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��×−¦¦²³²¾�×³¾×³¹¼×½¾�¼�−�¼×�¾��¦×²�×ž¹−Ž³¼�×
þ×³¹¼××
��×−¦²³×¾¹¼½���¼����²³��×²Þ×½¾�¼�¼¦×¾�×³¹¼×�¾

¾	²��×Ž−�¼Þý

Ý�²��þ×Žš×ŠłŁ
Ý�ð²¼³Ð×¦²Þ¾�¦¼�Þþ×ŽŽš×�Š�Å�Šç×
è²¾
¾�²½−
×Ž�¼¦²ÞŽ¾Þ²³²¾�Þý×

²�×
¼−��²��þ×ŽŽš×êùùÅêù�×
²�×¾Ž¼�−�³×½¾�¦²³²¾�²��þ××

ŽŽš×êùêÅêù�×
è�−²�Þ³¼†þ×ŽŽš×�≠Åçù×
ž¾�Þ½²¾�Þ�¼ÞÞþ×Žš×≠Š
Ä−�	²�þ×ž¹−�
¼Þþ×ŽŽš×�þ×ł

Åł
�×
Ä¼Ž�¼ÞÞ²¾�×−�¦×
²�¹³×¼ðŽ¾Þ��¼×

³¹¼�−ŽÐþ×Žš×�çÇ
É†¾³²¾�þ×¼��¼½³Þ×¾�×�−½²−
×¼ðŽ�¼ÞÑ

Þ²¾�Þ×−�¦þ×Žš×
ç

É†¾³²¾�−
×¼ðŽ�¼ÞÞ²¾�þ×ŽŽš×
çŠÅ
çê×
É�¾
�³²¾�−�Ð×Ž¼�ÞŽ¼½³²�¼þ×¦¼�²�¼¦þ×

ŽŽš×≠Åłù×
Éð¼�½²Þ¼þ×ŽŽš×ŁùçÅŁùÇ×
Ö¼−�þ×ŽŽš×ê�ŠÅê�ê×
Ö¼−³��¼×¦¼³¼½³²¾�þ×ŽŽš×Š

ÅŠ
Ł×
Ü¼−�²��þ×Žš×ŠŁ�

Ü���¼�×−�¦×³−Þ³¼×Ž�¼�¼�¼�½¼þ×Žš×
ŠÇ
��Þ³²�½³Þþ×Žš×
Šù
��³¼

²�¼�½¼þ×ŽŽš×êÇ�þ×ê≠êþ×
ù≠Å
łê
á−���−�¼þ×ŽŽš×êçùÅêçłþ×êçêÅêçŁ××
á¾�¼þ×ŽŽš×ŠŠùÅŠŠł×
à−³¹×−�¦×ÞŽ−³²−
×−â²
²³Ðþ×Žš×
łù
à−³²��×Ž�¼�¼�¼�½¼Þþ×ŽŽš×ł
ÇÅł
≠×
à¼�¾Ž−�Þ¼þ×Žš×Šł

ä¼¼¦×³¾×â¼
¾��þ×Žš×

Ç
ãâ¼Þ²³Ðþ×Žš×
êù
ã�¼�½¾��²¦¼�½¼þ×ŽŽš×ê�ùÅê�ł×
å¼�½¼Ž³�−
×−¦−Ž³−³²¾�þ×ŽŽš×ŠŁ
ÅŠŁŁ×
å�â¼�³Ðþ×¾�Þ¼³×¾�þ×Žš×Šù

é¼�Þ−³²¾�þ×Žš×Šêù
é¼�Þ¾�Ð×−¦−Ž³−³²¾�þ×ŽŽš×Šê
ÅŠêŁ×
é¼ð�−
×¾�²¼�³−³²¾�þ×ŽŽš×

êÅ

�×
é¼ð�−
²³Ðþ×ŽŽš×ł
çÅłŁùþ×
êê×
é
¼¼Žþ×Žš×łùŁ
é†¼

þ×ŽŽš×Š��ÅŠ�ç×
ë−Þ³¼þ×Žš×Š��

Ýâ�Þ¼þ×²�³¼��¼�¼�−³²¾�−
×³�−�Þ†²ÞÑ
Þ²¾�×¾�þ×Žš×êłł

Ý¦−Ž³−â²
²³Ðþ×Žš×ç

Ý���¼ÞÞ²¾�þ×ŽŽš×Ł
ŁÅŁŁù×

²�³¼��¼�¼�−³²¾�−
×³�−�Þ†²ÞÞ²¾�×
¾�þ×Žš×êłł

Ý�³²Þ†×ÞŽ¼½³��†×¦²Þ¾�¦¼�þ×ŽŽš×ł≠ŠÅł≠Ł×
è¼¹−�²¾�×�¼�¼³²½Þ×Ž¼�ÞŽ¼½³²�¼þ×Žš×łù
è²¾
¾�²½−
×Ž¼�ÞŽ¼½³²�¼þ×ŽŽš×ŁŠÅŁê×
è�−²�×Ž
−Þ³²½²³Ðþ×ŽŽš×ÇłÅÇŠ×
ž¾�³²��²³Ð×−�¦×Þ³−�¼Þþ×Žš×łçÇ
Ä¼Ž�²�−³²¾�×¾�×−³³−½¹†¼�³þ×ŽŽš×ł≠≠ÅŠùł×
Ä¼Ž³¹×Ž¼�½¼Ž³²¾�þ×Žš×Š
≠
Ä¼�¼
¾Ž†¼�³þ×ŽŽš×łÇłÅłÇŠ×
Ä�²�¼Þ×−�¦×²�½¼�³²�¼Þþ×ŽŽš×
ŠùÅ
Šł×
Ä���×¦¼Ž¼�¦¼�½¼þ×Žš×łŠÇ
Ä���×�Þ¼þ×ŽŽš×łŠçÅłŠÇ×
É−³²��×¦²Þ¾�¦¼�Þþ×Žš×�ŁŠ
ÉŽ²�¼�¼³²½Þþ×ŽŽš×łÇŠþ×�łŠþ×�ê
þ×�


Ü−ŽŽ²�¼ÞÞþ×ŽŽš×
ç≠Å
Çłþ×
ÇêÅ
Ç�×
Ü���¼�×−�¦×³−Þ³¼×Ž�¼�¼�¼�½¼þ××

ŽŽš×
ŠÇÅ
Š≠×
��³¼

²�¼�½¼ý×

Ä¾	�×ÞÐ�¦�¾†¼þ×Žš×
ùê
�¼�¼³²½×−�¦×¼��²�¾�†¼�³−
×

²��
�¼�½¼Þþ×ŽŽš×
ùŁÅ
łŁ×
á¼−��²��þ×ŽŽš×êùùÅêùê×
à¾³¾�×¦¼�¼
¾Ž†¼�³þ×Žš×łÇŁ
ä−³��¼Ñ���³��¼þ×Žš×�

³	²�Þþ×Žš×ç

ãâ¼Þ²³Ð×−�¦×	¼²�¹³×½¾�³�¾
þ××
ŽŽš×
êùÅ
êŠ×

å−�¼�³²��×Þ³Ð
¼Þþ×Žš×ŠùŠ
å¼�½¼Ž³²¾�þ×ŽŽš×ŠŁ
ÅŠŁŁ×
å¼�Þ¾�−
²³Ðþ×Žš×
²²²
å¼�Þ¾�−
²³Ð×³�−²³Þþ×ŽŽš×ŁÇçÅŁ≠
×
åÞÐ½¹¾
¾�²½−
×¦²Þ¾�¦¼�Þ×−�¦ý×

ÝÄÜÄþ×Žš×�łŁ
−�ð²¼³Ð×¦²Þ¾�¦¼�Þþ×ŽŽš×�ŠŁÅ�Šç×
â²¾ŽÞÐ½¹¾Þ¾½²−
×−ŽŽ�¾−½¹þ××

ŽŽš×�łŠÅ�łê×
â²Ž¾
−�×¦²Þ¾�¦¼�×−�¦×¦¼Ž�¼ÞÞ²�¼×

¦²Þ¾�¦¼�Þþ×ŽŽš×�êłÅ�ê
×
¦¼Ž�¼ÞÞ²¾�þ×ŽŽš×�ŠÇþ×�êłÅ�ê
×
Ž¼�Þ¾�−
²³Ð×¦²Þ¾�¦¼�Þþ×ŽŽš×�
≠Å�Łł×
Ž¾Þ³³�−�†−³²½×Þ³�¼ÞÞ×¦²Þ¾�¦¼�þ××

ŽŽš×�ŠêÅ�Šç
Þ½¹²í¾Ž¹�¼�²−þ×ŽŽš×�
łÅ�
Ł×
�²¾
¼�³×â¼¹−�²¾�þ×Žš×�ł�

ì¼	−�¦×¦¼�²½²¼�½Ð×ÞÐ�¦�¾†¼þ×Žš×çê
ì¾†−�³²½×
¾�¼þ×Žš×ŠŠù
é¼ð�−
×¦²Þ¾�¦¼�Þþ×ŽŽš×
êŁÅ
ê�×
é¼ð�−
×¾�²¼�³−³²¾�þ×ŽŽš×

êÅ

�×
é¼ð�−
²³Ðþ×ŽŽš×
êêÅ
ê
×
é
¼¼Ž×Ž−³³¼��Þþ×Žš×łù

é†¼

þ×ŽŽš×Š��ÅŠ�Ç×
é³�¼ÞÞþ×Ž¼�Þ¾�−
²³Ðþ×−�¦×²

�¼ÞÞþ××

ŽŽš×
≠�Å
≠≠×
â¼�¼�²³Þ×¾�×¼ð¼�½²Þ¼þ×ŽŽš×ŁùçÅŁù≠

ë�−²³Þþ×ŽŽš×ê≠
þ×
ù≠

��×−¦¦²³²¾�×³¾×³¹¼×½¾�¼�−�¼×�¾��¦×²�×ž¹−Ž³¼�×
þ×��ž¹�³×¼��
Ž�¾�²³��×²Þ×½¾�¼�¼¦×¾�×³¹¼×�¾

¾	²��×Ž−�¼Þý

� � �
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��×−¦¦²³²¾�×³¾×³¹¼×½¾�¼�−�¼×�¾��¦×²�×ž¹−Ž³¼�×Šþ×¾�¦¼×��³�¾��×½−�×â¼×�¾��¦×¾�×³¹¼×�¾

¾	²��×Ž−�¼Þý

Ý���¼ÞÞ²¾�þ×ŽŽš×Ł
ŁÅŁ
�×
Ý�²��ý×Ž¹ÐÞ²½−
×¼ð¼�½²Þ¼×−�¦×³¹¼×

â�−²�þ×Žš×Šł�
Ý�²†−
×
−���−�¼þ×ŽŽš×ê�çÅê�Ç×
Ý�³²Þ¾½²−
×Ž¼�Þ¾�−
²³Ð×¦²Þ¾�¦¼�þ××

ŽŽš×�
≠Å�Łł×
Ý�¾�Þ−
þ×ŽŽš×
êçÅ
êÇ×
Ý³³¼�³²¾�×¦¼�²½²³î¹ÐŽ¼�−½³²�²³Ð×¦²ÞÑ

¾�¦¼�×ïÝÄÜÄñ×−�¦×³¹¼×â�−²�þ×Žš×�łŁ
Ý�³²Þ†×ÞŽ¼½³��†×¦²Þ¾�¦¼�þ××

ŽŽš×ł≠ŠÅł≠Ł×
Ý�³¾†−³²½×Ž�¼ó�¦²½¼ý×−†Ð�¦−
−þ××

ŽŽš×Łê≠ÅŁ
ù×
è²¾�¼¼¦â−½òþ×Žš×Łù≠
è²¾ŽÞÐ½¹¾Þ¾½²−
×−ŽŽ�¾−½¹þ×Žš×≠

−���¼ÞÞ²¾�þ×Žš×Ł
ç
−�²��þ×ŽŽš×ŠŠ
þ×êê≠
¦¼†¼�³²−×−�¦×Ý
í¹¼²†¼�ôÞþ××

ŽŽš×ŠłÇÅŠł≠þ×êêê
¦¼�¼
¾Ž†¼�³þ×ŽŽš×łçùÅłçŠ×
¦�¼−†Þþ×ŽŽš×łłŠÅłł�×
¦���×�Þ¼þ×ŽŽš×łŠÇÅłŠ≠×
¼†¾³²¾�þ×ŽŽš×Šù
ÅŠùŁþ×êêłÅêêŠþ×


�łÅ
�çþ×
çùÅ
çł×

¼−��²��þ×ŽŽš×êùùÅêùŁ×
Ž−²�þ×ŽŽš×Š�ŠÅŠ�ê×
Ž¼�Þ¾�−
²³Ðþ×ŽŽš×Ł≠
ÅŁ≠�
ŽÞÐ½¹¾
¾�²½−
×¦²Þ¾�¦¼�Þþ×Žš×�łŠ
Þ
¼¼Žþ×ŽŽš×łùùÅłùŁ×
³¹¼�−Ž¼�³²½×
²�¼Þ³Ð
¼×½¹−��¼þ××

ŽŽš×�ÇÇÅ�Ç≠×
è�−²�×¦¼�¼
¾Ž†¼�³ý

−¦¾
¼Þ½¼�½¼þ×ŽŽš×Šù
ÅŠùŁ×
¼ðŽ¼�²¼�½¼×−�¦þ×ŽŽš×łŁŠÅłŁê×
²��−�½Ð×−�¦×½¹²
¦¹¾¾¦þ×ŽŽš×łÇ
ÅłÇŁ×
Þ¼ð�−
×¦²��¼�¼�³²−³²¾�×²�×�³¼�¾þ×

Žš×ł�Ł

è�−²�×Þ³²†�
−³²¾�×³¹¼�−Ž²¼Þþ××
ŽŽš×�ÇŁÅ�Çç×

ž¾��²³²�¼×�¼��¾Þ½²¼�½¼þ×ŽŽš×Łþ×≠ê
Ä���×¦¼Ž¼�¦¼�½¼þ×ŽŽš×łŠÇÅłŠ≠×
Ä�−
ÑŽ�¾½¼ÞÞ²��þ×ŽŽš×≠êÅ≠
×
É†¾³²¾�×−�¦×½¾��²³²¾�þ×ŽŽš×
�ùÅ
�
×
Ö¼−�Ñ
¼−��²��þ×Žš×�Š�
Ö¼³−
×−
½¾¹¾
×ÞÐ�¦�¾†¼×−�¦×â�−²�×

−â�¾�†−
²³²¼Þþ×Žš×łÇŠ
Ü−

�½²�−³²¾�Þþ×ŽŽš×łŠ
ÅłŠ�×

−�¦×�¼−�Ñ¦¼−³¹×¼ðŽ¼�²¼�½¼Þþ×Žš×łŠ

−�¦×Þ½¹²í¾Ž¹�¼�²−þ×ŽŽš×�
ùþ×�
Š
−�¦×Þ
¼¼Žþ×Žš×łùŠ

Ü¾�†¾�¼Þ×−�¦ý
−â�Þ¼þ×ŽŽš×ŠùùÅŠùł×
−ŽŽ¼³²³¼þ×ŽŽš×
Š�Å
Šç×
¦¼�¼
¾Ž†¼�³þ×Žš×ł�Ł

²�×−¦¾
¼Þ½¼�³Þþ×ŽŽš×ł
ùÅł
łþ×ł�çþ×
ŠùŁÅŠùŁ×

¾�×Þ¼ð�−
×½¹−�−½³¼�²Þ³²½Þþ×ŽŽš×ł�çþ×
Šù
ÅŠùŁ××

¼†¾³²¾�þ×ŽŽš×
�
Å
�Ł×
�¼�¦¼�þ×ŽŽš×ł�ŁÅł�ç×
Þ¼ðþ×ŽŽš×ł�ŁÅł�çþ×
êêÅ
ê
×
Þ¼ð�−
×â¼¹−�²¾�þ×ŽŽš×
êêÅ
ê
×
Þ³�¼ÞÞþ×ŽŽš×
�
Å
�Łþ×
≠łÅ
≠
þ×Łù�
	¼²�¹³×½¾�³�¾
þ×ŽŽš×
Š�Å
Šç×

Ü���¼�þ×ŽŽš×
Š
Å
Šç×
��Þ²�¹³þ×ŽŽš×êŁçÅêŁÇ×
��³¼

²�¼�½¼þ×ŽŽš×êÇ�ÅêÇÇ×

½�¼−³²�²³Ðþ×ŽŽš×ê�ŁÅê�ç×
³	²�Þþ×ŽŽš×
ù�Å
ùç×

á−���−�¼þ×ŽŽš×êçùþ×êç�Åêçç×
−�¦×¦¼−��¼ÞÞþ×ŽŽš×êç
Åêç�×
−�¦×³¹²�ò²��×²�×²†−�¼Þþ×ŽŽš×êÇłÅêÇŠ×

á²�¹³Ñ¼ðŽ¾Þ��¼×³¹¼�−ŽÐý×â�−²�×Þ½−�Þþ×
Žš×�çÇ

à¼¦²³−³²¾�þ×ŽŽš×Łù≠ÅŁłł×
à¼†¾�Ðý

¼†¾³²¾�−
×†¼†¾�²¼Þþ×ŽŽš×êêłÅêêŠ×
¼ðŽ
²½²³×†¼†¾�²¼Þþ×ŽŽš×êŠ≠Åêêù×
²†Ž
²½²³×†¼†¾�²¼Þþ×Žš×êêù
Ž¹ÐÞ²½−
×Þ³¾�−�¼×¾�þ×ŽŽš×êŠÇÅêêê×
−�¦×Þ
¼¼Žþ×Žš×łù�
−�¦×ÞÐ�−Ž³²½×½¹−��¼Þþ×ŽŽš×êêŠÅêêê×

à²��¾�×�¼��¾�Þþ×ŽŽš×êùçÅêù≠×
ä¼��¾Þ½²¼�½¼×Ž¼�ÞŽ¼½³²�¼þ×¦¼�²�¼¦þ×

ŽŽš×≠Åłù×
ä¼��¾³�−�Þ†²³³¼�Þ×−�¦ý

−�ð²¼³Ð×¦²Þ¾�¦¼�Þþ×ŽŽš×�Š�þ×
�ÇŠÅ�Çê×

â²¾†¼¦²½−
×³¹¼�−ŽÐý×
¦¼Ž�¼ÞÞ²¾�þ×ŽŽš×�êêÅ�ê
×
Éžëþ×ŽŽš×�ÇŁÅ�Ç�×
Þ½¹²í¾Ž¹�¼�²−þ×ŽŽš×�
Šþ×�ÇŠ

½¹²
¦×−â�Þ¼þ×Žš×Šùù
½¾��²³²�¼Ñâ¼¹−�²¾�−
×³¹¼�−ŽÐý×

¾âÞ¼ÞÞ²�¼Ñ½¾†Ž�
Þ²�¼×¦²Þ¾�¦¼�þ×
ŽŽš×��≠Å�çù×

¦¼Ž�¼ÞÞ²¾�þ×ŽŽš×�êêÅ�ê
þ×�ÇêÅ�Ç
×
¦���Þþ×ŽŽš×łł≠þ×łŠŠÅłŠê×
¼ð¼�½²Þ¼þ×Žš×Łù≠
�−�½¾
¼ŽÞÐþ×ŽŽš×łłùÅłłł×
Þ½¹²í¾Ž¹�¼�²−þ×ŽŽš×�
ŠÅ�
Ł×

ãâÞ¼��−³²¾�−
×
¼−��²��×−�¦×â�−²�×
²†−�²��þ×Žš×êù�

ãŽ³²†�†×−�¾�Þ−
ý×â�−²�×†¼½¹−Ñ
�²Þ†Þ×�¾�×�¼	−�¦Þþ×ŽŽš×
ŠłÅ
ŠŠ×

ã��−Þ†þ×ŽŽš×
êŁþ×
êÇ
å−²�þ×ŽŽš×Š�łÅŠ�ê×

¼ðŽ¼�²¼�½¼¦×−�¦×²†−�²�¼¦×Ž−²�þ×
Žš×êù≠

Ž¹−�³¾†×
²†â×Ž−²�þ×Žš×Š�Š
�²�³�−
×�¼−
²³Ðþ×Žš×Š�


å−�−

¼
×�Þš×Þ¼�²−
×Ž�¾½¼ÞÞ²��þ××
ŽŽš×Š
�ÅŠ
ç×

å¼�½¼Ž³²¾�ý
â�−²�×¦−†−�¼×−�¦þ×Žš×Š
�
½¾
¾�×�²Þ²¾�þ×ŽŽš×Š
êÅŠ

×
�¼−³��¼×¦¼³¼½³²¾�þ×ŽŽš×Š

ÅŠ
Ł×
³�−�Þ¦�½³²¾�þ×Žš×Šêù
�²Þ�−
×²��¾�†−³²¾�×Ž�¾½¼ÞÞ²��þ××

ŽŽš×Š
łÅŠ
�×
å¼�½¼Ž³�−
×¾��−�²í−³²¾�þ×ŽŽš×Š
çÅŠŁù
å¼�Þ¾�−
²³Ð×−�¦×â�−²�Ñ²†−�²��þ××

Žš×ŁÇç
å¾Þ³³�−�†−³²½×Þ³�¼ÞÞ×¦²Þ¾�¦¼�×

ïåëéÄñ×−�¦×³¹¼×
²†â²½×ÞÐÞ³¼†þ××
ŽŽš×�ŠêÅ�Š
×

åÞÐ½¹¾Þ���¼�Ðý×
¾â¾³¾†Ðþ××
ŽŽš×�ÇçÅ�ÇÇ×

é½¹²í¾Ž¹�¼�²−×−�¦×â�−²�×−â�¾�Ñ
†−
²³²¼Þþ×ŽŽš×�
ŠÅ�
Ł

é¼�Þ−³²¾�ý
â¾¦Ð×Ž¾Þ²³²¾�×−�¦×†¾�¼†¼�³þ××

Žš×Š�≠
¦¼−��¼ÞÞþ×ŽŽš×ŠŁçÅŠŁ≠×
¹¼−�²��þ×ŽŽš×ŠŁ�ÅŠŁ≠×
Þ¼�Þ¾�Ð×−¦−Ž³−³²¾�þ×ŽŽš×Šê
ÅŠêŁ×
Þ†¼

þ×ŽŽš×Š��ÅŠ�Ç×
³−Þ³¼þ×Žš×Š��
³¾�½¹þ×Žš×Š�ł
�²Þ²¾�þ×ŽŽš×Šê≠ÅŠŁŁ×

é¼ð�−
×¾�²¼�³−³²¾�þ×ŽŽš×

êÅ

Ł×
é
¼¼Žý

½¾��²³²�¼×¦¼�¼
¾Ž†¼�³×−�¦þ××
ŽŽš×łł
ÅłłŁ×

†¼†¾�Ð×−�¦þ×Žš×łù�
�¼½�Ž¼�−³²¾�×¦��²��þ×Žš×łùŁ

é†¼

×−�¦×¼†¾³²¾�þ×ŽŽš×Š�ÇÅŠ�≠×
ö�½¾�Þ½²¾�Þ×†²�¦þ×ŽŽš×ŁÇùÅŁÇł×

� � � � � � � � � � � �
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Concept Practice: Action Potentials.
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ž¾�¼�−�¼×¾�×�×�³²³�����½�ž×−×Ž½×³¾Ž²½Þ×½−�×â¼×
�¾��¦×²�×³¹¼×�¾

¾	²��×½¹−Ž³¼�Þý

��×−¦ ²³¾×¹¼½

Ý
³��²Þ†îž¾†Ž−ÞÞ²¾�
ž¾Ž²��
ž¾��−�¼
ž�¼−³²�²³Ð
É†¾³²¾�−
×²�³¼

²�¼�½¼
É†Ž−³¹Ð
Ö
¾	
õ�−³²³�¦¼
Ü−ŽŽ²�¼ÞÞîá²�¼×é−³²Þ�−½³²¾�
Ü�†²
²³Ð
Ü�†¾�
ú�Þ³²½¼
á¼−¦¼�Þ¹²Ž
á¾�¼
à¾�−
²³Ð
ãŽ³²†²Þ†
å¼�Þ¾�−
×½¾�³�¾

ì¼Þ²
²¼�½¼
é¼
�Ñ¦²Þ½²Ž
²�¼
é¼
�Ñ¼��²½−½Ð
é¼
�Ñ¼Þ³¼¼†
éŽ²�²³�−
²³Ð
ë¾��¹�¼ÞÞ×ï��²³ñ
û²Þ¦¾†

Łþ×łùþ×łêþ×ł
þ×ł�
łŠ
łê
≠þ×łùþ×ł

łùþ×łê
Łþ×çþ×łŠþ×łêþ×ł�
ÝŽŽ¼�¦²ð×Ý
łŠþ×łê
Łþ×łłþ×łŠ
ł
łŠþ×łê
łê
łêþ×ł
þ×ÝŽŽ¼�¦²ð×Ý

þ×Łþ×łłþ×łŠþ×łêþ×ł
þ×ł�
Ł
łŠþ×ł

łŠ
Łþ×łŠþ×łêþ×ł�
Łþ×łłþ×ł

łŠþ×ł

łłþ×łŠþ×ł

łŠþ×łê
łùþ×łł
êþ×Łþ×≠þ×łêþ×ł


������������
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ž¾�¼�−�¼×¾�×�¦−²¦¼��¹¾
�þ¦−²³�¦−²¦¼¹−��Þ��¼³�¾��×½−�×â¼×�¾��¦×¾�×³¹¼×�¾

¾	²��×Ž−�¼Þý

Ý���¼ÞÞ²¾�þ×ŽŽš×Ł
�ÅŁŁù×
−�¦×�²¦¼¾×�−†¼Þþ×ŽŽš×êłŠÑêłêþ×Ł
≠

Ý�²��×Ž¾Ž�
−³²¾�þ×ŽŽš×Šł
ÅŠłŁ×
Ý�Äéþ×Žš×
≠Ł
Ý��¼�þ×ŽŽš×
ççÅ
çÇ×
Ý�²†−
×�¼Þ¼−�½¹×¼³¹²½Þþ×Žš×
ù
Ý³³�−½³²¾�ý×
¾�¼×−�¦×†−��²−�¼þ××

ŽŽš×ŁŁçÅŁŁÇ×
Ý³³�−½³²�¼�¼ÞÞþ×ŽŽš×ł
çÅł
≠þ××

ŁŁłÅŁŁŠþ×ŁŁ
ÅŁŁŁ×
Ý³³�²â�³²¾�ý×Ž¾
²³²½−
×¼��¼½³Þ×¾�þ×Žš×Łł≠
è¼¹−�²¾�−
×¼��¼½³Þ×¾�×½�
³��¼þ××

ŽŽš×çþ×ł
ł
è¾¦Ð×²¦¼−
þ×Žš×�ŁŠ
è¾¦Ð×²†−�¼þ×Žš×�ŁŠ
ž−³¼�¾�²í−³²¾�þ×Žš×êŁ�
ž¾��¾�†²³Ðþ×Žš×ŁŠç
ž¾�Ž¾�−
×Ž��²Þ¹†¼�³×Ž�−½³²½¼Þþ××

ŽŽš×Š≠ŁÅŠ≠�×
ž�
³��¼ý×

½¾�³¼ð³×¼��¼½³Þþ×Žš×Šêç
¦¼�²�²³²¾�þ×ŽŽš×łŁŁÅłŁ�×
�−�²−³²¾�×¾�¼�×³²†¼þ×ŽŽš×łŁ�ÅłŁç×

ž�
³��−
×�¾�†Þþ×ŽŽš×łŁ�þ×łçłÅłçŠ×
ž�
³��¼×−�¦×³¹¼×Þ¼
�þ×ŽŽš×łŁçÅł�ù×
ž�
³��¼×Þ¹¾½òþ×Žš×łŁ�
Ä¼−�×½�
³��¼þ×ŽŽš×Çłþ×ÇŁþ×êçŠÅêçŁ
Ä¼�¼
¾Ž†¼�³ý

−¦¾
¼Þ½¼�½¼þ×ŽŽš×ŠùêÅŠù
×
−³³−½¹†¼�³þ×ŽŽš×ł≠≠ÅŠùù×
½¹²
¦×�−²Þ²��þ×ŽŽš×ł�ùÅł�ł×
½¾��²³²�¼×¦¼�¼
¾Ž†¼�³þ×Žš×ł≠Š
†¾�−
×¦¼�¼
¾Ž†¼�³þ×ŽŽš×Šù�ÅŠùÇ×
Ž−�¼�³²��×Þ³Ð
¼Þþ×Žš×ŠùŠ
Þ¾½²−
×¦¼�¼
¾Ž†¼�³þ×ŽŽš×ł≠çÅł≠≠×

Ä���×�Þ¼þ×ŽŽš×łŠÇÅłŠ≠×
É†¾³²¾�ý×

¼†¾³²¾�Ñ¦¼³¼½³²��×−â²
²³Ðþ××
ŽŽš×
�ÇÅ
�≠×

¼ðŽ�¼ÞÞ²��þ×ŽŽš×
�ÇÅ
çŁ×
É�¼†Ð×Ž¼�½¼Ž³²¾�Þþ×ŽŽš×Ł�êÅŁ�
×
Ö¼−�þ×Žš×ê�ê
Ö
¾	þ×Žš×ÝÑł
Ö��¦−†¼�³−
×−³³�²â�³²¾�×¼��¾�þ××

ŽŽš×ŁłÇÅŁł≠×
õ¼�¦¼�ý×

½�
³��−
×�¾�†Þþ×Žš×ł�łþ×ł�çÅł�Ç
�¾
¼Þþ×ŽŽš×ł�çÅł�Ç×
Þ¾½²−
×Ž¾	¼�þ×ŽŽš×ł�ŠÅł�ê×

õ�²¼�þ×¼ðŽ�¼ÞÞ²��þ×Žš×ŠŠŁ
Ü−ŽŽ²�¼ÞÞþ×ŽŽš×
Çùþ×
ÇŠþ×
Ç
Å
Ç�×
Ü²�¦Þ²�¹³×â²−Þþ×ŽŽš×ŠùÅŠł×
Ü²Þ³¾�Ð×¾�×ŽÞÐ½¹¾
¾�Ðþ×ŽŽš×ŠÅ≠
Ü¾†¾Þ¼ð�−
²³Ðþ×�²¼	Þ×¾�þ×Žš×

ù
Ü�†−�×¦²�¼�Þ²³Ðîò²�Þ¹²Žþ×ŽŽš×
ùþ×

łŁŁÅł�ł×
�¦¼�³²³Ðý×�¾�†²��×Þ¾½²−
þ×ŽŽš×Šù≠ÅŠłù×
��¦²�²¦�−
²Þ†î½¾

¼½³²�²Þ†þ×Žš×łŁ≠
��³¼

²�¼�½¼þ×ŽŽš×êÇ�þ×
łùÅ
łê×

−�¦×��³�²³²¾�þ×ŽŽš×
ùÇÅ
ù≠þ×
łŠ
â²−Þþ×ŽŽš×
łêÅ
ł
×
Ä¾	�×ÞÐ�¦�¾†¼þ×ŽŽš×
ùêÅ
ù
×

á−���−�¼þ×ŽŽš×łŁŁþ×êçłÅêçŠþ×êç≠ÅêÇł×
½�²³²½−
×Ž¼�²¾¦Þþ×Žš×êç

†¾�¾
²���−
îâ²
²���−
þ×ŽŽš×êç≠ÅêÇł×
��²�¼�Þ−
×��−††−�þ×ŽŽš×êçêÅêç
×

á¼−�²��×³¹¼×�¼Þ³þ×Žš×ŠłŠ
á²�¼×Þ−³²Þ�−½³²¾�þ×ŽŽš×
Çùþ×
ÇŠÅ
Ç�×
á²�¼×ÞŽ−�×−�¦×	¼

Ñâ¼²��þ×Žš×ŠŠê
à−�−�¼†¼�³×Þ³Ð
¼Þþ×Žš×ÝÑłê

à−��²−�¼þ×ŽŽš×ŠŠùÅŠŠł×
à¼†¾�Ðþ×¼�½¾¦²��þ×ŽŽš×êŠ
ÅêŠŁ×
à¼�¾Ž−�Þ¼þ×Žš×Šł

à¼�³−
×²

�¼ÞÞ×�−³¼þ×ŽŽš×�łçÅ�łÇ×
à¾³²�−³²��×−½¹²¼�¼†¼�³þ×Žš×ÝÑÇ
à¾³²�−³²¾�ý×¹²¼�−�½¹Ð×¾�×�¼¼¦Þþ××

ŽŽš×
ŠŠÅ
Šê×
ä¼¼¦×³¾×â¼
¾��þ×ŽŽš×

ÇÅ
Łù×
ä¼��¾³�−�Þ†²³³¼�Þý×½��−�¼þ×Žš×Ł≠
ãâ¼Þ²³Ðþ×ŽŽš×
êùÅ
êŠ
ãâÞ¼��−³²¾�−
×
¼−��²��ý×³¼
¼�²Þ²¾�×

−�¦×−���¼ÞÞ²¾�þ×ŽŽš×êłŠÅêłê×
ã��−�×¦¾�−³²¾�þ×ŽŽš×ê�ŠÅê�ê
å−½¼×¾�×
²�¼þ×ŽŽš×êùþ×łŁ�
å−²�ý×Ž¼�½¼Ž³²¾�×¾�þ×Žš×Š�ê
å−�¼�³×−�¦×Ž¼¼�×�¼
−³²¾�Þ¹²ŽÞþ××

ŽŽš×ŠłùÅŠłł×
å−�³²½²Ž−³²�¼×†−�−�¼†¼�³þ××

Žš×ÝÑłŠÑÝÑłê×
å¼−½¼†−ò²��ý×

½¾�½²
²−³²¾�þ×Žš×Ł�ç
½¾�³−½³þ×ŽŽš×Ł�
ÅŁ�Ł×
½¾¾Ž¼�−³²¾�þ×ŽŽš×Ł�ŁÅŁ��×

å¼¼�×²��
�¼�½¼þ×ŽŽš×łŁ
ÅłŁŁ×
å¼�Þ¾�−
×½¾�³�¾
ý×¦¼†¾½�−½²¼Þþ×Žš×

ŁùŠ
å¾	¼�×¾�×²�¦²�²¦�−
Þþ×Žš×Łê�
å�¼ó�¦²½¼þ×ŽŽš×êçþ×
łþ×ŁêÇÅŁ
Ł×

ü†²ÞÞ²��×	¾†¼�þ°×Žš×Ł
ù
å�¼ó�¦²½¼×Ž�¾³¾³ÐŽ¼Þþ×Žš×êŁ�
åÞÐ½¹¾
¾�²½−
×¦²Þ¾�¦¼�Þý×

½�
³��−
×�¾�†Þþ×ŽŽš×�łùÅ�łł×
¦²ÞÞ¾½²−³²�¼×²¦¼�³²³Ð×¦²Þ¾�¦¼�þ××

Žš×�
Ç
¼−³²��×¦²Þ¾�¦¼�Þþ×ŽŽš×�łŠþ×�ŁŠ

Þ½¹²í¾Ž¹�¼�²−þ×ŽŽš×�łŠþ×�
łÅ�

×
Þ�²½²¦¼þ×ŽŽš×�êçÅ�êÇ×
���×−¦×Žš×�łŠ
×²³¾³¹¼½�−����−¦×Žš×�łŠ

åÞÐ½¹¾³¹¼�−ŽÐý×
½�
³��¼×−�¦×�−
�¼Þ×²�þ×Žš×�Çù
ÉàÄì×³�−²�²��þ×Žš×�çç

å�â¼�³Ð×−�¦×−¦�
³×²�¦¼Ž¼�¦¼�½¼þ×
Žš×ŠłŠ

é¼
�Ñ¼Þ³¼¼†þ×Žš×
ÇŁ
é¼
�ÑÞ¼��²��×â²−Þþ×ŽŽš×�ùŠÅ�ùê×
é¼ð×¦�²�¼þ×Žš×ł
ç
é¼ð�−
×¾�²¼�³−³²¾�þ×ŽŽš×

ùÅ

ł×
é²†²
−�²³²¼Þþ×ŽŽš×ł
ŁÅł
�×
é
¼¼Ž×Ž−³³¼��Þþ×Žš×łù

é¾½²−
×½
¾½òþ×Žš×ŠŠù
é¾½²−
×
¾−�²��þ×Žš×Łêê
é¾½²−
×�¼³	¾�ò²��þ×ŽŽš×
ŁłÅ
Łê×
é¾½²−
Ñ½�
³��−
×Ž¼�ÞŽ¼½³²�¼þ××

ŽŽš×≠Åłù×
éŽ²�²³�−
²³Ðý×�Þ�−¼
²×ò²ââ�³í×

½¾††��²³²¼Þþ×ŽŽš×ŁłŠÅŁłê×
é³�¼ÞÞý×

−¦ó�Þ³²��×³¾×−×�¼	×½�
³��¼þ×Žš×
≠ù
¹¼−
³¹×½¾�Þ¼¢�¼�½¼Þþ×ŽŽš×
≠ùÅ
≠łþ×


≠Łþ×
≠çÅ
≠Ç
�−½²Þ†×−�¦þ×Žš×
≠ù

ë−Þ³¼×Ž�¼�¼�¼�½¼Þþ×Žš×
ŠÇ
ë¼¼�×Þ¼ð�−
²³Ðþ×ŽŽš×
êÇÅ
ê≠×
ë¼Þ³²��×â²−Þþ×ŽŽš×
ł
Å
łŁ×
û¼²�¹³×½¾�³�¾
þ×Žš×
Š≠

é¼¼×−
Þ¾×ž¹−Ž³¼�×łêý×é¾½²−
×
åÞÐ½¹¾
¾�Ðš
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ž¾�¼�−�¼×¾�×³¹¼���½�ž×−×Ž½�×
�þ�¾�¹¾
�	×þ�¾×½−�×â¼×�¾��¦×¾�×³¹¼×�¾

¾	²��×Ž−�¼Þý

ÝâÞ¾
�³¼×³¹�¼Þ¹¾
¦Þþ×ŽŽš×ŠêłÅŠêŠ×
ÝÄÜÄþ×Žš×�łŁ
Ý¦�
³¹¾¾¦ý×Ž¹ÐÞ²½−
×½¹−��¼Þþ××

ŽŽš×Šł
ÅŠłŁ×
Ý���¼ÞÞ²¾�þ×ŽŽš×Ł
ŁÅŁ
�

�−³¹¼�×−âÞ¼�½¼þ×Žš×Ł
Ç
Ž¾��¾��−Ž¹Ðþ×ŽŽš×Ł
ÇÅŁ
≠×
�−Ž¼þ×ŽŽš×Ł
ÇÅŁ
≠×

Ý
½¾¹¾
ý×
−�¦×−¦¦²½³²¾�þ×Žš×łŠù
−�¦×Þ¼ð�−
×−���¼ÞÞ²¾�þ×Žš×łł≠
�Þ¼þ×ŽŽš×łł≠ÅłŠù×

Ý
³��²Þ†þ×Žš×Ł�ù
Ý�¦�¾�Ð�Ðþ×Žš×ł�≠
Ý�³²Þ¾½²−
×Ž¼�Þ¾�−
²³Ð×¦²Þ¾�¦¼�þ××

ŽŽš×�ŁùÅ�Łł×
Ý³³�−½³²¾�þ×ŽŽš×ŁŁłÅŁŁ�×
Ý�³²Þ†×ÞŽ¼½³��†×¦²Þ¾�¦¼�þ××

ŽŽš×ł≠êÅł≠
×
è²¾
¾�²½−
×Ž�¼¦²ÞŽ¾Þ²³²¾�Þ×²�×½¾
¾�×

Ž¼�½¼Ž³²¾�Þþ×ŽŽš×êùŠÅêùê×
è²¾
¾�²½−
×Þ¼ðî�¼�¦¼�þ×ŽŽš×ł�ŁÅł�ç×
è²Ž¾
−�×¦²Þ¾�¦¼�þ×ŽŽš×�Š≠Å�êù×
è¾¦Ð×²†−�¼þ×Žš×�ŁŠ
ž¾
¾�×�²Þ²¾�þ×Žš×Š
ê
ž¾��¾�†²³Ðî¾â¼¦²¼�½¼þ×Žš×ŁŠÇ
Ä−³²��þ×ŽŽš×ŁŁŠÅŁŁê×
Ä¼Ž�¼ÞÞ²¾�þ×ŽŽš×�êłÅ�êŠ×


¼−��¼¦×¹¼
Ž
¼ÞÞ�¼ÞÞþ×Žš×�êŁ
Ä�¼−†×½¾�³¼�³þ×Žš×łłŠ
Ä���×�Þ¼ý×

â²¾
¾�²½−
×²��
�¼�½¼Þþ×Žš×łŠç
ŽÞÐ½¹¾
¾�²½−
îÞ¾½²−
Ñ½�
³��−
×

²��
�¼�½¼Þþ×ŽŽš×łŠÇÅłŠ≠×
É−³²��×¦²Þ¾�¦¼�Þþ×ŽŽš×�ŁłÅ�Łê×

É†¾³²¾�Ñ¦¼³¼½³²��×−â²
²³Ðþ×ŽŽš×
çùÅ
çł×
É†Ž³Ð×�¼Þ³þ×Žš×ŠŠŠ
Ö−³¹¼�×½−�¼þ×Žš×ł≠Ç
Ö−³¹¼�×Ž�¼Þ¼�½¼þ×Žš×
ê≠
Ö�¼�¦ôÞ×�²¼	Þý×

¼�−
�−³²��þ×Žš×Łç≠
²¦¼�³²�²½−³²¾�î�¼�¦¼�×²¦¼�³²³Ðþ×Žš×ŁçŁ
ã¼¦²Ž�ÞîÉ
¼½³�−×½¾†Ž
¼ð¼Þþ××

ŽŽš×Łç
ÅŁçŁ×
Ž¼�²Þ×¼��Ðþ×ŽŽš×Łç�ÅŁçç×

Ö��¦−†¼�³−
×−³³�²â�³²¾�×¼��¾�þ××
ŽŽš×ŁłÇÅŁł≠×

õ¼�¦¼�ý×
−�¦×−�ð²¼³Ðþ×Žš×�Šù
−�¦×½¹²
¦×�−²Þ²��þ×ŽŽš×ł�ÇÅł�≠×
¦¼�²�²³²¾�þ×Žš×ł�ł
¦¼�¼
¾Ž†¼�³þ×ŽŽš×ł�ŁÅł�ç×
Ž�¼ó�¦²½¼þ×ŽŽš×ŁêÇÅŁ
ù×

ü†²ÞÞ²��×	¾†¼�þ°×Žš×Ł
ù
�¾
¼Þþ×ŽŽš×ł�çÅłçł
Þ²†²
−�²³²¼Þî¦²��¼�¼�½¼Þþ×ŽŽš×ł�łÅł�
×

õ¼�¦¼�¼¦×â�−²�þ×ŽŽš×ł�ŁÅł��þ×
êÇþ×


êÅ

Ł×

õ¼�¼�²½×Ž�¾�¾��×ü¹¼þ°×Žš×êÇù
õ�²¼�þ×Žš×ŠŠŁ
õ�¾�Ž×Ž¾
−�²í−³²¾�þ×Žš×Łê

Ü−ŽŽ²�¼ÞÞþ×ŽŽš×
Ç
Å
ÇŁ×
Ü¼−�²��×
¾ÞÞþ×ŽŽš×ŠŁçþ×êçŁ
Ü¾�†¾�¼Þ×−�¦ý×

−���¼ÞÞ²¾�þ×Žš×Ł
�
Þ¼ð�−
×â¼¹−�²¾�þ×ŽŽš×
êêÅ
ê
×
Þ¼ð�−
×¦¼�¼
¾Ž†¼�³þ×ŽŽš×ł�ŁÅł�çþ×

Šù
ÅŠùŁ×
³¼Þ³¾Þ³¼�¾�¼Ñ�¼Ž
−½¼†¼�³×³¹¼�−ŽÐþ×

Žš×
ê


��³¼

²�¼�½¼þ×ŽŽš×
łùÅ
łł×
â²−Þþ×Žš×
łê
Þ³¼�¼¾³ÐŽ¼×³¹�¼−³þ×ŽŽš×
ł
Å
łŁ×

á¼−¦¼�Þ¹²Žý×³�−�Þ�¾�†−³²¾�−
þ××
Žš×ÝÑłŠ

á²�¼×¼ðŽ¼½³−�½Ðþ×ŽŽš×Šł
ÅŠłŁ
á¾Þ²��×	¼²�¹³þ×ŽŽš×
êùÅ
êŠ×
á¾�¼þ×ŽŽš×ŠŠùÅŠŠŠþ×ŁŁ�ÅŁŁÇ×
à−��²−�¼þ×ŽŽš×ŠŠùÅŠŠłþ×ŁùŁÅŁù�×
à−³��−³²¾�þ×ŽŽš×Šù
ÅŠùŁ×
à¼�−�½¹¼þ×Žš×Šù

à¼�¾Ž−�Þ¼þ×Žš×Šł

à²¦
²�¼×½�²Þ²Þþ×Žš×ŠŠù
ãâ¼Þ²³Ðý×

�¼�¼³²½×�−½³¾�Þþ×ŽŽš×
êùÅ
êł×
¹¼−
³¹×�²ÞòÞþ×Žš×
êù
	¼²�¹³×¦²Þ½�²†²�−³²¾�þ×Žš×
Š≠

ãâÞ¼��−³²¾�−
×
¼−��²��ý×
Þ¼ð�−

Ð×�²¾
¼�³×†¼¦²−þ×Žš×êłŠ
ë£ôÞ×²��
�¼�½¼þ×Žš×êłł

å−²�×Þ¼�Þ²³²�²³Ðþ×Žš×Š�ł
å−�−Ž¹²
²−Þþ×ŽŽš×
êŁÅ
ê�×
å¾��¾��−Ž¹Ðþ×ŽŽš×
êçÅ
êÇ
å�¼ó�¦²½¼þ×Žš×êŁ�
åÞÐ½¹¾
¾�²½−
×¦²Þ¾�¦¼�Þþ×�−³¼Þ×¾�þ×

Žš×�łÇ
åëéÄý×¦¼�¼
¾Ž†¼�³×¾�þ×ŽŽš×�ŠêÅ�Š
×
ì−Ž¼þ×Žš×Ł


ì¼
²�²¾Þ²³Ð×−�¦×
²�¼×¼ðŽ¼½³−�½Ðþ××

ŽŽš×ŁłłÅŁłê×
ìÉà×Þ
¼¼Žþ×−�¾�Þ−
×²�þ×Žš×łùê
ì¾†−�³²½×
¾�¼þ×ŽŽš×ŁŁ�ÅŁŁç×
é−�−�³×ÞÐ�¦�¾†¼þ×Žš×êÇç
é½¹²í¾Ž¹�¼�²−þ×Žš×�
ł

é¼
�Ñ²�ó��Ðþ×Žš×�ê≠
é¼�Þ¼×¾�×Þ†¼

þ×ŽŽš×Š�çÅŠ�Ç×
é¼ð×�¼−ÞÞ²��†¼�³þ×Žš×ł�ç
é¼ðý×¦¼�²�²³²¾�þ×Žš×ł�ł
é¼ð�−
×−â�Þ¼þ×Žš×

Š
é¼ð�−
×−³³�−½³²¾�þ×ŽŽš×ł
ÇÅł
≠þ×ŁŁ

é¼ð�−
×¦ÐÞ���½³²¾�Þþ×ŽŽš×
êêÅ
ê≠×
é¼ð�−
×�−�³−Þ²¼Þþ×Žš×
êÇ
é¼ð�−
×¾�²¼�³−³²¾�þ×ŽŽš×

ùÅ

�×
é¼ð�−
²³Ðþ×Žš×
êê

−¦¾
¼Þ½¼�³þ×ŽŽš×
êÇÅ
ê≠×
¼�¾
�³²¾�−�Ð×¼ðŽ
−�−³²¾�þ××

ŽŽš×ł
çÅł
≠
¼ð³¼��−
×Þ³²†�
²þ×ŽŽš×
êçÅ
êÇ×
²†−�²�¼¦×Þ³²†�
²þ×Žš×
êÇ

é¼ð�−
²í−³²¾�×¾�×�²�
Þþ×Žš×
ê≠
é¼ð�−

Ð×³�−�Þ†²³³¼¦×²��¼½³²¾�Þþ××

ŽŽš×
ê�Å
êç×
é³¼�¼¾³ÐŽ²��þ×Žš×Šê�
é³�¼ÞÞ×−�¦ý×

Ý�Äéþ×Žš×
≠Ł
¦¼Ž�¼ÞÞ²¾�þ×Žš×
≠Ç
¹¼−
³¹þ×−�¦×Þ¼ð�−
×−â�Þ¼þ××

ŽŽš×Łù�ÅŁùç×
¹¼−�³×¦²Þ¼−Þ¼þ×Žš×
≠ç
²††��¼×ÞÐÞ³¼†þ×Žš×
≠ê
�¼ÞŽ¾�Þ¼×³¾þ×Žš×
≠Š

é�²½²¦¼þ×Žš×�êç
ë¼�−³¾�¼�Þý×−
½¾¹¾
×½¾�Þ�†Ž³²¾�þ×

Žš×łÇŠ
ë�−�Þ�¼�¦¼�þ×ŽŽš×ł�≠Åłçù×
û¾†¼�×²�×ŽÞÐ½¹¾
¾�ÐôÞ×¹²Þ³¾�Ðþ×

ŽŽš×êÅ
×

� � � � � � REFACE    
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ý¼³²³�¹−�²ž³¾Ý³¾Ž�½¾�¼�−�¼þ×−�¦×²�Ñ¦¼Ž³¹×Þ³¾�²¼Þ×¾�×ŽÞÐ½¹¾
¾�ÐôÞ×��³�¾²³
³��¼���¹¼�ž×Ž�¾½¼ÞÞþ×½−�×â¼×�¾��¦×¾�×³¹¼×�¾

¾	²��×Ž−�¼Þý

��������������������������
�
�
�����
	
Ü−�¦¼¦�¼ÞÞþ×Žš×Ç�
Ý¦¦²½³²¾�þ×Žš×łłÇ
å�¼�−³−
×ë¼Þ³²��×³¾×å�¼¦²½³×Ö�³��¼×

ë�−²³Þþ×Žš×ł
ê
é�â
²†²�−
×å¼�Þ�−Þ²¾�þ×Žš×Šêê
ÜÐŽ�¾Þ²Þ×−�¦×å−²�×ì¼
²¼�þ×Žš×Š�Ł
Ééå§å¼�½¼Ž³²¾�×û²³¹¾�³×

é¼�Þ−³²¾�•þ×ŽŽš×ŠçŠÅŠç
×
Ä¾¼Þ×£²¼	²��×à¼¦²−×£²¾
¼�½¼×ë�²��¼�×

£²¾
¼�³×è¼¹−�²¾�•þ×ŽŽš×êłŠÅêłê×
ì¼Ž�¼ÞÞ¼¦×¾�×ž¾�Þ³��½³¼¦×

à¼†¾�²¼Þ×¾�×Ýâ�Þ¼•þ×ŽŽš×ê
ÇÅê
≠×
ë¹¼×Ö¼−�×Ö−½³¾�§û¹Ð×û¼×Ö¼−�×³¹¼×

û�¾��×ë¹²��Þþ×ŽŽš×ê�ŠÅê�ê×
á²¼×Ä¼³¼½³²¾�þ×ŽŽš×
��Å
�ç×
ë¹¼×é³²�†−×¾�×��³�¾�¼�Þ²¾�þ×Žš×ŁÇÇ
ÝÄÜÄ§ä¾�†−
×Ü²�¹×É�¼��Ð×¾�×

Ä²Þ¾�¦¼�¼¦×è¼¹−�²¾�•þ×Žš×�łŁ
Ý�¼×å¼¾Ž
¼×û²³¹×åÞÐ½¹¾
¾�²½−
×

Ä²Þ¾�¦¼�Þ×Ä−��¼�¾�Þ•þ×Žš×�ł�

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

ë¹¼×�¼¼¦×�¾�×ŽÞÐ½¹¾
¾�²½−
×
Þ½²¼�½¼þ×ŽŽš×ŠùÅŠŁ×

å¼�½¼²�²��×¾�¦¼�×²�×�−�¦¾†×¼�¼�³Þþ×
Žš×ŠŠ

Ä¾×	¼×�Þ¼×¾�
Ð×łù×Ž¼�½¼�³×¾�×¾��×
â�−²�Þ•þ×Žš×ç≠

Ü−Þ×³¹¼×½¾�½¼Ž³×¾�×ü−¦¦²½³²¾�°×â¼¼�×
Þ³�¼³½¹¼¦×³¾¾×�−�•þ×Žš×łłÇ×

ä¼−�Ñ¦¼−³¹×¼ðŽ¼�²¼�½¼Þþ×Žš×łŠ
×
ž�²³²¢�²��×³¹¼×¼�¾
�³²¾�−�Ð×

Ž¼�ÞŽ¼½³²�¼þ×ŽŽš×ł
≠ÅłŁù××
Ü¾	×†�½¹×½�¼¦²³×¾�×â
−†¼×¦¾×

Ž−�¼�³Þ×¦¼Þ¼��¼•þ×ŽŽš×łŁêÅłŁ
××
é¼�Þ¾�Ð×�¼Þ³�²½³²¾�þ×Žš×ŠŁ
×
ž−�×¹ÐŽ�¾Þ²Þ×â¼×³¹¼�−Ž¼�³²½•×

Ý

¼�²−³¼×Ž−²�•þ×Žš×Š�Ł
�Þ×³¹¼�¼×¼ð³�−Þ¼�Þ¾�Ð×Ž¼�½¼Ž³²¾�•þ×

ŽŽš×ŠçŠÅŠçê×
Ä¾×¾³¹¼�×ÞŽ¼½²¼Þ×¼ð¹²â²³×
−���−�¼•þ×

ŽŽš×êççÅêç≠××
Ä¾×�²¦¼¾×�−†¼Þ×³¼−½¹×¾�×�¼
¼−Þ¼×

�²¾
¼�½¼•þ×Žš×Ł
≠×
Ü¾	×�−
²¦×²Þ×³¹¼×ì¾�Þ½¹−½¹×³¼Þ³•þ××

ŽŽš×ŁçÇÅŁç≠×
�Þ×Ö�¼�¦×½�¼¦²â
¼•þ×ŽŽš×Łç≠ÅŁÇŠ×
�Þ×�¼Ž�¼ÞÞ²¾�×−×†Ð³¹•þ×Žš×ŁÇù
�Þ×ŽÞÐ½¹¾³¹¼�−ŽÐ×¼��¼½³²�¼•þ××

ŽŽš×�çêÅ�çŁ×
É�−
�−³²��×−
³¼��−³²�¼×³¹¼�−Ž²¼Þþ××

ŽŽš×�ççÅ�çÇ×

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

ë¹¼×
²†²³Þ×¾�×²�³�²³²¾�×−�¦×½¾††¾�×
Þ¼�Þ¼þ×ŽŽš×ŠùÅŠł×

ë¹¼×Þ½²¼�³²�²½×−³³²³�¦¼þ×ŽŽš×ŠêÅŠŁ××

üž�²³²½−
×³¹²�ò²��°×²�³�¾¦�½¼¦×−Þ×−×
ò¼Ð×³¼�†þ×Žš×Š
×

ë¹¼×Þ½²¼�³²�²½×†¼³¹¾¦þ×ŽŽš×Š�ÅŠç××
ì¼��¼ÞÞ²¾�×³¾	−�¦×³¹¼×†¼−�þ××

ŽŽš×êêÅê
×
ž¾��¼
−³²¾�×−�¦×½−�Þ−³²¾�þ××

ŽŽš×ê
ÅêŁ××
ÉðŽ
¾�²��×½−�Þ¼×−�¦×¼��¼½³þ×Žš×êŁ×
ì−�¦¾†×−ÞÞ²��†¼�³þ×Žš×êŁ×
��¦¼Ž¼�¦¼�³×−�¦×¦¼Ž¼�¦¼�³×

�−�²−â
¼Þþ×ŽŽš×êçÅêÇ××
é³−³²Þ³²½−
×�¼−Þ¾�²��þ×ŽŽš×
ŠÅ
Ç××
Ä¼Þ½�²â²��×¦−³−þ×ŽŽš×
êÅ
�××
à−ò²��×²��¼�¼�½¼Þþ×ŽŽš×
�Å
ç××
ë¹¼×¼�¾
�³²¾�−�Ð×Ž¼�ÞŽ¼½³²�¼×¾�×

¹�†−�×Þ¼ð�−
²³Ðþ×ŽŽš×ł
çÅłŁł××

���������������������������
	
�Þ×â�¼−Þ³×†²
ò×â¼³³¼�×³¹−�×�¾�†�
−•þ×

ŽŽš×êŁÅê�××
ã��×¦²�²¦¼¦×â�−²�Þþ×ŽŽš×ÇŠÅÇ�××
û¹Ð×¦¾×	¼×Þ
¼¼Ž•þ×ŽŽš×łùŁÅłù�××
û¹Ð×	¼×¦�¼−†þ×ŽŽš×łłêÅłł�×
ë	²�×−�¦×−¦¾Ž³²¾�×Þ³�¦²¼Þþ×ŽŽš×

łêŁÅł
ù××
Ü¾	×−×½¹²
¦ôÞ×†²�¦×¦¼�¼
¾ŽÞþ××

ŽŽš×łÇ
Åł≠Š×
Ü¾	×¦¾×	¼×Þ¼¼×²�×½¾
¾�•þ×ŽŽš×Š
êÅŠ

××
å−�−

¼
×Ž�¾½¼ÞÞ²��þ×Žš×Š
�

�Þ×¹ÐŽ�¾Þ²Þ×−�×¼ð³¼�Þ²¾�×¾�×�¾�†−
×
½¾�Þ½²¾�Þ�¼ÞÞ×¾�×−�×−
³¼�¼¦×
Þ³−³¼•þ×Žš×Š�Ł×

Ü¾	×−�¼×†¼†¾�²¼Þ×½¾�Þ³��½³¼¦•þ×
ŽŽš×êŠłÅêŠÇ××

Ü¾	×¦¾×	¼×Þ³¾�¼×†¼†¾�²¼Þ×²�×¾��×
â�−²�Þ•þ×ŽŽš×êŠÇÅêê
××

Ä¾×¾³¹¼�×ÞŽ¼½²¼Þ×¼ð¹²â²³×
−���−�¼•þ×
ŽŽš×êççÅêç≠××

Ý�²��×−�¦×²�³¼

²�¼�½¼þ×ŽŽš×ê≠≠Å
ùł××
û¹Ð×¦¾×	¼×�¼¼
×¹���¼�•þ××

ŽŽš×
ŠŁÅ
Šç××
û¹−³×¦¼³¼�†²�¼Þ×Þ¼ð�−
×

¾�²¼�³−³²¾�•þ×ŽŽš×

ŠÅ

�××
ë¹¼×Ž��Þ�²³×¾�×¹−ŽŽ²�¼ÞÞý××û¹¾×²Þ×

¹−ŽŽÐþ×−�¦×	¹Ð•þ×ŽŽš×
ç≠Å
Çç×
û¹Ð§−�¦×²�×	¹¾†§¦¾¼Þ×Þ³�¼ÞÞ×

½¾�³�²â�³¼×³¾×¹¼−�³×¦²Þ¼−Þ¼•þ××
ŽŽš×
≠�Å
≠≠×

Ü¾	×−�¦×	¹Ð×²Þ×Þ¾½²−
×Þ�ŽŽ¾�³×

²�ò¼¦×	²³¹×¹¼−
³¹•þ×ŽŽš×ŁùŁÅŁùç×

û¹Ð×¦¾×Ž¼¾Ž
¼×�−²
×³¾×¹¼
Ž×²�×
¼†¼��¼�½²¼Þ•þ×ŽŽš×ŁŁ≠ÅŁ�ù×

é¼
�Ñ¼Þ³¼¼†×�¼�Þ�Þ×Þ¼
�ÑÞ¼��²��×
â²−Þþ×ŽŽš×�ùłÅ�ùŁ×

û¹−³×½−�Þ¼Þ×¦¼Ž�¼ÞÞ²�¼×¦²Þ¾�¦¼�Þ×
−�¦×â²Ž¾
−�×¦²Þ¾�¦¼�•þ×ŽŽš×�êłÅ�êç×

Ä¾×Ž�¼�−³−
×�²�−
×²��¼½³²¾�Þ×
²�½�¼−Þ¼×³¹¼×�²Þò×¾�×
Þ½¹²í¾Ž¹�¼�²−•þ×ŽŽš×�
ŠÅ�
ê××

�Þ×ŽÞÐ½¹¾³¹¼�−ŽÐ×¼��¼½³²�¼•þ××
ŽŽš×�çêÅ�çŁ

� � � � � � REFACE    
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��������� �
Psychology,�����������	������������
���	
��������������������
�����


�¼�¼�¾�¹�ž¼¾¹Ž½¼�
½�þ�Psychology,  
Þ�¼�¼�¹³�Þ
−¹−��

	ý	�Ý¼¾½�−�š�Š�¾�ł

Ł��ð�¼
š¼�Ð¾ł¼��
−��ýł�¦³���š�

Å¦−¼�¹−
−¦�ç�èŽ−½��
¾�
�²½−¹−¦¾���³−�ê−�š

Þ¹³−¦¾��¾�
�Å�¦−¾��
�¼ł×��ł−ù−�−¹��−��¾�
†−�¼½ł¼�≠�½�
 ²�þþŽ�−¦¾¹−��

ý½�
¼łł−��¾��
†¼�¼��×þ¼�¹

ë¼ð³×½¾�³¼�³ ¶ ¶ ¶ ¶ ¶

ë¹²�ò²��×ž�²³²½−

Ð×â¾ð¼Þ ¶ ¶ ¶ ¶

á¼−��²��×ãâó¼½³²�¼×ß�¼Þ³²¾�Þ×Ž�¼�²¼	²��×
³¼ð³×Þ¼½³²¾�Þ ¶ ¶ ¶

ì¼³�²¼�−
×å�−½³²½¼×Þ¼
�Ñ³¼Þ³Þ×³¹�¾��¹¾�³×
³¼ð³ ¶ ¶ ¶

é¼½³²¾�×ì¼�²¼	Þ ¶ ¶ ¶

üë�Ð×³¹²Þ°ÑÞ³Ð
¼×−½³²�²³²¼Þ×²�³¼��−³¼¦×
³¹�¾��¹¾�³ ¶ ¶ ¶ ¶

ž¹−Ž³¼�×ë¼Þ³Þ ¶ ¶ ¶

åÞÐ½¹¾
¾�Ð×−³×û¾�ò×−ŽŽ¼�¦²ð ¶ ¶ ¶ ¶

é�â�²¼
¦Þ×¾�×åÞÐ½¹¾
¾�Ð×−ŽŽ¼�¦²ðþ×	²³¹×
ž−�¼¼�Þ×²�×åÞÐ½¹¾
¾�Ð×²�×á−��½¹å−¦ ¶ ¶ ¶

á−��½¹å−¦×	²³¹×á¼−��²��ž���¼×�¾�†−³²�¼×
¢�²íí²�� ¶ ¶ ¶ ¶ ¶

üÜ¾	×û¾�
¦×®¾�×©�¾	•°×−½³²�²³²¼Þ×²�×
á−��½¹å−¦ ¶ ¶ ¶ ¶

ÝÞÞ¼ÞÞ×®¾��×é³�¼��³¹Þ×�¼−³��¼×²�×
á−��½¹å−¦ ¶ ¶ ¶ ¶ ¶

� � � � � � � � � � �
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���������
›�����������������������������
������
�������������	�����

Ä²	��ÇÉÑÖ �
����������Þ�¼�¼�¹³�Þ
−¹−��Ü�²�½½¼�¾¹−��ł

Å¾þ×�¼�²��¹¼�¹�²¾¹¼š�½��á	à�Å¼�ł−�š�¹³¼�¼��−½��þ¼�¹ ý¾š¼�âŽþù¼½

š�¾�×¼½�Š¼×����³¾Ž š�¾�¹²³×¾�¹¾
�Š�¼���²³×¾� ŠŠÇÅŠçç

é¼�Þ−³²¾� è−Þ²½×ž¾�½¼Ž³Þ×¾�×é¼�Þ−³²¾�×−�¦×å¼�½¼Ž³²¾� ŠêùÅŠêÇ

���ž��−Ž
� ë¹�¼Þ¹¾
¦Þ ŠêłÅŠêê

þ³��ž�ž¹Þž
���ž��−Ž
� ŠêŠÅŠêê

	žýž�Ý�
š²Š 	žýž�Ý�
Ž²Š
ïò¼Ð×³¼�†ñ ŠêŠÅŠêê

ł³Ł¹²Ž

ž×žÞ×³−¹
×�ž−�� ł³Ł¹²Ž

ž×žÞ×³−¹
×�ž−��
ïò¼Ð×³¼�†ñ Šêł

łž¹�−��
²
²ð×²×³−¹ é¼�Þ¾�Ð×Ý¦−Ž³−³²¾� Šê
ÅŠêŁ

é¼�Þ¾�Ð×�¼½¼Ž³¾�Þ ë�−�Þ¦�½³²¾� Šêù

łž¹�−��
ð²×�Š²�� £²Þ²¾�ý×é¼�Þ¾�Ð×−�¦×å¼�½¼Ž³�−
×å�¾½¼ÞÞ²�� Šê≠ÅŠŁŁ

Ü¼−�²�� ŠŁ�ÅŠ�ù

å−²� Š�łÅŠ�Ł

ë−Þ³¼ Š��

é†¼

 Š��ÅŠ�≠

è¾¦Ð×å¾Þ²³²¾�×−�¦×à¾�¼†¼�³ Š�≠

��ðž�
−�
�ž¹�−��
�žÞžð×−�� ë¹¼×ÉÐ¼ Š
ùÅŠ
Š

ž¾
¾�×å�¾½¼ÞÞ²�� Š
êÅŠ



Ü¼−�²�� ŠŁ�ÅŠ�ù

ö�¦¼�Þ³−�¦²��×å−²� Š�łÅŠ�ê

ë−Þ³¼ Š��

é†¼

 Š��ÅŠ�≠

è¾¦Ð×å¾Þ²³²¾�×−�¦×à¾�¼†¼�³ Š�≠

�²ýŽž
Ð�Å¦
ł�çç²�³è³¹Ł
×�ž
łž¹�ž� Šçł

ł³�³×¾ £²Þ²¾�ý×é¼�Þ¾�Ð×−�¦×å¼�½¼Ž³�−
×å�¾½¼ÞÞ²�� Šê≠ÅŠŁŁ

é³��½³��¼×−�¦×���½³²¾�×¾�×³¹¼×¼Ð¼ ë¹¼×ÉÐ¼ Š
ùÅŠ
Š

£²Þ�−
×Ž�¾½¼ÞÞ²�� ���¾�†−³²¾�×å�¾½¼ÞÞ²��×²�×³¹¼×ÉÐ¼×−�¦×è�−²� Š
łÅŠ
ç

ê³��²Ž
ð²×�Š²��
³¹
×�ž
ý�²³¹ ù³Ł��ž
Ð�†≠¦
Ä²×�Š²�
��−ç
×�ž
ž�ž�
×−
×�ž
Ç³��²Ž
Þ−�×žÉ Š
Š

Ä²�²ŽŽžŽ
ð�−Þž��³¹Ł Ä²�²ŽŽžŽ
Ä�−Þž��³¹Ł Š
�

ùž²×��ž

ž×žÞ×³−¹ ùž²×��ž
þž×žÞ×³−¹ Š

ÅŠ
Ł

Ł�¹¼³¾Ž Ü¼−�²�� ŠŁ�ÅŠ�ù

Ý�¦²³¾�Ð×Ž�¾½¼ÞÞ²�� Ü¼−�²�� ŠŁ�ÅŠ�ù

Ñ�
³×−��
ð²×�Š²��
³¹
×�ž
ý�²³¹ ë¹¼×É−� ŠŁçÅŠŁ≠

å²³½¹
ïò¼Ð×³¼�†ñ ŠŁ�

ù³Ł��ž
Ð�ÅÐ¦
��ž
ð���³Þ²Ž
ð�−ðž�×³ž�
−�
Š²Çž� ŠŁ�

š−Þ²×³¹Ł
ł−�¹
� Š�ù

é¼�Þ¾�Ð×�¼½¼Ž³²¾�×âÐ×¹−²�×½¼

Þ ��ž
Ö²� ŠŁçÅŠŁ≠

�²ýŽž
Ð�Å¦
ł�çç²�³è³¹Ł
×�ž
łž¹�ž� Šçł

ð²ž�¼�š�¾��� ë¾�½¹þ×ë−Þ³¼þ×é†¼

þ×è¾¦Ð×å¾Þ²³²¾�×−�¦×à¾�¼†¼�³ Š�ùÅŠçł

é¾†−³¾Þ¼�Þ−³²¾� ë¾�½¹ Š�łÅŠ�


é¼�Þ¾�Ð×Ö��½³²¾�Þ×ï¾�×³¹¼×½¾�³¼ðñ çÇ

ł−ç²×−�ž¹�−��
Þ−�×žÉ
ïò¼Ð×³¼�†ñ çÇÅç≠

�²ýŽž
Ð�Å¦
ł�çç²�³è³¹Ł
×�ž
łž¹�ž� Šçł

� � � � � � REFACE    



D�������������������������������
�����

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

��
��������

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

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

�� ����� ����
�

� �
�� ������� ����������
����
�

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

�
��������������

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

�	  ������������� ���›����� �����������������
�� ��
�� �
���������� �
����
��
�� ���� ����
�

�
�������������
��������������������������
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Ä²	��ÇÉÑÖ �
����������Þ�¼�¼�¹³�Þ
−¹−��Ü�²�½½¼�¾¹−��ł

Å¾þ×�¼�²��¹¼�¹�²¾¹¼š�½��á	à�Å¼�ł−�š�¹³¼�¼��−½��þ¼�¹ ý¾š¼�âŽþù¼½

Ä²³¹
ðž�Þžð×³−¹ å−²� Š�łÅŠ�Ł

Ü¹
ž��×²¹
³¹Ł
Ä²³¹ Š�łÅŠ�ê

á−¹×�−ŽŽ³¹Ł
Ä²³¹ Š�êÅŠ�Ł

à�ð¹−�³�
²¹

Ä²³¹
âžŽ³ž� Š�Ł

ë−Þ³¼ ë−Þ³¼ Š��

�²�×ž
ý�
�äÞ�žç−�žÞžð×−��
×�²×

ž×žÞ×
�ðžÞ³�³Þ
Þ�žç³Þ²Ž� ë−Þ³¼ Š��

�²ýŽž
Ð�Å¦
ł�çç²�³è³¹Ł
×�ž
łž¹�ž� Šçł

ù³Ł��ž
Ð�ãÐ¦
�²�×ž¦
łçžŽŽ¦
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Ý�Þ	¼�×³¹¼×�¾

¾	²��×¢�¼Þ³²¾�Þþ×
	�²³²��×óž�×¾�×ò−×�¾�×¼−½¹×
²�¼š

łš	 Ä¾×Ð¾�×�Þ�−

Ð×Þ¼³×�Ž×−×Þ½¹¼¦�
¼×³¾×
â�¦�¼³×Ð¾��×³²†¼×�¾�×Þ³�¦Ð²��þ×	¾�òþ×
�¼½�¼−³²¾�þ×−�¦×¾³¹¼�×−½³²�²³²¼Þ•×
×

Šš	Ä¾×Ð¾�×¾�³¼�×Ž�³×¾��×Þ³�¦Ð²��×��³²
×
³²†¼×Ž�¼ÞÞ��¼Þ×�¾�½¼×Ð¾�×³¾×½�−†•×
× ×

êš	�Ä¾×¾³¹¼�×Þ³�¦¼�³Þ×Þ¼¼†×³¾×Þ³�¦Ð×

¼ÞÞ×³¹−�×Ð¾�×¦¾þ×â�³×�¼³×â¼³³¼�×
��−¦¼Þ•×× ×


š	�Ä¾×Ð¾�×�Þ�−

Ð×ÞŽ¼�¦×¹¾��Þ×−³×−×³²†¼×
Þ³�¦Ð²��×¾�¼×Þ�âó¼½³þ×�−³¹¼�×³¹−�×
¦²�²¦²��×³¹−³×³²†¼×−†¾��×Þ¼�¼�−
×
Þ�âó¼½³Þ•×× ×

Łš	�Ä¾×Ð¾�×¾�³¼�×¹−�¼×³�¾�â
¼×�¼†¼†Ñ
â¼�²��×	¹−³×Ð¾�×¹−�¼×ó�Þ³×�¼−¦×²�×
Ð¾��×½¾��Þ¼×	¾�ò•×× ×

�š	�è¼�¾�¼×�¼−¦²��×−×½¹−Ž³¼�þ×¦¾×Ð¾�×
Þò²†×³¹�¾��¹×²³×−�¦×�¼−¦×³¹¼×Þ¼½³²¾�×
¹¼−¦²��Þ•×× ×

çš	� Ä¾×Ð¾�×³�Ð×³¾×Ž�¼¦²½³×³¼Þ³×¢�¼Þ³²¾�Þ×
��¾†×Ð¾��×½
−ÞÞ×�¾³¼Þ×−�¦×�¼−¦²��•×
× ×

Çš	Ä¾×Ð¾�×�Þ�−

Ð×³�Ð×³¾×Þ�††−�²í¼×²�×
Ð¾��×¾	�×	¾�¦Þ×	¹−³×Ð¾�×¹−�¼×ó�Þ³×
™�²Þ¹¼¦×�¼−¦²��•×× ×

≠š	� Ä¾×Ð¾�×™�¦×²³×¦²�™½�
³×³¾×½¾�½¼�Ñ
³�−³¼×�¾�×�¼�Ð×
¾��×	¹¼�×Ð¾�×Þ³�¦Ð•×
× ×

łùš	� Ä¾×Ð¾�×¾�³¼�×�¼¼
×³¹−³×Ð¾�×Þ³�¦Ñ
²¼¦×³¹¼×	�¾��×†−³¼�²−
×�¾�×−×³¼Þ³•×
×

ë¹¾�Þ−�¦Þ×¾�×Þ³�¦¼�³Þ×¹−�¼×Ž−�³²½²Ñ
Ž−³¼¦×²�×Þ²†²
−�×Þ���¼ÐÞš×é³�¦¼�³Þ×
	¹¾×−�¼×��

Ð×�¼−
²í²��×³¹¼²�×−½−¦¼†²½×
Ž¾³¼�³²−
×�Þ�−

Ð×�¼ÞŽ¾�¦×−Þ×�¾

¾	Þý×
ïłñ×Ð¼Þþ×ïŠñ×�¾þ×ïêñ×�¾þ×ï
ñ×�¾þ×ïŁñ×�¾þ××
ï�ñ×Ð¼Þþ×ïçñ×Ð¼Þþ×ïÇñ×Ð¼Þþ×ï≠ñ×�¾þ×ïłùñ×�¾š

Ä¾×Ð¾��×�¼ÞŽ¾�Þ¼Þ×�²³×³¹−³×Ž−³Ñ
³¼��•×��×�¾³þ×Ð¾�×½¾�
¦×â¼�¼�²³×��¾†×
²†Ž�¾�²��×Ð¾��×³²†¼×†−�−�¼†¼�³×
−�¦×Þ³�¦Ð×¹−â²³Þš

T � � � � M � � � � � � � � � � � � � � �
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ë¹¼�¼×−�¼×−×�¼	×¾³¹¼�×³¹²��Þ×Ð¾�×	²

×	−�³×³¾×ò¼¼Ž×²�×†²�¦×	¹¼�×Ð¾�×Þ¼³×�Ž×
Ð¾��×Þ½¹¼¦�
¼š
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×��×Ð¾�×�¼¼¦×ê×¹¾��Þ×³¾×Þ³�¦Ð×
¾�¼×Þ�âó¼½³þ×�¾�×¼ð−†Ž
¼þ×²³ôÞ×â¼Þ³×³¾×¦²�²¦¼×³¹−³×²�³¾×Þ¹¾�³¼�×Ž¼�²¾¦Þ×ÞŽ−½¼¦×
¾�¼�×Þ¼�¼�−
×¦−ÐÞš

����������
������
������������������������
×Ý
³¼��−³²��×³¹¼×Þ�âó¼½³Þ×Ð¾�×Þ³�¦Ð×²�×
−�Ð×�²�¼�×Þ¼ÞÞ²¾�×	²

×ò¼¼Ž×Ð¾�×��¼Þ¹×−�¦×	²

þ×Þ��Ž�²Þ²��
Ðþ×²�½�¼−Þ¼×Ð¾��×−â²
²³Ð×
³¾×�¼†¼†â¼�×	¹−³×Ð¾�ô�¼×
¼−��²��×²�×¼−½¹×¦²��¼�¼�³×−�¼−š×é³�¦Ð²��×Þ²†²
−�×³¾Ž²½Þ×
â−½òÑ³¾Ñâ−½òþ×¹¾	¼�¼�þ×Þ�½¹×−Þ×³	¾×¦²��¼�¼�³×�¾�¼²��×
−���−�¼Þþ×½¾�
¦×
¼−¦×³¾×
²�³¼��¼�¼�½¼×²�×Ð¾��×
¼−��²��š×ï®¾�×	²

×¹¼−�×†¾�¼×−â¾�³×³¹²Þ×²�×ž¹−Ž³¼�×Çñš
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����������������
����������
×ë¼ð³²��þ×Þ�−Ž½¹−³³²��þ×â�¾	Þ²��þ×−�¦×¼Ñ†−²
×½−�×
â¼×�¼−
×¦²Þ³�−½³²¾�Þš×û¹¼�×Ð¾��×½¾�½¼�³�−³²¾�×²Þ×²�³¼���Ž³¼¦þ×²³×³−ò¼Þ×¼ð³�−×³²†¼×−�¦×
¼�¼��Ð×³¾×�¼�−²�×³¹¼×�¾½�Þ×Ð¾�×�¼¼¦×³¾×†−ò¼×Þ³�¦Ð×³²†¼×½¾��³š×ž¾�Þ²¦¼�×Þ½¹¼¦Ñ
�
²��×−×³²†¼×�¾�×½¹¼½ò²��×³¹¼×Ž¹¾�¼§Ž¼�¹−ŽÞ×¾�½¼×Ž¼�×¹¾��×¾�×³¹¼×¹¾��§−�¦×
²��¾�¼×²³×¦��²��×³¹¼×�¼Þ³×¾�×Ð¾��×Þ³�¦Ð×³²†¼š×ïž¹−Ž³¼�×łł×¹−Þ×†¾�¼×³²ŽÞ×�¾�×†−²�³−²�Ñ
²��×â−
−�½¼×−�¦×�¾½�Þ×²�×Ð¾��×Þ¾½²−
×�¼³	¾�ò²��šñ

������������������������
������������������������������������������
�
�ë¹¼×³²†¼×
Ð¾�×�¼¼¦×¦¼Ž¼�¦Þ×¾�×³¹¼×¦²��²½�
³Ð×¾�×Ð¾��×½¾��Þ¼Þ×−�¦×³¹¼×¼��¼½³²�¼�¼ÞÞ×¾�×Ð¾��×
Þ³�¦Ð×†¼³¹¾¦Þš×�¦¼−

Ðþ×Ð¾�×	¾�
¦×ÞŽ¼�¦×−³×
¼−Þ³×ł×³¾×Š×¹¾��Þ×Þ³�¦Ð²��×�¾�×¼−½¹×
¹¾��×ÞŽ¼�³×²�×½
−ÞÞš×��½�¼−Þ¼×Ð¾��×Þ³�¦Ð×³²†¼×Þ
¾	
Ð×âÐ×Þ¼³³²��×	¼¼ò
Ð×�¾−
Þ×³¹−³×
	²

×��−¦�−

Ð×â�²��×Ð¾�×�Ž×³¾×³¹¼×¦¼Þ²�¼¦×
¼�¼
š×

���������
�����������������
�
��
�
×ë−²
¾�×Ð¾��×Þ½¹¼¦�
¼×³¾×†¼¼³×³¹¼×¦¼†−�¦Þ×¾�×
¼−½¹×½¾��Þ¼š×Ö¾�×³¹¼×½¾��Þ¼×³¹−³×¼†Ž¹−Þ²í¼Þ×
¼½³��¼×�¾³¼Þþ×Ž
−�×−×¦−²
Ð×�¼�²¼	×
¾�×Ð¾��×�¾³¼Þ×Þ¾¾�×−�³¼�×¼−½¹×½
−ÞÞš×��×Ð¾�×−�¼×¼�−
�−³¼¦×�¾�×½
−ÞÞ×Ž−�³²½²Ž−³²¾�×
ï�¾�×¼ð−†Ž
¼þ×²�×−×
−���−�¼×½¾��Þ¼ñþ×−

¾	×³²†¼×�¾�×−×�¼�²¼	×ó�Þ³×â¼�¾�¼×³¹¼×½
−ÞÞ×
†¼¼³Þš×é½¹¼¦�
¼×Þ³�¦Ð×³²†¼×�¾�×Ð¾��×†¾Þ³×¦²��²½�
³×ï¾�×
¼−Þ³×†¾³²�−³²��ñ×½¾��Þ¼Þ×
¦��²��×¹¾��Þ×	¹¼�×Ð¾�×−�¼×³¹¼×†¾Þ³×−
¼�³×−�¦×¦²Þ³�−½³²¾�Þ×−�¼×�¼	¼Þ³š

��������������
���������
� ������������������������
×É†¼��¼�½²¼Þ×−�¦×�¼	×
¾â
²�−³²¾�Þ×½−�×³¹�¾	×¾��×Ð¾��×Þ½¹¼¦�
¼š×ã�×Ð¾�×†−Ð×Þ²†Ž
Ð×�¼¼¦×Þ¾†¼×¼ð³�−×
³²†¼×�¾�×−×Ž�¾ó¼½³×¾�×�¾�×�¼�²¼	×²�×¾�¼×¾�×Ð¾��×½¾��Þ¼Þš×ë�Ð×³¾×−

¾	×�¾�×Þ¾†¼×
�
¼ð²â²
²³Ð×²�×Ð¾��×Þ½¹¼¦�
¼×¼−½¹×	¼¼òš

Ö¾

¾	²��×³¹¼Þ¼×��²¦¼
²�¼Þ×	²

×¹¼
Ž×Ð¾�×�²�¦×−×Þ½¹¼¦�
¼×³¹−³×	¾�òÞ×�¾�×Ð¾�´

� � � � � � � TIME    � MANAGEMENT        
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Sleep (Chapter 3)
I. Biological Rhythms

A. Circadian Rhythm (circa-about; diem-day)�24-hour cycle.

B. FOUR Sleep Stages, cycle through every 90 minutes all

     night! Aserinsky discovered�his son�REM sleep (dreams, 

     rapid eye movement, muscles paralyzed but brain super

     active). EEG measurements showed sleep stages.

1. Ups and downs throughout day/night.

      Dip in afternoon (siesta time).

2. Melatonin�hormone that makes us sleepy. Produced by pineal

     gland in brain. Bright light shuts down production of melatonin.

     (Dim the lights at night to get sleepy.)

When is my daily peak in
circadian arousal? Study

hardest subject then!

1. NREM-1 (non-Rapid Eye Movement sleep; brief, images like

     hallucinations; hypnagogic jerks)

2. NREM-2 (harder to waken, sleep spindles)

3. NREM-3 (DEEP sleep�hard to wake up! Long slow waves on EEG;

     bedwe�ing, night terrors, sleepwalking occurs here; asleep but

     not dead�can still hear, smell, etc. Will wake up for baby.)

4. REM Sleep (Dreams�)
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