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ÊUÃ�ËTÂ1ÁpËTÂ�Æ ¹�Ê�Å�¸�¹6Å#Ã�Å3À�Ë
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Microwave Spectrum of Optical Thickness
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Microwave Spectrum of Transmission
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å Ì �Y����çf��Í Ã �-Æ�� Á ËE��Æ�ÊfÅ	� Â Í�ËEÆ�Ê�� Ã �-ËEÆ�Í�Å	��Ç���Ç Ã�Ì ����È É ��Î-Î-�-Æ��x��Å	Ê���Å Ã �-ËEÆ Ã Ë Ì Å�×E�jß!Å	È�È���Ë�èl�éâÓ�Å Ã ��Î Â à Ã2É �-Í�� Ã�Ì �Y�-Æ Ã ��Æ�Ç�� Ã2Â Ë	Õ Ã�Ì ��Ê�Ë É Æ É ��Î-Î-�-Æ��j��Å	Ê���Å Ã �-ËEÆ  jå Ì �-ÇT�-Ç Ã ������ÕNËE� Ã�Ì � É �-Æ�Ê�Ë É�����E�-ËEÆ�ÇæËEÆ�Î Â¯ÉáÌ ����� Ã�Ì �TÇ���ÎÑÕ�âêÅ Á Ç�ËE��È Ã �-ËEÆ É � Ã�Ì �-Æ Ã�Ì �TÓÔ��Ê��-��Óë�-ÇæÇ�Ó�Å	Î-Î  �ì Ã ÕN����í�����Æ�Í��-��Ç É � Ã�ÌÌ �-� Ì ���YËEÈ Ã �-Í�Å	Î Ã�Ì �-Í#Ï�Æ���Ç�Ç Ã�Ì �ã��ÓÔ� Ã�Ã ��Êî��Å	Ê���Å Ã �-ËEÆq�-ÇYÆ�Ë Ã Í�Å	ÈfÅ Á Î-�»Ë	Õ8Î-��Å�×4�-Æ�� Ã�Ì �j�����E�-ËEÆîË	Õ��ÓÔ�-Ç�Ç��-ËEÆ  hì Ç�ÅjÍ�ËEÆ�Ç���í�����Æ�Í�� Ò Ã�Ì ��Ê�Ë É Æ É ��Î-Î-�-Æ��ã��Å	Ê���Å Ã �-ËEÆ�Ç��-ÓÔÈ�Î Â ����È�����Ç���Æ Ã Ç Ã�Ì �¯Å	Ó Á �-��Æ ÃÃ ��ÓÔÈZ����Å Ã ����� ÉáÌ ������Å	Ç Ã�Ì ����È É ��Î-Î-�-Æ��o��Å	Ê���Å Ã �-ËEÆ�ËE���-�E�-ÆfÅ Ã ��Ç\ÕN��ËEÓ Ì �-� Ì Å	Æ�Ê�Í�ËEÎ-Ê������E�-ËEÆ�Ç�Ë	Õ Ã�Ì ���È�ÈZ����Å Ã ÓÔËEÇ�È Ì �����  
å Ì �-ÇæÈ Ì ��Æ�ËEÓÔ��Æ�ËEÆ Ì Å	ÇcÅ Ì �-� Ì �-ÓÔÈfÅ	Í Ã ËEÆ åáï �-Æ Ã�Ì � ¡E�Yðoñ�ò Ë�è Â �E��ÆhÅ Á Ç�ËE��È Ã �-ËEÆ Á Å	Æ�Ê ¢ó Ì ��Æ Ã�Ì �j��È É ��Î-Î-�-Æ��¤ÓÔ�-Í���Ë É Å�×E�ã��Å	Ê���Å Ã �-ËEÆôÕN��ËEÓ Ã�Ì �jÎ-Ë É ����Å Ã ÓÔËEÇ�È Ì �����"ß���� Ã�Ì ���Y��ÓÔ�-Ç�Ç��-ËEÆ

ËE�{����çf��Í Ã ��Ê�Ê�Ë É Æ É ��Î-Î-�-Æ��¯��Å	Ê���Å Ã �-ËEÆ à �-Ç{Å Á Ç�ËE� Á ��Ê Á ��ÕNËE����Î-��Å�×4�-Æ�� Ã�Ì ��Å Ã ÓÔËEÇ�È Ì ����� Ã�Ì � Ã Ë Ã Å	Î�-Æ Ã ��Æ�Ç�� Ã2Â Ê���ËEÈ�ÇT�-Æ Ã�Ì ��ÓÔ�-Ê�Ê�Î-��Ë	Õ Ã�Ì ��Î-�-Æ��   óõ� Ã�Ì ËEÆ�Î ÂhÃ�Ì ��Í�ËEÆ Ã ��� Á � Ã �-ËEÆ�ÇoÕN��ËEÓ Ã�Ì ����È�ÈZ���
Å Ã ÓÔËEÇ�È Ì ����� Ã�Ì � Á ���-� Ì6Ã Æ���Ç�Ç Ã ��ÓÔÈZ����Å Ã �����Þ�-Ç�Ç��-�EÆ��ÑÙfÍ�Å	Æ Ã Î Â Ç�Ó�Å	Î-Î-��� Ã�Ì Å	Æ Ã�Ì �ÞÊ�Ë É Æ É ��Î-Î-�-Æ��æÈfÅ	� Ã  �f��� Ã�Ì ����ÓÔËE��� Ò Ã�Ì ��Î-�-Æ�� Á ��Ë6Å	Ê���Æ��-Æ���ß�È�����Ç�Ç�������Å	Æ�Ê¤Í�ËEÎ-Î-�-Ç��-ËEÆ Á ��Ë6Å	Ê���Æ��-Æ�� à �-Ç8����Ê���Í���Ê"�-Æ Ã�Ì ���È�ÈZ����Å Ã ÓÔËEÇ�È Ì ����� Ò Î-��Å	Ê��-Æ�� Ã ËjÇ Ì Å	��È¤ÈZ��Å	Ï�Ç��-Æ Ã�Ì �YÇ�ÈZ��Í Ã ��Å	ÎÞÍ����<×E��Ç  hå Ì ��Ç��¯öEÇ�È��-Ï	��Ç�öãÓ�Å ÂËEÆ�Î Â¯Á �8Ë Á Ç����<×E��ÊhÅ Á Ë`×E�ÜÇ�Å Ã ����Å Ã ��Ê»Î-�-Æ���ÇæÅ	Æ�Ê»ËE���-�E�-ÆfÅ Ã �cÕN��ËEÓ÷Î�Å Â ����ÇæÅ Á Ë`×E� �	� Ï�Óë�-ÆxÍ�Å	Ç��ÜË	ÕÃ�Ì �oË�è Â �E��Æ»Î-�-Æ���Ç  

ì Ê�Ê�� Ã �-ËEÆfÅ	Î Á Å	Í#Ï��E��ËE��Æ�ÊxÅ Á Ç�ËE��È Ã �-ËEÆãß!Å	Î-Ç�ËÜÍ�Å	Î-Î-��Ê §#¬0´d¨N°t´fª4ª4«÷²�¶Cµ�¬0©2¥Z¨N°!¬0´�à Å	���-Ç���ÇÞÕN��ËEÓ Ã�Ì �Õ�Å	� É �-Æ��EÇáË	Õ É Å Ã ���n×	Å	ÈZËE�nÎ-�-Æ���ÇnÅ	Æ�Ê Ã�Ì �oÇ�ËÔÍ�Å	Î-Î-��Ê�Í�ËEÎ-Î-�-Ç��-ËEÆ��-Æ�Ê���Í���Ê»Å Á Ç�ËE��È Ã �-ËEÆ¯Ë	Õ�Æ�� Ã ��ËE�E��Æ  
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Microwave Spectrum of Up- and Down-welling Brightness Temperature
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Modelled microwave spectra at different altitudes
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Refractive Index: m = 5.00 + 2.00 i
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Refractive Index: m = 5.00 + 3.00 i
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Refractive Index: m = 1.70 + 2.00 i
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Ý*ã�Þ@ÛQë=×mÚ`Ö7Ù�ÜsÖ	Ú`Õ@ÝHÞ õ � A!� øª×/ë@ÞhÙ�å@Õ@Ö7ã�ÛQØn×/àOÕ=×/ã�ÜsÝ*ë@ÛQØ7ÙH� A!� õ 6 � � A!� øª×/ã�Ö�×/àQÙ�Ý1×/å@å@àQÛQÖ7ÞCÚ`Ý
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Ú`Õ@Ö�ã`×/Þ@Ûz×mÚ`ÛQÝ*ë."=Ö7àQÞ%æ5ã�Ý*Ü¬Ú`Õ@Öw"=ã�ÙjÚ�Û�Ú`Ö7ã`×mÚ`ÛQÝ*ë õ Ú`Õ@Ö�ÛQë@Û�Ú`Ûz×/àQÛQîn×mÚ`ÛQÝ*ë©ø�ì§Ô�Õ@Ö�Ù�Ö7Ø7Ý*ë@Þ1Û�Ú`Ö7ã`×mÚ`ÛQÝ*ë'ÙjÚ�×/ãjÚ`Ù
×/äb×/ÛQë±æ5ã�Ý*Ü Ú`Õ@Ö�Ú`Ý*å§è@é@Ù�Ö7ÙªÚ`Õ@Ö�àQÝqñ�Ö7ãªß©Ý*é@ë@Þ=×/ãjá1×/ë@ÞCÖ7ë@Þ@Ù�×mÚ�Ú`Õ@Ö$é@å@å©Ö7ã�ß©Ý*é@ë@Þ=×/ãjá1ÛQë1ÖK÷@×/Ø	Ú`à�á
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Í}Î/Ï`Ð1ÏDÑsÒhÓbÔDÕ Ö/Ð1×RÐ�Ø;ÏDÖHØeÍPÙÛÚ1ÏDÐ1Ü/ÑsØe×RÐPÚ1Ï[ÝFÔ2Î/ÏDÞcÝJØeÐ1ßzÝFÑRÑ
Ö"Ü/ß`àVÏDÚ1ÐeÕFÒAÐ1Ô[ÝJØ1Ø;ÏDÚ1×RÖ/ázÕ Ú1Þ/ÏDÚBÒ#Õ Ú}Ø;Î/Ï
ÑRÕNâ�ÏDÚ�Ò#Ú1ÏDã"Ü/ÏDÖ/ÔD×RÏDÐDäæå�ØzçHè¦égêBëoØ;Î/Ï	×RÔDÏ	ì�ÝFÚ�Ø;×RÔDÑRÏoÐ1Ô[ÝJØ1Ø;ÏDÚ1×RÖ/ác×RÐ¶ß7Õ Ú1ÏoÏ9í�ÏDÔ9Ø;×sî ÏFï�ÝJØ¶ÑRÏ[ÝFÐ�Ø ¸Hð
×sØ;ÏDÚ;ÝJØ;×RÕ Ö/Ð}ÝFÚ1ÏgÚ1ÏDã"Ü/×RÚ1ÏDÞ	Ø;Õ¶Õ à{Ø2ÝF×RÖjÝFÖjÝFÔDÔDÜ/Ú;ÝFÔ9ñ	àVÏ9Ø1Ø;ÏDÚ}Ø;Î�ÝFÖcò�ó�ä

Í}Î/ÏPìVÕ ÑhÝFÚ1×Rë[ÝJØ;×RÕ Ö*Ð1×Rá Ö�ÝFÑ?ô'õm×Rá/äFö{ä ÷"ø�Ð1Î/ÕNâPÐ¦Ø;Î/Ï}Ð;ÝFß7Ï�Ò#Ú1ÏDã"Ü/ÏDÖ/Ô9ñ¶Þ/ÏDìVÏDÖ/Þ/ÏDÖ/ÔDÏeÝFÐAØ;Î/Ï}à/Ú1×Rá ÎHØ�Ó
Ö/ÏDÐ1ÐeØ;ÏDß7ìVÏDÚ;ÝJØ;Ü/Ú1ÏFäxù�×RÖ/ÔDÏUÎ�ÝFÚ1Þ/ÑsñjÝFÖHñfÚ;ÝFÞ/×hÝJØ;×RÕ Ö	×RÐeÕ Ú1×Rá ×RÖ�ÝJØ;×RÖ/á`Ò#Ú1Õ ß«Ø;Î/ÏUìVÕ ÑhÝFÚ1×RëD×RÖ/á¶Ð1Ü/Ú�Ò%ÝFÔDÏFú
ÝFÑRÑ/û�ü¯×RÖzçHè¦égêBëPÔ2Î�ÝFÖ/Ö/ÏDÑ�×RÐ�ì/Ú1Õ�Þ/Ü/ÔDÏDÞ7Ò#Ú1Õ ßýÐ1Ü/à/Ð1ÏDã"Ü/ÏDÖHØ}Ð1Ô[ÝJØ1Ø;ÏDÚ1×RÖ/á*ì/Ú1Õ�ÔDÏDÐ1Ð1ÏDÐDä�å�Ø�Ø;Î/ÏPÑRÕNâ�ÏDÚ
Ò#Ú1ÏDã"Ü/ÏDÖ/Ô9ñUÚ1ÏDá ×Rß7Ï¦Ø;Î/Ï�ÝJØ1Ø;ÏDÖ"Ü�ÝJØ;ÏDÞ`û�ü�Ò#Ú1Õ ßþØ;Î/Ï�Ð1Ï[ÝeÐ1Ü/Ú�Ò%ÝFÔDÏ�×RÐmÝFÞ)ÿ1Ü/Ð�Ø;ÏDÞUØ;ÕBØ;Î/Ï�Ð�Ø2ÝFà/ÑRÏ�Ð1Õ ÑRÜ{Ø;×RÕ Ö
âP×sØ;Î/×RÖfèUØ;Õ7ç�Ð1Ô[ÝJØ1Ø;ÏDÚ1×RÖ/á7Õ Ú1Þ/ÏDÚ1ÐDä

Í}Î/ÏzìVÕ ÑhÝFÚ1×Rë[ÝJØ;×RÕ Ö�Ú1ÏDÐ1Ü/ÑsØ;ÐgÕFÒ�Ø;Î/Ï7Þ/ÕNâPÖHâ�ÏDÑRÑR×RÖ/á	Ú;ÝFÞ/×hÝJØ;×RÕ Ö�Ú1Ï9î Ï[ÝFÑRÐUÝFÖ¥×RÖHØ;ÏDÚ1ÏDÐ�Ø;×RÖ/á	Ò#Ï[ÝJØ;Ü/Ú1ÏFï
å�ØUÝ	ëDÏDÖ/×sØ;ÎpÝFÖ/á ÑRÏ�ÕFÒ����oÞ/ÏDá Ú1ÏDÏDÐzô��lÞ/ÏDá Ú1ÏDÏ7ÏDÑRÏ9îFÝJØ;×RÕ Ö�Ò#Õ Ú*Ýoá Ú1Õ Ü/Ö/Þ�Óbà�ÝFÐ1ÏDÞpÚ;ÝFÞ/×RÕ ß7Ï9Ø;ÏDÚ,ø}Ø;Î/Ï
ÏDß7×RÐ1Ð1×RÕ ÖfàHñ	Ø;Î/ÏUÚ;ÝF×RÖ/Þ/Ú1Õ ì/Ðe×sØ;Ð1ÏDÑsÒA×RÐeìVÕ ÑhÝFÚ1×RëDÏDÞpô'õm×Rá/ä�ö{ä��Hø2ä�ù�Ô[ÝJØ1Ø;ÏDÚ1×RÖ/ázì/Ú1Õ�ÔDÏDÐ1Ð1ÏDÐxß7Õ�Þ/×sÒ§ñlØ;Î/×RÐ
û�üÛÐ1×Rá Ö�ÝFÑ�Ø;ÕNâ�ÝFÚ1Þ/Ð�Ö/ÏDáHÝJØ;×sî ÏBìVÕ ÑhÝFÚ1×Rë[ÝJØ;×RÕ Ö�Þ/×sí�ÏDÚ1ÏDÖ/ÔDÏDÐDä�õ�Ü/Ú�Ø;Î/ÏDÚ1ß7Õ Ú1ÏFú"Ø;Î/ÏBÏDß7×sØ1Ø;ÏDÞzû�üÛÐ1×Rá Ö�ÝFÑ
Þ/ÏDìVÏDÖ/Þ/ÐfÕ Ö¡Ø;Î/Ï¥Õ à/Ð1ÏDÚ�îFÝJØ;×RÕ ÖÛÝFÖ/á ÑRÏcÝFÐj×RÑRÑRÜ/Ð�Ø;Ú;ÝJØ;ÏDÞ¨×RÖÛõm×Rá/ä}ö{ä çtÒ#Õ Ú	ÝFÖÛÏDÑRÏ9îFÝJØ;×RÕ Ö¯ÝFÖ/á ÑRÏ�ÕFÒ
¹ òlÞ/ÏDá Ú1ÏDÏDÐDä¥Ù�ÕFØ;Î?ú¦ìVÕ Ð1×sØ;×sî ÏlÝFÖ/ÞtÖ/ÏDáHÝJØ;×sî Ï7îFÝFÑRÜ/ÏDÐ`ÕFÒPû�ü«ÝFÚ1ÏlÕ à{Ø2ÝF×RÖ/ÏDÞ±àHñpØ;Î/ÏlÏDß7×RÐ1Ð1×RÕ ÖpÕFÒ
ÑR×Rã"Ü/×RÞoÞ/Ú1Õ ì/ÐPÞ/ÏDìVÏDÖ/Þ/×RÖ/á¶Õ Ö	Ò#Ú1ÏDã"Ü/ÏDÖ/ÔD×RÏDÐDä�å Þ/Ï9Ø2ÝF×RÑRÏDÞ	Þ/×RÐ1ÔDÜ/Ð1Ð1×RÕ ÖjÕ ÖoØ;Î/Ï*ÝFÖ/á Ü/ÑhÝFÚ�Þ/ÏDìVÏDÖ/Þ/ÏDÖ/ÔDÏ
ÕFÒ?ìVÕ ÑhÝFÚ1×Rë[ÝJØ;×RÕ Ö�Þ/×sí�ÏDÚ1ÏDÖ/ÔDÏDÐ�ÝJØ�Þ/×sí�ÏDÚ1ÏDÖHØ�Ò#Ú1ÏDã"Ü/ÏDÖ/ÔD×RÏDÐ�ÝFÖ/ÞzÚ;ÝF×RÖ7Ú;ÝJØ;ÏDÐ�×RÐ�á ×sî ÏDÖz×RÖ7Ð1ÏDÔ9Ø;×RÕ Ö ¸ ä ¹ Õ Ö
ì�ÝFá Ï ¸ ¸ ä
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Intensity for T-Matrix at  theta =  56.9 o
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Intensity for T-Matrix-Mie at  theta =  56.9 o
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Pol.Diff. for T-Matrix at  theta =  56.9 o
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Pol.Diff. for T-Matrix-Mie at  theta =  56.9 o
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Extinction (solid), Absorption (dotted), and Scattering (dashed)

Frequency: 
Temperature: 

 85.500 GHz
 20.0    oC

Refr.Index (Real): 
Refr.Index (Imaginary): 

 2.08119
 3.48451
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Extinction (solid), Absorption (dotted), and Scattering (dashed)

Frequency: 
Temperature: 

 19.350 GHz
 20.0    oC

Refr.Index (Real): 
Refr.Index (Imaginary): 

 2.76279
 6.75478
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�DCFE�� ¶ ��· µ ¸���·)¸ º�¶ ¸h� ¶ ����Cp¸ µ ���GCp· �w�D�û�±��� � µGº&H � µ8I � ¶.J C µ8I µ8I � » �D·LK�¹ �4M µ K ¶ � ¶�N ¸���·)¸ º�¶ÿ¶ ��¸ º ��K µ C º ·
�D·D�y¸���·)¸ º�¶ �4M�M�K ¶ �4M�O��

P�� µ � ¶ ��M º�¶ �DCp· H Cp¸Q� º ·)���4K µGº�» � µ C�M2�D�p�FO J C µ8I �DC ¶ ��M µFµG¶ �D·)¸r¹a� ¶õµGº µ8I �SRÿ·DCFT�� ¶ ¸,C µ O�U º ·)·û�)V�·
M2�D¸�� º ¹d� » �DCp��· µ�µ � »=W � ¶ � µ K ¶ ��¸õ�±��� º�JYX � ¶�º �)� H�¶ ����� I �2� µ Cp· H » ��M I �D·DCp¸ » M��p�2� ¶ ¸ µ8I ���D· µ ��·)·Y�
¹ ¶�º�» ¸�· º�J º�¶ C�M�� W � ¶rµ C�M��p��¸ ´ �D� H � N0I)º � ¶ ¹ ¶�º ¸ µJÓ �[Z ��\ º�¶BW)¶�º �)�p� » ¸ µ8I � µ�» ��Oi� ¶ Cp¸��]�DK ¶ Cp· H
µ8I �
» �2�D¸,K ¶ � » ��· µ ¸ J C µ8I`µ8I Cp¸�¸�� µ K W º�¶ C H Cp·Y� µ �n¹ ¶�º�» µ8I �=T!Cp� J Cp· H^H � º�» � µG¶ O`�D·D� µ8I �[_Y·DC µ � ¶ �4Cp·
�)� µ ��M µ C º ·k��C » C µ ¢[`ÿ�4Cp· ¶ � µ ��¸]M2�D·)· ºDµ �±��aLKY�D· µ CF_Y��� µGº �±� µ�µ � ¶nµ8I �D·cb�� � »ï»edfI �gV�·cM2�D¸�� º ¹
¸���C H&IAµF¶ �4Cp·�¹ �D�p� µ8I � º ·)¸�� µQJ Cp�p�±�±� ¶ ��M º�¶ �)��� µGº�º � � µ � º�¶ ��T���·�M º�»=W �p� µ ���FO » Cp¸�¸���� �D� µ8I)º K H&Iïµ8I �
¶ �4�DC º�» � µ � ¶õ¶ ��M���CFT���¸ ¶ �4�DC � µ C º ·
�fE���M µ ���y�hO W)¶ ��M�C W C µ � µ C º ·e�DK)� µGº C µ ¸ º �)��C�aLK)����Cp·)� º ¹w¸,C H&IAµ �

ikj�l monBpqnsrut�v�wyx$zqzq{�|^}
U��J¹ º�¶ � ¶ ��� � µ Cp· H�µ8I � » �2�D¸,K ¶ ��� �yU �D·D��~9P µGºiµ8I � º �)¸�� ¶ T����~¸,K ¶ ¹ �4M�� ¶ �4Cp· ¶ � µ � ´ `;` Ó�µ8I �
�Y� µ �8� ¶ ��¸,K)�L\���M µhµGº �]M2�D��Cp� ¶ � µ C º · W)¶�º M����DK ¶ �D�;� ¶�º�» ¸���aLK)��·DM���¸ JyI C�M I � ¶ �BM�� �D¸�¸,CF_Y��� �D¸ ¶ �4Cp·
¹ ¶ ��� �hO � º�º&� Cp· H � µnµ8I � º �)¸�� ¶ T�����`;` �D·D� �yU Nmµ8I ��~9P ¸,C H ·Y�D�QCp¸#�4��\,K)¸ µ ��� µGº�X � ¶�º � � I Cp¸
W)¶�º M����DK ¶ �BCp¸�\,K)¸ µ CF_Y���y�hO µ8I ��¹ �4M µ µ8I � µ K)·D�)� ¶ M��p�2� ¶ ¸ � OGM º ·D�DC µ C º ·)¸õ· º ¸ º K ¶ M���¹ º�¶.W±º � � ¶ C X ���
¶ �4�DC � µ C º · ����Cp¸ µ ¸��y���)¸�� ¶ TD� µ C º ·)¸ J C µ8I � X � ¶�º `;` ¹ ¶�º�» µ8I � » � µ � º�¶�º � º&H C�M2�D��¸���·)¸ º�¶ ¸ » ��Oy�D�p¸ º
�±��M º · µ � » Cp·Y� µ ���8�hO ¶ �4Cp·[�DK)� µGº�µ8I ��T!Cp� J Cp· H6H � º�» � µG¶ O±¢m� I � ¶ �4�DC º�» � µ � ¶ Cp¸ º�¶ Cp��· µ ��� µGº�µ8I �
¸ º K µ8I�J C µ8I �D· ���p��TD� µ C º · �D· H �p� º ¹ � b��)� H�¶ ����¸(�D� º T�� µ8I � I)º�¶ C X�º · µ �D�¨���YC µ8I ¸,KDM I �h� º�J T!Cp� J Cp· H
�DC ¶ ��M µ C º · µ8I � ¶ �4�DC º�» � µ � ¶w» ��O º �)¸�� ¶ T��y�DCp¸ µ �D· µ M�� º KD�)¸(�D·D� ¶ �4Cp·n��T���· µ ¸ µ8I � µ(»ïº T��õ�±��¸,C��)� µ8I �
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�8�4���G�h�4�D�& B¡D�D S¢8£=¤y���D¡¥¡D���, �¦�¢8��£&�D§.¤y¨D��¦�¨^�4�, B�D£4¢�©ª�4�8�4«�«� �«�¢8£=¢8¨D B§,£&��¢8¨!¬2«�£!£&­L���D�=�4®���¯���¢8¨ª�4«
£&�,�� ��h¢��f¢8��£&��£4°�¢8¨D =���D§�¢8�,�D¯= ��h¢�±e²�³& ��7�F°9¢8¨D =£&´D§, ���³& �¡�µ;µ¶¦�£&�,�, �§,©"£&�D¡D§B¢8£G£&´D§, ���³& �¡g¦�«�£&�D¡
�4�D¡c©D�, �¦���©D�F¢��f¢8��£&�A°� ��f¢8�D�, �§·¢8¨D ��, k¤y��«�«�´" G�^¢8��¯= e«¸�4�u´" �¢2¤� � ���¢8¨D ��&�,£&�D�D¡�£&´D§, ���³4�f¢8��£&��£4°
©D�, �¦���©D�F¢��f¢8��£&�7�4�D¡7¢8¨D k�8�4¡D�¸�f¢8��£&�¹§,���&�ª�4«º±u»;�D«� �§,§�¢8¨D k�f¢8¯=£&§,©D¨D ��, k��§6§�¢8�,��¦�¢8«F¼¹¨D£&¯=£&�& ��D �£&�D§½ ©" ���°� �¦�¢8«F¼g£&�D �¬2¡D��¯= ��D§,��£&�ª�4«�¾�¿�¢8¨D��§·¢8��¯= e«¸�4�u¡D �©" ��D¡D§[£&�g¤y���D¡c§,©" � �¡�¿9¤y���D¡c¡D���, �¦�¢8��£&���4�D¡
¢8¨D ·��³& ��8�4�& ·¨D ����&¨h¢�°��,£&¯À¤y¨D��¦�¨^¢8¨D ��8�4¡D�¸�f¢8��£&�G£&�,���&���ª�f¢8 �§�±�Á.¨D �¢8��¯= B«¸�4�[�, ��4¦�¨D �§�°��,£&¯Â®� ��,£½ ¨D£&¯=£&�& ��D �£&�D§��f¢8¯=£&§,©D¨D ��, �¾.�D©¥¢8£eÃ=¢8£kÄ]¯=���L��¢8 �§��4�D¡^¯[��¼� �³& ���´" 6����Åª�D�F¢8 �«F¼k«¸�4�,�& $¤y¨D ��
¢8¨D �¤y���D¡·¡D���, �¦�¢8��£&����§�©" ��,©" ��D¡D��¦��D«¸�4�0¢8£�¢8¨D �³!�� �¤y���D��¡D���, �¦�¢8��£&��¿&�4�D¡�¢8¨D .�f¢8¯=£&§,©D¨D ��, Q��§q¨D���&¨D«F¼
���D¨D£&¯=£&�& ��D �£&�D§�±�Æ2�=�4¡D¡D�F¢8��£&��¿&��´" ��&���D�D���D�$�8�4���� �³& ��h¢9¤y��«�«!�D£4¢�´" .�, �¦�£&�,¡D �¡=��¯=¯= �¡D�¸�f¢8 �«F¼$´D��¢
¤y�F¢8¨A�k¢8��¯= ·«¸�4�k¢8¨ª�f¢6¡D �©" ��D¡D§6£&�¹�8�4�������h¢8 ��D§,�F¢2¼¹�4�D¡¹¢8¨D ]°��4´D�,��¦��f¢8��£&�u£4°�¢8¨D =©D�, �¦���©D�F¢��f¢8��£&�
§, ��D§,£&��±·Á.¨D��§����D§�¢8�,�D¯= ��h¢��4«q¡D �«¸��¼u�4¡D¡D§�¢8£k¢8¨D ·�& �£&¯= �¢8�,��¦�¡D �«¸��¼u�4�D¡��D � �¡D§$¢8£k´" ·¦�£&�,�, �¦�¢8 �¡
�4§.¤� �«�«º±Ç £&�y§,£&¯= S¡ª�f¢��]©" ��,��£!¡D§.¢8¨D S¤y���D¡G¡D���, �¦�¢8��£&�¥�4�D¡G§,©" � �¡¥¤� ��, 6�D£4¢���³4�4��«¸�4´D«� 4¿�´D��¢� �³& ��¥°�£&�
§,�F¢8�ª�f¢8��£&�D§9¤y�F¢8¨k­L�D£�¤y�k¤y���D¡k¦�£&�D¡D�F¢8��£&�D§��F¢�¤Q�4§.�D ��4�,«F¼[��¯=©"£&§,§,��´D«� .¢8£·¦��4«�¦��D«¸�f¢8 ;¢8¨D �¢8��¯= �«¸�4�
°��,£&¯Â�4�!È���«�«��¸�4��¼e¡ª�f¢���±yÆ2�D§�¢8 ��4¡�¿��=§�¢��f¢8��§�¢8��¦��4«�¯= �¢8¨D£!¡G¤Q�4§��4©D©D«��� �¡G°�£&�y¢8¨D 6¡D �¢8 ��,¯=���ª�f¢8��£&��£4°
¢8¨D �¢8��¯= �«¸�4�D±�É! �¦�¢8��£&�D§.£4°Ê¢2¤�£]¨D£&�D�Q«� ��D�4¢8¨k£4°Ê¢8¨D �¢8��¯= �§, ��,�� �§ ½ Ç ���D±�Ä!±ÌËh¾)£4°�µ;µY¤� ��, S§,¨D�F°Í¢8 �¡
�4«�£&�D�·¢8¨D $¢8��¯= $��È���§;�4�D¡G¦�£&�,�, �«¸�f¢8 �¡k¤y�F¢8¨�¢8¨D SÁyÎÏ¢8��¯= $§, ��,�� �§�±9Á.¨D B¦�£&�,�, �«¸�f¢8��£&�k¦��D��³& 6�4«�£&�D�
¢8¨D G¢8��¯= �§,¨D�F°Í¢=¤Q�4§[§, ��4�,¦�¨D �¡�°�£&�[�¹©" ��4­�£4°$¯[��È���¯��D¯Ð¦�£&�,�, �«¸�f¢8��£&��ÑGÆ3°S�¹¦�«� ��4�=¯[��È���¯��D¯
¦�£&�,�, �«¸�f¢8��£&�^�4´"£�³& ]�e¦� ���¢��4���¥¢8¨D�, �§,¨D£&«�¡u¦�£&�D«�¡u´" 6°�£&�D�D¡ ½ Ç ���D±�Ä!± Ã&�L¾�¿"¢8¨D ��^¢8¨D �¤y��¡�¢8¨^£4°)¢8¨D��§
©" ��4­S¤Q�4§�¡D �¢8 ��,¯=���D �¡]�f¢9Ò4Ó�©" ��,¦� ��h¢)£4°"©" ��4­B¨D ����&¨h¢�±�Á.¨D .¦� ��h¢8 ���£4°Ô¢8¨D Q©" ��4­S¤y��¡�¢8¨�¤Q�4§q¢8¨D ��
¢��4­4 ��k�4§)¢8¨D ;©"£&§,�F¢8��£&�=£4°�¯[��È���¯��D¯¶¦�£&�,�, �«¸�f¢8��£&�=�4�D¡[�D§, �¡[¢8£B¦��4«�¦��D«¸�f¢8 .¢8¨D y¢8��¯= y«¸�4�B´" �¢2¤� � ��
´"£4¢8¨�£&´D§, ���³4�f¢8��£&�D§�±�Á.¨D��§q¯= �¢8¨D£!¡·��³&£&��¡D§�¢8¨D Q§, �«� �¦�¢8��£&��£4°Ô¯=��§,«� ��4¡D���D�;©" ��4­L§��f¢�¢8¨D Q¯[��È���¯��D¯
£4°0¢8¨D S¦�£&�,�, �«¸�f¢8��£&�e°��D�D¦�¢8��£&��¿D �§,©" �¦��¸�4«�«F¼e�F°Ê¢8¨D $¢8£&©�£4°�¢8¨D S©" ��4­e��§.�8�f¢8¨D ��QÕÔ�f¢ ½ Ç ���D±ªÄ!± Ã4´"¾�±

Ç ���&�D�, SÄ!±ÌË!Ñ�Ö�×ÍØ[Ù$Ú�Ù�Û�×ºÙ�Ú�Ü�ÝeÖ�ÞQßqà)áãâ4ä"å]æyæ¶â&ç9èhé�êÌë�ìfí&ß�ìhîhîhîhï
Æ3°�¢8¨D S¢8¨D�, �§,¨D£&«�¡�³4�4«��D �¤Q�4§;�D£4¢;�, ��4¦�¨D �¡¥£&�.¢8¨D S¢8��¯= �«¸�4�] �È�¦� � �¡D �¡u�]¯[��È���¯��D¯ã³4�4«��D $£4°

Ä$¯=���L��¢8 �§�¿&¢8¨D y¡ª�f¢��$§, �¢9¤Q�4§) �È�¦�«��D¡D �¡=°��,£&¯ð¢8¨D ;�4�ª�4«F¼!§,��§�±�ñ�¢8¨D ���¤y��§, .¢8¨D �µ;µ�¯= ��4§,�D�, �¯= ��h¢8§
¤� ��, 6§,¨D�F°Í¢8 �¡¥���G¢8��¯= S�4�D¡¥¯[�f¢8¦�¨D �¡¥¤y�F¢8¨�¢8¨D 6ÁyÎò�4�D¡¥ó9ôð¡ª�f¢���±yÉ!�D¦�¨^¢8�,��©D«� �§ ½ µ;µS¿ ÁyÎ�¿ ó9ôB¾
£4°��4«�«Ê¢2¤�£�¨D£&�D��§, �¦�¢8��£&�D§$£4°)¢8¨D  � Ó[¡ª��¼!§$¤y¨D��¦�¨^¤� ��, ]§, �«� �¦�¢8 �¡¹�4§$¨D£&¯=£&�& ��D �£&�D§��8�4���^ �³& ��h¢8§
¤� ��, 6¦�«¸�4§,§,�FÅª �¡G´h¼G�8�4�����8�f¢8 B�4�D¡^��³& ��8�4�& �¡¥°�£&�y ��4¦�¨¥§,©" �¦��FÅª¦B�8�4�����8�f¢8 4±QÁ.¨D B�, �§,�D«F¢;��§y§,¨D£�¤y�
��� Ç ���&§�±qÄ!± � ¢8£�Ä!± � ±^Á.¨D k§, �«� �¦�¢8��£&�7£4°.¢8¨D  � Ó¥¡ª��¼!§�¤Q�4§�´ª�4§, �¡�£&�A¢8¨D e¯=���D��¯��D¯õ¡D�D�8�f¢8��£&�
£4°9¢8¨D ]�8�4���u �³& ��h¢�Ñ6�f¢S«� ��4§�¢BÃ&Ók¯=���L��¢8 �§$¦�£&�h¢8���L�D£&�D§S�8�4����°��4«�«0¨ª�4¡u¢8£�´" ]©D�, �§, ��h¢6���u£&�,¡D ��$¢8£
�4§,§,�D�, 6�·öL�D�F¢8 S¨D£&¯=£&�& ��D �£&�D§y�f¢8¯=£&§,©D¨D ��, 4±

Á.¨D ���³& ��8�4�& �¡^ÁyÎ÷�4�D¡¥ó9ôð�, �§,�D«F¢8§��4§��]°��D�D¦�¢8��£&�G£4°q�8�4���G�8�f¢8 B§,¨D£�¤ø�=¦�«� ��4�y¡D �©" ��D¡D ��D¦� 
£&�g¢8¨D k�8�4���g�8�f¢8  ½ Ç ���D±�Ä!± � �4�D¡ Ç ���D±�Ä!±ÌÄh¾�±7ù;£�¤� �³& ���¿�¢8¨D k§,�D��°��4¦� Gµ;µú��§��D£4¢·¢8¨D e³4�4�,�¸�4´D«� 
£4°Q¦�¨D£&��¦� ]¤y¨D ��A �ÈD�4¯=���D���D�e¢8¨D =�8�4¡D�¸�f¢8��£&�u£4°.���8�4���h¼��f¢8¯=£&§,©D¨D ��, ]�F°9¢8¨D =¨D ����&¨h¢B£4°�¢8¨D =�8�4���
«¸��¼& ��·��§·�D�D­L�D£�¤y��±cµ;�4¡D�¸�f¢8��£&�A �û� �¦�¢8§=���g´"£4¢8¨�§,���&�ª�4«�§�¿q¢8¨ª�f¢]��§·ÁyÎü�4�D¡có9ô�¿q�, �§,©" �¦�¢8�F³& �«F¼&¿
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 TB vs. RR (60 day average)
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TB vs RR (Model at 25.7 degree elevation angle)
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PD.vs.RR (Model at 25.7 degree elevation angle)
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PD vs TB (Model at 25.7 degree elevation angle)
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Frequency:  25.235 GHz at  36.0 degree Elevation Angle
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Frequency:  25.235 GHz at  36.0 degree Elevation Angle
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Frequency:  25.235 GHz at  36.0 degree Elevation Angle
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Frequency:  25.235 GHz at  36.0 degree Elevation Angle
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Frequency:  25.235 GHz at  36.0 degree Elevation Angle
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Total LWP of 1.2 kg/m2 at  25.235 GHz
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FHG�OaE�`�Oac=K�MSFHE�`�I�O�Q}E�Q8V�mAT�K ¬>VPM}E�TjcWVPMSF:K�_�`�O­m*VPMªFHG�OaMHK�E�_;M>O[FHM>E�O[Z�K�I5e v E�NPl�M>O�Q8w�e xjK�_�]�w�e�o ¡�Q>G�V D
FHG�OaM>O�Q>l�I�FHQªm*VPM}FHG�O f R-cWO�®$¯>¯ªK�_�] f R-cWO�®$¯>¯>¯4E�`�Oac=K�MSFHE�`�I�O�QªK�UWV ZPOkK�_�VP_�Q>c�G�O�M>E�`\K�I°MHK�E�_gILK\RPO�M�ed¯$_
UWV�FHG�±=NPl�M>O�QAFHG�O}M>O�Q>l�I�FHQdK�M>O}`�VPTjc=K�M>O�]�FHV­FHG�O}`\K�I�`�l�ILKhFHE�VP_aD8E�FHG�Q>c�G�O�M>E�`\K�I�Q>G=K�cWO�Q²m*VPMAMHK�E�_�K�_�]
E�`�O�e�³´G�E�I�O�FHG�O f R-cWO�®$¯>¯­E�`�O�c=K�MSFHE�`�I�O�Q>G=K�cWO�µ5K�Q>cWO�`[FkMHKhFHE�V;]�O�cWO�_�]�E�_�N�VP_JQ>E�¶�O1X­NPE�ZPO�QaM>O�Q>l�I�FHQ
`�I�VPQ>O�M­FHVsFHG�O�Q>c�G�O�M>E�`\K�I²K�Q>Q>l�Tjc�FHE�VP_ut'FHG�O f R-cWO�®$¯>¯>¯YQ>G=K�cWO�D8E�FHGJKsT�l�`:GJG�E�NPG�O�M�K�Q>cWO�`[FaMHKhFHE�V
I�O\K�]�QªFHV�Q>E�NP_�E�±=`\K�_�F8`:G=K�_�NPO�QYE�_sFHG�OaM>O[FHM>E�O[ZPO�]·MHK�E�_;MHKhFHO�e f G�E�QªT�K\R;UWOnV�m²T�K ¬>VPM}E�TjcWVPMSF:K�_�`�O
E�_;FHG�Okc�M>O�Q>O�_�`�O	V�mdK�TjO�I�FHE�_�N�ILK\RPO�MªD8G�O�M>OkILK�M>NPOnQ>_�V Dª¸¹K�º�O�Q�TjO�I�F8]�V D8_�FHVjI�E�»«l�E�];MHK�E�_�]�M>VPc�Q�e
¼ l�M>E�_�N�FHG�E�Qdc�M>V-`�O�Q>Q¨c=K�MSFHE�`�I�O�QBK�M>Oªc�M>V-]�l�`�O�]jFHG=KhFBVP_jVP_�OªG=K�_�]jQ>G�V D�FHG�O8_�VP_�Q>c�G�O�M>E�`\K�I=Q>G=K�cWO
V�m½ILK�M>NPOYE�`�O­c=K�MSFHE�`�I�O�Q4K�_�]sVP_�FHG�O­V�FHG�O�M}G=K�_�]sG=K\ZPOnK	`�VPTjc�I�O�¾�M>O[m*MHK�`[FHE�ZPO­E�_�]�O�¾�FHG=KhF4E�Q4T�l�`:G
ILK�M>NPO�M8FHG=K�_·m*VPM­c�l�M>O�E�`�O�e f G�O�ILKhF>FHO�MYO[^'O�`[FnE�Q­`\K�l�Q>O�]�U�R�FHG�O�TjE¿¾�E�_�NjV�m¨K�E�M�t¹D}KhFHO�M�tuK�_�]�E�`�O
E�_;FHG�OaTjO�I�FHE�_�N�c=K�MSFHE�`�I�O�Q8K�_�]gFHG�E�_;D}KhFHO�M8`�V�KhFHE�_�NPQ8K�M>VPl�_�];m*M>VP¶�O�_�`�VPM>O�Q�eÀ l�`:G¤c=K�MSFHE�`�I�O�Q�D8E�I�I}G=K\ZPO·K�QSFHM>VP_�N�E�Tjc=K�`[F�VP_�FHG�O�VPU�Q>O�MSZPO�]¤U�M>E�NPG�FH_�O�Q>Q�FHO�TjcWO�MHKhFHl�M>O�Q�e
Á V D4O[ZPO�M�t²FHG�O�Q>E�¶�O�K�_�]ÂQ>G=K�cWO�V�m}E�`�Ojc=K�MSFHE�`�I�O�QkK�M>Oj]�E�M>O�`[FHI�RJI�E�_�º�O�]JD8E�FHG�FHG�OjMHK�E�_�E�_�FHO�_�Q>E�F$RPt
U�l�F}D8E�FHGsFHG�O�QSR-_�VPc�FHE�`�Q>E�FHl=KhFHE�VP_sK�_�]sFHG�O�`�I�VPl�];TjE�`�M>VPc�G�R-Q>E�`\K�IWc�M>V-`�O�Q>Q>O�QªFHG=KhF4FHV-VPºjc�ILK�`�O­E�_
FHG�OaNPO�_�O�MHKhFHE�VP_gV�mÃFHG�OaMHK�E�_�E�_�N�`�I�VPl�]ue

f G�OªG�E�NPG�O�QSFdQ>O�_�Q>E�FHE�Z-E�F$RkV�m=FHG�O !�Ä K�_�]�Å  �Æ Á ¶4`:G=K�_�_�O�I�Q²FHV­FHG�O}Q>cWO�`�E�±=`}E�`�O}c=K�MSFHE�`�I�O¨Q>G=K�cWO
E�Q}]�O�TjVP_�QSFHMHKhFHO�]gD8E�FHG v E�NPQ�e�w�e�oPo�FHVjw�e�o\Ç�e v M>VPT¥FHG�On`\K�I�`�l�ILKhFHE�VP_�Q¨FHG=KhF8K�M>Onl�Q>O�]�E�_ v E�NPQ�e�w�e  
FHV	w�e�o ¡nFHG�O8M>O�Q>l�I�FHE�_�NkÈ ¼ E�QBNPE�ZPO�_�K�Q4Knm*l�_�`[FHE�VP_�V�muMHK�E�_�MHKhFHO�e v E�NPl�M>OYw�e�oPo8NPE�ZPO�QBFHG�OY]�O�`�M>O\K�Q>O
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÷g�.Ç�È]Ê�Ë5Ë5�.Ç���É�Ì[Ê�Í���Ì	Î�É��8Ï9ÊFÇ���É�ÌrÎ��8É�ÏèÉ�Ç�È5���:×8��Ì5×8É��8×��
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)+*-,/.10�243-,�0-5�,/6�780-6	0-9;:-*-,�<;.15>=�?�*A@CB-<;6	DE,�FG,�6	<H9;*4=�:I,/6	0J<G=�B-.K=LFG.�M	,NFG<G=�0-9O7P,�<H5>=�?15�3-?K=LFG.16	0-9Q.10RFG*-,
DE.15�<;6�SN=>M	,T9;:I,�5�FG<G=�?8<G=�0-U	,VSN=�9W.10AM	,�9OFG.1UA=LFG,�B
XHY46	<�FG*-.19Z:-3-<;:I6	9;,[=\:I6	?K=�<;.1]�,�BE6	0-,_^`B-.1DE,�0-9;.16	04=�?
<G=�B-.K=LFG.�M	,�FG<G=�0-9O7P,�<TDE6CB-,�?aSN=�9TDE6CB-.�b4,�Bc7P<;6	Dd9;:-*-,�<;.15>=�?e9;5>=LF;FG,�<;.10-UfFG6f0-6	0-9;:-*-,�<;.15>=�?g9;5>=LF;FG,�<h^
.10-U-XT)+*-,i<G=�B-.K=LFG.�M	,�FG<G=�0-9O7P,�<j9;5k*-,�DE,i*4=�BlFG6�mI,R=�Bon;3-9OFG,�Bp7P<;6	Dd9;5>=�?K=�<T=�m-9;6	<;:�FG.16	0q=�0-Bp9;5>=LFO^
FG,�<;.10-Ur5�<;6	9;9J9;,�5�FG.16	0-9RFG6p7P6	3-<h^`5�6	DE:I6	0-,�0AFE=�0-U	?1,�B-,�:I,�0-B-,�0AFf.10AFG,�<G=�5�FG.16	0s:4=�<G=�DE,�FG,�<;9�Xt)NSW6
9;.10-U	?1,V9;5>=LF;FG,�<;.10-U\DE6CB-,�?19QSW,�<;,/5�6	Dim-.10-,�BJSV.�FG*JFG*-,/<G=�B-.K=LFG.�M	,NFG<G=�0-9O7P,�<ZDE6CB-,�?vue)+*-,/wQxCFG,�0-B-,�B
yW6	3-0-B4=�<O@EzW6	0-B-.�FG.16	0R{l,�FG*-6CBJ)W^h{p=LFG<;.|xi5�6CB-,N7P<;6	D}{l.19;*-5k*-,�0-~�6��`�l�K�_���������4���V,�FZ=�?vX�� ���	�	� mI�
=�0-B�FG*-,\�j.19;5�<;,�FG.1]�,�Bc{l.1,\Y46	<;Df=�?1.19;D�7P<;6	D��+���P���������I�E�8���A�R���	�j� ���	�	� �kX

{l6CB-,�?�5>=�?15�3-?K=LFG.16	0jSW,�<;,W:I,�<O7P6	<;DE,�B�SV.�FG*�FG*-,Z,_xCFG,�0-B-,�BR<G=�B-.K=LFG.�M	,�FG<G=�0-9O7P,�<eDE6CB-,�?	FG6T=�9;9;,�9;9
FG*-,j,��8,�5�FN6�7a:4=�<OFG.15�?1,V9;*4=�:I,�X�)+*-,j9;*4=�:I,j6�7�?1.1��3-.1BEB-<;6	:-9ZSN=�9N5k*-6	9;,�0�=�5�5�6	<;B-.10-U�FG6�9;.1Di3-?K=LFG,�B
,���3-.1?1.1m-<;.13-D�<G=�.10-B-<;6	:�9;*4=�:I,�9N7P<;6	D =�B�@C04=�DE.15>=�?8DE6CB-,�?vXg)+*-,[<;6�Fk=LFG.16	04=�?1?�@R9O@CDEDE,�FG<;.15TB-<;6	:-9
SW,�<;,V=�?1.1U	0-,�B�SV.�FG*\FG*-,�.1<Q=ox�.19g=�?16	0-U/FG*-,ZM	,�<OFG.15>=�?vXe)+*-,N<;,�9;3-?�FG.10-UTm-<;.1U	*AFG0-,�9;9gFG,�DE:I,�<G=LFG3-<;,�9Q=�0-B
:I6	?K=�<;.1]>=LFG.16	0EB-.��8,�<;,�0-5�,�9+SW,�<;,�5�6	DE:4=�<;,�B�FG6R5�6	0AFG<;6	?
<;,�9;3-?�FG9+6	m�Fk=�.10-,�B�mA@�9;:-*-,�<;.15>=�?
:4=�<OFG.15�?1,�9�X

¡`0J5>=�9;,+6�780-6	0-9;:-*-,�<;.15>=�?-<G=�.10iFG*-,V=>M	,�<G=�U	,�Bl�PM	,�<OFG.15>=�?4=�0-BJ*-6	<;.1]�6	0AFk=�?�:I6	?K=�<;.1]>=LFG.16	0I�8m-<;.1U	*AFO^
0-,�9;9gFG,�DE:I,�<G=LFG3-<;,H.19aM	,�<O@\9;.1DE.1?K=�<IFG6/FG*-,Z6	0-,Z6	m�Fk=�.10-,�B�mA@�9;:-*-,�<;.15>=�?�:4=�<OFG.15�?1,�9�Xe)+*-,Wm-<;.1U	*AFG0-,�9;9
FG,�DE:I,�<G=LFG3-<;,jB-,�:-<;,�9;9;.16	0�B-3-,TFG6i.15�,T:4=�<OFG.15�?1,T9;5>=LF;FG,�<;.10-U-��*-6�SW,�M	,�<��49;*-6�SV9V=i?K=�<;U	,�<Z9;,�0-9;.�FG.�MC.�F`@
FG6E:4=�<OFG.15�?1,j9;*4=�:I,��4,�9;:I,�5�.K=�?1?�@�=LF+7P<;,���3-,�0-5�.1,�9T=�mI6�M	, �A¢E£�¤ ]�X

)+*-,iDf=�.10pB-.��8,�<;,�0-5�,i.19T7P6	3-0-Bp.10pFG*-,i:I6	?K=�<;.1]>=LFG.16	0�<;,�9;3-?�FG9�X\¥/6	0-9;:-*-,�<;.15>=�?g:4=�<OFG.15�?1,�9T?1,>=�B
U	,�0-,�<G=�?1?�@lFG6�*-.1U	*-,�<[:I6	9;.�FG.�M	,R:I6	?K=�<;.1]>=LFG.16	0cB-.��8,�<;,�0-5�,�9�7P6	<j3-:ASW,�?1?1.10-U�<G=�B-.K=LFG.16	0
X\)+*-,JB-6�SV0C^
SW,�?1?1.10-UE<G=�B-.K=LFG.16	0c9;*-6�SV9[=E5�6	DE:-?1,_xcmI,�*4=>MC.16	3-<TB-,�:I,�0-B-.10-U�6	0c7P<;,���3-,�0-5�@	��<G=�.10c<G=LFG,i=�0-Bl6	mC^
9;,�<OM�=LFG.16	0¦=�0-U	?1,�X§¥/,�UA=LFG.�M	,q:I6	?K=�<;.1]>=LFG.16	0¨B-.��8,�<;,�0-5�,�9�Df=>@©6C5�5�3-<�.10ª5�,�<OFk=�.10«U	<;6	3-0-BC^`m4=�9;,�B
6	m-9;,�<OMC.10-UEU	,�6	DE,�FG<;.1,�9�XQ)+*-.19N7P,>=LFG3-<;,[.19+5�6	DE:-?1,�FG,�?�@fB-.��8,�<;,�0AF+7P<;6	D¬,��8,�5�FG9/6�7e9;:-*-,�<;.15>=�?
:4=�<OFG.|^
5�?1,�9�X

�j,�Fk=�.1?1,�Bi=�04=�?�@C9;.19g6�74FG*-,N:I6	?K=�<;.1]>=LFG.16	0�9;.1U	04=�?�SV.�FG*R<;,�9;:I,�5�F�FG6TFG*-,N9OFk=LFG,N6�7�FG*-,+=LFGDE6	9;:-*-,�<;,
=�0-BiFG*-,N6	m-9;,�<OM�=LFG.16	0iU	,�6	DE,�FG<O@�9;*-6�SW,�BRFG*4=LFQFG*-,N9;*4=�:I,N6�74FG*-,N:4=�<OFG.15�?1,�9g6	0-?�@\mI,�5�6	DE,�9Q.1DE:I6	<h^
Fk=�0AFe.�7�FG*-,Z=�0-U	3-?K=�<
B-.19OFG<;.1m-3�FG.16	0[6�7�<G=�B-.K=LFG.16	0TSV.�FG*-.10jFG*-,Z=LFGDE6	9;:-*-,�<;,H.19�0-6	0C^`.19;6�FG<;6	:-.15�X�­®*-.1U	*
5�6	0AFG<G=�9OFJmI,�F`SW,�,�0©<G=�B-.K=LFG.16	0¯:-<;6	:4=�UA=LFG.10-Ul.10®=p9;:I,�5�.�b45�B-.1<;,�5�FG.16	0s=�0-Bs.�FG9i5�6	3-0AFG,�<;B-.1<;,�5�FG.16	0
:-<;6CB-3-5�,�9NFG*-,j0-,�UA=LFG.�M	,j:I6	?K=�<;.1]>=LFG.16	0J7P,>=LFG3-<;,T7P6	<WB-6�SV0ASW,�?1?1.10-Ui<G=�B-.K=LFG.16	0
X�°C3-5k*�0-6	0C^`.19;6�FG<;6	:-.15
<G=�B-.K=LFG.16	0rb4,�?1B-9�5>=�0¯mI,E7P6	3-0-Bt.10�FG<G=�0-9;:4=�<;,�0AFi6	<�9;,�DE.|^±FG<G=�0-9;:4=�<;,�0AFi=LFGDE6	9;:-*-,�<;,�9\SV.�FG*¯B-.�7K^
7P,�<;<;.10-UimI6	3-0-B4=�<O@E5�6	0-B-.�FG.16	0-9j�PSN=�<;D¬9;3-<O7�=�5�,jmI,�?16�S��C5�6	?1B�9;:4=�5�,[=�mI6�M	,jFG*-,j=LFGDE6	9;:-*-,�<;,o�Z=�0-B
=LFGDE6	9;:-*-,�<;,�9+SV.�FG*�=iU	<G=�B-.1,�0AF+.10�6	:�FG.15>=�?IFG*-.15k~�0-,�9;9�XZ¡±7aFG*-,[U	<G=�B-.1,�0AF+.10�FG*-,[6	:�FG.15>=�?IFG*-.15k~�0-,�9;9
.19+FG6C6J9OFG,�,�:t�P7P6	<V,_x-=�DE:-?1,\=�mI6�M	,\=J*-.1U	*�<;,>=�5k*-.10-UE<G=�.10�5�6	?13-DE0c=�0-Bl.�FG9+5�?16	3-Bc?K=>@	,�<+SV.�FG*c9;,_^
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�����i� �:���������W�P�
�����������
ªX�� ,¡,�2��¬2����© � À £LÑ À Ù]Ñ7¥/¦�§�¦~�W¨P�����~ ,¡,�;©
�������W��¨R���W�k�BÎ��� �:�Y��¡L��¬;¼��
�����i�W�W�W��¨,¬2����¨,� �5¡,¨�Ç����;�,���W�������E�

å ¯qæEçq³ZÕg®'¯%µ%è'¶
¥/¦�·�¸º¹-¥/¦�·�¦ ªX�;¡,¨,�,¬;¼��*¡,�W�j�R�;�k���?ËÌÚ>��¡L�����ÌË2¿]¼��*¡,�W��¤R½X�W���
¥/¦�·�¦m¹-¥/¦�¾�¾ ªY¢]�i¨R��¬;�W¡,�é�.�� , 	���W¬;¼��*¡,�W��¤	½X�W���
À §�Á]¥/¦�¾�¾ Ã� ,�k��¡,�
À ·�Á]¥/¦�¾�¾º¹ À ¦�Á]¥/¦�¾�¦êªX�;¡,¨,�LÈ
���,�;�,�W��¨,¬2�Y��¨P�
���;�P���W¨,��¬.«Æ�W¨,��¨,¬;¡,¼��* 	�]������¬. 	���K�,���.«-���;�W¨,�
¥ À Á]¥/¦�¾�¦º¹ À ¾�Á]¥/¦�¦�¸Å¿*��¡,�,�W¡,�ë�,���>Ê5��¢]¬;�W��¤e�
�,�;�W¬2������¨]ËlÃ��W ,�;��¼�����¬ÌËÌÍ.¨,�kÇ����;¬;�k�BÎ���7��¡Æ½X�W���
À ¾�Á]¥/¦�¦�¸ �Y�WÉ,�W���ìÊ5��¢]¬;�W�����

íJî±L²/³ZèRï	×*³�²/×*µ:¶
À £�Á]¥/¦�¦�ÙX¹ À ¾�Á]¥/¦�¦�¸Å¿*��¡,�,��¨����W¬;¼��,�j�.�W�k�Z¬;�*�������.���

Ûl¨,¬2���k��¡L�7�?Î¡,�>«Æ�����;��¬;�*¡,¨,�,��ÂgÛ��g«SÄ�¤RÍ.¨,�kÇ����;¬;�k�BÎ����½X�W���
¥BÙ�Á]¥/¦�¦�¸X¹ À £�Á]¥/¦�¦�§ñðò�W¬;¬;��¨,¬;¼��R�������W�W¼��,���.«Æ�k�����; 	���k������¤,Û��g«Þ½X�W���
¬;���k� À�ß Á]¥/¦�¦�§ ðò�W¬;¬;��¨,¬;¼��R�������W�W¼��,���.«Æ�k�����; 	���k������¤
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