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Öh¾m½C¾�ÃP´+¹K¶$·xº�¹a¸+¶k¾�Ã+ÃP·$´+¹KÀ�Ç�º�·\Ü�·�¶\µnÀ�¸=·\´+Ü�¾�´+·�Í�¾mØ�´+µnÎ ¾�Î�¹�ÍK¹GÃ�é@²hÛ
¾�Ã=µ^¶�Ì�·54 | � 4 ó DbÍK¾iØ�´+µnÎ ¾�Î@¹KÍK¹GÃ�é
¶�Ì�·m¹KÍc¸+¹K¸ôÃP·$½C¾J¸=¹cÃ=´=µNÜ>¹fÀ�·$ÍDC�Új·$¸+¹K½"µ?¾�Ä@ÃPµ�¸+Ã�¾-ÃPµGF�¸+¹fÌ ¾

� � 4 | � 4 ó 1 �FE 6 1 � ä'�>²Âönå

º�µNÜn· 6 E DmÍK¾U½0¾�Ã=´=¹�¶$·Q¾�Ç�Çn¹KÄ�À7ÃP¾?º@¹ 6 ²rÛ
¾�ÍKÍRHÊ·4B�Ä ¾�¿$¹�µnÀ�·m�>²ÊÉ?¸=¹fµ�Ã=ÃP¹�·$À�·
6 E> 6?> 1 6 E@ w
E30 6A@ 1 � ä'�>²tÁ7å

B�Ä�¹KÀ�º@¹
w E 0 1HG ä'�>²Âçnå

µ
w
E 1 w É ì ä'�>²tÅ7å

Â
Ä�¹KÀ�º@¹7Í�¾;½0¾-ÃP´=¹�¶$·�º�¹�¸+¶k¾�Ã+ÃP·$´+¹KÀ�ÇÌDrÄ�À ¾x½0¾�Ã=´=¹�¶$·�Ä�À�¹GÃ�¾�´+¹�¾;·$º�¹7½Cµ>º�Ä�Í�µ6B�Ä ¾�º�´+µ�º�·\¹>¸+Ä�µn¹�·$Í�·$½"·$À7ÃP¹4 w ù � 4 ó ´P¾�Ø�Ø�´=·\¸=·\À�ÃP¾^Í�¾QØ�´+µnÎ ¾�Î@¹KÍK¹GÃ�é
º�¹ Ã=´P¾�À�¸+¹K¿\¹KµnÀ�·xº ¾�ÍKÍKµm¸ôÃ�¾�Ã=µ^¹KÀ@¹K¿$¹K¾�ÍK· 8 ¾2B�Ä�·\ÍKÍ�µ�J�À ¾�ÍK·2CA²�Û
¾�ÍKÍ�¾
´=·&Ün·$´+¸=¹�Î�¹KÍ�¹�Ã�é�Ã=·$½"Øsµ�´P¾�Í�·R¸=¹xµ�Ã=Ã=¹K·\À�·H¶�Ì@·uÃP¾�ÍK·(Ø�´+µnÎ ¾�Î�¹�ÍK¹GÃ�é|º�·&Ün·�·\¸=¸+·$´=·�Ä�ÇnÄ ¾�Í�·u¾èB�Ä�·\ÍKÍ�¾	º�·\ÍKÍ�¾
ÃP´=¾�À�¸=¹�¿$¹�µnÀ�·J¹KÀ7Ü�·$´=¸=¾�º ¾ICq¾ 8 FMº�¹r¶$µ�À�¸=·\ÇnÄ�·$À@¿k¾IFJ0�º�·&Ün·C·$¸=¸+·$´+·OÄ�À ¾u½0¾�Ã=´=¹�¶$·J¸=¹�½C½"·\Ã=´=¹�¶k¾@²CÖf·
Ø�´=µ�Ø�´=¹�·\Ã�éQº�¹aÄ�À@¹�Ã�¾�´=¹K·&Ã�éQ·/¸=¹K½"½"·\ÃP´+¹�¾
º�·\ÍKÍK¾m½C¾�Ã=´=¹K¶\·;º�¹a¸=¶$¾�Ã=Ã=·$´=¹�À�Ç^¸+µnÀ�µ�¸=Ø5·$¸=¸+µUÄ@Ã=¹KÍK¹�¿$¿$¾�ÃP·�¶\µn½"·
Ün·\´=¹[J�¶�Ì�·�º@·$ÍKÍK¾UÎsµ�À�ÃPéJº�·$Íf½"·\Ã=µFº�µJÀ�Ä�½"·$´+¹K¶\µ"ÄFÃP¹KÍ�¹K¿\¿k¾�Ã=µ�²
� ·$Í�ÍK·�¶\µnÍKÍ�¹K¸+¹KµnÀ�¹QÎ@¹GÚ(µ�Ã=´=¹GÚjº�¹K½"·$À@¸=¹Kµ�À ¾�ÍK¹QÍ�·�µn¸+¸=·$´ôÜ�¾�Î�¹KÍ�¹^¸+µnÀ�µ ÍK·{¾�½CØ�¹�·$¿\¿$·�º�¹^¸=¶k¾-Ã=ÃP·\´=¹�À�Ç

ö ù � ��� � ¶�Ì�·U¶\µn½CØ�¾�¹KµnÀ@µ0À�·\ÍKÍKHd·AB�Ä ¾�¿$¹Kµ�À�·U�>²��n²,ÂQÄ@·$¸+Ã=·U¸=¹MÍK·\Ç7¾�À�µ0¾�ÍKÍK¾"½C¾�ÃP´+¹K¶\·I0{¾�Ã=Ã=´P¾kÜn·\´=¸=µRÄ@À ¾
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ö ù � ��� �#1 �
áXxp��K ù K � � ì�L ó ��� �NM� ùPO M� ù ��� � �Rw M� ù � � � ù � ä'�>²tÈ7å

º�µNÜn·Q DQ¹�Íc½Cµ�½C·\À�Ã=µ?¾�À�Çnµ�Í�¾�´+·
ÃPµ�ÃP¾�ÍK·

� M� ù ¸+µnÀ�µ0¶\µF·@½"¶$¹K·\À7ÃP¹e¶�Ì@·Uº�¹KØ5·$À@º�µnÀ�µCº ¾�ÍKÍK¾Jº�·$Çn·\À�·$´=¾�¿$¹�µnÀ�·U·�º ¾0¾�Í�ÃP´+¹f»E¾�Ã=Ã=µn´=¹RF ½0¾"¶�Ì�·
¸+µnÀ�µ?¹KÀ�º@¹KØ5·$À�º�·\À7ÃP¹fº ¾I��·mº ¾�ÍKÍKHd·$À@·$´=Ç�¹�¾O M� ù ��� � ¸+µnÀ�µm¹@ÃP·\´=½"¹KÀ�¹>º�¹ ¾�¶$¶$µ�Ø�Ø�¹�¾�½C·\À�Ã=µQº�·$Í ½"µn½"·$À7ÃPµ
¾�À�ÇnµnÍK¾�´=·XF7¾�À�¶�ÌsHÊ·\¸=¸=¹a¹�À�º�¹KØ5·$À@º�·$À7ÃP¹
º ¾�ÍKÍKHd·$À@·$´=Ç�¹�¾� � ù ¸+µnÀ�µ?¹f¶$µnÀ7Ã=´=¹KÎ@Ä@ÃP¹f¾�ÍKÍ�¾U¸+·$¿\¹KµnÀ�·mº�HdÄ�´ôÃPµ?º�·$Í�ÍKHdµnÀ�º ¾UØ@¹�¾�À ¾JÀ�µ�Àuº@¹[VsÄ�¸P¾

ÖY¾?¸+·$¿\¹KµnÀ�·mº�HdÄ�´ôÃPµ�D R ù � ��� �21TS K �K ù�U 4 ö ù � 4 ó ä'�F²G�NÐ7å

Þ�Í »E¾�Ã=Ã=µn´=·.V �W����YX D/Ø�´=µnØ5µn´+¿$¹Kµ�À ¾�ÍK·/¾�Í5´P¾�Ø�Øsµ�´+ÃPµmÃP´=¾^ÍK·xÜn·\ÍKµ>¶$¹GÃ�émÀ�·$Í5¶k¾�À�¾�ÍK·/º�Hd¹KÀ�Çn´+·$¸+¸=µU·bº�¹sÄ@¸=¶$¹GÃ�¾@²
³M·$´x¸+·$½"Ø�ÍK¹WJ ¶k¾�´+·QÍKHd·AB�Ä ¾�¿\¹KµnÀ@·i�F²tÈJÇn·\À�·$´=¾�ÍK½"·$À7Ã=·i¸+¹f¹KÀ7ÃP´+µFº@Ä�¶$·QÄ�À�¾"À�Ä�µNÜ�¾"½C¾�Ã=´=¹K¶\·
º�·@J À�¹�ÃP¾

º ¾�Í�ÍKHd·AB�Ä ¾�¿\¹KµnÀ�· 0 1HGzñ x[Z ä'�F²G�n��å

¶�Ì�·mº é
ö ù � ��� �21 �

áG��K ù K � � ì�L ó ��� �NM� ù\O M� ù ��� �^] M� ù ä'�F²G���nå

³M·$´0¸=¶$µ�Ø�¹�¶\µn½CØ@Ä@Ã�¾�¿\¹KµnÀ�¾�ÍK¹RF
DH¸=Ø5·$¸=¸+µwÄ@ÃP¹�ÍK·(Í�¾kÜnµ�´P¾�´+·�¶$µ�À�»¼Ä�À�¿\¹KµnÀ�¹/¶�Ì�·|¸+¹�¾�À@µ�µnÀ�º@·|´=·$¾�ÍK¹
¸+ÃP¾�¿$¹�µnÀ ¾�´+¹K·;¸=¹K¾iØ5·$´rÇnÍ�¹�¸+ÃP¾�ÃP¹a¹KÀ@¹K¿$¹K¾�ÍK¹F¶�Ì�·/Øs·\´
B�Ä�·\ÍKÍK¹GJ�À ¾�ÍK¹ ¹�ÀC½"µ>º�µQÃ�¾�Í�·/¶�Ì@·�¹KÍ Í�¹K½"¹�Ã=·�¾�¸+¹KÀ7ÃPµ�Ã=¹K¶\µ
µ�Ã=Ã=·$À�Ä@Ã=µuØ5·$´Q¹�À7ÃP·$Ç�´P¾�¿\¹KµnÀ�·Jº@·$ÍKÍ�·U·AB�Ä ¾�¿$¹Kµ�À�¹�½UÄ�ÍGÃP¹�¶k¾�À ¾�ÍK·`_;º�¹�¾RÄ�À ¾R½C¾�ÃP´+¹K¶\·U´=·$¾�ÍK·J¸+¹K½"½C·&ÃP´=¹�¶k¾a[b3ced`fhg�ikjhlmi"n#dmoqp�isr�fhl`ftokbhuDb�v�w`fhl`v�iqj�lmi"x�b3oqokbyb3ced`ftg3iqj�lmi"xmi{zmr[|m}�j~b�x�iql`�hb�}�n#dmoqp�iq��x�iqn�b3l`v�ikjhl"ftoki"ikl�dml`fJ�`f�v�b%r[|`bv�i{b3v�p�b3l`x�b2v�dmoqokb���ft}Wikfh�miqoki{ikl�pWb�}Wlmb
�h�
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ÃP´+·�º�¹K½"·$À�¸+¹KµnÀ@¹'²
Û
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¹K½"Øsµ�À�·$À�º@µJº�·$Í�ÍK·
¶\µnÀ�º�¹�¿$¹Kµ�À�¹KFF¶$µn½"·QØs·\´x·$¸=·\½CØ@¹Kµ?Í�¾U¶\µnÀ�¸=·\´+Ü�¾�¿\¹KµnÀ�·mº�·\Íf½Cµ�½C·\À�Ã=µ"¾�À�ÇnµnÍK¾�´=·�²

¿��S¿ ����� +./��:�c3@/ ��34� 5���� 5 � 5�1���5�1<; *TÐT'43�Á +�;=3�+.5�*,;U;=3h�^3
YbÀ�µ"º�·\¹fØ�´=µnÎ@ÍK·$½"¹c¶�Ì�·i¸=¹Y¹�À�¶$µnÀ7Ã=´P¾�À�µ?À�·\ÍKÍK¾^ÃP·$µ�´=¹�¾Jº�·\ÇnÍK¹fÄ@´+ÃP¹f´+·k¾�Ã+ÃP¹GÜF¹T¶$µnÀ�¸+¹K¸ôÃP·iÀ�·$Í�Í�¾UÀ�·\¶$·$¸+¸=¹GÃ�é
º�¹c¶\µFµn´+º�¹KÀ�¾�ÃP·
·
»¼Ä@À�¿$¹�µnÀ�¹cº�¹fÎ�¾�¸=·Qº�¹WVT·\´=·\À�Ã=¹fØs·\´;¹cº�¹GÜn·$´+¸=¹f¶$¾�À ¾�Í�¹cº�¹c´+·k¾�¿\¹KµnÀ�·"ä9Ün·\º�¹f¶k¾�Ø@¹�ÃPµ�ÍKµJÆIF
¸=·\¿$¹Kµ�À�·JÆ@²G��å@nTØs·\´
·$¸+·$½"Ø�¹KµGFsØs·\´
¶k¾�ÍK¶$µ�Í�¾�´+·�Í�·^½C¾�ÃP´+¹K¶$¹Yº�¹e¸=¶k¾-Ã=ÃP·\´=¹�À�ÇOº�µnÎ@Î�¹�¾�½"µCÃ=´P¾�¸ô»¼µn´=½C¾�´+·^ÍK·
¸=µnÍ�Ä�¿$¹�µnÀ�¹7À�·\ÍKÍ�·g´+·$Çn¹�µnÀ�¹�¾�¸+¹KÀ7ÃPµ�Ã=¹K¶�Ì�·rÀ�·\ÍKÍK·z»¼Ä�À�¿\¹KµnÀ@¹>º@¹FÎ ¾�¸=·D¹�À7ÃP·$´+À�·Dµ�Ø�Øsµ�´+ÃPÄ@À�·DØ5·$´h¹KÍ�Ø ¾�´ôÃP¹�¶$µnÍK¾�´=·
¶k¾�À�¾�ÍK·Qº�¹T´=·k¾�¿$¹Kµ�À�·�²
YbÀ	¸=·\¶$µnÀ�º@µuØ@´=µnÎ�Í�·$½C¾0º ¾R¾XVs´=µ�À�ÃP¾�´=·J¶\µnÀ�¸+¹K¸+Ã=·J¹KÀ7Ün·\¶$·JÀ�·\Íe»E¾�Ã+ÃPµR¶�Ì�·?¸=Ø5·$¸+¸=µ(¸=¹eº�·\Ü�·?Ã=·$À�·\´

¶$µnÀ7Ã=µuº@¹�½Cµ�Í�ÃP¹Y¶$¾�À ¾�Í�¹eº�¹�´+·k¾�¿\¹KµnÀ@·?¾�Øs·\´+Ã=¹'²¡¾m·\À�·$´=¾�ÍK½"·$À7ÃP·XFcØ5·$´Q¸=Ä@Øs·\´P¾�´+·"ÍK¾0Î ¾�´+´=¹�·$´P¾Oº@¹�¾�Ã=Ã=¹GÚ
Ü�¾�¿$¹�µnÀ�·?º�¹zÄ�À ¾u´=·k¾�¿$¹Kµ�À�·MF�DCÀ@·$¶$·\¸=¸=¾�´=¹K¾�Ä�À�Hd·$À�·\´=Çn¹K¾H¹�À�¹K¿\¹�¾�Í�·U¾�Î�Î�¾�¸+ÃP¾�À�¿k¾HÇn´P¾�À@º�·C·"¶$¹[LHØ5µn´ôÃ�¾IF
¸=µnØ@´P¾�Ã+ÃPÄ@Ã+ÃPµ0À@·$ÍY¶k¾�¸+µOº�¹Y´=·$¾�¿$¹�µnÀ�¹Y·$¸+µ�ÃP·\´=½"¹K¶�Ì�·XFT¾�ÍKÍ�¾JØ�´+µFº@Ä�¿$¹�µnÀ�·iº�¹Y½CµnÍ�·$¶\µnÍK·m¹KÀuÄ�À�Ü�¾�¸ôÃPµCÀ>Ä>Ú
½C·\´=µmº�¹ ¸ôÃ�¾�Ã=¹5´+µ�Ã�¾�¿$¹Kµ�À ¾�ÍK¹>·xÜF¹�Î�´P¾�¿$¹Kµ�À ¾�ÍK¹F·�B>Ä@¹KÀ�º�¹a¾�ÍKÍ�¾
À@·$¶$·\¸=¸+¹�Ã�éiº�¹aÄ�À"Í�¾�´+ÇnµQÀ�Ä�½C·\´=µiº�¹a¶k¾�À�¾�ÍK¹
Øs·\´;µ�Ã=Ã=·$À�·\´=·mÍ�¾J¶\µnÀ7Ün·$´+Çn·$À@¿k¾CÀ@·$ÍKÍ�·Q½0¾-ÃP´=¹�¶$¹sº�¹f¸=¶$¾�Ã=Ã=·$´=¹�À�Ç�²

Ö¼HdÄ�À�¹�¶k¾J·$¶\¶$·\¿$¹Kµ�À�·^¾<B�Ä ¾�À7Ã=µCº�·&Ã=Ã=µ^DQÍK¾?´+·k¾�¿\¹KµnÀ@·

ò ñ�òJó ä'�F²G�kÉ�å

Øs·\´�ÍK¾�B�Ä ¾�ÍK·"¸=¹zÌ ¾HÄ@À ¾�Çn´=¾�À�º�·"¸=Ø ¾�¿$¹�¾-ÃPÄ�´=¾(Ã=´P¾H¹zÍ�¹�Ün·\ÍKÍ�¹�¸=¹K¾uÜ>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�¹e¶�Ì�·0´=µ�ÃP¾�¿$¹�µnÀ ¾�Í�¹eº�·\¹
´=·$¾�Çn·$À7Ã=¹f·iº@·$¹fØ�´+µFº�µ�Ã=ÃP¹T·TB�Ä�¹�À�º�¹f¸+µnÍKµ?Ä�ÀuØ�¹K¶\¶$µnÍ�µJÀ�Ä�½C·\´=µ"º�¹f¶k¾�À ¾�ÍK¹c¾�Øs·\´+Ã=¹cØs·\´xÄ�À�Hd·$À�·\´=Çn¹K¾"º�¹
¶$µnÍ�ÍK¹�¸=¹Kµ�À�·i¾�Ø�Ø5·$À ¾R¸=ÄQ½C¶\¹K·\À�Ã=·"¾(¸+Ä�Ø5·$´P¾�´=·JÍ�¾OÎ�¾�´=´+¹K·$´=¾0º�¹�¾-Ã=ÃP¹GÜ�¾�¿$¹�µnÀ�·RäEÛ�¹K·\¸+Ã=ÍK·$´4F��NÈ7ç>�hnhâF¶�Ì ¾�Ã=¿
¾�À�º�¯QÄ�Ø�Ø5·$´+½0¾�ÀsFc�NÈ7çnöÔnaâF¶�Ì ¾�Ã=¿^¾�À�º�¯mÄ@Ø�Øs·\´=½C¾�À�Fc�kÈ7ç�Á7åA²
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¾OØ�¹q\�¾�Ã=µn½"¹MØ�´+·$¸+·$À7Ã�¾(º�¹�Ü�·$´+¸=¹�Ø�´+µnÎ�ÍK·\½C¹L²�Þ�ÍeØ�´=¹�À�¶$¹�Ø ¾�ÍK·�º�¹?B�Ä�·\¸+ÃP¹�¸ôÃ�¾RÀ�·\ÍKÍKHd·$À@µn´=½"·UØ5·$¸=µ(¶\µn½?Ú
Ø�Ä@ÃP¾�¿$¹�µnÀ ¾�Í�·Mn�·\¸=¸=¹h¹KÀF»E¾�Ã=Ã=¹c¸=¶$¾�Í�¾�À@µC¶\µn½C· Z � F5º@µ�Ü�· Z Dm¹KÍfÀ�Ä�½"·$´=µ"º�¹f»¼Ä�À�¿\¹KµnÀ@¹fº�¹YÎ ¾�¸=·0ä'â>¿k¾�Î5µ
¾�À�ºHã
¸+Ã=ÍKÄ�À�ºsFf�NÈnÈnÁ7åA²
�/·\¶$·$À7Ã=·$½"·$À7ÃP·XF@¹KÍ@½C·&ÃPµ>º�µQÙxÛ�ßà³�ä¼Ù;¹K½"·xÛ�·$Ø5·$À@º�·$À7ÃDß�¾kÜn·b³e¾�¶po�·\Ã�årÌ ¾
»¼µn´+À�¹�Ã=µiÄ@ÀCÇn´+µn¸=¸+µ

¾�¹KÄFÃPµOØ5·$´QÍ�µO¸+Ã=Ä�º�¹KµCB�Ä ¾�À7Ã=µ�Ú�½"·$¶\¶k¾�À�¹�¶$µRº�·\ÇnÍK¹MÄ�´+Ã=¹�´=·$¾�Ã=Ã=¹�Ü>¹'² Ö ¸=¸+µGFY´=¹�¸=Ø5·\Ã=Ã=µ(¾�¹e½"·\Ã=µFº@¹eØ�´+·$¶$·AÚ
º�·$À7Ã=¹KFY¶$µnÀ@¸=·$À7Ã=·CÄ�À�¾uº�´=¾�¸+Ã=¹K¶$¾(´+¹Kº�Ä@¿$¹Kµ�À�·Jº�·$¹�¶\µn¸+Ã=¹z¶$µn½"Ø�Ä@ÃP¾�¿$¹�µnÀ ¾�Í�¹M·\º�¹�À�µnÍ�Ã=´=·UØ5·$´+½C·&Ã=Ã=·"Ä@À ¾
r�¸+·$½"Ø�ÍK¹�¶$·@rmÜ�¾�Í�Ä@Ã�¾�¿$¹Kµ�À�·�º@¹eº�¹GÜn·$´+¸=·JÇn´=¾�À�º�·\¿$¿\·Jº�HÊ¹�À7ÃP·$´+·$¸+¸=·�²i³h·$´Q·$¸+·$½"Ø�¹KµåDUØsµ�¸=¸=¹�Î�¹KÍ�·�µ�Ã=ÃP·\À�·$´+·
ÍK·�Ø@´=µnÎ ¾�Î�¹KÍ�¹�Ã�ébº�¹�´=·$¾�¿$¹�µnÀ�·;·xº�¹ À�µ�ÀFÚ�´+·k¾�¿\¹KµnÀ�·Dº�¹ Ä�À"¸=¹K¸ôÃP·\½0¾
¶$¾�ÍK¶\µnÍ�¾�À@º�µQ¹KÍN��Ä�¸=¸+µ�º�·\Í Ø ¾�¶\¶�Ì�·\Ã+ÃPµ
º�HdµnÀ�º ¾�ä¼Ü�·$º�¹zµnÍGÃP´+·Nå�¾�Ã+ÃP´=¾NÜ�·$´+¸=µuÄ�À ¾(¸=Ä�Ø5·$´ J ¶$¹�·"Ø5µn¸ôÃ�¾RÀ�·$Í�¶$¾�À ¾�Í�·Jº�·$¹�Ø@´=µ>º�µ�Ã=Ã=¹�·$º�Ä�À ¾RØ5µn¸+ÃP¾
À�·$Íf¶$¾�À ¾�Í�·Qº�·$¹f´+·k¾�Ç�·$À7ÃP¹L²

���[����� ���5��� �¢¡¤£F¡¦¥¨§ª© «
Þ�ÍeØ�Ä@À�Ã=µR¶$·\À�Ã=´P¾�Í�·Uº�¹MÄ�À�µR¸+Ã=Ä�º�¹�µOÙ;¹K½"·UÛ�·\Øs·\À�º�·\À�Ãmß�¾kÜn·?³e¾�¶po�·\ÃTDUÍK¾0´=¹�¸=µnÍ�Ä�¿$¹�µnÀ�·iº�·$Í�ÍKHd·AB�Ä ¾-Ú
¿$¹�µnÀ�·Qº�¹hâF¶�Ì@´=µ>·$º�¹�À�Çn·$´;º@¹KØ5·$À�º�·\À7ÃP·iº ¾�ÍTÃ=·$½"Øsµ

ò � 1 x3¬¶
­ �­ ¦ ä'�F²G��önå

º�µNÜn·

] DQÍRHÊµnØ5·$´=¾�ÃPµ�´=·�]�¾�½C¹�Í�ÃPµ�À�¹�¾�À@µ�¶\µn½CØ@ÍK·\Ã=µ?À�µnÀ(´=·\Í�¾�Ã=¹�Ü>¹K¸ôÃP¹K¶\µ

¹ DQÍRHÊÄ�À@¹�Ã�éU¹�½C½C¾�Çn¹�À ¾�´+¹�¾¬¶ DQÍK¾?¶\µn¸+ÃP¾�À7ÃP·mº�¹Y³�Í�¾�À�¶poOº�¹GÜF¹�¸=µ^á`®� DQÍK¾J»¼Ä@À�¿$¹�µnÀ�·Qº�HdµnÀ�º ¾F²
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Øs·\´�Ä�À�µ?¸ôÃ�¾�Ã=µJ¹KÀ�¹�¿$¹�¾�ÍK·/¶�Ì�·�r�¶$µ�À�Ã=¹K·\À�·@r�Ä�À(Çn´P¾�ÀRÀ>Ä@½C·\´=µ?º�¹c·\À�·$´+Çn¹K·
º@¹c¶$µnÍ�ÍK¹�¸=¹Kµ�À�·Uä¼¹KÍT³e¾�¶\¶�Ì�·\Ã+ÃPµ
º�HtãQÀ@º ¾7å&²�ÙM¾�Í�·	¾�Ø�Ø�´+µF¶\¶$¹Kµ{Ì�¾�B�Ä�¹�À�º�¹
¹�Í�Ü�¾�À7Ã�¾�ÇnÇ�¹Kµ�º�¹QØ5µ�Ã=·$´R¶$µ�À�¸=¹�º�·$´=¾�´=·	Ä�Àà¹KÀ7ÃP·\´+Ü�¾�Í�ÍKµ�º�¹
·$À�·\´=Çn¹�·?Øs·\´i¹�Í�¸=¹�¸+Ã=·$½C¾uº ¾-ÃPµGFh¾�À�¿\¹K¶�ÌGP"Ä�À ¾(¸=¹�À�ÇnµnÍK¾O·$À�·\´=Çn¹K¾H¾�ÍKÍ�¾0Ü�µnÍ�ÃP¾R¶$µn½"·"¾NÜ�Ü>¹K·\À�·"À�·$¹zØ�¹[\
ÃP´=¾�º�¹K¿\¹KµnÀ�¾�ÍK¹a½"·\ÃPµ>º�¹cÙ;¹�½C·QÞ�À@º�·$Ø5·$À�º@·$À7Ãk²

³M·$´eÄ�ÀJ¸=¹�¸+ÃP·\½0¾/ÃP´=¹K¾�ÃPµ�½C¹�¶$µGF�¶$µ�½C·
B>Ä@·$ÍKÍ�µ�¶\µnÀ�¸=¹�º�·$´=¾�ÃPµ�À�·$ÍFØ�´=·\¸=·$À7Ã=·/ÍK¾kÜnµn´+µGF�ÍRHÝ]b¾�½C¹�Í�Ã=µnÀ�¹�¾�À�µ
Ø�ÄGL?·$¸+¸=·\´=·^·\¸=Ø�´+·$¸+¸=µ0¹�À(¶$µ>µn´=º�¹�À ¾�Ã=·
º�¹%¯n¾�¶\µnÎ�¹fØ5·$´xÍ�¾U¶\µnÀIJ ÇnÄ@´P¾�¿\¹KµnÀ�·Q´+·k¾�Ç�·$À7ÃP·T� ñ�°Uï

ò±1 � ¬¶ óá`² þ´³ ó³¶µ ó ñ ��·���¸ �
ó

á"² þ µ ó ñ ¸~¹
á"² �Y� ó ñ�º � � � µ �fñ´¶ � � � ä'�F²G�NÁ7å

º�µNÜn·² þ DQÍK¾?½C¾�¸+¸P¾J´=¹�º�µ�Ã=ÃP¾Uº�·$Íf¸+¹K¸ôÃP·$½C¾J¶$µn¸ôÃP¹GÃPÄ�¹GÃPµJº ¾�� · °Uï² � DQÍK¾?½C¾�¸+¸P¾J´=¹�º�µ�Ã=ÃP¾Uº�¹ °Uï· DQÍRHÊµnØ5·$´=¾�ÃPµ�´=·Q½"µn½C·\À7ÃPµ?¾�À�Ç�µnÍ�¾�´+·�ÃPµ�Ã�¾�Í�·¸ DQÍRHÊµnØ5·$´=¾�ÃPµ�´=·Q½"µn½C·\À7ÃPµ?¾�À�Ç�µnÍ�¾�´+·
º�¹ °Uïº � � � µ � DQ¹�ÍcØsµ�ÃP·$À@¿$¹�¾�ÍK·
º�¹f¹�À7ÃP·$´=¾�¿$¹�µnÀ�·

¶ � � � DQÍRHÝ]b¾�½C¹�Í�Ã=µnÀ�¹�¾�À�µ�Î@¹�¾�Ã=µn½C¹�¶$µUº@¹f´=¹�»¼·\´=¹�½C·\À�Ã=µGF>º�·4J À@¹�ÃPµ?¶\µn½C·

¶ � � �21 � ¬¶ óá"² � ³ ó³ � ó ñ�º � � � � ä'�F²G��çnå

Þ�Íe¸+¹K¸+Ã=·$½C¾CÜ>¹K·\À�·U¹KÀ@¹K¿$¹K¾�ÍK½"·$À7Ã=·iº@·$¸=¶\´=¹GÃ=ÃPµRº�¾0Ä�À	Ø ¾�¶\¶�Ì�·\Ã+ÃPµ(º�HdµnÀ�º ¾Oº�¹hÃP¹�Øsµ ¾i¾�Ä@¸=¸=¹K¾�À�µO¶�Ì@·JÌ ¾
Í�¾^»¼µn´+½0¾ »

��¼½�p£ �21¿¾ �á`® � óÁÀ ì�L { ÈÃÂ É
ÄÆÅ�Ç�Å �[ÈsÉÊPË ÉÍÌ È ù�� �[Î ä'�F²G�NÅ7å

º�µNÜn·¼ DQÍK¾?Ø5µn¸+¹K¿$¹�µnÀ�·
½"·$º@¹�¾Uº�·\ÍhØ�¾�¶$¶�Ì�·&Ã=Ã=µ
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¹�À�¹K¿\¹�¾�Í�·�º�·\ÍfØ�Ä�À7ÃPµ"½"·$º�¹�µK�$ DQ¹�Íc½Cµ�½C·\À�Ã=µJÍK¹�À�·k¾�´+·Q½C·\º�¹KµJ¹�À�¹K¿\¹�¾�Í�·� DQÍK¾?ÍK¾�´=Ç�Ì�·$¿\¿k¾?¾J½C·\¿$¿k¾"¾�ÍGÃP·$¿\¿k¾J¹KÀ@¹K¿$¹K¾�ÍK·

¶�Ì�·mØ�ÄGL"·$¸+¸=·$´+·�¸+¶$´+¹�Ã=Ã=µ"¾�À�¶�Ì�·i¶$µn½"·Q¸=µNÜ>´P¾�Ø�Øsµ�¸=¹K¿\¹KµnÀ@·Qº�¹fµnÀ�º�·mØ�¹K¾�À�·QÀ�·\ÍKÍK¾U½0¾�À@¹K·$´=¾U¸=·\ÇnÄ�·$À7Ã=·»
��¼½�p£ �21 �Ï á`®ÑÐ �É � -j�WK � È ù�� Î ­ K ä'�F²G�NÈ7å

·QÍ�¾J¶$Ä@¹f´P¾�Ø�Ø@´=·$¸+·$À7Ã�¾�¿$¹Kµ�À�·mÀ�·$Í�ÍKµJ¸=Ø�¾�¿$¹�µCº�·\¹f½Cµ�½C·\À�Ã=¹sDmº ¾�ÃP¾Jº ¾

-.�WK �
1TS á � ó® U ì�L { ÈXÉÓÒ ÉYÔ � É � �ÖÕ ÈXÉ ù Ô � É � �^Õ Î � ä'�F²t��Ð7å

Þ�À(¾�¸=¸+·$À�¿$¾Uº�¹TÄ�ÀRØ5µ�Ã=·$À�¿\¹�¾�Í�·bº�¹5¹KÀ7Ã=·$´P¾�¿$¹Kµ�À�·Jä¼Ø ¾�´+Ã=¹K¶\·$ÍKÍK¾iÍ�¹KÎ5·$´=¾7å�¸=¹TØ@ÄGLJ¶k¾�Í�¶$µnÍK¾�´=·b¾�À ¾�ÍK¹�Ã=¹K¶$¾-Ú
½C·\À7ÃP·^ÍRHÊ·&ÜnµnÍ�Ä�¿$¹�µnÀ�·iº�·$ÍhØ ¾�¶\¶�Ì�·\Ã+ÃPµR·�¸=¹eµ�¸=¸=·\´+Ü�¾O¶�Ì�·ÇB�Ä�·\¸+Ã=µR´=¹K½C¾�À�·2¾m¾�Ä�¸+¸=¹�¾�À�µGF5¶$µnÀ|¹�ÍY¶$·$À7Ã=´=µ
¶�Ì�·?¸=¹�½^Ä�µNÜn·"¾�ÍKÍK¾"Ü�·$ÍKµ>¶$¹GÃ�éO¹�À�¹K¿\¹�¾�Í�·Ø×`$ 1ÚÙÛ � �Ü ·J¶$µnÀ	ÍK¾OÍ�¾�´+ÇnÌ�·$¿\¿k¾R¾R½"·$¿$¿$¾(¾�Í�Ã=·$¿$¿$¾O¶�Ì�·JÜ�¾�´=¹K¾
Ø�´=µ�Øsµn´+¿$¹�µnÀ ¾�Í�½C·\À�Ã=·
¾�ºuÄ�À ¾U»¼Ä�À@¿$¹Kµ�À�·mº�¹ %�45)P�=�7B�89:>V º�·4J�À�¹�ÃP¾?º�¾�ÍKÍK¾UÍK·$Ç�Çn·

ÍÔ� ¦°�21 � ñ ¬¶ ó ¦ ó
ß © ó � { ä'�F²t�F��å

4 » ��¼½� ¦°� 4 ó 1ÞÝÝÝ ÈXÉ �ßàmá � » ��¼½� ¦°�mÝÝÝ ó 1±S �
á`® � ó Í � ¦°� U ì�L ó È É
ÄÆÅ�Ç�Å � Ç�â �Öã�ÈsÉÉ Ë É[ä Ä ã�È ä'�F²t�n�nå

º�µNÜn· ò $éD^ÍRHÊµnØ5·$´=¾�ÃPµ�´=·T]�¾�½"¹KÍGÃPµnÀ@¹�¾�À�µ^Øs·\´bÍK¾"Ø ¾�´+ÃP¹�¶$·\ÍKÍ�¾JÍ�¹KÎ5·$´P¾uä ò $ 1 � ÙÛ Éó Ü�å Éå Î É å&²;Þ�ÀHÇn·$À@·$´P¾�ÍK·MF
B�Ä�·$¸ôÃPµOÀ�µ�À}DiØ�¹q\uÜn·$´+µO¸=·�¹KÍf¸+¹K¸+Ã=·$½C¾^Di¸=µnÇ�Çn·\Ã+ÃPµO¾�º�Ä�ÀHØsµ�Ã=·$À�¿\¹�¾�Í�·Mnaº�Ä�´=¾�À7ÃP·�Í�¾?Ø�´=µnØ�¾�Ç7¾�¿\¹KµnÀ�·
¹KÍsØ ¾�¶$¶�Ì@·\Ã=Ã=µ0¸+¹Y¾�Ø�´=¹�´PéU¸+·$½"Ø�´=·mØ�¹[\�F�½C¾?À@µnÀ(´=¹K½C¾�´+´PéUØ�¹[\�¾i¾�Ä@¸=¸=¹K¾�À�µ�²
� ·$Í�Í�¾^´=¾�Ø�Ø�´+·$¸+·$À7Ã�¾�¿\¹KµnÀ@·iº@·$Íc¸+¹K¸+Ã=·$½C¾Uº ¾�ÃP¾U¶$µnÍ�ÍKHd·AB�Ä ¾�¿\¹KµnÀ�·Q�F²��kÅIFIB�Ä�·\¸+ÃPµ?Ü>¹K·\À�·Qº�·$¸+¶$´+¹�Ã=Ã=µ?º ¾

Ä�À�µH¸+Ã�¾-ÃPµ|¶\µF·\´=·$À7Ã=·0Ø5·$´^¹�ÍzÇn´P¾�º@µ�º�¹zÍK¹�Îs·\´+ÃPé(Ã=´P¾�¸+Í�¾�¿\¹KµnÀ ¾�ÍK·MFY¶\¹KµÔDCº ¾uÄ�À�µ|¸ôÃ�¾�Ã=µ|¾�Ír½"¹KÀ�¹�½CµRº�¹
¹KÀ�º@·\ÃP·\´=½"¹KÀ ¾�¿$¹Kµ�À�· æ ¼5ç æéè 1 ¬¶ á ä'�F²t��Æ7å
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Distanza

ψ(x0,t=-t0)

ψ(x,t=0)

ψ(x,t)

èe¹KÇ�Ä�´P¾à�F²G�h� Ö Ü�µnÍKÄ�¿\¹KµnÀ@·�º�¹?Ä�ÀÏØ ¾�¶\¶�Ì�·\Ã+ÃPµ ¾�Í�Í�¾�´+Ç7¾�Ã=µ�À�µnÀ�¸+µnÇnÇn·&Ã=Ã=µ ¾�ºÏÄ�À�Ø5µ�ÃP·\À�¿$¹K¾�ÍK·wº�¹
¹KÀ7ÃP·\´P¾�¿\¹KµnÀ@·�²

º�µNÜn·
æ ¼U· æêè ¸=µnÀ@µGF�´+¹K¸+Øs·&Ã=ÃP¹GÜ�¾�½C·\À7ÃP·MFNÍRHÊ¹�À�¶$·\´+Ã=·$¿$¿$¾;¸=Ä�Í�Í�¾DØ5µn¸=¹�¿$¹�µnÀ�·�·�¸+Ä�Í7½Cµ�½C·\À�Ã=µ;º�·$Í7¸+¹K¸ôÃP·$½C¾@²

ËD¹qLb¶$µnÀ�¸+·$À7ÃP·;º@¹@º�·@J À�¹K´+·D¶\µn½CØ@ÍK·\ÃP¾�½"·$À7ÃP·rÄ�ÀJ¸=¹�¸+Ã=·$½C¾�¶$µnÀ^¸=µnÍ�¹>Ã=´=·DØ�¾�´P¾�½"·\Ã=´=¹R�fØsµn¸+¹K¿\¹KµnÀ�·r½"·$º�¹K¾
º�·$ÍfØ�¾�¶$¶�Ì�·&Ã=Ã=µGF ½Cµ�½C·\À�Ã=µ?ÍK¹KÀ@·k¾�´+·
½C·\º�¹KµJ·i¾�Í�Í�¾�´+Ç7¾�½"·$À7ÃPµ�À�·$Í�ÍK·Q¶\µFµn´+º�¹KÀ�¾�ÃP·�²

Þ�ÀCJ�ÇnÄ�´P¾"�F²G��DQ´=¹�Øsµn´ôÃ�¾�Ã=µJÄ�À(·$¸+·$½"Ø�¹Kµ?·\Ü�µnÍKÄ@¿$¹Kµ�À�·Qº�¹cÄ�À(Ø ¾�¶$¶�Ì�·&Ã=ÃPµCº�HdµnÀ�º ¾J´=·\Í�¾�Ã=¹�Ü�µ?¾�º(Ä�À
¸=¹�¸+ÃP·\½0¾b½CµnÀ@µFº�¹�½C·\À�¸=¹�µnÀ ¾�Í�·MFNÀ�µ�ÀJ¸=µnÇnÇ�·\Ã=Ã=µm¾�Ø5µ�ÃP·\À�¿$¹K¾�ÍK·�²�ËDµn½"·�¸+¹@Ø�ÄGLQÀ@µ�Ã�¾�´+·MFn¸+·;¹KÍ>Ø ¾�¶\¶�Ì�·\Ã+ÃPµ
¹KÀ�¹�¿$¹K¾�ÍK·�À�µnÀèDC¾�Í�½C¹�À�¹K½"µOº�¹�¹�À�º�·\Ã=·$´+½C¹�À ¾�¿$¹�µnÀ�·XFf¶$µn½"·?Ø�´=·&ÜF¹�¸+Ã=µHº ¾�ÍKÍKHd·AB�Ä ¾�¿$¹Kµ�À�·"�F²t�F�hF=B�Ä�·$¸ôÃPµ
º ¾�Ø�Ø@´=¹K½C¾D¸+¹n´=·\¸+ÃP´+¹KÀ�Ç�·�·$ºm¹KÀQ¸+·$ÇnÄ�¹GÃPµGFN´=¾�ÇnÇn¹�Ä�À7ÃPµ;¹�Í�½"¹KÀ�¹�½Cµrº�¹n¹�À�º�·\Ã=·$´+½C¹�À ¾�¿$¹�µnÀ�·�ä¼ÃP·\½CØ5µ ¦21 £7å@F
¶$µn½"¹KÀ@¶$¹�¾^¾�ºu¾�ÍKÍK¾�´=Ç7¾�´=¸=¹L²

���[���W� ëíìî�¢�ðï ñFò^ï�ì´ó�ôê�^ò[�öõªô,�Ã÷Nì��N¡
÷ùømóFõ ú
³M·\´rÍK¾Q´=¹K¸+µnÍKÄ@¿$¹Kµ�À�·�À�Ä�½"·$´=¹�¶k¾Qº�·\ÍKÍKHd·AB�Ä ¾�¿$¹Kµ�À�·�º�¹�À ¾�½"¹K¶k¾
Ø5µn¸+¸=µnÀ�µi·$¸+¸=·\´=·/Ä�¸P¾�Ã=¹ º�¹�Ü�·$´+¸=¹a½C·&ÃPµ>º�¹�º�¹
Ø�´=µ�Ø ¾�Ç7¾�¿\¹KµnÀ@·^äRmH·\Ã=µFº@µ^º�·\ÍKÍK·/Û�¹WVT·\´=·\À�¿$·QèM¹KÀ�¹GÃP·MFÔmu·\ÃPµ>º�µ^³MµnÍ�¹KÀ�µn½"¹�¾�ÍK·�º�¹sËDÌ�·\Î�¹K¶�Ì@·\Ü�F�mH·&ÃPµ>º�µ
âFØ�Í�¹�Ã�ã
Øs·\´P¾�Ã=µn´�åA² � µn¹e¾�Î�Î�¹�¾�½Cµ"Ä@ÃP¹�ÍK¹�¿$¿k¾-ÃPµ"Í�¾JÃP·$¶\À�¹K¶$¾RâFØ�Í�¹�Ã
ã
Øs·\´P¾�Ã=µn´AF5Í�¾�´+Ç7¾�½"·$À7ÃP·iÄ@Ã=¹KÍK¹�¿$¿$¾�Ã�¾
¹KÀR½"µnÍ�Ã=·Q¾�Ø�Ø@ÍK¹K¶$¾�¿$¹�µnÀ�¹sØ�´P¾�Ã=¹K¶�Ì�·XF�¶�Ì�·i¶$µnÀ@¸=·$À7Ã=·^Ä�À ¾JÎ�Ä@µnÀ ¾"¾�Ø�Ø�´+µn¸=¸+¹K½C¾�¿$¹�µnÀ�·
Ø5·$´xØ�¹�¶$¶$µ�ÍK¹TØ�¾�¸=¸+¹
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ÃP·\½CØ5µn´P¾�ÍK¹'² Ö ¸=¸=¾C¶$µ�À�¸=¹�¸+ÃP·mÀ�·\ÍKÍK¾U¸=µn¸ôÃP¹�Ã=Ä�¿$¹�µnÀ�·Qº�·\ÍKÍRHÊµnØ5·$´=¾�ÃPµ�´=·
º�¹f·&ÜnµnÍ�Ä�¿$¹�µnÀ�·
Ã=·$½"Øsµn´=¾�ÍK·�·$¸P¾-Ã=ÃPµ

û%ü 1äÈXÉ ù Ô�ý ð¢þ Õ ü ä'�F²t��É�å

¶$µnÀ(Ä�Àu¸=Ä@µC¸ôÜF¹�ÍKÄ�Ø@ØsµJÃP´+µnÀ�¶$¾�ÃPµ"¾�ÍcØ@´=¹K½"µJµn´+º�¹KÀ�·

ûyÿ�� 1 ÈXÉ ù ý�� É ç ÈXÉ ù þ ü ç ÈXÉ ù ý�� É 1��àv���� ç � v
ó�� ç �àv ì � ä'�F²t�nönå

û%ü 1 ûyÿ�� ñ�v �
	 � � ä'�F²t��Á7å

º�µNÜn· º · ] ¸=µ�À�µGF�´+¹K¸+Øs·&Ã=ÃP¹GÜ�¾�½C·\À7ÃP·MF�ÍRHÊµnØ5·$´=¾�ÃPµ�´=·zØsµ�ÃP·$À@¿$¹�¾�ÍK·�·r¶$¹KÀ@·\ÃP¹�¶$µ/·�	2Dr¹KÍ7Ø ¾�¸+¸=µ�Ã=·$½"Øsµ�´P¾�Í�·�²
Ö�HÊ·\´=´=µ�´=·Qº�¹cÃ=´=µnÀ�¶$¾�½"·$À7ÃPµ v �
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Îs·\À7ÃP¹zÙM´=¾�À�¸+½C¹�¸=¸=¹�µnÀFÚ�èa´+·$·Jº�¹
m�¾�À�µnÍKµ�ØsµnÄ@ÍKµn¸"äRm�¾�À�µnÍ�µnØ5µnÄ�ÍKµ�¸AFh��ÐnÐn�Qn�¾QµnÀ�¿$¾�ÍK·\¿&Ú3Öf·\¿k¾�À ¾(·\Ã^¾�ÍL²[F
��ÐnÐ�É7å&²�³h·$´xÄ�À ¾JÃP´=¾�Ã=ÃP¾�¿$¹�µnÀ�·QØ�¹[\(¾�Ø�Ø�´+µ�»¼µnÀ�º�¹GÃ�¾J¸=¹cÜ�·$º ¾�B�Ä ¾�À7ÃPµ"´=¹�Øsµ�´+Ã�¾-ÃPµJ¹KÀR×bØ�Ø5·$À�º�¹�¶$·�²
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»¼Ä�À�¿\¹KµnÀ�¹@º�HÊµ�À�º ¾m·\Ünµ�Í�Ünµ�À�µ^º�Ä@´P¾�À7ÃP·x¹�Í�Ø�´=µ>¶$·\¸=¸+µGFF½C¾m¾�À�¶�Ì�·/ÍK·x¶\µFµn´+º�¹KÀ�¾�ÃP·;¸+ÄC¶\Ä�¹a·$¸=¸+·b¸+¹aÎ ¾�¸P¾�À�µ
¶k¾�½^Î�¹�¾�À@µ�²�³M·\´x·$¸=·\½CØ@¹KµGF�¶\µnÀ�¸+¹Kº�·\´=¹�¾�½CµJÍK¾U´=·k¾�¿$¹Kµ�À�·

� ñ °Uï�µ � °àñ�ï äLÆF²���å
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ÖY·;¶\µFµ�´=º�¹�À ¾�ÃP·g¹KÀ7ÃP·\´=À�·;Ø5·$´e¹�´=·$¾�Çn·$À7Ã=¹�¸=µnÀ@µQÍ�¾
º�¹�¸+Ã�¾�À�¿k¾
º�¹FÍK·\Ç7¾�½"· ° � ï ·�ÍRHt¾�À@ÇnµnÍKµb¸=µ�Ã+ÃP·\¸=µ
º ¾�Í�ÍKHÊ¾�¸=¸+· °Uï ¶$µ�ÀHÍK¾?¶\µnÀ�Çn¹�Ä�À�Çn·\À7ÃP·mÍKHÊ¾�ÃPµ�½Cµ<� ·\º�¹KÍT¶$·$À7Ã=´=µ"º�¹f½0¾�¸=¸P¾?º�¹ °Uï ²r³M·\´b¹fØ�´+µFº@µ�Ã=Ã=¹KF
¹KÀ7Ün·\¶$·XF�ÍK·
¶\µFµ�´=º�¹�À ¾�ÃP·/¹KÀ7Ã=·$´=À@·Q¸=µnÀ�µJÍK¾�º�¹�¸+ÃP¾�À�¿k¾Uº@¹TÍK·\Ç7¾�½"·t��� ° ·
ÍKHÊ¾�À�Çnµ�ÍKµ^º@·$ÍKÍRHt¾�¸=¸=·t� ° ¶\µnÀ
Í�¾U¶\µnÀ�Çn¹�Ä�À�Çn·\À�Ã=·i¾�ÃPµn½"µ ï Ú�¶$·\À7ÃP´=µ"º�¹c½C¾�¸+¸P¾?º�¹�� ° ²
Ö ¸+¹K¸ôÃPµnÀ�µ0º�Ä�·U½"·\Ã=µFº�¹YØ5·$´Q¾�VT´+µnÀ7Ã�¾�´+·¡B�Ä�·$¸ôÃPµRØ�´+µnÎ�Í�·$½C¾@²bÞ�ÍhØ�´+¹K½"µC¶\µnÀ�¸=¹�¸+Ã=·UÀ�·$Í�ÍKHdÄ@ÃP¹�ÍK¹�¿$¿k¾�´=·

º�Ä�·O¸+·\Ã?º�¹D¶$µ>µn´=º�¹�À ¾�Ã=·0º�¹WVT·\´=·$À7Ã=¹D¹KÀ{º@¹�Ün·\´=¸+·R´=·$Ç�¹KµnÀ�¹rº�·\ÍKÍKµ�¸=Ø ¾�¿\¹Kµ�²	Öf·O»¼Ä�À@¿$¹Kµ�À�¹Dº�¹gÎ ¾�¸+·R¶�Ì�·
º�·$¸+¶$´+¹�Ünµ�À�µ�ÇnÍ�¹�¸+ÃP¾�ÃP¹�¹�À7ÃP·$´+À�¹�¶k¾�½UÎ�¹�¾�À�µu¾�¸=¸+¹K·$½"·"¾�ÍKÍ�·U¶$µ>µn´+º�¹KÀ ¾-ÃP·?·?¸=¹zº�·\Ü�·0¹�½CØ5µn´=´+·UÍ�¾R¶\µnÀ7ÃP¹GÚ
À�Ä�¹�ÃPéOº�·$Í�ÍK·^»¼Ä�À@¿$¹Kµ�À�¹�¶$µ�À�Í�·J¶$µnÀ@º�¹K¿\¹KµnÀ�¹e¾�Íe¶\µnÀ7ÃPµn´+À�µ�²JÞ�Í�¸+·$¶\µnÀ�º�µu½C·&ÃPµ>º�µR¶$µ�À�¸=¹�¸+ÃP·?À�·\ÍKÍRHÊÄ�¸=¾�´=·
¶$µ>µn´=º@¹KÀ ¾�Ã=·b¶�Ì@·Q¶$µnØ�´+µnÀ�µ^Ã=Ä@Ã=Ã=µUÍKµ^¸=Ø ¾�¿\¹KµGF>½C¾^¶�Ì�·QÀ�µnÀ0¸=µnÀ�µJº@·$ÍKÍ�·/Ã=´P¾�¸ô»¼µn´=½C¾�¿\¹KµnÀ�¹aÍ�¹KÀ�·$¾�´=¹aº�·\ÍKÍK·
¶$µ>µn´=º@¹KÀ ¾�Ã=·
º�·\¹f´=·k¾�Çn·$À7ÃP¹fµ"º�·\¹fØ�´=µ>º�µ�Ã+ÃP¹'²

³M·$´xÄ�À(¸+¹K¸+Ã=·$½C¾J¾UÃP´=·m¾-ÃPµn½"¹s¶\µn½"·,B>Ä@·$ÍKÍ�µJº�·$¸+¶$´+¹�Ã=Ã=µJÀ�·$Í�ÍKHd·AB�Ä ¾�¿\¹KµnÀ@·mÆ@²��MF@¸=·mÄ@Ã=¹KÍ�¹K¿$¿\¹�¾�½"µiÄ�À
¸=¹�¸+ÃP·\½0¾
º@¹�¶$µ>µn´=º@¹KÀ ¾�Ã=·�¶k¾�´+ÃP·\¸=¹K¾�À�µGFnØ5µnÀ�·\À�º�µm¶$µ�½C·x¾�¸+¶$¹�¸=¸P¾QÍK¾
º�¹K¸ôÃ�¾�À�¿$¾��}� ° ·;¶\µn½C·Dµn´=º�¹�À ¾�ÃP¾
Í�¾Uº�¹�¸+ÃP¾�À�¿k¾ ° � ï F ¸=¹fÌ ¾JÍ�¾U¸+·$ÇnÄ@·$À7ÃP·�·$¸=Ø@´=·$¸+¸=¹�µnÀ�·i¶$Í�¾�¸=¸=¹�¶k¾Jº�·\ÍKÍKHd·$À@·$´=Ç�¹�¾U¶$¹�À�·\Ã=¹K¶$¾

] 1 �
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79 ©gf � ©�hOñ8©�iU�¤S ­ µ fjh­ ¦ U ó ñ
ñ�©�i � ©gf"ñ�©�h��¤S ­ µ hPi­ ¦ U ó ñ á ©gfÆ©�i ­ µ fjh­ ¦ ­ µ hPi­ ¦ := äLÆF²Â�nå

º�µNÜn·
� 1Ò©gf?ñ�©�h0ñ�©�i äLÆF²tÆ7å

º 1�ºkfjh � µ fjh��fñ ºPhPi � µ hPiU� äLÆF²ÊÉ�å

ËDµn½C·^¸=¹eµ�¸=¸=·\´+Ü�¾Rº ¾�Í�ÍK·^·4B�Ä ¾�¿$¹�µnÀ�¹eÆ@²Â�0·UÆ@²ÊÉIFcÀ�µnÀ�µ�¸+Ã�¾�À�Ã=·UÍKHd·$À@·$´=Ç�¹�¾0Ø5µ�ÃP·\À�¿$¹K¾�ÍK·�¸=¹K¾0¸=·\Ø ¾�´P¾�Ú
Î�¹KÍ�·^¹�ÀèB�Ä�·\¸+Ã=·C¶\µFµn´+º�¹KÀ�¾�ÃP·XFcÀ�µnÀ	¸=¹�Ì�¾(¸+·$Ø ¾�´P¾�Î�¹�ÍK¹GÃ�é0º�·\ÍKÍ�·U¶$µn½"Ø5µnÀ�·$À7Ã=¹�º�¹�´+·k¾�Çn·\À7ÃP¹�·?Ø�´=µ>º�µ�Ã+ÃP¹
À�·$Í�ÍKHd·$À�·\´=Çn¹K¾^¶$¹�À�·\Ã=¹K¶$¾IF�½C¾?¸+¹fÌ ¾JÄ�ÀH¾�¶$¶\µnØ�Ø�¹K¾�½C·\À7ÃPµ?º�·$´+¹�Ü�¾�À7ÃP·Qº�¾�ÍcÃP·\´=½"¹KÀ�·
½"¹K¸ôÃPµ�²

âF·$ÇnÄ@·$À�º�µ�Í�¾uÃ=´P¾�Ã+Ã�¾�¿\¹KµnÀ@·"º@¹:mHÄ@´=´=·\ÍKÍr· ­Dµ�¸P¾�À ¾�¶qäKmuÄ�´=´+·$ÍKÍr¾�À@ºÀ­Dµn¸=¾�À ¾�¶XF��NÈnÅnÈnå@FhØs·\´^·$Í�¹GÚ
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½C¹�À ¾�´+·|¹KÍ�Ã=·$´+½C¹�À�·q½C¹�¸+Ã=µ�º�¾�ÍKÍRHÊ·\¸=Ø�´+·$¸=¸+¹KµnÀ@·�º@·$ÍKÍRHÊ·\À�·$´+Çn¹�¾�¶\¹KÀ�·&ÃP¹�¶k¾{¸=¹Q´+¹K¶$µ�´=´=·�¾�Í�ÍK·|¶\µFµ�´=º�¹�À ¾�ÃP·
½0¾�¸=¸P¾�Ú�¸=¶$¾�Í�¾-ÃP·M�

² 1ä| µ fZhRñml µ hPi � ¨ Í ��Q � äLÆF²Âönå

³ 1nl µ hoi Í�x7S?��Q � äLÆF²tÁ7å

º�µNÜn·
|B1 I ©gf � ©�hRñ�©�iU�

� K ì�L ó äLÆF²Âçnå

l¤1pI ©�i � ©gf?ñ8©�hj�� K ì�L ó äLÆF²tÅ7å

� ¨ Í ��Q �
1pI ©�i�©gf
� ©gf"ñ8©�hj� � ©�h0ñ�©�iU� K ì�L ó äLÆF²tÈ7å

ÂQÄ@·$ÍKÍ�µ^¶�Ì�·Q¸+¹Tµ�Ã+ÃP¹�·$À�·éD
Ä�ÀRÀ�Ä�µNÜnµ?¸=¹�¸+Ã=·$½C¾^º�¹T¶\µFµ�´=º�¹�À ¾�ÃP·b´=Ä�µ�Ã�¾�Ã=µU´=¹�¸=Ø5·\Ã=Ã=µJ¾�Í�ÍKHdµn´=¹�Çn¹KÀ ¾�ÍK·�º�¹
Ä�À�¾�À�ÇnµnÍ�µRØ ¾�´+¹z¾ ã £rq:�:Q�¹�À	¸=·$À@¸=µ�µ�´P¾�´+¹Kµ�²JÞ�ÀèB�Ä�·$¸ôÃPµ�À�Ä�µNÜ�µ�¸=¹�¸+Ã=·$½C¾(ÍRHt¾�¸=¸=·?º�¹zÍ�·$Ç7¾�½"· °Uï
º�·$¹M´=·$¾�Çn·$À7Ã=¹.D^Ø�¾�´P¾�Í�ÍK·\ÍKµC¾�ÍKÍRHt¾�¸+¸=·iº�·$Í�ÍK·�µn´=º�¹�À ¾�Ã=·�µn´+¹KÇn¹�À ¾�´+¹KµGF ½"·$À7ÃP´+·UÍKHÊ¾�¸+¸=·^º@¹eÍK·\Ç7¾�½"·2� ° º�·\¹
Ø�´=µ>º�µ�Ã+ÃP¹�DQØ�¾�´P¾�Í�ÍK·\ÍKµJ¾�ÍTÀ>Ä@µ�Ü�µO¾�¸+¸=·iº�·$Í�ÍK·Q¾�¸=¶$¹�¸=¸+·�²

Ö¼Hd·$À@·$´=Ç�¹�¾J¶$¹�À�·\Ã=¹K¶k¾Uµ�´P¾JÌ ¾?ÍKHd·$¸=Ø@´=·$¸+¸=¹�µnÀ�·

]H1 �átsu S ­ ²­ ¦ U ó ñ S ­ ³­ ¦ U ówvx äLÆ@²G�NÐ7å

¹KÀ�¶$Ä�¹z¸+¹rÌ�¾HÍ�¾R¸+·$Ø ¾�´=¾�Î�¹�ÍK¹�ÃPéRº�·$¹�ÃP·\´=½"¹KÀ�¹e·$º�¹�Í�Øsµ�Ã=·$À�¿\¹�¾�Í�·J´=¹�¸=Ä�ÍGÃ�¾RØ�¹K·\Ç7¾�Ã=µGFY¶$µnÀ�Ä�À�¾�À@ÇnµnÍKµ�Q
äL¾�À@ÇnµnÍKµ^º�¹ %zy7�|{�89:>V årÃ=´P¾J¹KÍc¶$¾�À ¾�Í�·Qº�·$¹f´+·k¾�Ç�·$À7ÃP¹f·�B�Ä�·$Í�ÍKµJº�·\¹fØ�´=µ>º�µ�Ã+ÃP¹zä9Ün·\º�¹UJ ÇnÄ�´+·�ÆF²��iÆ@²t�nå&²

Öh¾�º�¹�¾�Ç�µnÀ ¾�Í�¹K¿$¿$¾�¿$¹�µnÀ�·�º@·$ÍKÍRHÊ·\À�·$´+Çn¹�¾i¶$¹�À�·\Ã=¹K¶k¾i¶$µnÀ@¸=·$À7Ã=·
º�¹sÃ=´P¾�Ã+Ã�¾�´+·b¹�Ía¸=¹K¸ôÃP·\½0¾^¶\µnÍKÍ�¹K¸+¹�Ünµm·\¸P¾�ÃôÚ
Ã�¾�½"·$À7Ã=·q¶$µn½"·q¸=·	»¼µn¸=¸+·	Ä�À�¸+¹KÀ�Ç�µnÍKµ{¶\µn´=Ø5µw¹KÀ ½CµNÜ>¹K½"·$À7Ã=µw¾�ÍKÍRHÊ¹�À�Ã=·$´+À�µ{º�¹QÄ�À Ø5µ�ÃP·\À�¿$¹K¾�ÍK·qº�¹
¹KÀ7ÃP·\´P¾�¿\¹KµnÀ@·�²
Ö HDº ¾{À�µ�Ã�¾�´=·qÍ�¾�º@¹KØ5·$À�º�·\À�¿k¾wº�·\Í
À�Ä�µNÜnµ�¸+¹K¸ôÃP·$½C¾�º�¹
¶\µFµ�´=º�¹�À ¾�ÃP·�À�µnÀ ¸=µnÍ�µ{º ¾�Í�Í�¾�½C¾�¸=¸=¾

´=¹�º�µ�Ã=ÃP¾uº@·$ÍD¸+¹K¸ôÃP·$½C¾IF�½C¾�¾�À�¶�Ì�·Rº ¾�Ír´P¾�Ø�Øsµ�´+ÃPµHÃP´P¾HÍ�¾H½C¾�¸+¸P¾�º�·\ÍKÍRHt¾�Ã=µn½"µu¸+¶k¾�½^Î�¹�¾�Ã=µ�· B�Ä�·\ÍKÍK¾
º�·$Ç�ÍK¹M¾�Í�Ã=´=¹K�D¸=·UÍRHt¾�Ã=µn½"µC¸+¶k¾�½UÎ@¹�¾�Ã=µ	äEÍRHt¾�Ã=µn½"µ ° À@·$ÍKÍRHÊ·4B�Ä ¾�¿$¹�µnÀ�·^Æ@²��NåÌDU½"µnÍ�Ã=µCÍ�·$ÇnÇ�·$´=µ0´=¹K¸+Øs·&Ã=Ã=µ
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¾�ÇnÍ�¹s¾�Í�ÃP´+¹KF�ÍKHÊ¾�À�Ç�µnÍKµ}QèD�Ø�¹K¶\¶$µnÍ�µGFF·tB>Ä@·$¸+Ã=µ?Øsµ�Ã=´=·\Î�Îs·
»E¾�´D¸ONh¶�Ì�·Q¹KÍ5Ø ¾�¶\¶�Ì�·\Ã+ÃPµ?·$À7Ã=´P¾�À7ÃP·Q¸+¶k¾kÜ�¾�ÍK¶�Ì@¹
Í�¾m¸=Ø ¾�ÍKÍ�¾Qº�·\ÍsØ5µ�Ã=·$À�¿\¹�¾�Í�·/º�¾�À�º�µUÄ@À ¾�½"µnÍK·\¶$µnÍK¾Q´=¹K¸+Ä�Í�ÃP¾�À7ÃP·/¶$µnÀCÄ�À ¾^Ç�´P¾�À�º@·éB�Ä ¾�À7Ã=¹�Ã�éiº�¹5·$À�·\´=Çn¹K¾
Ü>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�·�²M³M·$´;Ä@À ¾^ÃP´=¾�Ã=ÃP¾�¿$¹�µnÀ�·�Ø@¹q\R¾�Ø@Ø�´=µ�»¼µ�À�º�¹�ÃP¾�·
º@·\Ã=ÃP¾�ÇnÍ�¹�¾�ÃP¾�º�·\ÍTØ�´+µnÎ�ÍK·\½0¾�¸=¹T´+¹K½C¾�À�º ¾
¾�ºu¾�Í�Ã=´=¹5ÃP·$¸ôÃP¹gäE·�²ÊÇ@²�¸=¹cÜn·\º ¾C¹�ÍsÃ=·$¸+Ã=µCº@¹�mHÄ�´=´+·$Í�Íf·�­Dµn¸P¾�À ¾�¶NåA²

³M·$´H¶�Ì�¹�¾�´=¹K´+·EB>Ä�¾�À7ÃPµ�¾�Ø@Øs·\À ¾�º�·&Ã=Ã=µGFQ¸=¹i¶$µnÀ@¸=¹Kº@·$´=¹�À�µ�¶$µn½"·�·\¸=·\½CØ�¹�µ�Í�·�º@Ä�·�´+·k¾�¿\¹KµnÀ�¹mº�¹
¸=¶$¾�½UÎ�¹�µJ¸=·$Ç�Ä�·$À7ÃP¹R�

ï�ñ�ò|ï�µ ïiò ñ�ï

ò ñ�ï�ò µ ò�ï�ñ�ò

ÖY¾/Ø�´+¹K½C¾;´=·k¾�¿$¹Kµ�À�·¼DDº�·\Í�Ã=¹KØ5µÌ]b·k¾kÜ Ä7Ú3Öf¹KÇ�Ì�ÃôÚ ]/·k¾kÜ ÄhFnº�µNÜ�·DÍKHÊ¾�Ã=µn½Cµ;¸+¶k¾�½^Î�¹�¾�Ã=µéDrÍK·\ÇnÇn·\´=µ/´=¹K¸+Øs·&Ã=Ã=µ
¾�ÇnÍ�¹c¾�ÍGÃP´=¹L²eÞ�À�B�Ä�·$¸ôÃPµ0¶$¾�¸=µ?ÍRHt¾�À@ÇnµnÍKµ~Q�DQØ ¾�´+¹Y¾

Q 1 | � �4� ¨ Í I �ªáQ×Ø£ ; �ªáQ×Ø£
� �ªáQ×Ø£ ñ �h×Ø£h£§ÞMâ �'; � �h×Ø£h£§ÞXâ ñ �ªáQ×Ø£ � K ì�L ó 	 1 áháQ×ÝÞM£ q

ÖY¾�¸+·$¶$µ�À�º ¾�´+·k¾�¿\¹KµnÀ�·XF�¹KÀ7Ü�·$¶$·XF�DHº�·\Í/Ã=¹KØ5µ�ÖY¹�ÇnÌ7Ã+Ú¬]b·k¾kÜ Ä7Ú3Öf¹KÇ�Ì�ÃAFD¹�À�¶\Ä�¹bÍRHt¾-ÃPµn½"µ	¸=¶k¾�½UÎ�¹�¾-ÃPµèD
Øs·\¸P¾�À7Ã=·i´+¹K¸+Øs·&Ã=ÃPµ"¾�Ç�ÍK¹c¾�Í�ÃP´+¹cº�Ä�·�²zÞ�ÀÕB�Ä�·\¸+ÃPµ"¶k¾�¸=µ"¸=¹fµ�Ã+ÃP¹K·\À�·QÄ�ÀH¾�À�Çnµ�ÍKµJº�¹ %zy7�|{�89:>V Ø ¾�´=¹f¾

Q 1 | � �4� ¨ ÍBI �M×Ý£h£hÞMâ ; �h×Ø£h£§ÞMâ
� �h×Ø£h£§ÞMâ ñ �ªáQ×Ø£ ��; � �ªáÔ×Ý£ ñ �h×Ý£M£§ÞMâ � K ì�L ó 	 1 â§ÚQ×ÝÚhÞ q

Îå�S¿ & � /T;=5�1�9:34*�'43)Á�;=3@'@349:9:*�;=3
� ·\ÍKÍKHdÄ�´ôÃPµ�´+·k¾�Ã+ÃP¹GÜnµ|º ¾|À@µn¹D¸ôÃPÄ�º�¹K¾�ÃPµIF�¾|¸=·\¶$µnÀ�º�¾|º�·$Í�Í�¾�Çn·\µn½"·\ÃP´+¹�¾uº�¹D¶\µnÍKÍ�¹K¸=¹�µnÀ�·XFM¸+¹DÌ ¾�À@À�µqº�¹GÚ
Ün·\´=¸=¹h¸+ÃP¾�ÃP¹h·$Í�·\Ã+ÃP´=µ�À�¹K¶\¹fØsµn¸+¸=¹�Î�¹KÍ�¹f¹KÀ(»¼Ä�À�¿$¹�µnÀ�·iº�·$Í�ÍK·iº�¹�Ü�·$´+¸=·^µ�´=¹K·\À7Ã�¾�¿\¹KµnÀ�¹fº@·$ÇnÍ�¹hµ�´=Î�¹GÃ�¾�Í�¹f¾�ÃPµ�½C¹�¶$¹
¹KÀ7ÃP·\´P¾�Ç�·$À7ÃP¹RF@¶�Ì�·XF5À@·$Íc¶$¾�¸=µ"º�·$¹fº@Ä�·i¾�ÃPµn½"¹Tº@¹c¹Kº�´+µnÇn·\À�µGF�¸+µnÀ�µ?µn´=Î@¹�Ã�¾�ÍK¹5º�¹cÃP¹�ØsµJ¸;·XF À�·$Íf¶$¾�¸=µ?º�·\Í
¶k¾�´+Îsµ�À�¹KµGFQDmÄ�ÀHµ�´=Î�¹GÃ�¾�Í�·�º�¹cÃ=¹KØ5µJØc²
± ·$º�¹K¾�½CµQµ�´P¾Q´P¾�Ø@¹Kº ¾�½"·$À7Ã=·6B>Ä�¾�ÍK¹�¶$¾�¸=¹ ¸+¹ Øsµ�¸=¸=µ�À�µ�Ø@´=·$¸+·$À7Ã�¾�´=·�²râ>·/ÍRHÊÄ@´+ÃPµi¾kÜ�Ü>¹K·$À@·/¹�À?Çn·$µn½"·&Ú

ÃP´+¹�¾ ï ÿ F7¸=·xÍKHdµn´+Î�¹�ÃP¾�ÍK·rØ?º�·$Í ¶$¾�´=Î5µnÀ�¹�µ�DxØ ¾�´P¾�ÍKÍK·\ÍKµ�¾�Í@Ø�¹K¾�À�µQ¹�À"¶\Ä�¹�Çn¹K¾�¶$¶\¹KµnÀ@µ
¹�À�Ä�¶$Í�·$¹ º�¹@¹Kº�´+µnÇn·$À@µ
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èe¹KÇ�Ä�´P¾àÆ@²G�h� âFÄ�Ø5·$´ J ¶$¹C·AB�Ä�¹�Øsµ�Ã=·$À�¿\¹�¾�Í�¹Jº�·$Í�ÍKµà¸+ÃP¾�ÃPµ ó&ù ð ¹KÀÏ¶$µ>µn´=º�¹�À ¾�Ã=·�½C¾�¸=¸=¾-Ú�¸+¶k¾�ÍK¾�ÃP·�² Ö H
´=¹�Øsµn´ôÃ�¾�Ã=µUÄ�Àu¹KÀ�Ç�´P¾�À�º@¹K½"·$À7ÃPµUº@·$ÍKÍK¾U¿$µnÀ�¾"º�¹f¹�À7ÃP·$´=¾�¿$¹�µnÀ�·�²

¸=¹aµ�Ã+ÃP¹K·\À�·xÄ�À�µ�¸+Ã�¾-ÃPµT�
� F�º�µnØ@Ø�¹�¾�½"·$À7Ã=·/º@·$Çn·\À�·$´+·�Ø5·$´r¸=¹K½"½"·\ÃP´+¹�¾In�½C·\À�Ã=´=·/¸=·bÍKHdµn´=Î�¹GÃ�¾�Í�·�Ø�DbØ5·$´3Ú
Øs·\À�º�¹�¶$µnÍK¾�´=·m¾�ÍfØ@¹�¾�À�µ?¸+¹hµ�Ã=ÃP¹�·$À�·QÄ@À�µ0¸ôÃ�¾�Ã=µ^� � � ²:ÂQÄ�¾�À�º�µ"ÍKHdÄ�´+Ã=µ"¾NÜ�Ü>¹K·\À�·i¹KÀ(Çn·$µ�½C·&ÃP´=¹K¾ ï�óOð F ¸+·
ÍKHdµn´=Î@¹�Ã�¾�ÍK·JØ�º�·\Íg¶$¾�´=Î5µnÀ�¹�µ�Çn¹K¾�¶$·"À�·\ÍDØ�¹K¾�À�µuº�·$ÇnÍ�¹D¾-ÃPµn½"¹zº�¹g¹�º�´=µ�Çn·$À�µH·$º�DCØs·\´=Ø5·$À�º@¹K¶$µ�Í�¾�´+·0¾�Í
ÍKµn´+µ(¾�¸=¸+·Cº@¹rÍ�·$Ç7¾�½C·U¸+¹zµ�Ã=Ã=¹K·$À@·JÄ�À�µ�¸ôÃ�¾�Ã=µC� ì Fh½C·\À�Ã=´=·?¸=·"ÍKHdµn´+Î�¹�ÃP¾�ÍK·�Ø�D"Ø ¾�´=¾�ÍKÍ�·$ÍKµO¾�ÍKÍRHt¾�¸+¸=·Jº�¹
ÍK·\Ç7¾�½"· ò � ò ¸=¹YÌ ¾"Ä�À�µ"¸+Ã�¾-ÃPµ °bó ns¸+·MF5¹KÀ7Ün·\¶$·XFsÍRHÊµn´+Î�¹�ÃP¾�ÍK·�Ø}DiØs·\´=Ø5·$À�º�¹�¶$µnÍK¾�´=·m¾�ÍhØ@¹�¾�À�µ"º�·\ÇnÍK¹
¾�ÃPµ�½C¹s¸=¹fµ�Ã+ÃP¹K·\À�·QÄ�À�µ"¸+ÃP¾�ÃPµ ° ì ²

Þ�ÀIJ À�·m¶$µ�À�¸=¹�º�·$´+¹�¾�½"µJÍ�¾UÇn·\µn½"·\ÃP´+¹�¾Uº�¹T¶$µnÍ�ÍK¹K¸+¹KµnÀ@· ï � ð ä~B>Ä@·$ÍKÍK¾Uº ¾JÀ�µn¹f¸ôÃPÄ�º�¹K¾�Ã�¾nå&²�Þ�À�B�Ä�·$¸ôÃPµ
¶k¾�¸+µGF>¹aÃ=´=·/À�Ä�¶$Í�·$¹5¸=¹aÃP´=µNÜ�¾�À�µi¸=Ä@ÍKÍKµi¸+Ã=·$¸+¸=µ?¾�¸+¸=·�²râ>·bÍRHÊµn´+Î�¹�ÃP¾�ÍK·;ØCº�·$Í5¶k¾�´=Î5µnÀ�¹KµiÇn¹K¾�¶$·xÀ�·\ÍKÍKµi¸+Ã=·$¸+¸=µ
Ø�¹�¾�À�µQº�·$¹aÀ�Ä�¶\ÍK·$¹ ·xÌ ¾mÍKHÊ¾�¸+¸=·xØ ¾�´=¾�ÍKÍ�·$ÍKµ�¾TB�Ä�·\ÍKÍ�µiº@¹ ÍK·$Çn¾�½C· ò � ò ¸+¹ Ì ¾iÄ@À�µ�¸ôÃ�¾�Ã=µ ù ð F>½"·$À7Ã=´=·MF
¸=·/ÍKHdµn´=Î@¹�Ã�¾�ÍK·�Ø^DbØ5·$´+Øs·\À�º�¹K¶\µnÍ�¾�´=·/¾�ÍKÍRHt¾�¸=¸=· ò � ò �F¸+¹�¾m¶�Ì�·�Çn¹K¾�¶$¶\¹�¾QÀ�·\ÍKÍKµm¸ôÃP·$¸+¸=µUØ@¹�¾�À�µiº�·\¹sÀ�Ä�¶\ÍK·$¹
¸=¹K¾H¶�Ì�·O¸+¹�¾uØs·\´=Ø5·$À�º�¹�¶$µnÍK¾�´=·"¾}B�Ä�·\¸+Ã=µGF�¸=¹rµ�Ã=Ã=¹K·\À�·CÄ@À�µ|¸+ÃP¾�ÃPµ � F�¶�Ì�·XF�B�Ä�¹KÀ�º@¹KF�DOº�µnØ�Ø@¹�¾�½"·$À7ÃP·
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èe¹KÇ�Ä�´P¾àÆ@²t�Q� âFÄ�Ø5·$´ J ¶$¹C·AB�Ä�¹�Øsµ�Ã=·$À�¿\¹�¾�Í�¹?º�·$Í�ÍKµà¸+Ã�¾-ÃPµ ó�� ¹KÀÏ¶$µ>µn´=º�¹�À ¾�Ã=·�½C¾�¸+¸P¾-Új¸=¶k¾�Í�¾�Ã=·�² Ö H
´=¹�Øsµn´ôÃ�¾�Ã=µUÄ�Àu¹KÀ�Ç�´P¾�À�º@¹K½"·$À7ÃPµUº@·$ÍKÍK¾U¿$µnÀ�¾"º�¹f¹�À7ÃP·$´=¾�¿$¹�µnÀ�·�²

º�·$Ç�·$À�·\´=·�²
Ö HsÀ�·$¶\·$¸+¸P¾�´+¹Kµ(¸=µ�Ã+ÃPµnÍ�¹KÀ�·$¾�´=·i¶�Ì�·XFfØs·\´
µ�Ã=Ã=·$À�·\´=·JÇn´=¾�À�º�·\¿$¿\·?¾�Ã=Ã=·$À�º�¹�Î�¹KÍ�¹Yº ¾�ÍKÍ�·�¸+¹K½UÄ@Í�¾�¿\¹KµnÀ�¹Yº�¹

º�¹KÀ�¾�½C¹�¶k¾IFaÄ�À@µRº�·$¹MØ�´=·\´=·AB�Ä�¹�¸=¹GÃP¹M»¼µ�À�º ¾�½"·$À7Ã�¾�ÍK¹�DUÍKHdÄ@ÃP¹�ÍK¹�¿$¿$µ"º�¹M¸=Ä�Ø5·$´ J ¶$¹�º@¹e·$À@·$´=Ç�¹�¾0Ø5µ�ÃP·\À�¿$¹K¾�ÍK·
äL³ Ö â�å/½"µnÍGÃPµC¾�¶$¶\Ä�´P¾�Ã=·MnY¾�À@¶�Ì�·UØ�¹�¶$¶$µ�ÍK·iº�¹K¸ôÃPµn´+¸=¹Kµ�À�¹Yº�·$Í�ÍK·i¸=Ä�Ø5·$´ J ¶$¹�Ø5µn¸+¸=µnÀ�µ0Øsµn´ôÃ�¾�´+·U¾�º�·$´=´+µn´=¹
¶$µnÀ@¸=¹Kº@·$´=·&ÜnµnÍ�¹'²�³M·\´^B�Ä�·\¸+ÃPµIF�À�·$ÍxØ�´+·$¸+·$À7ÃP·HÍ�¾kÜnµn´+µGFr¶$¹x¸=¹K¾�½Cµ�¾kÜ�Ü�¾�ÍK¸+¹;º�¹;¸+Ã=Ä�º�¹x½Cµ�Í�ÃPµ	´+·$¶$·\À7ÃP¹K�
ÍKHd·$À�·\´=Çn·&ÃP¹�¶k¾Rº�·$Íz¸+¹K¸+Ã=·$½C¾ ïið(ñ�òJó DC¸ôÃ�¾�ÃP¾HÄ�ÍGÃP¹�½0¾�½"·$À7Ã=·U´=¹GÜF¹�¸+ÃP¾(¶\µnÀ�Ä@À�½"·\ÃPµ>º�µu¾�ÍGÃ�¾�½"·$À7ÃP·
¶$µn´+´=·\Í�¾�Ã=µ	äKmHÄ@Í�ÃP¹j�x·\»¼·$´+·$À�¶\·CËDµnÀIJ ÇnÄ@´P¾�Ã=¹KµnÀ|Þ�À7Ã=·$´P¾�¶\ÃP¹�µnÀ�F=mÕ�;ËDÞôå�·$º	¹MÃ=´=·U¸ôÃ�¾�Ã=¹�·$Í�·\Ã+ÃP´=µ�À�¹K¶\¹Mº�¹
Ø�¹q\uÎ ¾�¸+¸P¾"·$À�·\´=Çn¹K¾|ä ó�ù ð · ó�� º�µ�Ø�Ø�¹�¾�½C·\À�Ã=·mº�·$Çn·\À�·$´+·Nåb¸+µnÀ�µC¸+Ã�¾-ÃP¹Y¸+Ã=Ä�º�¹�¾-ÃP¹fÀ�·\ÍKÍKHd¹KÀ7Ã=·$´=µ?¸+Ø ¾�¿$¹�µ
¶$µnÀQJ ÇnÄ�´=¾�¿$¹�µnÀ ¾�Í�·
À�Ä�¶$Í�·k¾�´+·0äRm�¾�´ôÃP¹KÀ�¾�¿$¿\µC¾�À�º(Ùe¾�À7ÃP¾�´=º�¹�À�¹KF ��ÐnÐ�É�åA²

³M·$´�µ�Ã=Ã=·$À�·\´=·CÍK·"¸=Ä�Ø5·$´ J ¶$¹rº�¹rØsµ�Ã=·$À�¿\¹�¾�Í�·?º�·$Ír¸=¹�¸+ÃP·\½0¾(¹KÀ7Ã=·$´P¾�Çn·$À7ÃP· ï�ò ðó D"¸+Ã�¾-ÃPµ�·\¸=·\ÇnÄ�¹�Ã=µ
Ä�Àà¶k¾�Í�¶$µnÍ�µ Zx�N%&�E�7�m��)A�E)P���&�'_M�N�zy À�·$Í�ÍKµw¸=Ø�¾�¿$¹�µ�¾�Ã+ÃP¹GÜnµw¶$µn½"Ø�Í�·\ÃPµ�äLËD×Qâ�â�Ë�è
F/¶\µn½"Ø�ÍK·&ÃP·�¾�¶\Ã=¹�Ü�·
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¸=Ø ¾�¶$·|¸+·$Í�»m¶\µnÀ�¸+¹K¸+Ã=·$À7Ã�J ·\ÍKºaå?¶$µnÀ�¸+¹Kº�·\´P¾�À@º�µwö�·\ÍK·\Ã+ÃP´+µnÀ�¹/¹KÀ �NÐ�µn´=Î�¹GÃ�¾�Í�¹iä'��¸4Fb��Ø�F/Æ�¸0·|Æ�Ø�º�·\Í
¶k¾�´+Îsµ�À�¹Kµ(·u�k¸�º@·$¹zº�Ä�·C¾�ÃPµ�½C¹�º�¹z¹�º�´=µnÇ�·$À�µ�å�·"¶$µ�À�Ä�À 6��-%&8K%J%N�&� ¸+Ã�¾�À�º ¾�´+º�¾�Ä�Ç-Ú�¶$¶AÚ�Ø ± Â�5wØs·\´
µ�Ã=Ã=·$À�·\´=·�Ç�ÍK¹�µn´=Î@¹�Ã�¾�ÍK¹7½"µnÍK·\¶$µnÍK¾�´=¹L²fÛ�µnØ5µFº@¹K¶�ÌGPXFn¶$µnÀ@¸=¹Kº@·$´P¾�À�º�µQÍK·z»¼Ä�À�¿\¹KµnÀ@¹Fº�HdµnÀ�º�¾
¸=¹KÀ@ÇnµnÍ�¾�´=½"·$À7ÃP·
·Jº�µnØ�Ø@¹�¾�½"·$À7ÃP·J·\¶$¶\¹�Ã�¾-ÃP·�D?¸+Ã�¾-ÃPµ(·$¸+·$ÇnÄ�¹GÃPµuÄ�À	¶k¾�Í�¶$µnÍ�µ�m}�;ËDÞ'Ú3â@Û À�·\ÍrËD×Qâ�öO¹KÀ�ç	äEÀ�µnÀ�¸=µ�À�µ
¸+ÃP¾�ÃP¹cØ@¹q\(¶$µnÀ@¸=¹Kº@·$´P¾-ÃP¹fÇnÍ�¹Tµn´+Î�¹�ÃP¾�ÍK¹TÆ�Ø(º�·$Íf¶$¾�´=Î5µnÀ�¹�µ�ågØ5·$´xµ�Ã=Ã=·$À�·\´=·m¹fØ5µ�ÃP·\À�¿$¹K¾�ÍK¹L²

ËDµnÀ}B�Ä�·\¸+ÃP¹h´=¹�¸=Ä�ÍGÃ�¾�Ã=¹f¹KÀu½0¾�À�µGFa¾�Î�Î@¹�¾�½"µ?Øsµ�Ã=Ä@ÃPµ�B�Ä�¹KÀ@º�¹Y¸=¹K½^Ä�Í�¾�´+·m¶$µn´+´=·\Ã+Ã�¾�½"·$À7Ã=·�ÍK¾?º@¹KÀ ¾-Ú
½C¹�¶k¾Rº�·\Íg¸+¹K¸+Ã=·$½C¾H·"µ�Ã=Ã=·$À�·\´=·Cº�·$Í�ÍK·?Ø�´=µ�Î ¾�Î�¹�ÍK¹�ÃPéRº�¹z´=·k¾�¿$¹Kµ�À�·CÄFÃP¹KÍ�¹KFf¶\µnÀ�¸=¹�º�·$´=¾�À�º�µ�ÍK·"¸=Ä�º�º@·\Ã=Ã=·
³ Ö âR´=¹�Øsµ�´+Ã�¾-ÃP·
À�·\ÍKÍ�·�J ÇnÄ�´+·mÆ@²��MFaÆ@²Â�ÔF Æ@²ÊÆ?·iÆ@²dÉ�²

Û
¾ÕB�Ä�¹r¹KÀ�¾kÜ�¾�À�Ã=¹z¶$¹r´=¹�»¼·\´=¹�´=·$½"µ(¾�Í�Í�¾R¸=Ä�Ø5·$´ J ¶$¹�·CØ5µ�Ã=·$À�¿\¹�¾�Í�·"´+·$ÍK¾�ÃP¹GÜ�¾(¾�Í�ÍKµ(¸+ÃP¾�ÃPµ ó&ù ð ¶\µn½"·
¸=Ä�Ø5·$´ J ¶$¹�· ù ·;¾�B�Ä�·$Í�Í�¾�´+·$Í�¾-ÃP¹�Ü�¾b¾�ÍKÍ�µb¸ôÃ�¾�Ã=µ ó � ¶$µn½"·D¸+Ä�Ø5·$´°J�¶$¹K· � ²�ã
¸=¸+·$´ôÜF¹K¾�½"µQµn´P¾�Í�·�¸=Ä@Øs·\´°J ¶\¹
¶�Ì�·(¾�Î�Î@¹�¾�½"µ�¹�½CØ�Í�·$½"·$À7Ã�¾-ÃPµu· B�Ä�¹KÀ�º@¹DÄ�¸=¾�ÃPµGFz½"·\Ã+ÃP·$À@º�µnÀ�·O¹�À�·\Ü>¹�º�·$À�¿$¾qÍK·0Ø�¾�´+Ã=¹K¶$µ�Í�¾�´+¹�Ã�é(Ø�¹[\
¹KÀ7ÃP·\´=·\¸=¸P¾�À�Ã=¹'²

âFÄ�ÍKÍK¾O¸=Ä�Ø5·$´ J ¶$¹�· ù FhÀ@·$Í�¶k¾�À ¾�ÍK·Jº@·$¹�´=·$¾�Çn·\À�Ã=¹/ä ï ð ñ ò?ó ¹�ÀEJ�ÇnÄ�´P¾(Æ@²ÊÆIFf¶$¾�À ¾�Í�·Jµn´=¹�¿$¿$µ�À�ÃP¾�ÍK·
¹KÀÏJ�ÇnÄ�´P¾	Æ@²G��å�F�Ø ¾�´+Ã=·$À�º@µ�º�¾�ÍKÍK¾�¿$µnÀ�¾q¾�¸=¹�À�Ã=µ�ÃP¹�¶k¾|º�¹t�éßG×ÝÞQ�R· ± ¸+¹�¹KÀ�¶\µnÀ7ÃP´=¾|Ä�À ¾qØ�¹K¶\¶$µnÍK¾�¸=·\ÍKÍK¾
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¶$µnÀ y ¸=µnÀ@µC´+·$Í�¾-ÃP¹�Ü>¹s¸=µnÍ�µC¾�¹c¶k¾�Í�¶$µnÍ�¹T¸+Ä�ÍKÍK¾U¸=Ä�Ø5·$´ J ¶$¹�· ù ²
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ÍK¹GÜn·$Í�ÍK¹YÜ>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�¹Mº�·\¹zØ�´=µ>º�µ�Ã+ÃP¹KFT¸=¹zÀ�µ�ÃP¾(¹�À�µnÍGÃP´=·^¶�Ì�·C¹�½C¾�¸+¸=¹K½"¹eº@¹�Ø�´=µnÎ�¾�Î�¹KÍ�¹�ÃPé0·?¹�½0¾�Ç�Çn¹Kµn´+¹
¶$µnÀ7Ã=´=¹KÎ@Ä@ÃP¹7¾�ÍKÍ�¾�Ø@´=µnÎ ¾�Î�¹KÍ�¹�Ã�érÃPµ�ÃP¾�ÍK·�¸+µnÀ�µ/·$¸P¾-Ã=Ã�¾�½C·\À�Ã=·z¹KÀm¶$µn´+´=¹�¸=Ø5µnÀ�º�·\À�¿k¾xº�·$¹�Í�¹�Ün·\ÍKÍ�¹-Ü>¹KÎ@´P¾�¿\¹KµnÀ ¾�ÍK¹
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ÍKµ/¸+Ã=·$¸=¸+µQ´P¾�Ç�¹KµnÀ ¾�½C·\À�Ã=µxØs·\´eÇnÍ�¹�¾�Í�Ã=´=¹7º�Ä�·g¸+ÃP¾�ÃP¹>º�¹>Ø ¾�´+Ã=·$À�¿$¾b¸+¹Fµ�Ã+ÃP¹�·$À�·r¶�Ì�·�¹�Í ã ÜI×àß�� º�·$¹>Ø�´=µ>º�µ�Ã+ÃP¹
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èe¹KÇ�Ä�´P¾?É�²töQ�UäE¾7åb³�´+µnÎ ¾�Î�¹�ÍK¹GÃ�éUÃPµ�ÃP¾�ÍK·�º�¹e´+·k¾�¿\¹KµnÀ@·^¶$µ�À�Ã=´=µR·\À�·$´+Çn¹�¾0º@¹M¶\µnÍKÍ�¹K¸=¹�µnÀ�·m¸=Ä@ÍKÍ�¾"¸=Ä�Ø5·$´ J ¶$¹�·ù Øs·\´ · á É 1 £¢������á�·{äEÎaåCØ�¾�´+Ã=¹K¶$µ�Í�¾�´+·Hº�·\ÍKÍRHÊ¹�À�Ã=·$´ôÜ�¾�ÍKÍKµ�Ð-ÚP�|· ± ² � ·$ÍbØ ¾�´ôÃP¹K¶\µnÍ�¾�´=·u¸=µnÀ�µw¸ôÃ�¾�Ã=·
´=¹�Øsµn´ôÃ�¾�Ã=·
ÍK·Q·\À�·$´+Çn¹K·mº�¹Y¾�Øs·\´+ÃPÄ@´P¾HäEÍK¹�À�·$·
Ü�·$´ôÃP¹K¶$¾�ÍK¹�åg·$ºH¹KÍTÜ�¾�Í�µn´=·
¾�Ø�Ø�´+µn¸=¸+¹K½C¾�ÃP¹GÜnµ?º�·$Í�Í�¾UÎ ¾�´=´=¹�·$´=¾
º�¹cØ5µ�ÃP·\À�¿$¹K¾�ÍK·"ä9»¼´=·\¶$¶$¹�·NåDº�·\¹f¸=¹�À�ÇnµnÍ�¹T¶k¾�À ¾�ÍK¹L²

ÂQÄ@·$¸+Ã=µwØs·\´=½"·\Ã=Ã=·	º�¹Q¾XVs·$´+½0¾�´+·|¶�Ì�·	Í�¾�º@¹KÀ ¾�½"¹K¶$¾�¸=Ä@ÍKÍ�¾�¸+Ä�Ø5·$´°J�¶$¹K· ù Ø�´=µ>¶$·\º�·	¹KÀ�½"µFº@µ
�7B�8E�76����L8'��� º ¾�¹z´=·$¾�Çn·\À�Ã=¹r¾�¹zØ�´=µ>º�µ�Ã+ÃP¹/äE¹L²Ê·�²Oº ¾�Í�ÍKµR¸ôÃ�¾�Ã=µHÜ>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�· · º�¹ òJó ¸+¹zµ�Ã=Ã=¹K·$À@·�B�Ä ¾�Ú
¸=¹;·\¸=¶$Í�Ä�¸=¹GÜ�¾�½C·\À7ÃP· ï�ò|ð À�·\ÍKÍKµ	¸ôÃ�¾�Ã=µ�Ü>¹KÎ@´P¾�¿\¹KµnÀ ¾�ÍK· · åA²�Þ�À�¾�ÇnÇn¹�Ä�À7Ã�¾0DHº�¾�µn¸+¸=·\´+Ü�¾�´=·H¶�Ì�·�äE¹9å
¾uØ�¾�´=¹GÃ�é(º�¹z·$À�·\´=Çn¹K¾(Ã=µ�Ã�¾�Í�·uä~J Ç�Ä�´P¾uÉ�²tÆnå@Fh¸=¹zÌ ¾H¹�Í�½0¾�¸=¸=¹�½Cµ(º�¹zØ�´+µnÎ ¾�Î@¹KÍK¹GÃ�é0º@¹r´+·k¾�¿\¹KµnÀ@·CØ5·$´i¹KÍ
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º ¾�´+·JÍ�¾O´=·$¾�¿$¹�µnÀ�·U·Hä¼¹K¹9åxÀ�µnÀ	·$¸+¹K¸ôÃP·?Í�¾0Ø5µn¸+¸=¹KÎ@¹KÍK¹GÃ�é�º@¹M¶\µnÀ7Ün·$´+¸=¹�µnÀ�·?º�·$Í�ÍKHd·$À�·\´=Çn¹K¾CÃP´=¾�¸=ÍK¾�¿$¹�µnÀ ¾�Í�·^¹�À
·$À�·\´=Çn¹K¾"Ü>¹KÎ@´P¾�¿\¹KµnÀ ¾�ÍK·i·MFc¾�ÍKÍKHÊ¾�Ä�½"·$À7ÃP¾�´=·mº�·\ÍKÍ�¾"Ø�´=¹�½0¾QFsº�¹GÜn·\À�ÃP¾0¸=·\½CØ@´=·UØ�¹[\q¾�ÍGÃ�¾CÍK¾CØ�´+µnÎ ¾�Î@¹KÍK¹GÃ�é
¶�Ì�·"¹KÍ�¸+¹K¸+Ã=·$½C¾R´=¹K½^Î ¾�ÍK¿\¹eÀ�·\Íz¶k¾�À ¾�ÍK·?º�·$¹�´+·k¾�Ç�·$À7ÃP¹Rne¶$¹[L(¶$µn½"Øsµ�´+Ã�¾R¶�Ì�·C¾�Í�¶\´=·$¸+¶$·\´=·0º@·$ÍKÍRHÊ·\À�·$´+Çn¹�¾
¶$µnÍ�ÍK¹�¸=¹Kµ�À ¾�ÍK·XF�¹�À�º�¹�Øs·\À�º�·$À7Ã=·$½"·$À7ÃP·bº ¾�ÍKÍ�µm¸+Ã�¾-ÃPµ�Ü>¹�Î�´P¾�¿\¹KµnÀ�¾�ÍK·;¹�À�¹K¿\¹�¾�Í�·MF�ÍK¾iØ@´=µnÎ ¾�Î�¹KÍ�¹�Ã�é
º@¹5´+·k¾�¿\¹KµnÀ@·
º�¹K½"¹KÀ�Ä�¹�¸=¶$¾�J À�µEB�Ä ¾�¸+¹x¾�ºw¾�À�À�Ä�Í�Í�¾�´+¸=¹L²�×ú´+¹KØ�´+µNÜ�¾|º@¹:B�Ä ¾�À7ÃPµ	º�·&Ã=ÃPµIFr¸+¹�µn¸+¸=·$´ôÜ>¹;Í�¾}J ÇnÄ@´P¾|É�²ÊÁ
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èe¹KÇ�Ä�´P¾RÉ�²ÊÁI�U³�´+µnÎ ¾�Î�¹�ÍK¹GÃ�é0ÃPµ�Ã�¾�Í�·"º@¹g´+·k¾�¿\¹KµnÀ�·"¶$µ�À�Ã=´=µH¸+Ã�¾-ÃPµHÜ>¹�Î�´P¾�¿\¹KµnÀ�¾�ÍK·J¹�À�¹K¿\¹�¾�Í�·MFfØ5·$´iº�¹�Ü�·$´=¸+·
·$À�·\´=Çn¹�·Uº�¹�¶\µnÍKÍ�¹K¸=¹�µnÀ�·iØs·\´QÍKµR¸ôÃ�¾�Ã=µ ó ù ð ² � ·\ÍKÍRHÊµn¸+¸=·\´+Ü�¾�´=·J¹�ÍeÇn´=¾XJ ¶\µu¸+¹eÃP·\À�Ç7¾RØ�´+·$¸=·\À7ÃP·"¶�Ì�·MFYÀ�·\Í
ÍK¹�½C¹GÃP·b¾�º�¹�¾�Î ¾�ÃP¹�¶$µGF>Ø5·$´=¶�ÌIP�¸+¹Y¾�Ø�´P¾J¹�Íc¶k¾�À�¾�ÍK·Qº�¹T´=·k¾�¿$¹Kµ�À�·QØs·\´ · á É 1 £<DmÀ�·\¶$·$¸+¸P¾�´+¹�¾?Ä�À�Hd·$À�·\´=Çn¹K¾¶$µnÍ�ÍK¹�¸=¹Kµ�À ¾�ÍK·Dº�¹T¶\¹K´=¶$¾Ç£I×àß§Ù^· ± F@Ø5·$´ · á É 1 �Qº�¹5¶$¹�´=¶$¾Ç£I×ÝáhÚ�· ± ½"·$À7ÃP´+·
Ø5·$´ · á É 1 á�º�¹s¶$¹�´=¶k¾¡£I×Ý£Mâ· ± ²

æC�S¿ c ;�*,;=/ áP�
� ·\Íb¶$¾�¸=µ�º�·$Í�Í�¾	´=·k¾�¿$¹Kµ�À�·H¸+Ä�ÍKÍK¾�¸+Ä�Øs·\´°J ¶\¹K· � F�¹�À�¶$Ä@¹b¹�Í

æ�� � � & � DuÀ�µ�ÃP·&ÜnµnÍ�½C·\À7ÃP·�Ø@¹q\�Ç�´P¾�À�º@·
·	¸=Ä�Ø5·$´=¾�º�¹mº�¹GÜn·\´=¸=·	Ünµ�Í�ÃP·qÍK¾{º�¹[Vs·$´+·$À�¿$¾�º�¹Q·\À�·$´+Çn¹�¾{ÃP´=¾{¹QÍK¹�Ü�·$Í�ÍK¹bÜ>¹�Î�´P¾�¿\¹KµnÀ�¾�ÍK¹/º�¹ òJó ä9Ün·$º@¹
J ÇnÄ�´=¾���²Â�nå�FDÀ�µ�À�¸+¹/µ�¸=¸=·\´+Ü�¾�Ø@¹q\�ÍKHÊ¾�º�¹�¾�Î ¾�ÃP¹�¶$¹GÃ�é�º�·\ÍKÍK¾	´+·k¾�¿\¹KµnÀ@·�²�â>¹;Ø�ÄGL�À@µ�Ã�¾�´+·�ä~J ÇnÄ@´P¾�É@²Âçnå
¶$µn½"·MFh¸=ÄÏB>Ä@·$¸+ÃP¾|¸=Ä�Ø5·$´ J ¶$¹�·MF�ÍK¾uØ@´=µnÎ ¾�Î�¹KÍ�¹�Ã�éOº@¹g´+·k¾�¿\¹KµnÀ�·"¶$µ�À�Ã=¹KÀ�Ä�¹r¾�º{¾�Ä�½C·\À7Ã�¾�´+·0¾�Íz¶\´=·$¸+¶$·\´=·
º�·$Í�ÍKHd·$À�·\´=Çn¹K¾�º�¹7¶$µ�ÍKÍK¹�¸=¹�µnÀ�·MFk¾�´=´+¹�Ü�¾�À�º�µ/¾x¶$¹�´=¶k¾xÐ@²ÊÁxØs·\´ · á É 1 áF².Â
Ä�·$¸ôÃPµbº�¹�Ü�·$´=¸+µ�¶\µn½CØ5µn´ôÃ�¾�½"·$À7ÃPµ
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º�·$Í�ÍKHd·$À�·\´=Çn¹K¾"Ã=´P¾�¸+Í�¾�¿\¹KµnÀ ¾�ÍK·i¹KÀq·$À@·$´=Ç�¹�¾0Ü>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�·^·U»E¾�¶\¹KÍ�¹�Ã�¾?ÍKHdÄ�¸+¶$¹�ÃP¾0º�·\Í�¸=¹K¸ôÃP·\½0¾0À@·$Í�¶k¾�À ¾�ÍK·
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èe¹KÇ�Ä�´P¾RÉ�²tçQ�J³�´=µ�Î ¾�Î�¹�ÍK¹�ÃPéOÃPµ�ÃP¾�ÍK·?º�¹r´=·$¾�¿$¹�µnÀ�·"¶$µnÀ7ÃP´+µ|·$À@·$´=Ç�¹�¾Hº@¹g¶\µnÍKÍ�¹K¸=¹�µnÀ�·J¸+Ä�ÍKÍK¾u¸+Ä�Øs·\´°J ¶\¹K· �
Øs·\´ · á É 1 £N������á>²

Þ�ÀÕB�Ä�·\¸+ÃPµ"¶k¾�¸=µ"À�µnÀCD�B>Ä@¹KÀ�º�¹T¹KÀ7ÃP·\´=·$¸+¸P¾�À7Ã=·�Ä�ÀsHt¾�À�¾�ÍK¹�¸=¹c¸ôÃ�¾�Ã=µC¾J¸ôÃ�¾�Ã=µ�²zÖY¾?´+·k¾�¿\¹KµnÀ@·QØ�´=µ>¶$·\º�·
À�µnÀJ¾�º�¹�¾�Î�¾�ÃP¹�¶k¾�½"·$À7ÃP·r·�¹FØ�´=µ>º�µ�Ã+ÃP¹@º@¹@´=·$¾�¿$¹�µnÀ�·gØsµnØ5µnÍK¾�À�µ�¹FÍK¹GÜn·$Í�ÍK¹nÜ>¹KÎ@´P¾�¿\¹KµnÀ ¾�ÍK¹�Ø�¹q\^Î ¾�¸=¸+¹@¸+·$¶$µ�ÀFÚ
º�µOÍK¾Cº�¹�¸+ÃP´+¹KÎ�Ä@¿$¹Kµ�À�·�¶$¾�À�µnÀ@¹K¶k¾|äL¾0¸+¶$µnØ5µO·$¸+·$½"Ø�ÍK¹WJ ¶k¾-ÃP¹�Ü�µ0¸+¹eµn¸+¸=·$´ôÜ>¹�Í�¾�J ÇnÄ�´=¾0É�²ÊÅ7å&²,�x¹KØ5·\Ã=·$À�º@µ
B�Ä ¾�À7ÃPµi»E¾�Ã=Ã=µ�Ø5µF¶\µ�¸+µnØ�´=¾�Ø5·$´rÍKµi¸+Ã�¾-ÃPµ�ì ù ð FF¸+¹5Ø@ÄGL^¹�À@»E¾�Ã=Ã=¹ µn¸=¸+·$´ôÜ�¾�´=·�¶�Ì@·�¸=Ä^B�Ä�·$¸ôÃ�¾^¸+Ä�Øs·\´°J ¶\¹K·XF
J À�µH¾�ÍKÍRHt¾�Øs·\´+ÃPÄ@´P¾Rº�·$¹z¶$¾�À ¾�Í�¹�Ø�¹q\�¾�Í�Ã=¹KFfÍK¾(Ø@´=µnÎ ¾�Î�¹KÍ�¹�Ã�é0Ã=µ�Ã�¾�ÍK·Jº�¹z´=·$¾�¿$¹�µnÀ�·�D"º�µNÜFÄFÃ�¾H·\¸=¸+·$À�¿\¹�¾�Í Ú
½C·\À7ÃP·O¾�ÍKÍKµu¸+ÃP¾�ÃPµ · i á � 1 £{ä 	 ãhã �æº�·\¹DØ�´+µFº�µ�Ã=ÃP¹z¸+¹gÃP´+µNÜ�¾H¹KÀÏB�Ä�·\¸+Ã=µ�¸ôÃ�¾�Ã=µ�å�¾�À�¶�Ì�·O¸+·O¸=¹
D
Ø ¾�´ôÃP¹�Ã=¹cº ¾ · á É 1 á"·m¶�Ì�·^¾�ÍKÍRHt¾�Øs·\´+ÃPÄ@´P¾Uº�·\Íh¸+·$¶\µnÀ�º�µO¶$¾�À ¾�Í�·m¸=¹fÌ ¾"Ä�À ¾?´=¹KØ�¾�´+Ã=¹K¿$¹�µnÀ�·
·4B�Ä ¾0º�·\ÍKÍ�¾
Ø�´=µ�Î ¾�Î�¹�ÍK¹�ÃPé0º�¹�´+·k¾�¿\¹KµnÀ�·Hä 	 ß Þr� º@·$¹zØ�´=µ>º�µ�Ã+ÃP¹ · i á � 1 £(· 	 ß ã � ¹KÀ · i á � 1 ��åA²0èe¹�ÀEB>Ä@¹
¾�Î�Î�¹K¾�½"µC¶\µnÀ�¸=¹�º�·$´=¾�ÃPµ0¸=µnÍ�µ0¹KÍY¶$¾�¸=µ · á É 1 áC¸+µnÍKµ0Øs·\´=¶�ÌGPÇD¡B>Ä@·$ÍKÍ�µ0¶\µnÀ|ÍK·�Ø�¹q\|¾�Í�Ã=·�Ø�´+µnÎ ¾�Î@¹KÍK¹GÃ�é
º�¹c´+·k¾�¿\¹KµnÀ�·XF ½0¾U¹�Ícº�¹�¸=¶$µ�´=¸=µ?¸+¹M¾�Ø�Ø�ÍK¹�¶k¾^¸+·$À�¿$¾"Ü�¾�´+¹�¾�¿\¹KµnÀ�¹T¾�À�¶�Ì�·i¾ · á É 1 £?·��n²
�/¹�¶$µn´+º�¹�¾�½"µQ¶�Ì�·XF ¾�Ø ¾�´=¹�ÃPé�º�¹a·\À�·$´+Çn¹�¾�Ã=´P¾�¸+Í�¾�¿\¹KµnÀ�¾�ÍK·XFnÄ�ÀO¸+¹K¸+Ã=·$½C¾^¾^Î�¾�¸=¸=¾^·$À�·\´=Çn¹K¾iÜ>¹KÎ@´P¾�¿\¹Kµ�Ú

À ¾�Í�·
¾kÜ>´PéU½"¹KÀ�µn´r·$À@·$´=Ç�¹�¾^ÃPµ�Ã�¾�Í�·b´+¹K¸=Ø5·\Ã+ÃPµ?¾�ºRÄ@À�µJ¹KÀOÄ@ÀRÍK¹�Ü�·$Í�ÍKµmÜF¹�Î�´P¾�¿$¹Kµ�À ¾�ÍK·/¸=Ä@Øs·\´=¹Kµ�´=·MnIB>Ä@¹KÀ�º�¹
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èe¹KÇ�Ä�´P¾"É�²tÅQ�
³�´=µnÎ�¾�Î�¹KÍ�¹�ÃPé"º�¹e´=·k¾�¿$¹Kµ�À�·U¸+ÃP¾�ÃPµ(¾O¸ôÃ�¾�Ã=µR¶$µnÀ7Ã=´=µR·$À@·$´=Ç�¹�¾0ÃPµ�Ã�¾�Í�·^¸=Ä@ÍKÍ�¾C¸=Ä�Ø5·$´ J ¶$¹�· �
Øs·\´;äE¾7å · á É 1 £IFaä¼Îaå · á É 1 ��·
äE¶Nå · á É 1 á>²�âFµnÀ@µ
¸+ÃP¾�ÃP·�´+¹KØ5µn´+ÃP¾�ÃP·rÍK·g¶$Ä�´ôÜn·;º�¹FØ�´=µ�Î ¾�Î�¹�ÍK¹�ÃPé;¸=µnÍ�µØs·\´b¹hØ�´+¹K½"¹UB>Ä�¾�Ã=Ã=´=µOÍ�¹�Ün·\ÍKÍ�¹TÜ>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�¹fº�·$¹hØ�´=µ>º�µ�Ã+ÃP¹Y·^Í�·�·\À�·$´+Çn¹K·�´=·\Í�¾�Ã=¹�Ün·�² � ·$Í�ÍK·iº�¹Kº�¾�¸=¶$¾�ÍK¹�·MF
¶$µnÀ � ��S � ÜF¹�·$À�·g¹KÀ�º@¹K¶k¾-Ã�¾;Í�¾/Ø�´=µnÎ�¾�Î�¹KÍ�¹�ÃPé�º�¹F´+·k¾�¿\¹KµnÀ@·gÃPµ�Ã�¾�Í�·rØ�¾�´+Ã=·$À�º�µ�º ¾�Í�ÍK¹GÜn·$Í�ÍKµ;Ü>¹KÎ�´=¾�¿$¹�µnÀ ¾�Í�·�S
º�¹ òJó ½"·$À7ÃP´+·b¶\µnÀ � ��S µ ©�� ¸+¹s¹�À7ÃP·$À@º�·bÍK¾iØ@´=µnÎ ¾�Î�¹KÍ�¹�Ã�éb¸+Ã�¾-ÃPµU¾i¸+ÃP¾�ÃPµiº ¾�ÍaÍK¹GÜn·\ÍKÍKµ
Ü>¹�Î�´P¾�¿\¹KµnÀ�¾�ÍK·Sqº�¹ òJó ¾�ÍcÍK¹GÜn·$Í�ÍKµ^Ü>¹�Î�´P¾�¿\¹KµnÀ�¾�ÍK· © º�¹ ïiò|ð ²
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âF¹�¾mØ5·$´rÍKµi¸+Ã�¾-ÃPµ ó ù ðH¶�Ì�·�Ø5·$´rÍKµi¸+ÃP¾�ÃPµ ó � ¸+µnÀ�µU¸ôÃ�¾�Ã=¹5·\¸=·\ÇnÄ�¹�Ã=¹sÇ�ÍK¹ ¸+Ã=·$¸+¸=¹T¶$¾�ÍK¶\µnÍK¹@´=¹KØ5µn´ôÃ�¾�Ã=¹ ¸=µnØ�´=¾
Øs·\´;Í�¾J´=·$¾�¿$¹�µnÀ�·

ï ð ñ O ócµ ï O ð ñ O
¶$µnÀ�ÍKHd¹K¸+µ�ÃPµ�ØsµOº@·$ÍKÍRHÊ¹�º�´=µ�Çn·$À�µ O äE½C¾�¸+¸P¾(¾�ÃPµ�½C¹�¶k¾CáQ×Ø£I��ßG��£I�#�=× © × | ×[FY¾�Î�Îsµ�À�º ¾�À�¿$¾Õ£Q×Ý£I�¤Úr�?å&²"Öf·
¸=Ä�Ø5·$´ J ¶$¹�º@¹�Øsµ�ÃP·$À@¿$¹�¾�ÍK·U´+¹K½C¾�À�ÇnµnÀ@µO¹KÀ7Ü�¾�´=¹K¾�ÃP·^´=¹K¸+Øs·&Ã=Ã=µ(¾�Í�¶k¾�¸=µ(Ø�´=·\¶$·\º�·$À7ÃP·0¾�º	·$¶\¶$·$¿\¹KµnÀ@·"º@·$ÍGÚ
ÍKHÊ¾�À�Çnµ�ÍKµ�º@¹�¸So�·��x¹KÀ@Ç^¶�Ì�·XFF¾Q¶$¾�Ä�¸P¾Qº�·\ÍKÍK¾
½0¾�Ç�Çn¹Kµn´+·D½C¾�¸=¸=¾Qº�·$Í�¸+¹K¸ôÃP·$½C¾IF7´+¹K¸=Ä@Í�Ã�¾b·$¸=¸+·$´+·MF@¹�À<B�Ä�·$¸ôÃPµ
¶k¾�¸+µGF5º�¹YØsµ>¶$µC¸=Ä�Ø5·$´+¹Kµn´+·Oä~ß ã ×W�¤£§Þ q ¶$µnÀ7Ã=´=µ ß ÞÔ×ÛáM£MÜ q FaÜ�¾�ÍKµn´+¹f¶k¾�Í�¶$µnÍK¾�ÃP¹T¶$µnÀ|ÍRHÊ·4B�Ä ¾�¿$¹�µnÀ�·�Æ@²ÊÈ7å&²��x¹GÚ
¶$µn´+º�¹�¾�½CµÌB�Ä�¹@¶�Ì�·XF7¸=µn¸ôÃP¹GÃPÄ�·\À�º�µ
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½C¾�¸=¸=¾�´=¹�º�µ�Ã=ÃP¾/¶�Ì@·;¸=¹>µ�Ã=Ã=¹K·$À@·
DQØ ¾�´+¹Y¾�£Q× ã á ã �#�=× © × | ×[F@¶$µnÀ7ÃP´+µ^B�Ä�·\ÍKÍK¾Uº�·$Íf¸+¹K¸+Ã=·$½C¾Jµn´=¹�Çn¹KÀ ¾�ÍK·�º@¹=£I×ØßhâhÙhÜ��=× © × | ×G²
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      program timdep
      implicit none
      include ’par1.h’
      integer in,ng,i,stepnumber,wrtopt,readopt,bs,spopt,l,stipe,abstest
      integer index(2),num
      double precision mass1,mass2,mass,E0,Delta,x0,xmin,xmax,xsp,Tau
      double precision xlim,p0,pi,psp,De,Re,alfa,Erif,tmax,range,X1l,En
      double precision convertE,convertT,convertL,convertM,potlim,xminr
      double precision convertP,xminc,xmaxc,pminc,pmaxc,pmin,pmax,DX
      double precision Elim,ecmin,ecmax,xflux1,xflux2,deE,error
      complex*16 iu
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /abs_pot/X1l,error,DX
      common /spectra/De,Elim,stipe,spopt
      common /costants/pi,iu
      common /fluxes/ ecmin,ecmax,deE,index
      namelist/ system/ mass1,mass2,E0,Delta,x0
      namelist/ potential/De,Re,alfa,potlim,l,X1l,DX,error,abstipe
      namelist/ integ/ xmin,xsp,ng,Tau,stepnumber,range,xlim
      namelist/ option/ wrtopt,readopt,soglia,Vtipe,ewrtopt,abstest
      namelist/ spct/ spopt,Elim,stipe
      namelist/ bound/ bs,En
      namelist/ flux/ ecmin,ecmax,deE,xflux1,xflux2
      pi=dacos(−1.0d0)
      iu=dcmplx(0.0d0,1.0d0)
      Tau=1.0d0
      in=5
      readopt=0
      bs=0
      Elim=0.0d0
      spopt=0
      l=0
      ewrtopt=0
      abstest=0
      error=10.0d0**(−7)
      read(in,system) 
      rewind(in)
      read(in,potential) 
      rewind(in)
      read(in,integ)
      rewind(in)
      read(in,option)
      rewind(in)
      read(in,spct)
      rewind(in)
      read(in,bound)
      rewind(in)
      read(in,flux)
      rewind(in)
      tmax=Tau*dble(stepnumber)

c     −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
c     CONVERSIONE DI TUTTI I PARAMETRI IN UNITA’ ATOMICHE
      E0=convertE(−1,E0)
      Delta=convertL(−1,Delta)
      mass1=convertM(−1,mass1)
      mass2=convertM(−1,mass2)
      x0=convertL(−1,x0)
      De=convertE(−1,De)
      Re=convertL(−1,Re)
      alfa=convertL(1,alfa)
      potlim=convertE(−1,potlim)
      xmin=convertL(−1,xmin)
      xsp=convertL(−1,xsp)
      tmax=convertT(−1,tmax)
      Tau=convertT(−1,Tau)
      range=convertT(−1,tmax)
      xlim=convertL(−1,xlim)
      X1l=convertL(−1,X1l)
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      DX=convertL(−1,DX)
      En=convertE(−1,En)
      Elim=convertE(−1,Elim)
      ecmin=convertE(−1,ecmin)
      ecmax=convertE(−1,ecmax)
      deE=convertE(−1,deE)
      xflux1=convertL(−1,xflux1)
      xflux2=convertL(−1,xflux2)
c     −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

      mass=(mass1*mass2)/(mass1+mass2)
      xmax=xmin+dble(ng)*xsp
      psp=2.0d0*pi/(xmax−xmin)
      p0=−dsqrt(E0*mass*2.0d0)
      pmin=−(pi/xsp)
      pmax=−pmin
      xmaxc=x0+(Delta*dsqrt(6.0d0*dlog(10.0d0)))
      xminc=x0−(Delta*dsqrt(6.0d0*dlog(10.0d0)))
      if(xmax.le.xmaxc.or.xmin.ge.xminc)then
         write(*,*)’WARNING: Spatial grid too small!’
         write(*,*)’xmin=’,convertL(1,xminc),’ xmax=’,convertL(1,xmaxc)
         stop
      endif
      pmaxc=p0+(1/Delta*dsqrt(6.0d0*dlog(10.0d0)))
      pminc=p0−(1/Delta*dsqrt(6.0d0*dlog(10.0d0)))
      if(pmax.le.pmaxc.or.pmin.ge.pminc)then
         write(*,*)’WARNING: Momentum grid too small!’
         write(*,*)’pmin=’,convertP(1,pminc),’ pmax=’,convertP(1,pmaxc)
         stop
      endif
      if(xmin.lt.0.0d0)then
         xminr=0.0d0
         x0=x0−xmin
         Re=Re−xmin
         X1l=X1l−xmin
         xflux1=xflux1−xmin
         xflux2=xflux2−xmin
      else
         xminr=xmin
      endif
      call xgen(xsp,ng,xminr,xmin)
      do i=1,ng
         if(x(i).le.xflux1)index(1)=i
         if(x(i).le.xflux2)index(2)=i
      enddo
      call potgen(ng,De,Re,alfa,potlim,l,mass,Elim)
      num=(ecmax−ecmin)/deE
      if(abstest.eq.1)then
         call potentialtest(ng,stepnumber,De,num)
      else
         if(readopt.eq.1.and.bs.eq.1)then
            call boundstate(ng,tmax,De,stepnumber,En,num)
         else
            call start(ng,tmax,De,stepnumber,wrtopt,readopt,spopt,num)
         endif
      endif
      stop
      end
      
      
      subroutine xgen(xsp,ng,xminr,xmin)
      implicit none
      include ’par1.h’
      integer i,ng
      double precision xmin,xminr,xsp,convertL
      do i=1,ng
         x(i)=xminr+(i*xsp)
         xout(i)=convertL(1,(xmin+(i*xsp)))
      enddo
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      return
      end
      
      subroutine potgen(ng,De,Re,alfa,potlim,l,mass,Elim)
      implicit none
      include ’par1.h’
      integer ng,i,l
      double precision De,Re,alfa,e,convertE,convertL,potlim,C1,C2,mass
      double precision Elim
      if(ng.gt.nmax)then
         write(*,*)’WARNING: Too many grid points!’
         stop
      endif
      open(unit=30,file=’potential.dat’)
      if(Vtipe.eq.1)then
         do i=1,ng
            e=dexp(−(alfa*(x(i)−Re)))
            pot(i)=(De*(1.0d0−e)**2)−De+dble(l*(l+1))
     +           /2.0d0/mass/x(i)**2
            if(pot(i).gt.potlim)pot(i)=potlim
            if(x(i).gt.Re)then
               if(pot(i).gt.Elim)Elim=pot(i)
            endif
            write(30,*)xout(i),convertE(1,pot(i))
         enddo
      elseif(Vtipe.eq.2)then
         C1=De*Re**8
         C2=2*C1*Re**(−4) 
         do i=1,ng
            pot(i)=(C1/x(i)**8)−(C2/x(i)**4)
            if(pot(i).gt.potlim)pot(i)=potlim
            write(30,*)xout(i),convertE(1,pot(i))
         enddo
      endif
      close(unit=30)
      return
      end

      subroutine abspotgen(ng,X1l,error,mass,E1,E2,DX)
      implicit none
      include ’par1.h’
      integer ng,i,n
      double precision V,Vl0,X1l,X2l,DX,c,coeff,pi,mass,convertE,error
      double precision E1,E2,a,b,convertL,xsp,r
      complex*16 iu
      common /costants/pi,iu
      open(unit=31,file=’abs_potential.dat’)
      X2l=X1l+DX
      xsp=x(2)−x(1)
      if(abstipe.eq.0)then
         do i=1,ng
            abspot(i)=dcmplx(0.0d0,0.0d0)
            write(31,*)xout(i),dcabs(abspot(i))
         enddo
      elseif(abstipe.eq.1)then
         call select(X1l,error,E1,E2,mass,power,Vl0,DX)
         if((X1l+DX).gt.x(ng))X1l=x(ng)−DX
         X2l=X1l+DX

      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’ABSORBING POTENTIAL PARAMETERS’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’QUANTITY               ATOMIC UNIT −−−>   HUMAN UNIT’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,201)E1/E2
      write(*,202)power
      write(*,203)Vl0,convertE(1,Vl0)
      write(*,204)DX,convertL(1,DX)
      write(*,205)X1l,convertL(1,X1l)    
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      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 201  format(’ ENERGY RANGE=.........’,f12.6)
 202  format(’ order=................’,i5)    
 203  format(’ Vl0=..................’,f12.6,’ −−−> ’,f12.6)
 204  format(’ DX=...................’,f12.6,’ −−−> ’,f12.6)
 205  format(’ X1l=..................’,f12.6,’ −−−> ’,f12.6)
 
         do i=1,ng
            if(x(i).le.20)then
               V=−0.04d0*((20−x(i))/20)**3
               abspot(i)=dcmplx(0.0d0,V)
            elseif(x(i).ge.(x(ng)−20))then
               V=−0.04d0*((x(i)−x(ng)+20)/20)**3
               abspot(i)=dcmplx(0.0d0,V)
            elseif(x(i).ge.X1l.and.x(i).le.X2l)then
               V=−Vl0*((x(i)−X1l)/DX)**power
               abspot(i)=dcmplx(0.0d0,V)
            else
               abspot(i)=dcmplx(0.0d0,0.0d0)
            endif
            write(31,*)xout(i),convertE(1,dcabs(abspot(i)))
         enddo
      elseif(abstipe.eq.2)then
         X2l=X1l+DX

      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’ABSORBING POTENTIAL PARAMETERS’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’Approximated Manolopoulos−Type Absorbing Potential’
      write(*,206)E1,convertE(1,E1)
      write(*,207)DX,convertL(1,DX)
      write(*,208)X1l,convertL(1,X1l)    
      write(*,209)X2l,convertL(1,X2l) 
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 206  format(’ E1=...................’,f12.6,’ −−−> ’,f12.6)
 207  format(’ DX=...................’,f12.6,’ −−−> ’,f12.6)
 208  format(’ X1l=..................’,f12.6,’ −−−> ’,f12.6)   
 209  format(’ X2l=..................’,f12.6,’ −−−> ’,f12.6)            

         c=2.62206d0
         coeff=E1
         do i=1,ng
            if(x(i).ge.X1l.and.x(i).le.X2l)then
               r=c*(x(i)−X1l)/DX
               V=−coeff*((4.0d0/(c−r)**2)+(4.0d0/(c+r)**2)−(8.0d0/c**2))
               abspot(i)=dcmplx(0.0d0,V)
            else
               abspot(i)=dcmplx(0.0d0,0.0d0)
            endif
            write(31,*)xout(i),convertE(1,dcabs(abspot(i))),
     +           dcabs(zexp(−iu*abspot(i)))
         enddo
      elseif(abstipe.eq.3)then
         X2l=X1l+DX

      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’ABSORBING POTENTIAL PARAMETERS’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’Manolopoulos−Type Absorbing Potential’
      write(*,210)E1,convertE(1,E1)
      write(*,211)DX,convertL(1,DX)
      write(*,212)X1l,convertL(1,X1l)    
      write(*,213)X2l,convertL(1,X2l) 
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 210  format(’ E1=...................’,f12.6,’ −−−> ’,f12.6)
 211  format(’ DX=...................’,f12.6,’ −−−> ’,f12.6)
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 212  format(’ X1l=..................’,f12.6,’ −−−> ’,f12.6)   
 213  format(’ X2l=..................’,f12.6,’ −−−> ’,f12.6)            

         c=2.62206d0
         a=0.112449d0
         b=0.00828735d0
         coeff=E1
         do i=1,ng
            if(x(i).ge.X1l.and.x(i).le.X2l)then
               r=c*(x(i)−X1l)/DX
               V=−coeff*((a*r)−(b*(r**3))+(4.0d0/(c−r)**2)
     +              −(4.0d0/(c+r)**2))
               abspot(i)=dcmplx(0.0d0,V)
            else
               abspot(i)=dcmplx(0.0d0,0.0d0)
            endif
            write(31,*)xout(i),convertE(1,dcabs(abspot(i))),
     +           dcabs(zexp(−iu*abspot(i)))
         enddo
      endif
      close(unit=31)
      return
      end
      
      subroutine select(X1l,error,E1,E2,mass,power,Vl0,DX)
      implicit none
      integer power
      double precision error,Vl0,E1,E2,Erange,DX,convertE,convertL,mass
      double precision X1l,a,b
      Erange=E1/E2
      if(Erange.ge.0.3333d0)then
         if(error.le.(10.0d0**(−2)).and.error.gt.(10.0d0**(−3)))then
            a=1.69d0
            b=9.2d0
            power=2
         elseif(error.le.(10.0d0**(−3)).and.error.gt.(10.0d0**(−4)))then
            a=1.26d0
            b=11.7d0
            power=2
         elseif(error.le.(10.0d0**(−4)).and.error.gt.(10.0d0**(−5)))then
            a=1.33d0
            b=16.9d0
            power=2
         elseif(error.le.(10.0d0**(−5)).and.error.gt.(10.0d0**(−6)))then
            a=2.30d0
            b=23.4d0
            power=3
         elseif(error.le.(10.0d0**(−6)).and.error.gt.(10.0d0**(−7)))then
            a=2.23d0
            b=28.5d0
            power=3
         elseif(error.le.(10.0d0**(−7)).and.error.gt.(10.0d0**(−8)))then
            a=2.23d0
            b=34.2d0
            power=3
         elseif(error.le.(10.0d0**(−8)).and.error.gt.(10.0d0**(−9)))then
            a=2.02d0
            b=41.5d0
            power=3
        elseif(error.le.(10.0d0**(−9)).and.error.gt.(10.0d0**(−10)))then
            a=2.37d0
            b=50.7d0
            power=4
         elseif(error.le.(10.0d0**(−10)))then
            a=1.49d0
            b=52.0d0
            power=4
         endif
      elseif(Erange.lt.0.3333d0.and.Erange.ge.0.1d0)then
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         if(error.le.(10.0d0**(−2)).and.error.gt.(10.0d0**(−3)))then
            a=0.99d0
            b=19.4d0
            power=3
         elseif(error.le.(10.0d0**(−3)).and.error.gt.(10.0d0**(−4)))then
            a=1.00d0
            b=29.0d0
            power=3
         elseif(error.le.(10.0d0**(−4)).and.error.gt.(10.0d0**(−5)))then
            a=1.00d0
            b=38.4d0
            power=3
         elseif(error.le.(10.0d0**(−5)).and.error.gt.(10.0d0**(−6)))then
            a=1.00d0
            b=48.3d0
            power=3
         elseif(error.le.(10.0d0**(−6)).and.error.gt.(10.0d0**(−7)))then
            a=0.98d0
            b=59.1d0
            power=3
         elseif(error.le.(10.0d0**(−7)).and.error.gt.(10.0d0**(−8)))then
            a=0.96d0
            b=70.3d0
            power=3
         elseif(error.le.(10.0d0**(−8)).and.error.gt.(10.0d0**(−9)))then
            a=0.89d0
            b=86.1d0
            power=3
        elseif(error.le.(10.0d0**(−9)).and.error.gt.(10.0d0**(−10)))then
            a=1.06d0
            b=102.3d0
            power=4
         elseif(error.le.(10.0d0**(−10)))then
            a=1.03d0
            b=117.0d0
            power=4
         endif
      elseif(Erange.lt.0.1d0.and.Erange.ge.0.03333d0)then
         if(error.le.(10.0d0**(−2)).and.error.gt.(10.0d0**(−3)))then
            a=0.61d0
            b=41.2d0
            power=3
         elseif(error.le.(10.0d0**(−3)).and.error.gt.(10.0d0**(−4)))then
            a=0.49d0
            b=57.1d0
            power=3
         elseif(error.le.(10.0d0**(−4)).and.error.gt.(10.0d0**(−5)))then
            a=0.49d0
            b=75.7d0
            power=3
         elseif(error.le.(10.0d0**(−5)).and.error.gt.(10.0d0**(−6)))then
            a=0.49d0
            b=95.2d0
            power=3
         elseif(error.le.(10.0d0**(−6)).and.error.gt.(10.0d0**(−7)))then
            a=0.48d0
            b=116.5d0
            power=3
         elseif(error.le.(10.0d0**(−7)).and.error.gt.(10.0d0**(−8)))then
            a=0.47d0
            b=138.7d0
            power=3
         elseif(error.le.(10.0d0**(−8)).and.error.gt.(10.0d0**(−9)))then
            a=0.44d0
            b=169.1d0
            power=3
        elseif(error.le.(10.0d0**(−9)).and.error.gt.(10.0d0**(−10)))then
            a=0.53d0
            b=196.4d0
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            power=4
         elseif(error.le.(10.0d0**(−10)))then
            a=0.52d0
            b=224.7d0
            power=4
         endif
      else
         write(*,*)’!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!’
         write(*,*)’For this energy range there is no optimized’
         write(*,*)’absorbing potential!’
         write(*,*)’!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!’
         stop
      endif
      DX=b/dsqrt(2.0d0*mass*E2)
      Vl0=a*E2
      return
      end

         

      subroutine start(ng,tmax,De,stepnumber,wrtopt,readopt,spopt,num)
      implicit none
      include ’par1.h’
      integer in,ng,i,unita,ip,jj,step,passo,stepnumber,j,wrtopt,readopt
      integer spopt,num,index(2),kmin,kmax
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,Emax,t,Re,Im
      double precision kin(nmax),xlim,p0,psp,pmin,pmax,pi,De,correl,dP
      double precision p(ng),Econf,pwr,energyx,energyp,tstep,time,tmax
      double precision convertE,convertT,convertL,convertM,Erif,sum,dim
      double precision convertP,DX,range,xminr,zero,uno,ewrt,X1l,error
      double precision coeff,E,c1,EM(ng),ecmin,ecmax,psip2(ng)
      double precision D(ng),deE,t1,punto,amp,PET(num,2)
      complex*16 deriv,zesp,psiE(num,2),dpsiE(num,2),temp
      complex*16 psix(ng),psip(ng),expot(ng),exkin(ng),exabspot(ng),iu
      complex*16 psistore(ng),psitemp(ng),corr,c(stepnumber),psi0(nmax)
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /new/psi0
      common /abs_pot/X1l,error,DX
      common /costants/pi,iu 
      common /fluxes/ ecmin,ecmax,deE,index
      call initderiv(index,ng,xsp,D)
      if(spopt.eq.1)then
         starter=3
         goto 20
      endif
      open(unit=10,file=’time−evolution.dat’)
      open(unit=15,file=’energy.dat’)
      open(unit=34,file=’correlation.dat’)
      open(unit=32,file=’norm.dat’)
      open(unit=75,file=’moviereal.dmv2’)
      open(unit=76,file=’moviemomentum.dmv2’)
      starter=2
      zero=0.0d0
      uno=1.0d0
      pmin=−(pi/xsp)
      pmax=−pmin
      coeff=xsp/dsqrt(2.0d0*pi)
      call pgen(psp,ng,p)
      call Fp(ng,p)
      Emax=pmax**2/(2.0d0*mass)
      Econf=E0+(3.0d0/(4.0d0*Delta)+(−p0))*(3.0d0/(2.0d0*Delta*mass))+De
      write(*,*)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’QUANTITY               ATOMIC UNIT −−−>   HUMAN UNIT’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,101)E0,convertE(1,E0)
      write(*,102)Delta,convertL(1,Delta)
      write(*,103)p0,−dsqrt(2.0d0*convertM(1,mass)*convertE(1,E0))
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      write(*,104)mass,convertM(1,mass)
      write(*,105)xmin,convertL(1,xmin)
      write(*,106)xmax,convertL(1,xmax)
      write(*,107)xsp,convertL(1,xsp)
      write(*,108)x0,convertL(1,x0)
      write(*,109)tmax,convertT(1,tmax)
      write(*,110)Tau,convertT(1,Tau)
      write(*,111)Econf,convertE(1,Econf)
      write(*,112)Emax,convertE(1,Emax)
      write(*,113)pmin,convertP(1,pmin)
      write(*,114)pmax,convertP(1,pmax)
      write(*,115)psp,convertP(1,psp)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 101  format(’ E0=...................’,f12.6,’ −−−> ’,f12.6)
 102  format(’ Delta=................’,f12.6,’ −−−> ’,f12.6)
 103  format(’ p0=...................’,f12.6,’ −−−> ’,f12.6)
 104  format(’ mass=.................’,f12.6,’ −−−> ’,f12.6)
 105  format(’ xmin=.................’,f12.6,’ −−−> ’,f12.6)
 106  format(’ xmax=.................’,f12.6,’ −−−> ’,f12.6)
 107  format(’ xsp=..................’,f12.6,’ −−−> ’,f12.6)
 108  format(’ x0=...................’,f12.6,’ −−−> ’,f12.6)
 109  format(’ tmax=.................’,f12.6,’ −−−> ’,f12.6)
 110  format(’ Tau=..................’,f12.6,’ −−−> ’,f12.6)
 111  format(’ Emax=.................’,f12.6,’ −−−> ’,f12.6)
 112  format(’ Emax(allowed)=........’,f12.6,’ −−−> ’,f12.6)
 113  format(’ pmin=.................’,f12.6,’ −−−> ’,f12.6)
 114  format(’ pmax=.................’,f12.6,’ −−−> ’,f12.6)
 115  format(’ psp=..................’,f12.6,’ −−−> ’,f12.6)

      if(Econf.gt.Emax)then
         write(*,*)’WARNING: Initial energy is too large!’
         stop
      endif         
      range=tmax
      sum=0.0d0
      if(readopt.eq.1)then
         open(unit=9,file=’psi0.in’)
         starter=3
         do i=1,ng
            read(9,*)psix(i)
         enddo
         close(unit=9)
      else
         open(unit=19,file=’psi0_original.dat’)
         do i=1,ng
            psix(i)=(2.0d0*pi*Delta**2)**(−0.25d0)*
     +           dexp(−(((x(i)−x0)/2.0d0/Delta)**2))*zexp(iu*p0*x(i))
            write(19,*)xout(i),dcabsq(psix(i))
         enddo
         close(unit=19)
      endif
      amp=(2.0d0*Delta**2/pi)**0.25
      do i=1,ng
         psi0(i)=psix(i)
         sum=dcabsq(psi0(i))+sum
         psistore(i)=psix(i)
         psip(i)=(2.0d0*Delta**2/pi)**(0.25d0)*
     +        dexp(−(((p(i)−p0)*Delta)**2))*zexp(iu*(p0−p(i))*x0)
         if(i.gt.1)then
            if(dcabsq(psip(i)).gt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).lt.0.021d0*amp**2)kmin=i
            if(dcabsq(psip(i)).lt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).gt.0.019d0*amp**2)kmax=i
         endif
         expot(i)=zexp(−iu*pot(i)*Tau/2.0d0)
         kin(i)=(p(i)**2)/(2.0d0*mass)
         exkin(i)=zexp(−iu*kin(i)*Tau)
      enddo
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      if(kmin.eq.ng.and.dcabsq(psip(1)).gt.dcabsq(psip(kmin)))then
         if(dcabsq(psip(1)).lt.0.021d0*amp**2)kmin=1
         do i=2,kmax
            if(dcabsq(psip(i)).gt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).lt.0.021d0*amp**2)kmin=i
         enddo
      endif
      call energycontroll(kmin,kmax,ecmin,ecmax,deE,num,p,ng,dP)
      call abspotgen(ng,X1l,error,mass,ecmin,ecmax,DX)
      do i=1,ng
         exabspot(i)=zexp(−iu*abspot(i)*Tau/2.0d0)
      enddo
      do i=1,num
         punto=p(kmin)+(dP*(i−1))
         psip2(i)=dsqrt(2.0d0*Delta**2/pi)*
     +        dexp(−2.0d0*(((punto−p0)*Delta)**2))
         EM(i)=punto**2/(2.0d0*mass)
      enddo
      normconf=sqrt(sum*xsp)
      normconf1=normconf
      write(*,*)’|PSI(X0)|=’,normconf
 10   continue
      if(starter.eq.3)then
        X1l=x(ng)−DX
        call abspotgen(ng,X1l,error,mass,ecmin,ecmax,DX)
         do i=1,ng
            psix(i)=psi0(i)
            exabspot(i)=zexp(−iu*abspot(i)*Tau/2.0d0)
         enddo
      endif
      call energy(ng,psix,p,0,0.0d0)

c     NOTA BENE: la trasformata nei momenti e’ in realta’ una trasformata invers
a e non e’ 
c     correttamente normalizzata, quindi, per poter essere utilizzata, deve esse
re moltiplicata
c     per lo spacing dello spazio delle coordinate (xsp) e divisa per la radice 
di 2*(pi greco).
c     Per lo stesso motivo, la trasformata nelle coordinate deve essere divisa p
er il numero di 
c     punti griglia (ng).
      
      do i=1,ng
         psix(i)=psix(i)*expot(i)*exabspot(i)
      enddo
      t=0.0d0
      do i=1,num
         psiE(i,1)=dcmplx(0.0d0,0.0d0)
         psiE(i,2)=dcmplx(0.0d0,0.0d0)
         dpsiE(i,1)=dcmplx(0.0d0,0.0d0)
         dpsiE(i,2)=dcmplx(0.0d0,0.0d0)
      enddo
      step=0
      passo=0
      do j=1,stepnumber
         t=t+Tau
         step=step+1
         sum=0.0d0
         call dfour1(psix,ng,−1)
         do i=1,ng
            psix(i)=psix(i)*exkin(i)
         enddo         
         call dfour1(psix,ng,1)
         do i=1,ng
            psix(i)=psix(i)*expot(i)/dble(ng)*exabspot(i)
            psistore(i)=psix(i)
            psix(i)=psix(i)*expot(i)*exabspot(i)
            sum=sum+dcabsq(psistore(i))
         enddo
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         write(32,*)convertT(1,t),dsqrt(sum*xsp)
         do i=1,num
            zesp=zexp(iu*EM(i)*t)
            psiE(i,1)=psiE(i,1)+zesp*psistore(index(1))
            psiE(i,2)=psiE(i,2)+zesp*psistore(index(2))
            dpsiE(i,1)=dpsiE(i,1)+zesp*deriv(ng,psistore,D,1)
            dpsiE(i,2)=dpsiE(i,2)+zesp*deriv(ng,psistore,D,2)
         enddo
         call energy(ng,psistore,p,1,t)
         if(starter.eq.0)then
            starter=3
            goto 10
         endif
         if(starter.eq.3)then
            c(j)=corr(ng,xsp,psi0,psistore)
            c1=dcabsq(c(j))
            t1=convertT(1,t)
            write(36,*)c(j)
            write(34,*)t1,c1
         endif
         if(starter.eq.3)then
            if(wrtopt.eq.1)then
               if(step.eq.60)then
                  step=0
                  write(75,403)
                  do i=1,ng
                     write(75,402)zero,xout(i),dcabsq(psistore(i))
                  enddo
                  write(75,*)’ ’
                  do i=1,ng
                     write(75,402)uno,xout(i),dcabsq(psistore(i))
                  enddo
                  write(75,*)’ ’
 402              format(3(6x,f15.10))
 403              format(’###’)
                  do i=1,ng
                     psitemp(i)=psistore(i)
                  enddo
                  call dfour1(psitemp,ng,−1)
                  do i=1,ng
                     psitemp(i)=psitemp(i)*coeff
                  enddo
                  pwr=pmin
                  write(76,500)
                  do i=(ng/2+2),ng
                     pwr=pwr+psp
                     write(76,501)zero,pwr,dcabsq(psitemp(i))
                  enddo
                  do i=1,(ng/2+1)
                     pwr=pwr+psp
                     write(76,501)zero,pwr,dcabsq(psitemp(i))
                  enddo
                  write(76,*)’ ’
                  pwr=pmin
                  do i=(ng/2+2),ng
                     pwr=pwr+psp
                     write(76,501)uno,pwr,dcabsq(psitemp(i))
                  enddo
                  do i=1,(ng/2+1)
                     pwr=pwr+psp
                     write(76,501)uno,pwr,dcabsq(psitemp(i))
                  enddo
                  write(76,*)’ ’
 500              format(’###’)
 501              format(3(6x,f15.10))
               endif
            endif
         endif
      enddo
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      if(j.ge.stepnumber.and.starter.ne.3)then
         write(*,*)’−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−’
         write(*,*)’           !WAVE PACKET NOT OPTIMIZED!’
         write(*,*)’!AUTO−CORRELATION FUNCTION IMPOSSIBLE TO COMPUTE!’
         write(*,*)’−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−!−’
      endif
      open(unit=77,file=’PET.dat’)
      do i=1,num
         punto=p(kmin)+(dP*(i−1))
         temp=iu*(dconj(psiE(i,1))*dpsiE(i,1))*Tau**2
         PET(i,1)=−dble(temp)*punto/(2.0d0*pi*mass**2*psip2(i))
         temp=iu*(dconj(psiE(i,2))*dpsiE(i,2))*Tau**2
         PET(i,2)=−dble(temp)*punto/(2.0d0*pi*mass**2*psip2(i))
         write(77,*)convertE(1,EM(i)),PET(i,1),PET(i,2)
      enddo
      close(unit=77)
      open(unit=9,file=’psi0.out’)
      ewrt=convertE(1,Erif)
      do i=1,ng
         write(10,502)xout(i),dcabsq(psistore(i))+ewrt,
     +        dcabsq(psi0(i))+ewrt
         if(starter.eq.3)write(9,*)psi0(i)
         if(starter.ne.3)write(9,*)psistore(i)
      enddo
 502  format(f10.3,2x,2(f20.15))
      close(unit=9)
      close(unit=76)
      close(unit=75)
      close(unit=32)
      close(unit=34)
      close(unit=15)
      close(unit=10)
 20   continue
      if(starter.eq.3)then
         call spectrum(c,stepnumber,Tau)
      endif
      call check(ng,t,1)
      return
      end
      
      
      
      subroutine check(ng,t,pm)
      implicit none
      include ’par1.h’
      integer ng,i,pm
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,t
      double precision p0,p,psp,pi,Re,sum,Erif,convertL,xminr
      complex*16 psix(nmax),psixconf(nmax),iu,coeff,Gamma
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /costants/pi,iu
c      write(*,*)’CHECK’
      open(unit=11,file=’check.dat’)
      if(pm.eq.−1)p0=−p0
      Gamma=Delta**2+iu*(t/(2*mass))
      coeff=(Delta**2/(2.0d0*pi*Gamma**2))**0.25d0
      do i=1,ng
         psixconf(i)=coeff*zexp(−((x(i)−x0−(p0*t/mass))**2)/(4*Gamma))
     +        *zexp(iu*p0*x(i))*zexp(−iu*p0**2*t/2.0d0/mass)
         write(11,*)xout(i),dcabsq(psixconf(i))
      enddo
      if(pm.eq.−1)p0=−p0
      close(unit=11)
      return
      end

      subroutine pgen(psp,ng,p)
      implicit none
      integer i,ng
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      double precision pmin,pmax,psp,p(ng)
      do i=1,(ng/2+1)
         p(i)=dble(i−1)*psp
      enddo
      do i=1,(ng/2−1)
         p(ng+1−i)=−dble(i)*psp
      enddo
      return
      end

      subroutine Fp(ng,p)
      implicit none
      include ’par1.h’
      integer ng,i,j
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,Erif,convertE
      double precision p0,p1,p(ng),psp,pi,F,A,xminr
      double precision E,index
      complex*16 psip1,psip2,iu
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /costants/pi,iu
      open(unit=12,file=’EDistr.dat’)
      do E=0.0001d0,0.7d0,0.001d0
         p1=−dsqrt(E*mass*2.0d0)
         psip1=(2.0d0*Delta**2/pi)**(0.25d0)*
     +        dexp(−(((p1−p0)*Delta)**2))*zexp(iu*(p1−p0)*x0)
         psip2=(2.0d0*Delta**2/pi)**(0.25d0)*
     +        dexp(−(((−p1−p0)*Delta)**2))*zexp(iu*(p0−p1)*x0)
         F=dcabsq(psip1)+dcabsq(psip2)
         A=F*mass/(−p1)
         write(12,*)convertE(1,E),A,F
      enddo
      close(unit=12)
      return
      end

      subroutine initderiv(index,ng,xsp,D)
      implicit none
      integer i,j,p,ng,flag,index(2)
      double precision D(ng,2),L,pi,cost,xsp
      flag=(ng/2)*2
      pi=dacos(−1.0d0)
      L=dble(ng)*xsp
      cost=pi/L
      if(flag.eq.ng)then
         do i=1,2
            do j=1,ng
               p=index(i)−j
               if(index(i).eq.j)then
                  D(j,i)=0.0d0
               else
                  D(j,i)=cost*(−1.0d0)**p/(dtan((pi*dble(p))/dble(ng)))
               endif
            enddo
         enddo
      else
         do i=1,2
            do j=1,ng
               p=index(i)−j
               if(index(i).eq.j)then
                  D(j,i)=0.0d0
               else
                  D(j,i)=cost*(−1.0d0)**p/(dsin((pi*dble(p))/dble(ng)))
               endif
            enddo
         enddo
      endif
      return
      end
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      function nderiv(ng,func,index,xsp)
      implicit none
      integer i,j,p,ng,index
      complex*16 func(ng),der,nderiv
      double precision xsp
      der=dcmplx(0.0d0,0.0d0)
      nderiv=(func(index+1)−func(index))/xsp
      return
      end

      function deriv(ng,func,D,i)
      implicit none
      integer i,j,p,ng
      complex*16 func(ng),der,deriv
      double precision D(ng,2)
      der=dcmplx(0.0d0,0.0d0)
      do j=1,ng
         der=der+D(j,i)*func(j)
      enddo
      deriv=der
      return
      end

      subroutine fourierderiv(ng,psistore,psitemp,p,n)
      implicit none
      include ’par1.h’
      integer ng,i,j,n
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,coeff,Erif
      double precision p0,p(ng),psp,pi,pmin,xminr
      complex*16 psistore(ng),psitemp(ng),iu,en
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /costants/pi,iu
      pmin=−(pi/xsp)
      do i=1,ng
         psitemp(i)=psistore(i)
      enddo
      call dfour1(psitemp,ng,−1)
      do i=1,ng
         psitemp(i)=psitemp(i)*p(i)**(n)*zexp(iu*p(i)*xminr)
      enddo         
      call dfour1(psitemp,ng,1)
      do i=1,ng
         psitemp(i)=iu*psitemp(i)/dble(ng)
      enddo     
      return
      end

      function corr(ng,xsp,psi1,psi2)
      implicit none
      integer ng,i
      double precision xsp
      complex*16 psi1(ng),psi2(ng),dconj,corr
      corr=dcmplx(0.0d0,0.0d0)
      do i=1,ng
         corr=corr+(dconj(psi1(i))*psi2(i))
      enddo
      corr=corr*xsp
      return
      end

      function convertE(flag,val)
      implicit none
      integer flag
      double precision val,convertE
      if(flag.eq.1)convertE=val*27.21142d0
      if(flag.eq.−1)convertE=val/27.21142d0
      return
      end
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      function convertL(flag,val)
      implicit none
      integer flag
      double precision val,convertL
      if(flag.eq.1)convertL=val*0.52917725d0
      if(flag.eq.−1)convertL=val/0.52917725d0
      return
      end
      
      function convertT(flag,val)
      implicit none
      integer flag
      double precision val,convertT
      if(flag.eq.1)convertT=val*0.0214d0
      if(flag.eq.−1)convertT=val/0.0214d0
      return
      end

      function convertM(flag,val)
      implicit none
      integer flag
      double precision val,convertM
      if(flag.eq.1)convertM=val/1822.88791881534967989960
      if(flag.eq.−1)convertM=val*1822.88791881534967989960
      return
      end

      function convertP(flag,val)
      implicit none
      integer flag
      double precision val,convertP
      if(flag.eq.1)convertP=val*
     +     dsqrt(27.21142d0/1822.88791881534967989960)
      if(flag.eq.−1)convertP=val/
     +     dsqrt(27.21142d0/1822.88791881534967989960) 
      return
      end

      function dcexp(val)
      implicit none
      double precision re,im,pi
      complex*16 iu,val,dcexp
      common /costants/pi,iu
      re=dble(val)
      im=−dble(iu*val)
      if(im.ge.0.0d0)dcexp=dexp(re)*(dcos(im)+iu*dsin(im))
      if(im.lt.0.0d0)dcexp=dexp(re)*(dcos(im)−iu*dsin(im))
      return
      end

      function dcabs(val)
      implicit none
      double precision re,im,dcabs,pi
      complex*16 iu,val
      common /costants/pi,iu
      re=dble(val)
      im=−dble(iu*val)
      dcabs=dsqrt(re**2+im**2)
      return
      end
      
      function dcabsq(val)
      implicit none
      double precision re,im,dcabsq,pi
      complex*16 iu,val
      common /costants/pi,iu      
      re=dble(val)
      im=−dble(iu*val)
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      dcabsq=re**2+im**2
      return
      end
      
      function dconj(val)
      implicit none
      double precision re,im,pi
      complex*16 iu,val,dconj
      common /costants/pi,iu
      re=dble(val)
      im=dble(iu*val)
      dconj=dcmplx(re,im)
      return
      end

      function dim(val)
      implicit none
      double precision dim,pi
      complex*16 iu,val
      common /costants/pi,iu
      dim=−dble(iu*val)
      return
      end

      subroutine energy(ng,psistore,p,flag,t)
      implicit none
      include ’par1.h’
      integer ng,i,j,ind,flag
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,pwr,pmin,norm
      double precision p0,p(ng),psp,energyx,energyp,sum,coeff,pi,uno,E
      double precision Erif,t,convertT,convertE,convertL,test,xminr,zero
      double precision diff,diff1,diff2
      complex*16 psistore(ng),psitemp(ng),iu
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /costants/pi,iu
      pmin=−(pi/xsp)
      coeff=xsp/dsqrt(2.0d0*pi)
      energyx=0.0d0
      norm=0.0d0
      do i=1,ng
         psitemp(i)=psistore(i)
         energyx=(dcabsq(psistore(i))*pot(i))+energyx
         norm=dcabsq(psitemp(i))+norm
      enddo
      energyx=energyx*xsp
      norm=sqrt(norm*xsp)
      diff=8.0d0*10.0d0**(−soglia)
      diff1=dabs(norm−normconf)
      diff2=dabs(norm−normconf1)
      if(starter.eq.2.and.diff1.gt.diff.and.diff2.gt.diff)starter=1
      if(starter.eq.1.and.diff1.lt.diff.and.diff2.lt.diff)then
         starter=0
         call restart(ng,psistore,norm)
      endif
      if(ewrtopt.eq.1)write(*,*)’STARTER=’,starter,
     +     ’ DIFF=’,norm−normconf
      normconf1=normconf
      normconf=norm
      call dfour1(psitemp,ng,−1)
      energyp=0.0d0
      do i=1,ng
         psitemp(i)=psitemp(i)*coeff
         energyp=(p(i)**2)*dcabsq(psitemp(i))+energyp
      enddo
      energyp=(energyp/(2.0d0*mass))*psp
      if(flag.eq.0)then
         Erif=energyx+energyp
         write(*,*)’Datum−Energy=’,convertE(1,Erif),’ eV’
      endif
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      if(starter.eq.3.and.flag.eq.1)then
         write(15,*)convertT(1,t),convertE(1,energyp+energyx),
     +     convertE(1,energyx),convertE(1,energyp)
      endif
      return
      end  

      subroutine spectrum(func,dim,tsp)
      implicit none
      integer dim,i,spopt,stipe
      double precision tsp,coeff,pi,fwr,tmax,t,E,De,spct1,fmin,fmax
      double precision convertE,dcabsq,esp,cesp,a1,Elim,T2
      complex*16 func(dim),functemp(dim),iu,c1(dim)
      common /spectra/De,Elim,stipe,spopt
      common /costants/pi,iu
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’COMPUTING POWER SPECTRUM’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−’
      if(spopt.eq.1)then
         open(unit=36,file=’corr.in’)
         do i=1,dim
            read(36,*)func(i)
         enddo
         close(unit=36)
      endif
      open(unit=14,file=’spectrum.dat’)
      open(unit=18,file=’windowf.dat’)
      coeff=tsp/dsqrt(2.0d0*pi)
      tmax=tsp*dim
      if(stipe.eq.0)then
         write(*,*)’No window−function’
         esp=2.0d0*pi/tmax
         fmin=−(pi/tsp)
         fmax=−fmin
         do i=1,dim
            t=tsp*dble(i)
            c1(i)=func(i)
         enddo
         call dfour1(c1,dim,1)
         do i=1,dim
            c1(i)=c1(i)*coeff
         enddo
         fwr=fmin
         do i=(dim/2+2),dim
            fwr=fwr+esp
        if(fwr.ge.(−De))write(14,*)convertE(1,fwr),(2.0d0*dble(c1(i)))
         enddo
         do i=1,(dim/2+1)
            fwr=fwr+esp
         if(fwr.le.Elim)write(14,*)convertE(1,fwr),(2.0d0*dble(c1(i)))
         enddo
      elseif(stipe.eq.1)then
         write(*,*)’Gaussian window−function’
         a1=(6.0d0*log(10.0d0))/(tmax**2)
         esp=2.0d0*pi/tmax
         fmin=−(pi/tsp)
         fmax=−fmin
         do i=1,dim
            t=tsp*dble(i)
            c1(i)=func(i)*dexp(−a1*t**2)
         enddo
         call dfour1(c1,dim,1)
         do i=1,dim
            c1(i)=c1(i)*coeff
         enddo
         fwr=fmin
         do i=(dim/2+2),dim
            fwr=fwr+esp
          if(fwr.ge.(−De))write(14,*)convertE(1,fwr),(2.0d0*dble(c1(i)))
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         enddo
         do i=1,(dim/2+1)
            fwr=fwr+esp
         if(fwr.le.Elim)write(14,*)convertE(1,fwr),(2.0d0*dble(c1(i)))
         enddo
         do i=0,dim
            t=tsp*dble(i)
            write(18,*)t,dexp(−a1*t**2)
         enddo
      elseif(stipe.eq.2)then
         write(*,*)’Lorentz−type window−function’
         a1=(6.0d0*log(10.0d0))/tmax
         esp=2.0d0*pi/tmax
         do E=−De,Elim,0.00003675
            spct1=0.0d0
            do i=1,dim
               t=tsp*dble(i)
               cesp=zexp(iu*E*t)
               spct1=spct1+(cesp*dexp(−a1*t)*func(i))
            enddo
            spct1=spct1*coeff
            write(14,*)convertE(1,E),(2.0d0*dble(spct1))
         enddo 
         do i=0,dim
            t=tsp*dble(i)
            write(18,*)t,dexp(−a1*t)
         enddo
      elseif(stipe.eq.3)then
         write(*,*)’Hannon window−function’
         esp=2.0d0*pi/tmax
         fmin=−(pi/tsp)
         fmax=−fmin
         do i=1,dim
            t=tsp*dble(i)
            c1(i)=func(i)*((1.0d0−dcos(esp*t))/tmax)
         enddo
         call dfour1(c1,dim,1)
         do i=1,dim
            c1(i)=c1(i)*coeff
         enddo
         fwr=fmin
         do i=(dim/2+2),dim
            fwr=fwr+esp
            if(fwr.ge.(−De))write(14,*)convertE(1,fwr),dcabsq(c1(i))
         enddo
         do i=1,(dim/2+1)
            fwr=fwr+esp
            if(fwr.le.Elim)write(14,*)convertE(1,fwr),dcabsq(c1(i))
         enddo
         do i=0,dim
            t=tsp*dble(i)
            write(18,*)t,((1.0d0−dcos(esp*t))/tmax)
         enddo
      elseif(stipe.eq.4)then
         write(*,*)’No−name window−function’
         T2=tmax**2
         esp=2.0d0*pi/tmax
         fmin=−(pi/tsp)
         fmax=−fmin
         do i=1,dim
            t=tsp*dble(i)
            c1(i)=func(i)*dexp(t**2/(T2−t**2))
         enddo
         call dfour1(c1,dim,1)
         do i=1,dim
            c1(i)=c1(i)*coeff
         enddo
         fwr=fmin
         do i=(dim/2+2),dim
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            fwr=fwr+esp
            if(fwr.ge.(−De))write(14,*)convertE(1,fwr),dcabsq(c1(i))
         enddo
         do i=1,(dim/2+1)
            fwr=fwr+esp
            if(fwr.le.Elim)write(14,*)convertE(1,fwr),dcabsq(c1(i))
         enddo
         do i=1,dim
            t=tsp*dble(i)
            esp=dexp(t**2/(T2−t**2))
            write(18,*)t,esp
         enddo
      elseif(stipe.eq.5)then
         write(*,*)’Lorentz−type window−function’
         write(*,*)’with Fast Fourier Trasform’
         a1=(6.0d0*log(10.0d0))/tmax
         esp=2.0d0*pi/tmax
         fmin=−(pi/tsp)
         fmax=−fmin
         do i=1,dim
            t=tsp*dble(i)
            c1(i)=func(i)*dexp(−a1*t)
         enddo
         call dfour1(c1,dim,1)
         do i=1,dim
            c1(i)=c1(i)*coeff
         enddo
         fwr=fmin
         do i=(dim/2+2),dim
            fwr=fwr+esp
          if(fwr.ge.(−De))write(14,*)convertE(1,fwr),(2.0d0*dble(c1(i)))
         enddo
         do i=1,(dim/2+1)
            fwr=fwr+esp
           if(fwr.le.Elim)write(14,*)convertE(1,fwr),(2.0d0*dble(c1(i)))
         enddo
      endif
      close(unit=18)
      close(unit=14)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−’
      return
      end
  
      subroutine restart(ng,psitemp,norm)
      implicit none
      include ’par1.h’
      integer i,ng
      double precision norm
      complex*16 psitemp(ng),psi0(nmax)
      common /new/psi0
      do i=1,ng
         psi0(i)=psitemp(i)/norm
      enddo
      return
      end

      subroutine boundstate(ng,tmax,De,stepnumber,En,num)
      implicit none
      include ’par1.h’
      integer in,ng,i,step,stepnumber,j,kmin,kmax,num
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,Emax,t,Re,Im
      double precision kin(nmax),xlim,p0,psp,pmin,pmax,pi,De,int(ng)
      double precision p(ng),Econf,pwr,energyx,energyp,tstep,time,tmax
      double precision convertE,convertT,convertL,convertM,Erif,sum
      double precision convertP,range,xminr,ewrt,X1l,DX,En,error
      double precision coeff,E,amp,ecmin,ecmax,deE,index,dP
      complex*16 psix(ng),psip(ng),expot(ng),exkin(ng),exabspot(ng),iu
      complex*16 psistore(ng),psitemp(ng),corr,c(stepnumber),psi0(nmax)
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      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /new/psi0
      common /abs_pot/X1l,error,DX
      common /costants/pi,iu      
      common /fluxes/ ecmin,ecmax,deE,index
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’COMPUTING BOUND−STATE WAVE FUNCTION at E=’,
     +     convertE(1,En)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      open(unit=31,file=’correlation.dat’)
      open(unit=32,file=’norm.dat’)
      open(unit=35,file=’boundstate.dat’)
      pmin=−(pi/xsp)
      pmax=−pmin
      coeff=xsp/dsqrt(2.0d0*pi)
      call pgen(psp,ng,p)
      Emax=pmax**2/(2.0d0*mass)
      Econf=E0+(3.0d0/(4.0d0*Delta)+(−p0))*(3.0d0/(2.0d0*Delta*mass))+De
      
      write(*,*)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’QUANTITY               ATOMIC UNIT −−−>   HUMAN UNIT’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,201)E0,convertE(1,E0)
      write(*,202)Delta,convertL(1,Delta)
      write(*,203)p0,−dsqrt(2.0d0*convertM(1,mass)*convertE(1,E0))
      write(*,204)mass,convertM(1,mass)
      write(*,205)xmin,convertL(1,xmin)
      write(*,206)xmax,convertL(1,xmax)
      write(*,207)xsp,convertL(1,xsp)
      write(*,208)x0,convertL(1,x0)
      write(*,209)tmax,convertT(1,tmax)
      write(*,210)Tau,convertT(1,Tau)
      write(*,211)Econf,convertE(1,Econf)
      write(*,212)Emax,convertE(1,Emax)
      write(*,213)pmin,convertP(1,pmin)
      write(*,214)pmax,convertP(1,pmax)
      write(*,215)psp,convertP(1,psp)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 201  format(’ E0=...................’,f12.6,’ −−−> ’,f12.6)
 202  format(’ Delta=................’,f12.6,’ −−−> ’,f12.6)
 203  format(’ p0=...................’,f12.6,’ −−−> ’,f12.6)
 204  format(’ mass=.................’,f12.6,’ −−−> ’,f12.6)
 205  format(’ xmin=.................’,f12.6,’ −−−> ’,f12.6)
 206  format(’ xmax=.................’,f12.6,’ −−−> ’,f12.6)
 207  format(’ xsp=..................’,f12.6,’ −−−> ’,f12.6)
 208  format(’ x0=...................’,f12.6,’ −−−> ’,f12.6)
 209  format(’ tmax=.................’,f12.6,’ −−−> ’,f12.6)
 210  format(’ Tau=..................’,f12.6,’ −−−> ’,f12.6)
 211  format(’ Emax=.................’,f12.6,’ −−−> ’,f12.6)
 212  format(’ Emax(allowed)=........’,f12.6,’ −−−> ’,f12.6)
 213  format(’ pmin=.................’,f12.6,’ −−−> ’,f12.6)
 214  format(’ pmax=.................’,f12.6,’ −−−> ’,f12.6)
 215  format(’ psp=..................’,f12.6,’ −−−> ’,f12.6)      
      if(Econf.gt.Emax)then
         write(*,*)’WARNING: Initial energy is too large!’
         stop
      endif         
      sum=0.0d0
      open(unit=9,file=’psi0.in’)
      do i=1,ng
         read(9,*)psix(i)
         psi0(i)=psix(i)
      enddo
      close(unit=9)
      X1l=x(ng)−DX
      amp=(2.0d0*Delta**2/pi)**0.25
      do i=1,ng
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         psistore(i)=psix(i)
         psip(i)=amp*dexp(−(((p(i)−p0)*Delta)**2))*zexp(iu*(p0−p(i))*x0)
         if(i.gt.1)then
            if(dcabsq(psip(i)).gt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).lt.0.0001d0*amp**2)kmin=i
            if(dcabsq(psip(i)).lt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).gt.0.0001d0*amp**2)kmax=i
         endif
         expot(i)=zexp(−iu*pot(i)*Tau/2.0d0)
         kin(i)=(p(i)**2)/(2.0d0*mass)
         exkin(i)=zexp(−iu*kin(i)*Tau)
         psi0(i)=psix(i)
         sum=dcabsq(psi0(i))+sum
         int(i)=0.0d0
      enddo
      if(kmin.eq.ng.and.dcabsq(psip(1)).gt.dcabsq(psip(kmin)))then
         if(dcabsq(psip(1)).lt.0.0001d0*amp**2)kmin=1
         do i=2,ng/2
            if(dcabsq(psip(i)).gt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).lt.0.0001d0*amp**2)kmin=i
         enddo
      endif
      normconf=sqrt(sum*xsp)
      normconf1=normconf
      write(*,*)’|PSI(X0)|=’,normconf
      call energycontroll(kmin,kmax,ecmin,ecmax,deE,num,p,ng,dP)
      call abspotgen(ng,X1l,error,mass,ecmin,ecmax,DX)
      do i=1,ng
         exabspot(i)=zexp(−iu*abspot(i)*Tau/2.0d0)
         psix(i)=psix(i)*expot(i)*exabspot(i)
         int(i)=int(i)+dble(psix(i))
      enddo
      t=0.0d0
      do j=1,stepnumber
         t=t+Tau
         call dfour1(psix,ng,−1)
         do i=1,ng
            psix(i)=psix(i)*exkin(i)
         enddo         
         call dfour1(psix,ng,1)
         do i=1,ng
            psistore(i)=psix(i)*expot(i)/dble(ng)*exabspot(i)
            psix(i)=psistore(i)*expot(i)*exabspot(i)
            sum=sum+dcabsq(psistore(i))
            int(i)=int(i)+dble(zexp(iu*En*t)*psistore(i))
         enddo
         write(32,*)convertT(1,t),dsqrt(sum*xsp)
         c(j)=corr(ng,xsp,psi0,psistore)
         write(31,*)convertT(1,t),dcabsq(c(j))
      enddo
      sum=0.0d0
      do i=1,ng
         int(i)=int(i)*Tau
         sum=sum+dcabsq(int(i))
      enddo
      sum=dsqrt(sum*xsp)
      do i=1,ng
         int(i)=int(i)/sum
         write(35,*)xout(i),int(i)
      enddo
      close(unit=35)
      close(unit=32)
      close(unit=31)
      return
      end

      subroutine potentialtest(ng,stepnumber,De,num)
      implicit none
      include ’par1.h’
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      integer in,ng,i,step,stepnumber,j,index(2),kmin,kmax,num
      double precision mass,E0,Delta,x0,xmin,xmax,xsp,Tau,Emax,t,Re,Im
      double precision kin(nmax),xlim,p0,psp,pmin,pmax,pi,De,int(ng)
      double precision p(ng),Econf,pwr,energyx,energyp,tstep,time,tmax
      double precision convertE,convertT,convertL,convertM,Erif,sum1,dP
      double precision convertP,range,xminr,ewrt,X1l,error,En,sum2,dim
      double precision coeff,E,limite,ecmin,ecmax,psip2(ng),PET(num,2)
      double precision D(ng,2),EM(ng),punto(num),amp,pp,deE,DX,ddx
      double precision Eratio
      complex*16 psix(ng),psip(ng),expot(ng),exkin(ng),exabspot(ng),iu
      complex*16 psistore(ng),psitemp(ng),corr,c(stepnumber),psi0(nmax)
      complex*16 deriv,zesp,psiE(num,2),dpsiE(num,2),temp,func(ng)
      complex*16 prezesp,nderiv
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
      common /new/psi0
      common /abs_pot/X1l,error,DX
      common /costants/pi,iu
      common /fluxes/ ecmin,ecmax,deE,index
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’COMPUTING ABSORBING POTENTIAL TEST’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      call initderiv(index,ng,xsp,D)
      open(unit=10,file=’time−evolution.dat’)
      open(unit=38,file=’norm_trans.dat’)
      open(unit=37,file=’norm_cis.dat’)
      p0=−p0
      pmin=−(pi/xsp)
      pmax=−pmin
      coeff=xsp/dsqrt(2.0d0*pi)
      tmax=Tau*dble(stepnumber)
      call pgen(psp,ng,p)
      Emax=pmax**2/(2.0d0*mass)
      Econf=E0+(3.0d0/(4.0d0*Delta)+(−p0))*(3.0d0/(2.0d0*Delta*mass))+De
      
      write(*,*)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’QUANTITY               ATOMIC UNIT −−−>   HUMAN UNIT’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,201)E0,convertE(1,E0)
      write(*,202)Delta,convertL(1,Delta)
      write(*,203)p0,dsqrt(2.0d0*convertM(1,mass)*convertE(1,E0))
      write(*,204)mass,convertM(1,mass)
      write(*,205)xmin,convertL(1,xmin)
      write(*,206)xmax,convertL(1,xmax)
      write(*,207)xsp,convertL(1,xsp)
      write(*,208)x0,convertL(1,x0)
      write(*,209)tmax,convertT(1,tmax)
      write(*,210)Tau,convertT(1,Tau)
      write(*,211)Econf,convertE(1,Econf)
      write(*,212)Emax,convertE(1,Emax)
      write(*,213)pmin,convertP(1,pmin)
      write(*,214)pmax,convertP(1,pmax)
      write(*,215)psp,convertP(1,psp)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 201  format(’ E0=...................’,f12.6,’ −−−> ’,f12.6)
 202  format(’ Delta=................’,f12.6,’ −−−> ’,f12.6)
 203  format(’ p0=...................’,f12.6,’ −−−> ’,f12.6)
 204  format(’ mass=.................’,f12.6,’ −−−> ’,f12.6)
 205  format(’ xmin=.................’,f12.6,’ −−−> ’,f12.6)
 206  format(’ xmax=.................’,f12.6,’ −−−> ’,f12.6)
 207  format(’ xsp=..................’,f12.6,’ −−−> ’,f12.6)
 208  format(’ x0=...................’,f12.6,’ −−−> ’,f12.6)
 209  format(’ tmax=.................’,f12.6,’ −−−> ’,f12.6)
 210  format(’ Tau=..................’,f12.6,’ −−−> ’,f12.6)
 211  format(’ Emax=.................’,f12.6,’ −−−> ’,f12.6)
 212  format(’ Emax(allowed)=........’,f12.6,’ −−−> ’,f12.6)
 213  format(’ pmin=.................’,f12.6,’ −−−> ’,f12.6)
 214  format(’ pmax=.................’,f12.6,’ −−−> ’,f12.6)
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 215  format(’ psp=..................’,f12.6,’ −−−> ’,f12.6)      
      if(Econf.gt.Emax)then
         write(*,*)’WARNING: Initial energy is too large!’
         stop
      endif         
      sum1=0.0d0
      sum2=0.0d0
      limite=X1l+DX+(10**(−15))
      amp=(2.0d0*Delta**2/pi)**0.25
      kmin=1
      kmax=1
      do i=1,ng
         psix(i)=(2.0d0*pi*Delta**2)**(−0.25d0)*
     +        dexp(−(((x(i)−x0)/2.0d0/Delta)**2))*zexp(iu*p0*x(i))
         psi0(i)=psix(i)
         psip(i)=amp*dexp(−(((p(i)−p0)*Delta)**2))*zexp(iu*(p0−p(i))*x0)
         func(i)=psip(i)
         if(i.gt.1)then
            if(dcabsq(psip(i)).gt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).lt.0.001d0*amp**2)kmin=i
            if(dcabsq(psip(i)).lt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).gt.0.001d0*amp**2)kmax=i
         endif
         psistore(i)=psix(i)
         expot(i)=zexp(−iu*pot(i)*Tau/2.0d0)
         kin(i)=(p(i)**2)/(2.0d0*mass)
         exkin(i)=zexp(−iu*kin(i)*Tau)
         psi0(i)=psix(i)
         if(x(i).le.limite)sum1=dcabsq(psi0(i))+sum1
         if(x(i).gt.limite)sum2=dcabsq(psi0(i))+sum2
      enddo
      if(kmin.eq.ng.and.dcabsq(psip(1)).gt.dcabsq(psip(kmin)))then
         if(dcabsq(psip(1)).lt.0.001d0*amp**2)kmin=1
         do i=2,kmax
            if(dcabsq(psip(i)).gt.dcabsq(psip(i−1)).and.
     +           dcabsq(psip(i)).lt.0.001d0*amp**2)kmin=i
         enddo
      endif
      pwr=pmin
      do i=(ng/2+2),ng
         pwr=pwr+psp
         write(92,*)convertP(1,pwr),dcabsq(psip(i)),i
      enddo
      do i=1,(ng/2+1)
         pwr=pwr+psp
         write(92,*)convertP(1,pwr),dcabsq(psip(i)),i
      enddo
      call energycontroll(kmin,kmax,ecmin,ecmax,deE,num,p,ng,dP)
      call abspotgen(ng,X1l,error,mass,ecmin,ecmax,DX)
      do i=1,ng
         exabspot(i)=zexp(−iu*abspot(i)*Tau/2.0d0)
         if(abstipe.eq.2)then
            if(abs(x(i)−(X1l+DX)).lt.10.0d−12)then
               exabspot(i)=dcmplx(0.0d0,0.0d0)
            endif
         endif
         write(90,*)xout(i),exabspot(i),abspot(i)
      enddo
      do i=1,num
         punto(i)=p(kmin)+(dP*(i−1))
         psip2(i)=dsqrt(2.0d0*Delta**2/pi)*
     +        dexp(−2.0d0*(((punto(i)−p0)*Delta)**2))
         EM(i)=punto(i)**2/(2.0d0*mass)
      enddo
      normconf=sqrt((sum1+sum2)*xsp)
      normconf1=normconf
      write(*,*)’|PSI(X0)|=’,normconf
      do i=1,ng
         psix(i)=psix(i)*expot(i)*exabspot(i)
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c         psix(i)=psix(i)*expot(i)
      enddo
      t=0.0d0
      do i=1,num
         psiE(i,1)=dcmplx(0.0d0,0.0d0)
         psiE(i,2)=dcmplx(0.0d0,0.0d0)
         dpsiE(i,1)=dcmplx(0.0d0,0.0d0)
         dpsiE(i,2)=dcmplx(0.0d0,0.0d0)
      enddo
      do j=1,stepnumber
         sum1=0.0d0
         sum2=0.0d0
         t=t+Tau
         call dfour1(psix,ng,−1)
         do i=1,ng
            psix(i)=psix(i)*exkin(i)
         enddo         
         call dfour1(psix,ng,1)
         do i=1,ng
            psistore(i)=psix(i)*expot(i)/dble(ng)*exabspot(i)
            if(x(i).le.limite)sum1=sum1+dcabsq(psistore(i))
            if(x(i).gt.limite)sum2=sum2+dcabsq(psistore(i))
            psix(i)=psistore(i)*expot(i)*exabspot(i)
         enddo
         write(37,*)convertT(1,t),dsqrt(sum1*xsp)
         write(38,*)convertT(1,t),dsqrt(sum2*xsp)
         write(98,701)convertT(1,t),dble(psistore(index(1))),
     +        dble(psistore(index(2)))
 701     format(3(f20.11,2x))
         do i=1,num
            zesp=zexp(iu*EM(i)*t)
            psiE(i,1)=psiE(i,1)+zesp*psistore(index(1))
            psiE(i,2)=psiE(i,2)+zesp*psistore(index(2))
            dpsiE(i,1)=dpsiE(i,1)+zesp*deriv(ng,psistore,D,1)
            dpsiE(i,2)=dpsiE(i,2)+zesp*deriv(ng,psistore,D,2)
         enddo
      enddo
      do i=1,ng
         write(10,502)xout(i),dcabsq(psistore(i)),
     +        dcabsq(psi0(i))
      enddo
 502  format(f10.3,2x,2(f20.15))
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’COMPUTING Pt(E)’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      open(unit=77,file=’PET.dat’)
      do i=1,num
         temp=iu*(dconj(psiE(i,1))*dpsiE(i,1))*Tau**2
         PET(i,1)=−dble(temp)*punto(i)/(2.0d0*pi*mass**2*psip2(i))
         temp=iu*(dconj(psiE(i,2))*dpsiE(i,2))*Tau**2
         PET(i,2)=dble(temp)*punto(i)/(2.0d0*pi*mass**2*psip2(i))
         ddx=2.62206d0/(2.0d0*DX*p(kmin))
         Eratio=(punto(i)**2/(2.0d0*mass))/ecmin
         write(77,*)ddx,PET(i,1),PET(i,2),Eratio
      enddo
      close(unit=10)
      close(unit=77)
      close(unit=37)
      close(unit=38)
      return
      end

      subroutine energycontroll(kmin,kmax,emi,ema,dE,num,p,ng,dP)
      implicit none
      integer kmin,kmax,num,ng,i,step
      double precision emi,ema,dE,ec1,ec2,p1,p2,convertE,p(ng)
      double precision test1,test,xminr,dP,convertP
      double precision E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau
      common /input/E0,Erif,Delta,mass,xmin,xmax,x0,xsp,p0,psp,Tau,xminr
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      ec1=p(kmin)**2/(2.0d0*mass)
      ec2=p(kmax)**2/(2.0d0*mass)
      p1=dsqrt(2.0d0*mass*emi)
      p2=dsqrt(2.0d0*mass*ema)
      num=(ema−emi)/dE
      test1=dabs(p1−p(1))
      if(ec1.gt.emi)then
         write(*,*)’WARNING: minimum energy for flux analysis has been’
         write(*,*)’changed into:’,convertE(1,ec1),’ eV’
         emi=ec1
      else
         do i=1,ng
            test=dabs(p1−p(i))
            if(test.lt.test1)then
               test1=test
               kmin=i
           endif
         enddo
      endif
      test1=dabs(p2−p(1))
      if(ec2.lt.ema)then
         write(*,*)’WARNING: maximum energy for flux analysis has been’
         write(*,*)’changed into:’,convertE(1,ec2),’ eV’
         ema=ec2
      else
         do i=1,ng
            test=dabs(p2−p(i))
            if(test.lt.test1)then
               test1=test
               kmax=i
            endif
         enddo
      endif
      dE=(ema−emi)/dble(num)
      dP=(p(kmax)−p(kmin))/num
      write(*,*)
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’FLUX ANALYSIS PARAMETERS’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)’QUANTITY               ATOMIC UNIT −−−>   HUMAN UNIT’
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,216)emi,convertE(1,emi)
      write(*,217)ema,convertE(1,ema)
      write(*,218)dE,convertE(1,dE)
      write(*,*)’kmin=’,kmin,’, kmax=’,kmax,’, dP=’,convertP(1,dP)
      write(*,*)’p(kmin)=’,convertP(1,p(kmin)),’, p(kmax)=’,
     +     convertP(1,p(kmax))
      write(*,*)’−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−’
      write(*,*)
 216  format(’ Emin=.................’,f12.6,’ −−−> ’,f12.6)
 217  format(’ Emax=.................’,f12.6,’ −−−> ’,f12.6)
 218  format(’ dE=...................’,f12.6,’ −−−> ’,f12.6)
      return
      end

      subroutine vetgen(kmin,kmax,ng,dP,vet)
      implicit none
      integer i,j,kmin,kmax,ng,dP
      integer vet(ng)
      do i=1,ng
         vet(i)=0
      enddo
      do i=1,ng
         if(kmin.lt.kmax)then
            do j=kmin,kmax,dP
               if(i.eq.j)vet(i)=1
            enddo
         else
            do j=kmin,ng,dP
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               if(i.eq.j)vet(i)=1
            enddo
            do j=kmax,1,−dP
               if(i.eq.j)vet(i)=1
            enddo      
         endif
         write(95,*)vet(i)
      enddo
      stop
      return
      end

      SUBROUTINE dfour1(data,nn,isign)
      INTEGER isign,nn 
      DOUBLE PRECISION data(2*nn) 
      INTEGER i,istep,j,m,mmax,n 
      DOUBLE PRECISION tempi,tempr
      DOUBLE PRECISION theta,wi,wpi,wpr,wr,wtemp 
      n=2*nn 
      j=1
      do i=1,n,2 
         if(j.gt.i)then 
            tempr=data(j) 
            tempi=data(j+1) 
            data(j)=data(i)
            data(j+1)=data(i+1)
            data(i)=tempr
            data(i+1)=tempi
         endif 
         m=nn
 1       if ((m.ge.2).and.(j.gt.m)) then 
            j=j−m 
            m=m/2
            goto 1 
         endif 
         j=j+m
      enddo
      mmax=2 
 2    if (n.gt.mmax) then 
         istep=2*mmax 
         theta=6.28318530717959d0/dble(isign*mmax) 
         wpr=−2.d0*dsin(0.5d0*theta)**2 
         wpi=dsin(theta) 
         wr=1.d0 
         wi=0.d0
         do m=1,mmax,2
            do i=m,n,istep 
               j=i+mmax
               tempr=(wr)*data(j)−(wi)*data(j+1) 
               tempi=(wr)*data(j+1)+(wi)*data(j) 
               data(j)=data(i)−tempr
               data(j+1)=data(i+1)−tempi
               data(i)=data(i)+tempr
               data(i+1)=data(i+1)+tempi
            enddo
            wtemp=wr 
            wr=wr*wpr−wi*wpi+wr
            wi=wi*wpr+wtemp*wpi+wi
         enddo
         mmax=istep 
         goto 2 
      endif
      return 
      END
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