
  
  

  :الثانيالفصل 
  دليل السببية 

 



 
QP< <

 



 
QQ< 

    

  :الفصل الثاني
  ...دليل السببية

?^��)�� ���2 8,9 :R �&C�1&� �	7	$2 �	��4�� ?	�� �  ��?^��)�� ���2 8,9 :R �&C�1&� �	7	$2 �	��4�� ?	�� �  ��?^��)�� ���2 8,9 :R �&C�1&� �	7	$2 �	��4�� ?	�� �  ��?^��)�� ���2 8,9 :R �&C�1&� �	7	$2 �	��4�� ?	�� �  �� 
 ���&� ���	�2 CLn�� COS�2 (�	��� �M�� 51� 8���� l� 0�L1� 5>9� ��

 l (���� 8�m�� 8,9�0��Z ?�$ ��9  H :�� ^�,EL�� ���L6�� 8�,9 ���&� ���	�2
�1:.�M, "C�
�R B2d C�� <: N [l� [���1d A�� ?� �D� :��.� [l� [���1d A�� ?� �D� :��.� [l� [���1d A�� ?� �D� :��.� [l� [���1d A�� ?� �D� :��.�� �F��� �C [V4�L��  �F��� �C [V4�L��  �F��� �C [V4�L��  �F��� �C [V4�L�� 

 ]���
 �9C
 �«,n]
 !? ]�d ]���
 �9C
 �«,n]
 !? ]�d ]���
 �9C
 �«,n]
 !? ]�d ]���
 �9C
 �«,n]
 !? ]�d : : : : �-�.� �&' �:��' & �+��.� �� ]C[��Z]� �«.a�R �+]��a1� �«.' �5��,�� �-�.� �&' �:��' & �+��.� �� ]C[��Z]� �«.a�R �+]��a1� �«.' �5��,�� �-�.� �&' �:��' & �+��.� �� ]C[��Z]� �«.a�R �+]��a1� �«.' �5��,�� �-�.� �&' �:��' & �+��.� �� ]C[��Z]� �«.a�R �+]��a1� �«.' �5��,��
 !C� �O� � /� ]7 ]$ :� ¬� ]6
 ¬5 ��2 ¬C ���]
 ¬5 ��2 ¬C[,
 ¬5 �� =I��� ]C �L �n�� ]C �OS� !C� �O� � /� ]7 ]$ :� ¬� ]6
 ¬5 ��2 ¬C ���]
 ¬5 ��2 ¬C[,
 ¬5 �� =I��� ]C �L �n�� ]C �OS� !C� �O� � /� ]7 ]$ :� ¬� ]6
 ¬5 ��2 ¬C ���]
 ¬5 ��2 ¬C[,
 ¬5 �� =I��� ]C �L �n�� ]C �OS� !C� �O� � /� ]7 ]$ :� ¬� ]6
 ¬5 ��2 ¬C ���]
 ¬5 ��2 ¬C[,
 ¬5 �� =I��� ]C �L �n�� ]C �OS� H H H H [l� ]���1d ����� [l� ]���1d ����� [l� ]���1d ����� [l� ]���1d �����    

� : : : :N 8�E9� :R ?[� ]1 �F' =I��� [5�>9S� : [L1�R �l� ��a1 C�� K [C	R �47. =I���2 8�E9� :R ?[� ]1 �F' =I��� [5�>9S� : [L1�R �l� ��a1 C�� K [C	R �47. =I���2 8�E9� :R ?[� ]1 �F' =I��� [5�>9S� : [L1�R �l� ��a1 C�� K [C	R �47. =I���2 8�E9� :R ?[� ]1 �F' =I��� [5�>9S� : [L1�R �l� ��a1 C�� K [C	R �47. =I���2
T��� :R �[9 ]� �F'2T��� :R �[9 ]� �F'2T��� :R �[9 ]� �F'2T��� :R �[9 ]� �F'2QQNoQH 

 ����� %� �D�� {
CM�� §2�KC��� * ���
 /��d AL1 N : ~' 5�,�� ~' 5�,�� ~' 5�,�� ~' 5�,��
 A
C�R ��
 %���L�� ,+�� +
��Z & �C�O2 -.� &' :�' & CLM�� +� %aR +�a1� A
C�R ��
 %���L�� ,+�� +
��Z & �C�O2 -.� &' :�' & CLM�� +� %aR +�a1� A
C�R ��
 %���L�� ,+�� +
��Z & �C�O2 -.� &' :�' & CLM�� +� %aR +�a1� A
C�R ��
 %���L�� ,+�� +
��Z & �C�O2 -.� &' :�' & CLM�� +� %aR +�a1�

F �
 ,�dS�2 
�2�L4��F �
 ,�dS�2 
�2�L4��F �
 ,�dS�2 
�2�L4��F �
 ,�dS�2 
�2�L4�� ,��V�� +�a1� ~' ,(�	@ �
 �O �
 (��$W�2 ��V�� � ,��V�� +�a1� ~' ,(�	@ �
 �O �
 (��$W�2 ��V�� � ,��V�� +�a1� ~' ,(�	@ �
 �O �
 (��$W�2 ��V�� � ,��V�� +�a1� ~' ,(�	@ �
 �O �
 (��$W�2 ��V�� �
d���� �� +R F�9�2d���� �� +R F�9�2d���� �� +R F�9�2d���� �� +R F�9�2 H H H H ������ ���� ������ ���� ������ ���� ������ �����:R�M�US :R�M�US :R�M�US :R�M�US  : : : :�����@ ?��9� �5�R %2dC�������@ ?��9� �5�R %2dC�������@ ?��9� �5�R %2dC�������@ ?��9� �5�R %2dC�� : : : : l� l� l� l�

                                           
No Q    5@d ,%��O �R� �	MUN}�oHQ 



 
QR< <

5,9� :��1d25,9� :��1d25,9� :��1d25,9� :��1d2 H H H H��@��@��@��@ : : : : 5	>��� :L1�R l� �9� C�� KC	R �47. =I��2 5	>��� :L1�R l� �9� C�� KC	R �47. =I��2 5	>��� :L1�R l� �9� C�� KC	R �47. =I��2 5	>��� :L1�R l� �9� C�� KC	R �47. =I��2−−−− �
�2d *2  �
�2d *2  �
�2d *2  �
�2d *2 
NNNN5>9S�5>9S�5>9S�5>9S�QQQQ−−−−8E9� :R ?�1 �F'2 T��� :R �9� �F' =I�� 8E9� :R ?�1 �F'2 T��� :R �9� �F' =I�� 8E9� :R ?�1 �F'2 T��� :R �9� �F' =I�� 8E9� :R ?�1 �F'2 T��� :R �9� �F' =I�� QNoQH 

� {
CO +�I$2 ��1�6�� ��
� ?�N : [d [I��L�� ��R� ��
 [d [I��L�� ��R� ��
 [d [I��L�� ��R� ��
 [d [I��L�� ��R� ��
 ! ! ! ! ��� <��
� �=� =dC��� ��� <��
� �=� =dC��� ��� <��
� �=� =dC��� ��� <��
� �=� =dC���
��@ ? ]5>9� +�� [l� T��$��@ ? ]5>9� +�� [l� T��$��@ ? ]5>9� +�� [l� T��$��@ ? ]5>9� +�� [l� T��$  :  :  :  : ]-,@ ]-,@ ]-,@ ]-,@  :  :  :  : ]5,9� :]��1d2 ]l� ]5,9� :]��1d2 ]l� ]5,9� :]��1d2 ]l� ]5,9� :]��1d2 ]l�  H  H  H  H��@��@��@��@  :  :  :  : [d [I�L�� �R� �
 [d [I�L�� �R� �
 [d [I�L�� �R� �
 [d [I�L�� �R� �
  !  !  !  ! =dC�� =dC�� =dC�� =dC��

��@ ? ]5>9� +�� [l� T��$ �� <�
� �=���@ ? ]5>9� +�� [l� T��$ �� <�
� �=���@ ? ]5>9� +�� [l� T��$ �� <�
� �=���@ ? ]5>9� +�� [l� T��$ �� <�
� �=� : : : : ]-,@ ]-,@ ]-,@ ]-,@ : : : : ](��	��� ���M�� ��  &' :�' & ]l� ](��	��� ���M�� ��  &' :�' & ]l� ](��	��� ���M�� ��  &' :�' & ]l� ](��	��� ���M�� ��  &' :�' & ]l� H H H H
��@��@��@��@ : : : :��@2 =dCU * T�����@2 =dCU * T�����@2 =dCU * T�����@2 =dCU * T��� : : : : [l�2 [l�2 [l�2 [l�2 ! ! ! ! [� ¬��	[� [� ¬��	[� [� ¬��	[� [� ¬��	[� [d [I�L�� �R� ]5,��� + [d [I�L�� �R� ]5,��� + [d [I�L�� �R� ]5,��� + [d [I�L�� �R� ]5,��� +QNrQH 

{
CO2N : [�	��
�� [�	���  * ]5�>9S� [l� ]51� [�	��
�� [�	���  * ]5�>9S� [l� ]51� [�	��
�� [�	���  * ]5�>9S� [l� ]51� [�	��
�� [�	���  * ]5�>9S� [l� ]51� : : : :    öö öö//// ää ää3333 ßß ßßγγγγ≈≈≈≈ ss ss9999 ÎÎ ÎÎ)))) uu uuρρρρ    ×× ××µµµµ≈≈≈≈ ss ss9999 ÎÎ ÎÎ))))    ÓÓ ÓÓ‰‰‰‰ ÏÏ ÏÏnnnn≡≡≡≡ uu uuρρρρ    (( ((    HH HHωωωω    tt ttµµµµ≈≈≈≈ ss ss9999 ÎÎ ÎÎ))))    āā āāωωωω ÎÎ ÎÎ))))    

uu uuθθθθ èè èèδδδδ    ßß ßß≈≈≈≈ yy yyϑϑϑϑ ôô ôômmmm §§ §§����9999 $$ $$####    ÞÞ ÞÞΟΟΟΟŠŠŠŠ ÏÏ ÏÏmmmm §§ §§����9999 $$ $$####    〈〈〈〈    NNNN"�����"�����"�����"�����::::o|so|so|so|sQQQQ �%��L[9 [�� ]�M���2 , �%��L[9 [�� ]�M���2 , �%��L[9 [�� ]�M���2 , �%��L[9 [�� ]�M���2 , : : : :    $$ $$ΟΟΟΟ !! !!9999####    ∩∩∩∩⊇⊇⊇⊇∪∪∪∪    ªª ªª!!!! $$ $$####    II IIωωωω    tt ttµµµµ≈≈≈≈ ss ss9999 ÎÎ ÎÎ))))    āā āāωωωω ÎÎ ÎÎ))))    uu uuθθθθ èè èèδδδδ    

÷÷ ÷÷‘‘‘‘ yy yy⇔⇔⇔⇔ øø øø9999 $$ $$####    ãã ããΠΠΠΠθθθθ •• ••‹‹‹‹ ss ss)))) øø øø9999 $$ $$####    〈〈〈〈    NNNN����%��L9 �%��L9 �%��L9 �%��L9 �::::oooo     − − − −    rrrrQQQQQNsQH 

 ^����)�� 
�7��U �����. ����,�V� ����	.���2 8�4��M�� l� 0�L��1� �������2
j�,)L��2 ^��)�� �	R j�7�� ���.2 H ����� A�;��L�� 8��' ��
C� +�I$ � 2

:����@�,)LR ^����)�� 8��,9 �C�4���� ����	�' ���>��� ���m��
, ���	,���� z��V ]M�� KI���� 
 �	L,4L�� �	m� 8�O �� ��Zi1&� �6L
 �	9���� �,��4�� ��	,�9 ����V ]O %S

 ��L	>��� A�;��L�� +�,� ���2 ,(��1W� �Mn�R ^R�4�� 5	,4���2 %�L
W� �9
��ER��;2 �	��4��� 8���� �  ��,�a� �m��
 ����2 b���� ��	,9 ���� ����, f�	$2 

 ���&� 8�,92 ^���)�� �7�U 8�,92 j��,)L�� �7�U 8�,9 ���C�
 8���L�� �I  %�
                                           

No Q    5@d ,�2�� �R� ��1 �	MU * ~���S� :MMUNox�pHQ 
Nr Q    T��$ ,:M	MU * 5,4� :��D��U� �n�@2 �
���4�L�� ", ,f��6�� "d��1 ?��� T��R 

�1�6�� �
�2N }owQH 
Ns Q   5@d ,A��V�� �	MUN�}wHQ  



 
QS< 

^��)�� 8,9 j�,)L�� H ��e A;�� ���� �L� ��,	,V�� ��L	��� ~���L��R:�,�a� � H
 ��
�M� 8��' ����M� & ���� ������ ��� ��	#$ ��� C��� ��
CR �	��4�� -.�$ �L�2

����O �CV�� ���
 �� ���2 � ���L�,� �� %' ?R  �� ���L� ��
�M� ��9 {�M�
 �
 �
 C�� ]� ]KC 0�	�ZS� %S �I� 2 ,�	�7,6�L��2 �	��E��L�� ��C�9 * ����� �� �	#$ 

 & �M;����� �� ��6� ,^	@C����2 ��
�M��� ��� ��	#$ 8��' ����M� ����
 �5�VO 
 ��L	@ ���	�1 ,�	��4��� ?�	�� ���O "C�O�L�� :�1d�� =I��� �	m����2 um,��

:ER��;2 �	��4�� 8��� 
d�O ���� �L	>��� 
�
�� KI H 
 l� 8��e2 Kc�V92 0��Z ?�$ ���� � ��>� 5� � CO� �  �	��4��� ���� 

�9 K��e2 l� �	��	@ 8��� C4V� C4V� �D� �.�� ��2 ,�.�� �� 0�Z ?$ 
�����O %��$ ��L�� ��R�R�� "d����� ����2 
��@�,)L�� ?$ ���O2 ��� H 8����2

 ���9 c��V�
 /��2C��O2 qX�n��D �������� �I��  * 0���Z ?��6� %� ���  �	��4����
� �2�V�,�� ���2 T���1� C��� �F' � C��7
 ��	��I�� :nX�n)�  H qX�n�)��2

 qX�n�)�� �  �� ��n�&� �9 cV9 ���� ]
 5�� �����  n�M�����1� ?, * ���� 
 ]� �	���M�� ����� qX�n�)�� T���1� 0���1 T���1�� :����O2 K���� ��9 !��,�

�� fn�
 5� ���� (� �� fn�� H ?�$ ��9 ���m�� :4�7�R 5X����� (��	��� ���)R
�	m�� &2 �C��� &2 :��7U �2c� & =I�� ��1, 8,9 \LX�@ �	� � ���2 %S 

 %��6	� ��	�' ���7� T��1��� ���2 ��,9 �����R \�.� �� �����2� 2� �� ���2 H
^�,EL�� ���L6�� ��  (����� 8��m�� �I 2, (��	��� �	�R j��7�� �� 2 � ��� �	�R2 

K��1, �9 �7n�� KI  -.�$ +�I�2 � :X�L�1� ��� \L�1�2 l� 8�,9 \L,� H �F���
 ]�1 (�	��� �  KCO2 l� %� * 
�67� C�R & K���1 ��� ?�$ %� 5,�� %� +	,9 ?



 
QT< <

%�6
 %�2K�	m� /����7� \���M�  H &' ��  ��� �	��4���R :�	,9 ����d��� =I��� �I��
�	�	�� ��6�.�:  

�2S��2S��2S��2S� : -��� �� 
�7U2 qX�nD2 /��2CO %�6�� �I  * 0�Z ?6� %�
 8�Z��� :�L	�� ����� T���1S� ?�$ 0����� C��� ���2 ,-���c� �� ���2 T��1�

\�C9 %�6�2,K���2 T��1� 8�' \LX�� ���7� q@�. ��� H 
~�#��~�#��~�#��~�#�� :��V	���� :�� ?n�M� ��,� ��4��� C��� %��6�� �I�  * 0�Z =� %�, 

& ��� ?	n�M� ��9 c���9 0�Z ?6�:R���1� +�,L
 , ��9 c���9 ���� �������R2 
KdC@ �2�V� H 

d������ CO���� (�	��� 8,9 �C�2 ��7��2 q����2 cV��� ���� /�F' �	��4�� H
�6� �	��4��� (���7L� <������ 8���� �9 {M�. %� �.�d� ��2 5$��M�� %�.����� %�

0�Z ?$ 8,9 l� :;�� =I�� ,��	X�
c	7�� �	.������R (��	�� :	L4�. �� �  �I 2 ,
�	X�
c	7�� � ��>�� 56M� ��	�� g2�Z �9 "d��9 �	.����� KI��, %� ��6L
 ��� 

 "� ������>�� C��������Phenomenon  g2��������� +������F ?������@ 
C������2 �F' &'
Conditions� "� �>�� -Z�� g2���� -��� �F'2 �	X�
c	7�H 

 +��,�� \����2 ��� �	m�2 ���	X�
c	7�� �	.�����,� 0�	��ZS� b����D %���$ +�I���2
��_2CO 8,9 /�	�� �	.����� H C�� �  �	m��� %' F' �7���R (�	��� *��
 �	m��� %S

 ��  �7����R (��	���2 ,�7n��� 
����� ��4��� ��9 ��2 ����	@ ��1 C�7� �7n��
L	�
 ��1 =� 8�' ���O %2CR 
�7n�� (�	@ �	.����,� \��2 �	m��� +�I$2 ,��

 =I�� �  ���S� %S �	��S� *��
¥0�Z :,�@ �	�£ ��2  0��Z :�,�@ �	�� %��$ �
�� ]� :4��7�R 5X���@ �����:����	@ * 0���Z ?��$ ���92 ����1 ?��$ ���9 <�m�4; ����)R 



 
QU< 

 T���1� 8��' K����2 * ���ML�� ���M��,:��4�� ��	m�R K����2 ��	m�
 =I���2 
\�C92 /����2 T��1S� +,�,L�  :���	@ T��1� K���2 ^�1 C@ 0���� �I  ?#

C�R &2,%��6
 %� ���V	�  ¥0���Z :��,�@£ %���6
2 \�� 	��� �	��2 �����O /�F' ���� ,
 \���2 K��	m�2 ��	X�
c	7�� �	.���,� 2� T��1�� :9��D �  :_2CO 8,9 ?	�C��

��L6M�H 
 ��  0�	�ZS� �2C�O 
���_W uR���$ \7.� :	�' 
�Z� =I�� uR���� �I 2

 %���$ ���� :4��7. 
����_' * ~������� T�,��1S�R ���	L	� ���R� (���1W� �	��Z :	L4��

�2C��M�� H \����2 ���D� ����� ���� ����M��� * l� 
���
� ���� ���,#�� :��� T���;2

+��F 8��' ���2 ��M�� ��� -�	L��2 -�	L�� ��� �M�� �2�)$ T��1�� H %����
 0�	�ZS� ��	m�� %��	R &' ��  ��� �����2 5$��M�� ��	X�
c	7�� �	.�����R :�	L4� �6L


�2���	�� g2��Z2 T���1� �	m�R � ��>�, �� 2 &' %��6�� �I�  * 0��Z ��� ���2 
:	� �LR %�6�� �I  �2CO2 0�Z ?$ d����� 5,�. ��,�V
 �L� �	.�����R (�6M�H 

�	L	� �R� ���
 :¥ C��R :��C9 C ���
 5������ 0�c��� G��R %� (�,�L�� ��
(C���� C��R K���22 ������,��.�2 %C��L��2 
������2 %���	M�� d�n�$  ��� b�

���9S�, ������ �6L� �  ?R ������ ���2 �	� :.� �M��R (�,�� �I 2 
(C��� :�����£NoQH 

 ���
2 � :¥ 2� ��L
C@ ���,$ 2� ��_��O ���,$ %��6� %� ��' 
�����L��
�� �L� �����7� ������M�� %S A����L� �2S���� ,5
C�����2 �����M�� ������ ,��_C��M]
 �

                                           
No Q  �	mR ����L�� * ���� 8,9 �74,7�L�� �E������2 �	�P����2 No�xswHQ  



 
RL< <

 ]�2�� �I 2 \�2C�� %�6
 & 
�����L�� � [CM"d2����R (�,, A��L� ~�#��2 
 ���,$ 
������L�� -�.�$ ��,� ,�	4M�� "d2����2 C ��L�� ��D :.S \�
�
 5
C��� 54���� 
������L�� %� /�F' -��#� ,0���7�� 2� �	m��� ��	,9 ��P �L� �L
C@

 ]�2 �CM ]� �� � �CML,� CR &2 ,�5
C@ � [CM£NoQH 
\�
� ���
2  :¥.W� ^,)R ^��)�� 8,9 �&C�1&�� �4M�� �
�e * %�4

�M	MU � 	,�9 ��
�P � 2 ,�����1&�2 H ,��	,9 %�����  �� ;� 	9�Z � 2
��	�' CZd�2 ��� 	R2 ,��	�' �� ��� BC 2 H %�4.W� %�$ �7.  %�� ;� 	,�9 � 2

 5,�]
 5� �I  ,��,9 ��  5_ ,�7E. �� \@�,)�2 /������2 ,�6
 5� %� C�R \_��O
I  ?R ,��1��� hD �  �VLR :R hD� 0��1 ;5�����R 5�,$ �� ��� :L,�
 �

h)]
 5�2� ,��1��� H  z�O�2 ,:� 	R2 ,:R  ��2 ,:R  �C�4]
 %� ��� ��1���  �6�
� 2 ;:R  �C�4]
 %� ���2 ,:R  �C�1� bd����  %S ;  �9�Z ?	�� ��� ;:R  ;  �,�9

:�MU 5,�]� ?����R : .S H ?nM� ?  ����L�� * �	9����L�� �� !�	#$2 b����R
2� :.�6,4
 & ?����R H * ���� ���S� �� K�	e +�I$2 ,  �9�Z  �,�9 � 2

EL��2 T�M4��R �&C�1&� ?#� ;%������ ;:.�� �	e * %����� * d�$I� 
8���� ��@ �L$ ;  �9�Z  �,�9 � 2 ,A;�� : öΝs9uρr& (#÷ρt� tƒ $ ‾Ρr& ä−θ Ý¡nΣ u!$ yϑ ø9$# ’ n<Î) ÇÚö‘ F{$# 

Î—ã� àfø9$# ßlÌ� ÷‚ãΨsù Ïµ Î/ %Yæ ö‘y— ã≅à2ù's? çµ ÷ΖÏΒ öΝßγßϑ≈ yè÷Ρ r& öΝåκ ß¦à4Ρ r&uρ ( Ÿξsùr& tβρç� ÅÇö7 ãƒ 〈 N"CV4�� :rvQ ;
%�	���R  �X�� �I�� H8���� ��@2 : óΟÎγƒ Î�ã∴y™ $ uΖ ÏF≈tƒ#u ’Îû É−$ sùFψ$# þ’Îûuρ öΝÍκ Å¦à4Ρ r& 4 ®L ym t ¨t7 oKtƒ 

öΝßγs9 çµ ‾Ρ r& ‘,pt ø:$# 3 〈 N-,n� :psQ  5_ , 5�D:���R �
�� : öΝs9uρr& É#õ3tƒ y7În/ t� Î/ … çµ‾Ρ r& 4’ n? tã Èe≅ä. 

                                           
No Q  0d� �d��� ?���� ?����2 Ns�owxHQ  



 
RM< 

&ó x« î‰‹ Íκ y− 〈 H 
�
� �  ,^O %�����  %� ��L,�
 8�O ,����� ��
�]
 ���� 
�
���
 ,��	,9 b����  �� ;� 	9�Z � 2 ,  ̂ O %�����  %� 8,9 ?���� ��  �C�4
 ;� 	,�9

�� ���2 H��� 
�
�� �$F �� 0�,L� %�����2 � 2 ,?���� ��  �C�4
 ���� � 	,�
��	�' CZd�2 ,��	,9  �� b����  %S ;� 	9�Z£NoQH 

?�	��4�� (C��� 8�� 
 &2 :��7�U ��	m�� & %�6�� �I  �� \�	Z �.C�2 �� ���O * �	��4�� (C���
 * 0���Z 8���' �����M
 & :��.� +�I��R 5,��4��� ,��� ���2 T����1� ��2c��R �2c���

K���2 H �	��4�� (C��� +�I$2 &2 � C��R cV�
 �2CO :� �	� \�	Z �.C�2 ��
 \�LX�� d���@ ��  ��L.'2 ,:��7�U �� �6� 5� �7nR fn�	� T��1S� 8�' ���M

 ����M�� %2C�R 0��Z ?�$ ?��� 8�,9 +�I�$ d���@2 �7�U ?�6R ��n�&� 8,9

?�7�� +�F T��1� ����& H�	��4�� ���	O (C���4�H 
S �CM
 ��2 �CM
 5�2 �CM
 & :.� 5,�. �I 2 �I�  ?�#� %��$ ��� :�.

 �I  * %�.�@ &2 (�>. ���1� �L�2 0�Z ?$ 8,9 8mE� ?�7��R /������ 0����
���� ?6� "c	LL�� qX�n)��R G�R �9 ����R 0�	ZS� 
����� �L�2 5�����H 

 �� ?6� ���.�$ * �	��4��� %�.��@ j��)
 0��Z ���  %�6
 �LRd :.� �9C
 �
& ��.�$ �	e B�D� %��$� * 8�O 2� �I  �C�O �� :� ���. ,\�	Z ���9 ���. 

 A��@���� * �	��4���� �C���� (C���& +���FNOntic Q ���	X�
c	7�� �	.������� * ?��#LL��
 *��L�� � C��� �� I�� �	�2NEpistemic Q??�F�L� 

                                           
No Q  CL��R �	��1W� ����V�� ���P ,�	L	� �R& 
������ T��$ �
����� ��
No�r�r− r�sHQ  



 
RN< <

 \�	Z %� ��;�� �� ��.S �� 0��Z ?��� b�E�1�2 ?�7��R �	��4�� �C�� j�D
���2 ��1 8�' ���M�� %2CR K
 =I��� �L� ?�$2 ?��� ?�$ ?��7
 %� ��� :���L

??+�F C�R 0�Z 
,:�	E�4�
 & �	��� ?��� �9 0���� A�L
 =I���  ��n�O ���1 C��� �� 

?�7�� �I  H,��� fn��
 5�� ��	�� �7nR ��n�&� �9 0���� A�L
 =I��2  �� 
����	@ ��1 C�� H ��  ���	�� ��V	�. ?	n�M� ��9 /�c���9 0����� ?�V
 =I��2

����1 C�� H0���� �I  (�� �L� ����M
 & �	��4��� �C��� j��D :.� ��;i�� =I�� 
 ??-@2 ?$ * 0�Z ?$ ?�� �� :��L
 =I�� �L� /�U� T��1S� 8�' 

 0���R C����. ���$ ��L�2 ���  %�� ��M. ���$ ��L� b�@��� �6L� �I  %� ��2
 0��Z ?�$ %� �O���1 ���$ ���.S �L$�O �	X�
c	� �	.��@ 2� �	��4�� %�.�@ :L1�

 %2CR A�
 %� �6L
��1 H 0��Z c�V9 �L�2 ,0�Z ?�� �9 0�Z cV9 �L� ?R
 ?��V
 %��$ ��L� ,�	���1 ��R %��$ * �.CO� ¦�9 ��2 ,�7U =aR ��n�&� �9

\�	Z,:,	n�M� �9 cV���2 5,��� ��1 C�� �  ?�V�� %S , g���1 ?�� *2 
 5,�
 %�$ �L� �	��1 �R %�$ * �.CO� ¦�9 �� ?R ,8��� cV�,� C�
 5� �	��4��

�
� \�	Z 0�	�ZS� +�,� c�V�� 0�	Z�� "�CM� qX�nD ���  %�6
 �� :.S \
� �2�V� �9, 0��Z ?�$ %S CO� :L,�
 %� �6L
 �� ���  %�6
 �,� ������R2 

0�Z =� %�6
 %� :�6L
 H 
 I��� +�I�$ -��$ -�.a� 0��Z =� ?��7�� ���1 8��' ���M� & -�$ �F'2

 ��S�N ���  T����1S� ?��$ ���9 8���m�� %� d�n��� ���6L
 & :��.S ���6L
 �7��U
 5��2 C��� 5� ��4�6L�� �7n�� KI  %� ���
 �I  %S ,�6� 5� %� C�R ���4�$�



 
RO< 

�L�1�2 ��R2 ����1 C�2 %� C�R &' �̂ ��, �7�U ��  �7n��� KI 2 N ��9 8��m��
����1 ?��$ QG@����� �I���� HQ 0���Z =� ?���7�� ����1 8���' �����M� & -���$ �F'2

 CR�� +�I$ 8���4�N9 �7n�� +,� ��2� d�n�
 & :.S F' +�� +�9 ����2� %
:����W 8��� �� ��4R +	� 5�� 5� � 2 ����1 �����R &' %�6
 &HQ 

 =� *2 %���� =� * �	��4��� g���1 �i�7� %� ���M��1� �	��
 :�,$ �I 2
 (���	@2 :4��7. %���6�� �I��  (���	@ ���  ���M���1&� KI��  %���	R * uR������2 %���6�

���M�1� 8,9 !?	�� :47. �	��4�� (�	�� ,�	.����� ,%��6�2 %���� =� * ��P��1 
 �����L�2 �	��4��� �	��L�Z ����L� :,$ %��c��2 :,$ %�6�� 0����1& ���M. ��

��P��1 ���M�1�, �����L� %��6�� * �	��4��� (��>�.�R ���L,9 u��� ��	76
 �L.'2 
+�F H C���
 5�� :�.� %��	�� ��76
 %�6�� �I  * �	MU CO�2 %�.��R ��L,9 ?R

 =I�� 0���� �I  /�CR� 0��Z ?�$ 8�,9 8�mE� C��2 %��$ �� :.S ,�	��4�� u�1�
%�6�� * 0�Z =� (�>�.� \�6L� %�$ �L�2 ,%�.���� �I  +�F * �LRH 

8���� l� ��@ :	�' d�Z� �	��4�� g��1 ���M�1& �	�L�� uR���� �I 2 :
 öθ s9 tβ%x. !$ yϑ Íκ�Ïù îπ oλÎ;#u āωÎ) ª!$# $ s? y‰|¡x4s9 4 z≈ ysö6 Ý¡sù «!$# Éb>u‘ Ä ö̧� yè ø9$# $ £ϑtã tβθ à4ÅÁ tƒ 〈 

N0�	�.S�:rrQ & %�6� 2� %��� =� * 0�Z ���2 ��;�� �� ��.� \7.� -,@ �L6� 
0�Z ?$ 8,9 \	e�P 0���� �I  %�6	4� �	.�����2 �	��4�� :L6M�, �L�2 

�D� 0��� qX�nD 2� (�>. 2� �D� %�.�@ =� 8,9 �2�V��� �� A.�� :���, 
�D� :��$ \��L� %�6	4� KdC@ =I�� ���4�� (�>��� �I  �	e �D� \��>. ��d� 

l� H /�CO�2 \��>. ���  %� ��L,9 �CM
 5� �I  %� ��L,���N 0�Z ���  �	,�
�	��4�� �	��LZ 8,9 �C
 �I 2 (�>��� �d�D Q * CO�2 %�.�@ ����R ��L,��



 
RP< <

 ,%�6�2 %��� ?$ * 0�Z ?$ 56M� �	��4�� %� 
��_W <��$ %�6�� �I 
VLR2�	��4�� g��1 ��i�� /�	M�4� ��n
 (�>��� (�	�R 5,�. %� ��H 

 ���M�1�2 �	��4�� ��	�O �	�� ���� uR�����2 ~��L�� KI  �7.2
 l� 51� (��� �� ��P����1� �6L
 ��P��1¥CO����£ :L1�2 ¥d�����£ * 

 * 5
�6�� %�����A;�� �� �#$� H8���� ��@ : Ä t<Ås9 |Á≈tƒ ÇôfÅb¡9$# Ò>$t/ ö‘r&u 

šχθè% Ìh� x4tG •Β î� ö� yz ÏΘr& ª!$# ß‰Ïn≡ uθ ø9$# â‘$ £γs)ø9$# 〈 Nf1�
:s�Q,8���� ��@2  : ö≅è% tΒ �>§‘ 

ÏN≡uθ≈ yϑ ¡¡9$# ÇÚö‘ F{$#uρ È≅è% ª!$# 4 ö≅è% Μè? õ‹sƒ ªB$$ sùr& ÏiΒ ÿÏµ ÏΡρßŠ u!$ uŠÏ9÷ρr& Ÿω tβθ ä3Î= ôϑtƒ öΝÎγÅ¡à4Ρ L{ $ Yèø4tΡ 

Ÿωuρ #u� ŸÑ 4 ö≅è% ö≅yδ “ Èθ tGó¡o„ 4‘yϑ ôã F{$# ç��ÅÁ t7 ø9$#uρ ÷Πr& ö≅yδ “ ÈθtG ó¡n@ àM≈uΗ ä> —à9$# â‘θ‘Ζ9$#uρ 3 ÷Πr& (#θ è= yèy_ ¬! 
u!%x. u� à° (#θ à)n= yz Ïµ É)ù= y⇐x. tµ t6≈ t±tF sù ß, ù= sƒ ø:$# öΝÍκ ö�n= tã 4 È≅è% ª!$# ß, Î=≈yz Èe≅ä. &óx« uθ èδuρ ß‰Ïn≡ uθ ø9$# ã�≈£γs)ø9$# 〈 

NC9��� :o|Q,8���� ��@2  : tΠöθ tƒ ãΑ£‰t7 è? ÞÚö‘ F{$# u�ö� xî ÇÚ ö‘F{$# ßN≡ uθ≈yϑ ¡¡9$#uρ ( (#ρã— t� t/ uρ ¬! 
Ï‰Ïn≡ uθ ø9$# Í‘$£γs)ø9$# 〈 N5	 ��R' :x}Q,8���� ��@2  : ö≅è% !$yϑ ‾Ρ Î) O$ tΡr& Ö‘É‹Ζ ãΒ ( $ tΒuρ ôÏΒ >µ≈s9Î) āωÎ) ª!$# 

ß‰Ïn≡ uθ ø9$# â‘$£γs)ø9$# 〈 N� :|pQ,8���� ��@2 :  öθ©9 yŠ#u‘ r& ª!$# βr& x‹Ï‚−G tƒ #V$ s!uρ 4’s∀sÜô¹ ^ω $ £ϑ ÏΒ 

ß,è= øƒ s† $ tΒ â!$ t±o„ 4 … çµoΨ≈ ysö7 ß™ ( uθ èδ ª!$# ß‰Ïm≡uθ ø9$# â‘$£γs)ø9$# 〈 N��c�� :xQ,8���� ��@2  : tΠöθ tƒ Νèδ 

tβρã— Ì�≈t/ ( Ÿω 4’ s∀øƒ s† ’n? tã «!$# öΝåκ ÷]ÏΒ Öóx« 4 Çyϑ Ïj9 à7ù= ßϑ ø9$# tΠöθ u‹ ø9$# ( ¬! Ï‰Ïn≡ uθ ø9$# Í‘$ £γs)ø9$# 〈 N���e:o|Q H 
 �	��4��� 8���� %��	�R %������ * "C�O���2 ������ (���� 5	��� �R� uRd C@2

��@ {	O �L$�M�� �	.�����2: 
¥ ������� ?��R ,+
���Z :��� %���6
 %� ?	M�4��
2 /�C��O�2 &' %���6
 & d�������

%������ "CO���2; ,d������ C�O���� l ���,$ "c����2 "�����2 "dC����2 +�,L��� 
�R�� K���1 ��2 u,�12 `��
��� ^�,)� ,�d����2 �����2 C�; :�� ,d����� T�

 u,�12 0��L�� ^�,D2 ,��� � I�2 ��d�1 �46�2 �����n� G�R 8,9 ����R



 
RQ< 

 ,���7E
2 � �46
 0�L�� ��	,9 u,12 d���� ^,D2 ,K�46�2 :��n� `�
��� :	,9
 u,�12 "d��VM�� ^�,D2 ,:���@ �4�6�2 :��
I� d���� :	,9 u,12 C
CM�� ^,D2

 C��
CM�� ����	,9 �	��,R' 5�	��,9 u,��12 :���
dF2 (�� ^��,D2 ,������7
2 � �4��6

 ����� ?�$ 5�2����
 ��6X�L�� 5�	�,9 u,�12 :��
dF2 �	�,R' ^�,D2 ,:�
dF2

��E� ?$ 5�2��E
2 HHH :�,$ +�I�� ���m�� � ���� %� �E7��2 ����,� %���1��
 8�,9 :���R u�Rd2 ,:����� �I�  8�,9 5������ ���V
' :6,� (�L� �� %�2 ,CO�2

��O'2 ,G�RG���R :���R 0��R�2 ,G��R :��R ��@2 ,G�R 8�' :��R �£H 
8��.�NoQH 

:�	.�. * \�
� ��@2: 
¥�L��� C��
 C	O����2 �����2 %&C[9 �L  :�O�n� ?$ 


�7U * \�	L� �.i@� +�I�2 %����� * ��F �>.�� l� 
�W� * �	� \  �O d� ����� CO����%���F :R 8>M� %� %�6�£NrQH 

 C�R %��2 ��i��� ���M��1�2 ��P���1 uR��;2 �	��4��� 8���� -��	R %�
g��4�� �I , ^��)�� ���2 8,9 �� �C�4. f	$ �	R� �: 

o −  T���1� 8��' \���M� %�6	4� :47�R 5X�@ �	e \n@�. 0���� %�$ �F'
 T���1� :����1 ����O ���� ���C�92 �� ���2 A� :�C92 K���2 d2C
2 :��	@

                                           
No Q    � ,�	��V��� ^
�PNrssHQ 
Nr Q   �R ��2��L�� 5	��� �R� �	.�. : �� 
�	R� �_�_ �D� ,�	����� �@�7,� d�n�.&� * �	����� �	��6��

?n� ::���� ?�� T���� (��$ * ��
��M�&� f�X��P 
&���� * C�X��7�� 5���9 d�� ����P ,
A
�����2 ���,�H 



 
RR< <

K���2H 
r − ��Z %���6�� �I��  * �	��� * T����1S� 8���' �����M
 & :4��7�R 5X���@ 0�

�	.����� :L6M� &2 K���2H 
s −  ���� �,4��,1 ���9 "d����9 ����� :��	� ���� ?��6R �����O %���6�� �I��  /�F'

����M��H 
x − C��� �6� ��1 8�' ���M� ����M�� �,4,1, %�$ �� ��4�� �I 2 

�
�� & �� 8�' �I6 2 K���2 ��4� ���M	4� �D�� �  \_��O \n@�.H 

p −  ����2� (��	�R \�.� �� �����	@ %��6� �
�CR ��� %�$ �� ����M�� �,4,1
 * ���	X�� & -��.�$ ����2 ,?	M�4��� �I�� 2 ����1 %2C��R (���@ �����O ���  =I����

A@���� * ��47�R (��� %� �6L
 & �	��	D �,4,1 -.�6� �;�L��NoQH 
| −  ����2� %��6
 %� �6L
 & ����M�� �,4,1N���	� ���� =� 2� Q \�LX�@

�R �,4�,4�� * :	,
 =I�� ��7�� 8�' �	m�
 %� :	,9 ���� +�I$ %�$ �� :.S :47
 C���� ���  ���	m��� %S �7�����R (���	��� *����
 ���	m���2 �L�4���2 �,4��,4�� �C���� ���6�

�7n��� 
����� ��4��� ��9 ��2 ����	@ ��1 C�7� �7n��, ��  �7����R (��	���2 
n�� (�	@��L	�
 ��1 =� 8�' ���O %2CR 
�7H 

                                           
No Q   �#�� :-,@ �� +� %' \
C�� �� ^,E
 d���� 8�O :	�a
 ��S� �� uR���� ,:�@�� =I��� �I� 2 

uR���� �� ��a
 =C�V�� 8�O :	�a
 d����� �� ,:�@�� =I�� ���.� ��,� ���;�� �,4�,1 ��	X�� & 
���� 0&y��  g������� �	,@������ ������ %2C��R ����� dCn��� ������: ��M���1& j���E.� ,d������ 

j�E.�� d���� ?	�� 8,9 �Z��� ����2  �I�� �	,@����� �,4�,1 (��	@ ���M��1� 8�,92 dCn�L��
dCnL�� %2CR ��47�R ��S�H 



 
RS< 

v −���  �� %�6
 %� � ��9 \��X�R :4�7�R \�LX�@ �����M�� �,4�,1 (��@� �
�,4,4�� +,� H ?$ �9 ��m�� :47�R 5X���� 8,9 ���� �	��4�� ?	�� %�6
 +�IR2

0�Z ?6� ^��)�� 0�ZH 
    

��	,9 ����2 �	��4�� ?	�� ��O 
������ ��Z���	,9 ����2 �	��4�� ?	�� ��O 
������ ��Z���	,9 ����2 �	��4�� ?	�� ��O 
������ ��Z���	,9 ����2 �	��4�� ?	�� ��O 
������ ��Z�HHHH 
 \���	L� ������� BC�� � C����� d����M�� �I�  ?��$ �	��4���� ?	�C�� %���$ ��L�

�	��9 /��Dy�� ���. C��� ,��92 ?�� ^���)�� ����2 
���_' �	�@ * 5�L��92 5
 ���2 :P���1' ���2�M� 2� :�	� ���E�� "C�O�L�� 
&2��M� �� h$S� �	n���
 ��� %�$2 ,��L9� 5,��� d��4R +�F * �
i4�� ?6Z =aR :L	L�� (C9 0�9��R

5���@ 
&2�ML�� +,� ��Z�: 
oooo−−−−�	��4�� -�C  56�� �6	.�6	� H  
rrrr−−−−	�  ���1 ����  �	��2 %2i�6�W� %�6�2 �9�1 �CM
 ��1 ���  �

\��L� �	X���9 d��S� KI  ?6� B�DS� ?�@ ?M�� "dF ?�V
H  
ssss−−−−���� �	X���9 ���  �L.'2 �L6�� 5����� * �	��1 ���  �	� H  
xxxx−−−− ��� 8�O :47. -@��� * %�6� �� �#$� * C��
 %� %2i6��� �6L
 

 !C�R �$��S� +,� �	R %�$ !̂ 	M1H  
pppp−−−− %��6	� :��@�P ��� h�$� ��@�E,� c���O ��� h�
 %� %2i6��� �6L
 

 j�)� %� %2CR �D�� �.�V�� 8�' 
�L� ?R��L�� d�CV�� * "�$ -	�d +.a$
d�CV��H 
||||−−−− ?���4L,� �6L
2 �L6�� 5����� * ��4�� ?�@ A�� %� �V	��,� �6L
 



 
RT< <

� "���L�� "��L�� 
�L	4V� �6L
2 �;�L�� * �_y
 %� ?���4L�� �� ���4� %
�;�L�� 8�'H  

vvvv−−−− ?���4L�� �� �@�P �i��2 (C��� �� ��)� �	;�i�&� 
�L	4V�� 
 ,0���Z & ���� ���@�P �4���6�� ,"�	n��@ "i��7� ���@�E�� ���7O %�.����� ����$���.�R

� CO� ��.�$ %�6
2 ��
�E�� KI� (C��� �� �	X�� & !%��$� a��� %� �6L
2H  
}}}}−−−− ��U�� 5	4� %2i
�����  ��M���� ����� %2i�6�' �9 "d��9 � 2

�;�L�� 8�' ?���4L�� �� ���4
H  
����−−−− %2��R W- ��M.� * �@�E�� �7O %�.�@ j�)
 � 2 ��U�� 5	4� 

��	RH  
owowowow−−−− ?���4L�� ��COS �6L	� �;�L�� * �74��R �L4� ������ �	�4��� 

�;�L�� * �_y� %�H  
oooooooo−−−−�V7.&� ��1 %�$ �F�� ��y4� 8��� ���  �	�  ?��@ :�.S 5	�>��� d�

 :L1� 0�Z ���  �	,� ��� C��
 & d�V7.&�¥?�@£H  
orororor−−−− 5�� ��IRI� ��D �� �	;�i�&� 
�L	4V�� a��� ���� ���7�� �@�P 

�
�V� � ���2 
��_'	�	���$ �	_a� ��D �� \H  
osososos−−−−
�L	4V$2 
���L$ ��n�� �
dI�� %2� 
�L	4V�� H  
oxoxoxox−−−−	e �	m�� � 2 5 2 ��V� ��c��  /�	��� %��6
 %� �,n�
 ��� -R�_ �

�	��S� 2� �2CM�� 8,9H  
opopopop−−−−�	��� �@�E�� %� ���
 �@�E�� �7O %�.�@ H  
o|o|o|o|−−−− * "������ ��	X��& ��L	@ ?LM� ���� 0�	ZS� 2� �	X����� �,4,4�� 



 
RU< 

 ,��	��L6�� ?�M�� �
�>. *2 0���4�� T��#�� * ���� ?����.2 ?�7��R 0�
c	7��
 
�	;�
��� +�I$2 =2�4�
 �M	Mn��� �����L�� ��C�9S� b��LV� %� -7�$

or�o− ���LX�@ ���;�L�� * ���	��� �,4��,1 ���9 "d����9 %���6�� %���6
 & �F���L,� 
 ??��47�R 

ovovovov−−−−�	X�� & %��6
 %� ?	M�4�� 5����� %� -�#
 �L,9 ?	�� ���  �	� \ 
��	��� 2� ���;�L�� *\:4��7�R \��LX�@ , :���6� �	��4���� * ����E
 & %���$ %'2 �I�� 2 

���E
 %���6
 ���� �����	O %���6�� %S ^����)�� �����2 8��,9 ���� �&C���1&� * �
 �� 8�' \���M� ?:L	�
 � 

o}o}o}o}−−−− ��� �6L���1 ����	O2 0�Z ?$ �
�>. 8�' (�
S� �� (�
 * ?n�1 
:�' ����� ���M�� %2CR ��MR �
��� T��1aR :,$ %�6�� ���2 �	47�H    

�D ?n�7� ?6��R ��	,9 ��. ��1 ���� �#$�2 
������ KI  ?$ �I�  ��
8����� l� %F��R ?n7�� H%�6	4�� "C�O�2 ��L,$ * /��LV� /��d 
�d� ��� ��6� 

NJargonQ������ ������V� * �	O�E����U&� �����m,�� =�  H +�����F2� %S (�C)�����1
 ?���#� 
�M,En����N 
�L	4���V�� ,�	��4����� ,��c����� ,����@�E�� ,(C������ ,������7��

�	��;�i�&�HHHHH����' Q =���m,�� 8����L�� /�C��R� ������
 & 0���
c	7�� * �74��,7�� 2�

��L,6�� +�,� ~��� �� �m,�� 8���LR :L�7. =I�� H ��	L,��� 
�M,En�L���

 ����� %���6
 & �����m�� * ����V� =� * \����L9 ��C)�4��L�� 
�M,En��L�� 2�

��L,6�� +�,�� �74�,7�� 2� =�m,�� 8��L��R �@�9 H qn�)�L�� q)�����

�1�� 8���� ���� 5�7
 =����� q)���2 �	Mn�� 8��L�� ���� 5�7
 ,\���L� /�C
 5�1� ���	,9 ^�,E
 
�M,EnL�� KI 2Jargon H d��$C��� +��F 8�,9 :��. C�@2



 
SL< <

Matt Strassler 
&����� C��O� * �d����d�  ������VR ���
�>��� 0���
c	7�� F����1� 
:�.2C�NoQ  -.i.W� 8,9 /�X�@: 

"But in physics, energy is none of these things. You’d 
be making a big physics error if you mix and match one 
of the English definitions with the physics definition! 
Within physics, you must stick with the physics term, or 
you’ll get wrong answers and end up very confused". 
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No Q    %����R �.2CL��Of Particular Significance  %����R b�;�L��Mass and EnergyH 

http://profmattstrassler.com/articles-and-posts/particle-physics-basics/mass-energy- 
matter-etc/mass-and-energy/ 
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(1) Nikolić, H. (2007). Quantum mechanics: Myths and facts. Foundations of 

Physics, 37 (11), 1563-1611. 
(2) Lederman, Leon M.; Christopher T. Hill (2011). Quantum Physics for Poets. 

US: Prometheus Books. pp. 102–111. ISBN 1616142812. 
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(1) Zur Quantenmechanik der Stoßvorgänge, Max Born, Zeitschrift für Physik, 
37, #12 (Dec. 1926), pp. 863–867 (German); English translation, On the quantum 
mechanics of collisions, in Quantum theory and measurement, section I.2, J. A. 
Wheeler and W. H. Zurek, eds., Princeton, New Jersey: Princeton University 
Press, 1983, ISBN 0-691-08316-9. 

(2) Hanle, P.A. (1977), "Erwin Schrodinger's Reaction to Louis de Broglie's Thesis 
on the Quantum Theory.", Isis 68 -4. 

(3) Heisenberg, W. (1927), "Über den anschaulichen Inhalt der quantentheoretischen 
Kinematik und Mechanik", Zeitschrift für Physik (in German) 43 (3–4): 172–
198, Bibcode:1927ZPhy...43..172H, doi:10.1007/BF01397280.. Annotated pre-
publication proof sheet of Über den anschaulichen Inhalt der quantentheoretischen 
Kinematik und Mechanik, March 23, 1927. 
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(1) Fourier, Joseph (1822). Théorie analytique de la chaleur (in French). Paris: 

Firmin Didot Père et Fils. OCLC 2688081. 
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(1) Hermann Wimmel (1992). Quantum physics & observed reality: a critical 

interpretation of quantum mechanics. World Scientific. p. 2. ISBN 978-981-
02-1010-6. Retrieved 9 May 2011. 

(2) Schlosshauer, Maximilian (2005). "Decoherence, the measurement problem, 
and interpretations of quantum mechanics". Reviews of Modern Physics 76 
(4): 1267–1305. arXiv:quant-ph/0312059. Bibcode:2004RvMP...76.1267S. 
doi:10.1103/RevModPhys.76.1267. 
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 KI��  5��6M
 ?���7��R ���@C�� (C��9 �C���� %S �����  �	.����@ ���L_ �	��� :��.� (���6��
K�2�V� �6L
 &2 "� �>��, ��� �����M.� C�U�. ����� ��
�.S� �C�9 ?�@ �L,6� 

��@C�� (C�9 ?�@ �C���� ��� ��L,$2 ,�,M�L�� �
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CM� * �@C�� (C9 H �I���
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 �� 
�I6 2 
�dI�� �C9 A� �
��P ��
��� %�6�� �@����H 

 5�6�� ��6	.�6	� ��X�V9 ���2 "� ��>R ����
 ��� \��
�+R������  ��L6�� 
Quantum entanglement � %� ���
 � 2 A�� ��L�,9�7� ^��1 �F' �	.2i6�W

 �L������RG������� :4���7. dCn���L�� ����� ������D 2�  ����L����	6R������� %����	��
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:.�d2� Spin ��D�� %�6	4� 8,9S :�.�d2� %�.���R ����
 ��� �4�O ?7�1S 
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¥�£ %����6L��2 ¥�£ %� ������6L
 

 B��DS� ��	X�
c	7�� 
��	L6�� A� ?9�7�� u��� %���c�� * ����O -�.�$ �F'¥�£ 
 %���6L��2¥�£ +�I��$ ���  H ���@C�� (C��9 �C���� A��� \����L� 5V4���
 �I��  ���6�

                                           
(1) Einstein A, Podolsky B, Rosen N; Podolsky; Rosen (1935). "Can Quantum-

Mechanical Description of Physical Reality Be Considered Complete?". 
Phys. Rev. 47 (10): 777–780. Bibcode:1935PhRv...47..777E. doi:10.1103/ 
PhysRev.47.777. 



 
TL< <

���	7)�� 
����	m�L��2 ���	,ML��2 ���	L�M�� A��� �d�����
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��	m�L�� �	47� 8,9 �����R�$H 
��$�i�� ���O 56�� �6	.�6	� �X�V9 ��2  Quantum superposition 
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�@C�� (C9H 
 �����L6�� ^��7��� 5��6�� ���6	.�6	� ���X�V9 ���2Quantum tunnelling 
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 �X�����1&� 5	�L���� ��E��m� * g���12 C�1�� ���	@ ��  ��	�6�� �6	1�6��
Inductive Generalization:n��X�n)R \����6M� 0���Z ?��$ 8����
2  ���  

 :�	.��@2�  ;K�	e �	.��@2 K�	e qX�n)R &H 



 
TM< 

 

 ?6Z ?6Z ?6Z ?6ZNNNNxxxxQQQQ 
 

 �C�4. & �M��8,9� �� �4
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 \P��1 C�
 �I  %� %�����R �	��yL�� �	L,4L�� CO� h��
 5� +�F A�2

�	��4,� H��nX�n)R "C	�� \�
� `2��� %SH 
 ��y4�� �R��' 8�' ���. %��2N?�	��4�� -�C  56�� �6	.�6	� ? ?�	��4�� -�C  56�� �6	.�6	� ? ?�	��4�� -�C  56�� �6	.�6	� ? ?�	��4�� -�C  56�� �6	.�6	� ? QH 

 ��	L�M�� -�C�  5�6�� 0��
c	� %� ��  ��	�M��Determinism (C�� 5��2 
 �	��4��Causality  8�,9 ?�U�M�� �X��
c	7�� 5������ ���� :O��
 �L��	R j�7��2

:R��$ * 56�� �6	.�6	� �41y� CO� %d�R �$�� 0�
c	7�� * ?R�. "cX��: 
(Natural Philosophy Of Cause And Chance) * /�n�� C��9 C�� 

 %������R T����6�� �2�Causality and Determinism 8����� �	��R :��	� j���7
 
��C�  ���� �	L�M�� \�LX�@ ��� ��� =I��� �	��4��� 8���� �	�R2 5�6�� ��6	.�6	� ��

��� , =I��� :4�7. 8���L�� 8�,9 f�@22 ��@CR �	��4��� 8���� ?�7��R d�O C@2 
 �$��� T���$ ��� 
��1���@&� G��R A�;� ���12 ,?n7�� �I  �2� * :��	R

��S� �	�� %d�R ,���
NoQ: 
"Physics has given up causality is entirely unfounded. 
Modem physics, it is true, has given up or modified 
many traditional ideas; but it would cease to be a 
science if it had given up the search for the causes of 
phenomena".  

�L�i�� :¥ :�� ��1� & ��@ �  �	��4�� �9 -,)� C@ 0�
c	7�� %aR ����� :�� ��1� & ��@ �  �	��4�� �9 -,)� C@ 0�
c	7�� %aR ����� :�� ��1� & ��@ �  �	��4�� �9 -,)� C@ 0�
c	7�� %aR ����� :�� ��1� & ��@ �  �	��4�� �9 -,)� C@ 0�
c	7�� %aR �����
	MU ,�Mn�� ��	MU ,�Mn�� ��	MU ,�Mn�� ��	MU ,�Mn�� �� �
C	,���� d�6�S� G�R �9 -,)� C@ �#
CM�� 0�
c	7�� %� � �
C	,���� d�6�S� G�R �9 -,)� C@ �#
CM�� 0�
c	7�� %� � �
C	,���� d�6�S� G�R �9 -,)� C@ �#
CM�� 0�
c	7�� %� � �
C	,���� d�6�S� G�R �9 -,)� C@ �#
CM�� 0�
c	7�� %� �

                                           
(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete 

lectures 1948 – p. 4. 
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 ��,� � ���>�� T���1� ��9 {�M��� �9 0�
c	7�� -7@�� �� �6� ,��	� -�C92 ��,� � ���>�� T���1� ��9 {�M��� �9 0�
c	7�� -7@�� �� �6� ,��	� -�C92 ��,� � ���>�� T���1� ��9 {�M��� �9 0�
c	7�� -7@�� �� �6� ,��	� -�C92 ��,� � ���>�� T���1� ��9 {�M��� �9 0�
c	7�� -7@�� �� �6� ,��	� -�C92
\L,9 ���	O ��n�\L,9 ���	O ��n�\L,9 ���	O ��n�\L,9 ���	O ��n�£H 

�	��4,� �D�2 �	L�M,� \7
��� A�
 5_���	� NoQ: 
"Determinism postulates that events at different times 
are connected by laws in such a way that predictions of 
unknown situations (past or future) can be made". 

"By this formulation religious predestination is excluded, 
since it assumes that the book of destiny is only open to 
God. 
Causality postulates that there are laws by which the 
occurrence of an entity B of a certain class depends on 
the occurrence of an entity A of another class, where the 
word 'entity' means any physical object, phenomenon, 
situation, or event. A is called the cause, B the effect." 
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(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete 
lectures 1948 – p. 9. 



 
TP< <
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�@���� KI�� %�6L��2 %��c�� C
CM� �9, ^,E� ?6�R �LX�@ �@�9 �	��4��� 
��c�� * �		���� �9 �>��� ��nR: 

'" Overpopulation is the cause of India's poverty'. 

'The stability of British politics is caused by the 
institution of monarchy .'  

'Wars are caused by the economic conditions .'  

'There is no life on the moon because of the lack of an 
atmosphere containing oxygen .'  

'Chemical reactions are caused by the affinity of 
molecules .'  

The common feature to which I wish to draw your 
attention is the fact that these sentences state timeless 
relations. They say that one thing or one situation A 
causes another B, meaning apparently that the 
existence of B depends on A, or that if A were changed 
or absent, B would also be changed or absent". 
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(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete 

lectures 1948 – p. 5- 6. 
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 ��9 h��� ���� +�I��2 ��c��� * "�C�M� ����6� ��Rd��� 
�d���9 ��$F 5_
�	��4�� �9 �	�2 �	L�M��: 

"Compare these statements with the following: 

'The Indian famine of 1946 was caused by a bad harvest' 

'The fall of Hitler was caused by the defeat of his armies .'  

'The American war of secession was caused by the 
economic situation of the slave states' 

'Life could develop on earth because of the formation 
of an atmosphere containing oxygen' 

'The destruction of Hiroshima was caused by the 
explosion of an atomic bomb' 

In these sentences one definite event A is regarded as 
the cause of another B; both events are more or less 
fixed in space and time". 
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 C��	9��� �2C��� ��� 2 �	����1 ���	e ���	L�O ���@�9 8��,9 /&���#� ���$F 5��_

�d�E���NoQ,����1 ��	e :�6� %��c�� * �CM� �L�O ��� , ���1 ����  �	�,� 

 �L$ C	9��L�� KI  �		m� ���6L
 +�I�2 �@���� +,� 56M
 ��	�O0��.:  
"Another example is the timetable of a railway line. 
You can predict with its help the arrival at King's Cross 
of the10 o'clock from Waverley; but you can hardly 
say that the timetable reveals a cause for this event. In 
other words, the law of the time-table is deterministic: 
You can predict future events from it, but the question 
'why?' makes no sense". 
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CM�� �64���� u��D * 
�O����� �2C��� ���  ���D� ����#� ,C��
CM�� �64���� u��D * 
�O����� �2C��� ���  ���D� ����#�        
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(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete 
lectures 1948 – p. 8. 
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27n�� �7.�M: 
"I prefer to use the expression 'causality' mainly for 
this timeless dependence. It is exactly what 
experimentalists and observers mean when they trace a 
certain phenomenon to a certain cause by systematic 
variation of conditions". 

�L�i�� :¥L��1� ?���L��1� ?���L��1� ?���L��1� ?��� �	��� �� �	��� �� �	��� �� �	��� ��¥¥¥¥�	��4���	��4���	��4���	��4��££££ +�,� f�U2 C��9 \U�n�D  +�,� f�U2 C��9 \U�n�D  +�,� f�U2 C��9 \U�n�D  +�,� f�U2 C��9 \U�n�D 
�	��c�� �	e 
�@�����	��c�� �	e 
�@�����	��c�� �	e 
�@�����	��c�� �	e 
�@���� H H H H ��C��9 %���@��L��2 %��	�
�V��� :�	��
 ��� u�����R �I�  ��C��9 %���@��L��2 %��	�
�V��� :�	��
 ��� u�����R �I�  ��C��9 %���@��L��2 %��	�
�V��� :�	��
 ��� u�����R �I�  ��C��9 %���@��L��2 %��	�
�V��� :�	��
 ��� u�����R �I� 

�2�>,� �V��L�� �		m���R ,�	�� ��4R A�� ��	�� "� �� %�����
�2�>,� �V��L�� �		m���R ,�	�� ��4R A�� ��	�� "� �� %�����
�2�>,� �V��L�� �		m���R ,�	�� ��4R A�� ��	�� "� �� %�����
�2�>,� �V��L�� �		m���R ,�	�� ��4R A�� ��	�� "� �� %�����
£H 
 `�;2 ?6R ���
 /��	D�2��	��4��� �  -4	� �	L�M�� %NoQ,2 � ��	L�M�� %

6	.�6	� ����C  ���� � 56�� �,2 � * 0�	�ZS� ���L�9� * {�M��� �  �	��4�� %
56�� 0�
c	� * \M	MU ��� �� �I 2 ��	�� g2�Z 2� 0�	Z� 8,9 � ���2 H 
"can we be content with accepting chance, not Cause, 
as the supreme law of the physical world? 
To this last question, I answer that not causality, 
properly understood, is eliminated, but only a 
traditional interpretation of it, consisting in its 
identification with determinism. I have taken pains to 
show that these two concepts are not identical. 
Causality in my definition is the postulate that one 
physical situation depends on the other, and causal 
research means the discovery of such dependence. This 
is still true in quantum physics". 

�L�i�� :¥��4��� �	��2 ����n�L�� ����R 8;�. %� �6L
 ? ��4��� �	��2 ����n�L�� ����R 8;�. %� �6L
 ? ��4��� �	��2 ����n�L�� ����R 8;�. %� �6L
 ? ��4��� �	��2 ����n�L�� ����R 8;�. %� �6L
 ?      %�.���$ %�.���$ %�.���$ %�.���$
 ?�X�
c	7�� 5���,� 8,9� ?�X�
c	7�� 5���,� 8,9� ?�X�
c	7�� 5���,� 8,9� ?�X�
c	7�� 5���,� 8,9�    

                                           
(1) Born, M. (1949). Natural philosophy of cause and chance - The Waynflete 

lectures 1948 – p. 101- 102. 
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CM� * ?#L�L�� H H H H1 C��1 C��1 C��1 C�� �;2S /�C �� -	� �;2S /�C �� -	� �;2S /�C �� -	� �;2S /�C �� -	�
 %aR �,X���� �	;�7�� �  �7
��� * �	��4�� ,�	�R�E�� �	e �	���7L�� �
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��� * �	��4�� ,�	�R�E�� �	e �	���7L�� �
I  %� %aR �,X���� �	;�7�� �  �7
��� * �	��4�� ,�	�R�E�� �	e �	���7L�� �
I  %� %aR �,X���� �	;�7�� �  �7
��� * �	��4�� ,�	�R�E�� �	e �	���7L�� �
I  %�
 f��6�� ����
 ���4�� {M���2 ,B�DS� 8,9 CL��� ��	�L�� �	X�
c	7�� ���M�� f��6�� ����
 ���4�� {M���2 ,B�DS� 8,9 CL��� ��	�L�� �	X�
c	7�� ���M�� f��6�� ����
 ���4�� {M���2 ,B�DS� 8,9 CL��� ��	�L�� �	X�
c	7�� ���M�� f��6�� ����
 ���4�� {M���2 ,B�DS� 8,9 CL��� ��	�L�� �	X�
c	7�� ���M��

��L�9&� �I  �9��L�9&� �I  �9��L�9&� �I  �9��L�9&� �I  �9 H H H H56�� 0�
c	� * 8�O \M	MU ��� �� �I 256�� 0�
c	� * 8�O \M	MU ��� �� �I 256�� 0�
c	� * 8�O \M	MU ��� �� �I 256�� 0�
c	� * 8�O \M	MU ��� �� �I 2£H 
���MRS� 8��' %d��R �$��� (��$ ��� ?���. �� 2 ����� ��#
CM�� ��	L,��� 

�	��4��� ��	e ��	L�M�� %a�R `�n�, ��6	.�6	LR 
d���� -�.�$ ��� ��	L�M�� %a�R2 
56��;���  �LX�@ �	��4��� , �I�  ��@ �L$ 56�� �6	.�6	� 
�L,4� 8�2� �  ?R 

{M���NoQH 
"Causality in science is usually related to the cause-
and-effect principle and is often naively misinterpreted 
as a restatement of determinism. From this point of 
view, it can be surprising that we take causality as the 
first axiom of Quantum Theory, which is popularly 
known as the theory of the uncertainty principle. 
However, in our precise formulation, causality only 
implies that communication in an operational 
probabilistic theory cannot occur from the output to the 
input". 

�L�i�� :¥ ,�V	����2 ��4�� �C�LR ^,��� �� \LX�� (�,��� ��V� * �	��4�� ,�V	����2 ��4�� �C�LR ^,��� �� \LX�� (�,��� ��V� * �	��4�� ,�V	����2 ��4�� �C�LR ^,��� �� \LX�� (�,��� ��V� * �	��4�� ,�V	����2 ��4�� �C�LR ^,��� �� \LX�� (�,��� ��V� * �	��4��
 ]
 �� /��	#$2 ]
 �� /��	#$2 ]
 �� /��	#$2 ]
 �� /��	#$2��	L�M,� \������ �� d���9� 5��	� ��F�1 ��
�ER � �	47� 0�4��	L�M,� \������ �� d���9� 5��	� ��F�1 ��
�ER � �	47� 0�4��	L�M,� \������ �� d���9� 5��	� ��F�1 ��
�ER � �	47� 0�4��	L�M,� \������ �� d���9� 5��	� ��F�1 ��
�ER � �	47� 0�4 H H H H ���2 ���2 ���2 ���2

                                           
(1) Chiribella, G., D'Ariano, G. M., & Perinotti, P. (2012, March). Informational 

axioms for quantum theory. In FOUNDATIONS OF PROBABILITY AND 
PHYSICS-6 (Vol. 1424, No. 1, pp. 270-281). AIP Publishing. 
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 & 8�' ���DW� �� �CM� %� �6L
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{��M��� �I�� 2NoQ  8���2� ���  �	��4���� ?���� :4��7. ?��L��� ^��
�7� \���
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�>�,� �L)�� 
�L,4L���	L6�� �: 
"We derive Quantum Theory from purely informational 
principles. Five elementary axioms-causality". 

�L�i�� :¥ �LD � 2 ��MR �	����,�� ¨���� �� �	L6�� �
�>��� �����Z� �LD � 2 ��MR �	����,�� ¨���� �� �	L6�� �
�>��� �����Z� �LD � 2 ��MR �	����,�� ¨���� �� �	L6�� �
�>��� �����Z� �LD � 2 ��MR �	����,�� ¨���� �� �	L6�� �
�>��� �����Z�
�  8�2S� �	1�1� 
�L,4��  8�2S� �	1�1� 
�L,4��  8�2S� �	1�1� 
�L,4��  8�2S� �	1�1� 
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j�d2S� �CO� �  KI 2NrQ ,O�� * -��� �� � 2 �� 2 A��E�� ?��@ �� �
��R�4�� j�d2S� :�C$� =I�� :47. ��S� C$y�H 

�@d2 ��� 2B�D� NsQ  `�;2 ?6R ����� \���L� �,n�7�� "��6� �	��4��� %
��L��	R "��	#$ uR�2d ���  %�$ %'2 �	L�M�� �9, �F��L. 5
C���R +��F -��#�2 

���1 �	e �L�O,��L�M�� ��	e ���4��� �F��L��� -�C�@ 5�6�� 0�
c	� %�6�� , 
\��L� �	��67�� ��n7.� -�#
 �L� �6��� -�C@ �@d��� KI 2: 
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causality. Physica Scripta, 2014 (T163), 014013. 
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 "Causality has often been confused with the notion of 
determinism. It is mandatory to separate the two 
notions in view of the debate about quantum 
foundations. Quantum theory provides an example of 
causal non-deterministic theory. Here we introduce a 
toy operational theory that is deterministic and non-
causal, thus proving that the two notions of causality 
and determinism are totally independent". 
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"Quantum physics might seem to undermine the idea 
that nature is governed by laws, but that is not the case. 
Instead it leads us to accept a new form of 
determinism: Given the state of a system at some time, 
the laws of nature determine the probabilities of 
various futures and pasts rather than determining the 
future and past with certainty". 
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(1) Time Is What You Measure With a Clock  - Posted by Chad Orzel on April 

29, 2013. 
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(2) Barbour, J. B. (1994). The timelessness of quantum gravity: I. The evidence 

from the classical theory. Classical and Quantum Gravity, 11(12), 2853. 
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B��D� 8�' Q ,0����� �9��1 ��� h�$� �9�4�R ��� h�$� �9�4�R ��@�P ?����� 2�
 :�� 54�� �	4�
 2� ,0����� �9�1 �� h$� �9�4R 5	4� A
�4� 5�
 2� ,0����

0���� �9�4R �,�$H  ?���� %� ��6L
 & +�.� ����� �	�4���� �	��4��� %S +��F2
0����� �9��1 �� h$� �9�4R �@�P 2� ���,��H  ��� b��1� �	4�� 0�	�Z� ������

 0������Superluminal & �����6�  \��$���.� C���
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�	�4��� �	��4,�H 5	4V,� =�>��� ��7�� +�I$ %�	$�� Tachyon  �	4
 =I��
 ��  ��L.'2 0����� ��� b�1� %�6	� :�
�4� 5�
 5� ��� 0���� �� b�1� \LX��

�	�4��� �	��4�� +���
 & \�
� �I�� 0���� �� b�1� \LX��H 
�E��� %�$ �� �F�� �6�2 g2��)L�� �I  �d�D �V	�. %�6�c�� z	4. 8,9 

 ��� �,���4L��NThe future light coneQ? 
 2� �����,�L�� KI�  %��6�2 ,~� ?6��R -���@2 ��V	���� KI�  %��6� ����	O
 * ?	M�4� :.� �
����
� (cV
 %�$ �� �  �I 2 ,0���� �� b�1� -,�. �@�E��

������ A� :� c,	.d��RNoQ� * ?��7��R A�@2 :��6�2 ,5�1�R ����
2 5�6�� ��6	.�6	 

��L6�� +R������Quantum entanglementH  :��@��� ��� �M�U -��_� =I���2
 �	7)�� 
��	m�L�� �
�>. :�@��� �� aED2 56�� 0�
c	���� ����
 �L	� ?	R %��

R� Bell's theorem �	�4���� �	��4�,� \�$���.� h��
 �I 2 
���	m�L�� �	�;�7�2 
�	7)��H 

4��R �@�9 :� �I  ?��?����6R ��	��. ���� �	�� 
& A�E����R,0������ �9���1 �����,�L�� �2���V�� & %a��R ����� ���@�9 & �M����  

N�	�4��� �	��4�� Q ~� ?6�R ?���� %aR &2N5�6�� ��6	.�6	� Q & ��$��L�� KI� 2
?L� &2 ��	� ��� �@�., 8���L�� �I�  ���
C�$ �	��4�� �9 ����6R \��
 [��. 5�2 

�9�4R ^,��L�� ��)��0���� , 8L4�� �	��1 �@�9 ���2 * �;��e ��. 5�2 
~� +�R �V	���� 8,9 ��4�� ��	� �_y
2 �L6�� +R�����R H :���	�P 0�Z ?6,�

                                           
(1) Bohr N .The Value of Knowledge: A Miniature Library of Philosophy. 

Marxists Internet Archive .30-08-2010 .From Albert Einstein: Philosopher-
Scientist (1949), publ. Cambridge University Press, 1949. Niels Bohr's report 
of conversations with Einstein. 



 
UU< 

:47. �	��4�� 8��LR �I�� �@�9 &2 ���S� � �CM� ���� H��	L,9 ��@d2 KI� 2NoQ 
(�6�� �I  ����: 

"Some physicists argue that faster-than-light communication 
contradicts the principle of causality, but this is also 
nothing but a myth".  

�L�i�� :¥ h$� �9�4R =�V
 =I�� ��n�&� %aR �		X�
c	7�� G�R ���� h$� �9�4R =�V
 =I�� ��n�&� %aR �		X�
c	7�� G�R ���� h$� �9�4R =�V
 =I�� ��n�&� %aR �		X�
c	7�� G�R ���� h$� �9�4R =�V
 =I�� ��n�&� %aR �		X�
c	7�� G�R ����
����D B�1 �	� �I  �6�2 ,�	��4,� \$���.� C�
 0���� �9�1 ������D B�1 �	� �I  �6�2 ,�	��4,� \$���.� C�
 0���� �9�1 ������D B�1 �	� �I  �6�2 ,�	��4,� \$���.� C�
 0���� �9�1 ������D B�1 �	� �I  �6�2 ,�	��4,� \$���.� C�
 0���� �9�1 ��£H 

 �	X�
c	7�� 5	 �7L�� KI  G�R �.d�O %� C�R2 �	�4���� �	��4��2 ��c�� �9
���	L�M��2, ��y��1 8��,9 ��R����' ����L$W ����9� N -�C��  5��6�� ���6	.�6	� ?�� 

?�	��4��Q 
oooo−−−−ssss−−−−    � �� \�
� ���  (C)�4�� ����� ��	L,��� ���MRS� G���R �C�4�
 �

 �O�EU&� 8��L��Jargon 2� ,���	�M�� * ��	L�M�� :�R ����
 =I���2 �	��4,� 
(��7L�� �@��9 G��R \�,��� %�6
��c,� �X�
c	7��  H ?�	�� �I�  %� 59c�
 5_

 ?��@ ��L6�� 5����� * A�� �V	���� %� -�#� j�d2S� KI  ?#� %S ,�	��4�� C;
{�M�R 5��&C��1� ?�#� ,+��F 8��' ���2 �����1 * �_y�� �V	���� %� 2� ��4��NrQ 

 ��6�
d2� %�	��2�2 /���	#� \�.���9 ?�LM
 =I��:Quantum correlations 

with no causal orderN ���1 (�>. %2CR �	��L$ 
�@�9���1 (�>. %2CR �	��L$ 
�@�9���1 (�>. %2CR �	��L$ 
�@�9���1 (�>. %2CR �	��L$ 
�@�9QH 
2� ?#� 8,9 ��,������R %�6
 {M��� �I : 

                                           
(1) Nikolić, H. (2007). Quantum mechanics: Myths and facts. Foundations of 

Physics, 37(11), 1563-1611. 
(2) Oreshkov, O., Costa, F., & Brukner, Č. (2012). Quantum correlations with no 

causal order. Nature communications, 3, 1092. 
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oooo−−−−ssss−−−−oooo    �	,L9 �R�V� �	�2 =�>. �F�L. �9 "d��9 {M���: 
"The natural question is whether 'non-causal' quantum 
correlations of the kind described by our formalism can 
be found in nature. One can speculate that they may 
exist in unprobed physical regimes, such as, for 
example, those in which quantum mechanics and 
general relativity become relevant". 

���L�i��: ¥ ���	e ���	��L6�� 
���@���� -��.�$ �F' ���� ���  ����	�E�� ��y4���� ���	e ���	��L6�� 
���@���� -��.�$ �F' ���� ���  ����	�E�� ��y4���� ���	e ���	��L6�� 
���@���� -��.�$ �F' ���� ���  ����	�E�� ��y4���� ���	e ���	��L6�� 
���@���� -��.�$ �F' ���� ���  ����	�E�� ��y4����
 * ���e�	U -L� ���� �	��4�� * ���e�	U -L� ���� �	��4�� * ���e�	U -L� ���� �	��4�� * ���e�	U -L� ���� �	��4�� ?& (� /��� ��	�E�� * C��� %� �6L
 ,���F�L. ?& (� /��� ��	�E�� * C��� %� �6L
 ,���F�L. ?& (� /��� ��	�E�� * C��� %� �6L
 ,���F�L. ?& (� /��� ��	�E�� * C��� %� �6L
 ,���F�L.

 +,� ?#� /�C	� �U�M7L�� �	e �	X�
c	7�� 5>��� * "����� ��aR ��6�
 %� 0�L,� +,� ?#� /�C	� �U�M7L�� �	e �	X�
c	7�� 5>��� * "����� ��aR ��6�
 %� 0�L,� +,� ?#� /�C	� �U�M7L�� �	e �	X�
c	7�� 5>��� * "����� ��aR ��6�
 %� 0�L,� +,� ?#� /�C	� �U�M7L�� �	e �	X�
c	7�� 5>��� * "����� ��aR ��6�
 %� 0�L,�
������ �	�4���R 56�� �6	.�6	� ?n� ���� ��E�L�������� �	�4���R 56�� �6	.�6	� ?n� ���� ��E�L�������� �	�4���R 56�� �6	.�6	� ?n� ���� ��E�L�������� �	�4���R 56�� �6	.�6	� ?n� ���� ��E�L��£H 

oooo−−−−ssss−−−−rrrr−−−−  �	R �	O ?	R %�� :,�� �L� /�_�L� \�	Z ���
 �F�L��� �I 
n���� ���  ���L6�� +R������� %� %�2 �	M¥�	��4���� �	���2 ���	L�M��£ -E���1 C��@ 

+�IR H �6� %��� �F��L��� �I� 2 ,%��6L�� * C�
CM��� (C�9 %��	R 8�,9 ?�L9
��c�� * C
CM��� (C9 8,9 ?L�
% H�	,_��L�� %���F�L��� %��$ �F'2, %��$ �F'2 

 
���	m�L��2 ��	L�M�� C�; �n�
 %��$ ?�	R %��� ?�L9 %� /�d�����2 \��,��
��4�,� �����
 5�2 �	7)�����	�M�� ������7LR �	, ��D�� ��  %��	��2� ?�L�� 

:47. +,7�� * d2C
H 
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 ���  �	� ������R2 C�R2 ?�@ ���  �	� :.� 8��LR ,�	��1 �	e ���6�2 �	L�.��$
 �V	�.2 ��1N��c��� ��	L�O (C�9 %��	R ��  {�M��� ��n�� %S �I 2 Q.'2 ��L

��L6�� 5������ * 56M��
 ��� ���	� 56M��
 ��@���� KI , ��� ���	��� ���	� �_y��� 
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i�� A��;2 * �_y��� ���L$ \����L� ����	���2 ������O� ^X���7�� ���$Superposition 
���	��� C��9 ��	��L�� ����C�� d���� 2� d���
 �	O, & �	���1 ��	L4��1 ���$ %��� 

X�����9 
����	m�� ����2 "�C��M� ���	e �	����1 �6���,� �����M� �	N���	L�O ���	e =�HQ 
�����6�2 ���9���1 * "�C��ML�� ��	e ���
dI�� 
�L	4��V�� ����M$ \���L� H ����' =�

��L6�� 5������ 5�6M
 =I��� ��@C�� (C�9 �C�LR ���6M� B�DS� �  %�6�1H 
 (C�9 %�.��@ *���� ����� ��c��� * ��	L�M�� ��9 �2C���� �  KC
�
 �� ?$ %' =�

�	��L�O&�R ?X���� �@C�� H ^�E�
 +�I�2 ?	@ =I�� (�6�� ?$ {M��� �I  8,9
�	��4���R �	L�M�� u,D 8,9 ���� * H ���1S� * (���� ����� ��  ��	L�M�� %S

 ����� �	��4��� ���)R ,+��F ��9 ��,)��� ����6L
 &2 ��c��� * C
CM��� 8,9
��c��� ��9 \���L� �,��4� �	��1 
�@�9 ����R ��c�� �9 0��m�1&� ���6L
; 

��� �,#�S� +,� ?#�?n7�� �I  �
�CR * � ��;�92 %d�R �$�� ���; �H 
2��� �����@� �I�  ��D� {��MRNoQ  ��	��L6�� �	��4���� %�����R(Quantum 

causality)	,9 ��. =I�� {M��� * %�	��2� +
�Z ��$2�R ��1�6� :: 
"If one assumes that quantum mechanical laws can be 
applied to causal relations, one might have situations in 
which the causal order of events is not always fixed, 
but is subject to quantum uncertainty, just like position 
or momentum". 

���L�i�� :¥ 8��,9 �����	�E� ���6L
 5��6�� ���6	.�6	� �	.����@ %� ����;i�� �F' 8��,9 �����	�E� ���6L
 5��6�� ���6	.�6	� �	.����@ %� ����;i�� �F' 8��,9 �����	�E� ���6L
 5��6�� ���6	.�6	� �	.����@ %� ����;i�� �F' 8��,9 �����	�E� ���6L
 5��6�� ���6	.�6	� �	.����@ %� ����;i�� �F'
��O 8�,9 ?n�M
 %� 0�L,� �6L	� ,�	��4�� 
�@������O 8�,9 ?n�M
 %� 0�L,� �6L	� ,�	��4�� 
�@������O 8�,9 ?n�M
 %� 0�L,� �6L	� ,�	��4�� 
�@������O 8�,9 ?n�M
 %� 0�L,� �6L	� ,�	��4�� 
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&

 (C��� \�;��� %�6	�1 ��6�2 ,/��C�M�2 \��	�� \LX�� �	� ��CO�� ���4�� (C��� \�;��� %�6	�1 ��6�2 ,/��C�M�2 \��	�� \LX�� �	� ��CO�� ���4�� (C��� \�;��� %�6	�1 ��6�2 ,/��C�M�2 \��	�� \LX�� �	� ��CO�� ���4�� (C��� \�;��� %�6	�1 ��6�2 ,/��C�M�2 \��	�� \LX�� �	� ��CO�� ���4��
                                           

(1) Brukner, Č. (2014). Quantum causality. Nature Physics, 10 (4), 259-263. 
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��L6�� �	�	����L6�� �	�	����L6�� �	�	����L6�� �	�	������5Dc�� 2� A@�L�� C
CM� * �@C�� (C9 ?#� \��L� ,5Dc�� 2� A@�L�� C
CM� * �@C�� (C9 ?#� \��L� ,5Dc�� 2� A@�L�� C
CM� * �@C�� (C9 ?#� \��L� ,5Dc�� 2� A@�L�� C
CM� * �@C�� (C9 ?#� \��L� ,£H 
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"�	������ C��V�� ���@d�7� 8���' =�y��
 ���L� :����1 * �_y��
NoQThe grandfather 

paradox ����2 ��	�$ =�2� ���_ A��U * ��V. ��)�ZS� CO� %� �i7� 
 2� KC���2 2� KC�� ?��R (�@ 5_ �;�L�� 8�' �74��2 :��D �� ��DC�� A	E�4


�	mU � 2 :47., @2 �� /��� �	��4�� (C�
 �L� C�
CM� C���
 ���  :�.S ,+�F A
 2� ,�C��ML�� ������1 * 
���_� "�C��ML�� ���V	���� %� �	��	��2 ���V	��,�2 ��4��,�

:.2CR -��@ H �2C�M�� ?	M�4�� \�	�E�� \��@��� C�V�� �@d�7� -.�$ +�I�2
������ �	�4��� :�O�R� �� 8�O, (C�@ C@2 ,:��L	1 �D� \�	Z �L_ ���  %� CR �� 

 �7	�1 CM,L�� �X�
c	7��?�7��R 8��L�� �I  C	7� �@d2 z�	$� NrQ  \�
� ��� 2
 ��I��� j�4��&� %�.���R ����
 ���Novikov self-consistency principle 

 ��L�O� ?�V
 =I����;�L�� * \�	�Z q)���� �	m
 %� :�.�2 ,/��7�U =2�4�
 
����,m� ���	��� "���X�� * u�4��	1 +�I��R H �,	M�4��� C��V�� ���@d�7� %� ?��U�M���

�2CM��, ��2  ���C�� ��� ^�,E�� ���S ?��7��R �	��4�,� \���. -.�6� -_CO
¥C
CM���£�V	����2 ��4�� * , ��� ��6� ,����1 %2CR �V	���� (�	@ +�F �,
 5_ 

+�I�$ �	� :�@��. =I�� {M��� �I  * %�#O���� :�C@, f�,�)� 0��Z ��L.'2 

                                           
(1) Nahin, Paul J. (1999). Time Machines: Time Travel in Physics, Metaphysics, 

and Science Fiction. American Institute of Physics. ISBN 0-387-98571-9. 
(2) Hawking, S. W. (1992). Chronology protection conjecture. Physical Review 

D, 46(2), 603. 
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CV�� �@d�7� B��7�
 ��C�� �� ^,E�
 :.S ¥C
CM��� (C9£���2 ��4�� *  ��V	�
N /�U� {M��� �C  �  ��C�L�� KI  
��_'2 Q T���1S� g��D� +�F �,
 5_

��	,9 �@C�� (C9 �C�� %�
�1 2� zX�����R H 
 �I 2CV�� �@d�7� �$F %� C�R %�	��2� {MR �� ����@�: 

"Yet paradoxes are avoided". 

�L�i��: ¥
�@d�7L�� ��V� 5� C�� +�IR2
�@d�7L�� ��V� 5� C�� +�IR2
�@d�7L�� ��V� 5� C�� +�IR2
�@d�7L�� ��V� 5� C�� +�IR2£H 
��i�� `�E
 {M��� �I��9 �c�,� ����9 �	.�$ �	7,D ���2 (C ��L$2 ,�

 �	��4��� %a�R �	��4��� �	�R2 ����	R j��7��2 ��	L�M�� 8��� %�	R * \�R�1 ��	,9 ��
 ��i��� ,��c�� * C
CM��� �  �	L�M�� %aR2 ��c�� �9 �,��4� ��,E� �@�9
 \�m��R /��	_a�� ��	L�M�� * �_y�
 %� :.a�Z ��� ��c��� * C�
CM��� (C9 2� C
CM���

�	��4�� A� :,�7	� \�	Z +,L
 & :�6�H 
 ����@� �I 2 �D�%�	��2� {MR �� �F �	�
B�D� "�� +: 

"Figure 2: Local quantum experiments with no 
assumption of a pre-existing background time or global 
causal structure". 

�L�i�� :¥ 5@d ?6��� 5@d ?6��� 5@d ?6��� 5@d ?6���rrrr : : : :��� %2C�R �	,M� �	��L$ Td�V���� %2C�R �	,M� �	��L$ Td�V���� %2C�R �	,M� �	��L$ Td�V���� %2C�R �	,M� �	��L$ Td�V� ����2 ��i ����2 ��i ����2 ��i ����2 ��i
~�$ ���1 �	$�� 2� �	,�@ �	��� �	7,D~�$ ���1 �	$�� 2� �	,�@ �	��� �	7,D~�$ ���1 �	$�� 2� �	,�@ �	��� �	7,D~�$ ���1 �	$�� 2� �	,�@ �	��� �	7,D£H 

 %�$ �F�� ,�	.�6�� �	��c�� �	7,)�� 8��LR %� �� {M��� * �	��4�� 8��L�
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"All causal loops and paradoxes are avoided". 
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(1) Rafelski, J., & Müller, B. (1985). The Structured Vacuum: Thinking about 
Nothing. H. Deutsch. 
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 & ���@�E�� ���� dC��@ �����  \��LX�� 8��	��1 ��������R2
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energy Hz�	$�  �7	�1 ���
 +�I�2NoQ: 
"the Heisenberg uncertainty principle, which we 
discussed in Chapter 4. It is not obvious, but it turns 
out that with regard to that principle, the value of a 
field and its rate of change play the same role as the 
position and velocity of a particle. That is, the more 
accurately one is determined, the less accurately the 
other can be. An important consequence of that is that 
there is no such thing as empty space. That is because 
empty space means that both the value of a field and its 
rate of change are exactly zero. (If the field’s rate of 
change were not zero, the space would not remain 
empty.) Since the uncertainty principle does not allow 
the values of both the field and the rate of change to be 
exact, space is never empty. It can have a state of 
minimum energy, called the vacuum, but that state is 
subject to what are called quantum jitters, or vacuum 
fluctuations particles and fields Quivering in and out of 
Existence". 

�L�i�� :¥ K��	m� �C���2 �	��� ���V� ��L	@ %��� �@C�� (C9 �C�� �4O K��	m� �C���2 �	��� ���V� ��L	@ %��� �@C�� (C9 �C�� �4O K��	m� �C���2 �	��� ���V� ��L	@ %��� �@C�� (C9 �C�� �4O K��	m� �C���2 �	��� ���V� ��L	@ %��� �@C�� (C9 �C�� �4O
 �L CO� %�$ �L,$ {	O �	�� 54V� �9�4��2 A;�L�� ?#� :47. d2C�� %���,
 �L CO� %�$ �L,$ {	O �	�� 54V� �9�4��2 A;�L�� ?#� :47. d2C�� %���,
 �L CO� %�$ �L,$ {	O �	�� 54V� �9�4��2 A;�L�� ?#� :47. d2C�� %���,
 �L CO� %�$ �L,$ {	O �	�� 54V� �9�4��2 A;�L�� ?#� :47. d2C�� %���,
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(1) Vilenkin، A. (1982). Creation of universes from nothing. Physics Letters B, 
117(1)، 25-28. 

(2) Tryon، E. P. (1973). Is the universe a vacuum fluctuation?. Nature، 246، 396-
397. 
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"Perhaps surprisingly, it was along time before particle 
physicists began seriously to worry about quantum 
zero point fluctuation contributions to λ despite the 
demonstration in the Casimir effect of the reality of 
zero-point energies". 
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(2) Weinberg, S. (1989). The cosmological constant problem. Reviews of Modern 

Physics, 61(1), 1. 
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�2d�$ %�Z ���
2NoQ: 
"And the vacuum fluctuations themselves are very real, 
as evidenced by the Casimir effect". 
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(1) S. M. Carroll, Living Rev. Rel. 4, 1 (2001). 
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(1) Aharonov, Y., & Bohm, D. (1961). Time in the quantum theory and the 

uncertainty relation for time and energy. Physical Review, 122(5), 1649. 
(2) Is the vacuum empty and boring? 
 http://motls.blogspot.com/2015/05/is-vacuum-empty-and-boring.html 
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"Quantum mechanics works perfectly، it works for all 
systems in the Universe exactly، and it leads to many 
phenomena that weren't possible in any classical 
theory. However، it also 100% confirms certain laws 
that have already existed in classical physics. And the 
momentum and energy conservation laws belong to the 
latter category". 
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"I keep seeing Heisenberg's uncertainty principle 
described in popular journalese as allowing a temporary 
violation of the law of energy conservation (or of the 
law of momentum conservation). The argument goes 
that HUP allows you to lend or borrow energy as long 
as settlement is made very soon, and that this 
arrangement represents a temporary violation of the 

                                           
(1) Heisenberg's uncertainty principle. 
 http://luttrellica.blogspot.com/2005/10/heisenbergs-uncertainty-

principle.html 
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law of energy conservation. 
The truth is that there is no violation of the law of 
energy conservation. 
The lending or borrowing of energy (and momentum) 
is done in a way that always respects energy (and 
momentum) conservation". 
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�I  -�#�NoQ: 
"I have presented an argument that the experimental 
confirmation of the Casimir effect does not establish 
the reality of zero point fluctuations. Casimir forces 
can be calculated without reference to the vacuum". 
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(1) Jaffe, R. L. (2005). Casimir effect and the quantum vacuum. Physical Review 

D, 72(2), 021301. 
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(1) J. Schwinger, Particles, Sources, and Fields I, II, and III AddisonWesley. 
(2) Creutz, M. (1983). Quarks, gluons and lattices (Vol. 8). Cambridge 

University Press. 
(3) Nikolić, H. (2007). Quantum mechanics: Myths and facts. Foundations of 

Physics, 37(11), 1563-1611. 
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"The calculational tool represented by Feynman 
diagrams suggests an often abused picture according to 
which “real particles interact by exchanging virtual 
particles”. Many physicists, especially nonexperts, take 
this picture literally، as something that really and 
objectively happens in nature. In fact, I have never seen 
a popular text on particle physics in which this picture 
was not presented as something that really happens. 
Therefore, this picture of quantum interactions as 
processes in which virtual particles exchange is one of 
the most abused myths, not only in quantum physics، 
but in physics in general. Indeed, there is a consensus 
among experts for foundations of QFT that such a 
picture should not be taken literally. The fundamental 
principles of quantum theory do not even contain a 
notion of a “virtual” state. The notion of a “virtual 
particle” originates only from a specific mathematical 
method of calculation, called perturbative expansion. In 
fact, perturbative expansion represented by Feynman 
diagrams can be introduced even in classical physics 
[52, 53], but nobody attempts to verbalize these 
classical Feynman diagrams in terms of classical 
“virtual” processes. So why such a verbalization is 
tolerated in quantum physics? The main reason is the 
fact that the standard interpretation of quantum theory 
does not offer a clear “canonical” ontological picture of 
the actual processes in nature, but only provides the 
probabilities for the final results of measurement 
outcomes. In the absence of such a “canonical” picture, 
physicists take the liberty to introduce various auxiliary 
intuitive pictures that sometimes help them think about 
otherwise abstract quantum formalism. Such auxiliary 
pictures, by themselves, are not a sin. However, a 
potential problem occurs when one forgets why such a 
picture has been introduced in the first place and starts 
to think on it too literally". 
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(1) Murihead, H. (2013). The physics of elementary particles. Elsevier. 
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(1) Abe, F., Albrow, M. G., Amidei, D., Antos, J., Anway-Wiese, C., Apollinari, 

G.,... & Budd, H. S. (1995). Direct measurement of the W boson width. 
Physical review letters, 74(3), 341. 
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"Note that, regardless of whether the particle travels 
forward or backward in time in our quantum field 
theory calculation, particles we observe in the 
laboratory always travel forward in time". 
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(1) Schumm, B. A. (2004). Deep down things: The breathtaking beauty of 
particle physics. JHU Press. 
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"The electron must have infinite mass. Of course, no 
one believes this is literally true. But it happens to be 
true in the best theory that we have at the moment. And, 
until a better theory comes along, viewing the electron 
in this manner will continue to be unavoidable". 
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(1) Morris, R. (1998). Achilles in the quantum universe: The definitive history of 

infinity. Souvenir. 
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"Most physicists are very satisfied with the situation. 
They say: 'Quantum electrodynamics is a good theory 
and we do not have to worry about it anymore.' I must 
say that I am very dissatisfied with the situation because 
this so-called 'good theory' does involve neglecting 
infinities which appear in its equations, neglecting them 
in an arbitrary way. This is just not sensible 
mathematics. Sensible mathematics involves neglecting 
a quantity when it is small – not neglecting it just 
because it is infinitely great and you do not want it!". 

                                           
(1) Kragh, H. (1990). Dirac: a scientific biography. Cambridge University Press, 

p. 184. 
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"The shell game that we play... is technically called 
'renormalization'. But no matter how clever the word, it 
is still what I would call a dippy process! Having to 
resort to such hocus-pocus has prevented us from 
proving that the theory of quantum electrodynamics is 
mathematically self-consistent. It's surprising that the 
theory still hasn't been proved self-consistent one way 
or the other by now; I suspect that renormalization is 
not mathematically legitimate". 
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(1) Feynman, R. P. (1985). QED: The Strange Theory of Light and Matter, P. 128. 
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(1) Infinite series: not quite as weird as some would say. 
 http://skullsinthestars.com/2014/01/18/infinite-series-not-quite-as-weird-as-
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"The most important challenge in physics was “to get 
rid of infinity". 

                                           
(1) Close, F. (2013). The Infinity Puzzle: The personalities, politics, and 

extraordinary science behind the Higgs boson. Oxford University Press, USA. 
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"I protest against the use of infinite magnitude as 
something completed, which is never permissible in 
mathematics". 
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h, NrQ : 
"The infinite is nowhere to be found in reality. It 
neither exists in nature nor provides a legitimate basis 
for rational thought…. The role that remains for the 
infinite to play is solely that of an idea". 

                                           
(1) Stillwell, J. (2015). From the continuum to large cardinals. In Mathematics, 

Substance and Surmise (pp. 193-211). Springer International Publishing. 
(2) Hilbert, D. (1925). On the infinite (pp. 134-151). na. 
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''Greene, to his credit, devotes a chapter to the question 
of whether the multiverse idea is a scientific theory or 
not. He believes it is, ………….. But again, there is no 
way to test it, because infinity is always beyond reach - 
and so will not plausibly exist in physical reality, 
as mathematician David Hilbert argued". 
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(1) Ellis, G. (2011). The untestable multiverse. Nature, 469, 295. 
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(1) Ellis, G. (2012). Multiverses, science, and ultimate causation (pp. 125-144). 
Springer Berlin Heidelberg.  

(2) Ellis, G. F. (2011). Fundamental Issues and Problems of Cosmology. In 
Astronomy at the Frontiers of Science (pp. 309-320). Springer Netherlands. 

(3) Ellis, G. F. R. (2014). On the philosophy of cosmology. Studies in History 
and Philosophy of Science Part B: Studies in History and Philosophy of 
Modern Physics, 46, 5-23. 

(4) Ellis, G. (2008). Opposing the multiverse. Astronomy & Geophysics, 49(2), 2-33. 
(5) Ellis, G. F., & Stoeger, W. R. (2009). A note on infinities in eternal inflation. 

General Relativity and Gravitation, 41(7), 1475-1484. 
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(1) Closer To Truth, Leonard Susskind - Is the Universe Fine-Tuned for Life and 
Mind? 

 https://www.youtube.com/watch?v=2cT4zZIHR3s 
(2) QUANTA, Science’s Path From Myth to Multiverse. 
 https://www.quantamagazine.org/20150317-sciences-path-from-myth-to-

multiverse/ 
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(1) Smolin, L., & Harnad, J. (2008). The trouble with physics: the rise of string 

theory, the fall of a science, and what comes next. The Mathematical 
Intelligencer, 30(3), 66-69. 

(2) Woit, P. (2011). Not even wrong: The failure of string theory and the 
continuing challenge to unify the laws of physics. Random House. 



 
MOT< <

:4�7�R %��6�� 0��7�$� ����
 ��� �2S� ��� 0�Z * =��M�W� =��L��  �������R2
��6�2 ^���)�� ��9 8��e * %�6�� �I  %�6
 ����,�� ��
��� K����2 T���1� %

 ���	X����� ���
�>��� +��,� ����� ������2 ������ �	��1�1S� ���	X�
c	7�� �	.�����,� ����L,�R
 ?n��1 8��� &2 ��
�>��� KI�  8�' ?n�1 f	$ �	� ��  ��y4��2 ,���9cL��
 /�	��� ����  %� (� /���� ��6L� ��
�>��� KI  ���2 ?  �  ��y4�� �L.'2 ,��	�'

� � ���2 ?�V
 \�P�@?/�	M�4 
��  T��V�� %�$ �� : %�6	4�� ,+��F ���M��1� �	��
 !?�	�� ����  �	�� &

 /���� %��6�� �I�  %�6
 C@2 ,\�6L� /&�L�O� �  :47�R 5X�@ %�6�� %� ��L�O�
�74���,7�� ������	O �n������2 :����C�2� ����	X�
c	� ����
��� �	.������� ����V	�.�	����;���  

Positivism�E�� j���� ���  ���� ?��$ ���	M�� ���  ��� � �� ������  %� ������9�2 ����	
+�F C�R �D� 0�Z &2 0�Z ?$ �  ��	�E��H 

� %� l� ?�7R �6��  ��y4�� �I  8,9 T��V� : AP��@ ?�	�� C��
 ,5�.
?	M�4�� ���� ��  ��
�>��� KI  ?#� ���2 %� 8,9, ���� h� ��  ?	�C��� �I� 2 

 �����L�$&� (C����� ������eGödel's incompleteness theorems +�I���$2 
��� f@���� �,6�� z�
dTuring’s halting problem  �	� �h�� ��� �� �	e2

 ����	�M�� * 0���Z ?��$ ���
�>. %S ,�	������ =����L�� 5��,M�� �I��  ������ ������
�	��I�� �	���L�� �@d�7� �L��� Self-reference (C@ %� �  ���e :R (�@ ��2 

	��;�
d /�	��#L�\-��
�$ T�I��$ 8L4��� ������ ���L
C��� ���	.�.�	�� ���@d�7L,�  The 

Cretan liar paradox {��	O �����
 -��
�$ ���� ?���d jCn��. ?�� : ¥ %' %' %' %'
%�RI��6
 \��LX�� �		�
���6��%�RI��6
 \��LX�� �		�
���6��%�RI��6
 \��LX�� �		�
���6��%�RI��6
 \��LX�� �		�
���6��£??������ �����
 %a��R ����	���Z 2� : ¥ %�� :����@� ���� %�� :����@� ���� %�� :����@� ���� %�� :����@� ����



 
MOU< 

TI$TI$TI$TI$£? ����
 ���� TI�6
 %��$ %'2 ,TI�6
 ���� ���	�M�� :����
 ��� %�$ %�� 
 ,d2C��� %�E��R ^�E�L�� * 8L4�
 ��� ��  8��L�� �I 2 ,��	�M��2 �	��
 =I���

� %� Kd2CR %��6� %� ��6L
 & ��V	����R ��4��� ��@�9 � ����� uR�
 �,4,1 =
 2� ,��4�7�R �LX�@ �4�O����e �,En��: ��,L� ���2 ��� 8���
 %� C�R & :�.�� 

 8��' ����M� ��L.'2 ,(��>��� ?D�� �� ���ED 2� ���MU 
��_' �6L
 & "CO�2
�>. =� 8,9 ^�E�
 �I 2 ,�,4,4�� +,� �d�D �� 2� (�>��� �d�D �� %� �R (

���;�
��� ����E�L�� (���>��� :��L6M
 (���>. =� 2� ���;�
d ����E�� H -���$ %����
 
�L,4L�� 8,9 -,nOAxioms (��>��� fn�� ����� ¨���L�� 2� 
�	��� 2� 
 
�C ����L�� ^��
�P ���9N �������	��� 2� 0���
c	7�� 
���
�>. * ����M�� ���  ���L$ �������	��� 2� 0���
c	7�� 
���
�>. * ����M�� ���  ���L$ �������	��� 2� 0���
c	7�� 
���
�>. * ����M�� ���  ���L$ �������	��� 2� 0���
c	7�� 
���
�>. * ����M�� ���  ���L$

��'��'��'��'HHHHHHHH Q ��	�E�� 
��C�� �� 
�L,4L�� -V���1� -�$ 2�N * ���M�� ��  �L$ * ���M�� ��  �L$ * ���M�� ��  �L$ * ���M�� ��  �L$
....
�	;�
��� 
�
�>
�	;�
��� 
�
�>
�	;�
��� 
�
�>
�	;�
��� 
�
�> Q :�L6M
2 :7n�
 \��>. +,L� +.� � 2 "CO�2 �V	�����


�L,4L�� �� ��	�� �9�LV� Finite set of axioms  A�	LV�� 8,9 =�V	�
�
�2 ,
�	�;�
��� ��  ���  5$��M��2 5$�M�� 8,9 =�V
 ��\ +�,� �7�U -�.�$ 

 \���>. fn�� 
�L,4�� ��9�LV� ��
����� * %��6� ��4�� ���9cL�� �
�>���
�� �,L�6� �	e %�6� %� ��N 0��Z ?�$ ��
�>�R ���	L4�� %��6� ����M�� KI  *2 0��Z ?�$ ��
�>�R ���	L4�� %��6� ����M�� KI  *2 0��Z ?�$ ��
�>�R ���	L4�� %��6� ����M�� KI  *2 0��Z ?�$ ��
�>�R ���	L4�� %��6� ����M�� KI  *2

 !� �	L4� !� �	L4� !� �	L4� !� �	L4��,,��,,��,,��,,� Q 0�����R 56M��� ���@���� ���� 8��LR ��4�� �	e %�6� %� ��'2
 ����L�$&� �	��R A��LV�� ���	.�6�' (C��92 ,�M	M��U ���	e ����� �����
 �I�� 2 KC��;2

���e :� �R �� �  j�4�&�2H 
-����@ ���U�)�� �	�4����� ���
�>. /�#��L��	�L,4��� 8��,9 , �C���� ���  8���2S� 

 * �L,4�� ��  �,U�� 0����� +�I$2 ,0���� �9�1 
��_ �  �	.�#��2 �	�4���



 
MPL< <

 ��;�
��� 0������ �I�  8�,9 ����m�� * C�L��� 
�
�>���� �I6 2 ,d�E��� �
�>.
 ��	e (��>. =� fn� ���� 
�L,4L�� �9�LV� \LX�� 8���12 ,
�L,4L�� ��

�����2 ���� ��������R2 ,���,L�6� ���� \��@�E.� 0���Z =� * 0���Z ?��$ ���
�>�� 
�;�
d ��E�� (�>�$ fU�
 %� �6L
 �� ?6R /�d2��2 
�	;�
���H 

 C�V� "��	�6�� �	��9W� �V��� 5ed2 +�I�2 C�M,L�� �X��
c	7�� �7	��1
 z�	$� N0��Z ?�$ �
�>. �9 {M��� "�67� �2d �� 5 � � 20��Z ?�$ �
�>. �9 {M��� "�67� �2d �� 5 � � 20��Z ?�$ �
�>. �9 {M��� "�67� �2d �� 5 � � 20��Z ?�$ �
�>. �9 {M��� "�67� �2d �� 5 � � 2 Q %S /��E���

. 8,9 ��nM�� ?�V
 ���e f1�� :.' ���
 <�6L� �	e 0�Z ?$ �
�>, C@2 
 (�9 * +�F %�$rwwr("�;�M� *  ���
� ��R B�$F * � ����NoQ : 

"Some people will be very disappointed if there is not 
an ultimate theory, that can be formulated as a finite 
number of principles.I used to belong to that camp, but I 
have changed my mind. I'm now glad that our search for 
understanding will never come to an end, and that we 
will always have the challenge of new discovery. 
wIthout it, we would stagnate. Goedels theorem ensured 
there would always be a job for mathematicians". 
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"Gödel's theorem implies that pure mathematics is 
inexhaustible. No matter how many problems we 
solve, there will always be other problems that cannot 
be solved within the existing rules. [...] Because of 
Gödel's theorem, physics is inexhaustible too. The laws 
of physics are a finite set of rules, and include the rules 
for doing mathematics, so that Gödel's theorem applies 
to them". 
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(1) Dyson, F. (2004). The world on a string. New York review of books, (8), 16-19. 
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roots a set of propositions which are beyond the system 
to prove. This makes every logically consistent system, 
fundamentally incomplete. The much-vaunted Theory 
of Everything will doubtless be just such a system". 
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(1) Rucker, R. (2013). An incompleteness theorem for the natural world. In 
Irreducibility and Computational Equivalence (pp. 185-198). Springer Berlin 
Heidelberg. 
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(1) G. ’t Hooft, “Quantum gravity as a dissipative deterministic system,” Class. 

Quant. Grav. 16, 3263-3279 (1999). 
(2) G. ’t Hooft, “Determinism in free bosons,” Int. J. Theor.Phys. 42, 355-361 

(2003). 
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�	L,��� �@d��� +,� ���� �L6�NrQ: 
"Such results suggested that the simple notion of a single 
Tree of Life that would accurately and definitively depict 
the evolution of all life forms was gone forever". 
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(2) Wolf, Y. I., Rogozin, I. B., Grishin, N. V., & Koonin, E. V. (2002). Genome 
trees and the tree of life. TRENDS in Genetics, 18(9), 472-479. 
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B�DS� �	L,��� �@d��� KI  ���� +�I$2NoQ : 
"A tree-thinker may choose to ignore conflicting signal 
as if it was noise even if legitimate evolutionary events 
underlie it". 
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��47. �@d��� ��2\�
� : 
"In this paper, We investigate the phylogenetic signal of 
four datasets in order to address a simple question: do 
the phylogenies of orthologs really favour tree-thinking 
and thus justify attempts of tree-reconstruction? Can we 
be reasonably confident that their history is free of 
LGT? We observe that no unique common history can 
be established for these genes. In all cases, genes fail to 
favour a single tree. We also observe that some of these 
genes support incongruent histories. Consequently, the 
tree-thinking on which gene concatenations rest does 
not proceed from phylogenetic conclusions, nor is it a 
priori a safe phylogenetic practice". 
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(1) Bapteste, E., Susko, E., Leigh, J., MacLeod, D., Charlebois, R. L., & 
Doolittle, W. F. (2005). Do orthologous gene phylogenies really support tree-
thinking?. BMC Evolutionary Biology, 5(1), 33. 
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(1) Koonin, E. V., & Wolf, Y. I. (2010). The common ancestry of life. Biol 

Direct, 5(1), 64-64. 
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"Species that were once thought to have turned into 
others have been found to overlap in time with these 
alleged descendants. In fact, the fossil record does not 
convincingly document a single transition from one 
species to another". 
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\�
� :47. T��6�� ��2: 
"The fossil record itself provided no documentation of 
continuity – of gradual transition from one animal or 
plant to another of quite different form". 
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(1) Stanley, S. M. (1981). The new evolutionary timetable: fossils, genes, and the 

origin of species. New York: Basic Books. 
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 T��$ ���
2NMacroevolution, pattern and processQNoQ: 
"The known fossil record fails to document a single 
example of phyletic evolution accomplishing a major 
morphologic transition". 
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(1) Stanley, S. M. (1979). Macroevolution, pattern and process. p. 39. 
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Old Dutch capuchine & komorner tumbler  

 

 ?6Z ?6Z ?6Z ?6ZNNNNo�o�o�o�QQQQ    

 

 ?6Z ?6Z ?6Z ?6ZNNNNrwrwrwrwQQQQ    
Euphorbia & Cactus  

 

 ?6Z ?6Z ?6Z ?6ZNNNNrorororoQQQQ    



 
MSN< <

Yellow-throated longclaw & Eastern Meadowlark 
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Hypocnemis subflava & Hypocnemis peruviana 
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Woodchuck & Wombat 
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(1) ENCODE Project Consortium. (2012). An integrated encyclopedia of DNA 
elements in the human genome. Nature, 489(7414), 57-74. 

(2) IUM, T. (2012). ENCODE project writes eulogy for junk DNA. 
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"junk" or so it seemed.This week, 30 research papers, 
including six in Nature and additional papers published 
by Science, sound the death knell for the idea that our 
DNA is mostly littered with useless bases. A decade-
long project, the Encyclopedia of DNA Elements 
(ENCODE) has found that 80% of the human genome 
serves some purpose, biochemically speaking “I don’t 
think anyone would have anticipated even close to the 
amount of sequence that ENCODE has uncovered that 
looks like it has functional importance" says John A, 
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(1) Dawkins, R. (1986). The blind watchmaker: Why the evidence of evolution 

reveals a universe without design. WW Norton & Company, p. 100. 
(2) Ribak, E., Labin, A., Safuri, S., & Perlman, I. (2015). Sorting of colors in the 

retina. Bulletin of the American Physical Society, 60. 
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(1) Koonin, E. V., & Novozhilov, A. S. (2009). Origin and evolution of the 
genetic code: the universal enigma. IUBMB life, 61(2), 99-111. 
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(1) Wang, L., Xie, J., & Schultz, P. G. (2006). Expanding the genetic code. 

Annu. Rev. Biophys. Biomol. Struct., 35, 225-249. 
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(1) https://www.youtube.com/watch?v=WGvzheu1JQA 
(2) Semendeferi, K., Lu, A., Schenker, N., & Damásio, H. (2002). Humans and 

great apes share a large frontal cortex. Nature neuroscience, 5(3), 272-276. 
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T��$NsQ Shadows of the Mind H +�I$2�	L,��� �,VL�� KI NxQ  {M�� ����
	�O2 �9��� �	,L9 *���� H  CU C@ %��	�� ����C��� * ��_�#�� �,��1S� KI  
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{M��� 8�' ���MR2 C�R 54M� 5� ����9 �
��@ ���: 
"How does the mind relate to the brain? 

Can computers ever be conscious? 

What do we mean by subjectivity and the self?" 

�L�i��: 
¥C��R ?n�
 %� ?��,� �6L
 f	$C��R ?n�
 %� ?��,� �6L
 f	$C��R ?n�
 %� ?��,� �6L
 f	$C��R ?n�
 %� ?��,� �6L
 f	$?���?���?���?��� 

?(�
S� �� (�
 * �	9�2 ���	�L6�� "c��� ��n� %� �6L
 ? ?(�
S� �� (�
 * �	9�2 ���	�L6�� "c��� ��n� %� �6L
 ? ?(�
S� �� (�
 * �	9�2 ���	�L6�� "c��� ��n� %� �6L
 ? ?(�
S� �� (�
 * �	9�2 ���	�L6�� "c��� ��n� %� �6L
 ?     
?�	��I��2 
�I��R ���. �F��?�	��I��2 
�I��R ���. �F��?�	��I��2 
�I��R ���. �F��?�	��I��2 
�I��R ���. �F��£H 

                                           
(1) Gödel, K. (1931). Über formal unentscheidbare Sätze der Principia 

Mathematica und verwandter Systeme I. Monatshefte für mathematik und 
physic, 38(1), 173-198. 

(2) Penrose, R. (1999). The emperor's new mind: Concerning computers, minds, 
and the laws of physics. Oxford University Press. 

(3) Penrose, R. (1994). Shadows of the Mind (Vol. 4). Oxford: Oxford 
University Press. 

(4) Journal of Consciousness Studies 
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b��.S� ?U� :R��$ *NoQ ��@ {	O: 
"IF it could be demonstrated that any complex organ 
existed, which could not possibly have been formed by 
numerous, successive, slight modifications, my theory 
would absolutely break down". 
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 d����� ��4�� ,��7	7P2 ��	�����2 "C�
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 /���$ /�d�	�� ��
�>. /���$ /�d�	�� ��
�>. /���$ /�d�	�� ��
�>. /���$ /�d�	�� ��
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(1) Darwinو C. (1872) Origin of Species, 6th ed. (1988), New York University 
Press, New York, p. 154. 
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"If numerous species, belonging to the same genera or 
families, have really started into life at once, the fact 
would be fatal to the theory of evolution through 
natural selection". 
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(1) Charles Darwin, The Origin of Species, 1902 edition, Part Two, pp. 83, 88. 



 
MUU< 

 <��9 ��V� �	� :�6�2 ,d�E��� ��L� %��	R :��6�2 ,��
�>��� ?�E�� ���� �V ]M,� 
 :�C@%��
d�E��� ��L� ���92 ,�,6��L�� KI�  A�� ?�����,� %�� :�.��C�
 ���2 

 ]
5��� CO� :	� ���V
 &2 CO� :	� +�
 &2 :R %2�� H -�.�$ \
� ¨d���� 5,�	�
 ��V	���� %S ��@d�7L�� KI  A� ?������ * d�E��� �
�>. :�C�� �� ��	�O :�C	�9

O�\����U H2  8�,9 d���@ q)�Z 8�' ^M�� �9 {O���� ¨d���� ��M�
 �6�
 ��a4L�� * 56M��N\n�n)�� �6
 5� �� 8�O HQ ��6L
 ����� ���,M�� 8��M�

 ,�����	�� &2 d���E��� ���
�>�� ����4��. ���6L
 & �,6���L�� A��� ?������,� ��L
C����
(���� ���� "��	M�� ������ �	47� �9 {M�
 ��C�9 CM,L�� %� ���
 �I 2 d��	D 

 �
�>�R %�L
W� d�	D (��� �	�2 ,5	>��� ^��)��R %�L
W� 2� 0�Z���R %�L
W�
5	�>��� ^���)��R %�L
W� 2� d�E��� H �4�M� ��
�>��� (C�� & ��@d�7L�� KI� 2

 Bh�6�� "c�	L��2 ,��	�D 5	�,9 �� �Z��L�� ?DC��� 8,9 ��	@� ��&� �C� �L.'2
��� d����D&� ��	,R�@ g��Z ^�M� ��� ��� ,������� ��	L,9 ��
�>. =� ?�#� ���
�V

 ,�$I��� 5	Ln���� ��
�>. :����� ����� 
������ h$� ���V� ��,�V� "c	L�� KI 2
 ?�$ T��	��1� ��9 �U�@ ��
�V��� 5,��� %� ,�2S� ?n7�� * 
�$F �L$ :.S
 5�� �I� 2 ,5	Ln���� 8���� ?�#� ��
���L�� ^X���M�� \U�n�D2 ^X��M�� b��.�

 ?�@ �� :��m�1��E����	
d !(��,9 ���a$2 2C��� �$I��� 5	Ln���� �
�>. ?�V� 
 ]
 ���
�V��� 5�,��� ?��V. %� �6L
 l� ?�7R �6� ,�7X�� 5	Ln���� 8���� �n��

 /�	M�4� �	� ��S�� ,B�DaR 2� ��
�ER H ��@d�7L�� KI�  :�,�7� ��1 �� �I 2
?�7��R ��
�V��� z��L�� A� H ��� 0c�V�� �I  * ��1d�C��1 ���� �@d�7L�� KI 

 �$i���L�� �������� �d����L�� "���1a� ���@d�7� ���  T����6��Tragedy of the 



 
NLL< <

commons �������� �d����L�� "���1a� ���  ���� 8������ l� %F���R `���Z� ����12 ,
 ��
�>�� ��6L
 & j�a�� ��  �F�L�2 ,��	,9 �	�
�V��� ���S� �  ��2 ,�$i�L��

 ��� f	$2 ,:47. -@��� * :, �V� ���6L
 &2 :�� q,)��� d�E��� ��&� �C�
 ^��M��� ��6L
 ?DC���� �I�  %� f�	$2 ,5	6O 5	,9 �� ?DC��� 8,9 "�Z���

\	�
�V� :�� H�	���� KI  
��,��� �� +�F �	e2H 

||||−−−−oooo−−−−�	.2����� 
�7n��2 d�E��� �
�>. �	.2����� 
�7n��2 d�E��� �
�>. �	.2����� 
�7n��2 d�E��� �
�>. �	.2����� 
�7n��2 d�E��� �
�>. ::::    
 -�	9� ����� 
����S� C�Z� ��� %��$ ��	M�� 
��X�6�� * ~2����� ��,4��

�	
d�E������V���� *  H� 
�7n�� ����� �,��� �	M�� 
��X�6�� �	R �	.2����
 ���1�22 "CX��1 ��L.'2 �4�M� "������ -4�	� ���� 8� �S�2 ,"��	�$ �
d�E�

��	M�� 
���X�6�� �6,L� * d���.&� H �I��� 8��Z d�n�R z��� ��	M�� 
���X�6���
 ��C���� ,f�,6� \�LX�� %2������ ��6�2 5 h�$� 8�' � ����� �mU� �� %2�����

�M,n� ?�� �� \�	Z �I�� \�7@�� f��� +�I�R -�.a� +��L�V� * �
�D�� 
���� /� =I��� ��L� ,��	��	�� �����	O2 =������ ����L�V� * 8��O ,=��L�� �67,� 

 0�����7,� +�����d ���� \�	n��. qn��)� %a��R ���
��L�� ���>��� �����2 ���� :�4��6�1
 /�#� �	$�4L��2 H ��LR 5��� �n����2 ������ (��L  ?LO �� :	�V�1 =I�� ��2

5��7. :	� H�1 �F��2 �@�4��� ��� 2� j��m�� �� q)Z F��.' -�2�O %' �46
 ?n� C@ ���� �X�4)��R +	,9 ���
 C@ :,$ �I�� ,����� +�  �� 2� ?���� 2�

 ]
 =��� CX�9 %2CR2 +��	O C�� 8�'�$I H �
��L�� (��� �	�	�O �,��� %2������
 ��67�� C4�V� � d2C�R �����2 d��E��� ��
�>. * "�	�$ �,��� * ��4� +�I�2

�L����	M�� ��L>.S�2 
���X�6�� B��4� 8,9 =� H KI�  * ¦������ (C��O� C�@2



 
NLM< 

 ����D %� 8���' ���;�L�� %������ 
�	�	���1 * �,6���L��%���
d�E��� 
���9�iD�R 
 
�7n��,� ���	�7. ���
��� 
��	4��7� %���E�
2 f��@�L�� ���� %�V�����
 "C��
C�
 %2�����L�� ����7�� 8��,9 ������ ���	.2����� 
�7n���� G���R %' �������� ,���	.2�����

����L��R B�Da��R 2� ����
�ER A�NMutualism HQ KI��� z�����
 %� ���6L
 & ����2
 ^,EL�� d�#
W� � 2 ��
�E��NAltruism Q * ��Z��� ��	e :��7. %��6
 %� �6L


 ��4�7. 
�7n��� %��,LM
 5��S ,u��� Td��@S� 8�,9 :�7. ���
 %�$ �F' ���O
�������� ���	�S� 8��' ���,LM	�12 ���7�� �I  ��,LM
 ����, A�7. �I� 2  ���7,�

 :47�R 8M; =I��N��n���� �I��� :����� ����� 
��	V,� A7. �U� 8��LR 2� Q
 8��R���� =2F T���)�.� ���	��R �����
 ���L	�Kin selection ����d� 
��� ���L,6� 

 /�C�X�9 5��� :��C�� =I��� A7��� %�$ �	.2����� +��7nR �	�7��L�� ������ �R�����
� * ��)ZS� 0&y  `�V. %S ,�D�R 2� :��R +	,9 ?��. 8�' =�y	1 ¡	��
�������� ���	�S� 8��' ?�@S� 8�,9 ���L>�� 2� +���	�, ��  �I�  %� �i�7
2 

 ]
 =I�� c�X��m�� f�,D ��� ��	M�� 
���X�6�� ���MN ��>��� ����2 ���d��E��� HQ
 ~���6L�� ���	$i�� ���	�� \���
� ����� 2Spatial structure ���9 z����
 =I����2 

 ¡	��� T�,1� 2� �	M�� 
��X�6,� �L��� T�,1� �D� 2� ��4� �c��� ?6�R
��	��� ���;�� c���O 2� H �I�  * %�.2����� A�	LV�� %� ��
����� * �L��
 ��L�

 =2�4����R A�	LV�� 8�,9 �L4��� %2����� f	��6�� ������R2 ,^,mL�� AL�VL��
K��	e %2� %2����L�� ���7�� 8�,9 A��� �	�4�. "d�4�D ���  �	�2 H <���$ �I� 2

%2����� d��L�1� %�L�� H� ��� 2 T����� �	�� \�
Punishment ������� ����� 
 �	R�RC���2 ?�M���2 ?�L��� ?�#� Bh�$ ��	.2��� 
���L�V� ���� ���� 
���M��



 
NLN< <

 �� �� 
��L�VL�� KI�� ,� �	e2� �� ?�6� T����� d2CR (��
 � Kd2� * �n��
 �
A�L�VL�� ��9 :��c9 5��
2 ,AL�VL�� :R :7,$ =I�� H +�I�R ��	��Z ��	�� ���� 2

��$W� �	�� � 2 KCoercion ~2������ ��,4��� 8�,9 K��$W� 5�
 %� ���� � 2 
 ?��#� ����7�� �M,n��� * �	���2 A��L�VL�� �M,n��� * �n��
 =I���� ��,4���� 2�

 %�����	7��Pheromone ?��M��� G
����� u	���#�� ?��M��� ���6,� :���,E� =I���� 
 ,
&�m����	6� ��	,)�� * G	��,� dCn�� ��� ��#$� ����  %�6	� \�	R z��� 

 ,�	,)�� C47��� �� ��6,L�� ���	R CV� ��2�� �9�
 � H ��  B��D� ��	�� ���� 2
 �	n@����� CX�����Diminishing returns �������� `�L� ��6� ��2�M� � 2 

 ��,4��� 2� %2���L�� �	e ��,4�� 8�' A�C
 =I�� `�RdS�2 CX��7�� ?	nM� *
���m�1&� ~�.S� H 0��� T��$ �2a�� ,C
C���� ¡E����R ����� -��$ �F' /�#L�

 ��4�R +�E9 =2�	1pw % ��4��R +��E9 =2�	1 T�$ ~�_2rw % {���_2
:�,$ :R��Z +��6L
 & C�@ T�$ H 8�,9 �������� ?�	,�� * d2� :�� A������ �I���

�d��L�� H �R��6� A;2 * d2� :�2 ,��m�1&� ��� ?	,�� * d2� :� ������R2
S�2 C�X��7�� ��� dC�@ h�$� ?	n�M�� A�	LV�� A�C�� ����� d�E��� 
�	�� `��Rd

�L#�� %�$ �L�� H 8�,9 5���	R �L	� %�4����
 0��C,� �U�nL�� ¡	��7)�� /�#L�
 %��6
 (��	�� ��D� %2����
 ��C��9 ��6� ,�4�
�7�� 0���� qL� ?��S� A;���

 ]L�� 5����E��� =2�)�� AX�V�� 5���2 0��C�� T�Z "�#$ �� 5)� H %�$d���	�
�4�����
 ��.��$ %� C��� 5��	R �L	� 0��C�� �� /�dC@ ��M��U� 0��C��� KI�  8�,9 %

A������ ��4R G��� 5���R �����
 H %� 5��� �L��
 ~2������ ��,4��� �I� 2
 0��C��� K��	e �E�	�1 =I�� ��7�� %S ,(�
S� �,e� * 5����O C4
 �� �2CV




 
NLO< 

 0��C���� K���	e ���� �i���	� :��9�� C4��
 ���� �������� (���	�� * C��V
 & C��@ (���	��
�I6 2 H * ��4�� �  A����� %�6	�~2����� ��,4�� �I  0��R H 
��	�� ���� 2

 �2�O B�D�%�
d�E��� ����2 �	4�7� ��� ����6L�	� �	�1 d�C� 8,9 ��L
C�� 
���	.2����� 
�7n���� H �I��  ?��$ 8���' ���	.2����� 
�7n���� -�����O� �F���L� ���6�

 T��V���� ,��O �X�$ =� * �7U =� ���2 ��1 �9 ���a1 �� �M�� ?C�V��
�2 
����7E�� ���  \��LX�� ���;�M������	�E�� T���)�.& H 
���	�� ?���� =I���� ���L�

 �F���L�2 ?���	.2����� 
�7n���� �����2 �	4��7� 8��,9 "d����@ ���	e �	��1�1S� d���E���
 �	�d�D �.2��� 8�' -���O� ��� ?����$F ����� �	���;W� 
��	��� +�,� ?�#�

 ?& (� /��� ���S� -,O �	��;W� 
�	��� KI  ? 2 
��m��1&� ���7�� %aR a���� d�E��� �
�>. ]	1 %2����L�� ��	e � \�O�Rd� ?n�M

,h$�  ��7,$ C��6�
 %� %2C�R %2����L�� A�L�VL�� * K�����R A����L�� ���V
 :�.S
 ���L��	R A�LV
 %��6� =� * %2����L�� 8�,9 �,m�	4�� �������R2 ��> ���� %2������

 ?M�d� 2� ?O �L�
� ��	�E�� T�)�.&� K�n�	12N 5�@d ?6�Z * �L$sp =I��� 
��R :	� %2���L,� c�d c��Nw Q c����R %2���L�� �	m�2Nc Q �2��� =� -_CO �,�

 ��	e A�� :4�7. A�L�VL�� * %2����L�� ���2 * -��4� 
��7E�� 2� "�V��� ?#�
 %2����L�� 8�,9 %2����L�� ��	e ��,m� ��  ��	L�M�� ��V	���� %�6�4�� ,%2���L��

��47. d�E��� 
�	�� 8���LR �V	���� KI 2 �	,6��R %2���L�� ����
 8�OQNoQH 

                                           
(1) Brown, S. P., West, S. A., Diggle, S. P., & Griffin, A. S. (2009). Social 

evolution in micro-organisms and a Trojan horse approach to medical 
intervention strategies. Philos. Trans. R. Soc. Lond. B. Biol. Sci., 364(1533), 
3157-3168. 
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(1) West, S. A., Diggle, S. P., Buckling, A., Gardner, A., & Griffin, A. S.(2007b). 

The social lives of.microbes. ANNU. REV. ECOL.EVOL.S, 53-77. 
(2) West, S. A., Griffin, A. S., Gardner, A., & Diggle, S. P. (2006). Social 

evolution theory for.microorganisms. Nat. Rev. Microbiol, 4(8), 597-607. 
(3) Travisano, M., & Velicer, G. J. (2004). Strategies of microbial cheater 

control. Trends in.microbiology, 12(2), 72-78. 
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"If explaining cooperation is one of the greatest 
problems for evolutionary biology, then explaining 
cooperation in microbes is one of the key aspects of 
this problem". 
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attention to the fundamental problem of the evolution 
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(1) Xavier, J. B. (2011). Social interaction in synthetic and natural microbial 
communities. Molecular.systems biology, 7(1). 

(2) Kreft, J. U. (2004). Biofilms promote altruism. Microbiology, 150(8),2751-
2760. 
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(1) Hardin, G. (1968). The tragedy of the commons. Science 162:12431248. 
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(1) Kerr, B. et al. (2006) Local migration promoted competitive restraint in a 

host-pathogen ‘‘tragedy.of the commons’’. Nature 442, 75–78. 
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(1) Ibrahim, A. (2014). Invasive cancer as an empirical example of evolutionary 

suicide. Network.Biology, 4(2).  
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indicative of rapid evolution preceded the collapse of northern cod.Nature 
428: 932/935. 
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(1) Muir, W. M. and Howard, R. D. 1999. Possible ecological risks of transgenic 
organism release when transgenes affect mating success: sexual selection and 
the trojan gene hypothesis./Proc. Natl Acad. Sci. 96: 13853. 
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(1) Falster, D.S. and Westoby, M. (2003) Plant height and evolutionary games. 

Trends Ecol. Evol. 18, .337–343. 
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(1) Foster, K.R., Shaulsky, G., Strassmann, J.E., Queller, D.C.&Thompson, 

C.R.L. (2004). Pleiotropy as a mechanism to stabilise cooperation. Nature 
431: 693–696. 
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"�	#$ �	L,9 j�d2� * KCV� �2��� H�@d��� KI  ?#�NoQ: 
"What keeps competition from destroying the common 
good that could be created by cooperating?’ Egbert 
Leigh Jr (Leigh, 1999) 

                                           
(1) Foster, K. R. (2004). Diminishing returns in social evolution: the not‐so‐tragic 

commons. J Evol Biol., 17(5), 1058-1072. 
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This question is considered one of the fundamental 
problems in evolutionary biology (Leigh, 1977, 1983, 
1999; Buss, 1987, 1999; Frank, 1995; Maynard Smith 
& Szathmáry, 1995; Wilson, 1997a; Michod, 1999a, b; 
Reeve & Keller, 1999; Foster & Ratnieks, 2001a)". 
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(1) Leigh, E.G. Jr 1977. How does selection reconcile individual advantage with 

the good of the group? Proc. Natl. Acad. Sci. USA 74: 4542–4546. 
(2) Leigh, E.G. Jr 1983. When does the good of the group override the advantage 

of the individual? Proc. Natl. Acad. Sci. USA 80: 2985–2989. 
(3) Leigh, E.G. Jr 1999. Levels of selection, potential conflicts, and their 

resolution: the role of the ‘common good’. In: Levels of Selection in 
Evolution (L.Keller, ed.), pp. 15–30. Princeton University Press, Princeton, 
NJ, USA. 

(4) Buss, L.W. 1987. The Evolution of Individuality. Princeton University Press, 
Princeton, NJ, USA. 

(5) Buss, L.W. 1999. Slime molds, ascidians and the utility of evolutionary 
theory. Proc. Natl. Acad. Sci. USA 96: 8801–8803. 

(6) Frank, S.A. 1995. Mutual policing and the repression of competition in the 
evolution of cooperative groups. Nature 377: 520–522. 

(7) Maynard Smith, J. & Szathmáry, E. 1995. The Major Transitions in 
Evolution. Freeman, New York. 

(8) Wilson, D.S. (ed.) 1997. Multilevel selection. Am. Nat. 150: S1–S134. 
(9) Michod, R.E. 1999. Individuality, immortality, and sex. In: Levels of 

Selection in Evolution (L.Keller, ed.), pp. 53–74. Princeton University Press, 
Princeton, NJ, USA. 

(10) Michod, R.E. 1999. Darwinian Dynamics. Evolutionary Transitions in 
Fitness and Individuality. Princeton University Press, Princeton, N.J. 

(11) Reeve, H.K. & Keller, L. 1999. Levels of selection: burying the units of 
selection debate and unearthing the crucial new issues. In: Levels of 
Selection in Evolution (L.Keller, ed.), pp. 3–15. Princeton University Press, 
Princeton, NJ, USA. 

(12) Foster, K.R. & Ratnieks, F.L.W. 2001a. Convergent evolution of worker 
policing by egg eating in the honey bee and common wasp. Proc. Roy. Soc. 
London B 268: 169–174. 
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:47. ��y4�� z����H 
�@d��� KI  +�I$NoQ :47. ��y4�� -O�P: 

"The observation that evolutionary suicide can result from 
common evolutionary phenomena, such as selection for 
higher harvesting intensity or for higher growth rate, raises 
a fundamental question. If this phenomenon is 
widespread, then why does life generally persist?". 
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(1) Ibrahim, Ahmed (2015) The tragedy of the commons and prisoner's dilemma 

may improve our realization of the theory of life and provide us with 
advanced therapeutic ways. Figshare. 
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