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��> � :��m��:���� ��� :=��:.7K>`�`��<�3�:���5 ��� > � 3 � 3�7H:������6��� 3 � :.3�¡£¢�>�5¤c¥|¦H§�¨�©Hª�«£¬®­Hª�©y¨°¯�±H§�¨�¥t¦;ª³²K±O´V¬�¨�¥|¦µ¥|¦µ¬®­dª4¶O¦x¨°¬®ª�¥t¦dª¸·,©y¨�¹Xª³¦d§=¨�¥|¦-´Mº�©H¥|¹�´V¨�¦S»~¼;½¿¾f½ÁÀ�»�ÂÃ¨°¬®­Ä ¨°«�¨�Å®­yº�ª¸¬�Æ�¤c§)Ç

ÈVÉ ¾�Êf¼8Ë=Ì®Í�ÊÎ¼£Ê ÈVÉ ¾�ÊfÀ�Ë�Ì�Í É�Ï|Ï · Ï Í
´!¦d©�Ð=¤c§

ÈMÉ ¾ÑË�ÌcÊÒ¼hÍ�Ê È®Ó É�Ï|Ï ·�ÔhÍ
Õm§�§�±H¹Ö¨�¦H×Ø¬®­-´M¬ ÈVÉ ¾ÑË=Ì®Í�ÊfÙ É ¾ÑÍ$Ú É Ì�Í�´1¦H©Û¨�¦H§�ª¸«�¬�¨�¦d×4¨o¦8¬®¥X¬®­dª{©x¨Ü¯Ñ±d§�¨�¥t¦qª³²K±O´V¬�¨�¥|¦�«®ª)§�±xº°¬®ª)©�¨�¦ ´4ÝO´V¨°«¥!Þ�§�ª)Ý-´M«)´M¬®ª³©�¥1«®©x¨�¦O´V«�ßu©x¨°¯�ª�«®ª³¦h¬�¨'´MºSª)²K±-´M¬à¨o¥t¦H§~ªM´1Å®­�¥!Þ�Âm­y¨�Å®­4ÂÃ´!§cª³²K±O´VºO¬®¥{¬®­dªÃ§�´1¹Xª�Å)¥|¦H§�¬¸´!¦h¬j»Oá�âSãä ­dª�Ý
¥t§�§�¨�åyº�ª[§�¥1º�±x¬�¨�¥|¦H§Ã´V«®ª1Ç

Ù É ¾�Í�Ê æç�èêé §�¨�¦ É�ë ây¾�Í�ìîí;Å³¥|§ É=ë ây¾ÑÍ É âÛï�¼8Í
éÃðoñVò ó8ô¸õ ìîí ð°ñ!óxò ó8ô¸õ É âÛ½�¼8Í
é ð�ð ¾4ìêí ð�ð É â�Êf¼8Í É�Ï|Ï ·�öhÍ

Þ÷¥1«ÃÙ É ¾�Í6´1¦H©ÛÞ÷¥1«�Ú É Ì®Íà»
Ú É Ì�Í�Ê�ø ñ ó8ô³ùHú É�Ï|Ï ·,ûKÍ

ä ­dª{ÆÃ¤�§ÃÅj´!¦d¦H¥1¬�å
ª�§�¥!º°ühª³©ý§=¨o¹u±xº°¬¸´1¦Hª)¥t±H§�º°ß�ÂÃ¨°¬®­�´Ø¦H¥|¦x·"¬�«�¨°üK¨'´Vº�§�¥1º�±x¬�¨�¥t¦ý±H¦yº�ª³§�§�âýï�¼Kã
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ÕmÝdÝxº°ßK¨�¦d×{¬®­dªmÆ�¤c§�¬®¥£ÿ�²Oã Ï ¼M· / »xí Êf¼K»KåH±y¬6¬®­Hª�«®ªm´V«®ªm´!¦Ö¨�¦y¶-¦x¨°¬®ªÃ¦K±H¹Øå
ª¸«6¥1ÞÑ¥1¬®­Hª�«6üt´Vº�±dª³§~¬®­-´M¬ÂÃ¨°º°ºT§®´V¬�¨�§�Þ�ß�¬®­Hª�åS¥|±H¦d©-´V«�ßXÅ³¥|¦H©y¨°¬�¨�¥t¦d§³Ç

â � Ê �������À � É�Ï|Ï · 0 ÍÂm­Hª�«®ª � ¨�§m´!¦hß�¨�¦h¬®ª)×tª�«jãä ­dª�×tª)¦Hª�«¸´VºD§à¥1º�±x¬�¨�¥|¦H§ É Þ ¥!«�¬®­Hª�Æ�¤c§Ã´!¦d© Ð=¤c§�×!¨°ühª)¦ ´!å
¥jühª1Í�´M«®ª!ÇÙ � É ¾�Í�Ê é � §�¨�¦	� �
� ¾À �Ú � É Ì�Í�Ê�ø � ñ ó
�������������� ���
É�Ï|Ï · þ Í

� ¥jÂ�ª¸ühª�«M»~¬�¥q§®´V¬�¨�§�Þ�ßµ¬®­dª4¨�¦y¨°¬�¨'´VºÃÅ³¥|¦H©y¨°¬�¨�¥t¦d§£¬®­Hª�×|ª³¦Hª�«¸´Vº�§�¥!º�±y¬�¨�¥t¦ê¹u±H§�¬uå
ªX¬¸´��hª)¦�´1§4´ýº°¨�¦Hªj´V«§�±HÝ
ª�«�Ý
¥|§�¨°¬�¨�¥t¦î¥1Þ{ªj´!Å®­ ÝS¥|§�§�¨�åxº�ªq§�¥!º�±y¬�¨�¥t¦ �f´1¦H©êÂÃ¨°¬®­î¬®­dªrÂQª�¨�×t­h¬�¨�¦d×�Þ"´!Å�¬®¥!«�´V¬XÌ�Ê ¼�Å®­d¥t§�ª)¦î¬®¥§®´V¬�¨�§�Þ�ß�¬�­dªm¨�¦y¨°¬�¨'´VºBÅ)¥|¦H©x¨°¬�¨�¥|¦H§)ã ä ­Hª�«®ª¸Þ ¥!«®ª1»H§�ª³ª!�#" � §�±HÅ®­Û¬®­-´V¬jÇ
È%$ Ê &' ��(*) " � §�¨�¦ É+�*�

¾À Í É�Ï|Ï · / Í
Âm­x¨�Å®­Û¨�§m´-,y¥t±x«�¨�ª�«m§�¨�¦Hª�§�ª¸«�¨�ª)§�«®ª³Ýy«®ª³§�ª)¦h¬)´M¬�¨�¥t¦ý¥!Þ È%$ ã ��.
/�>�<�3 �10 5î�c� 732�> � ��� � :.> �54 >B732��m� �~� � �Q¢�� 7H:����6�7	8

,8«®¥t¹ ¬®­dª�§�¥!º�±y¬�¨�¥t¦k´1å
¥jü8ª1» ´�Ý
ª�«�¨�¥K©x¨�Åý§�¥!º�±x¬�¨�¥|¦î¨�¦Òá:9 ½ ¾ ½;9 Åj´1¦kå
ª�Å³¥|¦H§�¬�«®±HÅ�¬®ª³©êÞ ¥!«ÈVÉ ¾rÊ=< À�Ë�Ì®Í6Êf¼4´1¦H© ÈVÉ ¾ÑË=Ì�Êf¼hÍ�Ê?> È®Ó Þ÷¥1«�´Vº°º�¨�¦h¬®ª)×tª�«:< É ±d§�ªm¬®­HªØá È®Ó ¨�¦ á�À�½k¾ý½f¼8»Hª�¬�ÅVÍàã

c(x=0,t)=0 c(x=L,t)=0

c(x,t=0) = C0 x=0 x=L

 C0

J(x=L/2,t)=0

 C0

x=2L

- C 0

c(x=0,t)=0

≡

@�ACBED F!GIHJHLK%HNM	OQPRPTS�U�V!WYX�V!Z\[3]^[N_a`cb1SEZ deXfP\`N]�VgZQ]EZ V!ZhXfP�XE]NikjE[ Sl]�i�XeWnm^oc[3]�i3Z V%Zp[ ]NUq_r[fWaXIseXNWnV!Z\oeSfPpXeWU�[3PTStV%Zp[ ]�uvrw%xzye{}|r~+�e��{���~}|rye�%���R�q��{��t�T{��I~+ye{}|+{���~+�T�%�:�h��~+ye{}�f�t�!���%�:�N�%���+�R{��}|�{��+�T{�|z�p�
~+y��T|z�R|����t���L�����h�R�%���
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6���8� ¥!¬®ªm­d¥jÂÎªj´!Å®­ ¬®ª¸«®¹�¨�¦X¬®­Hª�,y¥t±y«à¨oª¸«�§àª�«�¨�ª)§Q©dª³Åj´)ßx§Q¹Ø±HÅ®­ÖÞ$´1§�¬®ª¸«c¬�­O´!¦Ö¬®­HªmÝy«®ª¸üK¨�¥|±H§~¬�ª�«®¹���¬�­dª�«¸´M¬®ª´V¬�Âm­x¨�Åà­ ´!¹XÝxºÜ¨°¬�±d©Hª)§Q×|ª�¬ §�¹�´VºÜº�ª¸«Ã¨�§Ãª%�dÝS¥|¦Hª)¦h¬�¨'´Vº�ÂÃ¨°¬®­r§�¹�´Vº°º�ª�«ÃÂ�´)ühª¸º�ª)¦H×1¬®­H§)ãä ­y¨�§6©Hª)Ý
ª³¦d©Hª)¦HÅ)ªm¥t¦ÖÂ�´)ühª¸º�ª)¦H×1¬®­H§~¨�§Q´�±H§�ª�Þ÷±yº-¨�¦h¬®±x¨Ü¬à¨Üü8ªm©Hª�üK¨�Å)ªÃÞ÷¥1«Q±d¦H©Hª�«®§�¬¸´!¦H©y¨�¦H× ¬®­HªÃ©x¨°¯�±d§�¨�¥t¦ª³²K±O´V¬�¨�¥|¦�ã

λ1
λ2=λ1/2

���C�E  ¡!¢¤£E£!¥�¦�§-¨Q©T©TªN«�¬!­Y®�¬!¯\°3±-°N²´³�°�µ¶«L·�®f©T©3µ¸®�¹�ºe© ºN±N»N¬L³�«´µ�¯Q©T©1¼fº�½�®L¾¿·ÀªN½N³�²�®�«�¬�ºN­}¬L³e®f±#© ° ±N»Jºe­°3±�ºc«Á²Â°f­Ã¯R±f¯ ¬!¯h®f©E½c° ±N¼3¯ ¬!¯\°3±�«Ä»�¯ ¹�ºN±�¯R±�Å Æ
Ç
ÈJÈLÉ�Ê Ç
� Ëe¡Ä¢%Ì
ÍeÎ�Ï3Ð�¢eÑ�Ò�ËJÓ1Ô��CÕÖ¢L¡¸×�ØÙËÀÕ3�nÚz¢!¡%¢�Óf×¸�CÓ �n×��YÍ�ÐÛÒcËEÓ1Õ �n×��CËEÓÖÔ¸ËEÓÜ×%Ý1¢Á�CÓ Þ*Ó3�ß×!¢�ÕÖËEÎ^Í��CÓ¤à:á âäã¿âåáæ§

ç�è�é ã
ê�ë�ì=ífîïìåð¿ñ�£ÁàòÔ��CÓôó ¦�õzãöø÷aù
ç%ú�é ã�ê�ë¸ì=ílî¸ì=ð ñ £ÁàûÔ��CÓ óýü õzãöþ÷´ù é £J£L¥�ÿfî

��ÝÖ¢�Ô�ËeÐC  ×��CËEÓÖÔ ç è é ã
ê�ë!îÁÍNÓ1Õ ç ú�é ã
ê�ë!î�Í�¡%¢ Ë������CËJ 1Ô�Ð��JÑ
ç è é ã�ê�ë¸ì=ílî¸ì=ð ñ £ÁàòÔ��CÓ ó ¦�õzãöø÷��
	 �
����� ������ � ù
ç ú�é ã
ê�ë�ì=ífî¸ì=ð ñ £Áà Ô��CÓ ó ü õ�ãö ÷��
	 ������� � ���� � ù é £J£L¥��fî

��Ý1¢!¡%¢��rËe¡%¢	Ô�ÝÖËe¡�×%¢L¡ÜØaÍ��f¢LÐC¢cÓ1�N×%Ý1ÔcÑ ö ��!�"�#�$ ÑÙÕÖ¢�Ò�Í�� � % �'&)(+*-,�/.10 (32 �/4 � ×��CÎ�¢cÔ5�+ÍeÔ�×%¢L¡Ü×%Ý*ÍNÓ5ÐCËEÓÖ�E¢!¡-Ø�Í��l¢!ÐC¢�ÓÖ�e×%Ý1Ôö 6
"�7�8:9

;=<'>@?BAC?ED5?GFIHJ?KFML�NPORQSFIHJTVUXWZY=ORFSH[<�L\<'ORFS]_^S`a?G>b<dcfe�FhgiF[<�L�?jABOk>@TR<'FI]��ÝÖ¢�Þ*Ó*ÍtÐ
ÍeÓ
Í�Ð���×��CÒ�Î�¢!×%Ý1Ë�Õl�ÂËN¡ÙËm�3×LÍ��CÓ �CÓ1�-ÍNÓ	ÍeÓ
Í�Ð���×��CÒ�Ô�ËNÐC 3×��CËJÓ^×%ËÀ×%Ë ×%Ý1¢´Õ �nÚz 1Ô��CËEÓ^¢�n� *Ít×��CËEÓ^�CÔ×%Ý1¢ Î ¢!×%Ý1Ë�Õ	Ëo�Rp
ÍNÏ3ÐYÍNÒ�¢À×�¡LÍeÓÖÔ'�ÂËN¡%Î Ô 9 ��Ý3�CÔ´Î�¢!×%Ý1Ë�Õ^�CÔ�ÍNÏ1Ï3Ðß�CÒtÍo�3ÐC¢À×%ËÜÔ ¢cÎÜ�n¥+�CÓ3Þ
Ó3�n×%¢ÀÕ1ËJÎ¤Ít�CÓ1Ô�ÍeÓÖÕ#�CÔ¢�Ô�ÏÛ¢cÒL�YÍtÐnÐ��#¢!Úz¢�Ò!×����l¢S�rËe¡´Ï3¡%Ëm�3ÐC¢cÎ Ô�Ø��n×%Ý^×��CÎ�¢L¥�ÕÖ¢�ÏÛ¢cÓ1Õ1¢cÓf×q�ÛËJ 1Ó1Õ
Í�¡-��Ò�ËJÓ1Õ3�n×��CËJÓ1Ô 9��ÝÖ¢-Î�¢L×%ÝÖË�Õ Ë
�rp
ÍNÏ3ÐYÍNÒ�¢�×�¡LÍeÓÖÔ'�ÂËN¡%Î Ôq�CÔ�ÍeÓû¢!Ì
ÍNÎ�Ï3ÐC¢�Ë
��ËEÏÛ¢!¡LÍ�×%Ëe¡ Ò�Í�ÐCÒc 3ÐC ÖÔ 9�s Ó ×%Ý3�CÔ Ò�ÍeÔ�¢NÑÃ×%ÝÖ¢ËEÏÛ¢!¡LÍ�×%ËN¡��CÔ Í^×�¡LÍeÓÖÔ'�ÂËN¡%Î¤Ít×��CËEÓIË
��×��CÎ ¢ Õ1¢!¡ ���JÍ�×����l¢cÔÀ×%Ë#ÍtÐC�E¢��3¡LÍ��CÒÜ¢%Ì1Ï ¡%¢�Ô�Ô��CËJÓ1Ô �CÓòÍ × ¡LÍNÓ1Ô'�rËe¡%Î^Í�×��CËJÓ�EÍ�¡��YÍo�3ÐC¢ 9 ��Ý1¢´×�¡LÍNÓ1Ô'�ÂËN¡%Î�¢�Õ^Õ3�nÚz ÖÔ��CËEÓ	¢�n� *Ít×��CËEÓt�Û¢cÒ�ËJÎ ¢cÔ´ÍeÓ^��Ó1Ý1ËJÎ ËJ�E¢cÓ1¢cËE ÖÔÄËN¡%Õ3�CÓ*Ít¡-�^Õ3�nÚz¢L¡%¢cÓf×��YÍ�Ð
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ª³²K±O´V¬�¨�¥|¦µ¨o¦�¬®­dª�§�Ý-´V¬�¨'´Mº�üt´V«�¨'´!åyº�ª1ã ä ­HªÛ¥!«®©x¨�¦O´V«�ß^©y¨°¯�ª¸«®ª)¦8¬�¨'´MºÃª³²K±-´M¬�¨�¥t¦;¨�§X§�¥!º°ühª³©êÞ ¥!«Ö¬®­HªX¬�«¸´!¦d§�·Þ÷¥1«®¹Xª³©Xå
¥t±H¦d©-´M«�ßuÅ³¥|¦H©x¨Ü¬à¨�¥|¦H§�´!¦d©X¬�­dª³¦Ö¬®­HªÃ¬�«¸´1¦H§�Þ ¥!«®¹�´V¬�¨�¥|¦u¨�§c«®ª¸ühª¸«®§�ª)© � ±H§�±O´Vº°º°ßÖ¬®­x«®¥t±d×t­�´�¬¸´!åyº�ª¥!ÞwvT´1Ýxº'´1Å³ª�¬�«¸´!¦d§�Þ÷¥1«�¹ Ý-´M¨°«�§)ãä ­dªIvT´1Ýxº'´1Å³ª ä «)´1¦H§�Þ ¥!«®¹ ¨�§�©dª¸¶O¦Hª)©�´!§Ã¬®­dªmº°¨�¦dªM´M«�¥tÝ
ª�«¸´V¬®¥!«jÇ

xzy�{ É ¾TË�Ì�Í}|I~ �{ É ¾ÑËd�
Í�Ê�� &Ó ñ óf��ú { É ¾ÑË=Ì®Í'�!Ì É�ÏtÏ · Ï ¼hÍ
¬®­-´M¬�¹�´!Ýd§a{ É ¾�Í]¬�¥X´!¦d¥!¬®­Hª�«�Þ÷±d¦HÅ�¬à¨o¥t¦ �{ É �
Í®ãä ­dª�ª)§à§�ª)¦h¬�¨'´VºDÝx«®¥tÝ
ª�«�¬�ß�¥!ÞD¬®­HªivT´!Ýyº'´!Å)ª�¬�«)´1¦H§�Þ ¥!«®¹�¨�§�¨°¬®§Ã¥|ÝSª�«¸´V¬�¨�¥|¦r¥t¦Û¬�¨�¹ ª ©Hª�«�¨°üt´V¬�¨°ühª³§)Ç

xzy_� {� Ì |{ÊB� &Ó ñ óf��ú � { É ¾ÑË�Ì�Í� Ì �1Ì É�ÏtÏ · ÏtÏ Í
Âm­x¨�Å®­ýÅM´1¦�å
ªm¨�¦h¬®ª)×!«¸´M¬®ª³©�åhßrÝO´V«�¬®§)»

xzy�� {� Ì |�Ê���xzy�{�|Ãá�{ É ¾ÑË�ÌcÊf¼8Í�Ê�� �{ É �SÍDáP{ É ¾TË�ÌcÊf¼hÍ É�ÏtÏ · Ï ÔhÍ
§�¥u¬®­dªm¨�¦x¨°¬�¨'´MºBÅ)¥t¦d©x¨°¬�¨�¥|¦�×tª�¬®§�¨�¦h¬®ª³×1«¸´V¬®ª³© ¨�¦h¬®¥u¬®­Hª ¬®­Hª ¬�«)´1¦H§�Þ ¥!«®¹Xª³©�©dª¸«�¨°üt´M¬�¨°ü8ª1ãä ­dª ¬�«¸´1¦H§�Þ ¥!«®¹ ­-´!§ý¦H¥êª�¯Ñª)Å¸¬q¥t¦Ò§�Ý-´M¬�¨'´Vº�©Hª�«�¨°üt´V¬�¨°ühª³§)»�¬�­dª¸«®ª�Þ÷¥1«®ª ¬®­Hªq¬�«¸´!¦d§=Þ ¥!«®¹Xª)©�©x¨°¯�±d§�¨�¥t¦ª³²K±O´V¬�¨�¥|¦rå
ª³Å)¥t¹Xª)§³Ç

� �ÈVÉ ¾ÑËd�
ÍDá ÈVÉ ¾ÑË=Ì�Êf¼hÍ6Ê�� � � �È!É ¾ÑËd�
Í� ¾ � É�ÏtÏ · Ï öhÍ
Âm­x¨�Å®­Û¨�§m´!¦ý¥!«®©x¨�¦O´V«�ßX©x¨°¯�ª¸«®ª)¦h¬�¨'´VºDª³²K±-´M¬�¨�¥t¦d§Q§�¨�¦dÅ³ª�¬®­Hª�«®ª[´M«®ª{¥|¦xº°ß�©Hª�«�¨°üt´V¬�¨°ühª³§QÂ�¨Ü¬�­ «�ª)§�Ý
ª³Å�¬Ã¬®¥4¾Ñã9��µ�����m36< � ¢.>]5;�6�r732 > 2Ö3 � ¢.36�
> 9 � 36��5K�³� � < 4 >D732{���

x=0

c(x>0,t=0) = Ci

x
c(x=0,t) = C0

,Ñ¨�×t±y«�ª ÏtÏ ·�öKÇ��X�o�I� �/��������� �/�o��� �f����¡X���J�o�f¢£���X�
¤�¥¦¡��X�h¤m�§�©¨a� ��ª¬«®­�¢ ÈVÉ ¾ÎÊ ¼KË�Ì�ÍXÊ°¯ Ó ¤��f¡± É ¾�Ê 9 Ë�Ì�Í6Êf¼l¤��f¡t²���� ³3��´����§��� �£�µ¤�¥
¶��X�f¡ � �·�)� �o¢£� ÈVÉ ¾qï�¼KË�Ì�Êf¼8Í�ÊC¯w¸'¹
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,y¥!«Ã¬®­x¨�§�¨�¦y¨°¬�¨'´VºTÅ)¥t¦d©x¨°¬�¨�¥|¦�»x¬®­Hª ¬�«¸´!¦d§�Þ÷¥1«�¹Xª)©�©x¨°¯�±H§�¨�¥|¦rª³²K±O´V¬�¨�¥|¦�»-ÿ�²Oã Ï|Ï · Ï öK»OåSª)Å)¥t¹Xª³§

� � � �ÈVÉ ¾ÑËd�
Í� ¾ � á»� �ÈMÉ ¾TË��SÍ�Ê á ÈVÉ ¾ÑË=ÌQÊf¼hÍ�Ê`áI¯ ¸ É�ÏtÏ · Ï ûKÍ
ä ­Hª�×tª)¦Hª�«¸´Vºh§�¥!º�±y¬à¨o¥t¦�» �È »V¬®¥�¬®­x¨o§T©x¨°¯�ª�«®ª³¦h¬�¨'´Mº8ª)²K±-´V¬�¨�¥|¦�¨�§S¬®­Hª�§�±H¹f¥!ÞK¬.ÂQ¥Ã©x¨Ü¯Ñª�«®ª³¦h¬z�K¨�¦d©H§�¥1Þx§�¥!º�±x¬�¨�¥|¦H§)ãä ­Hª�¶H«®§�¬¸�K¨�¦d©�¥!ÞT§�¥1º�±x¬�¨�¥|¦4¨�§~¬®­Hªm¥|¦HªÃ¬®­-´M¬�§®´V¬�¨�§�¶Oª³§�ÿ�²Oã Ï|Ï · Ï û�Þ÷¥1«Q´�¶-¦y¨°¬®ªÃüt´Vº�±dªm¥!Þ�¬®­dªÃ«�¨�×t­h¬�·,­O´!¦H©y·§�¨�©Hª É ¯ ¸½¼Ê ¼8»]Åj´Vº°º�ª)©^¬®­dª5¾À¿oÁÃÂ3Ä3ÅÃÆXÇ�¿oÁÉÈ�Ê�ÇËÆXÂ3Ä�Ê
ÌKÍàãÎÍKª)Å)¥t¦d©xº°ß|»~´r§�±d¹ ¥!Þ�¬®­HªÏ¾À¿oÁÃÂ3Ä+Å�ÆXÇ�¿oÁÉÈÃÊmÇËÆXÂ3ÄdÊoÌ ´1¦H©´!¦hßq§�¥!º�±y¬à¨�¥|¦ýÞ÷¥1«�Âm­x¨�Å®­ ¬®­dª{«�¨�×|­h¬�·,­-´1¦H©x·,§�¨�©dª{¨o§IÐ)ª¸«®¥ É Åj´Vº°º�ª)©q¬®­HªÒÑ\Ê
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�ÈVÉ ¾ÑËd�
Í�Ê " ) ñ�Ö õ ì5" �¸ñ ó Ö õ É�ÏtÏ · Ï 0 Í
Âm­Hª�«®ª

× ~ÙØ �� É�ÏtÏ · Ï þ Í
ä ­dª�Ý-´M«�¬�¨�Å³±yº'´V«m§�¥!ºo±x¬�¨�¥t¦Û¨�§)Ç

�ÈMÉ ¾ÑË��SÍ�Ê ¯K¸� É�ÏtÏ · Ï / Í
§�¥u¬®­dª�×tª)¦Hª�«¸´VºD§à¥1º�±x¬�¨�¥|¦r¨�§Ã×1¨°ü8ª)¦�åhß
Ç

�È!É ¾ÑËd�
Í�Ê=" ) ñ Ö õ ì5" �®ñ ó Ö õ ì ¯ ¸� É�ÏtÏ · Ï u Í
ä ­dªm¬�«¸´!¦d§=Þ ¥!«®¹Xª)©�åS¥|±H¦d©-´M«àßXÅ³¥|¦H©y¨°¬�¨�¥t¦d§�å
ª)Å³¥|¹Xª

�ÈVÉ ¾rÊf¼KË��SÍ~ÊB� &Ó ¯ Ó ñ óf��ú �1ÌcÊ ¯ Ó� É�ÏtÏ · Ï º Í
´!¦d©

� �È� ¾ É ¾rÊ 9 Ëd�
Í6Êf¼ É�ÏtÏ ·�Ôt¼hÍ
ä ­x¨�§�ª³²K±O´V¬�¨�¥|¦r¨�¹X¹Xª³©y¨'´V¬®ª�º°ßý´1å
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Í8ª¸º�ª)Å¸¬®ª)©»vÑ´!Ýyº'´!Å)ª ä «¸´!¦d§�Þ÷¥1«®¹bÛ]´M¨°«®§�ÈMÉ ¾TË��SÍ~Ê�Ü &Ó ñ ó:�àú ÈVÉ ¾ÑË=Ì®Í'�!Ì× ~ÙÝ É �_Þ
�rÍ)� Ï)�Ãß+à�á â ïÒá Ï ú ßãfä§å·æ )�ç)� æXè ñ ó è úé� � æ é � §�¨�¦qê]Ì�� � æ é � Å³¥|§Xê�Ì
ñ ó Ö õ õ·ë�ìhí �î �J�ò ./ï ùHúñðë ì:ò íÖ ó ùï ú ñ ó í �î �J�ë ì:ò í� ª�«�Þ÷Å�� õò . ùHú �ë ì:ò í� Ö ó . ùHúï ñ ó í �î �J� áµ¾Oª¸«�Þ Å � õò . ùHú �Í8¥x»x¬®­dª�§�¥!º�±y¬�¨�¥t¦ýÅM´1¦�å
ª{¥|åx¬¸´M¨�¦Hª)©�¬®­x«®¥t±d×t­�¬®­dª�±H§�ª�¥!Þ�¬®­Hª�´!å
¥jü8ª ¬¸´!åyº�ª!Ç

ÈMÉ ¾ÑË�Ì�Í6Ê É ¯ Ó á�¯ ¸ Íaô Ï á�ª¸«�Þwõ ¾ë ûö�ÖÌf÷aø ìP¯ ¸ É�ÏtÏ ·�ÔtÔhÍ
Âm­x¨�Å®­ýÅ³¥|±xº�©ý­-´)ühª{å
ª³ª)¦�×|±Hª)§�§�ª³©ÛÞ'«®¥t¹ ¬®­Hª §=ßx¹X¹Xª¸¬�«�ßX¥!ÞD¬�­dª�¨�¦y¶-¦y¨°¬®ª�©H¥|¹Û´M¨�¦r§�¥1º�±x¬�¨�¥t¦Sã,y¥!«�´Ø§àª)Å)¥t¦H©ýª!�O´1¹ Ýyº�ª Â�¨°¬®­ ¬à¨�¹Xª�·,©Hª)Ý
ª³¦H©dª³¦h¬�§�¥!º�±y¬�¨�¥t¦H§)»

x=0

c(x>0,t=0) = Ci

x

J(x=0,t) = J0
     constant

,Ñ¨�×t±y«�ª Ï|Ï ·,ûyÇ��X�o�i� �/���:�_��� �/�o��� �o�£��¡X�§�r�o�o¢·���X�
¤�¥ù¡��X�h¤����t¨a� ��ª�«®­ù¢ ± É ¾ÎÊ ¼8Ë�Ì�ÍXÊ ± Ó ¤��f¡± É ¾ Ê 9kË=Ì®Í Ê ¼�¤��o¡ú²���� ³3��´��û����� �·�
¤�¥�¶��X�f¡X� �·���X�f¢�� ÈVÉ ¾�ï ¼8Ë=Ì Ê ¼hÍ�Êü¯K¸�¹ý«ù�Ã¶�¤�²f¢/�o��h¤��/�o´+�µ¤�¥���¢z¶Ã� �f¢��-¤����qþX��¨z�§�fÿ �����/�l��ªf�i¡ö� �h¤����ö� ��ªf�[¶�� �o¶��
���£´ ¤��£���X�É¤��k��ªf�����X²��f¡�¤
´��u¾qÊ`¼¨a��¥�¥����Ï¤S³�²��o¶£�£��� �Ï�o³®�·�§�r�m¹,y¥!«�¬®­x¨�§XÅj´!§�ª1»m¬®­Hªr¬�«¸´1¦H§�Þ÷¥1«®¹ ª)©î©x¨°¯�±d§�¨�¥t¦kª)²K±-´M¬�¨�¥t¦î¨�§ ¬�­dª�§®´1¹ ªq´!§X¬®­-´M¬ÛÅj´VºoÅ³±yº'´V¬®ª)©�¨�¦î¬®­dªÝx«®ª�üK¨�¥t±d§Qª%�O´!¹XÝxº�ª1Ç
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�È!É ¾ÑËd�
Í�Ê=" ) ñ Ö õ ì5" �®ñ ó Ö õ ì ¯ ¸� É�ÏtÏ ·�ÔtöhÍ

´!¦d©�¬®­dª½Ð³ª�«®¥!·��O± � å
¥|±H¦H©O´V«�ßrÅ)¥t¦H©y¨°¬�¨�¥t¦�´M¬{¾�Ê 9 ´1×8´M¨�¦q¨�¹ Ýyº°¨�ª³§ ¬®­-´M¬:" ) Ê ¼Kã ä ­dª�¬�«)´1¦H§�Þ ¥!«®¹Xª³©Å³¥|¦H§�¬¸´1¦h¬��O± �ÛåS¥|±H¦d©-´M«àßXÅ)¥t¦H©y¨°¬�¨�¥t¦Û¨�§)Ç
xzy � È� ¾ |{Ê�xzyhá ± Ó� |�Ê á � &Ó ñ óf��ú ± Ó� �!Ì�Ê á ± Ó�i� Ê � �È� ¾ 				 õ ( Ó Ê á�" � × É�ÏtÏ ·�Ô!ûKÍ

ÍK¥1º°üK¨�¦H×ØÞ÷¥1«Q¬®­dª{Å)¥t¦d§�¬)´1¦h¬q" � »
�È!É ¾ÑË��SÍ�Ê ± Ó�i� × ñ ó Ö õ ì ¯ ¸� É�ÏtÏ ·�Ô 0 Í
 §�¨�¦H×Ø¬®­Hª ¬¸´!åxºoª{¥1Þ�vT´1Ýxº'´1Å³ª�¬�«¸´!¦d§�Þ÷¥1«®¹ Ý-´M¨°«®§)»

ÈMÉ ¾TË�Ì�Í6ÊC¯K¸Hì ± Ó� � Ø û��ÖÌ� ñ�ì í �î �J� áê¾ ÕÃÁ
��Å É ¾ë û��ÖÌ Í�� É�ÏtÏ ·�Ô þ Í
ä ­dª¸«®ª�Þ÷¥1«®ª!»x¬®­Hª�§�±x«�Þ"´!Å)ª{Å)¥t¦dÅ³ª)¦h¬�«¸´V¬�¨�¥|¦rÅ®­-´1¦H×|ª³§�´1§ ë Ì�Ç

ÈMÉ ¼KË�Ì�Í6ÊC¯ ¸ ìîÔ ±�� Ø Ì� � É�ÏtÏ ·�Ô / Í
Âm­Hª�«®ª ±�� ¨�§Q¬�­dª�Å)¥t¦d§�¬)´1¦h¬m§�±x«�Þ$´1Å³ª��-±��Sã
�f�[:�5x�~7 � � � :��î� :��4�{5H:��c���µ�Ã>��¿�Ñ:�>���7x5ä ­dª{¹Xª¸¬®­d¥K©H§�¥!Þ6§�¥!ºo±x¬�¨�¥t¦Û¬®­-´M¬ ­O´)ü8ª�å
ª³ª)¦ý¬�«�ªj´V¬®ª)©�©d¥ ¦d¥!¬�´1Å³Å)¥t±d¦h¬mÞ÷¥1«m¬®­Hª�×tª)¦Hª�«)´Mº]Åj´1§àª�¥1Þc´1¦´!¦y¨�§�¥!¬�«®¥tÝy¨�Å£©x¨°¯�±d§�¨�¥t¦qÅ³¥Kª£Ú Å�¨�ª³¦h¬jã � ¥jÂ�ª¸ühª¸«j»B´X§�¨�¹XÝxº�ª£§�¬�«¸´V¬®ª)×tª)¹ ÅM´1¦ å
ª£±d§�ª³©q¬®¥X«®ª³Å)¥t¦d§�¬à«®±dÅ¸¬m¬®­dª©x¨°¯�±d§=¨o¥t¦rª)²K±-´M¬à¨o¥t¦�Þ�«®¥t¹ ¨°¬�§�¬®ª)¦H§�¥1«�Þ ¥!«®¹ ¨�¦h¬®¥£¬®­Hª�§�ÅM´Mº'´V«mÞ ¥!«®¹�¬®­O´V¬�¨�§Ã¬�«®ªM´M¬®ª³©ý´!å
¥jü8ª1ã� ª)Åj´Vº°ºTÞ ¥!«®¹ ¥!Þ�¬®­Hªm¬®­dª��O± � «®ª¸º'´M¬�¨�¥t¦d§à­y¨�Ýr¨�¦q´uÝO´V«�¬�¨�Å³±yº'´V«�Þ�«)´1¹Xª{¥1ÞB«®ª�Þ÷ª�«®ª³¦dÅ³ª1Ç�� ± õ±��± �"!# Ê á �� � õ®õ � õ � � õ �� õ � � �$� � �%�� õ � � �%� � �&�'!# ��)(+*( õ(+*( �(+*( � !# Ê�� ¸-, �� (( õ(( �(( � !# È É�ÏtÏ ·�Ô u Í

ä ­dª�©x¨°¯�±d§�¨�¥t¦�ª)²K±-´M¬�¨�¥t¦rå
ª)Å³¥|¹Xª³§)Ç
� È� Ì ÊZõ �� ¾ ��/. ��10 ÷ �� � õ®õ � õ � � õ �� õ � � �$� � �%�� õ � �2�%� �3�4� !# �� (( õ(( �(( � !# È É�ÏtÏ ·�Ô º Í
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ª)¦H©r¥|¦ È ã,Ñ¨°«®§�¬j»x¶-¦d©�¬®­Hª «®¥!¬¸´V¬�¨�¥|¦#" ¸-, Âm­x¨�Å®­ý©x¨'´1×t¥|¦-´Mº°¨ Ð³ª)§h� Ç

�� Ê �� �� )�) ¼ ¼¼ �� ��� ¼¼ ¼ ��6545 !# É�ÏtÏ ·�öt¼hÍ
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