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Abstract  A Power-variable Phase-controlled Magnetron (PVPCM) is a suitable microwave source for a power transmission 
system for a Mars observation airplane㸬Frequency asynchronous phenomena are observed when step-wise power 
control signals are input into the PVPCM. Investigating an injected magnetron, we revealed that frequency 
asynchronous phenomena were caused by an overshoot characteristic of the magnetron output-phase toward the power 
control signal. The injected power was increased as a countermeasure, and most of frequency asynchronous 
phenomena under step-wise power control were suppressed. However, spikes of the input-output phase difference of 
the magnetron were still observed. We also revealed that these spikes could not be discussed with Adler’s equation. 
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1. ᗎㄽ  
ᗈᇦ࣭Ᏻᐃ࡞ⅆᫍ᥈ᰝࡣ㸪Ꮫ⾡ศ㔝ࡸᑗ᮶ࡿࡅ࠾  

ே㢮ࡢⅆᫍ⏝ࡵࡓࡢᚲ㡲࡛ࡿ࠶㸬ⅆᫍᆅ⾲㏆ࢆ  
᥈ᰝࡿࡍᡭẁ࡚ࡋ⌧ᅾὶࡣ࣮ࣂ࣮ࣟࡢ㸪㠀ᖖ㏿  
ᗘࡀ㐜ࡃᆅᙧࡣ࡚ࡗࡼ㉮⾜࡛࠸࡞ࡁሙᡤࡿ࠶ࡶ㸬ࡑ

ᅗ࡚ࡋᡭẁ࠺⿵ࢆḞⅬࡢࡽࢀࡇ࡛ࡇ 1 ࡞࠺ࡼࡍ♧

㣕⾜᥈ᰝࡀ࣒ࢸࢫࢩὀ┠ࡿ࠸࡚ࢀࡉ㸬ⅆᫍẼᐦᗘࡣ

ᆅ⌫ࡢ⣙ 㸪ƫࡃప㠀ᖖ 0:75% య㔜㔞ࡅࡔࡿࡁ࡛ࢆ

㍍ࡿࡍࡃᚲせࡿ࠶ࡀ㸬ᚑ࡚ࡗ㸪㣕⾜ᶵᦚ㍕࢚ࡿࢀࡉ

㸬࠸ࡋࡲᮃࡀ᪉࠸ࡉᑠࡾ㝈࡞⬟ྍࡣ㔜㔞ࡢ※࣮ࢠࣝࢿ

↓⥺㟁ຊఏ㏦ࡾࡼ㣕⾜ᶵ㟁ຊࢆ౪⤥࡛ࡤࢀࡁ㸪ᶵ

యࡣ㟁※࠸࡞ࡢ≧ែ㸪ࡣࡃࡋࡶᏳᐃ᭱ࡢࡵࡓࡢప

㝈ࡢ㟁※࠸࡞ࡋ≧ែࡀᐇ⌧࡛ࡁ㸪ᖜ࡞㍍㔞ࡀᮇ

ᚅ࡛ࡿࡁ㸬  
ᮏ◊✲࡛ࡲࢀࡇࡣ㧗㏿⛣ືࡿࡍ㣕⾜᥈ᰝᶵࡢᏳ

ᐃⓗ࡞ᖖ↓⥺⤥㟁ࢆ┠ᣦ࡚ࡋ㸪㟁ຊྍኚᆺ┦ไᚚ

ࢬ࣮࢙ࣇࡢ㟁ຊྍኚࡓ࠸⏝ࢆ㸦PVPCM㸧ࣥࣟࢺࢿࢢ࣐

ࡓࡁ࡚ࡋᥦࢆ㏦㟁ࡿࡼࣞࢻ [1]㸬PVPCM ᵓࡢ

ᡂࢆᅗ 2 ࿘Ἴᩘྠᮇ㸪PLLࡢ㸬ཧ↷ಙྕࡍ♧ ⏝ࢆ

ࡼ㝧ᴟ㟁ὶไᚚࣥࣟࢺࢿࢢ࣐ࡧࡼ࠾┦ไᚚ㸪ࡓ࠸

ࡓࢀࡉ⌧ᐇࡀࣞࢻࢬ࣮࢙ࣇࡢ㸪㟁ຊྍኚ࡚ࡗ [1]㸬 
ࡽࡀ࡞ࡋࡋ PVPCM 㟁ຊไᚚࡢ≦ࣉࢵࢸࢫࡋᑐ

ࡉ ほࡀ㇟⌧ࡿࢀࡀࣝࢺࢡ࣌ࢫ㸪ฟຊ㝿ࡓࡗ⾜ࢆ

ࡣ࡛࣒ࢸࢫࢩ⤥㟁ຊ౪⥺↓ࡢ㸬ᚋ㣕⾜᥈ᰝᶵࡓࢀ

ᅗ 3 ㏦㟁ࣝࢱࢪࢹ࡞࠺ࡼࡢࣉ㟁㟁ᅽไᚚ࣮ࣝཷࡍ♧

㟁ຊไᚚࡿࢀࢃ⾜ࡀ㸬ཷ㟁㟁ᅽไᚚ࣮ࣝࡣࣉ᥈ᰝᶵୖ

ไᚚ࡛ࣝࢱࢪࢹࡀ࣒ࢸࢫࢩ㏦㟁ᇶࢆ㟁㟁ᅽሗཷࡢ

ไᚚࣝࡘಖᐃ୍ࢆ㸪ཷ㟁㟁ᅽࡋㄪᩚࢆ㏦㟁㟁ຊࡢࡑ

㸬ࡿࡍᐤ⤥Ᏻᐃ㟁ຊ౪ࡢ㸪㣕⾜᥈ᰝᶵࡾ࠶࡛ࣉ࣮

ᮏ✏࡛ࡣ㏦㟁ࣝࢱࢪࢹࡢ࣒ࢸࢫࢩ㟁ຊไᚚ࡚ࡅྥ㸪

 㸬࠺⾜ࢆウ᳨࡚࠸ࡘ⟇ᑐࡧࡼ࠾ཎᅉࡢࢀࣝࢺࢡ࣌ࢫ

 

ᅗ 1 ⅆᫍ㣕⾜᥈ᰝࢪ࣮࣓ࡢ࣒ࢸࢫࢩ  
 

 

ᅗ 2 PVPCM ᵓᡂࡢ  

 
ᅗ 3 ᥈ᰝᶵཷ㟁㟁ᅽไᚚ࣮ࣝࢡࢵࣟࣈࡢࣉ⥺ᅗ  

 

2. ὀධྠᮇࣉࢵࢸࢫࡢࣥࣟࢺࢿࢢ࣐㟁ຊไᚚ

ୗࡿࡅ࠾࿘Ἴᩘྠᮇࢀࡎࡣ  
PVPCM ࡑ㸪ࡕࡶࢆࣥࣟࢺࢿࢢ࣐ὀධྠᮇෆ㒊ࡣ

㏻ᖖᅗࡣࣝࢺࢡ࣌ࢫฟຊࡢ 4 ༢୍࡞࠺ࡼࡍ♧ᕥᅗࡢ

㸪PVPCMࡋࡋ㸬ࡿࢀࡉᵓᡂࡽࣝࢺࢡ࣌ࢫ ࡋᑐ

ሙྜ㸪ᅗࡓ࠼ຍࢆ㟁ຊไᚚಙྕࡢ≦ࣉࢵࢸࢫ࡚ 4 ྑࡢ

ᅗࡢࣝࢺࢡ࣌ࢫ࡞࠺ࡼࡍ♧ࡀࢀⓎ⏕ࡿࡍ㸬ࡣࢀࡇ

‽㟼ⓗ㟁ຊไᚚࡓࡗ⾜ࢆሙྜࡣⓎ⏕࠸࡞ࡋ⌧㇟࡛

ཎᅉࡀࢀ࿘Ἴᩘྠᮇእࡢࣥࣟࢺࢿࢢ࣐㸪ὀධྠᮇࡾ࠶

ࡣࢀࡎࡣ㸬࿘Ἴᩘྠᮇࡿࢀࡽ࠼⪄ࡔ PVPCM ࣮࢙ࣇ

ࡓࡿ࠼ࢆᝏᙳ㡪ࢢ࣑࣮࢛ࣥࣇ࣒࣮ࣅࡢࣞࢻࢬ

ࡣࢀࡎࡣ࿘Ἴᩘྠᮇࡢࡇ࠾࡞㸬ࡿ࠶ᚲせ࡛ࡀ⟇㸪ᑐࡵ

ὀධྠᮇࣥࣟࢺࢿࢢ࣐༢యᑐࣉࢵࢸࢫ࡚ࡋ㟁ຊไᚚ

࣐ὀධྠᮇࡣ࡛✏㸪ᮏࡵࡓࡿࡍ⏕Ⓨࡶሙྜࡓࡗ⾜ࢆ

㸬ࡓࡗ⾜ࢆཎᅉ✲᫂ࡿࡅ࠾༢యࣥࣟࢺࢿࢢ  

 
ᅗ 4 PVPCM ࣝࢺࢡ࣌ࢫฟຊࡢ  
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2.1. ࿘Ἴᩘྠᮇ䛿䛪䜜䛾ཎᅉ  
ᅗࡣࣥࣟࢺࢿࢢ࣐ 5 ࡶࢆ㉮ゅ࿘Ἴᩘ߱⮬࠺ࡼࡍ♧

㝧ᴟ㟁ὶไᚚ㟁ᅽ㸪ࡾࡼࢢࣥࢩࢵࣉ࿘Ἴᩘࡣ㸬߱ࡘ

㟁ຊไᚚ㟁ᅽࡕࢃ࡞ࡍ ୧ܸୡୟ୲ࡢ㛵ᩘ࡛ࡿ࠶ [2]㸬ᅗ 6 ࡑ

ᅗ࠾࡞㸬ࡍ♧ࢆ㛵ಀࡢ 6 㸬ࡍ⾲ࢆ㛵ಀࡢᐃᖖ≧ែ࡛ࡣ

ὀධྠᮇୗ࡛ࡣᅗ 5 ὀධࣥࣟࢺࢿࢢ࣐㸪ࡾ㏻ࡍ♧

ಙྕࡀὀධࢀࡉゅ࿘Ἴᩘ߱㸪┦ȭ㸪㟁ຊ ୭ܲࡢಙྕࡀฟ

ຊࡿࢀࡉ㸬  

 
ᅗ 5 ὀධಙྕฟຊಙྕࡢᐃ⩏  

 
ᅗ 6 㟁ຊไᚚ㟁ᅽ ୧ܸୡୟ୲ᐃᖖ⮬㉮࿘Ἴᩘ ݂ࡢ㛵ಀ  

 

ධฟຊ┦ᕪࢆȘ = ߮ െ ߰㸪ܳୣ୶୲ ࡢࣥࣟࢺࢿࢢ࣐ࢆ 

እ㒊್࡚ܳࡋ㸪݇ = 1/ܳୣ୶୲ඥ ୧ܲ/ ୭ܲ ᐃ⩏ࡿࡍ㸪ࢻ

ࡿࡍ❧ᡂࡀᘧ㸦1㸧ࡢ࣮ࣛ [3]㸬  

dߙ
dݐ = ߱ െ ߱୧୬୨ െ ߱݇sinȘ  㸦1 㸧  

୧୬୨߱ࡀ߱ࡣ㸬࿘Ἴᩘྠᮇࡿࡍ㛫࡞᭷㝈ࡿ࠶ࢆݐ

ݐd/(ݐ)ߙdࡕࢃ࡞ࡍ㸪ࡾ࠶࡛ࡇࡿ࡞ࡃࡋ➼ = ࡿ࡞0

࠺ࡼࡢᘧ㸦2㸧ࡣ௳᮲ࡿࢀࡀ㸬࿘Ἴᩘྠᮇࡿ࠶࡛ࡇ

ᅗࡧࡼ࠾㸬ᘧ㸦1㸧㸪ᘧ㸦2㸧ࡿࢀࡉ⾲ 6 ࿘Ἴᩘྠࡾࡼ

ᮇࢆಖࡿࡁ࡛ࡀࡇࡘ ୧ܸୡୟ୲ࡢ⠊ᅖࡀᏑᅾࢃࡀࡇࡿࡍ

㸬ࡿ  

|ߙ| <
ߨ
2  㸦2 㸧  

ὀධྠᮇୗࡢࣥࣟࢺࢿࢢ࣐ࡿࡅ࠾ฟຊ┦ȭࡣ

ὀධ┦ ȥ 㟁ຊไࡾࡼᘧ㸦1㸧ྠࡿࢀࡉᙳ㡪

ᚚಙྕ ୧ܸୡୟ୲ࡶᙳ㡪ࡿࢀࡉ㸬ᚑ࡚ࡗ㸪ὀධྠᮇࢿࢢ࣐

ᅗࡣᅗ⥺ࢡࢵࣟࣈࡢࣥࣟࢺ 7 㸬ࡿ࡞࠺ࡼࡢ  

 
ᅗ 7 ὀධྠᮇࢡࢵࣟࣈࡢࣥࣟࢺࢿࢢ࣐⥺ᅗ  

ὀධ┦ ȥ୍ࢆᐃಖࣉࢵࢸࢫࡕ㟁ຊไᚚࢆὀධྠ

ᮇࣥࣟࢺࢿࢢ࣐ຍࡓ࠼ሙྜࡢȘࡢᛂ⟅ࢆᅗ 8 㸬ࡍ♧

ᅗࡕࢃ࡞ࡍࡣࢀࡇ 7 ᐃࡀ㸬Șࡿ࠶࡛⟆ᛂࡢܨࡿࡅ࠾

ᖖ್ᑐࡿ࠸࡚ࡋࢺ࣮ࣗࢩ࣮ࣂ࣮࡚࢜ࡋᵝᏊࡀぢࡿ࠼㸬 

 
ᅗ ≦ࣉࢵࢸࢫ 8 ୧ܸୡୟ୲ᑐࡿࡍȘࡢᛂ⟅  

 
ᅗ 8 㟼ⓗ‽ࡣ㝿ࡓࡗ⾜ࢆ㟁ຊไᚚࣉࢵࢸࢫ㸪ࡾࡼ

ࡃࡁࡀȘ㐣Ώⓗ࡚ẚ㝿ࡓࡗ⾜ࢆ㟁ຊไᚚ

㟼ⓗ‽࠼ࡓ㸪ࡕࢃ࡞ࡍࡣࢀࡇ㸬ࡿࢃࡀࡇࡿࢀ

㟁ຊไᚚࡓࡗ⾜ࢆሙྜ࿘Ἴᩘྠᮇ᮲௳㸦2㸧ࡍࡓ‶ࢆ

୧ܸୡୟ୲ࡢ⠊ᅖ࡛ࡶ࡚ࡗ࠶㸪ࡢ≦ࣉࢵࢸࢫ ୧ܸୡୟ୲ࢆຍࡓ࠼ሙྜ

㸬ࡍ♧ࢆࡇࡿ࡞ࡃ࡞ࡉࡓ‶ࢆᘧ㸦2㸧ࡣ  
௨ୖࡢ⪃ᐹࡾࡼ‽㟼ⓗ࡞㟁ຊไᚚぢ࡞ࢀࡽ

ࡢ㸪Șࡣࢀࡎࡣ࿘Ἴᩘྠᮇࡓࡗ ୧ܸୡୟ୲ᑐ࣮ࣂ࣮࢜ࡿࡍ

㸬ࡿ࠼࠸ࡿ࠶࡛ࡢࡶࡿࡼᛶ≉ࢺ࣮ࣗࢩ  

2.2. ὀධ㟁ຊቑᙉ䛻䜘䜛䝬䜾䝛䝖䝻䞁ධฟຊ┦

ᕪᢚไᐇ㦂  
ᘧ㸦1㸧ࡾࡼὀධ㟁ຊ ୧ܲࢆ A ಸࡓࡋሙྜࡢȘࡢᐃᖖ್

⾲࠺ࡼࡢᘧ㸦3㸧࡚ࡋ௧బߙࢆᐃᖖ್ࡢȘࡢ㸪ඖࡣԢ௧బߙ

㸬ࡿࢀࡉ  
sinߙԢ௧బ
sinߙ௧బ

= ξܣ 㸦3 㸧  

ᘧ㸦3㸧ࡾࡼὀධ㟁ຊࢆࡤࢀࡍࡃࡁȘࡢࢆࡉࡁᢚไ

㸬ܲࡿࢀࡉᐃࡀࡇࡿࡁ࡛ ୧ = 29.1 dBm, 36.1 dBmࡓࡋ

ሙྜྛࡢ⮬㉮࿘ἼᩘᑐࡿࡍȘࡢᐃᖖ್ࢆᅗ 9 㸬ࡍ♧

ᘧ㸦3㸧ࡣ㉥ᅄゅᙧࡓࡲ ୧ܲ = 36.1 dBm࠸⏝ࢆࢱ࣮ࢹࡢ

࡚ ୧ܲ = 29.1 dBm࡛ࡢȘࢆ᥎ᐃࡾ࠶࡛ࡢࡶࡓࡋ㸪ᐇ ࡼ

㟁ຊቑࡋ❧ᡂࡣᘧ㸦3㸧☜࡚ࡗ㸬ᚑࡿ࠸࡚ࡋ⮴୍ࡃ

ᙉࡿࡼȘᢚไࡿ࠼࠸ࡿ࠶࡛⬟ྍࡀ㸬  

 

ᅗ 9 ྛὀධ㟁ຊࡿࡅ࠾Ș  

Ș  

-57-



 
  
 

 

୧ܲ = 33.9 dBmࡣ࡚࠸࠾ ୧ܸୡୟ୲ = 4.76 Vࡽ ୧ܸୡୟ୲ = 7.14V
ྍࡀ㟁ຊไᚚ㟼ⓗ‽ࡃ࡞ࢀࡎࡣ⠊ᅖ࡛࿘Ἴᩘྠᮇࡢ

ᅗ㸬ᘧ㸦3㸧ࡿ࠶࡛⬟ 8 ࡾࡼ㔞ࢺ࣮ࣗࢩ࣮ࣂ࣮࢜ࡢ࡛

ܣ > 3.24 dBࡤࢀࡍ ୧ܸୡୟ୲ = 4.76V㹼7.14Vࡢ⠊ᅖ࡛ࢵࢸࢫ

㸬ᅗࡿࢀࡉᐃࡿ࠶࡛⬟ྍࡀ㟁ຊไᚚࣉ 10 ᵓࡍ♧

ᡂ࡛ܣ = 6.0 dBࡋ㸪ࣥࣟࢺࢿࢢ࣐ᑐ࡚ࡋ ୧ܸୡୟ୲4.76ࡀV
ࡢ7.14Vࡧࡼ࠾ 2 ࢆ㟁ຊไᚚಙྕࡿࡍኚࣉࢵࢸࢫ್࡛

ຍ࠼㸪࿘ἼᩘྠᮇࡀࢀࡎࡣⓎ⏕ࢆྰࡿࡍ☜ㄆࡓࡋ㸬

ࡓࡿ࠸࡚ࡋẚ㍑࡛ࢧ࣑࢟ࢆධฟຊಙྕࡢࣥࣟࢺࢿࢢ࣐

ࡣሙྜࡓࡋ⏕Ⓨࡀࢀࡎࡣ㸪࿘Ἴᩘྠᮇࡵ IF 㟁ᅽ

㸬ᅗࡿࢀࡉ ほࡀື 11 㸬ࡍ♧ࢆほ Ἴᙧ  

 
ᅗ 10 ྛὀධ㟁ຊࡿࡅ࠾Ș  

 

 
ᅗ 㟁ຊไᚚಙྕࣉࢵࢸࢫ 11 IF 㟁ᅽ  

 
IF 㟁ᅽࡣほ 㡿ᇦ࡛ᴫࡡ┤ὶ࡛ࡾ࠶㸪ὀධ㟁ຊቑᙉ

ࡋ㸬ࡿ࠸࡚ࢀࡽ࠼ᢚࡰࢆࢀࡎࡣ࿘Ἴᩘྠᮇ࡚ࡗࡼ

㸪ࡋ ୧ܸୡୟ୲ࡓࡏࡉ᪼ୖࢆᩘ 10ms ࡢ IF 㟁ᅽࡢື

ࡣືࡢฟຊ࿘Ἴᩘࣥࣟࢺࢿࢢ࣐㸬ࡿ࠸࡚ࢀࡉ ほࡀ

㸪ཷ㟁㟁ᅽࡸࢢ࣑࣮࢛ࣥࣇ࣒࣮ࣅࡢࣞࢻࢬ࣮࢙ࣇ

ไᚚ࣮ࣝࣉᝏᙳ㡪ྍࡍࡰࡼ࠾ࢆ⬟ᛶࡵࡓࡿ࠶ࡀ㸪ࡉ

㸬ࡓࡗ⾜ࢆᐹ⪄ࡿ࡞ࡽ  

2.3. 䝇䝔䝑䝥㟁ຊไᚚ䛾ὀධ┦ᕪ䛾ほ   
2.2 ⠇࡛ほ ࡓࢀࡉ IF ಙྕࡢືࢡ࣮࣡ࢺࢵࢿࢆ

㸬ɔࡓࡋ ほ࡚࠸⏝ࢆࢨࣛࢼ ᡂࢆᅗ 12 ࢵࢿ㸬ࡍ♧

ࡢࢨࣛࢼࢡ࣮࣡ࢺ port1 ࡋ※ὀධಙྕࢆ port2 

㸪ධฟຊ┦ᕪȘ࡛ࡇࡿࡍධຊࢆฟຊࣥࣟࢺࢿࢢ࣐

㸬ᅗࡿࡁ࡛ࡀࡇࡿࡍ ᥋ほ┤ࢆ 13 㸬ࡍ♧ࢆほ ⤖ᯝ

ᅗ 13 ࡶࡓࡋᣑࢆືࡢȘࡢ㟁ຊไᚚࣉࢵࢸࢫࡣ

⬟ᚤศྍࡣື㒊ศࡢ㸪Șࡾࡼ㸬ほ ⤖ᯝࡿ࠶࡛ࡢ

ࡀࡇ࠺ᢅࡾྲྀࡣᘧ㸦1㸧࡛ࡢ࣮ࣛࢻ㸪ࡾ࠶Ἴᙧ࡛࡞

ࢆ௳ᮇ᮲ྠࡿࢀᘧ㸦2㸧࡛᭩ࡓࡲ㸬ࡿ࠼࠸࠸࡞ࡁ࡛

࣮ࣛࢻ㸪ࡽࡇࡿ࠸࡚ࡋ⏕Ⓨࡀሙᡤ࡛ືࡍࡓ‶

ྍ࠸࡞ࡣ࡛ࢀእࡢࡽ㇟⌧࿘Ἴᩘྠᮇࡿࡍグ㏙ࡀᘧࡢ

⬟ᛶࡿ࠶ࡀ㸬Șࡢືࢆᘬࡁ㉳ࡍࡇཎᅉ࡚ࡋࡤ࠼㸪

⮬㉮࿘Ἴᩘࣉࢵࢸࢫࡀ㟁ຊไᚚ⮬㉮ゅ࿘Ἴᩘ߱

㸪᳨ࢀࡽࡆᣲࡀᛶ⬟ྍࡿ࠸࡚ࡋືࡀ ウࡀᚲせ࡛ࡿ࠶㸬 

 
ᅗ  Șほࡿࡼࢨࣛࢼࢡ࣮࣡ࢺࢵࢿ 12  

 

 
ᅗ 13 Șࡢືほ Ἴᙧ  

3. ⤖ㄽ  
ᮏ✏࡛ࡣ㸪ὀධྠᮇࣉࢵࢸࢫࡢࣥࣟࢺࢿࢢ࣐㟁ຊไ

ᚚᑐࡿࡍᣲືࢆ⪃ᐹࡓࡋ㸬㟁ຊไᚚぢࡿࢀࡽ࿘

Ἴᩘྠᮇࡣࢀࡎࡣ㸪ࣥࣟࢺࢿࢢ࣐ฟຊ┦ࡢ㟁ຊไᚚ

ಙྕᑐࢺ࣮ࣗࢩ࣮ࣂ࣮࢜ࡿࡍ≉ᛶࡀཎᅉ࡛ࡇࡿ࠶

ࡣ࿘Ἴᩘྠᮇࡡᴫࡾࡼቑᙉࡢ㸬ὀධ㟁ຊࡓࡗࢃࡀ

ࡿࡇ㉳㸪㟁ຊไᚚࡀࡓࡁ࡛ࡀࡇࡿࡍ㜵Ṇࢆࢀࡎ

ᩘ 10ms ࢺࢿࢢ࣐㸪ࡣ࡚࠸ࡘཎᅉࡢฟຊ┦ືࡢ

ࣟࣥ༢యࡢ㟁ຊไᚚಙྕᑐࡿࡍᣲືࢆㄪࡿᚲせࡀ

㸬ࡿ࠶  
ᩥ    ⊩  
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