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乯湡浥 浡湵獣物灴 乯⸀
⡷楬氀 扥 楮獥牴敤 批 瑨攀 敤楴潲⤀

䵯湩瑯物湧 晡獴 獯污爀 捨爀潭潳灨敲楣 慣瑩癩瑹㨀 瑨攀
䵥瑥潓灡捥 灲潪散琀

䨀敡渭䵡物攀 䵡汨敲扥 Ā 周楥牲礀 䍯牢慲搀 Ā
䝡 ꠀ敬攀 䉡牢慲礀 Ā 䙲 됀敤 됀敲楣 䵯牡湤 Ā 䍬慵摥
䍯汬楮 Ā 䑡湩敬 䍲畳獡楲攀 Ā 䙬潲敮捥 䝵楴瑯渀

剥捥椀瘀敤㨀 ㄵ 䑥捥浢敲 ㈰㈱ ⼀ 䅣捥灴敤㨀 摡瑥

䅢獴牡捴 圀攀 灲敳敮琀 楮 瑨楳 牥晥牥湣攀 灡灥爀 慮 楮獴牵浥湴慬 灲潪散琀 摥摩捡瑥搀 瑯 瑨攀
浯湩瑯物湧 潦 獯污爀 慣瑩癩瑹 摵物湧 獯污爀 挀祣汥 ㈵⸀ 䥴 捯湣敲湳 瑨攀 獵牶攀礀 潦 昀慳琀 攀瘀潬瘭
楮最 捨牯浯獰桥物挀 攀瘀敮瑳 椀浰汩敤 楮 印慣攀 圀敡瑨敲Ⰰ 獵捨 慳 ͡牥猀Ⰰ 捯牯湡氀 浡獳
敪散瑩潮猬 ɬ慭敮琀 楮獴慢楬楴楥猀 慮搀 䵯牥瑯渀 眀愀瘀敳⸀ 䍯牯湡氀 眀愀瘀敳 慲攀 灲潤畣敤 批
污爀来 ͡牥猀 慲潵湤 瑨攀 獯污爀 浡硩浵洀 慮搀 灲潰慧慴攀 睩瑨 捨牯浯獰桥物挀 捯畮瑥爀ⴀ
灡牴猻 瑨攀礀 慲攀 牡牥Ⰰ 昀慩湴Ⰰ 摩昀ɣ畬琀 瑯 潢獥牶攬 慮搀 景爀 瑨慴 牥慳潮Ⰰ 捨慬汥湧楮朮 周攀礀
牥煵楲攀 獹獴敭慴楣 潢獥牶慴楯湳 睩瑨 慵瑯浡瑩挬 昀慳琀 慮搀 浵汴椭捨慮湥氀 潰瑩捡氀 楮獴牵ⴀ
浥湴献 䵥瑥潓灡捥 楳 愀 桩杨 捡摥湣攀 瑥汥獣潰攀 慳獥浢汹 獰散楡汬礀 摥獩杮敤 景爀 瑨慴
灵牰潳攮 周攀 氀慲来 慭潵湴 潦 摡瑡 睩汬 扥 晲敥汹 愀瘀慩污扬攀 瑯 瑨攀 獯污爀 捯浭畮楴礀⸀
圀攀 摥獣物扥 楮 摥瑡楬猀 瑨攀 潰瑩捡氀 摥獩杮Ⰰ 瑨攀 煵慬椂捡瑩潮 瑥獴猀 慮搀 捡灡扩汩瑩敳 潦

䨮ⵍ⸀ 䵡汨敲扥
䱅卉䄬 佢獥牶慴潩牥 摥 倀慲楳Ⰰ 偓䰀 剥獥慲捨 啮椀瘀敲獩瑹Ⰰ 䍎剓Ⰰ 䵥畤潮Ⰰ 䙲慮捥
䔭浡楬㨀 䩥慮ⵍ慲楥⹍慬桥牢敀潢獰洮晲

吀⸀ 䍯牢慲搀
䱡杲慮来Ⰰ 佢獥牶慴潩牥 整 啮椀瘀敲獩琀 됀攀 摥 污 䌀 蠀潴攀 搧䅺畲Ⰰ 䍎剓Ⰰ 乩捥Ⰰ 䙲慮捥
䔭浡楬㨀 周楥牲礀⹃潲扡牤䁯捡⹥甀

䜮 䉡牢慲礀
䱅卉䄬 佢獥牶慴潩牥 摥 倀慲楳Ⰰ 偓䰀 剥獥慲捨 啮椀瘀敲獩瑹Ⰰ 䍎剓Ⰰ 䵥畤潮Ⰰ 䙲慮捥
䔭浡楬㨀 䝡敬攮䉡牢慲祀潢獰洮晲

䘀⸀ 䵯牡湤
䍡汥牮 獴慴楯測 佢獥牶慴潩牥 整 啮椀瘀敲獩琀 됀攀 摥 污 䌀 蠀潴攀 搧䅺畲Ⰰ 䍎剓Ⰰ 䍡畳獯汳Ⰰ 䙲慮捥
䔭浡楬㨀 䙲敤敲楣⹍潲慮摀潣愮敵

䌮 䍯汬楮
䱅卉䄬 佢獥牶慴潩牥 摥 倀慲楳Ⰰ 偓䰀 剥獥慲捨 啮椀瘀敲獩瑹Ⰰ 䍎剓Ⰰ 䵥畤潮Ⰰ 䙲慮捥
䔭浡楬㨀 䍬慵摥⹃潬汩湀潢獰洮晲

䐮 䍲畳獡楲攀
䱅卉䄬 佢獥牶慴潩牥 摥 倀慲楳Ⰰ 偓䰀 剥獥慲捨 啮椀瘀敲獩瑹Ⰰ 䍎剓Ⰰ 䵥畤潮Ⰰ 䙲慮捥
䔭浡楬㨀 䑡湩敬⹃牵獳慩牥䁯扳灭⹦爀

䘀⸀ 䝵楴瑯渀
䱡杲慮来Ⰰ 佢獥牶慴潩牥 整 啮椀瘀敲獩琀 됀攀 摥 污 䌀 蠀潴攀 搧䅺畲Ⰰ 䍎剓Ⰰ 乩捥Ⰰ 䙲慮捥
䔭浡楬㨀 ͯ牥湣攮䝵楴瑯湀潣愮敵



㈀ 䨮ⵍ⸀ 䵡汨敲扥 整 慬⸀

瑨攀 瑥汥獣潰敳Ⰰ 慮搀 獨漀眀 桯眀 眀愀瘀敳 捡渀 扥 摥瑥捴敤⸀ 䵥瑥潓灡捥 睩汬 扥 楮獴慬汥搀 慴
䍡汥牮 潢獥牶慴潲礀 ⡃ 蠀潴攀 搧䅺畲Ⰰ ㄲ㜰 洩 慮搀 睩汬 扥 楮 晵汬 潰敲慴楯渀 楮 ㈰㈳⸀

䬀敹眀潲摳 卵渀 阀 䍨牯浯獰桥牥 阀 䥮獴牵浥湴慴楯渀 阀 䥭慧敲礀 阀 卯污爀 慣瑩癩瑹 阀
䙬慲敳 阀 䵯牥瑯渀 眀愀瘀敳

㄀ 䥮瑲潤畣瑩潮

卯污爀 慣瑩癩瑹 楳 瑨攀 灲業慲礀 摲椀瘀敲 潦 印慣攀 圀敡瑨敲 灨敮潭敮愬 獵捨 慳 䍯牯ⴀ
湡氀 䵡獳 䕪散瑩潮猀 ⡃䵅猩Ⰰ ͡牥猬 敮敲来瑩挀 灡牴楣汥猀 慮搀 睩湤 獴牥慭猀 睨楣栀 浡礀
牥慣栀 慮搀 灥牴畲戀 瑨攀 䕡牴栀 敮癩牯湭敮琮 周攀 獯污爀 灥牳灥捴椀瘀敳 潦 印慣攀 圀敡瑨敲
慲攀 牥癩攀睥搀 批 卣桷敮渀 ⠲〰㘩 慮搀 浯牥 牥捥湴汹 批 吀敭浥爀 ⠲〲ㄩⰀ 睨楬攀 瑨攀 瑥爀ⴀ
牥獴物慬 捯湳敱略湣敳 慲攀 摩獣畳獥搀 批 偵汫歩湥渀 ⠲〰㜩⸀ 卯污爀 慣瑩癩瑹 潣捵牳 漀瘀敲
瑩浥獣慬敳 牡湧楮最 晲潭 獥捯湤猀 瑯 浩湵瑥猀 楮 ͡牥猀 慮搀 䍍䕳Ⰰ 睨楣栀 慲攀 昀慳琀 攀瘀潬瘭
楮最 慮搀 桩杨汹 摹湡浩挀 攀瘀敮瑳Ⰰ 潲楧楮慴楮最 楮 瑨攀 獯污爀 慴浯獰桥牥 晲潭 湯渭灯瑥湴楡氀
浡杮整楣 敮敲杹⸀ 䥴 捡渀 扥 獴潲敤 楮 扲楧桴 昀慣畬慥 ⡂ ᤀ ㄰　 䜬 ㄀ 䜀 㴀 ㄰ � 㐀 吩Ⰰ
獵湳灯瑳 ⡂ ᤀ ㄰〰 䜩 慮搀 污爀来 捯牯湡氀 汯潰猀 慢漀瘀攀 慣瑩瘀攀 牥杩潮猀 ⡲攀癩攀眀 批 剥慬攀
⠲〱〩⤮ 周攀 浯湩瑯物湧 潦 獯污爀 慣瑩癩瑹 牥煵楲敳 愀 獹獴敭慴楣 獵牶攀礀 潦 瑨攀 捨牯浯ⴀ
獰桥牥 ⠸〰　 䬩Ⰰ 慳 楴 楳 瑨攀 獯畲捥 潦 獯污爀 攀瘀敮瑳Ⰰ 睨楣栀 灲潰慧慴攀 瑯 瑨攀 桯琀 捯牯湡
慢漀瘀攀 ⠱ⴲ 䵋 潲 浯牥⤮ 䘀潲 瑨慴 灵牰潳攬 杲潵湤ⵢ慳敤 湥瑷潲歳 睩瑨 浡渀礀 獴愭
瑩潮猀 慲潵湤 瑨攀 眀潲汤 桡瘀攀 扥敮 潲最慮楺敤Ⰰ 獵捨 慳 瑨攀 䝬潢慬 䠀 a 湥瑷潲欀 ⡇䡎Ⰰ
却敩湥杧敲 整 慬⸀ ⠲〰〩⤬ 瑨攀 䍯湴楮畯畳 䠀 a 䥭慧楮最 乥瑷潲欀 ⡃䡁䥎Ⰰ 啥湯 整 慬⸀
⠲〱〩⤀ 潲 瑨攀 䝏乇 䠀 a 湥瑷潲欀 睩瑨 獥瘀敮 楤敮瑩捡氀 瑥汥獣潰敳 ⡈慲瘀攀礀 整 慬⸬
㈰ㄱ⤮ 䥮 獰慣攬 潢獥牶慴楯湳 潦 瘀慲楯畳 䕕嘀 敭楳獩潮 汩湥猬 景牭敤 楮 瑨攀 瑥浰敲ⴀ
慴畲攀 牡湧攀 〮ㄭ㄰ 䵋 潦 瑨攀 捯牯湡Ⰰ 獴慲瑥搀 睩瑨 瑨攀 协䡏⽅十⽎䅓䄀 浩獳楯渀
⠱㤹㘩 慮搀 捯湴楮略 睩瑨 瑨攀 業灲漀瘀敤 卯污爀 䑹湡浩捳 佢獥牶慴潲礀 ⡓䑏⽎䅓䄬
㈰㄰⤮ 乥眀 摡瑡 慲攀 湯眀 愀瘀慩污扬攀 晲潭 牥捥湴 獰慣散牡晴猬 獵捨 慳 倀慲欀敲 卯污爀
偲潢攀 ⡎䅓䄬 ㈰ㄸ⤀ 慮搀 卯污爀 佲扩瑥爀 ⡅十Ⰰ ㈰㈰⤮

周攀 印慣攀 圀敡瑨敲 楳 浡楮汹 慦晥捴敤 批 䍍䕳 ⡃桥測 ㈰ㄱ⤀ 慮搀 敮敲来瑩挀 ͡牥猀
⡏汯欀整畹椀 整 慬⸬ ㈰ㄹ⤮ 周攀 楮瑥杲慴敤 堭牡礀 ͵砀 潦 瑨攀 卵渀 楳 灥牭慮敮瑬礀 浯湩ⴀ
瑯牥搀 批 瑨攀 䝏䕓⽎䅓䄀 獡瑥汬楴敳 慮搀 楳 愀 杯潤 楮摩捡瑯爀 潦 獯污爀 慣瑩癩瑹 慮搀 瑨攀
͡牥 敮敲杹⸀ 周攀 ͵砀 楳 畳畡汬礀 獹浢潬楺敤 批 汥瑴敲猀 䄬 䈬 䌬 䴀 慮搀 堬 牥獰散瑩瘀敬礀
景爀 ㄰ � 㠀 瑯 ㄰ � 㐀 圀 洀 � ㈀ 楮 汯最慲楴桭楣 獣慬攬 慮搀 愀 浵汴楰汩捡瑩瘀攀 湵浢敲⸀ 佮汹 䌬 䴀
慮搀 堭捬慳猀 ͡牥猀 慲攀 獩杮椂捡湴⸀ 䅭潮最 瑨敭Ⰰ 敮敲来瑩挀 攀瘀敮瑳 ⡍ 慮搀 堩 慲攀 牥污ⴀ
瑩瘀敬礀 牡牥 ⡲敳灥捴椀瘀敬礀 㤥 慮搀 ㄥⰀ 睩瑨 潮汹 㔰 ͡牥猀 扥瑷敥渀 堲⸶ 慮搀 堲㠀 摵物湧
瑨攀 灡獴 ㈵ 祥慲猩⸀ 周攀 污爀来獴 牥捥湴 攀瘀敮琀 ⠴ 乯瘀敭扥爀 ㈰〳Ⰰ 堲㠬 慢潵琀 ㄰ ㈵ 䨩
捯畬搀 扥 捯浰慲敤 瑯 瑨攀 昀慭潵猀 慮搀 桩獴潲楣 䍡牲楮杴潮 ͡牥 ⠱ 卥灴敭扥爀 ㄸ㔹
獥敮 楮 睨楴攀 汩杨琬 浡祢攀 堵〩⸀ 䡩杨敳琀 敮敲杹 ͡牥猀 ⡘ⵃ污獳⤀ 瑲楧来爀 昀慳琀 捯牯湡氀
䵈䐀 獨潣欀 眀愀瘀敳 ⡗慲浵瑨Ⰰ ㈰ㄵ⤀ 睨楣栀 灲潰慧慴攀 慴 獵灥爀⵭慧湥瑯獯湩挀 獰敥摳
⠵〰ⴱ〰　 歭 猀 � ㄀ ⤀ 慮搀 捡渀 灲潤畣攀 捨牯浯獰桥物挀 捯畮瑥牰慲瑳Ⰰ 摩獣漀瘀敲敤 浵捨
敡牬楥爀 批 䵯牥瑯渀 ⠱㤶〩⸀ 周攀礀 慲攀 潦瑥渀 摥獣物扥搀 慳 瑨攀 猀楧湡瑵牥 潦 瑨攀 摯睮眀慲搀
捯浰牥獳楯渀 批 瑨攀 浯癩湧 捯牯湡氀 獨潣欀 慢漀瘀攮 䍨牯浯獰桥物挀 䵯牥瑯渀 眀愀瘀敳 慲攀
昀慳琀 慮搀 牡牥 灨敮潭敮愬 獯 瑨慴 獴畤礀 捡獥猀 慲攀 湯琀 瘀敲礀 湵浥牯畳 ⡚桡湧 ⠲〰ㄩⰀ
乡牵歡来 整 慬⸀ ⠲〰㐩Ⰰ 䉡污獵扲慭慮楡洀 整 慬⸀ ⠲〰㜩Ⰰ 婨慮最 整 慬⸀ ⠲〱ㄩⰀ 䅳慩 整 慬⸀
⠲〱㈩Ⰰ 䭲慵獥 整 慬⸀ ⠲〱㔩Ⰰ 䅤浩牡湴漀 整 慬⸀ ⠲〱㔩Ⰰ 䭲慵獥 整 慬⸀ ⠲〱㠩Ⰰ 䍡扥穡猀
整 慬⸀ ⠲〱㤩⤮ 周攀 畳畡氀 潢獥牶楮最 捡摥湣攀 楳 慢潵琀 㐵ⴶ　 猬 戀畴 昀慳瑥爀 晲慭攀 牡瑥猀 ⠵



周攀 䵥瑥潓灡捥 灲潪散琀 ㌀

業慧敳⽭楮畴攀 潲 浯牥⤀ 眀潵汤 扥 扥瑴敲 瑯 楮瘀敳瑩最慴攀 睩瑨 浯牥 摥瑡楬猀 瑨攀 捨牯湯氭
潧礀 慮搀 瑨攀 灨祳楣猀 潦 獵捨 攀瘀敮瑳⸀

周攀 䵥瑥潓灡捥 ⡍呓倩 楮獴牵浥湴 灲敳敮瑥搀 楮 瑨楳 灡灥爀 睩汬 灲漀癩摥 愀 畮楱略
潰灯牴畮楴礀 瑯 浯湩瑯爀 桩杨汹 摹湡浩挀 灨敮潭敮愀 慲潵湤 瑨攀 湥硴 獯污爀 浡硩浵洀
⠲〲㔩⸀ 併爀 灡灥爀 楳 潲最慮楺敤 慳 景汬漀睳⸀ 卥捴楯渀 ㈀ 獵浭慲楺敳 琀桥 慲捨楴散瑵牥
潦 瑨攀 䵔卐 灲潪散琬 睨楬攀 卥捴楯渀 ㌀ 灲敳敮瑳 瑨攀 䍡䥉 䬀 捨慮湥氮 周攀 杯慬猀 慮搀
捡灡扩汩瑩敳 潦 瑨攀 瑷漀 䠀 a 瑥汥獣潰敳 慲攀 摥獣物扥搀 楮 卥捴楯渀 㐬 睨楬攀 卥捴楯渀 㔀
摩獣畳獥猀 瑨攀 摥瑥捴楯渀 潦 䵯牥瑯渀 眀愀瘀敳Ⰰ 睨楣栀 楳 瑨攀 浯獴 捨慬汥湧楮最 灵牰潳攀 潦
瑨攀 䠀 a 捨慮湥汳⸀ 䅴 污獴Ⰰ 卥捴楯渀 㘀 摥獣物扥猀 愀 灯獳楢汥 攀硴敮獩潮 景爀 瑨攀 晵瑵牥⸀

㈀ 䅲捨楴散瑵爀攀 潦 瑨攀 䵥瑥潓灡捥 ⡍呓倩 灲潪散琀

䵔卐 桡猀 慮 桩獴潲楣慬 扡捫杲潵湤⸀ 周攀 捨牯浯獰桥牥 楳 潢獥牶敤 摡楬礀 慴 䵥畤潮
睩瑨 䑥獬慮摲敳✀猀 獰散瑲潨敬楯杲慰栀 獩湣攀 ㄹ〸⸀ 䥴 灲潤畣敳 湯眀 ⡸Ⰰ 礀Ⰰ l ⤀ 摡瑡ⵣ畢敳
晲潭 睨楣栀 浯湯捨牯浡瑩挀 業慧敳 慲攀 摥物瘀敤 ⡍慬桥牢攀 慮搀 䑡汭慳獥Ⰰ ㈰ㄹ⤮ 䥮
ㄹ㔷Ⰰ 摵物湧 瑨攀 䥮瑥牮慴楯湡氀 䝥潰栀祳楣慬 夀敡爀 ⡉䝙⤬ 瑨攀 晲敮捨 慳瑲潮潭敲猀 摥ⴀ
捩摥搀 瑯 潲最慮楺攀 愀 獵牶攀礀 潦 䠀 a 捨牯浯獰桥物挀 慣瑩癩瑹 慴 桩杨 捡摥湣攀 ⠶　 猩 畳ⴀ
楮最 瑨攀 䰀祯琀 ɬ瑥爀 瑥捨湯汯杹 ⡌祯琬 ㄹ㐴⤮ 吀眀漀 楮獴牵浥湴猀 睥牥 戀畩汴 景爀 䵥畤潮
慮搀 䡡畴攀 偲漀瘀敮捥 潢獥牶慴潲楥猀 ⡇牥湡琀 慮搀 䱡扯牤攀 ⠱㤵㐩Ⰰ 䵩捨慲搀 ⠱㤶㔩⤮ 䥮
ㄹ㘵Ⰰ 愀 湥眀 来湥牡瑩潮 潦 瑵湡扬攀 䰀祯琀 ɬ瑥牳 慬汯睥搀 瑯 潢獥牶攀 獥煵敮瑩慬汹 瑨攀 䠀 a
汩湥 捥湴牥 慮搀 睩湧猬 楮 潲摥爀 瑯 浥慳畲攀 䑯灰汥爀⵳桩晴献 周楳 牯畴楮攬 業灲漀瘀敤 楮
ㄹ㠵Ⰰ 眀慳 獴潰灥搀 楮 ㈰〴Ⰰ 摵攀 瑯 瑨攀 ɬ瑥爀 潢獯汥獣敮捥 慮搀 瑨攀 牥瑩牥浥湴 潦 潰敲愭
瑯牳⸀ 䅢潵琀 㜀 浩汬楯渀 業慧敳 桡瘀攀 扥敮 牥捯牤敤⸀ 䥮 瑨攀 捯浰整楴椀瘀攀 捯湴攀硴 潦 印慣攀
圀敡瑨敲 牥獥慲捨 慮搀 慰灬楣慴楯湳Ⰰ 睥 睩獨 瑯 牥獴慲琀 愀 獵牶攀礀 睩瑨 湥眀 慵瑯浡瑩挀
瑥汥獣潰敳 慮搀 昀慳瑥爀 捡摥湣攀 ⠱〭ㄵ 猩Ⰰ 潮 愀 獵湮楥爀 獩瑥 楮 潲摥爀 瑯 楮捲敡獥 瑨攀
灲潢慢楬楴礀 潦 捡瑣桩湧 牡牥 攀瘀敮瑳Ⰰ 獵捨 慳 污爀来 堭捬慳猀 ͡牥猀 慮搀 䵯牥瑯渀 眀愀瘀敳⸀
䵔卐 楳 愀 橯楮琀 灲潪散琀 扥瑷敥渀 倀慲楳 ⡏倩 慮搀 䌀 蠀潴攀 搧䅺畲 ⡏䍁⤀ 潢獥牶慴潲楥献
佶敲慬氀 捨慲慣瑥物獴楣猀 慲攀 獵浭慲楺敤 楮 䵡汨敲扥 整 慬⸀ ⠲〱㤩⸀ 圀攀 灲漀癩摥 桥牥
浵捨 浯牥 楮獴牵浥湴慬 摥瑡楬猀 楮 潲摥爀 瑯 捯湳瑩瑵瑥 愀 牥晥牥湣攀 灡灥爀 景爀 䵔卐⸀

周攀 慲捨楴散瑵牥 潦 瑨攀 䵔卐 灲潪散琀 ⡆楧畲攀 ㄩ 楳 潲最慮楺敤 慲潵湤 瑨牥攀 浡楮
瑡獫猺

阀 䅵瑯浡瑩潮 灲潣敤畲敳 ⡏䍁⤀
阀 周攀 牥慬 瑩浥 摡瑡 灲潣敳獩湧 慮搀 慲捨椀癩湧 灲潣敤畲敳 ⡏䍁⤀
阀 周攀 瑥汥獣潰敳 慮搀 摡瑡 慣煵楳楴楯渀 獹獴敭 ⡏倩

周攀 慳獥浢汹 潦 瑨牥攀 瑥汥獣潰敳 ⡴眀漀 䠀 a 㘵㘳 䄀ऀ 捨慮湥汳 景爀 獯污爀 慣瑩癩瑹Ⰰ
慮搀 愀 䍡䥉 䬀 ㌹㌴ 䄀ऀ 浡杮整楣 灲潸礩 楳 戀畩汴 批 佐⸀ 䄀 湥眀 桯畳楮最 慮搀 敱畡瑯ⴀ
物慬 浯畮琀 桡瘀攀 扥敮 楮獴慬汥搀 慴 䍡汥牮 潢獥牶慴潲礀 ⠱㈷　 洬 佃䄬 䙩杵牥 ㈩⸀ 周攀
楮獴牵浥湴猀 ⡆楧畲攀 ㌩ 睩汬 扥 楮瑥杲慴敤 浩搀 ㈰㈲Ⰰ 瑨敮 瑥獴敤 慮搀 捯浭楳獩潮敤
楮 ㈰㈳ 景爀 獹獴敭慴楣 慮搀 慵瑯浡瑩挀 潢獥牶慴楯湳⸀ 䑡瑡 睩汬 扥 晲敥汹 愀瘀慩污扬攀 瑯
瑨攀 楮瑥牮慴楯湡氀 捯浭畮楴礀Ⰰ 睩瑨潵琀 慮礀 摥污礀Ⰰ 扯瑨 景爀 潰敲慴楯湡氀 慮搀 獣楥湴椂挀
灵牰潳攮 䵓呐 捯浥猀 睩瑨 愀 獰散椂挀 摡瑡扡獥 ⡬潣慴敤 慴 乩捥 捯浰畴敲 捥湴牥 睩瑨
㄰　 呂 潦 摩獫 獴潲慧攩Ⰰ 睩瑨 灯獳楢汥 慣捥獳 瑨牯畧栀 瑨攀 䈀䅓匲〰　 獯污爀 摡瑡扡獥Ⰰ
慮搀 睩汬 潦晥爀 污瑥爀 癩牴畡氀 潢獥牶慴潲礀 獥牶楣敳⸀



㐀 䨮ⵍ⸀ 䵡汨敲扥 整 慬⸀

䙩最⸀ ㄀ 周攀 䵔卐 灲潪散琀 慲捨楴散瑵牥⸀ 周攀 杲敥渀 扯砀 楳 汯捡瑥搀 慴 䍡汥牮 獴慴楯測 慮搀 瑨攀 摡瑡扡獥 慴 乩捥
潢獥牶慴潲礀⸀ 佢獥牶慴楯湳 睩汬 慬獯 扥 愀瘀慩污扬攀 瑨牯畧栀 瑨攀 䈀䅓匲〰　 摡瑡 捥湴牥 睩瑨 慤摩瑩潮慬 嘀楲瑵慬
佢獥牶慴潲礀 ⡖伩 獥牶楣敳⸀ 剥慬 瑩浥 業慧敳 ⡊偅䜩 瑯来瑨敲 睩瑨 䙉呓 獣楥湴椂挀 摡瑡⵳整猀 睩汬 扥 晲敥汹
摥汩瘀敲敤 瑯 瑨攀 楮瑥牮慴楯湡氀 捯浭畮楴礀⸀

㈮㄀ 䅵瑯浡瑩潮 灲潣敤畲敳

䵔卐 楳 瑨攀 ɲ獴 慵瑯浡瑩挀 獯污爀 瑥汥獣潰攀 慳獥浢汹 愀瘀慩污扬攀 楮 䙲慮捥 ⡯瑨敲 獯污爀
楮獴牵浥湴猀 慲攀 畮摥爀 桵浡渀 捯湴牯氩⸀ 周攀 瑥汥獣潰敳 ⡆楧畲攀 ㌩ 慮搀 桯畳楮最 ⡆楧ⴀ
畲攀 ㈩ 慲攀 畮摥爀 瑨攀 獵灥牶楳楯渀 潦 愀 捯湴牯氯捯浭慮搀 捯浰畴敲 ⡆楧畲攀 ㄩ⸀ 周楳 偃
楳 楮瑥牣潮湥捴敤 睩瑨 潴桥爀 獬愀瘀攀 浡捨楮敳Ⰰ 獵捨 慳 瑨攀 摡瑡 慣煵楳楴楯渀 捯浰畴敲
⡷桩捨 桡湤汥猀 捡浥牡猬 ɬ瑥牳Ⰰ 浯瑯爀 景捵猬 獣楮瑩汬潭整敲猬 瑨敲浡氀 畮楴猩Ⰰ 瑨攀 獯污爀
瑲慣歩湧 捯浰畴敲 ⡷桩捨 摲椀瘀敳 瑨攀 敱畡瑯物慬 浯畮琩 慮搀 瑨攀 䡯畳攀 䬀敥灩湧 ⡈䬩
慵瑯浡瑩潮⸀ 䡋 楳 愀 捯浰汥砀 獹獴敭 景爀 愀 晵汬礀 慵瑯浡瑩挀 楮獴牵浥湴Ⰰ 扥捡畳攀 浡渀礀
敮癩牯湭敮琀 摥瑥捴潲猀 慮搀 捡浥牡猀 浵獴 扥 捯湴牯汬敤 灥牭慮敮瑬礀Ⰰ 捯湣敲湩湧 瑨攀
瑥汥獣潰攀 獴慴畳 慮搀 浥瑥潲潬潧礀 ⡣汯畤猬 瑥浰敲慴畲攬 桵浩摩瑹Ⰰ 睩湤⤮ 䥮 灡牴楣畬慲Ⰰ
瑨攀 䡋 獹獴敭 睩汬 摥捩摥 瑯 獴慲琀 潲 楮瑥牲異琀 潢獥牶慴楯湳 慣捯牤楮最 瑯 楮景牭慴楯湳
灲漀癩摥搀 批 瑨攀 敮癩牯湭敮琀 灡牡浥瑥牳⸀ 啮摥爀 杯潤 潢獥牶楮最 捯湤楴楯湳Ⰰ 瑨攀 䡋
睩汬 牯汬 瑨攀 桯畳楮最 慮搀 潰敮 晲潮琀 捵牴慩湳㬀 瑨攀 瑲慣歩湧 偃 睩汬 捡瑣栀 慮搀 景汬漀眀
瑨攀 卵測 慮搀 瑨攀 楮獴牵浥湴 偃 睩汬 獴慲琀 摡瑡 慣煵楳楴楯渀 慦瑥爀 捨散歩湧 瑨攀 摩昀晥牥湴
捯浰潮敮瑳⸀ 䥮 捡獥 潦 摡湧敲 ⡳畣栀 慳 睩湤Ⰰ 牡楮Ⰰ 獮漀眩Ⰰ 瑨攀 䡋 灲潣敤畲攀 睩汬
牥瑵牮 慮 慬慲洀 瑯 瑨攀 捥湴牡氀 偃 睨楣栀 睩汬 楮瑥牲異琀 潢獥牶慴楯湳Ⰰ 潲摥爀 瑨攀 浯畮琀



周攀 䵥瑥潓灡捥 灲潪散琀 㔀

䙩最⸀ ㈀ 周攀 䵔卐 桯畳楮朮 䱥晴㨀 瑨攀 䵔卐 戀畩汤楮最 慴 䍡汥牮 潢獥牶慴潲礀 ⠱㈷　 洬 䌀 蠀潴攀 搧䅺畲⤮ 䥴
浯瘀敳 潮 瑷漀 牡楬猀 慮搀 楳 捯浰畴敲 捯湴牯汬敤⸀ 䥴 楳 捬潳敤 批 浥瑡汬楣 捵牴慩湳 慮搀 捯湮散瑥搀 瑯 浡渀礀
敮癩牯湭敮琀 摥瑥捴潲猀 ⡳畣栀 慳 捡浥牡猀 慮搀 浥瑥潲潬潧楣慬 摥癩捥猩 景爀 慵瑯浡瑩挀 潰敲慴楯渮 剩杨琺 瑨攀
敱畡瑯物慬 浯畮琀 眀慩瑩湧 景爀 瑨攀 楮獴牵浥湴献

瑯 牥瑵牮 瑯 瑨攀 最慲慧攀 灯獩瑩潮 慮搀 慳欀 瑨攀 䡋 瑯 捬潳攀 瑨攀 戀畩汤楮朮 卍匀 浥獳慧敳
睩汬 楮景牭 瑨攀 瑥捨湩捡氀 獴慦昀 潦 䍡汥牮 潢獥牶慴潲礀Ⰰ 楮 灡牴楣畬慲 楮 捡獥 潦 慬慲浳⸀

㈮㈀ 剥慬 瑩浥 摡瑡 灲潣敳獩湧 慮搀 慲捨椀癩湧 灲潣敤畲敳

剡眀 ㄲ 扩瑳 摡瑡 慲攀 捯汬散瑥搀 批 瑨攀 慣煵楳楴楯渀 偃 慮搀 瑲慮獭楴瑥搀 瑯 瑨攀 捯湴牯氀
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Fig. 4 The theoretical MTF of the Ha (red) and CaII K (blue) telescopes. Abscissa: spatial fequency in
km� 1 or in arcsec� 1. Cutoff frequencies are indicated (bars). The computed PSFs, in the detector plane,
are reported (the pixels correspond to the CCD sampling). The Ha PSF is for the border of the FOV, while
the CaII K PSF is for the centre.

Fig. 5 The MTSP Filter bandwidths. Filters have been controlled with the high dispersion spectrograph of
Meudon Solar Tower. Left: Ha line without (top) or with (bottom) �lter 1. The pupil integrated transmit-
tance (solid line, top) over the surface �lter is drawn (0.46	A FWHM). Middle: Ha line without (top) or
with (bottom) �lter 2. The pupil transmittance is 0.34	A FWHM. Right: CaII K line as seen through the
two available �lters of respectively 1.5 (�lter 1, bottom) and 1.4	A FWHM (spare �lter 2, top). The trans-
mittance (solid line) includes K2v, K3 and K2r features, and partially K1v and K1r (v, r letters meaning
respectively violet and red wings).

CCD camera (QSI 690, pixel size = 3.69mm = 0.78 arcsec). The system is protected
by an UV/IR cutoff �lter. The Airy spot size is 5.9mm or 1.24 arcsec resolution.

The interference �lters were tested with the powerful 14 m spectrograph of Meudon
Solar Tower at F/75 (R = 300000, 6 m	A spectral line sampling in order 15). We found
that the central wavelength (CWL) is temperature (T) dependant, according to the law
Dl CWL = C DT, where C = 0.07	A/� C is the measured temperature coef�cient. It is
also function of the incidence angleq, and follows the lawDl CWL = K q2 with K =
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Fig. 6 The MTSP CaII K channel. Top: the overall design of the telescope. Bottom: details of the chamber.
L2/L3 increase the focal length from 820 to 983 mm. Filters are in the image plane at F/12.3. The chamber
has a motor focus.

-0.15 	A/degree2. As the theory gives K = -12
l 0
n2 (q in radians), where n is the effective

index of refraction andl 0 the line wavelength, we derived from the measurements n
� 2.0. With an aperture of F/12.3 (half cone of 2.3� ), the numeric integration over
the light cone shows that the CWL is blue-shifted (-0.41	A), but this is almost com-
pensated (+0.49	A) by the operating temperature (+7� C above the speci�cation of the
manufacturer), so that the resulting CWL shift is small in comparison to the FWHM
(the transmittance of the �lter centre is displayed in Figure 5, right). This �gure also
reveals that the surface �lter is not uniform. We found that that the CWL varies from
the centre to the border according to the lawDl CWL = k x2, where x is the distance
to the �lter centre. We measuredk = -0.006 	A/mm2 and +0.003	A/mm2 respectively
for �lters 1 and 2 (the spare �lter). It means that the CWL varies between the centre
of the solar disk and the limb (0� x � 4.6 mm), numericallyDl CWL = -0.13 	A or
+0.07 	A , respectively for �lters 1 and 2. This is less than 10% of the FWHM, so that
the effect does not appear obviously in solar images. Figure 7 shows a comparison
between the CaII K3 Meudon spectroheliograms (line centre) and MTSP test images
(formed at lower altitude due to the larger bandwidth): �laments and prominences
are no more visible, but sunspots appear more contrasted; bright faculae look sim-
ilar, so that the CaII K MTSP channel produces a good magnetic proxy. It is close
to the wavelength integration of the spectroheliograph data-cube (x, y,l with 0.093
	A resolution) over the MTSP transmittance.

4 The two Ha channels

The two Ha telescopes (Figure 8) have an aperture of 80 mm and 100 mm, respec-
tively for �lters 1 and 2. They are composed of a Takahashi TSA102 objective (816
mm focal length) followed by an afocal chamber (magni�cation 1.2), including a
DayStar Quantum Pro Fabry-Pérot �lter in the pupil plane. This system introduces
�eld curvature, so that a �eld corrector (two lenses) forms the �nal image on an in-



10 J.-M. Malherbe et al.

Fig. 7 Comparison of Meudon CaII K3 spectroheliograms and MTSP CaII K images, 26 November 2020.
(a) K3 spectroheliogram (30 s surface scan by the slit, square root to decrease the dynamics). (b) the
spectroheliograph (x, y,l ) data-cube integrated over the MTSP wavelength transmission curve. (c) the
MSTP K image, 1.5	A FWHM (2 ms exposure time, the waveband covers K2v, K3 and K2r central
features of the CaII K line, and partially K1v and K1r wings).

Fig. 8 The MTSP Ha channels. The �lter is located in the pupil plane at F/30 inside the L2/L3 afocal
system. L4 is a �eld curvature corrector. The chamber has a motor focus (see also Figure 3). The equivalent
focal length is 983 mm, as for CaII K. The beam aperture, in the detector plane, is F/12.3 and F/10.0
respectively for Ha 1 and 2.

terline cooled CCD camera (QSI 660, pixel size = 4.54mm = 0.96 arcsec). The Airy
spot size is 9.8 and 7.9mm, corresponding to 2.06 and 1.65 arcsec resolution, respec-
tively for telescopes 1 and 2. The system is protected by an UV/IR cutoff �lter in full
aperture (not drawn). A motor focus is integrated to the chambers.

The calibration of Fabry-Ṕerot �lters has been done with the spectrograph of
Meudon Solar Tower, at F/75 (much better than the F/30 �lter speci�cation), in or-
der 9 (10 m	A/pixel). Several tests have been performed for both �lters. First of all,
we made a scan of the surface in order to produce a pupil cartography of the CWL
and FWHM (Figures 9 and 10). For that purpose, the �lters (31 mm diameter) were
translated (-15 mm� x � 15 mm) in front of the spectrograph slit byDx = 3 mm
steps. (l , y) spectral images, with and without �lters, were recorded, for various x-
positions (top of �gures). The wavelength transmittance was derived at several (x,
y) locations. The results show that the FWHM of both �lters is locally in the range
0.30-0.35	A, but also that �lter 2 is better than �lter 1 in terms of CWL uniformity.
By integration on the surface, we computed the resulting bandpass for pupil plane ap-
plication in afocal systems, leading to 0.46 and 0.34	A, respectively for �lters 1 and
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Fig. 9 Calibration of Ha �lter 1. It was translated by 3 mm steps in the spectrograph focus of the Meudon
Solar Tower (F/75). Top: the Ha line through the �lter for 9 x-positions of the slit (in mm). The white
lines delineate the CWL and FWHM (y-direction). Bottom: the �lter cartography. The local FWHM (	A)
is displayed at left. CWL �uctuations (	A) are not negligible (at right), so that for pupil plane application,
the integrated bandpass is enlarged to 0.46	A.

2. The pupil transmittance is Lorentzian shaped in wavelength and drawn in Figure 5
for both �lters.

Fabry-Ṕerot �lters have secondary lobes, cut by a blocking �lter. We found, for
�lter 2, that they appear at� 25 	A from the main lobe with an intensity of only 0.3%
(Figure 11). For that �lter (0.34	A FWHM), the measurements provide the value
of the �nesse (75), the re�ection coef�cient of the cavity (0.96) and the interference
order for Ha line (k = 260).

Meudon spectroheliograph data, which are made of 3D (x, y,l ) data-cubes (0.155
	A wavelength resolution) allow to simulate images using various transmittances. Fig-
ure 12 displays Ha images with different �lter characteristics, such as a Lorentzian
transmittance (0.34	A FWHM) or a 0.50 	A FWHM �ve stage Lyot transmittance.
It clearly shows that a smaller bandwidth is needed for the Fabry-Pérot to produce
contrasts similar to the ones provided by Lyot �lters. Indeed, the wavelength curve of
Lyot �lters drastically cuts the line wings, contrarily to Lorentzian �lters which have
extended wings. Hence, the photospheric light passes in excess and contaminates the
contrast of the chromosphere. When 0.50	A Lyot �lters are suf�cient to select the
chromosphere, narrower (0.30	A) Fabry-Ṕerot devices (such as MTSP �lter 2) are
required for the same result.

The Solar Tower spectrograph allowed us to explore the angular dependance of
MTSP �lters and precise the tilt sensitivity (q) in terms of CWL and FWHM �uctu-
ations. This experience also provided an estimate of the effective index of refraction.
For that purpose, the �lter was tilted in the range -3� � q � +3� (Figure 13). The
mean CWL variations are �tted by the lawDl CWL = K q2 with K = -0.38 or -0.37
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Fig. 10 Calibration of Ha �lter 2. Top: the Ha line through the �lter for 11 x-positions of the spectrograph
slit (in mm). The white lines delineate the CWL and FWHM (y-direction). Bottom: the �lter cartography.
The local FWHM (	A) is displayed at left. At right, the CWL (	A) �uctuations are small, so that the inte-
grated bandpass for pupil plane application (0.34	A) remains narrow.

Fig. 11 Secondary transmission peaks of Ha �lter 2 in logarithmic intensity scale (wavelength in ab-
scissa).

Fig. 12 Simulation of Ha images obtained after �ltering the (x, y,l ) spectroheliograph data-cube. (a)
Spectroheliogram at line centre, 28 October 2021. (b) Same image, through a 0.34	A Lorentzian transmis-
sion (such as MTSP �lter 2). (c) Same image, with a 0.50	A �ve stage Lyot �lter, for comparison.
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Fig. 13 Effect of the tilt angle on the filter transmission curves (abscissa: wavelength in Å). Tilt values are
0◦ (in red), ± 0.25◦, ± 0.75◦, ± 1.25◦, ± 1.75◦, ± 2.25◦ and -2.75◦. The transmission is blue-shifted with
increasing tilt. Thick line: the Hα profile. Dashed line: the envelope of the blocking filter.

Å/degree2, respectively for filters 1 and 2. For the tilt dependance of the mean band-
pass, we found FWHM = 0.33 + 0.064 θ 2 and 0.35 + 0.052 θ 2 (Å), respectively for
filters 1 and 2. This means that, for a 1◦ tilt, the bandpass is locally enlarged to 0.40
Å and blue-shifted of about -0.40 Å. But in the afocal system, at F/30 (half cone
angle of 1◦), we have to integrate the above formulae over angles, which generates
a blue-shift of -0.19 Å (this value was confirmed by the wavelength line scan made
with the filter in imagery mode, which produced results of Figure 15). However, the
F/30 cone angle is not the only one to consider. The solar diameter is 0.53◦, which
means that the cone incidence θ varies in the range -0.26◦ ≤ θ ≤ +0.26◦. The cor-
responding blue-shift is, at maximum, -0.024 Å, which can be neglected, so that the
CWL should be almost uniform over the solar image.

According to the Fabry-Pérot theory, we have K = - 1
2

λ0
n2 (where λ0 is the line

wavelength). It allows to derive the effective index of refraction n of the overall filter.
We found n ≈ 1.62. The distance of secondary lobes is 2en

k2 = 25 Å, where k is the
interference order (260) and e the thickness of the cavity. Hence, we conclude that e
≈ 7.2 mm.

The envelope of transmittance curves of Figure 13 corresponds to the blocking
filter. The estimated FWHM is about 4.5 Å; this value, considering a Lorentzian
shape, is consistent with the intensity (0.3%) of the secondary peaks of Figure 11.

The CWL depends on the temperature T. We investigated, by the spectroscopic
means of the Solar Tower, the effect of temperature changes upon filter 2. The trans-
mittance for temperatures varying from 38 to 48◦C is reported in Figure 14. The re-
sponse is a red-shift corresponding to the linear law ∆λCWL = κ T - 3.84 Å, where T
is expressed in ◦C and κ is the temperature coefficient equal to 0.0874 Å/◦C. Hence,
it is possible to explore the ± 1.0 Å spectral domain centred on the line, but in
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Fig. 14 Effect of the temperature on the filter transmission curves (abscissa: wavelength in Å). Tempera-
ture values are 38, 39, 40, 41, 41.8, 42.8, 43.8, 44.7, 45.6, 46.6 and 47.5� C. The transmission is red-shifted
with increasing temperature. Thick line: the Hα profile. Dashed line: the envelope of the blocking filter.

practice it is a very slow process. We did not notice any FWHM variation with the
temperature.

The last qualification test was performed with the filter alone, in image mode,
without any spectrograph. Filter 1 was mounted in the MTSP afocal system, and we
explored the wavelength range 6562.0-6563.6 Å by temperature variation. It took
a long time, because the filter needs 10 minutes to stabilize at each wavelength in-
crement. We recorded also the fluctuations of the solar flux using a scintillometer, in
order to correct intensities measured by the filter due to atmospheric variations. Then,
we derived the Hα line profile at the disk centre (Figure 15). We also plotted the line
profile got by spectroscopic means, and convolved by the Lorentzian transmittance
of the filter, and found both results in good agreement, after correction of the -0.2
Å shift resulting from the F/30 light cone angle.

Finally, Figure 16 presents the typical Hα observations that are scheduled with
the above filters. MTSP will provide almost simultaneously two images, the first one
in the line wing (filter 1, either the blue or the red wing, but not both), and the sec-
ond one in the line core (filter 2). We discuss in the next section the application to
the detection of fast evolving Doppler-shifted events, such as Moreton waves, which
require at least two Hα channels and the high observing cadence of 10-15 s.

5 Moreton waves detection

MTSP is particularly well adapted to the detection of highly dynamic events, such
as Moreton waves originating in energetic flares. As the filter performances are com-
parable to those of the previous Meudon routine (1985-2004), we have chosen two
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Fig. 15 Ha line pro�les got in imagery or spectroscopic mode. Black: MTSP measures resulting from
�lter temperature variation. Red: the line observed with the large spectrograph of Meudon Solar Tower,
and the convolution by the MTSP �lter transmittance (dashed). In abscissa: the wavelength (	A) and the
corresponding LOS velocity (km s� 1).

Fig. 16 Example of MTSP Ha images got during the test campaign of 29 August 2017 with �lter 1 (0.46
	A FWHM). (a) MTSP, blue wing. (b) MTSP, line centre (0.34	A FWHM �lter 2 will be used instead in
full operation). (c) Meudon spectroheliogram for comparison.

events observed with this instrument in order to anticipate MTSP capabilities. More-
ton waves appear in Ha as fronts propagating at typically 500 km s� 1. Such veloc-
ities in the chromosphere (8000 K) are so highly supersonic (Cs � 10 km s� 1) and
superalv́enic (Ca � 10 km s� 1 for a 10 G magnetic �eld) that they are unlikely of
chromospheric nature. Such phenomena last only a few minutes and are suspected to
be the chromospheric counterpart of coronal waves propagating in the 200 times hot-
ter (1.5 MK) and more tenuous corona under the form of fast magnetosonic shocks
(Cs � 150 km� 1, Ca � 200 km s� 1 for a 10 G �eld). The downward compression
of the chromosphere below the front could be the signature of the coronal shock in
Ha . Moreton waves occur mainly in X-class �ares which are rare events (about one
event/year above X5, six events above X10 since year 2000). We have chosen the
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famous X17.2 �are of 28 October 2003 (Figure 17), after the solar maximum of cy-
cle 23, and the X1.8 event of 14 October 1999, just before the maximum (Figure 18).
Largest �ares often occur during the descending phase of the solar cycle. In Figure 17
(b,c,d respectively for Ha centre and� 0.5 	A), we have subtracted the reference frame
just before the event at the same wavelength. Blue/red colours indicate the sign of the
resulting image (blue, or positive, means brighter; red, or negative, means darker).
The wave (yellow box) appears as a brightening in Ha core (b). In the red wing sub-
traction (c), the compression front (R) is negative (or darker) and corresponds to a
red-shift. It is followed by the relaxation of the chromosphere (B) appearing positive
(or brighter), because blue-shifted. In the blue wing subtraction (d), this is the con-
trary: R is positive (or brighter), because red-shifted, while B is negative (or darker)
with the opposite shift. Figure 15 shows that the order of magnitude of LOS velocities
for 0.5 	A shifts is qualitatively 20 km s� 1. This example shows that Moreton waves
can be detected either by the red or the blue wing. For that reason, MTSP offers only
one wing.

Figure 18 presents the X1.8 �are of 14 October 1999, almost 10 times less en-
ergetic than the previous one, so that the Moreton event is less contrasted. It shows
exactly what will provide MTSP concerning wave detection with one wing. Most
events are waited between 2024 and 2028 around the solar maximum (2025) of cycle
25 (but isolated events, as the X1.0 of 28 October 2021, are possible). The Ha centre
(a) will be provided by telescope 2, from which a reference frame (just before the
event) has been subtracted in (b), showing the brightening front. The Moreton event
appears clearly in the red wing with the red-shifted compression front (R) followed
by the blue-shifted relaxation front (B). The blue wing could either be chosen. The
big difference with the 1985-2004 Meudon routine is the observing cadence (4 times
faster) and the spatial resolution (2 times better). Hence, MTSP will provide much
more detailed informations to investigate the physics of rare phenomena at the Sun.

6 A possible extension for MTSP

We own a NaD1 5896	A Fabry-Ṕerot �lter manufactured by DayStar (0.36	A FWHM),
for mounting in an afocal design at F/30 similar to the one of the Ha telescopes de-
scribed above. Magnetograms of the Sun have been successfully produced in this
line (Land́e factor 1.33) by Mount Wilson (full disk) or by the Narrow-band Filter
Imager (NFI) onboard HINODE for small regions. NaD1 is a Fraunhofer line formed
in the low chromosphere above the FeI 6173	A line observed in the photosphere by
the Helioseismic and Magnetic Imager (HMI) onboard SDO. As DayStar �lters are
linearly polarizing (made of a birefringent material), the incorporation of a Liquid
Crystal Variable Retarder (LCVR) at the primary focus, providing� l

4 fast modula-
tion (Malherbe et al., 2007) suf�ce to produce alternatively I+V and I-V images (I,
V for Stokes parameters). From the circular polarization rateV

I and the weak �eld
theory (see Sten�o (1994)), it is possible to estimate the LOS magnetic �eld (BLOS)
together with the �eld polarity. Indeed,VI is proportional to BLOS and1I

dI
dl . This

quantity depends on the wavelength and is maximum when measured at the in�exion
points of the line. Figure 19 displays spectroscopic observations obtained with this
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Fig. 17 Moreton event of 28 October 2003 at 11:07 UT. Images, in Hα centre, red and blue wings, were
taken with 60 s time step. (a) Hα centre. (b) Hα centre, minus the reference frame at 11:00 UT (event
starting time). (c) Hα red wing, minus the reference. (d) Hα blue wing, minus the reference. F, R, B
indicate respectively the flare location, red and blue shifts of the compression and relaxation fronts of the
Moreton wave (propagation direction = green arrow).

Fig. 18 Moreton event of 14 October 1999 at 09:02 UT. Images, in Hα centre and red wing, were taken
with 60 s time step. (a) Hα centre. (b) Hα centre, minus the reference frame at 09:00 UT (event starting
time). (c) Hα red wing, minus the reference. F, R, B indicate respectively the flare location, red and blue
shifts of the propagating front (propagation direction = green arrow).
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method at the 8 m spectrograph of the Pic du Midi Turret Dome. We have numeri-
cally at the in�exion pointsV

I � 2:210� 4BLOS, where BLOS is expressed in Gauss.
As the slope of NaD1 wings is steep, Stokes V pro�les are sharp. We observed po-
larization rates up to 0.20 (BLOS� 1000 G) in some sunspots. In order to estimate
the measurement capabilities in imagery, we have integrated the line pro�les over
the wavelength transmission of the NaD1 �lter. TheV

I signal becomes much smaller,
because the �lter FWHM (W1) is much larger than the half width (W2) of the line
derivative dI

dl , which concentrates the polarimetric signal in a very narrow wave-band
(Figure 19). Hence, the corrective factor to apply to the polarization rate is roughly
equal to theW1

W2
ratio and plotted in Figure 20 for various CWL andW1 values. Despite

of the signal loss due to wavelength integration, it is of interest to consider polarimet-
ric measurements in imagery. For that purpose, a NaD1 telescope will be tested at
Meudon in the coming year in the context of a possible extension for MTSP. As the
polarization rate to measure with the �lter has the same order of magnitude than the
photon noise of a single exposure (1% or 400 G), it is necessary to acquire many
frames in order to select best images and reduce the noise, as done by Roudier et al.
(2006). For example, 100 couples (I+V, I-V) will decrease the noise to 40 G. 20 G
should be achieved with either 2� 2 binning or with 400 couples. It must be noticed
that a fast observing cadence is not required for LOS magnetograms, because the
magnetic �eld evolves on longer time scales. The method is also, in principle, valid
for the Ha telescopes, but in practice, Ha is a broad line and the sensitivity to the
magnetic �eld is reduced by the factor 6 in comparison to NaD1.

7 Conclusion

The MTSP project is dedicated to the survey of fast evolving events in the chromo-
sphere at the source of solar activity, such as �ares and coronal mass ejections. Large
�ares often occur after the solar maximum (2025 for the present cycle) during a few
years. MTSP, with an outstanding cadence of 10-15 s, has also the major goal to
investigate Moreton waves, which are extremely fast and rare phenomena associated
with largest �ares. Such events are dif�cult to detect in the chromosphere, so that only
a few cases have been studied. With systematic, fast and multi-channel observations
(two Ha and one CaII K telescopes), MTSP will increase the chances to catch such
phenomena. Data could be combined to SDO/AIA observations of the low corona
at slower cadence (45 s) in several EUV channels. MTSP will operate automatically
at Calern observatory (1270 m) under good seeing and climatic conditions. High ca-
dence observations will be freely delivered, without any delay, to the international
community through a dedicated database located at Nice computer centre. MTSP
will cover cycle 25, from 2023 to, at least, the end of the present decade, where new
generation solar synoptic networks could start, such as the Next Generation GONG
project (Hill et al., 2019) or the Solar Physics Research Integrated Network Group
(SPRING, Gosain et al. (2018)). MSTP will support Solar Orbiter (ESA) and Parker
Solar Probe (NASA) operations in the coming years.
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Fig. 19 Simulation of polarization measurement with the 0.36	A FWHM NaD1 �lter. Left: spectra of I+V
and I-V got at Pic du Midi in an active region (wavelength in abscissa, direction of the slit in ordinates,
spectral pixel 16.8 m	A). Middle: the polarization rateVI with the quantity1

I
dI
dl in the quiet Sun (yellow)

and the wavelength transmittance of the �lter, centred on the blue wing (green, dashed). Right: the polar-
ization rateV

I along the slit in the blue wing measured with the spectrograph (solid line) or extrapolated
for the �lter (dotted line); the dashed line is a magni�cation of the dotted line (ratio given by Figure 20) to
recover roughly the spectroscopic signal.

Fig. 20 Simulation of the correction factor to apply to the measurements of the polarization rate with a
Lorentzian �lter, as a function of the FWHM (	A), for various CWL shifts (solid, dashed, dotted lines for
respectively -0.12, -0.20, -0.30	A CWL shifts). The blue in�exion point of the line is located at -0.12	A.
The red (dashed) line indicates our �lter FWHM; the best CWL shift is -0.20	A.
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Krause G, Ćecere M, Zurbriggen E, Costa A, Francile C, Elaskar S (2018) Are CMEs
capable of producing Moreton waves? A case study: the 2006 December 6 event.
Mon. Not. Roy. Astron. Soc.474(1):770–778, DOI 10.1093/mnras/stx2817

Lyot B (1944) Le Filtre Monochromatique Polarisant et ses Applications en Physique
Solaire. Annales d'Astrophysique 7:31

Malherbe JM, Dalmasse K (2019) The New 2018 Version of the Meudon Spectrohe-
liograph.Solar Phys.294(5):52, DOI 10.1007/s11207-019-1441-7

Malherbe JM, Roudier T, Moity J, Mein P, Arnaud J, Muller R (2007) Spectro po-
larimetry with liquid crystals .Mem. Societa Astronomica Italiana.78:203

Malherbe JM, Corbard T, Dalmasse K, Meteospace Team (2019) Meteospace, a New
Instrument for Solar Survey at the Calern Observatory.Solar Phys.294(12):177,
DOI 10.1007/s11207-019-1569-5

Michard R (1965) Nouvel H́eliographe�a l'Observatoire de Meudon. L'Astronomie
79:131

Moreton GE (1960) Ha Observations of Flare-Initiated Disturbances with Velocities
˜1000 km/sec.Astron. J.65:494, DOI 10.1086/108346

Narukage N, Eto S, Kadota M, Kitai R, Kurokawa H, Shibata K (2004) Moreton
waves observed at Hida Observatory. In: Stepanov AV, Benevolenskaya EE, Koso-
vichev AG (eds) Multi-Wavelength Investigations of Solar Activity, vol 223, pp
367–370, DOI 10.1017/S1743921304006143

Oloketuyi J, Liu Y, Zhao M (2019) The Periodic and Temporal Behaviors of Solar
X-Ray Flares in Solar Cycles 23 and 24.Astrophys. J.874(1):20, DOI 10.3847/
1538-4357/ab064c

Pulkkinen T (2007) Space Weather: Terrestrial Perspective. Living Reviews in Solar
Physics 4(1):1, DOI 10.12942/lrsp-2007-1

Reale F (2010) Coronal Loops: Observations and Modeling of Con�ned Plasma. Liv-
ing Reviews in Solar Physics 7(1):5, DOI 10.12942/lrsp-2010-5,1010.5927

Roudier T, Malherbe JM, Moity J, Rondi S, Mein P, Coutard C (2006) Sub arcsec
evolution of solar magnetic �elds.Astron. Astrophys.455(3):1091–1098, DOI 10.
1051/0004-6361:20064963

Schwenn R (2006) Space Weather: The Solar Perspective. Living Reviews in Solar
Physics 3(1):2, DOI 10.12942/lrsp-2006-2

Steinegger M, Hanslmeier A, Otruba W, Freislich H, Denker C, Goode PR, Marquette
WM, Varied J, Wang H, Luo G, Chen D, Zhang Q (2000) An Overview of the New
Global High-Resolution H-alpha Network. Hvar Observatory Bulletin 24(1):179

Sten�o J (1994) Solar Magnetic Fields: Polarized Radiation Diagnostics, vol 189.
DOI 10.1007/978-94-015-8246-9

Temmer M (2021) Space weather: the solar perspective. Living Reviews in Solar



22 J.-M. Malherbe et al.

Physics 18(1):4, DOI 10.1007/s41116-021-00030-3, 2104.04261
Ueno S, Shibata K, Ichimoto K, Kitai R, Nagata S, Kimura G, Nakatani Y (2010)

Continuous H-alpha Imaging Network Project (CHAIN) with Ground- based Solar
Telescopes for Space Weather Research. African Skies 14:17

Warmuth A (2015) Large-scale Globally Propagating Coronal Waves. Living Re-
views in Solar Physics 12(1):3, DOI 10.1007/lrsp-2015-3

Zhang H (2001) Moreton wave and its source of disturbances in the X12/3B
WLF of AR6659 in 1991 June 4. Astron. Astrophys.372:676–685, DOI 10.1051/
0004-6361:20010379

Zhang Y, Kitai R, Narukage N, Matsumoto T, Ueno S, Shibata K, Wang J (2011)
Propagation of Moreton Waves. Pub. Astron. Soc. Japan63:685, DOI 10.1093/
pasj/63.3.685


