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� �=���x��������®²¬ � Þ'ÔB®±�
� \ � © Ë � ���x�2� \ � ©�¸b� �µ�vÈ¨¬Q�D��¬����t��«

% = ñ Ü í =ñ ã Ü � ñ í =ñ ã 1 ÙÛÞ = ì Ü í = ï � \ � \tÀb�
% � ñ Ü í �ñ ã Ü � ñ í �ñ ã 1 ÙÛÞ ì Ü í � ï � \ � \�©;�



5bÅ»Ä�Å��3Î¯�cÌNÃ×�P�IÎ���Áa�EÎÍ�����PÖ½�£ÀL�#�£ÀL�NÃ-Ê�ÁPÈ��f9�Ì~ÎE�=Áa�EÎÍ���XÎ@��ÀaÎ ¹+À �f9�Ì~ÎE�=�cÏXÊ�Ád�~�Ð�NÃ Áÿ�

½?��¬���¬ % = 1 ÙÛÞ = �o4 =E � Ü ï % � 1 ÙÛÞ �=4 �E � Ü ø � \ � \t\b�
Þ'Ô¨�x����{~�t�µ®f� \ � \�À)� �l�x�S� \ � \B©$� ��¬±ýx��¬��D��¬ «=��®²��¬���¬lÔ¨�x����{~���#�����»Ô¨�x���B�D��« ��¬l���
���­���µ®²�x�t���'�²ÜQÊ ³"� �qÊ���ÈB{~���=����¬!�D¬§�¯��´�����{~���U�D{¾«!¬l®�% = �l�x�ð% � � �t��¬=����� ��¬±ýx��¬����¬'ùD�����¶®D�l�D{~���x®×û°Æ =E �l�x�GÆ �EÆ =E 1 �=% = � ( � ï Æ��E 1 �o%�� � ( � ï � \ � \ ¹ �
��� Æ =E 1 Þ = �=4 =E � ÜÙÛ ï Æ �E 1 Þ �o4 �E � ÜÙÛ ï
{·� ¬¨� � Æ =E ÙÛ 1 Þ = �=4 =E � Ü 1 Þ = 
 Ü

¹ : Ü ïÆ �E ÙÛ 1 Þ �o4 �E � Ü 1 Þ 
 Ü"
¹ : Ü ø � \ � \ Á �

³ ��¬����t�D«����¶�t®"� \ � \ Á � ��¬±ýµ��¬��D��¬�çc�¶���x�­èÕì Þc{~�x®¿�D¬�{¾�!�D¬§�¯����{~��� ���t�?��¬v����Ô¨�x���B�­�fØ =E
�l�x�GØ �E

Ø =E 1 Æ =E ÙÛ 1 Þ = �o4 =E � Ü ï
Ø �E 1 Æ �E 1 Þ � �o4 �E � Ü ø � \ � \tÅb�

³ ��¬���¬l���=Ô¨�x�l������« ½?{¾�D�à¬���¬§�D�t�.Ø E 1 ÙÛ Æ ���l�à}j¬��µ��«!¬l�Ú����¬ðHJBNeaF�×bD � {~��±��«!���¾¬��D¬����x�l�~���t�Ú���U�D��¬	Ø9Hh×bD�×bD � ÖXe�`bD�×bD � OK×aF�×bD � ¬����t� ª �t�]% = � % � 5 À �Þ'ÔB®±�<� \ � \�À)� �l�x�Ú� \ � \ Á � ����¬�����¬ ª �t���D{~¬§� ¬lÔ¨�x�l�D{~���x®»½?{~�D�FÔ¨�x�l������« ��{Ýß¦�x®¿{~�t�
�±�¨¬PÓ=�±{¾¬��B�­® þ = ���µ� þ �ñ í =ñ ã 1 þ = ì Ü í = ï þ = 1 ÙÛÞ = ï � \ � \ É �ñ í �ñ ã 1 þ � ì Ü í � ï þ � 1 ÙÛÞ ø � \ � \ Ë �



ÅtÀ ��ÀLÁcÂk�Ð�NÃ�5bÅÆ��ÁbÇ��cÁPÈ
�£ÀL�NÃ~Ê�Á�È�ÂgÀL�N�L��Ê��N�LÁ;Ë��)Ç$Á��L�=ÁPÈ�Ïb�~�cÌNÃÐÎÑÂk�IÎ»���
³ ��¬�Ô¨�x���B�D��«Î��{Ìß&�µ®²{~���!�h�¨¬�Ó=�h{~¬��B�­® þ = �l�x� þ � ½Ä¬��D¬?{¾�����D�B���x�h¬l�H���t�'�D��¬|ýx�­®¿�
�D{~«�¬K}B�=Þ?�J�K¬��¶®²�t� � \ �ºÉ 
 �
ª ����ýx��{~�D¬C% = �l�x�G% � � ���t�~DXãª�.% = � DXãª�.% � � Þ	ÔB®±�
� \ � \tÀ)� ���µ�ð� \ � \�©;� ���l�}j¬d½?��{~�D��¬��X�t®

©�=4 =E � Ü ñ Ü í =ñ ã Ü 1 ì Ü í = ï � \ � \t¸b�
©�o4 �E � Ü ñ Ü í �ñ ã Ü 1 ì Ü í ��ø � \ � \ � �

Þ'ÔÕ�x�l�D{¾�t�x®<� \ � \�¸)� �l�x��� \ � \ � � ����¬|����¬?½?��È¨¬'¬lÔ¨�x����{~�t�µ® ���t�'Ô¨�x�l������«4��¬l���q�D�����x®�ì
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�D��¬����µ�±�~¬��µ®��¾¬�È¨¬�� � {¯®�¬�´��±{~��¬l��½?{~���¤®²���t�D���D¬�«��j¬§�­�������D¬������¶®²¬l®X��D6ã�Ò % � � �D��¬�D¬l®¿�j���x®²¬»�l�'�D��¬H«����D��¬��?{¯®���{¶®D�±��¬��D¬¨� ³ ��¬�«=�����D¬��¼��}x®¿�t�D}µ®�����¬�����¬���«=���¦¬���¬����t�
{~�=�D��¬������D«��l�c����¬�ÔÕ�x�l����� Ø =E ����Ø �E �
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(b) YUKAWA POTENTIAL
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(a) a=2 eV A, v=12.6 A/fs
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(b) a=2 eV A, v=12.6 A/fs
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(a) a=5 eV A, v=12.6 A/fs   
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(b) a=5 eV A, v=12.6 A/fs 
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(a) a=2 eV A, v=12.6 A/fs   
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(b) a=2 eV A, v=12.6 A/fs 
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(a) QH-TEMPERATURE T0=300 K
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(b) QD-TEMPERATURE T0=300 K
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(a) QH-TEMPERATURE T0=300 K
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(b) QD-TEMPERATURE T0=300 K
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(a) LINE WIDTH=50 as, 
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(b) LINE WIDTH=7400 as, 
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(a) LINE WIDTH=50 as,  BALLISTIC COMPONENT
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(b) LINE WIDTH=50 as, DIFFUSION COMPONENT
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(a) LINE WIDTH=74 as,  BALLISTIC COMPONENT
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(b) LINE WIDTH=74 as, DIFFUSION COMPONENT
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(a) LINE WIDTH=100 as,  BALLISTIC COMPONENT
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(b) LINE WIDTH=100 as, DIFFUSION COMPONENT
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(a) LINE WIDTH=740 as,  BALLISTIC COMPONENT
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(b) LINE WIDTH=740  as, DIFFUSION COMPONENT
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(a) LINE WIDTH=7400 as,  BALLISTIC COMPONENT
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(b) LINE WIDTH=7400 as, DIFFUSION COMPONENT
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