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せ᪨ 

 

ᫍࡣศᏊ㞼ࡢෆ㒊࡛⏕ࠊ࡚ࡗࡀࡓࡋࠋࡿ࠸࡚ࢀࡽ࠼⪄࡜ࡿࢀࡲᫍᙧᡂࡢ㐣⛬ࢆ⌮ゎࡿࡍ

 ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋゎ⌮ࢆ㛵ಀࡢ࡜ศᏊ㞼ࡿ࡞࡜ᮦᩱࡢࡑࠊࡣ࡟ࡵࡓ

Ⅱ ศᏊ㞼ࡢ୺ᡂศࡣỈ⣲ศᏊ࡛ࠊࡋࡔࡓࠋࡿ࠶ᫍᙧᡂࡢ๓ẁ㝵ࠊ࡞࠺ࡼࡢศᏊ㞼ࡀప ࡢ

≧ែ㸦10K㸧࡛ ࠊࡣ࡟✲◊ࡢศᏊ㞼࡛ࡇࡑࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿࡍᨺᑕࢆ㟁☢ἼࡣỈ⣲ศᏊࠊࡣ

Ỉ⣲࡟࣒࢘ࣜ࣊ࠊḟࡄᏑᅾ㔞ࢆᣢ୍ࡘ㓟໬Ⅳ⣲࣑ࣜࠊ࡞࠺ࡼࡢἼ࣭࣑ࣜࣈࢧἼᖏ࡛ᅇ㌿㑄

 ࠋࡿࢀࡽ࠸⏝ࡃࡼࡀ ほࡢ⥺ศᏊ㍤ࡿࡼ࡟⛣

 

ᶆ㧗ࡢ₎◁࣐࢝ࢱ࢔ࠊࣜࢳ༡⡿ࡣ⚾ 4800 ࡿ࠸࡚ࢀࡉ⨨タ࡟ᆅⅬࡢࣝࢺ࣮࣓

ASTE(Atacama Submillimeter Telescope Experiment)ᮃ㐲㙾࡟ᦚ㍕345ࠊࡿࡍGHzᖏࡢ᪂

ཷಙᶵࡢ㛤Ⓨࠋࡿ࠸࡚ࡗ⾜ࢆ 

௒࡛ࡲ ASTE࡛⏝ࡓࡁ࡚ࢀࡽ࠸ 345GHzᖏ⏝ཷࡢಙᶵࡣኳయࡿࡃࡽ࠿ಙྕࠊࡕ࠺ࡢ∦೫

Ἴᡂศཷ࠿ࡋࡳࡢಙ࡛ࠋࡓࡗ࠶࡛࣒ࢸࢫࢩ࠸࡞ࡁほ ᑐ㇟࡛ࡿ࠶ศᏊ㞼ࡣ 10K ࠶࡛ ప࡜

࠶ࠊࡣ࡟ࡿࡅཷࡃࡋṇࢆಙྕ࠸ᙅ࡞࠺ࡼࡢࡑࠋ࠸ᙅ࡟㠀ᖖࡣಙྕࡿ᮶ࡽ࠿ศᏊ㞼ࠊࡵࡓࡿ

ࡋࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡀ✌ࢆศ᫬㛫✚࡚ࡅྥ࡟᪉ྥࡢศᏊ㞼ࡢࡑࢆᮃ㐲㙾ࠊ᫬㛫ࡢᗘ⛬ࡿ

೫Ἴ∦ࡣ⚾࡛ࡇࡑࠋࡿ࡞࡟࡜ࡇࡿ࠿࠿ࡀ᫬㛫࡟㠀ᖖࡣ࡟ࡿࡍ ほࢆ㡿ᇦ࠸ᗈࡢ✵࡚ࡗࡀࡓ

࠸࡞ࡁಙ࡛ཷ࠿ࡋࡳࡢ ASTE345GHz ᖏ⏝ཷࡢಙᶵࢆᨵⰋࠊࡋ୧᪉ࡢ೫Ἴཷࢆಙ࡛ࡼࡿࡁ

 ࠋࡓࡋᣦ┠ࢆ࡜ࡇࡿࡍ࡟࣒ࢸࢫࢩ࡞࠺

ࡘ஧ࡢᶓ೫Ἴ࡜೫Ἴ⦪ࢆಙྕࡢࡽ࠿ኳయࠊࡿࢀࡤ࿧࡜೫Ἴศ㞳ჾ࡟ࡵࡓࡿࡍ⌧ᐇࢆࢀࡑ

 ࠋࡓࡋ࡟࡜ࡇࡿࡅ௜ࡾྲྀࢆ⨨⿦ࡿࡍศ㞳࡟

 

ASTE ࠊࡎࡲ࡛ࡇࡑࠋ࠸ࡉᑠ࡚ࡵᴟࡀ⠊ᅖࡿࡅ௜ࡾྲྀࢆ⨨⿦ࡣᆺཷಙᶵࢪࢵࣜࢺ࣮࢝ࡢ

3D CAD ࡚ࡋࡑࠋࡓࡋỴᐃࢆ⨨㓄࡞࠺ࡼࡿࡁࡾࡲ཰ࡀࢺࣥࢿ࣮࣏ࣥࢥྛ࡚࠸⏝ࢆࢺࣇࢯࡢ

ࢆタィࡢᅛᐃ἞ලࡢࢺࣥࢿ࣮࣏ࣥࢥྛࠊ࡟࠺ࡼࡿࢀࡉ༑ศ෭༷ࡘᑦୟࠊࡋ⌧ᐇࢆ⨨㓄ࡢࡑ

 ࠋࡓࡗ⾜

345GHzࠊࡓࡲ ᖏࡢ೫Ἴศ㞳ჾࡢホ౯࠸⏝ࢆࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡎࡲࠋࡓࡗ⾜ࡶ

ࡋࡑࠋࡓࡗ⾜ࢆゎᯒࡢ࡝࡞ࡳࡇࢀ₃ࡢ೫Ἴࡸᤄධᦆኻࡢ㟁Ἴࡢ೫Ἴศ㞳ᶵࡓࢀࡉタィࠊ࡚

࡚ᐇ㝿࡟೫Ἴศ㞳ᶵ࡚࠸⏝ࢆᐇ㦂࡚ࡗࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊ࠸⾜ࢆᚓࡓࢀࡽ⤖ᯝࡢ࡜ẚ

㍑ࡣࡽࡕࡇࠋࡓࡋ࡟࡜ࡇ࠺⾜ࢆ⌧ᅾᐇ㦂᭱ࡿ࠸࡚ࡗ⾜ࢆ୰࡛ࠋࡿ࠶ 

 

 

 

 



 3

┠ḟ 

 4 .......................................................................................................... ࣥࣙࢩࢡࢲࣟࢺࣥ࢖ .1

1-1㟁☢Ἴ ........................................................................................................................... 4 

1-2 ୍㓟໬Ⅳ⣲ศᏊࡢᅇ㌿㑄⛣4 ....................................................................... ࣝࢺࢡ࣌ࢫ 

1-3ᮃ㐲㙾 ........................................................................................................................... 6 

1-4㟁Ἴᮃ㐲㙾ࡢᵓᡂ ......................................................................................................... 7 

1-4-1ගᏛ⣔ .................................................................................................................... 8 

1-4-2ཷಙᶵ .................................................................................................................... 8 

1-4-3ศගჾ .................................................................................................................... 9 

1-4-4ィ⟬ᶵ࣭ไᚚ⣔ ...................................................................................................... 9 

1-5 2SB10 .............................................................................................................. ࣮ࢧࢡ࣑ 

1-6 ASTEᮃ㐲㙾 .............................................................................................................. 13 

 

2. ASTEᦚ㍕ 345GHzᖏ୧೫Ἴ㉸ఏᑟཷಙᶵࡢタィ ......................................................... 15 

2-1 ◊✲⫼ᬒ ..................................................................................................................... 15 

2-2 ೫Ἴศ㞳ᶵ ................................................................................................................. 17 

2-3 ASTE345GHzᖏ୧೫Ἴཷಙᶵࡢタィ ....................................................................... 18 

 

3. ೫Ἴศ㞳ჾࡢホ౯ ............................................................................................................ 23 

 ホ౯............................................................................. 23ࡿࡼ࡟ࢺࣇࢯ࣮ࢱ࣮࣑ࣞࣗࢩ 3-1

3-2 㧗࿘Ἴࡓ࠸⏝ࢆࢡ࣮࣡ࢺࢵࢿᐇ㦂ࡿࡼ࡟ホ౯ .......................................................... 25 

 

 ௒ᚋ ................................................................................................................... 32࡜ࡵ࡜ࡲ .4

 

5. ཧ⪃ᩥ⊩........................................................................................................................... 33 

 

 

 

 

 

 

 

 



 4

1. イントロダクション 

1-1電磁波 

Ⅱ 㟁☢Ἴࡢ࿘ἼᩘࡸἼ㛗࡚ࡗࡼ࡟ศ㢮ࢆࡢࡶࡓࡋᅗ㸦㸧ࠋࡍ♧࡟࿘Ἴᩘࡀ኱ࡢࡶ࡞ࡁ㸦Ἴ

㛗ࡢᑠࡢࡶ࡞ࡉ㸧ࡽ࠿㡰ࠊ࡟Ț⥺ࠊX⥺ࠊ⣸እ⥺ྍࠊどගࠊ㉥እ⥺ࠊ㟁Ἴ࡜୪ࡇࠋࡿ࠸࡛ࢇ

࡚ࡋ࡟Ἴ㛗ࡣどග㡿ᇦྍࡢே㛫ࠊࡕ࠺ࡢ 380nm~750nm࡛ࠊ࡛ࡢࡿ࠶ே㛫ࡀ⫗║࡛ぢࡇࡿ

 ࠋࡿ࠼ࡀ࠿࠺ࡀ࡜ࡇ࠺࠸࡜࠸⊂࡚ࡵᴟࡣ⠊ᅖࡢ㟁☢Ἴࡿࡁ࡛ࡢ࡜

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

ᅗ(1.1)Ⅱ 㟁☢Ἴࡢ࿘Ἴᩘ㸦Ἴ㛗㸧ࡿࡼ࡟ศ㢮 

 

1-2 一酸化炭素分子の回転遷移スペクトル 

Ⅱ ኴ㝧ࡽ⮬࡟࠺ࡼࡢ㍤ࡃᫍ㸦ᜏᫍ㸧ࡣᏱᐂ✵㛫࡟ᏑᅾࡿࡍศᏊ㞼ࡢෆ㒊࡛⏕࠼⪄࡜ࡿࢀࡲ

 ࠋࡿ࠶࡛࡜ࡇࡢᫍ㛫㞼ࡿ࠶ែ࡛≦ࡢศᏊ࡟୺ࡀࢫ࢞ࡢෆ㒊ࠊࡣ࡜ศᏊ㞼ࠋࡿ࠸࡚ࢀࡽ

Ⅱ ศᏊ㞼࡟⯡୍ࡣప 㸦⣙ 10K㸧࡛ྍࠊࡵࡓࡿ࠶どගࡸ㏆㉥እ⥺ࡢἼ㛗㡿ᇦ࡛㟁☢Ἴࢆᨺ

ᑕࡋࡔࡓࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿࡍప ࡛ࠊࡶ࡚ࡗ࠶ศᏊࡢᅇ㌿㑄⛣ࡣᘬࡁ㉳࣑ࣜࠊࢀࡉࡇἼ࣭

 ࠋࡿࢀࢃ⾜ࡀᨺᑕࡢἼᖏ࡛࣑ࣜࣈࢧ

Ⅱ ศᏊ㞼ࡢ୺࡞ᡂศࡣỈ⣲ศᏊ࡛ࠊࡋ࠿ࡋࠋࡿ࠶Ỉ⣲ศᏊࡣỌஂ཮ᴟᏊ࣮࣓ࣔࣥࢆࢺᣢࡓ

10Kࠊࡵࡓ࠸࡞ ࡞ࡃࡋ㞴࡟㠀ᖖࡣ ほࡢࡑࠊࡎࢀࢃ⾜ࡀᨺᑕࡢ㟁☢Ἴ࡚࠸࠾࡟ ప࠺࠸࡜

㓟໬Ⅳ⣲୍ࡘᣢࢆᏑᅾ㔞ࡄḟ࡟࣒࢘ࣜ࣊ࡸỈ⣲ศᏊࠊࡣ࡟ ほࡢศᏊ㞼࡛ࡇࡑࠋࡿ࠸࡚ࡗ

(CO)ศᏊ㍤⥺ほ ࠋࡿࢀࡽ࠸⏝ࡃࡼࡀ 
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Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ

33K

17K

5.5K

J=3

J=2

J=1

J=0

Tk

CO(3-2)

CO(2-1)

CO(1-0)

 

(ᅗ 1.2)Ⅱ COศᏊࡢᅇ㌿㑄⛣࡟ᑐ࣮ࣝ࣋ࣞࢠࣝࢿ࢚ࡿࡍ 

 

㸰ཎᏊศᏊ࡛ࡿ࠶ CO࣮ࢠࣝࢿ࢚ࡢ‽఩ EJࠊࡣᅇ㌿㔞Ꮚᩘ J ( J  ࠊ࡚࠸⏝ࢆ(͐,0,1,2,3=

)1( += JhBJEJ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-1) 

hࡢᘧ(1)୰ࠋࡿࢀࡉ⾲࡜ Bࠊࡾ࠶ᐃᩘ࡛ࢡࣥࣛࣉࡣ ศࠋࡿ࠶ᐃᩘ࡛ࡿࢀࡤ࿧࡜ᅇ㌿ᐃᩘࡣ

Ꮚࡿ࠶ࡀ≧ែࡢูࡽ࠿≧ែ࡟㑄⛣࣮ࢠࣝࢿ࢚ࡢࡑࠊࡁ࡜ࡿࡍᕪ࡟┦ᙜࡿࡍ࿘Ἴᩘ 0f ⥺㍤࡟

ࡢࡇࠋࡿࡍᨺᑕࢆࣝࢺࢡ࣌ࢫ 0f 㟼࡚ࡋᑐ࡟⪅ ほࡀ㸦ศᏊ࠺࠸࡜㟼Ṇ࿘ἼᩘࡢศᏊࡢࡑࢆ

Ṇ࡟ࡁ࡜ࡿ࠸࡚ࡋほ ࡿࢀࡉ࿘Ἴᩘ㸧ࠋ 

Ⅱ ᅇ㌿㔞Ꮚᩘࡀ 1+J ࡽ࠿ J ᕪ࣮ࢠࣝࢿ࢚ࡢࡑࠊሙྜࡿࢃኚ࡬ E∆  ࡽ࠿ᘧ(1)ࡣ

)1(2 +=∆ JhBE Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-2) 

ࠊ࡛ࡢࡿ࡞࡜ 0f  ࡣ

)1(20 +=∆= JB
h

E
f

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-3) 

 ࠋࡿ࡞࡜

Ⅱ ᘧ(3)ࡽ࠿ CO  ࠋࡍ♧࡟(1.1)⾲ࢆࡢࡶࡓࡵ࡜ࡲ࡚ࡵồࢆ࿘Ἴᩘࡿࡍᑐ࡟⛣㑄ࡢࡽ࠿఩‽ྛࡢ

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  
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⾲(1.1)Ⅱ COྛࡢ㑄⛣࡟ᑐࡿࡍ࿘Ἴᩘ್ࡢ 

遷移  名称 周波数(GHz) 

01→=J  CO(1-0) 115.271204 

12 →=J  CO(2-1) 230.538001 

23 →=J  CO(3-2) 345.795989 

 

1-3望遠鏡 

Ⅱ ᮃ㐲㙾࠿ࡘࡃ࠸ࡣ࡟✀㢮࡞࠺ࡼࡿࡍ࡟┠ࡃࡼࠋࡿ࠶ࡀᅗ(1.3)ࡢୖ⟃࡞࠺ࡼࡢᮃ㐲㙾ࡣග

Ꮫᮃ㐲㙾࡜࿧ྍࡣࢀࡇࠋࡿࢀࡤどග㡿ᇦ࡛ኳయࢆほ ࡢࡵࡓࡿࡍᮃ㐲㙾࡛ࠋࡿ࠶Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

ඛ⛬ࡶ㏙ྍࠊ࡟࠺ࡼࡓ࡭どගࡢἼ㛗㡿ᇦࡣ㟁☢Ἴࡢ඲࿘Ἴᩘ㡿ᇦ࡞࠿ࡎࢃࡢࢇ࡯ࡢ㒊ศ

Ᏹࡣ࡛ࡅࡔࡿ࠸⏝ࢆගᏛᮃ㐲㙾ࡘᣢࢆឤᗘ࡟どග㡿ᇦྍࡾࡲࡘࠋ࠸࡞ࡂࡍ࡟ࡿ࠸࡚ࡋ⾲ࢆ

ᐂࡿࡃ࡚ࡗࡸࡽ࠿㟁☢Ἴ୍ࡢ㒊ศ࠿ࡋᤊࠋࡿ࠶࡛ࡢ࠸࡞ࡁ࡛ࡀ࡜ࡇࡿ࠼ 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ      ᅗ(1.3)ගᏛᮃ㐲㙾 

 

Ⅱ ኳయࡽ࠿ᨺᑕ࡞ࡲࡊࡲࡉࡿࢀࡉ࿘Ἴᩘࡢ㟁☢Ἴࢆほ ࠊ࡟ࡵࡓࡿࡍX⥺࣭Ț⥺ᮃ㐲㙾

 ࠋࡿࡍᏑᅾࡀᮃ㐲㙾ࡓࡌᛂ࡟࿘Ἴᩘࠊ࡝࡞㟁Ἴᮃ㐲㙾ࠊ㉥እ⥺ᮃ㐲㙾ࡸ

Ⅱ ᅗ㸦1.4㸧࢖࣡ࣁࡣᓥ࢔ࢣࢼ࣐࢘ᒣ㡬ࡿࡤࡍࠊࡿ࠶࡟ᮃ㐲㙾࡛ࡿࡤࡍࡢࡇࠋࡿ࠶ᮃ㐲㙾ࡣ

ྍどග㡿ᇦ࡛ࡢほ ࠊ࡜ࡇࡢࢇࢁࡕࡶࡣ㉥እ⥺㡿ᇦ࡛ࡢほ ࡓࡲࠋࡿ࠼⾜ࡶᅗ㸦1.5㸧ࡣᅜ

❧ኳᩥྎ㔝㎶ᒣ࡟タ⨨ࡿ࠸࡚ࢀࡉ 45m㟁Ἴᮃ㐲㙾࡛ࡢࡇࠋࡿ࠶ᮃ㐲㙾ࡢྡࡢࡑࡣ㏻ࡾ㟁Ἴ

㡿ᇦ࡟ឤᗘࢆᣢࡘᮃ㐲㙾࡛ࠋࡿ࠶ 
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ᅗ(1.4)Ⅱ ᮃ㐲㙾 (ᅜ❧ኳᩥྎᥦ౪㸧Ⅱࡿࡤࡍ Ⅱ Ⅱ   ᅗ(1.5)Ⅱ 45m㟁Ἴᮃ㐲㙾 

 

1-4電波望遠鏡の構成 

Ⅱ ඛ⛬㏙ࡢ࠿ࡘࡃ࠸ࡓ࡭ᮃ㐲㙾ࠊࡕ࠺ࡢᡃࡢࠎ◊✲ᐊࡀ୺࡟◊✲࣭㛤Ⓨࡢࡶࡿ࠸࡚ࡗ⾜ࢆ

 ࠋࡍ♧࡟ᅗ㸦1.6㸧ࢆᵓᡂࡢ㟁Ἴᮃ㐲㙾ࠋࡿ࠶㟁Ἴᮃ㐲㙾࡛ࡣ

Vᅗ(1.6)Ⅱ 㟁Ἴᮃ㐲㙾ࡢᵓᡂ 
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ᅗ(1.6)ࡢࢀࡒࢀࡑࡓࡋ♧࡟ᵓᡂせ⣲࡚࠸ࡘ࡟௨ୗ࡟ㄝ᫂ࠋࡿࡍ 

 

1-4-1光学系 

Ⅱ ኳయࡿࡃ࡚ࡗࡸࡽ࠿㟁Ἴࡣᚤᙅ࡛࡚࠸⏝ࢆࢼࢸࣥ࢔ࣛ࣎ࣛࣃ࡚ࡗࡀࡓࡋࠋࡿ࠶㞟ࡇࡿࡵ

ࣥ࢔ࣛ࣎ࣛࣃࡣ㟁Ἴࡢࡽ࠿ኳయ࡟࠺ࡼࡢᅗ(1.7)ࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ ほ࡚ࡵึࠊࡾࡼ࡟࡜

ᚋࡢࡑࠋࡿࡅᢤࢆ㒊ࢼࢸࣥ࢔ࣛ࣎ࣛࣃࠊࢀࡉ๪㙾࡛཯ᑕ࡟ḟࠊࢀࡉ୺㙾㒊ศ࡛཯ᑕࡢࢼࢸ

ࠋࡿࢀ࠿ᑟ࡜࡬ಙᶵཷࠊࢀࡉ཯ᑕ࡟ᖹ㠃㙾ࡸᴃ෇㙾ࡢ࠿ᗄᯛࠊ࡚ࡗࡼ࡟⨨㓄ࡢಙᶵཷࠊࡣ

ኳయࡢࡽ࠿㟁Ἴཷࡀಙᶵ࡟ᑟࡢ࡛ࡲࡿࢀ࠿⤒㊰ࢆ࡜ࡇࡢගᏛ⣔࡜࿧ࠋࡪ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ(1.7)Ⅱ ගᏛ⣔ࡢᵓᡂ 

 

1-4-2受信機 

Ⅱ 㟁Ἴᮃ㐲㙾࡛ࢼࢸࣥ࢔ࡢ㞟ࡓࢀࡽࡵኳయࡢࡽ࠿ಙྕࣟࢡ࢖࣐ࠊࡣἼఏ㏦㊰ࢆ㏻ཷ࡚ࡗಙ

ᶵ࡜࡬ᑟཷ࡚ࡋࡑࠋࡿࢀ࠿ಙᶵࡢ୰࡛ቑᖜࡸ࿘Ἴᩘኚ᥮᳨ࠊἼࡓࡗ࠸࡜స⏝ࠋࡿࡅཷࢆኳ

యࡢࡽ࠿ಙྕࡣ㠀ᖖ࡟ᙅཷࠊࡵࡓ࠸ಙᶵࡣప㞧㡢࡛ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ 

ɼᦟ主

иᦟ主

౹όᦟ主

ᦟ主᩿࠯
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Ⅱ 㟁Ἴ㡿ᇦ࡛ࡢศගほ ࡟ከཷࣥ࢖ࢲࣟࢸ࣊ࠊ࡟ࡢࡶࡿ࠸࡚ࢀࡽ࠸⏝ࡃಙ᪉ᘧࡇࠋࡿ࠶ࡀ

࿘Ἴᩘࡢ㟁Ἴࡿࡃ࡚ࡗࡸࡽ࠿㇟ᑐࡿࡍ ほࠊ࡟࠺ࡼࡢᅗ(1.8)ࠊࡣࢀ ƒRF㸦RF ࡣ radio 

frequencyࡢ␎㸧ࡢࡑ࡜࿘Ἴᩘ࡟㠀ᖖ࡟㏆࠸࿘Ἴᩘ ƒLO㸦LOࡣ local oscillatorࡢ␎㸧ࢆ࡜

ΰࡢࡑࠊ࡚ࡏࢃྜࡐᕪ࿘Ἴ ƒIF㸦IFࡣ intermediate frequency ฟࡾྲྀࠊࡋฟࡾྲྀࢆ㸧␎ࡢ

 ࠋࡿ࠶᪉ᘧ࡛࠺࠸࡜ࡿࡍࢆἼ᳨࡚ࡋࡑࠊቑᖜࢆಙྕࡢࡑࡓࡋ

Ⅱ  ࠋࡿ࡞࡟࠺ࡼࡢḟ࡜ࡍ⾲ᘧ࡛ࢆ㛵ಀࡢ࿘Ἴᩘࡢࡽࢀࡇ

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ IFLORF fff ±=
Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-4) 

 

ࡣಙᶵཷࡽ࠿ᘧࡢࡇ LOf ࡚ࡋᑐ࡟ IFf ࡀឤᗘ࡚࠸࠾࡟(ࢻࣥࣂࢻ࢖ࢧ)࿘Ἴᩘᖏࡢࡘ஧ࡿ࡞࡜

ࠋࡿ࠿ศࡀ࡜ࡇࡿ࠶ IFLO ff + ࠊ(USB)ࢻࣥࣂࢻ࢖ࢧ࣮ࣃࢵ࢔ࢆࡢࡶࡿ࠶࡛ IFLO ff − ࡿ࠶࡛

 ࠋࡪ࿧࡜(LSB)ࢻࣥࣂࢻ࢖ࢧ࣮࣮࣡ࣟࢆࡢࡶ

 

 

 

 

ᅗ(1.8)Ⅱ  ࡳ⤌௙ࡢಙ᪉ᘧཷࣥ࢖ࢲࣟࢸ࣊

 

1-4-3分光器 

Ⅱ ኳయࢆࣝࢺࢡ࣌ࢫࡢࡽ࠿ᚓࠊࡣ࡟ࡵࡓࡿ㟁☢Ἴࢆ࿘Ἴᩘ࡚ࡗࡼ࡟⣽ࡃ࠿ศ๭ྛࠊࡋ࿘Ἴ

ࡃ࠸ࡣ࡟ศගჾࠋࡿ࠶ศගჾ࡛ࡀࡢ࠺⾜ࢆసᴗࡢࡇࠋࡿ࠶ࡀᚲせࡿࡍᐃ ࢆᙉᗘࡢ࡜ࡈᩘ

ࡓ࡭㏙ࡶ࡟๓ࡤ࠼౛ࠋࡿ࠶ࡀ㢮✀࠿ࡘ 45m㟁Ἴᮃ㐲㙾࡛ࢰ࢚ࣆࡣຠᯝࢆ฼⏝ࡓࡋ㡢㡪ගᏛ

ᆺศගჾࠊࡸᗈᖏᇦ࣭㧗࿘Ἴᩘศゎ⬟࡞ほ ࡟ᑐᛂࣝࢱࢪࢹࡓࡋศගჾࠋࡿ࠸࡚ࢀࡽ࠸⏝ࡀ 

 

1-4-4計算機・制御系 

Ⅱ ィ⟬ᶵࠊࡣศගჾࡽ࠿ฟຊࡓࢀࡉ࿘Ἴᩘ࡟࡜ࡈ㑅ูࡓࢀࡉ㟁Ἴࡢᙉᗘ࡟㛵ࡢࢱ࣮ࢹࡿࡍ

ྲྀᚓ࣭ฎ⌮ࡓࡲࠋ࠺⾜ࢆ㟁Ἴᮃ㐲㙾ࡢ㥑ືࡸ⿦⨨ࡢไᚚࠋ࠺⾜ࡶ 
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1-5 2SBミクサー 

Ⅱ 2SBࠊࡣ࡜࣮ࢧࢡ࣑Double Sideband Separating Mixer2ࠋࡿ࠶࡛␎ࡢSBࢆ࣒ࢸࢫࢩ⏝

ࢆಙྕ(RF㸸Radio Frequency)ࡢኳయࠊ࡛࡜ࡇࡿ࠸ 2⣔⤫࡟ศ㞳ࠊࡋᑟἼ⟶ࡢෆ㒊࡛୧⪅ࡢ

఩┦ࢆ᧯సࡓࡋᚋࠊUSB࡜ LSBࡢ᝟ሗࡾྲྀ࡟ࠎูࢆฟࠋࡿࡁ࡛ࡀ࡜ࡇࡍ 

Ⅱ USB࡜ LSBࡢಙྕࡾྲྀ࡟ࠎูࢆฟࡍཎ⌮࡚࠸ࡘ࡟ㄝ᫂ࠋࡿࡍᅗ(1.9)࡟ 2SBࡢ࣒ࢸࢫࢩ

 ࠋࡍ♧ࢆ࣒ࣛࢢ࢔࢖ࢲࢡࢵࣟࣈ

 

ᅗ(1.9) 2SB࣒ࣛࢢ࢔࢖ࢲࢡࢵࣟࣈࡢ࣒ࢸࢫࢩ 

 

USBഃ࡜ LSBഃࡢࢀࡒࢀࡑࡢ RFಙྕࡀḟࠋࡿࡍ࡜ࡿࢀࡉ⾲࡟࠺ࡼࡢ 

 

USB㸸Ⅱ Ⅱ )cos( UUt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-5) 

LSB㸸Ⅱ Ⅱ )cos( LLt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-6) 

 

 

Ⅱ ḟࡢࡽࢀࡇ࡟ಙྕࢆ RF90°࡟ࢫ࢖ࣂࢹ࠺࠸࡜ࢻࢵࣜࣈ࢖ࣁධຊࠋࡿࡍRF90°ࣜࣈ࢖ࣁ

LSBࠊUSBࠊࡣࢻࢵ ࡃࡋ➼ࢀࡒࢀࡑࢆಙྕࡢ 1/2 ⤫⣔ࡢ᪉∦࡟ࡽࡉࠊࡋศ㓄࡟⤫㸰⣔ࡘࡎ

ࡀ┦఩ࡣಙྕࡓࢀࡉฟຊ࡟⤫⣔ࡢ᪉∦࠺ࡶࠊࡎࡏኚ໬ࡀ┦఩ࡣಙྕࡓࢀࡉฟຊ࡟ 90°㐜ࢀ

ࡢูࢀࡒࢀࡑࡣಙྕࡓࢀࡉศ㓄࡚ࡋ࡟࠺ࡼࡢࡇࠋࡘᣢࢆᛶ㉁࠺࠸࡜࠺࠸࡜ࡿ Mixer ࠿ᑟ࡟

ࡀಙྕࡢ᪉ࡓࡗ࠿࡞ࡋኚ໬ࡀ┦఩ࠋࡿࢀ Mixer1 ࡀ┦఩ࠊࢀ࠿ᑟ࡟ 90°㐜ࡓࢀ᪉ࡢಙྕࡣ

Mixer2࡟ᑟࡢࢀࡒࢀࡑࠊ࡜ࡿࡍࠋࡿࡍ࡜ࡿࢀ࠿ಙྕࡣḟࠋࡿ࡞࡟࠺ࡼࡢ 

 

 

Mixer1࠺࠿ྥ࡟ USB㸸Ⅱ Ⅱ )cos( UU t φω +  Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-7) 
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Mixer1࠺࠿ྥ࡟ LSB㸸Ⅱ Ⅱ )cos( LLt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-8) 

Mixer2࠺࠿ྥ࡟ USB㸸Ⅱ Ⅱ )90cos( °−+ UU t φω Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-9) 

Mixer2࠺࠿ྥ࡟ LSB㸸Ⅱ Ⅱ )90cos( °−+ LLt φω Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-10) 

 

Mixer࡟ᑟࡓࢀ࠿RFಙྕࠊࡣLOಙྕ࡜Mixing࡛࡜ࡇࡿࢀࡉᕪ࿘Ἴࡢಙྕࡀฟຊࠋࡿࢀࡉ

LOಙྕࡣ௨ୗ࡞࠺ࡼࡢᘧ࡛⾲ࠋࡿࡍ࡜ࡿࢀࡉ 

 

LO㸸Ⅱ Ⅱ )cos( LOLOt φω + Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-11) 

 

ࡣ࡛⟭ィࡢ௨㝆ࡋࡔࡓ 0=LOφ  ࠋ࠸࡞࠼ᨭࡋᕪ࡚ࡋ࡜

ᘧ(1-7)ࡽ࠿ᘧ(1-10)ྛࡢ࡛ࡲ RFಙྕࠊࡀᘧ(1-11)ࡢ LOಙྕ࡜Mixingࠊ࡜ࡿࡍฟຊࢀࡑࡣ

 ࠋࡿ࡞࡟࠺ࡼࡢ௨ୗࢀࡒ

 

Mixer1ࡢࡽ࠿USBࡢฟຊ㸸Ⅱ Ⅱ ])cos[( ULOU t φωω +−   Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-12) 

Mixer1ࡢࡽ࠿ LSBࡢฟຊ㸸Ⅱ Ⅱ ])cos[( LLLO t φωω −−  Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-13) 

Mixer2ࡢࡽ࠿USBࡢฟຊ㸸Ⅱ Ⅱ ]90)cos[( °−+− ULOU t φωω Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-14) 

Mixer2ࡢࡽ࠿ LSBࡢฟຊ㸸Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω  Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-15) 

 

 

USBഃࡢฟຊࡣ LOU ωω − ࡣLSBഃࠊࡀࡔ LLO ωω − ఩ࡣLSBഃ࡛ࠊ࡚ࡗࡀࡓࡋࠋࡿ࠶࡛

 ࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋὀព࡟࡜ࡇࡿࡍ཯㌿ࡀྕ➢ࡢᐃᩘ㡯ࡢ┦

 

ࡓࢀࡉฟຊ࡚ࡋ࡟࠺ࡼࡢࡇ 4✀㢮ࡢಙྕ࡟ࡽࡉࠊࢆ IF90°ࢫ࢖ࣂࢹ࠺࠸࡜ࢻࢵࣜࣈ࢖ࣁ

ࡣࢫ࢖ࣂࢹࡢࡇࠋࡿࡍᑟධ࡟ RF90°ࡌྠ࡜ࢻࢵࣜࣈ࢖ࣁാࠊࡀࡿࡍࢆࡁධຊ࣭ฟຊඹ࡟ 2

⣔⤫ᏑᅾࠊࡾࡲࡘࠋࡿࡍMixer1 ࡜ Mixer2 ୧᪉ࡢࡽ࠿ಙྕධຊ࡟ᑐࠊࡋ఩┦ࡢኚ໬ࡅཷࢆ

ࡀ᣺ᖜࡎ 1/2 ࡛ฟຊࡿࢀࡉ⣔⤫ࡢ90°ࠊ࡜఩┦ࡢ㐜࡚ࡗࡶࢆࢀ᣺ᖜࡀ 1/2 ࡛ฟຊࡿࢀࡉ 2

 ࠋࡿࡍᏑᅾࡀ⤫⣔ࡢࡘ

 

࡛ࡇࡇ Mixer1 ࡀಙྕࡢࡽ࠿ IF90°ࡿࡼ࡟ࢻࢵࣜࣈ࢖ࣁ఩┦ኚ໬࠸࡞ࡅཷࢆഃࡢฟຊࢆ

Port1ࠊMixer2ࡢࡽ࠿ಙྕࡀ఩┦ኚ໬࠸࡞ࡅཷࢆഃࡢฟຊࢆ Port2ࠊ࡜ࡿࡍࠋࡿࡍ࡜Port1ࠊ

Port2ࡢࢀࡒࢀࡒࡢࡽ࠿ฟຊࡣḟࠋࡿ࡞࡟࠺ࡼࡢ 
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Mixer1ЍPort1ࡢUSBฟຊ㸸Ⅱ Ⅱ ])cos[( ULOU t φωω +− Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ (1-16) 

Mixer1ЍPort2ࡢUSBฟຊ㸸Ⅱ Ⅱ ]90)cos[( °++− ULOU t φωω Ⅱ Ⅱ Ⅱ Ⅱ  (1-17) 

Mixer1ЍPort1ࡢ LSBฟຊ㸸Ⅱ Ⅱ ])cos[( LLLO t φωω −− Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-18) 

Mixer1ЍPort2ࡢ LSBฟຊ㸸Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω  

Mixer2ЍPort1ࡢUSBฟຊ㸸Ⅱ Ⅱ ]9090)cos[( °+°−+− ULOU t φωω  

                           Ⅱ Ⅱ  = ])cos[( ULOU t φωω +− Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  (1-19) 

Mixer2ЍPort2ࡢUSBฟຊ㸸Ⅱ Ⅱ ]90)cos[( °−+− ULOU t φωω Ⅱ Ⅱ Ⅱ Ⅱ  (1-20) 

Mixer2ЍPort1ࡢ LSBฟຊ㸸Ⅱ Ⅱ ]9090)cos[( °+°+−− LLLO t φωω  

= ]180)cos[( °+−− LLLO t φωω Ⅱ Ⅱ  (1-21) 

Mixer2ЍPort2ࡢ LSBฟຊ㸸Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω Ⅱ Ⅱ Ⅱ Ⅱ  (1-22) 

 

 ࡜ࡿࡵ࡜ࡲࢆࡽࢀࡇ

 

࣭Port1ࡢ USBฟຊ㸸Ⅱ Ⅱ ])cos[( ULOU t φωω +− + ])cos[( ULOU t φωω +−  

                    Ⅱ Ⅱ  =2 ])cos[( ULOU t φωω +−  

࣭Port1ࡢ LSBฟຊ㸸Ⅱ Ⅱ ])cos[( LLLO t φωω −− + ]180)cos[( °+−− LLLO t φωω  

    Ⅱ Ⅱ                 Ⅱ Ⅱ  =0 

࣭Port2ࡢ USBฟຊ㸸Ⅱ Ⅱ ]90)cos[( °++− ULOU t φωω + ]90)cos[( °−+− ULOU t φωω  

 Ⅱ Ⅱ Ⅱ                  Ⅱ Ⅱ  =0 

࣭Port2ࡢ LSBฟຊ㸸Ⅱ Ⅱ ]90)cos[( °+−− LLLO t φωω + ]90)cos[( °+−− LLLO t φωω  

=2 ]90)cos[( °+−− LLLO t φωω  

 

ࡣࡽ࠿Port1ࠊ࡚ࡗࡀࡓࡋ USBࡢಙྕࡀࡳࡢฟຊࠊࢀࡉPort2ࡣࡽ࠿ LSBࡢಙྕࡀࡳࡢ

ฟຊ2ࠊ࡚ࡋ࡟࠺ࡼࡢࡇࠋࡿ࡞࡟࡜ࡇ࠺࠸࡜ࡿࢀࡉSBཷಙࡀᐇ⌧ࠋࡿ࠶࡛ࡢࡿࢀࡉ 
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1-6 ASTE望遠鏡 

ASTEࡣ࡜ Atacama Submillimeter Telescope Experimentࠊࡣࢀࡇࠋࡿ࠶࡛␎ࡢ༡⡿ࢳ

ᶆ㧗ࡢ₎◁࣐࢝ࢱ࢔ࠊ໭㒊ࡢࣜ 4800mࡢ㧗ᆅ࡟タ⨨࣑ࣜࣈࢧࠊࡿ࠸࡚ࢀࡉἼᮃ㐲㙾࡛ࠋࡿ࠶

ASTEࡀタ⨨ࡿ࠸࡚ࢀࡉሙᡤࠊࡣ኱Ẽࡢ㏱㐣⋡ࡀᴟ࡚ࡵⰋዲ࡞ୡ⏺ᒅᣦ࣑ࣜࣈࢧࡢἼほ ࢧ

 ࠋࡓࢀࡉ㛤ጞࡀ ほ࡟ᮏ᱁ⓗ࡟2004ᖺࠊࢀࡉ⨨タ࡟2002ᖺࠋࡿ࠸࡚ࢀࡽ▱ࡀ࡜ࡇࡿ࠶࡛ࢺ࢖

㙾㠃ࡣ 205ᯛࡢ㙾㠃ࢆࣝࢿࣃㄪᩚࢼࢸࣥ࢔ࠊ࡛࡜ࡇࡿࡍ඲య࡛ㄗᕪࡀ 20ȣm௨ୗ࠺࠸࡜

㧗࠸⢭ᗘࢆ㐩ᡂࠋࡿ࠸࡚ࡋ 

Ⅱ ⌧ᅾ ASTE ᮃ㐲㙾ࡢศගほ ࡛ࡣ 345GHz ᖏ492ࠊGHz ᖏࠊTHz ᖏࠊVLBI ほ ⏝ࡢ

230GHzᖏࡢ ࣜࢺ࣮࢝࡞࠺ࡼࡢᅗ(1.10)ࡣಙᶵཷࡢࡽࢀࡇࠋࡿ࠸࡚ࢀࡽ࠸⏝ࡀಙᶵཷࡢࡘ4

 ࠋࡿ࠶ᐜ࡛᫆ࡀ࠼᭰ࢀධࡢಙᶵཷࠊ࡛ࡢࡿ࠸࡚ࢀࡉ⏝᥇ࡀᆺࢪࢵ

Ⅱ 㛗㔝ࡸᅜ❧ኳᩥྎ୕㮚ࡿ࠶࡟ᮾி㒔ࠊ࡛⬟ྍࡀ࡜ࡇ࠺⾜ࢆ ほ࡚ࡗࡼ࡟㐲㝸᧯సࠊࡓࡲ

 ࠋࡿࡁ࡛ࡀ࡜ࡇࡿ㏦ࢆ♧ᣦࡽ࠿ࣟࢻ࣭࣌ࣥࢧࡢࣜࢳࠊ㔝㎶ᒣᏱᐂ㟁Ἴほ ᡤࡢ┴

Ⅱ Ⅱ  

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ⾲(1-1) ASTEࡢᇶᮏ᝟ሗ 

 

 

 

Ⅱ Ⅱ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

主鏡サイズ 10m 

ビームサイズ 21"@345GHz 

観測 分光観測 ・連続波観測 

指向精度 1.5"以内 
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    Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(1.9)Ⅱ ASTEᮃ㐲㙾Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(1.10)Ⅱ ASTEᦚ㍕⏝ཷಙᶵ 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(1.11)Ⅱ ASTEࢺ࢖ࢧ 
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2. ASTE搭載 345GHz帯両偏波超伝導受信機の設計 

2-1 研究背景 

2222----1111----1111    ほ ຠ⋡ࡢ㧗ཷ࠸ಙᶵࡢᚲせᛶ 

ᡃࡀࠎほ ᑐ㇟ࡣࡢࡿ࠸࡚ࡋ࡜ศᏊ㞼࡛ࠋࡿ࠶ศᏊ㞼ࡣ⤯ᑐ ᗘ࡛ 10K  ప࡟㠀ᖖࠊ࡜

㇟ほ ᑐࡢࡑ᫬㛫ࡢᐃ୍ࠊࡣ࡟ࡵࡓࡿࡍಙཷࢆಙྕࡢࡽ࠿㉁≀࡞ ప࡞࠺ࡼࡢࡑࠋࡿ࠶࡛

 ࠋࡿ࠶ࡀᚲせࡿࡅ⥆ࡅྥࢆᮃ㐲㙾࡟

Ⅱ ᅗ(2.1)ࡢᕥࡢᅗࡣ⣔እ㖟Ἑ࡛ࡿ࠶M83ྍࢆどග࡛ほ ࠋࡿ࠶࡛ࡢࡶࡓࡋᅗ(2.1)ࡢྑࡢᅗ

ࠊࡣ࡟ ほࡢCO(3-2)ࡢࡇࠋࡿ࠶࡛ࡢࡶࡓࡋࢢࣥࣆࢵ࣐ࠊ࠸⾜ࢆ CO(3-2)࡛ほࢆ㖟Ἑࡌྠࡣ

⌧ᅾ ASTE ࡿ࠸࡚ࢀࡽ࠸⏝࡛ 345GHz ᖏཷࡢಙᶵࡀ౑ࠋࡓࢀࢃᅗ()୰ࡶ࡟ᥥࡿ࠸࡚ࢀ࠿㏻

⣙ࡣࢬ࢖ࢧ࣒࣮ࣅࡢASTEࠊࡾ ࡣ⠊ᅖࡢࣉࢵ࣐ࠊࡋᑐ࡟ࡢࡿ࠶࡛”22 ᗈᇦ࡟㠀ᖖ࡜’35×’35

ࡣ᫬㛫ࡓࡋせ࡟ ほ࡟ࡵࡓࡃᥥࢆࣉࢵ࣐ࡢࡇࠋࡿ࠶࡛ 42᫬㛫࡛ࠋࡿ࠶ 

 

 

(Ḣᕞ༡ኳᩥྎᥦ౪)                                (Muraoka et al.2009) 

ᅗ(2.1) ⣔እ㖟ἙM83 

㸦ᕥ㸸ྍどගほ ྑ࣭ࡢࡶࡿࡼ࡟㸸CO(3-2)ࡢࡶࡓࡋࢢࣥࣆࢵ࣐࡚ࡗࡼ࡟㸧Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

 

Ⅱ  ࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࠿࠿ࡀ᫬㛫࡟㠀ᖖࠊࡣ ほࡿࡼ࡟㟁Ἴࠊ࡟࠺ࡼࡢࡇ

㠀ࡀ࡜ࡇࡿసࢆಙᶵཷ࠸Ⰻࡢ⋠ほ ຠࡣ࡟ࡵࡓࡿࡍ⦰▷ࡶ࡛ࡋᑡࢆほ ᫬㛫ࠊ࡚ࡗࡀࡓࡋ

ᖖ࡟㔜せࡿࡃ࡚ࡗ࡞࡜ 
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2222----1111----2 2 2 2 ASTEཷࡢಙᶵ࣒ࢸࢫࢩ 

Ⅱ ⌧ᅾࡢ ASTE345GHz ᖏ⏝ཷࡢಙᶵࡢᵓᡂࢆᅗ(2.2)ࠋࡍ♧࡟⌧ᅾཷࡢಙᶵ࡛ࡣኳయࡽ࠿

 ࡢ⟶ᑟἼࡢᚋ┤ࡢ࣮ࣥ࣍ࡣࢀࡇࠋ࠸࡞ฟ᮶࠿ࡋಙཷ࠿ࡋࡳࡢ೫Ἴᡂศ∦ࠊࡕ࠺ࡢಙྕࡢ

 ࠋࡿ࠶࡛ࡽ࠿ࡿ࠸࡚ࢀࡉ㝖ཤࡀᡂศࡢ௚ࠊ࡚ࡗࡼ࡟≦ᙧࡢ

 

 

 

 

 

 

 

ᅗ(2.2) ⌧ᅾࡢ ASTE345GHzᖏ⏝ཷಙᶵ࣒ࢸࢫࢩࡢ 

 

Ⅱ ࡛ࡀ࡜ࡇࡍฟࡾ୧೫Ἴྲྀࠊ࡛࡜ࡇࡿࡅ௜ࡾྲྀࢆ೫Ἴศ㞳ჾ࡟ᚋ┤ࡢ࣮ࣥ࣍ࠊ௒ᅇ࡛ࡇࡑ

ࢆ࣒ࢸࢫࢩ࡞࠺ࡼࡿࡁ 345GHz ᖏཷಙᶵ࡟ᑟධࠋࡓࡋ࡟࡜ࡇࡿࡍ೫Ἴศ㞳ᶵࡾྲྀࢆ௜ࡓࡅ

ሙྜཷࡢಙᶵࡢᵓᡂࢆᅗ(2.3)ࠋࡍ♧࡟ 

 

 

 

 

 

 

 

 

ᅗ(2.3) ೫Ἴศ㞳ᶵࡾྲྀࢆ௜ࡓࡅሙྜཷࡢಙᶵ࣒ࢸࢫࢩࡢ 

 

ࡣ⋠ほ ຠࠊࡤࢀࡍ⌧ᐇࡀࢀࡇ 2ಸࠋࡿ࡞࡜ 

 
 
 
 
 
 
 
 



 17

2-2 偏波分離機 

೫Ἴศ㞳ᶵࡣ┤஺೫Ἴࢆ஧࡟ࡘศࡢࡵࡓࡿࡅ⿦⨨࡛ࠋࡿ࠶ᅗ(2.4)ࡀ௒ᅇྲྀࡾ௜࡜ࡇࡿࡅ

ࡓࡋ࡟ 345GHz ᖏ⏝ࡢ೫Ἴศ㞳ᶵ࡛ࡢࡇࠋࡿ࠶ෆ㒊ᵓ㐀ࡀࡢࡶࡓࡋ⾲ࢆᅗ(2.5)࡛ࡲࠋࡿ࠶

ࡢࢀࡒࢀࡑࠊࡓ PortࡢᑟἼ⟶ࠋࡍ♧࡟(2-1)⾲ࢆࢬ࢖ࢧ 

ᅗ(2.5)ࡢ Port1 ࡓࡋ㏻㐣ࢆ㝵ẁᵓ㐀ࡢෆ㒊ࡣᆶ┤೫Ἴ(V-pol)ࠊ࡜ࡿࢀࡉධຊࡀಙྕࡽ࠿

ᚋୖࠊ㒊ࡢ Port2ࡽ࠿ฟ࡚ࠊࡓࡲࠋࡿࡃỈᖹ೫Ἴ(H-pol)ࠊࡣෆ㒊ࡢ B ȭiot junction࡜࿧

ྜ⤖ὶᆅⅬ࡛෌ᗘྜࡢ࣒࣮࢔ࠊᚋࡓࢀࡽࡅศ࡟➼ᆒ࡟㒊࣒࣮࢔ࡢࡘ஧ࠊࡾࡼ࡟ᵓ㐀ࡿࢀࡤ

 ࠋࡿ࡞࡟⬟ྍࡀ࡜ࡇࡍฟࡾྲྀ࡟ࠎูࢆཎ⌮࡛୧೫Ἴ࡞࠺ࡼࡢ௨ୖࠋࡿࡃฟ࡚ࡽ࠿Port3ࠊࡋ

 

 

 

 

 

 

 

 

ᅗ(2.4) 345GHzᖏ೫Ἴศ㞳ჾ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(2.5) ೫Ἴศ㞳ჾࡢෆ㒊ᵓ㐀 
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Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ⾲(2-1) 345GHzᖏ೫Ἴศ㞳ჾྛࡢ PortࡢᑟἼ⟶ࢬ࢖ࢧ 

Port1 0.736mm×0.736mm 

Port2 0.736mm×0.368mm 

Port3 0.736mm×0.369mm 

 

2-3 ASTE345GHz帯両偏波受信機の設計 

2222----3333----1 1 1 1 タィ᪉㔪タィ᪉㔪タィ᪉㔪タィ᪉㔪 

 ASTE345GHzᖏཷಙᶵࢆ᪂࡟ࡓタィࡿࡍ㝿ࠊ࡟ὀពࡁ࡭ࡍⅬࡣ௨ୗࡢ஧ࠋࡓࡗ࠶࡛ࡘ 

 

(1)Ⅱ ASTE ಙᶵୖཷࠊࡵࡓࡢࡑࠋ࠸⊂ࡀࢫ࣮࣌ࢫࡢෆ㒊ࡣ࣮࣡ࣗࢹ෭༷ࡿ࠸࡚ࢀࡉᦚ㍕࡟

ࠊࡿࡍ⨨タࢆࢺࣥࢿ࣮࣏ࣥࢥྛࠋࡿ࡞ࡃ⊂࡚ࡵᴟࡶࢫ࣮࣌ࢫ⨨タࡢࢺࣥࢿ࣮࣏ࣥࢥࡢ࡛

4Kࡣࢪ࣮ࢸࢫᅗ(2.6)࡟࠺ࡼࡍ♧࡟┤ᚄ 170mm࡛ࠋࡿ࠶ 

 

(2) ௒࡛ࡲ ASTE࡛⏝ࡓ࠸࡚ࢀࡽ࠸ 345GHzᖏཷಙᶵࢆ࣒ࣛࢢ࢔࢖ࢲࢡࢵࣟࣈࡢᅗ(2.7) 

 ࠋࡍ♧࡟ᅗ(2.7)ࢆ࣒ࣛࢢ࢔࢖ࢲࢡࢵࣟࣈࡢಙᶵཷࡓࡅ௜ࡾྲྀࢆ೫Ἴศ㞳ჾ࡟ࡓ᪂ࠊࡋ♧࡟

ᅗ(2.8)ࢆぢ࡜ࡿศࠊ࡟࠺ࡼࡿ࠿೫Ἴศ㞳ჾࡾྲྀࢆ௜ཷࠊ࡛࡜ࡇࡿࡅಙᶵ࡟タ⨨ࡅ࡞ࡋ

 ࠋ㒊ศ㸧ࡓࡗ㉥⥺࡛ᅖࡢ㸦ᅗ(2.7)ࡿ࠼ቑ࡟஧ಸࡀᩘࡢࢺࣥࢿ࣮࣏ࣥࢥ࠸࡞ࡽ࡞ࡤࢀ

 

࠺࠸࡜Autodesk Inventorࠊ࠼ࡲ㋃ࢆⅬࡢࡽࢀࡇ 3D CAD࡚࠸⏝ࢆࢺࣇࢯࡢ᪂ཷಙᶵࡢタ

ィࠋࡓࡗ⾜ࢆ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(2.6) ASTEཷࡢಙᶵࡢ 4Kࢪ࣮ࢸࢫ 

170mm170mm170mm170mm    
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ᅗ(2.7) ௒ཷࡢ࡛ࡲಙᶵࡢᵓ㐀Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(2.8) ᪂ཷ࡞ࡓಙᶵࡢᵓ㐀 

 

    タィࡢᅛᐃ἞ල࡜Ỵᐃࡢタィࡢᅛᐃ἞ල࡜Ỵᐃࡢタィࡢᅛᐃ἞ල࡜Ỵᐃࡢタィࡢᅛᐃ἞ල࡜Ỵᐃࡢ⨨㓄ࡢࢺࣥࢿ࣮࣏ࣥࢥ⨨㓄ࡢࢺࣥࢿ࣮࣏ࣥࢥ⨨㓄ࡢࢺࣥࢿ࣮࣏ࣥࢥ⨨㓄ࡢࢺࣥࢿ࣮࣏ࣥࢥ 2 2 2 2----3333----2222

Ⅱ 3DCADࡢࢺࣥࢿ࣮࣏ࣥࢥࡿࡼ࡟ࢺࣇࢯࡢ㓄⨨ࡢỴᐃࡢ࡛ࡲὶࡣࢀ௨ୗࡢ㏻ࠋࡿ࠶࡛ࡾ 

Ⅱ ձⅡ ࠊྲཱྀ࡟ࡵጞࡎࡲ ಙᶵࡢᙧࢆ 3DCAD࡛ୖࢺࣇࢯࡢ෌⌧࡚ࡋࡑࠋࡓࡋ 4K࡟ୖࢪ࣮ࢸࢫ

ᖹ㠃㙾࣭ᴃ෇㙾࣭ࢆࢺࣥࢿ࣮࣏ࣥࢥࡢࡘ୕ࡢ࣮ࣥ࣍ᅗ(2.10)࡞࠺ࡼࡍ♧࡟ගᏛ⣔ࡢタィ

ᅗ㠃࡟ᇶ࡙࡚࠸㓄⨨ࡣࢺࣥࢿ࣮࣏ࣥࢥࡢࡘ୕ࡢࡇࠋࡓࡗ⾜ࢆගᏛ⣔ࡢタィ㏻࡟ࡾ㓄⨨

 ࠋ࠸࡞ࡁ࡛ࡀ࡜ࡇࡃᑟࡃࡋṇࢆಙྕࠊࡤࢀࡅ࡞ࡋ

 

ղ ࡽ࠿࣮ࣥ࣍೫Ἴศ㞳ჾ࡚ࡋࡑࠊ 2SBࣘࡣ࡚ࡅ࠿࡟ࢺࢵࢽಙྕࡢᦆኻࡅࡔࡿࡁ࡛ࢆῶ 

 ࠋࡓࡋ࡟ᙧࡄ⧄඲࡚┤᥋ࠊ࡟ࡵࡓࡍࡽ

 

ճ 2SBࣘࡢࢺࢵࢽ஧ࡽ࠿ࢧࢡ࣑ࡢࡘ IF90°ࡿ⮳࡟ࢻࢵࣜࣈ࢖ࣁ஧ࡢࡘ⤒㊰2ࠊࡣSBཷ 

ಙᶵࡢཎ⌮ࡌྠࠊࡽ࠿㛗ࢆࢀࡑࡵࡓࡢࡑࠋ࠸࡞ࡽ࡞ࡣ࡚ࡃ࡞ࡋ࡟ࡉᐇ⌧࡛࡞࠺ࡼࡿࡁ

㓄⨨ࠋࡓࡋ࡟ 

 

մ ࡢࡑᚋࡢࡑࠊ௚ࡀࢺࣥࢿ࣮࣏ࣥࢥࡢ㝈࡟ࢫ࣮࣌ࢫࡓࢀࡽ཰࡟࠺ࡼࡿࡁࡾࡲ㓄⨨ࢆỴᐃ 

 ࠋࡓࡋ

 

Ⅱ յⅡ ඲࡚ࡢࢺࣥࢿ࣮࣏ࣥࢥࡢ㓄⨨ࡀỴᐃࡓࡋᚋࡢࡑࠊ㓄⨨ࢆᐇ⌧࡛ࣥࢥྛࠊ࡞࠺ࡼࡿࡁ

ᙺ๭ࡿࡍᅛᐃࢆࢺࣥࢿ࣮࣏ࣥࢥྛࡣᅛᐃ἞ලࠋࡓࡗ⾜ࢆタィࡢᅛᐃ἞ලࡢࢺࣥࢿ࣮࣏

 ࡚࠼ഛࡡවࡶᙺ๭ࡿࡍ෭༷ࡃࡼ⋠ຠࢆࡽࢀࡑ࡛࡜ࡇࡿࡍ᥋ᆅ࡜ࢪ࣮ࢸࢫ4Kࠊ࡟௚ࡢ

↓ᮦᩱࡣ௒ᅇࠋࡿ࠶ࡀᚲせࡪ㑅ࢆ⣲ᮦ࠸Ⰻࡀఏᑟᛶ⇕࡚ࡗࡀࡓࡋࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞

㓟⣲㖡ࢆ᥇⏝ࠋࡓࡋ 
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ᅗ(2.10) ගᏛ⣔ࡢタィᅗ 

 

 

 

 

 

 

 

 

 

 

ཷಙᶵࡢ෌⌧Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ගᏛ⣔ࡢタ⨨Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ  

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ(2.11) タィࡢὶࢀ 

2SB࣭ࣘࢺࢵࢽᑟἼ⟶ࡢタ⨨ 

⨨タࡢ೫Ἴศ㞳ჾ࣭࣮ࣥ࣍

 タィࡢタ⨨ ᅛᐃ἞ලࡢࢺࣥࢿ࣮࣏ࣥࢥ௚ࡢࡑ



 21

Ⅱ 3DCAD࡚ࡗࡼ࡟ࢺࣇࢯࡢタィཷࡓࡋಙᶵࡢ඲యᅗࢆᅗ(2.12)ࠋࡍ♧࡟ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ Ⅱ  

 

ᅗ(2.12) タィཷࡓࡋಙᶵࡢ඲యᅗ 

 

 

 

2222----3333----3 3 3 3 ᅛᐃ἞ලࡢᅛᐃ἞ලࡢᅛᐃ἞ලࡢᅛᐃ἞ලࡢᅗ㠃ࡢసᡂᅗ㠃ࡢసᡂᅗ㠃ࡢసᡂᅗ㠃ࡢసᡂ    

Ⅱ ᅛᐃ἞ලࡢタィࡓࡗࢃ⤊ࡀᚋࡢࡽࢀࡑࠊᅗ㠃ࡢసᡂࠋࡓࡗ⾜ࢆసᡂࡓࡋᅗ㠃ࡢヲ⣽ࡣᮎ

ᑿࡢ௜㘓ࠋࡍ♧࡟ 

 

    ࡚❧ࡳ⤌࡚❧ࡳ⤌࡚❧ࡳ⤌࡚❧ࡳ⤌ 4 4 4 4----3333----2222

Ⅱ タィࡓࡗ⾜ࢆᅛᐃ἞ලࡢ〇సࢆ⏫ᕤሙ࡟౫㢗ࡋసࠋࡓ࠸ࡔࡓ࠸࡚ࡗᅛᐃ἞ලࡾྲྀࢆ௜ࡅ

 ࠋࡍ♧࡟ᅗ(2.13)ࢆಙᶵཷࡢᐇ㝿ࡓ
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ᅗ(2.13) タィࡓࡗ⾜ࢆᅛᐃ἞ලࡾྲྀࢆ௜ཷࡓࡅಙᶵ 
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3. 偏波分離器の評価 
Ⅱ ೫Ἴศ㞳ჾࡢホ౯ࡣḟࡢ஧ࠋࡓࡋ࡟࡜ࡇ࠺⾜ࢆࡘ 

ձ 㧗࿘Ἴ୕ḟඖ㟁☢⏺࣮ࢱ࣮࣑ࣞࣗࢩHFSSࡿࡼ࡟ホ౯ 

ղ 㧗࿘Ἴࡓ࠸⏝ࢆࢡ࣮࣡ࢺࢵࢿᐇ㦂ࡿࡼ࡟ホ౯ 

 

 ࠋࡿࢀࡽࡆᣲࡀ஧Ⅼࡢ௨ୗࡣ࡚ࡋ࡜┠ホ౯㡯ࡢ೫Ἴศ㞳ჾࠊࡓࡲ

࣭ᤄධᦆኻᤄධᦆኻᤄධᦆኻᤄධᦆኻⅡ Ⅱ Ⅱ 㸸Ⅱ ᅗ(2.5)ࡢ Port1ࡽ࠿ධຊࡓࢀࡉಙྕࡀ Port2࣭Port3ࡽ࠿ฟຊࡿࢀࡉ

㝿ࡢࡅࡔࢀ࡝࡟㔞ࡢᦆኻࠋࡍ♧ࢆ࠿ࡿ࠶ࡀ 

೫࣭Ἴศ㞳≉ᛶ೫Ἴศ㞳≉ᛶ೫Ἴศ㞳≉ᛶ೫Ἴศ㞳≉ᛶⅡ 㸸Ⅱ Port1ࡽ࠿ධຊࡓࢀࡉಙྕࠊࡀᮏ᮶ฟຊࡁ࡭ࡿࢀࡉ Portࡣ࡜㏫ࡢ Port

 ࡍ♧ࢆ㔞ࡿࢀࡉฟຊ࡜࡬

Ⅱ ྛホ౯࡚࠸ࡘ࡟ḟࡽ࠿㏙ࠋࡿ࡭ 

 

3-1 シミュレーターソフトによる評価 

3333----1111----1 1 1 1 ೫Ἴศ㞳ჾࡢෆ㒊ᵓ㐀ࣔࡢࣝࢹసᡂ೫Ἴศ㞳ჾࡢෆ㒊ᵓ㐀ࣔࡢࣝࢹసᡂ೫Ἴศ㞳ჾࡢෆ㒊ᵓ㐀ࣔࡢࣝࢹసᡂ೫Ἴศ㞳ჾࡢෆ㒊ᵓ㐀ࣔࡢࣝࢹసᡂ    

Ⅱ ௒ᅇྲྀࡾ௜ࡓࡋ࡟࡜ࡇࡿࡅ೫Ἴศ㞳ჾࡣᅗ(2.4)ࡢࡇࠊࡀࡓࡋ♧࡟೫Ἴศ㞳ჾࡣ 2007ᖺᗘ

㛵࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩࡓࢀࢃ⾜࡟㝿ࡿࡍ㛤Ⓨࢆ೫Ἴศ㞳ჾࡢࡇࠋࡿ࠶࡛ࡢࡶࡓࢀࡉ㛤Ⓨ࡟

ࣙࢩ࣮࣑ࣞࣗࢩࠋࡓࡋ࡟࡜ࡇ࠺⾜ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ௒ᅇ෌ᗘࠊࡵࡓࡓࡗ࠿↓ࡀ㈨ᩱࡿࡍ

ࡿ࠶࡛ࢺࣇࢯࡢ࣮ࢱ࣮࣑ࣞࣗࢩ⏺☢㧗࿘Ἴ୕ḟඖ㟁ࡣ࡟ࣥ HFSSࠋࡓ࠸⏝ࢆ 

Ⅱ ᅗ(3.1)ࠊ࡞࠺ࡼࡍ♧࡟೫Ἴศ㞳ჾࡢタィᅗ㠃ࢆඖ࡛ୖࢺࣇࢯ࣮ࢱ࣮࣑ࣞࣗࢩ࡟ᅗ(3.2)ࡢ

 ࠋࡓࡋసᡂࢆ(ࣝࢹ࣒࣮ࣔࣞࣇ࣮ࣖ࢖࣡)ࣝࢹෆ㒊ᵓ㐀ࣔࡢ೫Ἴศ㞳ჾࠊ࡞࠺ࡼ

 

 ᅗ(3.1) ೫Ἴศ㞳ჾࡢタィᅗ㠃 ᅗ(3.2) ೫Ἴศ㞳ჾࣝࢹ࣒࣮ࣔࣞࣇ࣮ࣖ࢖࣡ࡢ 
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    ᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩᯝ⤖ࣥࣙࢩ࣮࣑ࣞࣗࢩ 2 2 2 2----1111----3333

Ⅱ ࢀࡒࢀࡑࠊࢆᯝ⤖ࡢ೫Ἴศ㞳≉ᛶ࡜ᯝ⤖ࡢᤄධᦆኻࡓࢀࡽᚓ࡚ࡗࡼ࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩ

ᅗ(3.3)࣭ᅗ(3.4)ࠋࡍ♧࡟ᐇ㝿࡟ほ ࡛⏝ࡿ࠸࿘Ἴᩘࡣ 320~360GHz࡛ࠋࡿ࠶ 

 

ᅗ(3.3) ᤄධᦆኻ 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(3.4) ೫Ἴศ㞳≉ᛶ 
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3333----1111----2 2 2 2 ⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ    

Ⅱ  ࠋࡍ♧࡟(3.1)⾲ࢆᶆ್┠ࡢ೫Ἴศ㞳≉ᛶ࡜ᤄධᦆኻࡢ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩ

 ࠋࡓࡋ⾲࡛⥺ࡢⰍ〓࡟ᅗ(3.3)࣭ᅗ(3.4)ࢆᶆ್┠ࡢࡇ

 

 ᶆ್┠ࡢ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩ (3.1)⾲

 

 

 

ᅗ(3.3)࣭ ᅗ(3.4)ࢆぢࠊ࡜ࡿほ ࡟ᚲせ࡞ᖏᇦ(320㹼360GHz)࡛ᤄධᦆኻࡣ 0.28dB⛬ᗘ࡜

࠾࡚ࡗ࡞࡜⣙-63dBࡶ࡚࠸ࡘ࡟೫Ἴศ㞳≉ᛶࡓࡲࠋࡿ࠿ศࡀ࡜ࡇ࠸࡞ᑡࡣᦆኻࠊࡾ࠾࡚ࡗ࡞

㏫ࠊࡾ Portࡣࡳࡇࢀ₃ࡢ࡬㠀ᖖ࡟ᑡ࠸࡞タィࡀ࡜ࡇࡿ࠸࡚ࡗ࡞࡜ศࠊࡋࡔࡓࠋࡿ࠿ᤄධᦆ

ኻ࡟㛵ࡣ࡚ࡋỈᖹ೫Ἴࡀᆶ┤೫Ἴ࡟ẚ࡚࡭ᦆኻ๭ྜࡀ㧗ࡀ࡜ࡇ࠸ศࠊࡣࢀࡇࠋࡿ࠿೫Ἴศ

㞳ჾෆࢆ㟁Ἴࡀ㏻ࡿ㝿ࠊᆶ┤೫Ἴࡢ㏻ࡿ⤒㊰࡟ẚ࡚࡭Ỉᖹ೫Ἴࡢ㏻ࡿ⤒㊰ࡀ㛗ࡀ࡜ࡇ࠸ཎ

ᅉ࡛ࠋࡿ࠶ 

Ⅱ ௨ୖࠊࡽ࠿࡜ࡇࡢ௒ᅇ⏝ࡿ࠸ 345GHz ᖏࡢ೫Ἴศ㞳ჾࡣ༑ศ࡞ᛶ⬟ࡀฟࡿタィ࡛࡜ࡿ࠶

 ࠋࡓࡁㄆ࡛☜ࡀ࡜ࡇ࠺࠸

 

 

3-2 高周波ネットワークを用いた実験による評価 

3333----2222----1 1 1 1 㧗࿘Ἴࡢࢡ࣮࣡ࢺࢵࢿᵓ⠏㧗࿘Ἴࡢࢡ࣮࣡ࢺࢵࢿᵓ⠏㧗࿘Ἴࡢࢡ࣮࣡ࢺࢵࢿᵓ⠏㧗࿘Ἴࡢࢡ࣮࣡ࢺࢵࢿᵓ⠏    

ᐇ㝿࡟೫Ἴศ㞳ჾ࡚࠸⏝ࢆᤄධᦆኻ࡜೫Ἴศ㞳≉ᛶࡢ ᐃ345ࠋࡓࡋ࡟࡜ࡇ࠺⾜ࢆGHz

ᖏࡢಙྕࢆⓎ᣺࡟ࡵࡓࡿࡏࡉ ASTE ࡿ࠸࡚ࢀࢃ౑࡟ LO ⣔㸦ᅗ(3.5)㸧ࠊ࠸⏝ࢆホ౯⣔ࡢᵓ

⠏ࠋࡓࡗ⾜ࢆᅗ(3.6)࡟ᵓ⠏ࡓࡋホ౯⣔ࡢᐇ㝿෗┿ࠊࡋ♧ࢆᅗ(3.7)࡟ホ౯⣔࢖ࢲࢡࢵࣟࣈࢆ

 ࠋࡍ♧ࢆࡢࡶࡓࡋ࡟࣒ࣛࢢ࢔

 

 

 

 

 

 

 

 

ᅗ(3.5) ASTE࡛⏝ࡿ࠸࡚ࢀࡽ࠸ LO⣔ 

 

挿入損失 -0.5dB～0dB 

偏波分離特性 -30dB 以下 
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ᅗ(3.6) ᵓ⠏ࡓࡋホ౯⣔ 

 

 

ᅗ(3.7) ホ౯⣔࣒ࣛࢢ࢔࢖ࢲࢡࢵࣟࣈࡢ 

SGձ 

SGղ 

೫Ἴศ㞳ᶵ ㏴ಸჾ 

Spectrum analyzer 

Filter

Amplifier

Port2

Port3Port1
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ホ౯⣔࡚࠸ࡘ࡟ㄝ᫂ࠋࡿࡍ 

㸦㸯㸧Ⅱ SGձ(SG㸸Signal Generator)ࡢࡽ࠿ಙྕࡀ㏴ಸჾ࡟ධຊࠊ࡜ࡿࢀࡉ㏴ಸჾࡾࡼ࡟

࿘Ἴᩘࡀ 24 ㏴ಸ࡚ࢀࡉฟຊࡢࡇࠋࡿࢀࡉಙྕ࣮ࣃ࣮ࢸࡀᑟἼ⟶ࢆ㏻ࡓࡗᚋࠊ೫Ἴ

ศ㞳ᶵ࡟ධຊࡢࡑࠋࡿࢀࡉᚋ೫Ἴศ㞳ᶵࢆ㏻㐣ࡓࡋಙྕࡣ Hermonix Mixer(ᅗ(3.7)

୰ࡢ H.M)࡟ධຊࠋࡿࢀࡉ 

㸦㸰㸧Ⅱ SGղࡢࡽ࠿ಙྕࡣ Diplexer ࡢ Port1 ࢀࡉධຊࡽ࠿ Port2 ࠊᚋࡓࢀࡉฟຊࡽ࠿

Hermonix Mixer࡟ධຊࠋࡿࢀࡉSGղࡢࡽ࠿ಙྕࡣ Hermonix Mixerෆ࡛ᵝ࡞ࠎ㏴

ಸḟᩘ࡛㏴ಸࠋࡿࢀࡉ 

㸦㸱㸧Ⅱ Hermonix Mixer࡟ධຊࡓࢀࡉ SGձ࣭SGղࡢࢀࡒࢀࡒࡢࡽ࠿ಙྕࡢᕪ࿘Ἴࡶࢆ

ࡀಙྕࡘ Diplexer ࡢ Port3 ᚋࡓࡋ㏻㐣ࢆ࣮ࢱࣝ࢕ࣇ࣭ࣉࣥ࢔ࠊࢀࡉฟຊࡽ࠿

Spectrum analyzer࡟ධຊࠋࡿࢀࡉ 

 

㸨ⅡDiplexerࡢ Port1࣭ Port3ࢀࡒࢀࡑࡣ࡟ High Pass Filter࡜ Low Pass Filter࡚࠸ࡘࡀ

ࡀಙྕࡢࡽ࠿SGղࠊࡵࡓࡿ࠸ Port3ࡽ࠿ฟຊࠊࡾࡓࢀࡉHermonix Mixerࡢࡽ࠿ಙྕ

ࡀ Port1ࡽ࠿ฟຊࡓࡗ࠸࡜ࡿࢀࡉ஦ࠋ࠸࡞ࡌ⏕ࡣ 

 

 㸨  SGձ࣭SGղ࣭Spectrum analyzerࡣ 10MHzࡢಙྕ࠸ࢀࡽ࡜ࡀࢫࣥࣞ࢓ࣇࣜࡾࡼ࡟

 ࠋࡿฟ᮶ࡀ࡜ࡇࡍฟࡾྲྀࢆಙྕࡢ࿘ἼᩘࡓࡋᏳᐃࠊࡾࡼ࡟ࢀࡇࠋ㸧⥺ࡢᶳⰍࡢ㸦ᅗ(3.7)ࡿ

 

3333----2222----2 2 2 2     ᐃᐃᐃᐃ    

࣭SGࡢ࿘Ἴᩘࡢタᐃ 

௒ᅇࡢᐇ㦂࡛࡛ࢼ࢔࣌ࢫࡣぢࡿಙྕࡢ࿘Ἴᩘ(IF࿘Ἴᩘ)ࢆ 300MHzࠊ࡚ࡗࡀࡓࡋࠋࡓࡋ࡜

Hermonix Mixerࡽ࠿ฟຊࡿࢀࡉಙྕࡶ 300MHz࡟࠺ࡼࡿ࡞࡜ SGࡢฟຊࡿࡍಙྕࡢ࿘Ἴ

 ࠋࡿ࠶ࡀᚲせࡿࡍㄪᩚࢆᩘ

SGࡀฟຊࡢ࡜ࡇࡿࡍฟ᮶ࡿ࿘Ἴᩘ㸦0㹼20GHz㸧࡜ホ౯࠺⾜ࢆ࿘Ἴᩘᖏ(340㹼350 GHz)

௒ᅇࡽ࠿㛵ಀࡢ Hermonix Mixerࡾྲྀࡽ࠿ฟࡍಙྕࡢ㏴ಸḟᩘࡣ  SGձ࣭ࠊࡋỴᐃ࡟20

SGղࡽ࠿ࢀࡒࢀࡑฟຊࡁ࡭ࡍ࿘ἼᩘࡢỴᐃࠋࡓࡗ⾜ࢆ 

ࡢࢀࡒࢀࡑ SGࡽ࠿ฟຊࡿࡍಙྕࡢ࿘Ἴᩘ࡜㏴ಸࡓࡋᚋࡢ࿘Ἴᩘࢆࡢࡶࡓࡵ࡜ࡲࢆ࡜ 

ࡣᕪࡢ࿘Ἴᩘࡢ㏴ಸᚋ࡟࠿☜࡜ࡿぢࢆ(3.2)⾲ࠋࡍ♧࡟(3.2)⾲ 300MHzࠋࡿ࠸࡚ࡗ࡞࡜ 
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⾲(3.2) ᐃࡾࡓ࠶࡟࠺⾜ࢆタᐃࡢࢀࡒࢀࡑࡓࡋ SG್ࡢ 

SGĬƔǒƷ̮ӭ 

Ʒԗඬૠž[GHz] 

24 ᡥ̿Ơƨࢸ 

Ʒԗඬૠ[GHz] 

  

SGĭƔǒƷ̮ӭ 

Ʒԗඬૠ[GHz] 

20 ᡥ̿Ơƨࢸ 

Ʒԗඬૠ[GHz] 

14.200  340.80    17.0250  340.5 

14.225  341.40    17.0550  341.1 

14.250  342.00    17.0850  341.7 

14.275  342.逓0    17.1150  342.3 

14.300  343.20    17.1450  342.9 

14.325  343.80    17.1750  343.5 

14.350  344.40    17.2050  344.1 

14.375  345.00    17.2350  344.7 

14.400  345.逓0    17.2逓50  345.3 

14.425  34逓.20    17.2950  345.9 

14.450  34逓.80    17.3250  34逓.5 

14.475  347.40    17.3550  347.1 

14.500  348.00    17.3850  347.7 

14.525  348.逓0    17.4150  348.3 

14.550  349.20    17.4450  348.9 

14.575  349.80    17.4750  349.5 

14.逓00  350.40    17.5050  350.1 

       H.M㏴ಸḟᩘ㸸20㏴ಸ 

Ⅱ Ⅱ Ⅱ     IF࿘Ἴᩘ 㸸300MHz 

 

࣭೫Ἴศ㞳ჾࡢᤄධᦆኻࡢ ᐃ 

ձⅡ ࢆ⟶ᑟἼ࣮ࣃ࣮ࢸ࡟࠺ࡼࡢᅗ(3.8)ࠊ࡟ࡵࡓࡿࡍᐃ ࢆᤄධᦆኻࡢ⟶ᑟἼ࣮ࣃ࣮ࢸࡎࡲ  

஧(3.2)⾲ࠊࡂ⧄ࡘ࡛Ỵ࡟ࡾ࠾࡜ࡓࡵ࿘Ἴᩘࢆኚ໬ࠊࡏࡉฟຊ್ࢆ Spectrum analyzer

࡛ㄞࠋࡓࡗྲྀࡳ 

㸨Ⅱ࡛ࡇࡇㄞ࣮ࣃ࣮ࢸࡣ್ࡓࡗྲྀࡳᑟἼ⟶஧ࡘศࡢᤄධᦆኻ࡛ࡢࡾࡓ࠶ࡘ୍ࠊ࡛ࡢࡿ࠶ᤄ

ධᦆኻࡣ࡟ࡵࡓࡿ▱ࢆᚓࢆ್ࡓࢀࡽ 2࡛๭ࡿᚲせࠋࡿ࠶ࡀ 

 

ղⅡ ḟ࣮ࣃ࣮ࢸ࡟ᑟἼ⟶࡜೫Ἴศ㞳ჾࢆᅗ(3.9)ࠊࡂ⧄࡟࠺ࡼࡢձྠ࡜ᵝ࡟ Spectrum 

analyzer࡛ฟຊ್ࢆㄞࡁ࡜ࡢࡇࠋࡓࡗྲྀࡳ೫Ἴศ㞳ᶵࡢ Port3࡟ H.Mࠋࡔ࠸⧄ࢆ 

㸨Ⅱ࡛ࡇࡇㄞࡣ್ࡓࡗྲྀࡳ೫Ἴศ㞳ᶵࡢᦆኻ࣮ࣃ࣮ࢸ࡜ᑟἼ⟶୍ࡢࡘᦆኻྜࡢ࡜ィࡓ࠶࡟

ձࠊࡽ࠿್ࡓࡗྲྀࡳㄞ࡛ࡇࡇࠊࡣ࡟ࡿࡵồࢆᦆኻࡢࡳࡢ೫Ἴศ㞳ჾࠊ࡚ࡗࡀࡓࡋࠋࡿ

࡛ᚓ࣮ࣃ࣮ࢸࡓࢀࡽᑟἼ⟶୍ࡢࡾࡓ࠶ࡘᦆኻࡾྲྀࢆ㝖ࡃᚲせࠋࡿ࠶ࡀ 
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࣭೫Ἴศ㞳ᶵ≉ᛶࡢ ᐃ 

ձⅡ ࡢᐃ ࡢᤄධᦆኻࡢ೫Ἴศ㞳ᶵࠊࡂ⧄࡟࠺ࡼࡢᅗ(3.10)ࢆ೫Ἴศ㞳ᶵ࡜⟶ᑟἼ࣮ࣃ࣮ࢸ

࡟ᵝྠ࡜ࡁ࡜ Spectrum analyzer࡛ฟຊ್ࢆㄞࡁ࡜ࡢࡇࠋࡓࡗྲྀࡳ೫Ἴศ㞳ᶵࡢ Port2

࡟ H.Mࠋࡔ࠸⧄ࢆ 

㸨Ⅱ ೫Ἴศ㞳ᶵࡢᤄධᦆኻࡢ ᐃྠ࡜ࡁ࡜ࡢᵝ࣮ࣃ࣮ࢸࡶ࡛ࡇࡇࠊ࡟ᑟἼ⟶୍ࡘศࡢᦆኻ

 ࠋࡿ࠶ࡀᚲせࡿࡍ៖⪄ࢆ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ⅱ ௨ୖࡢ ᐃࠊࢆ೫Ἴศ㞳ჾࡾྲྀࡢ௜ࡅ᪉ࢆኚ࡛࡜ࡇࡿ࠼Ỉᖹ೫Ἴ࡜ᆶ┤೫Ἴ࡟㛵࡚ࡋ⾜

 ࠋࡓࡗ

ᅗ(3.8) ࣮ࣃ࣮ࢸᑟἼ⟶ࡢ ᐃ ᅗ(3.9) ᤄධᦆኻࡢ ᐃ 

⟶ᑟἼ࣮ࣃ࣮ࢸ

Diplexer 

೫Ἴศ㞳ჾH.M 

୕㏴ಸჾ 

ᅗ(3.10) ೫Ἴศ㞳≉ᛶࡢ ᐃ 
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3333----2222----3 3 3 3  ᐃ ᐃ ᐃ ᐃ⤖ᯝ⤖ᯝ⤖ᯝ⤖ᯝ    

ᤄධᦆኻࡢ⤖ᯝ࡜೫Ἴศ㞳≉ᛶࡢ⌧ᅾࡢ࡛ࡲ ᐃ⤖ᯝࢀࡒࢀࡑࠊࢆᅗ(3.11)࣭ᅗ(3.12)࡟

 ࠋࡍ♧

 

 

Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ Ⅱ ᅗ(3.11) ᤄධᦆኻࡢ ᐃ⤖ᯝ 

 

ᅗ(3.12) ೫Ἴศ㞳≉ᛶࡢ ᐃ⤖ᯝ 
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3333----2222----4 4 4 4 ⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ    

ᐇ㝿ࡢ೫Ἴศ㞳ᶵࡢ ᐃ࡛ࡢᤄධᦆኻ࡜೫Ἴศ㞳≉ᛶࡢ┠ᶆ್ࡢࡇࠋࡍ♧࡟(3.3)⾲ࢆ┠

ᶆ್ࢆᅗ(3.11)࣭ᅗ(3.12)࡟〓Ⰽࠋࡓࡋ⾲࡛⥺ࡢ 

 

⾲(3.3) ᐇ㝿ࡢ ᐃ࡛ࡢ┠ᶆ್ 

 

 

 

Ⅱ ࠋࡿ࠿ศࡀ࡜ࡇࡿ࠸࡚ࡗ࡞␗࡜ᶆ್┠ࡢ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ(3.1)⾲ࡀᶆ್┠ࡢ(3.3)⾲

೫Ἴࡓࡋᣦᐃ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊ࡟㝿ࡿࡍ〇సࢆ೫Ἴศ㞳ჾ࡟ᐇ㝿ࠊࡣ࠸㐪࡞࠺ࡼࡢࡇ

ศ㞳ჾࡢෆ㒊ᵓ㐀ࢆࢱ࣮࣓ࣛࣃࡢ᏶඲࡟෌⌧ࡣ࡜ࡇࡿࡍ୙ྍ⬟࡛ࠋࡿࡌ⏕࡟ࡵࡓࡿ࠶ 

 

Ⅱ ᅗ(3.11)࡜ᅗ(3.12)ࢆぢࠊ࡜ࡿᤄධᦆኻ࡛ࡣ㏫࡟ gainࡀᚓࠊࡓࡲࠋࡿ࠸࡚ࢀࡽ೫Ἴศ㞳≉

ᛶ࡟㛵ࡶ࡚ࡋ┠ᶆ್ࢆ㐩ᡂ࡛ࡶ࡟ࣇࣛࢢࡢࡽࡕ࡝࡟ࡽࡉࠋ࠸࡞࠸࡚ࡁἼ㛗࡚ࡋ࡟⣙ 150cm

ࡗ⾜ࢆᐇ㦂ࡢࡵࡓࡿࡍᐃ≉ࢆཎᅉࡿࡌ⏕ࡀᐃᅾἼࡢࡇᅾ⌧ࠋࡿࢀࡽࡅぢཷࡀᐃᅾἼᵓ㐀ࡢ

ࠋࡿ࠶ᙳ㡪࡛ࡢࡿ࠶࡛ࣝࣈ࣮ࢣ㧗࿘Ἴࡸ⟶ᑟἼ࣮ࣃ࣮ࢸࡣࡢࡿࢀࡽ࠼⪄࡚ࡋ࡜ཎᅉࠋࡿ࠸࡚

⌧ẁ㝵࡛ࡣ㏴ಸჾࡣṇືࡃࡋసࡀ࡜ࡇࡿ࠸࡚ࡋ☜ㄆ࡛ࠋࡿ࠸࡚ࡁ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

挿入損失 -3.0dB～0dB 

偏波分離特性 -17dB 以下 
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4. まとめと今後 
 ࡵ࡜ࡲ࣭

ձⅡASTEᦚ㍕⏝ 345GHzᖏ୧೫Ἴྠ᫬ほ ཷࡢࡵࡓࡢಙᶵࡢタィࠋࡓࡗ⾜ࢆ 

Ⅱ ղ 345GHzᖏ⏝ࡢ೫Ἴศ㞳ჾࡢホ౯ࠋࡓࡗ⾜ࢆ 

Ⅱ Ⅱ Ⅱ  ࠋࡓࡵ࠿☜ࢆ࡜ࡇ࠸࡞ࡀၥ㢟࡟タィ࠸⾜ࢆゎᯒ࡚࠸⏝ࢆࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩ࣭

Ⅱ Ⅱ Ⅱ ࣭㧗࿘Ἴࢆࢡ࣮࣡ࢺࢵࢿᵓ⠏ࠊࡋ⌧ᅾ೫Ἴศ㞳ჾࡢホ౯ᐇ㦂ࠋࡿ࠸࡚ࡗ⾜ࢆ 

 

࣭௒ᚋ 

Ⅱ ձ ᘬࡁ⥆ࡁ೫Ἴศ㞳ჾࡢホ౯ࠋ࠺⾜ࢆⅡ  

࣭ᐃᅾἼࡿࡌ⏕ࡀཎᅉࢆ≉ᐃࡿࡍᐇ㦂ࠋ࠺⾜ࢆⅡ  

Ⅱ ղ ೫Ἴศ㞳ჾࡢホ౯ࡾࢃ⤊ࡀḟ➨ࠊ೫Ἴศ㞳ჾཷࢆಙᶵࡾྲྀ࡟௜ࠊ࡚ࡅ෭༷ヨ㦂ࠋ࠺⾜ࢆ 

Ⅱ ճ ᐇ㝿࡟ ASTE࡟〇సཷࡓࡋಙᶵࢆᦚ㍕ࠊࡋほ ࠋ࠺⾜ࢆ 
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