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࡞⬟ྍ⏝࡚ࡋࢼࢸࣥࢻ࣮ࣇࡢ㟁Ἴᮃ㐲㙾ࠊࡣࠎᡃ  ࡋࡲࡽ࠶ 20-50 GHz ᖏᇦ⏝ࡢࢼࢸࣥࢪࢵࣜࢻࢵࢡ㛤Ⓨࢆ  
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ᅾ⌧ࡣࢼࢸࣥࡢ✀ࡢࡇࠋࡓࡋ┠ὀ ( QRA )ࢼࢸࣥࢪࢵࣜࢻࢵࢡ࡚ࡋ⿵ೃࡢࢼࢸࣥࢻ࣮ࣇ࡞ᗈᖏᇦࠊࡣࠎᡃ࡛ࡇࡑ

ୡ⏺୰࡛┒ࢇ㛤Ⓨࠊࡀࡿ࠸࡚ࢀࡉᑕᦆኻࢼࢸࣥࡢ࡞࣮ࣥࢱࣃ࣒࣮ࣅࡸ≉ᛶࡲࡲࡢࡑࢆࡽࢀࡑࠊࡿ࠼⪄ࢆ㟁Ἴᮃ㐲㙾

ᦚ㍕ࠊࡶ࡚ࡋࡓࡋᏱᐂࡢࡽಙྕ᳨ࢆฟࡣࡇࡿࡍᅔ㞴࡛࡛ࡇࡑࠋࡿ࠶ᡃࠊࡣࠎ㟁Ἴᮃ㐲㙾⏝ࡢ QRA ࢆ᪂つタィ࣭㛤Ⓨࡿࡍ

 ࠋࡓࡋࡇ
ᅇ㛤Ⓨࡓࡋ QRA ≉ࠊࡣ H2O ࡢ࣮ࢨ࣮࣓ 22.3 GHzࠊSiO ࡢ࣮ࢨ࣮࣓ 43.4 GHz ࿘㎶20-ࢫ࣮ࣟࣥࢱࣜࠊ࡚࠸࠾ dB ௨ୗ࣭

ዲᑐ⛠ⓗࠊ➼࣮ࣥࢱࣃ࣒࣮ࣅ࡞㟁Ἴᮃ㐲㙾⏝࠸ࡋࢃࡉࡩ࡚ࡋ≉ᛶࢆᣢࡿࡏࡓࢆ┠ᶆࡽࢀࡇࠋࡓࡋ㸰ᖏᇦࡣ VLBI ᅜ㝿ࡢ➼

༠ຊほ ࡶ࡚࠸࠾㢖⦾ࡿࢀࡽ࠸⏝㔜せ࡞ほ ᑐ㇟࡛ࠊࡀࡿ࠶୧⪅ࡶᑐᛂࡓࡋ᪤Ꮡࠊࡵࡓࡓࡗ↓ࡣࢼࢸࣥࢻ࣮ࣇࡢ

ཷಙᶵࢆ㸰ྎ⏝ព࡚ࡋษ࡚࠼᭰ࡾほ ࡢࡇࠋࡓ࠸࡚ࢀࡉ QRA ࡀࡇ࠺⾜ࢆ ほࡢࡽࢀࡇಙᶵ࡛ཷࡢ㸯ྎ࡚ࡵึࠊࡾࡼ㛤Ⓨࡢ

ฟ᮶ࡿ࡞࠺ࡼࡿᮇᚅࠊࡽࡉࠋࡿࢀࡉ୪⾜ࡿ࠸࡚ࡗ⾜࡚ࡋ TWA   ࠋࡿࡍሗ࿌ࡶ࡚࠸ࡘ㛤Ⓨࡢࣞ
 VLBIࠊQRAࠊࢪࢵࣜࢻࢵࢡࠊࢻ࣮ࣇࠊᗈᖏᇦࠊ㟁Ἴᮃ㐲㙾ࠊ㟁ἼኳᩥᏛ  ࢻ࣮࣮࣡࢟
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Abstract  We aim to use Quadruple Ridged Antenna ( QRA ) as broadband feed antenna for radio telescope. Lately , the 
performance of broadband & low-noise amplifiers have progressed steadily .When we load them in the receiver-system of 
radio telescope(s) , however , it cannot be used effectively because of the problem of the bandwidth of the other components . 
At least , an acceptably broadband feed antenna needs to be developed . 
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ࣥࣙࢩࢡࢲࣟࢺࣥ .1  

㟁Ἴᮃ㐲㙾ࡣࢼࢸࣥࢻ࣮ࣇࠊ࡚࠸࠾㙾࡛㞟

ࡵࡓࡿࡍఏᦙ࡛ࡲ⨨ಙཷࢆ㟁ἼಙྕࡢࡽᏱᐂࡓࡵ

ࢻ࣮ࣇ࡞௦⾲ⓗࠋࡿ࠶࡛ࡘ୍ࡢගᏛ⣲Ꮚ࡞ྍḞ

࣮ࣥࣥ࣍ࢻ࣮ࣔࢳ࣐ࣝࡸ࣮ࣥ࣍ࢺ࣮ࢤࣝࢥࡣ࡚ࡋ

ࢻ࣮ࣇ⏝㟁Ἴᮃ㐲㙾ࡓࡋ࠺ࡇࠊࡀࡿࢀࡽࡆᣲࡀࢼࢸ

ቑᖜࡸ⨨ಙཷࡣ࡚ࡘࠋࡓࡗ࠶ᖏᇦ࡛⊂ᇶᮏⓗࡣ

ჾ࣭ศගィࡶࠖࢻ࢚ࣥࢡࢵࣂࠕࡓࡗ࠸⊃ᖏᇦ࡛ࡗ࠶

㏆ࠊࡀࡓ࠸࡚ࢀࡉ㍍どࡣᖏᇦᛶ⊂ࡢࢻ࣮ࣇࠊࡵࡓࡓ

ᖺࡢᢏ⾡㌍㐍కཷࠊ࠸ಙ⨨≉ࠊቑᖜჾࡢᗈᖏᇦ

ࡀ㐍ࡳጞࡢࡽࢀࡇࠊࡾ࠾࡚ࡵᗈᖏᇦ⨨ࡳ⤌ࢆ㎸ࢇ

⨨ᗈᖏᇦほ ࠕࡔ ࠋࡿ࠸࡚ࡁ࡚ࡗࡲ㧗ࡶ㟂せせồࡢࠖ  

ࢼࢸࣥࢪࢵࣜࢻࢵࢡ .2  (QRA) 
ᅗ 1 2-18GHzࠊࡣ ᖏᇦ⏝ࢼࢸࣥࢪࢵࣜࢻࢵࢡ ( ௨

㝆ࠊQRA ) ࡢ┿࡛ࠋࡿ࠶ᅗ୰ࡢ㸲ᯛ࡞࠺ࡼࡢ⩚ࡢᑟ

యᯈࢪࢵࣜࡣࢼࢸࣥࡢ✀ࡢࡇࠊࢀࡤ≉ᚩⓗ࡞

ᵓ㐀య࡛ࠋࡿ࠶ QRA ⟶ᑟἼࢪࢵࣜࢻࢵࢡࡣ  ( ௨㝆ࠊ

QRW ) ࢪࢵࣜࡢ㛫㝸ࢆᚎࠎᗈ࡚ࡆ㛤ཱྀ࠺ࡼࡓࡏࡉ

⯙ࡿ࡞㟁☢⏺ⓗࡢࡑࠊࡽࡿ࠶࡛ࢼࢸࣥ㐍⾜Ἴ࡞

ࡣ࠸ QRW ࡤ࠼ࠋࡿఝࢀࡑࡿࡅ࠾ QRW ࡢ㏻ᖖࡣ

ᑟἼ⟶ẚࡿࡣ࡚ᗈ࠸ᖏᇦ㛫࡛ᇶ‽࣮ࣔࢆࢻ⥔

ᣢ࡛ࡿࡁࠊࡽQRA QRW )ࠋࡘᣢࢆᗈᖏᇦᛶࡓࡲࡶ
 (ࠋ࠸ࡋヲ[1]ࠊࡣᛶ≉ࡸ࠸⯙ࡿ࡞㟁☢⏺ⓗࡿࡅ࠾
ᅗ 2 QRAࠊࡣ ࠋࡿ࠸࡚ࡋ⾲ࢆᵝᏊࡢ㟁Ἴఏᦙࡿࡅ࠾
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㟁⏺ᙉᗘ㛫ࢪࢵࣜࡿࡍᑐ㠃ࡢ㸰ᯛࠊࡿぢࢆᅗࡢࡇ

ࣜࡣࡢࡿࢀࡉ㞟⣙ࡢࡇࠋࡿศࡀࡿ࠸࡚ࡋ㞟୰ࡀ

ࡍࠋࡿ࠶࡛ࡀ೫ྥᡂศ⥺┤ࡢ᪉ྥࡿࡀᗈࡀ㛫㝸ࢪࢵ

ࡕࢃ࡞ QRA ࡿࡏࡉ┤ࢆࢪࢵࣜࡢ㸰⤌ィ㸲ᯛࠊࡣ

ศ㞳ᗘ࠸㧗ࢆ೫Ἴᡂศ┤ࡢࡘ㸰ࡢ┤Ỉᖹ࣭ᆶࡾࡼ

࡛ศ㞳࡛ࡢࡇࠋࡿࡁⅬࡣ㟁ἼኳᩥᏛ࡚࠸࠾㠀ᖖ㨩

ຊⓗ࡞≉ᚩ࡛ࠋࡿ࠶ ࡋάࢆᚩ≉ࡢࡇࠊ࠺ࡼࡢ[2] )

ࡓ Ortho-Mode Transducer ◊⢭ຊⓗࡶࡿࡍタィࢆ

࡞ⓗ⯡୍ࠊࡓࡲ (ࠋࡿ࠸࡚ࢀࡉ✲ QRA ಙྕࡓࡋಙཷࡣ

タࡍฟࡾྲྀ࡚㍈ᑟἼ⟶ኚᶵᵓྠࡓࡋ❧⊃ࡢࡘ㸰ࢆ

ィࡢࡑࠊࡾ࠾࡚ࡗ࡞ᚋࢆ࡞ࣉࣥ┤᥋᥋⥆ࡿࡍ

ᗈᖏࡢ✀ࡢ➼ࢻ࣮ࣇࣥࣈࣞࠋࡿ࠶࡛⬟ྍࡀࡇ

ᇦྠࡶ࡛ࢼࢸࣥ㍈ฟຊࡀ᥇⏝ࡿ࠸࡚ࢀࡉࢇࡀ

QRAࠊࡀࡔ ࡿ࠶㸰ಶ࡛ࡢᑠ㝈᭱ࡀᩘࢺ࣮࣏ฟຊࡣ࡛

ࠊࡵࡓ IF ⣔ࡢᵓ⠏ࡀẚ㍑ⓗ⡆༢ࠋࡿ࡞  
 

ୖグࠊ࠺ࡼࡢձ  ᗈᖏᇦᛶࢆᣢࠊࡕղ  ┤೫Ἴᡂ

ศࢼࢸࣥࢆ⮬య࡛ศ㞳࡛ࠊࡁճ  ฟຊ᭱ࡀᩘࢺ࣮࣏ᑠ

㝈࡛ࡿ࠶ QRA 㠀ᖖ࡚ࡋࢻ࣮ࣇࡢ㟁Ἴᮃ㐲㙾ࠊࡣ

QRAࠊ࡚࠼ຍࠋࡿࢀࡽ࠼⪄ࡿ࠸࡚ࡋ㐺 ࣥࣈࣞࡣ

ࡿ࠼ᢚࡃ⣽ࢆᖜ࣒࣮ࣅẚ㍑ⓗࡿẚ➼ࢻ࣮ࣇ

࣮ࣇࣥࣈࣞ (ࠋ↷ཧࢆ➼[8][4][3] )ࠋࡿ࠶࡛⬟ྍࡀ

ᗈゅᛶࡢࡑࠊࡣࢼࢸࣥᗈゅᗈᖏᇦࡿࡍࡵࡌࡣࢆࢻ

ࠊࡀ࠸ࡋ㞴ࡀ⏝᥇ࡢ࡚ࡋᑐᮃ㐲㙾ࡢ᪤Ꮡࠊࡵࡓࡢ

ୖᡭ࣒࣮ࣅࡃᖜࢆㄪᩚ࡛ࡓࡁ QRA ගᏛ⣔ࠊࡤࢀ࠶࡛

ᮃ㐲㙾ࡢ᪤Ꮡࠊࢀࡽ࠼⪄ࡃຠ༑ศࡀṇ⿵ࡿࡼ

ᑐࡢ࡚ࡋ᥇⏝᳨ࢆウ࡛ࠋࡿࡁ  
 
QRAࠊ࠺ࡼࡢࡇ ࡚ࡋࢻ࣮ࣇࡢ⏝㟁Ἴᮃ㐲㙾ࡣ

㠀ᖖ᭷ᮃ࡛࡛ࡲࢀࡇࠊࡀࡿ࠶㛤Ⓨࡓࡁ࡚ࢀࡉ QRA
࣮ࣅ࣓ࣥࡓࡲࠊࡃᝏ㠀ᖖࡀᑕ≉ᛶࡣࢇࡢ

㧗ࡶࣝ࣋ࣞࡳࡇࢀ₃ࡢᕪ೫Ἴ࡚ࡋᑐ࣮ࣥࢱࣃ࣒

ࡢᕷ㈍ࠊࡵࡓࡓࡗ QRA ᐇࡓࢀࡉᦚ㍕㟁Ἴᮃ㐲㙾ࡀ

ࡳࡢ㸯࡞ᐇ㦂ⓗࡣ࡚࠸࠾ᅜෆࢁࡇࡢᅾ⌧ࠊࡣ⦼

ࡿ࠶࡛↓ⓙ ࠋ( [10] )   
 
ࠊࡓࡲ ᅾ⌧ࠊ࠺ࡼࡿศࡶࡽ࡞[9][8][7][6][5]

ୡ⏺୰࡛㛤Ⓨࡿ࠸࡚ࢀࡉ QRA 1-18GHzࠊࡣࢇࡢ
ᖏᇦ⏝࠺ࡼࡢ࡞ẚ㍑ⓗప࠸࿘Ἴᩘᖏᇦࢆᑐ㇟ࡋ

40GHzࠊࡾ࠾࡚ ࡓࡋ㇟ᑐࢆ㡿ᇦࡿ࠼㉸ࢆ QRA ࠊࡣ

⌧Ⅼ࡛ࢇࡣ㛤Ⓨࡢࡇࠋ࠸࡞࠸࡚ࢀࡉ࡞⌮⏤

ࡇࡿ࠶ᅔ㞴࡛ࡀᐇࡢ㍈ᑟἼ⟶ኚ㒊ྠࠊࡣ࡚ࡋ

ࠋࡿࢀࡽ࠼⪄ࡀ࡞ࡇ࠸↓ࡀ㟂せࡣ⯡୍ࠊࡸ  
 
ࡍඞ᭹ࡃᡭୖࢆḞⅬࡓࡋ࠺ࡇࠊࡤࢀ࠼⪄㏫ࡋࡋ

QRAࠊࡤࢀฟ᮶ࡀࡇࡿ ᭷࡚ࡋࢻ࣮ࣇᗈᖏᇦ

QRAࠊࡣࠎᡃ࡛ࡇࡑࠋ࠸↓ࡣࢼࢸࣥ࡞⏝ ḞⅬ࡞ࡢ

㔜Ⅼ≉ୖྥࡢࣝ࣋ᕪ೫Ἴΰධࣞᑕ≉ᛶࡿ࠶

㟁Ἴᮃ㐲㙾ᦚ㍕⏝㧗࿘Ἴ㡿ᇦᑐᛂࡓ࠸⨨ࢆ QRA ᪂ࢆ

つタィ࣭㛤Ⓨࡿࡍࠋࡓࡋ  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ㸯㸸2 – 18 GHz ᖏᇦ⏝  QRA ┿ࡢ  
( Developed by Orient Microwave Corp. ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ㸰㸸2 – 18 GHz ᖏᇦ⏝  QRA ࡢ  
ࡽୖ 2 , 10 , 18 GHz ᵝᏊࡢ㟁Ἴఏᦙࡿࡅ࠾  

 
 ᑍἲࢆࣝࢹゎᯒࣔࠊࡣࣥࣙࢩ࣮࣓ࢽࡢࡽࢀࡇ )

ᐃࡽᵓ⠏ࠊࡋHFSS ࡛ゎᯒ࡚ࡋసᡂࠋࡓࡋ  ) 
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3. タィ  
3.1 タィ┠ᶆ  
࡚ࡋࢻ࣮ࣇࡢ㟁Ἴᮃ㐲㙾ࠊ࠺ࡼࡓࡆᣲࡶ࡛ .2

QRA ඃඛ᭱ࡀୖྥࡢᑕ≉ᛶࡎࡲࠊࡣࡵࡓࡿ࠸⏝ࢆ

ㄢ㢟ࠋࡿ࡞ᕪ೫Ἴࡢΰධࣞࡣࣝ࣋ගᏛタィࡾࡼ

ᅛ᭷ࢼࢸࣥࡣᑕ≉ᛶࠊࡀࡃຠࡀṇ⿵ࡢᗘ⛬ࡿ࠶

ࢀࡅ࡞ࡏࡉୖྥࡾ㝈࡞⬟ྍࢆࢀࡇࠊࡽࡿ࠶࡛ࡢࡶࡢ

ࡣᅇࠊࡀࡔ࡚࠸ࡘᖏᇦḟࠋ࠸࡞ࡽ࡞ࡤ 20-50GHz
㛫ࠋࡓࡋࡇ࠺≻ࢆ㟁ἼኳᩥᏛࠊࡣ࡚࠸࠾VLBI
࡚ࢺࢡ࢙ࢪࣟࣉࡢࡃከࡓࡋࡵࡌࡣࢆ H2O ࣮ࢨ࣮࣓

ࡢ 22.3 GHz ࡧࡼ࠾ SiO ࡢ࣮ࢨ࣮࣓ 43.4 GHz ࡉ ほࡀ

ࢆ⪅୧ࡢࡇࠊࡾ࠾࡚ࢀ 1 ྎ࡛ཷಙ࡛ࡿࡁ QRA タィࢆ

ࡢࡇࡓࡲࠋࡿ࠶ᯝ࡛⤖ࡓ࠼⪄ࡿ࠶࡛⏝᭷ࡀࡿࡍ

⏝⏝㏵ࢆ⪃៖ࠊࡋᅇ㛤Ⓨࡿࡍ QRA ࡣ࡛ 20 – 50 GHz
㛫ࡢ㡿ᇦΏࡢ࡚ࡗⰋ≉ᛶࢆ┠ᣦࠊࡃ࡞ࡣ࡛ࡢࡍ≉

 22.3 GHz , 43,4 GHz ࿘㎶࡛ࢼࢸࣥࡢ≉ᛶ≉ࡉ

ࠊ࡚ࡋ⏤⌮ࡢࡇࠋࡓࡋࡇ࠺≻ඃඛⓗࡇࡿࡏ

ࡗ࠶ᚲせ࡛ࡀࢻ࣮ࣇ࠸Ⰻࡢᛶ≉ࡣ ほࡢ࣮ࢨ࣮࣓

㟂せࡢ 㐃⥆Ἴほࡿࡅ࠾࿘Ἴᩘ㡿ᇦࡢࡇࠊࡸࡇࡓ

ほⅬࡢගᏛ⣔ࡢࡑࠋࡃ࠾࡚ࡆᣲࢆ࠸࡞ࡾࡲ࠶ࡀ

ࡵࡲࢆࡽࢀࡇࠋࡓࡋฟ⟭ࢆᶆ್┠ࡢ࡞ᖜ࣒࣮ࣅࡽ

࡚ලయⓗࠊࡍ⾲௨ୗ࡞࠺ࡼࡢ┠ᶆ್タᐃࠋࡿ࡞  
 
ձ  22.3 GHz , 43.4 GHz ࠊ࡚ࣜ࠸࠾࿘㎶㡿ᇦࡢ ࣮ࢱ

ࢫࣟࣥ -20 dB ௨ୗࠋ  
ղ ゅࣞࣇࠊ࡚ࡋᖜ࣒࣮ࣅ  11r࣮ࣅ࣓࡚ࣥ

ࡀࣥࢤ࣒ -12 dB ⴠࠋࡕ  
ճ  E 㠃࣭H 㠃ࡀ࣮ࣥࢱࣃᑐ⛠ⓗ࡛ࠋࡇࡿ࠶  
մ  ᕪ೫Ἴΰධࣞࣇࡀࢡ࣮ࣆࡢゅ 11rࡾࡼእഃ

ࠋࡿ࠶  
 
3.2 タィᡭἲ  
タィࡣ Ansys ࡢ♫ 3 ḟඖ㟁☢⏺᭷㝈せ⣲ゎᯒࢺࣇࢯ  

HFSS ゎㄝࡋᑡ࡚࠸ࡘࣝࢹゎᯒࣔࠋࡓࡗ⾜࡚࠸⏝ࢆ

ࡓࡋ࣒࢘ࢽ࣑ࣝࢆ⣲ᮦࠊࡿࡍ QRA ᮏయ㒊ࡢ࿘

ᅖࠊࢆ✵Ẽࢆ⣲ᮦᣦᐃࡓࡋ⟽࡛そࢆ⟽ࡢࡑࠊ࠸ゎᯒ

✵㛫ᣦᐃྠࡓࡲࠋࡓࡋ㍈ᑟἼ⟶ኚ㒊ࢆゎᯒࣔࣝࢹ

୰ᵓ⠏ࠊ࡞ࡿࡍฟ᮶ࡿ㝈ࡾᐇ㝿 ᐃࡿࡍ⎔ቃ

㏆࠸ゎᯒࣔࡢࣝࢹᵓ⠏ࢆᚰࠋࡓࡅ  
 
ゎᯒ᮲௳ࡢタᐃࡶ࡚࠸ࡘᑡࡋ㏙ࡎࡲࠊࡃ࠾࡚

QRAࠊࡣヨ㦂࿘Ἴᩘࡿࡍᡂ⏕ࢆࣗࢩࢵ࣓ ࢆᗈᖏᇦᛶࡢ

⪃៖ࠊ࡛࠼࠺ࡓࡋᡃࡶ᭱ࡀࠎ㔜せどࡿࡍ 22.3 GHz , 
43,4 GHz ࡢ 2 Ⅼࢆᣦᐃࡢࡑࠊࡋ 2 ࿘Ἴᩘᑐ࡚ࡋ⏕ᡂ

࡚࠸⏝ࢆࣗࢩࢵ࣓ࡓࡋ 21-24GHz 㛫41-45ࠊ GHz 㛫ࡢ࿘

Ἴᩘ㡿ᇦࢆ Frequency Sweep ゎᯒ࠺ࡼࡢࡇࠋࡓࡋ

Sweep 㡿ᇦࢆẚᖏᇦ 10%⛬ᗘ࡚ࡋࡃ⊂ Frequency 
Sweep ᪉ἲࡢゎᯒࠊ࡞ࡿ࠼ᢚࢆㄗᕪࡿࡌ⏕ࡵࡓࡢ

ࡿ࠼ᢚࡅࡔࡿࡁ࡛ࡣㄗᕪࡿࢀࡽ࠼⪄ࡿࡌ⏕࡚ࡗࡼ

ࠋࡓࡅᚰ࠺ࡼ  

4. タィࡓࡋ 20-50GHz QRA ᚩ≉ࡢ  
ྛ✀ㄽᩥ࡛⤂ࡿ࠸࡚ࢀࡉ QRA ࢺࡢ≀ࡢᕷ㈍ࠊࡸ

3.1ࠊࡣ࡚࠸࡚ࡗ㢗ࢫ࣮ࣞ 㐩ᡂࢆタィ┠ᶆࡓࡆᣲ

ࠊࡣࠎᡃ࡛ࡇࡑࠋࡿࢀࢃᛮ࠸࡞ࢃᗏ㐺฿ࡣࡇࡿࡍ

ゎᯒࣔࣝࢹᵝ࡞ࠎᕤኵࢆจࠊࡋࡽタィ┠ᶆࡢ㐩ᡂ

ᑾຊࠋࡓࡋᅗ 3 ࡓࡋタィࡀࠎᅇᡃࠊࡣ QRA ゎᯒࡢ

ᅗࠊࡾ࠶ᅗ࡛ࣝࢹࣔ 4 ᅗ࡛ࡓぢࡽ㛤ཱྀ㠃ࢆࢀࡑࠊࡣ

ᮏࠊ࠺ࡼࡿศࡽᅗࡢࡇࠋࡿ࠶ QRA ࡣ࡛ 4 ᯛࡢ

ࠋࡿ࠸࡚ࡋ⨨ୖ⥺ᑐゅࡢ⟶᪉ᙧᑟἼࡀࢪࢵࣜ  
QRWࠊࡀࡿ࠸࡚ࢀࡽࢀゐࡶ࡛[2][1] ᪉ᙧᑟἼ⟶୰ࡣ࡛

ᚰ࣭ᑐゅ⥺ୖ࣭ᙧࡢ㸱ࡢࢪࢵࣜࡢ࣮ࣥࢱࣃࡁ᪉ࡀ

ࠊࡣࡢࡿࢀඃᕪ೫Ἴ≉ᛶ␒୍ࡶ୰࡛ࡢࡑࠊࢀࡽ࠼⪄

᪉ᙧᑟἼ⟶ࡢᑐゅ⥺ୖࡀࢪࢵࣜ⨨ࡿ࠸࡚ࡋሙྜ࡛

ୖྥࡢᕪ೫Ἴ≉ᛶ࡚ࡗࡼࡿࡍ⏝᥇ࢆࢀࡇࠋࡿ࠶

ࠋࡓࡗ≻ࡣࡎࡲࢆ  
 
ᅗࡓࡲ 4 ୰ࡢᑍἲ2ࠊࡣ 㛤ཱྀ㒊ࡀ㛫㝸ࢪࢵࣜࡢ⤌

ࡣ࡛ࣝࢹゎᯒ࡚ࣔ࠼ຍࠋࡿ࠸࡚ࡋ♧ࢆࡿ࡞␗࡚࠸࠾

ࢆ㒊ศࣈ࣮࢝ࡢࢪࢵࣜ Exponential 㛵ᩘ࡛⾲⌧࠸࡚ࡋ

࡛ࡇࡍࡽࡎࢆಀᩘࡢࡑࠊࡀࡿ 2 ቑࡢ㛫㝸ࢪࢵࣜࡢ⤌

ຍලྜࢆഹኚࡢࡽࢀࡇࠋࡿ࠸࡚࠼⤖ᯝࣅ࣓ࣥࠊ

ࡢ࣮ࣥࢱࣃ࣒࣮ E 㠃࣭H 㠃ᑐ⛠ᛶࡣᑡࡋᔂ࠺ࡲࡋ࡚ࢀ

2ࠊࡢࡢࡶ ࣞࢬࡢ᪉ྥࡉ㧗ࡢ㍈ᑟἼ⟶ኚ㒊ྠࡢࡘ

㉳ᅉୖࢆࢢࣥࢳࢵ࣐ࢫ࣑ࢫࣥࢲ࣮ࣆࣥࡿࡍᡭࡃゎᾘ

ࠊࡀࡿ࠶ࡣ࡛ୖࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡋᡂຌࡇࡿࡍ

ᑕ≉ᛶࢆࠋࡓࡁ࡛ୖྥࡃࡁ  
 
ḟࡢᅗ 5 ࢵࣂࠋࡿ࠶ᅗ࡛ࡢ㒊ࢸࣅࣕ࢟ࢡࢵࣂࠊࡣ

QRAࠊࡣ㒊ࢸࣅࣕ࢟ࢡ 㔜せࡿࡍᕥྑࡃࡁࢆᛶ≉ࡢ

ࡣᕤኵࡢ㒊ศࡢࡇࠊࡾ࠶㒊ศ࡛࡞ ࡘࡃ࠸࠺ࡼࡢ➼[7]

ᅗࠊࡣࠎᡃࠋࡿ࠸࡚ࢀࡉሗ࿌ࡶ 5 ୰ኸ༙࡞࠺ࡼࡿ࠶

ࡋࡿࡅࡾྲྀ㒊ࢸࣅࣕ࢟ࢡࢵࣂࢆ㉳✺ࡢ≦⌫

ࣇࢫࣛࣉࠕࡣࠎᡃࢆᕤኵࡢࡇࠋࡓ ࠋࡿ࠸࡛ࢇࠖ

୧᪉ࡢ࣮ࣥࢱࣃ࣒࣮ࣅᑕ≉ᛶ࣭ࡣࣇࢫࣛࣉࡢࡇ

࡛࣮࣡ࣃࣥࢩ࣐ࠊࡾศࡀࡍࡽࡓࡶࢆኚ࡞ࡁ

(ᙉᘬ )᭱㐺ࡓࡋ⤖ᯝ≉ 43.4 GHz ࿘㎶㡿ᇦ࡚ 

࡞ࡁᑕ≉ᛶྥୖຠᯝࡀᚓࢪࢵࣜࠋࡓࢀࡽᗏ㒊ࡽ

ࡇࡿ࠸࡚ࡋኚ㐃⥆ⓗࡀ㊥㞳ࡢ࡛ࡲ㠃⾲ࡢ⌫༙

ࡿࢀࡽᚓࡀࢻඹ࣮࡚ࣔ࿘Ἴᩘ㡿ᇦ࠸ᗈࡾࡼࠊࡾࡼ

ࠋࡿ࠸࡚࠼⪄࠸࡞ࡣ࡛ࡢ   
 

5. タィ⤖ᯝ  
ᅗ 6 , 7 ࢀࡒࢀࡑࠊࡣ 22.3GHz ࿘㎶43.4ࠊGHz ࿘㎶࡛

㡿ᇦ࡛࠸ࡋḧ≉ࠋࡿ࠶ゎᯒ⤖ᯝ࡛ࡢࢫ࣮ࣟࣥࢱࣜࡢ

ࢫ࣮ࣟࣥࢱࣜࡶࢺ࣮࣏ࡢࡘ㸰ࡣ -20dB ௨ୗࢆ㐩ᡂ

ᅗࠋࡿศࡀࡿ࠸࡚ࡁ࡛ 8 22.3GHz , 43.4GHzࠊࡣ 

㍈⦪ࢆゎᯒ⤖ᯝࡢ࣮ࣥࢱࣃ࣒࣮ࣅ⏺㐲᪉ࡿࡅ࠾ EL,ᶓ
㍈ Az ࢀࡒࢀࡑ࡚ࡋ -60°~+60rࡢ࡛ࡲ⠊ᅖࢆ 2D ࣉ

ᅗࡓࡲࠋࡿ࠶࡛ࡢࡶࡓࡋࢺࢵࣟ 9,10 ࡣ Az =0°ࡣࡓࡲ
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EL =0rࡢ⥺࡛ษࡾฟࣇࣛࢢࡓࡋ㸦ࡿࡺࢃ࠸ HV-Cut 
ᕪࡀ⥺Ⅼࠊ࣒࣮ࣅ࣓ࣥࡀ⥺ᐇࠊࡾ࠶㸧࡛࣮ࣥࢱࣃ

೫Ἴࠋࡍ⾲ࢆ㹃㠃࣭H 㠃ࠊࡣ࡚࠸࠾ᕪ೫Ἴ࡞ࡀ

ᅗࡢḟࠋࡿศࡀࡿ࠸࡚ࢀࡽ࠼ᢚࡃపࡾ 11 ᕪࠊࡣ

೫Ἴ୍ࣞࡀࣝ࣋␒ᙉࡿ࡞ࡃ phi = 45°( EL=Az ) ࣅࡢ

ࣅ࣓ࣥࡀ⥺ᐇᵝྠࠊࡾ࠶࡛ࣇࣛࢢࡢ࣮ࣥࢱࣃ࣒࣮

ࠊࡽᅗࡢࡇࠋࡿ࠸࡚ࡋ⾲ࢆᕪ೫Ἴࡀ⥺Ⅼࠊ࣒࣮

22.3GHz,43.4GHz ゅࣞࣇࡀࢡ࣮ࣆࡢᕪ೫Ἴࡶ

12rࡶࡾࡼእഃࡀࡇࡿ࠶ศࣞࣇࠊࡾゅ 11r⛬

ᗘࢆ࡛ࡲࡿ࠸⏝ගᏛタィࠊࡤ࠼⾜ࢆ  
ఝⓗᕪ೫Ἴ≉ᛶࡢⰋ࠺ᢅ࡚ࡋࢻ࣮ࣇ࠸

ࡀฟ᮶ࠋࡿ ゅࣞࣇࡢᖜ࣒࣮ࣅ࣓ࣥࡋࡔࡓ  11°
࡚ -12rⴠ࠺࠸ࡕ┠ᶆࡣ㐩ᡂ࡛ࠊ࡛ࡢࡓࡗ࡞ࡁᐇ

㝿ࣞࣇ࠸⊂ࡓࡋ࠺ࡇゅ࡛ࡢගᏛタィࡣࡿ࠼⾜ࢆ

༑ศ᳨ウࡿࡍᚲせࡓࡋ࠺ࡇࠋࡿ࠶ࡀගᏛタィࠊࡣ

Ticra ࢺࣇࢯ⟭ගᏛᡭἲィ⌮≀ࡢ♫ Grasp ࠺⾜࡚࠸⏝ࢆ

ணᐃ࡛ࠋࡿ࠶  
 
 ḟࡢᅗ 12 20-50GHzࠊࡣ 㛫࡛ࢢࡢࢫ࣮ࣟࣥࢱࣜࡢ

ᮏࠋࡿ࠶࡛ࣇࣛ QRA ࡣ 22.3GHz,43.4GHz ࡳࡢ࿘㎶ࡢ

ฟࡀᕪ࡞➃ᴟ࡛ࡲࡇࡇࠊࡀࡓࡗ࠶タィ࡛ࡓࡋ㐺᭱

ࢲࠕࠊࡣࡾࡼ࠺࠸ࢻ࣮ࣇᗈᖏᇦࡸࡣࡶࠊ࠺ࡲࡋ࡚

᪉ࡧࡢูࡓࡗ࠸࠺ࡑࠊࡔࠖࢻ࣮ࣇࢪࣥࣞࣝࣈ

᪉ࡓࡋࢆ Ⰻࡀ ࠺ࡼ࠸  ᛮࠋࡓ࠼ ᭱ᚋ ᅗࡢ 13 ࡣ ࠊ

20-50GHz 㛫࡛ࡢᕪ೫Ἴศ㞳ᗘ ࣮ࣞࢯ㛫ࢺ࣮࣏)

ࣥࣙࢩ ศ㞳ࡅࡔࢀࢆ೫Ἴᡂศ┤ࡢࡘ㸰ࡕࢃ࡞ࡍࠊ(

ᮏࠊࡽᅗࡢࡇࠋࡿ࠶࡛ࣇࣛࢢࡓࡋ⾲ࢆࡿࡁ࡛ QRA
┤࡛ࣝ࣋ࣞ࠸㧗㠀ᖖࡣẁ㝵࡛ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡣ

೫Ἴᡂศࢆศ㞳࡛ࠊࡁ೫Ἴศ㞳ほ ࡿࡅ࠾ᡂᯝࡀ

ᮇᚅ࡛ࠋࡿࢀࡽ࠼⪄ࡿࡁ  
 
 
 
 ᅗ㸱㸸  
 20 – 50 QRA ࡢ  
 ゎᯒࣔࣝࢹᅗ  
 
 
 
 
 
 
    ᅗ㸲㸸  

    ゎᯒࣔࢆࣝࢹ  
ᅗࡓぢࡽୖ  

 
 
 

 
 
 
 
 
ᅗ㸳㸸  20 -50 QRA ࡢ  

ࢸࣅࣕ࢟ࢡࢵࣂ  
㒊ศࡢᣑᅗ  

 
 ᅗ୰ྑࡀ⌫༙ࡢ  
ࠋࣇࢫࣛࣉ   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ㸴㸸20 - 50 QRA ᑕ≉ᛶゎᯒ⤖ᯝࡢ  @ 22.3 GHz 

( ㉥㸸ࢺ࣮࣏ࢺࣥࣟࣇ  㟷㸸ࣜࢺ࣮࣏  ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ㸵㸸20 - 50 QRA ᑕ≉ᛶゎᯒ⤖ᯝࡢ  @ 43.4 GHz 

( ㉥㸸ࢺ࣮࣏ࢺࣥࣟࣇ  㟷㸸ࣜࢺ࣮࣏  ) 

36 mm 

54 mm 
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ᅗ㸶㸸20 – 50 QRA ࡢ࣮ࣥࢱࣃ࣒࣮ࣅ㐲᪉⏺ᨺᑕࡢ  

ゎᯒ⤖ᯝ  
 

ᕥࡀྑࠊ࡛࣒࣮ࣅ࣓ࣥࡀᕪ೫Ἴ  
ࡀୖ 22.3 GHz ࡛ୗࡀ 43.4 GHz ࠋࡢࡶࡢ  

QRA ࢼࢸࣥᗈᖏᇦࡢࠊࡣ࣮ࣥࢱࣃ࣒࣮ࣅᨺᑕࡢ

ࠋ࠺ᛮ࠸࡞ࡣ᪉࡛࡞ࣞ࢟ࠊࡿẚ  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 9㸸H 㠃 Cut ࣇࣛࢢ࣮ࣥࢱࣃ࣒࣮ࣅࡢ  
( ୖ㸸22.3 , ୗ㸸43.4 GHz , ࣞࣇゅ  -30r㹼  30°  ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 10㸸V 㠃 Cut ࣇࣛࢢ࣮ࣥࢱࣃ࣒࣮ࣅࡢ  
( ୖ㸸22.3 , ୗ㸸43.4 GHz , ࣞࣇゅ  -30r㹼  30°  ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 10㸸phi = 45r㠃ࣇࣛࢢ࣮ࣥࢱࣃ࣒࣮ࣅࡢ  
( ୖ㸸22.3 , ୗ㸸43.4 GHz , ࣞࣇゅ  -30r㹼  30°  ) 
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ᅗ 12 (ୖ )㸸ᖏᇦࡿࡅ࠾ᑕ≉ᛶゎᯒ⤖ᯝ  
ᅗ 13 (ୗ )㸸ᖏᇦࢺ࣮࣏ࡿࡅ࠾㛫ࢯ  

ゎᯒ⤖ᯝࡢࣥࣙࢩ࣮ࣞ       
 

6. TWA 㛤Ⓨࡢ㐍ᤖሗ࿌  
⥲㛤ཱྀ㠃✚ 1 ᖹ᪉ km,ࡢᗈᖏᇦࡢࣞᐇ⌧ࢆ┠ᣦ

ࡍ 㟁 Ἴ ኳ ᩥ Ꮫ ࡢ ᅜ 㝿 ࣉ ࣟ ࢪ ࢙ ࢡ ࢺ SKA(Square 
Kilometer Array)ࡸ ᆅ VLBI ⏬ḟᮇィࡢ VLBI2010 

ẚᖏᇦ࡚࠸࠾ 1:10 ⛬ᗘࡢᗈᖏᇦࡢࢻ࣮ࣇ㛤Ⓨࡍࡀ

ᗈᖏᇦࠊࡓࡲࠋࡿ࠸࡚ࢀࡽࡵࡍ VLBI ┦ᰯṇಙࡣ࡛

ࢀࡇࠋࡿ࠶ᚲせ࡛ࡀᗈᖏᇦࡶࢼࢸࣥࡿࡍ㍽ᑕࢆྕ

ࡁ⥆ࡁᘬᖺᗘࠊࡵࡓࡢ⌧ᐇࡢࡽ TWA(Traveling 
Wave Antenna)ࡿࡼࣞࡢᗈᖏᇦࡢࢻ࣮ࣇヨస

ࡓࡗ⾜ࢆ  ( ᅗ ࡠࡏពᅗ୰ᚰࡢ࣒࣮ࣅࡣᖺᗘࠋ( 14

ࡓࡋ⏕Ⓨࡀࣝࢾ [ᩥ⊩ ࣥࣙࢩ࣮࣑ࣞࣗࢩィ⟬ᶵࠊࡀ[10

Ⓨ࡛ࢢࣥࣜࣉࢵ࢝ࡢ㟁ὶྠኈࡴ㎸ࡾᅇࢆᇶᯈࡤࢀࡼ

ࡿࢀࢃᛮཎᅉࡀ※Ἴࡢ┦㏫ࡓࡋ⏕  ( ᅗ ᖺࠋ ( 15

ᗘࡢࣞࡣᵓᡂࢆኚࡢࣝࢾࠊ࠼Ⓨ⏕ࡀ࣮ࣥࢱࣃኚࢃ

ࡓࡋㄆ☜ࢆࡇࡿ  ( ᅗ ᇶᯈࠊࡽࡀ࡞ࡋࡋࠋ ( 16,17

ࡗࡲࡋ࡚ࢀᔂࡀᑐ⛠ᛶࡢ࣒࣮ࣅ༑ศ࡛ࡀᅛᐃ⢭ᗘࡢ

ࢆ⣲Ꮚ㛫㝸࡚ࡏࢃྜࡳჶ࡚ࢀධࢆࡳ㎸ࡾษᇶᯈࠋࡓ

ࡓ࠸࡚ࡋᣦ┠ࢆࡇࡿࡍᢚไࢆࣈ࣮ࣟࢻࢧ࡚ࡋࡃ⊂

ࢆ㒊ศࡏࢃྜࡳჶ࡚ࡋඃඛࢆᗘ⏤⮬ࡢᵓᡂࣞࠊࡀ

᥋╔ࣥࣟࣇࢸࡓࡲࠊࡎࡏᇶᯈࡢཌࡀࡳ 1mm ࡋࠊ࡛

ࡀ⋠ẚㄏ㟁ࡶ 2.2 ➃ඛࡵࡓࡓ࠸⏝ࢆᇶᯈ࠸ࡽᰂࡢ

㒊ศࡀᆶࠋࡿ࠶࡛ࡽࡓࡗ࡞ࡃࡍࡸࢀᨭᣢᵓ㐀ࢆᨵၿ

࿘ࡀᖜ࣒࣮ࣅࠊࡘࡘࡾᅗࢆᨵၿࡢᑐ⛠ᛶࡢ࣒࣮ࣅ࡚ࡋ

Ἴᩘ࠸࡞ࡽࡼᵓ㐀ࢆ┠ᣦ࣒࣮ࣅࠋ࠸ࡓࡁ࠸࡚ࡋᙧ≧

ࡲᖺᗘࠊࡀࡔᚲせࡀࡇࡍࡸቑࢆ⣲Ꮚᩘࡣไᚚࡢ

ィ࡛ྜࡢ⣲Ꮚࡢ୧೫Ἴࡀ⣲Ꮚᩘࡾ࠶ᇶ♏ᐇ㦂࡛ࡣ࡛ 8
⣲Ꮚไ㝈ࠋࡓ࠸࡚ࢀࡉ᮶ᖺᗘ௨㝆ࡣ㟁ຊྜᡂჾࡢಶ

ࡢከ⣲Ꮚࡾࡼࠊ࡚ࡋࡸቑࢆᩘ TWA ࠊࡋᵓ⠏ࢆࣞ

ࠋࡿ࠶ணᐃ࡛࠺⾜ࢆไᚚᐇ㦂ࡢ≦ᙧ࣒࣮ࣅ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 14 : 2012 ᖺᗘ〇సࡓࡋ 8 ⣲Ꮚ TWA ࣞ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 15:  COMSOL ࡿࡼ TWA 㟁☢⏺ศᕸࡢ  

( ẚㄏ㟁⋡㸸2.2,ᇶᯈᑍἲ㸸L×W×t 
 = 280x120x1[mm] , ィ⟬࿘Ἴᩘ㸸6GHz ) 
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ᅗ 3.  8 ⣲Ꮚ TWA ࣮ࣥࢱࣃ࣒࣮ࣅࡢࣞ  

(ᆶ┤೫Ἴ , ᐃ࿘Ἴᩘ㸸2GHz,100x100 ᗘ ) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ 4.  8 ⣲Ꮚ TWA ࣮ࣥࢱࣃ࣒࣮ࣅࡢࣞ  

(ᆶ┤೫Ἴ , ᐃ࿘Ἴᩘ㸸4GHz,100x100 ᗘ )  
 

ᚋࡵࡲ .7  
ᡃࠊࡣࠎ㟁Ἴᮃ㐲㙾࡚ࡋࢼࢸࣥࢻ࣮ࣇࡢ⏝

࡞⬟ྍ 20-50 GHz ᖏᇦ⏝ࢼࢸࣥࢪࢵࣜࢻࢵࢡ

(QRA)ࡢ㛤Ⓨࠋࡓࡗ⾜ࢆ㏆ᖺࡢᢏ⾡㌍㐍ࠊࡾࡼప㞧

㡢࡛ᗈᖏᇦ࡞ቑᖜჾࡀ㛤Ⓨࡽࢀࡇࠊࡀࡿ࠸࡚ࡁ࡚ࢀࡉ

ࠊࡣ㝿ࡴ㎸ࡳ⤌࣒ࢸࢫࢩಙᶵཷࡢ㟁Ἴᮃ㐲㙾ࢆ

ቑᖜჾࡢᗈᖏᇦᛶᑐᛂࡓࡋᗈᖏᇦࢼࢸࣥࢻ࣮ࣇ

ࠋᡃ࠸࡞ฟ᮶ࡀࡍάࡶᗈᖏᇦᛶࡢࡑࠊࡤࢀࡅ↓ࡀ ࠎ

ձࠊ࡚ࡋ⿵ೃࡢࢻ࣮ࣇᗈᖏᇦࡢࡑࡣ  ᗈᖏᇦᛶࢆᣢ

ࠊࡕ  ղ  ┤೫Ἴᡂศࢼࢸࣥࢆ⮬య࡛ศ㞳࡛ࠊࡁճ  
ฟຊ᭱ࡀᩘࢺ࣮࣏ᑠ㝈࡛ࡿ࠶ QRA Ḟࡢࡑࠊࡋ┠ὀ

ⅬࢆࢇࡢගᏛ⣔ୖ࡚ࡗࡼᡭࡃ⿵ṇࡀࡇࡿࡍ

ฟ᮶ࠊ࡛ࡇࡑࠋࡓ࠼⪄ࡿගᏛ⣔࡛ࡣ⿵ṇ࡛࠸࡞ࡁ

ᑕᦆኻ࡞↔Ⅼ࡚ࡗ⤠ࢆ㠀ᖖ㧗ᛶ⬟࡞ QRA タࢆ

ィ࣭〇సࠋࡓࡋࡇࡿࡍ  
 

タィࡓࡋ QRA ࣮ࢱࣜࡣ࡛ୖࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡣ

ࢫࣟࣥ -20dB ௨ୗࢆ 22.3GHz,43.4GHz ࡚࿘㎶㡿ᇦࡢ

㐩ᡂࠊࡋᕪ೫Ἴΰධ್࡛ࣞࢡ࣮ࣆࡶࣝ࣋ -10dB ௨ୗ

ࡣ್ࡢࡽࢀࡇࠋࡓࡋ㐩ᡂࢆ QRA ࠸Ⰻࡾ࡞ࡣ࡚ࡋ

ࡓࡲࠊࡾ࠶್࡛ 40GHz ࡿࡅ࠾㡿ᇦࡿ࠼㉸ࢆ QRA ࡢ

ᐇ⏝࠺࠸ほⅬࡶ࡚࠸࠾ᮏ㛤Ⓨࡣ⏬ᮇⓗ࡛ࡿ࠶

ࡓࡋタィࠊࡣᅾ⌧ࠋࡿ࠼࠸ QRA ࢆヨస࣭ ᐃホ౯ࡢ

㐍ࡢࡇࠋࡿ࠸࡚ࡵ⤖ᯝࢆ㋃ࠊ࡛ୖࡓ࠼ࡲḟࡁ࠺⾜

㛤Ⓨࢆ㡰ḟ㐍ࡣࡃࡺࡃࡺࠊࡵᮃ㐲㙾ࡢᦚ㍕ࢆ┠ᣦࠋࡍ 
 
8. ၥྜඛ  
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