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Ø0Ù�ì ê ½�} §�Ëòì / § � o��y)
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½�� ¦ § ¥¤[\¥ �t§��¿�À Á � Å � ¦ § ¥¤[ �EÃ�� £¤ �Ä � �'`æÅ � ^C]���^C£ 8�� ]_¥S[�Å�Ä¥Æ
þ�#%$R] � +y)�þ�#%$ ³ `ObHc¯ ¯TZ�ü Ø�#J& Ü Ê Ì�# É Ì�#�Þ%$ËÍ�ß£Í�Ó � &���� ` ü c & É ÖP(*#%$ ³ `"bHc¯'r © Â ³ `ObHc±ur © © Z�ú�� Ø�#J&
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áÐ#Û&�Ñ�Ñ�Î�Ï£#Û$*Òm##�0Î�& É $ Ê $ Ê #0Ñ ³ `Oi,c¯ ¯TZ�ü & É Ö ³ `ji-c¯'r © Â ³ `ji-c±ur © © Z�ú���r ©û¤ ¯ v ± $ËÍ¨Ø�# l%É Í�á É )'ó Í�ß�& É ÙÞ�Í É $*ß�Í�(qÌ�Í�( Î�Ï£#í¦ É # Ê Ü ÒmØ�Í�Î�ß Ê�É Ü ì ê ÔÐ& É ÖB§�Ë£ì ê z1ìu¯ÐÔÐ(*#%$

V `Oi,c¯'r © ½¿±
n�µË§ ¸)
¯«r © ³ `Oi,c¯'r © ±Ó³ `Oi,c¯ Â µ×6dxFÊ,L ¸

& É ÖJ(*#%$
� `Oi,c¯'r © ½ V `Oi,c¯'r © ´ ]Un�µ×§ ¸8³ `ji-c¯«r © Â µ×6dxFÊ,2 ¸

& É Ö�V `Oi,c±ur © Â�� `Oi,c±�r © &�ß�#QÖ�# È{É #�ÖSØ0Ùò$*Òm#�Ñæ&�Ï£#B#��0Îä&�( Ê $ÙNá Ê $*ÒXÎ Ê�É Ñæ$×#�&�ÖSÍ�ÓÐ¦ ) ð Òm# É Ô ³ `ji _ T c¯ ¯TZ�ü
Ê Ñ>ÑæÍ�Î Ü Òm$R&�Ñ�$*Òm#íÑæÍ�( Îä$ Ê Í É $×Í¨$Òm#âÓ�Í�(�(*Í�á Ê�É Ü ( Ê�É #�&�ß>Ñ�Ù3Ñæ$×#0Ï Í�ÓB#��0Îä&�$ Ê Í É Ñ^�

© Z�ú�û V `ji
_ T c¯'r © ´ © Z\ú�û X `Oi

_ T c¯'r © ´cº ¯zn�µ×¦ ¸Ð³ `ji _ T c¯ ½ n�µË¦ ¸	¾ ¯�Âqs{¦ Ë Ú$Â µ×6dx 6,+ ¸

áâÒm#0ß�#Û$*Òm#MÖ Ê ÑæÞ0ß�#%$×#MÖ Êª© Î�Ñ Ê Ì�#�« Î�è!V `ji _ T c¯'r © Ê Ñ�Ö�# È{É #�ÖSØ0Ù	�
V `Oi _ T c¯'r © ½j±

n�µË§ ¸)
¯'r © µ ³ `ji _ T c¯«r © ±Ó³ `ji _ T c¯ ¸ Â�s{§�Ë£ìu¯QÂqs{¦ Ë Ú$Â µ×6dx 6�ª ¸
á Ê $*Ò ³ `ji _ T c¯«r © Þ�Í�ÏíãmÎä$×#�ÖÛ&�Ñ Ê�É åbam)�q�ç î åbam)�c�ç Ê ÓR§�Ëòì	������÷�ì ê Ô'& É Ö ³ `Oi _ T c¯'r © Þ�Í�ÏíãmÎä$Ë#�ÖÛØ0ÙS$*Òm#¼Ó�Í�(�(*Í�á Ê�É Ü
å�Í�Ø Ê�É Þ�Í É Ö Ê $ Ê Í ÉEÊ Ó�§�Ë£ì ê Ôâ§ ½ ¦��kÎ��

± V `Oi _ T c¯'r © ´ ]�n�µË§ ¸8³ `Oi _ T c¯'r © ½ � `ji-c±ur © ½ V `Oi,c±ur © ´ ]�n�µË§ ¸8³ `Oi,c±�r © 0 µ×6dx 68« ¸
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³ `ji _ T c¯«r © ½
)
¯«r ©

ª ´ ]#)
¯'r © � `Oi,c±�r
© ´ ª

ª ´ ]#)
¯'r © ³ `Oi
_ T c¯ 0 µ×6dx 68Ê ¸
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± Vä¯'r © ´ ]�n�µË§ ¸8³ © ½ Vä±ur © ´ ]Un�µË§ ¸8³ © Â
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LC/2iC1K/2L�I\Ç 9\BC/�LCJO>	P?;	/h9�/}68EOw8N8;eJk9\BCn N8p
� /2iK1CJk9\JFNd1^68x¼ª�P?N81\lm/?;	w8/?>�9\N�g�68;eLC>>+8@-pqNd;�68EOE ¦�Ë¡ÚUx��&/�9$7C>fn�7CE{9�JOACE{Ç µ×6dx 6,+ ¸ I\Ç ³ `Oi _ T c¯ 681CL
>	7KnÁN�lm/2;�¦ ËAÚUx�b»/5LC/?LC7CP2/

¯TZ�ü © Z\ú�û V `Oi
_ T c¯'r © ³ `ji _ T c¯ ´ ¯TZ\ü © Z�ú�û X `ji

_ T c¯'r © ³ `Oi _ T c¯ ´ ¯TZ\ü º ¯zn�µ×¦ ¸ � ³ `Oi
_ T c¯ � � ½ + 0 µ×6dx 68© ¸

bc/�LK/21CN?9\/
' `Oi _ T c ½ ¯TZ�ü © Z�ú û V `ji

_ T c¯«r © ³ `Oi _ T c¯ Â

Õ `ji _ T c ½ ¯TZ�ü © Z\ú�û X `Oi
_ T c¯'r © ³ `Oi _ T c¯ Â

Ì `Oi _ T c ½ ¯TZ�ü n�µË¦ ¸	º ¯�� ³ `ji
_ T c¯ � � 0

DÔ1�9\BC/}>	/?u�7C/2EO@"pqN8;�6d1�ÇF§»Ë¡ì	�����h@ZgQ/}LC/21KN?9�/¨§ ½ ¦S_J�j¦ ¢ @'g�J{9�B ¦S_�>	7CPoB�9\BC6?9 \ ¯)(�r © eõ+8x
�QN=9�/#9\BC6?9 \ ¯&*�r © ½ ± \ ¯)(�r © x�MtNd;Æ68EOE�§�Ëòì	��
��e@�g�/fLK/21CN?9\/�¦ 9�BC/f7C1KJFu�7C/fP?N81\9�;	NdEDlmN8EO7Cn�/fN8p{Ú
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Å �5Ã ^C£¤ '^K[\¥ �t§*�;: ' `ji _ T c .0/2N8;eLC/2;eJF1Kw09�BK/�>	7Cn�n�6?9\JFN81�NolC/2;'9\BC/Q>e/�9�N8pD9�BK/Q/2LKw8/2>aì#@t7C>	JO1CwH9\BC/
LC/?iC1CJ{9�JON81�N8pm9�BK/�>e/�9Ðì ê @¹7C>	JO1Cw�µ×68x 6�ª ¸ @(N81C/5LC/?LC7CP2/?>�9\BC6?9

' `ji _ T c ½ w `Oi _ T c ´ © Z�ú � V `ji _ T c¯ ( r © ³ `Oi _ T c¯ ( r © ´ V `Oi _ T c¯ * r © ³ `ji _ T c¯ * r © Â

g�J{9�B
w `Oi _ T c ½ © Z�ú m n�o�+ ú �

n�µË§ ¸) © ³ `ji _ T c¯&* ±Ó³ `ji _ T c¯)( � ´ ¯TZ�ü © Z\ú¡  ¢ o-, ú�û
n�µ×§ ¸) © � ³ `Oi _ T c¯ � �

´ © Z\ú��
n�µ×§ ¸)0¯ ( r © ³ `ji

_ T c¯)(�r © ± ³ `ji _ T c¯)( � ´
n�µ×§ ¸)0¯ * r © ³ `Oi

_ T c¯&*�r © ±Ó³ `ji _ T c¯&* � 0 µ×6dx 68¨ ¸
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�QN=9�/�9\BC6?9 w `ji-c e +aÂqsud�Ë 0 �QN�g pqN8EFEON�g�JF1Kwz�&JFN81K>¸ÓÆn�/h9�BCNvLÍJO1ô�k�&JON81C>�ª�2,2,+3.F@Zg�/X;e/2n�68;	×
9�BK6?9�°

© Z�ú � V `ji
_ T c¯ ( r © ³ `Oi _ T c¯ ( r © ½ ª

6,] © Z�ú �
ª

n�µ×§ ¸ V `ji _ T c¯ ( r © ´ ]�n�µ×§ ¸8³ `ji _ T c¯ ( r © �

± © Z�ú��
ª

n�µ×§ ¸ ± V `Oi _ T c¯)(Cr © ´ ]Un�µË§ ¸8³ `Oi _ T c¯)(�r © � Â

681CL$9�BK6?9�9�BC/5>e68n�/�;e/2>e7CEk9�BCN8EOLC>"pqN8;T¦ ¢ JO1C>S9\/268L�N8p�¦J_ / 7K>	JO1Cwzµ�68x 68« ¸ @v9�BC6?9�JO>-9�N�>	6�Ç

± V `Oi _ T c¯)(Cr © ´ ]Un�µË§ ¸8³ `Oi _ T c¯)(�r © ½ V `Oi,c¯&*�r © ´ ]�n�µ×§ ¸8³ `ji-c¯&*�r © Â
681CL$9�BK/�>e68n�/5/2u�7C68EOJk9ÔÇ®pqNd;T¦ ¢ JF1C>¤9�/?68L�Ndp ¦J_t@Dg�/�N8I�9\68JO1C°

' `Oi _ T c ½ w `ji _ T c ´/. `ji _ T c ±. `Oi,c Â µ×6dx 6ÔZ ¸
g�BC/?;	/2@&pqN8;�6dEFEqd¥e�+8@

. `ji-c ½ ª
6�] © Z�ú��

ª
n�µ×§ ¸ V `ji-c¯ ( r © ´ ]�n�µ×§ ¸8³ `ji-c¯ ( r © � ´ ª

6�] © Z\ú��
ª

n�µË§ ¸ V `Oi,c¯ * r © ´ ]Un�µ×§ ¸8³ `ji-c¯ * r © � 0
µ×6dx 6,L ¸

�QN=9�/!9�BC6=9 .Û`Oi,c e�+aÂqsud Ë 0
Å �5Ã ^C£¤ Z^C[\¥ ��§��;:SÕ `Oi _ T c
.0/2N8;eLC/2;eJF1Cw¶9�BC/!>e7Cn�n�6?9�JON81$N�lm/?;R9�BC/#>	/h9"N8p�9\BC/!/2LKw8/2>-Ndp,ìÆ@D7C>	JO1Cw#9\BC/!7CAC>¤9�;e/268n PoBCN8JOP2/5µ�68x 6,6 ¸ @
681CLX;e/2n�68;e×vJO1Cwf9�BC6=9�@�6d> Ã © ½ +8@EX�¯'r © ³ `Oi _ T c¯ e ª

« \ ¯«r © ³ `ji _ T c¯ � pqN8;Æ68EOE�§�Ëòì��
���@(N81C/�LK/2LC7CP?/2>
9�BK6?9

Õ `ji _ T c eÖÕ `ji _ T cT ´ Õ `ji _ T c� Â µ×6dx 6,2 ¸
g�J{9�B

Õ `Oi _ T cT ½ © Z�ú m n�o�+ ú�� \ ¯)(�r
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Case no 2

L2 norm: 1.9959
H1 norm:0.99789
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Case no 3

L2 norm: 1.1216
H1 norm:0.64522
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Case no 4

Convergence order in L2 norm: 1.3261
Convergence order in H1 norm: 0.65862
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Case no 1

L2 norm: 1.9969
H1 norm:0.9972
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Case no 2

L2 norm: 1.3095
H1 norm:0.51773
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Case no 3

L2 norm: 1.1554
H1 norm:0.66637
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Case no 4

Convergence order in L2 norm: 1.63
Convergence order in H1 norm: 0.59336
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