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Abstract Since a coupled-resonator wireless power transfer (WPT) system delivers energy via a coupled resonator system, 
the fluctuations of the resonant frequency of each resonator and the mutual coupling between them deteriorates the quality of 
energy transfer. The causes of those fluctuations are intrusion of alien matters into the transfer space and change of the space 
itself due to movement of the receiver or time lapses. Considering the electromagnetic property of the surrounding material is 
dielectric, one may attain the stable system by taking off the electric energy from the system.  

First, we study the effect of share between the inductance and capacitance of the resonator with the constant resonant 
frequency. It is expected a larger capacitance will reduce the stray electric energy more. Secondly, each coil is separated into 
two to construct an effective capacitor between them. By reducing the distance between each coil, the electric energy around 
the coils decreases. 
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ࡁࡀ࠼ࡲ .1  

ᡃ୍ࡣࠎᐃࡢ㛢ࡓࡌ✵㛫ෆࡁື࡟⏤⮬ࢆᚓࡿᶵჾ

ࡋᣦ┠ࢆ㛤Ⓨࡢ࣒ࢸࢫࢩࡿࡍ㟁⤥ࢫࣞࣖ࢖࡚࣡ࡋᑐ࡟

ࢩࡢࡇࠋࡿ࠸࡚ࡗᅗࢆゎỴࡢㄢ㢟ࡿࡍෆᅾ࡟ࡇࡑࠊ࡚

ࡣᛶ≉ࡿࢀࡉせồ࡟࣒ࢸࢫ  
ձ㧗࠸ఏ㏦ຠ⋡  
ղ✵㛫ⓗ୍࡟ᵝ࡞ఏ㏦≉ᛶ  
ճཷ㟁యࡢ᪉ྥ࡟౫Ꮡ࠸࡞ࡋఏ㏦  
մ」ᩘᶵჾࡢ࡬⤥㟁  

࡟ࡓ᪂ࠊࡀࡿ࠶࡛ࡢࡶ࡞௦⾲ⓗࡀ  
յእ஘ࡢᙳ㡪༶ࡕ㏦㟁✵㛫ෆࡢ≀␗ࡢ࡬ΰධࡸ㏦

㟁✵㛫ࡢࡢࡶࡢࡑኚ໬ࡢ࡬࡝࡞⪏ᛶ  
ࡅศࡃࡁ኱ࡣእ஘࡞࠺ࡼࡢグୖࠋ࠸ࡓࡋウ᳨࡛ࡇࡇࢆ

࡚㔠ᒓ࡜ㄏ㟁యࠊࢀࡽ࠼⪄ࡀࡢࡶࡿࡼ࡟☢ᛶయࡢᏑᅾ

ேࡣ࡟ලయⓗࠋ࠸Ⰻࡶ࡚ࡋ㝖እࡽ࠿ࡿ࠶࡛⛥࡚ࡵᴟࡣ

యࡿࡼ࡟እ஘ࢆ᝿ᐃ࡚ࡋ㔠ᒓࠊㄏ㟁యࡣ࡛ࡇࡇࡕ࠺ࡢ

ㄏ㟁యࠋࡿࡆୖࡾྲྀࢆࡢࡶࡿࡼ࡟  
ࡉᵓᡂ࡚ࡗࡼ࡟ඹ᣺ჾࡢᩘ「ࡿࡍྜ⤖ࡣ࣒ࢸࢫࢩ

ࡢඹ᣺ჾ㛫ࡧඹ᣺࿘Ἴᩘཬࡢඹ᣺ჾྛࠊ࡛ࡢࡿ࠸࡚ࢀ

⤖ྜಀᩘࡀእ஘ࡢᙳ㡪࠸࡞ࡅཷࢆ஦ࡀ⫢せ࡛ࠋࡿ࠶ᦤ

ືἲࡿ࠸࡚࠼⪄ࠊࡤࢀࡼ࡟✵㛫࡟Ꮡᅾࡿࡍ㟁☢⏺ࢆ E0ࠊ

H0 ࠊࡣኚືࡢඹ᣺࿘Ἴᩘ࡜ࡿࡍ࡜  
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(1) 

ࡿ࠶࡛ ࡿࡍᑐᛂࡣኚືࡢ᪉⤖ྜಀᩘ୍ࠋ[1] 2 ඹ᣺ࡢࡘ

ჾࡢᅛ᭷࣮ࣔࢻ㟁☢⏺ࢆ E1ࠊH1 ཬࡧ  E2ࠊH2 ࡜ࡿࡍ࡜  
 

 
ࡿࡁ࡛ࡀ࡜ࡇࡍ⾲࡜ ࠋ[3],[2]  

㟁࡟୍➨ࡎࡲࡣᚩ≉ࡿ࠸࡚ࡋඹ㏻࡟⌧⾲ࡢࡽࢀࡇ

⏺㸭☢⏺ࡢຠᯝࡀศ㞳ࡿ࠸࡚ࡋ❧⊃࡚ࢀࡉ஦ࠊ࡜➨஧

Ꮡᅾࡢ⏺㟁ࡣ࡚࠸ࡘ࡟ຠᯝࡢ⏺㟁ࡤ࠼౛࡟ /᣺ᖜࡢᙳ

㡪ࠊẚㄏ㟁⋡ࡢኚ໬ࡢᙳ㡪࡟❧⊃ࢆホ౯࡛ࡿࡁ஦࡛࠶

ࡣǼȣ࡛ࡢࡿ࠸࡚ࡋ࡜࠸࡞ࡋᏑᅾࡣᛶయ☢ࡲ࠸ࠋࡿ 0
እ࡛ࡇࡑࠋ࠸ࡼࡤࢀ࠼⪄ࢆࡅࡔ㡯ࡿࡍ㛵࡟⏺㟁ࡾ࠶࡛

஘ࡢᙳ㡪ࡢୖࢆ➨஧ࡢ≉ᚩ࡟༶࡚ࡋḟ࡞࠺ࡼࡢ᪉ἲ࡟

ࠋࡿࡍపῶ࡚ࡗࡼ  
(1)✚ศ㡿ᇦ࡚࠸࠾࡟㟁⏺ࢆᴟຊᑠࠋࡿࡍࡃࡉゝ࠸᥮

ࢆ࣮ࢠࣝࢿ㟁Ẽ࢚࡚ࡗ౑ࢆࢧࣥࢹࣥࢥࡢࡅእ௜ࡤࢀ࠼

ῶࢆ㟁⏺ᙉᗘࡢ㏆ഐࣝ࢖ࢥࠊࡾࡼ࡟஦ࡴ㎸ࡵࡓ࡟ࡇࡑ

ࠋࡍࡽ  
(2)㟁⏺ࡢ኱࠸ࡁᡤ࡛ࡣǼȜࢆ 0 ࢀ࠼᥮࠸ゝࠋࡿࡍ࡜

ࡢ≀␗ࡢ࡬ࡇࡑ࡚ࡗసࢆ㛫✵࠸ࡁ኱ࡢ⏺㟁࡟ᒁᡤⓗࡤ

౵ධࢆ㜵ࠋࡄ  
௨ୗ࡛ࡢࡇࡣ஧ࡢࡘ᪉ἲࡢ≀␗ࡿࡼ࡟ᙳ㡪పῶຠ

ᯝࢆ☜ㄆ࡜ࡿࡍඹࠊ࡟ఏ㏦ຠ⋡ࢆᨭ㓄ࡿࡍ↓㈇Ⲵ Q ࡬

ࠋࡿࡍウ᳨ࡶ࡚࠸ࡘ࡟ຠᯝࡢ  
 

2. ඹ᣺ჾᵓᡂ  
ࣝࣛ࢖ࣃࢫࡿ࡞࡜㔜せ࡛ୖ࠺⾜ࢆᵓᡂࡢ࣒ࢸࢫࢩ

ඹ᣺ჾࡢᵓ㐀࡚࠸ࡘ࡟ㄝ᫂ࠋࡃ࠾࡚ࡗ⾜ࢆ௒ᅇ౑⏝ࡍ

ᅗࠊ࡚ࡋ࡜ᵓ㐀ࡿ 1(a)ࡣᇶᮏࣥࢥ࡟ࣝ࢖ࢥࣝࣛ࢖ࣃࢫ

ඹ᣺ჾ࡛༢୍ࣝࣛ࢖ࣃࢫࡢ㏻ᖖࡓ࠼ຍ࡟ิ┤ࢆࢧࣥࢹ

ඹ᣺ჾ࡜࿧ࠋࡪ┤ᚄࡣ 30cm ࡣࡓࡲ 3cm ࣝࣛ࢖ࣃࢫࡢ

ᅗࠋࡿࡍ⏝౑ࢆࣝ࢖ࢥ 1(b)ࡣᇶᮏࣝ࢖ࢥࣝࣛ࢖ࣃࢫ 2
㛫㝸࡞㐺ᙜࢆࡘ r ࢥࡢඹ㏻ࠊࡋ⥆᥋࡟ิ┤࡚ࡋ㞳ࡅࡔ

ศ๭ඹ᣺ࢆࢀࡇࠋࡿࡏࡉඹ᣺࡚࠼ຍ࡟ิ┤ࢆࢧࣥࢹࣥ

ჾ࡜࿧ࠋࡿࡍ࡟࡜ࡇࡪ(a)ࡢ༢୍ඹ᣺ჾ࡜㐪ࣝ࢖ࢥ࠸㛫

ᐜ㔞ࢀࡲ⏕ࡀ㟁⏺ࡢ㛢ࡌ㎸ࡢࡵຠᯝࡀᚓࡿࢀࡽᮇᚅࡀ

ࡣ㝿ࡢ㏦㟁ඹ᣺ჾࡣ㛫㝸ࠋࡿ࠶ ࡣ㝿ࡢ㟁ඹ᣺ჾཷࠊ

☜ࡢᙳ㡪ࡢࡵ㎸ࡌ㟁⏺㛢ࡿࡼ࡟࠸㐪ࡢ㛫㝸࡚ࡋ࡜

ㄆࠋ࠺⾜ࢆᅗ 1(c)ࡣ (a)ࡢ༢୍ඹ᣺ჾࢆ 2 㓄࡚ࡋᑐྥࡘ

༢୍ࢆࢀࡇࠊࡋ⏝౑࡚ࡋ࡜ඹ᣺ჾྜ⤖ࠊࡏࡉྜ⤖ࡋ⨨

እ㒊ࡣ᪉∦࡚ࡗᚑࠋࡿࡍ࡟࡜ࡇࡪ࿧࡜ඹ᣺ჾࣝ࢔ࣗࢹ

ࠋࡿ࠶ࡀᚩ≉࠺࠸࡜㓄⥺୙せࡣ௚᪉ࠊࡀࡿࡍ㟁⤥ࡽ࠿

ࡣ㛫㝸ࡢࣝ࢖ࢥ 20cm ウ᳨ࡢ⏺☢㟁ࡢ㛫ෆ✵ࡋᅛᐃ࡟

ࡣ㏦ཷ㟁ඹ᣺ჾࡣᵓᡂ࡛࣒ࢸࢫࢩࡢ㏻ᖖࠋ࠺⾜ࢆ࡝࡞

1 ࢆ㏦㟁ഃࠊࡀࡿ࠶࡛ࡘࡎࡘ 2 ࡇࡴᣳࢆ㛫✵࡚ࡋ࡟ࡘ

㏦ࠊࡾ࠶ᯝ࡛⤖ࡓࡋᣦ┠ࢆୖྥࡢᵝᛶ୍ࡢ㛫ෆ✵࡛࡜

㟁ඹ᣺ჾ 2 㟁ඹ᣺ჾཷࠊࡘ 1 ィࡢࡘ 3 ౑ࢆඹ᣺ჾࡢࡘ

ࡿ࠶ᡂᯝ࡛ࡢ࡛ࡲ௒ࡀ࡜ࡇࡿࡍ⏝ ᅗࠋ[5],[4] 1(d)ࡣ (c)
ࡢඹ᣺ჾࣝ࢔ࣗࢹ༢୍ࡢ 2 ศ࡟ࡶ࡜୧᪉ࢆඹ᣺ჾࡢࡘ

๭ඹ᣺ჾࡁ⨨࡟᥮ࢆࢀࡇࠊࡾ࠶࡛ࡢࡶࡓ࠼ศ๭࢔ࣗࢹ

ࣝඹ᣺ჾ࡜࿧ࠋࡿࡍ࡟࡜ࡇࡪ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 1. ඹ᣺ჾᵓᡂࡢᴫᛕᅗ  
 

3. ㏦㟁⏝ࣝ࢔ࣗࢹඹ᣺ჾ  
฼ࢆࢀࡇࠋࡿ࠶ࡀ⬟ᶵࡿ࠼⵳ࢆ㟁Ⲵࡣ࡟ࢧࣥࢹࣥࢥ

ࡀ࡜ࡇࡿࡵ㎸ࡌ㛢ࢆ⏺㟁ࡿࢀ₃࡟㛫ෆ✵࡛࡜ࡇࡿࡍ⏝

ᮇᚅ࡛ࢆࣝ࢖ࢥࠊࡓࡲࠋࡿࡁ 2 ྥ࡟஫┦࡚ࡋศ๭࡟ࡘ

࢖ࢥࡶ࡛࡜ࡇࡿࡍ࡟ศ๭ඹ᣺ჾࢆඹ᣺ჾࠊࡏࢃྜ࠸࠿

ࣝ㛫࡟㟁⏺ࡀ㛢ࡌ㎸ࠊࡵࡓࡿࢀࡽࡵ㟁⏺ࢆእࡉࡽ₃࡟

㟁ࡾࡼࡀ᪉ࡢࡽࡕ࡝ࠊࡋ࠿ࡋࠋࡿࢀࡉᮇᚅࡀຠᯝ࠸࡞

ࡽ࠿ࢃࡃࡼ࠿ࡢࡿ࠶ࡀຠᯝ࡟ࡢࡿ࠼ᢚࢆࢀ㛫₃✵ࡢ⏺

ࠋࡿ࠶ࡀ㒊ศ࠸࡞  
࡟ᐜ㔞ࡅእ௜ࡓ࠸⏝ࢆඹ᣺ჾࣝ࢔ࣗࢹ༢୍ࠊ࡛ࡇࡑ

ᐜ㔞㸩ࡅእ௜ࡓ࠸⏝ࢆඹ᣺ჾࣝ࢔ࣗࢹศ๭࡜ຠᯝࡿࡼ

ศ๭ࣝ࢖ࢥ㛫ᐜ㔞ࡿࡼ࡟ຠᯝ᳨ࡢドࡢࡑࠋࡓࡗ⾜ࢆ㝿ࠊ
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౑⏝ඹ᣺ჾࡢ᮲௳ࠊ࡚ࡋ࡜ඹ᣺ჾࡢ┤ᚄࢆ 30cm ᅛ࡟

ᐃࠊࡋᕳࡢᩘࡁኚ᭦࡚ࡗࡼ࡟ኚ࡟ࢫࣥࢱࢡࢲࣥ࢖ࡓ࠼

ᑐᛂࡢࢧࣥࢹࣥࢥ࡚ࡋᐜ㔞ࢆኚ࡚ࡗࡼ࡟࡜ࡇࡿ࠼ඹ᣺

࿘Ἴᩘࢆ 1MHz ඹ᣺ჾࣝ࢔ࣗࢹࠊ࡚ࡋࡑࠋࡓࡏࢃྜ࡟

⨨㓄ࢆࣝࢺ࣎ࢺࢵ࣌ࡓࢀ࠸ࢆỈ㸦ㄏ㟁య㸧࡟㛫ෆ✵ࡢ

ࡎࡢඹ᣺࿘Ἴᩘࡢ࡛↓᭷ࡢࣝࢺ࣎ࢺࢵ࣌ࠊ࡛࡜ࡇࡿࡍ

ࠋࡓࡗ⾜ࢆㄆ☜ࡢຠᯝࡢࡵ㎸ࡌ㛢ࡢ⏺㟁࡚ࡋㄆ☜ࢆࢀ

౑⏝ࡢࣝࢺ࣎ࢺࢵ࣌ࡿࡍᑍἲࢆᅗ 2 ࡉ㧗ࡣỈࠊࡋ♧࡟

23cm ࠋࡿ࠸࡚ࢀධ࡟ࡳࡢ᪉య㒊ศ┤ࡢ࡛ࡲ  

23cm

9cm 10cm

7cm

23cm

9cm 10cm

7cm

 
ᅗ ᑍἲࣝࢺ࣎ࢺࢵ࣌ .2  

 
3-1. እ௜ࡅᐜ㔞ࡢຠᯝ  

ࡢ⏺☢㟁ࡢ୰ᚰ㍈ୖ࡛ࡢ㛫ෆ✵ࡢඹ᣺ჾࣝ࢔ࣗࢹ

ィ⟬ࢺࣇࢯࣥࣙࢩ࣮࣑ࣞࣗࢩࡣ࡟ WIPL-D ࠋࡓࡋ⏝౑ࢆ

ບ᣺ࡣ 1W ࡎࡽࡼ࡟ᩘࡁᕳࡢࣝ࢖ࢥࠊࡋධຊࢆ㟁ຊࡢ

཯ᑕಀᩘࡢࡑ S11 ࡶࡘ࠸ࡀ -1dB ࣮ࣝ⏝ບ᣺࠺ࡼࡿ࡞࡟

ࢀࡉὀධ࡟ඹ᣺ჾࡀ㟁ຊࡢ㔞ࡌྠࠊࡋㄪᩚࢆࣝ࢖ࢥࣉ

ࡣඹ᣺ჾࠊࡓࡲࠋࡓࡋὀព࡟࠺ࡼࡿ z=-10 ࡧࡼ࠾ 10cm
ࡇࡍࡽῶࢆᩘࡁᕳࡢࣝ࢖ࢥྛࠋࡿ࠸࡚ࡋ⨨タ࡟⨨఩ࡢ

ᅗࠊ࡛ࡢࡿῶࡀ್ࢫࣥࢱࢡࢲࣥ࢖࡚ࡗࡼ࡟࡜ 3 ࡍ♧࡟

ᐜ㔞࡞ࡁ኱ࡾࡼࡣ࡟ࡵࡓࡿࡏࢃྜࢆඹ᣺࿘Ἴᩘ࡟࠺ࡼ

ࠋࡿ࡞࡟ᚲせࡀ  
ඹ᣺࿘Ἴࠊ࡛ࡢࡿ࠶ඹ᣺ჾ࡛ྜ⤖ࡣඹ᣺ჾࣝ࢔ࣗࢹ

അወ࣮ࣔࠊ࡛ࡇࡑࠋࡿࢀ࠿ศ࡟ࡘ஧ࡢࢻഅወ࣮ࣔࡀᩘ

࡞ࡃ࡞ࡀ⏺୰ᚰ࡛㟁ࡢඹ᣺ჾ✵㛫ࣝ࢔ࣗࢹ࡚࠸࠾࡟ࢻ

࡛࡜ࡇࡿࡍ⏝౑ࢆඹ᣺࿘Ἴᩘ㸧ࡢ᪉࠸㸦పࢻወ࣮ࣔࡿ

ᅗ 4 ࡞ᑡࡀᩘࡁᕳࠊࡣ࡚ࡋ࡜ᯝ⤖ࠋࡓࢀࡽᚓࡀᯝ⤖ࡢ

ࡘࠋࡿ࠸࡚ࡗ࡞ࡃᙅࡀ㟁⏺ᙉᗘࡢ㛫ෆ✵࡝࡯ඹ᣺ჾ࠸

㟁Ⲵࡿࢀࡽ࠼⵳࡝࡯࠸ࡁ኱ࡀᐜ㔞ࡣࢧࣥࢹࣥࢥࠊࡾࡲ

ࢆᩘࡁᕳࡢࣝ࢖ࢥࠊ࡛ࡢࡿ࠼ቑࡀ㔞ࡢ 75 ᕳࡽ࠿ࡁ
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ᅗ ࢫࣥࢱࢡࢲࣥ࢖ࡿࡼ࡟ᩘࡁᕳࣝ࢖ࢥ  .3 Lࠊ௜ຍ

ᐜ㔞ࡁ࡭ࡿࡍ C 㸯MH㹸㸧ࡣኚ໬㸦ඹ᣺࿘Ἴᩘࡢ  

15 ᕳ࡟ࡁῶ࡟ࡍࡽᚑࣝ࢔ࣗࢹ࡚ࡗඹ᣺ჾࡢ✵㛫ෆ㟁

ࡀᯝ⤖ࡢࡾ㏻ࡿࢀࡉண᝿ࠊࢀࡽ࠼⪄࡜ࡿ࡞ࡃࡉᑠࡀ⏺

ᚓࠊࡋ࠿ࡋࠋࡓࢀࡽᕳࢆᩘࡁῶ࡚ࡗࡼ࡟࡜ࡇࡍࡽ☢⏺

࠸࡜࠸Ⰻࡤࡏࡽῶࢆᩘࡁᕳ࡟༢ࠊ࡛ࡢ࠺ࡲࡋ࡚ࡗῶࡶ

ࠋࡿࢀࡽ࠼⪄࡜࠸࡞ࡣ࡛ࡅࢃ࠺  
ᐇ ࡿࡅ࠾࡟ඹ᣺ჾ㓄⨨ᅗࡣᅗ 5 ࣝ࢔ࣗࢹࠋࡍ♧࡟

ඹ᣺ჾࡢ✵㛫ෆࡢ㟁⏺ศᕸࡣ୰ᚰ㍈ୖࡢ㟁⏺ᙉᗘࡀᙉ

ࠊ࡚ࡋ⨨㓄ࡘ஧ࢆࣝࢺ࣎ࢺࢵ࡚࣌ࡗἢ࡟୰ᚰ㍈ࠊ࡛ࡢ࠸

Ỉ㸦ㄏ㟁య㸧ࡢ᭷↓࡛ࡢඹ᣺࿘Ἴᩘࢆࢀࡎࡢ ᐃࡿࡍ

ᐃ ࡢࡑࠋࡓࡗ⾜ࢆド᳨ࡢຠᯝࡢࡵ㎸ࡌ㟁⏺㛢࡛࡜ࡇ

⤖ᯝࢆᅗ 6 ࠊࡾࡲࡘ㸦࠸࡞ᑡࡀᩘࡁᕳࠊࡾ࠾࡚ࡋ♧࡟

እ௜ࡅᐜ㔞ᡂศࡀ኱࠸ࡁ㸧࡝࡯ඹ᣺࿘Ἴᩘࡀࢀࡎࡢᑠ

⤖ࡢᅗ㸲ࡢ㟁⏺ᙉᗘࡓࡵồ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡃࡉ

ᯝ࡜ᑐᛂࡿࡍഴྥࡀぢࠊࡓࡲࠋࡓࢀࡽᕳࢆᩘࡁῶࡋࡽ

22ࠊ࡛ୖࡃ࠸࡚ ᕳࡁ⛬ᗘࡽ࠿཰᮰ࡢഴྥࡀぢࠊࢀࡽඹ

᣺࿘Ἴᩘࡀୖྥࡢࢀࡎࡢᑠࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࡞ࡃࡉ  
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ᅗ 㟁☢⏺ศᕸࡢඹ᣺ჾ✵㛫ෆࣝ࢔ࣗࢹࣝࢢࣥࢩ.4  
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ᅗ 5. ඹ᣺ჾ㓄⨨ᅗ㸦ୖࡽ࠿ぢࡓᅗ㸧  
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ᅗ 6. ᐇ ࡿࡼ࡟ඹ᣺࿘Ἴᩘࢀࡎ  

 
3-2. ศ๭ඹ᣺ჾࡢຠᯝ   

3-1 ⠇ࡢእ௜ࡅᐜ㔞ࡢຠᯝ᳨ウࡢ㝿ྠ࡜ᵝ࡟ศ๭ࢹ

ࠊࡓࡲࠋࡓࡗ⾜ࢆ⟭ィࡢ⏺☢㟁ࡢ㛫ෆ✵ࡢඹ᣺ჾࣝ࢔ࣗ

ศ๭ඹ᣺ჾ࡛ࣝ࢖ࢥࡣ㛫㊥㞳ࢆኚ᭦࡚ࡗࡼ࡟࡜ࡇࡿࡍ

ࠊ࠸⾜ࢆ⟭ィࡢࢀࡒࢀࡑࠊ࡛ࡢࡿ࠶ࡀኚ໬࡟ᐜ㔞್ࡶ

⤖ᯝࢆᅗ ᅗࠊ7 8 ᅗࠊࡋࡔࡓࠋࡓࡋ♧࡟ 7 ࡢ  ᕳᩘࡁኚ

᭦ࡢ㝿ࡣ࡟ศ๭ࣝ࢖ࢥ㛫㊥㞳ࡣ 2mm ᅗࠊᅛᐃ࡟ 8 ศࡢ

๭ࣝ࢖ࢥ㛫㊥㞳ኚ᭦࡛ࡣᕳࢆᩘࡁ 15 ᕳ࡟ࡁᅛᐃ࡚ࡋ

ィ⟬ࠋࡿ࠸࡚ࡗ⾜ࢆ☢⏺ศᕸ࡟㛵ࡣ࡚ࡋ㛫㝸ࡿࡼ࡟㐪

ࠋ࠸࡞࠸࡚ࡏ㍕ࡵࡓࡓࡗ࠿࡞ࢀࡽぢ࡝ࢇ࡜࡯ࡀ࠸  
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ᅗ 7. ᕳᩘࡁኚ᭦ࡿࡼ࡟✵㛫ෆ㟁☢⏺ศᕸ  
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ᅗ 8. ศ๭ࣝ࢖ࢥ㛫㝸ኚ᭦ࡿࡼ࡟㟁⏺ศᕸ  
 

 ⤖ᯝࠊࡣ༢୍ࣝ࢔ࣗࢹඹ᣺ჾࡢ㝿ࡢ㟁☢⏺ࡢഴྥ࡜

ྠᵝ࡛ࠊࡾ࠶ᕳࡀᩘࡁᑡ࡝࡯࠸࡞✵㛫ෆࡢ㟁⏺ᙉᗘࡀ

ᙅࠊࡃ☢⏺ᙉᗘࡓࡲࡶᙅࠊࡋ࠿ࡋࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࡞ࡃ

ศ๭ࣝ࢔ࣗࢹඹ᣺ჾࡓࡋ࡟㝿ࡀ࠺࡯ࡢ኱ࡃࡁ✵㛫ෆࡢ

㟁⏺ࢆῶ࡟࡜ࡇࡍࡽᡂຌࡀ࡜ࡇࡿ࠸࡚ࡋ☜ㄆ࡛ࠋࡿࡁ

ࡀ࠺࡯ࡓࡅ㏆࡙ࡾ㝈ࡿࡁ࡛ࡣ㛫㝸ࡢࣝ࢖ࢥศ๭ࠊࡓࡲ

ࡀ࡜ࡇࡿࡁ࡛ࡀ࡜ࡇࡿࡍࡃࡁ኱ࢆࡵ㎸ࡌ㛢ࡢ⏺㟁ࡾࡼ

ඹ᣺࿘ࡿࡼ࡟Ỉ࡚ࡋ࡜ド᳨ࡢィ⟬⤖ᯝࡢࡇࠋࡓࡗ࠿ࢃ

Ἴᩘࡢࢀࡎࡢᐇ ࠊ࠸⾜ࢆ ᐃ㓄⨨ᅗࢆᅗ ࢆᯝ⤖ࠊ9

ᅗ 10 ࠋࡍ♧࡟  
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ᅗ 9. ඹ᣺ჾ㓄⨨ᅗ㸦ୖࡽ࠿ぢࡓᅗ㸧  

 
 
 
 
 
 
 
 
 
 
 
 

ᅗ 10. ᐇ ࡿࡼ࡟ඹ᣺࿘Ἴᩘࢀࡎ  
 

⤖ᯝ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡣồࡓࡵ㟁☢⏺ᙉᗘ୍࡜

ඹ࡝࡯࠸㏆ࡀ㛫㊥㞳ࣝ࢖ࢥศ๭ࡃ࡞ᑡࡀᩘࡁᕳ࡚ࡋ⮴
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᣺࿘Ἴᩘࡀࢀࡎࡢᑠࡀ࡜ࡇࡿ࡞ࡃࡉ☜ㄆ࡛ࠊࡓࡲࠋࡓࡁ

ศ๭ࣝ࢖ࢥ㛫㊥㞳ࢆᑠ࡝࡯ࡿࡍࡃࡉᙉࡃῶᑡࡿࡍഴྥ

ࡀࡓࡗ࠿࡞ࡀ⿱వࡿࡍㄆ☜ࡣᐃ࡛ ࡢ௒ᅇࠊࢀࡽぢࡀ

ࡀࢀࡎࡢඹ᣺࿘Ἴᩘ࡟ࡽࡉࠊ࡛࡜ࡇࡿࡅ㏆௜ࢆࣝ࢖ࢥ

ᑠࡀ࡜ࡇࡿ࡞ࡃࡉᮇᚅ࡛ࠋࡿࡁ  
 

3-3 ↓㈇Ⲵ Q 
㈇Ⲵ↓࡛ୖࡿ࠼⪄ࢆタィ࣒ࢸࢫࢩ  Q ࢆ⋠ఏ㏦ຠࡣ್

Ỵᐃ࡛ࡢࡿࡍ㔜せ࡛ࠋࡿ࠶༢୍ࣝ࢔ࣗࢹඹ᣺ჾࠊศ๭

㈇Ⲵ↓࡚࠸ࡘ࡟ࢀࡒࢀࡑඹ᣺ჾࣝ࢔ࣗࢹ Q ࢆᐃ ࡢ್

ᅗࢆᯝ⤖ࡓࡗ⾜ 12 ࡟༢୍ඹ᣺ჾࡣ࡚ࡋ࡜ഴྥࠋࡍ♧࡟

ẚࠊ࡭ศ๭ඹ᣺ჾࡓࡋ࡟㝿ࡀࢫࣥࢱࢡࢲࣥ࢖ࠊ 2 ಸ࡟

⣙ࡃ࡞ࡣ࡛ࡢࡿ࡞ 4 ಸࡿ࡞࡟ഴྥࢆᅗ 11 グ⾲ࠋࡍ♧࡟

ᶓ㍈ࡣ࡚ࡋ࡜ 0 ್࡛ࢫࣥࢱࢡࢲࣥ࢖ࡢ༢୍ඹ᣺ჾ࡛ࡀ

ᶓ㍈ࠊࡾ࠶ 25 ศ๭ඹ᣺ࡓࡲࠋࡍ♧ࢆࢫࣥࢱࢩࣃࣕ࢟ࡀ

ჾ࡛ࡣᐇ⥺ࠊࢫࣥࢱࢡࢲࣥ࢖ࡀⅬ⥺ࢫࣥࢱࢩࣃࣕ࢟ࡀ

ࠋࡿ࠸࡚ࡋ♧ࢆ  
 
 
 
 
 
 
 
 
 
 
 
 
ᅗ ࢫࣥࢱࢡࢲࣥ࢖  .11 Lࠊ௜ຍࡁ࡭ࡿࡍᐜ㔞 C ኚࡢ  
໬㸦ඹ᣺࿘Ἴᩘࡣ㸯MH㹸㸧  
 
 
 
 
 
 
 
 
 
 
 
 

 
ᅗ 12. ㏦㟁ඹ᣺ჾ↓㈇Ⲵ Q 

 
↓㈇Ⲵ Q ࠿ࢃࡀ࡜ࡇࡿ࡞ࡃࡼࡀ࠺࡯ࡢศ๭ඹ᣺ჾࡶ್

㈇Ⲵ↓ࠊ࡛࡜ࡇࡍ㞳ࢆศ๭ඹ᣺ჾ㛫㊥㞳ࠊࡓࡲࠋࡓࡗ

Q ᙳࡿࡼ࡟㏆᥋ຠᯝࠊࢀࡽぢࡀ࡜ࡇࡃ࠸࡚ࡋ᪼ୖࡀ್

㡪ࡀῶࢥࠊࡋ࠿ࡋࠋࡿࢀࡽ࠼⪄࡜࠿࠸࡞ࡣ࡛ࡵࡓࡓࡗ

ࢫࣥࢱࢡࢲࣥ࢖ࡘࡎࡋᑡ࡚ࡗᚑ࡟ࡿࢀ㞳ࡀ㛫㊥㞳ࣝ࢖

ᅗࡀࡢࡿ࠸࡚ࡋῶᑡࡀ್ 11 ࡛ぢࠊ᭱ࢀࡽ ⤊ⓗࡣ࡟༢୍

ඹ᣺ჾࡢ 2 ಸ⛬ᗘ࡜࠿࠸࡞ࡣ࡛ࡢࡿ࡞࡟ᛮࡘࠋࡿࢀࢃ

ࡀ༢୍ඹ᣺ჾ࡜ࡿࡂࡍࡋ㞳ࡶ㛫㊥㞳ࣝ࢖ࢥศ๭ࠊࡾࡲ

஧࡜ࡅࡔࡿ࠶ࡘኚ࠸࡞ࡽࢃ≧ែࡾ࡞࡜↓㈇Ⲵ Q ࡋ࡜್

㈇Ⲵ↓ࡢ༢୍ඹ᣺ჾࡣ࡟ⓗ⤊᭱ࠊࡓࡲࡶ࡚ Q ࢃኚ࡜್

7.5ࠊࢀࡽ࠼⪄࡜ࡿ࡞ࡃ࡞ࡽ ᕳࡢࡁ⤖ᯝ࡛ࠊࡣ༢୍ඹ

᣺ჾࡌྠ࡜≧ែ࡜࡬㏆࡙࡜࠿࠸࡞ࡣ࡛ࡢࡿ࠸࡚࠸ᛮࢃ

ࠋࡿࢀ  
 
3-4 ✵㛫ࡢㄏ㟁⋡ኚ໬  

ᐇ ࡶ࡚࠸࠾࡟ࣥࣙࢩ࣮࣑ࣞࣗࢩࠊࡃ࡞࡛ࡅࡔศ๭

ඹ᣺ჾࡿࡼ࡟࡜ࡇࡿ࠸⏝ࢆຠᯝࡀᚓࡢ࠿ࡿࢀࡽィ⟬ࢆ

࡟ᵝྠ࡜ࡁ࡜ࡢ⟭㟁☢⏺ィࠊࡣ࡚ࡋ࡜௳᮲ࠋࡓࡗ⾜

WIPL-D ࡟ᵝྠࡶ࡚࠸ࡘ࡟ບ᣺ἲࠊࡋ⏝౑ࢆ 1W 㟁ࡢ

ຊࢆධຊࠊࡋ཯ᑕಀᩘ S11 ࡶࡘ࠸ࡀ -1dB ບ࠺ࡼࡿ࡞࡟

᣺⏝࣮ࣝࢆࣝ࢖ࢥࣉㄪᩚࡌྠࠊ࡚ࡋ㔞ࡢ㟁ຊࡀඹ᣺ჾ

ᚄ┤ࡣඹ᣺ჾࠋࡓࡋὀព࡟࠺ࡼࡿࢀࡉὀධ࡟ 30cm15ࠊ
ᕳࢆࡁ౑⏝ࠊศ๭ࡢࣝ࢖ࢥ㛫㝸ࡣ 2mm ࢹࠋࡿ࠸࡚ࡋ࡟

ẚㄏ㟁ࠊࡁ⨨ࢆ⟽ࡢㄏ㟁యࡣ࡟㛫ෆ✵ࡢඹ᣺ჾࣝ࢔ࣗ

ᅗࢆᯝ⤖ࡓࡋࢆ⟭ィ࡚ࡗ⾜ࢆኚ᭦್ᩘࡢ⋠ 13 ࠋࡍ♧࡟

⤖ᯝࠊࡣ࡚ࡋ࡜ᐇ ࡢሙྜྠ࡜ᵝ࡟ศ๭ඹ᣺ჾ࠺࡯ࡢ

࡟ࡿࡀୖࡀ⋠ẚㄏ㟁ࠊࡃࡉᑠࡀࢀࡎඹ᣺࿘Ἴᩘࡾࡼࡀ

ࠋࡿࢀࡽぢࡀ࡜ࡇࡃ࠸࡚ࡗ࡞ࡃࡁ኱ࡀᕪ࡚ࢀࡘ  
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ᅗ 13. ㄏ㟁⋡ኚ໬  

 

㸲 .ཷ㟁ඹ᣺ჾ  
ཷ㟁ඹ᣺ჾࡶ࡚࠸ࡘ࡟እ௜ࡅᐜ㔞 C ࡍ⏝฼ࢆຠᯝࡢ

౑ࢆศ๭ඹ᣺ჾࠊࡁᮇᚅ࡛ࡀࡵ㎸ࡌ㛢ࡢ⏺㟁࡛࡜ࡇࡿ

ᮇᚅ࡟ᵝྠࡶࡵ㎸ࡌ㛢ࡢ⏺㟁ࡿ࡞᭦ࡿࡼ࡟࡜ࡇࡿࡍ⏝

࠸⏝ࢆ༢୍ඹ᣺ჾࡶ࡚࠸ࡘ࡟ࡽࡕࡇࠊ࡛ࡇࡑࠋࡿࡁ࡛

ࡅእ௜ࡓ࠸⏝ࢆศ๭ඹ᣺ჾ࡜ຠᯝࡿࡼ࡟ᐜ㔞ࡅእ௜ࡓ

ᐜ㔞+ࣝ࢖ࢥ㛫ᐜ㔞ࡿࡼ࡟ຠᯝ᳨ࡢドࠋࡓࡗ⾜ࢆ᮲௳

ࢆᚄ┤ࡢඹ᣺ჾࡣ࡚ࡋ࡜ 3cm ኚ᭦ࡢᩘࡁᕳࠊࡋᅛᐃ࡟
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㻝㻡㼠㼡㼞㼚㼟㻔㼟㼕㼚㼓㼘㼑㻕
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ᐜࡢࢧࣥࢹࣥࢥ࡚࠼ኚࢆᡂศࢫࣥࢱࢡࢲࣥ࢖࡚ࡗࡼ࡟

㔞ࢆኚ࡛࡜ࡇࡿ࠼ඹ᣺࿘Ἴᩘࢆ 1MHz ࠋࡓࡏࢃྜ࡟  
 

㸲 -1 እ௜ࡅᐜ㔞 C ຠᯝࡢ  
ཷ㟁ඹ᣺ჾ࡚࠸┬ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩࡣ࡚࠸ࡘ࡟

 ᐃࠋࡿ࠸࡚ࡗ⾜ࢆࡳࡢ ᐃ᪉ἲࡣᅗ 14 ᐃ ࠊࡋ♧࡟

⤖ᯝࢆᅗ 15 ࠊ࡚ࡗ㐪࡜ഴྥࡢࡁ࡜ࡢ㏦㟁ඹ᣺ჾࠋࡍ♧࡟

ᕳࢆᩘࡁቑ࡝࡯ࡍࡸඹ᣺࿘Ἴᩘࡀࢀࡎࡢᑠࡿ࡞ࡃࡉഴ

ࠋࡓࢀࡽぢࡀྥ  
 

 

ᅗ 14. ඹ᣺ჾ㓄⨨ᅗ ᅗ㸧ࡓぢࡽ࠿ୖ)  
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ᅗ 15. ඹ᣺࿘Ἴᩘࢀࡎ  

 
4-2  ศ๭ඹ᣺ჾࡢຠᯝ  
ཷ㟁ඹ᣺ჾࡶ࡚࠸࠾࡟㏦㟁ඹ᣺ჾྠ࡜ᵝ࡟ศ๭ࢥ

ࡢウ᳨ࡢኚ᭦ࡢ㛫㊥㞳ࣝ࢖ࢥศ๭࡜ኚ᭦ᩘࡁᕳࡢࣝ࢖

୧᪉ࠋࡓࡗ⾜ࢆ ᐃ᪉ἲࡣ࡚ࡋ࡜ᅗ 16 ࡢᐃ ࠊࡋ♧࡟

⤖ᯝࢆᅗ 17 ࠋࡍ♧࡟  
 

9cm

10cm

ar

9cm

10cm

ar

 
ᅗ 16. ඹ᣺ჾ㓄⨨ᅗ㸦ୖࡽ࠿ぢࡓᅗ㸧  

 
⤖ᯝࠊࡣศ๭ࣝ࢖ࢥ㛫㊥㞳࡟ᑐࡿࡍഴྥࡣ㏦㟁ඹ᣺ჾ

ᅗࡣ࡚ࡋ㛵࡟ᩘࡁᕳࠊࡀࡿ࠸࡚ࡋ⮴୍࡜ᯝ⤖ࡢ 15 ྠ࡜

ᵝ࡟ቑ࡚ࡗࡼ࡟࡜ࡇࡍࡸඹ᣺࿘Ἴᩘࡀࢀࡎᑠࡗ࡞ࡃࡉ

࡜ཎᅉࡢࡇࠋࡿ࠶཯ᑐ࡛࡜ᯝ⤖ࡢ㏦㟁ඹ᣺ჾࠊ࡚࠸࡚

࡟඲యⓗࡣ࡚ࡋ L ᡂศࡾ࡞࠿ࡀᑠࡀ࡜ࡇ࠸ࡉᙳ㡪࡚ࡋ

ㄆ࡛☜ࡣ᫬Ⅼ࡛⌧ࠊࡀࡿ࠸࡚࠼⪄࡜࠿࠸࡞ࡣ࡛ࡢࡿ࠸
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ᅗ 17. ඹ᣺࿘Ἴᩘࢀࡎ  
 

4-3 ↓㈇Ⲵ Q 
㏦㟁ඹ᣺ჾྠ࡜ᵝ࡟↓㈇Ⲵ Q ࠋࡿ࠸࡚ࡗ⾜ࢆᐃ ࡢ

⤖ᯝࢆᅗ 18 ࠊᵝྠ࡜㏦㟁ඹ᣺ჾࡣ࡚ࡋ࡜ഴྥࠋࡍ♧࡟

༢୍ඹ᣺ჾ࡟ẚࠊ࡭ศ๭ඹ᣺ჾࡢ᪉ࡾࡼࡀ↓㈇Ⲵ Q ್

㈇↓ࡶ࡚ࡋኚ᭦ࢆඹ᣺ჾ㛫㊥㞳ࠊࡾ࠿ࢃࡀ࡜ࡇ࠸Ⰻࡀ

Ⲵ Q LCࠋ࠸࡞ࢀࡽぢࡀኚ໬࡝ࢇ࡜࡯࡟್ ࡣᐃ࡛ ࡢ

ᅗ 11 ࡣ௒ᅇ࡛ࡢࡓࢀࡽᚓࡀᯝ⤖ࡌྠࡶ࡚ࡋ࡜ഴྥ࡜

㍕ࠋ࠸࡞࠸࡚ࡏ  
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ᅗ 18.↓㈇Ⲵ Q 
 

5.⤖ྜಀᩘ ᐃ  
ࢫࢩ㟁ඹ᣺ჾ࡛ཷ࡜㏦㟁ඹ᣺ჾࡓࡗ⾜࡟࡛ࡲࢀࡇ

㈇Ⲵ↓ࠊࡵ㎸ࡌ㛢ࡢ⏺㟁ࠊ࠼⪄ࢆタィ࣒ࢸ Q ᯝ⤖ࡢ್

ࡢࡵࡓࡢฟ⟭ࡢಀᩘྜ⤖࡛ࡏࢃྜࡳ⤌࡞࠺ࡑࡉࡼࡽ࠿

 ᐃࠋࡓࡗ⾜ࢆ ᐃࡣ㏦㟁ഃ࡟┤ᚄ 30cm15ࠊ ᅇᕳࡁ

ࡣඹ᣺ჾ㛫㊥㞳࡚ࡋ⏝౑ࢆඹ᣺ჾࣝ࢔ࣗࢹศ๭ࡢ

20cm 㞳ཷࠋࡿ࠸࡚ࡋ㟁ഃࡣ࡟┤ᚄ 3cm15ࠊ ᅇᕳࡢࡁ

ศ๭ඹ᣺ჾࡧࡼ࠾┤ᚄ 5cm15ࠊ ᅇᕳࡢࡁศ๭ඹ᣺ჾࢆ

୰ᚰ㍈㸦Zࡢඹ᣺ჾࣝ࢔ࣗࢹࡣ⨨఩ࠊ࠸⏝ ㍈㸧ࡢ㟁☢

⏺ゎᯒ࡛ࡢ 0cm ᅗࡣᯝ⤖ࠋࡓࡋࢆᐃ ࡚࠸࠾࡟ᆅⅬࡢ

19 ᚄ┤ࠊࡾ࠾࡚ࡋ♧࡟ 3cm ࡓ࠸ࡉᑠࡀྜ⤖ࡣඹ᣺ჾࡢ

ࡵ  ඹ᣺࿘Ἴᩘࡀศ㞳࡛ࡢࡓࡗ࠿࡞ࡋ⤖ྜಀᩘࡢィ⟬
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5cmࠊࡀࡓࡗ࠿࡞ࡁ࡛ࡣ ࡣ᪉ࡢ 0.025 ࡢᛕࠋࡓࡗ࠶࡛

ᅗࡵࡓ 16 ࢀࡎ࡟᭷↓࡛Ἴᙧࡢࣝࢺ࣎ࡾỈධ࡟࠺ࡼࡢ

࡜ࡇ࠸࡞ࢀࡽぢࡀࢀࡑࠊࢁࡇ࡜ࡓࡋㄆ☜࠿࠸࡞ࡌ⏕ࡀ

⪄࡜ࡢࡶ࠸࡞࠸࡚ࡅཷࢆᙳ㡪ࡿࡼ࡟Ỉࡣಀᩘྜ⤖ࡽ࠿
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ᅗ 19. ⤖ྜಀᩘ ᐃ  
 

6㸬ࡢ࣒ࢸࢫࢩఏ㏦≉ᛶ  
እ㒊࡛࡜ࡇࡿࡍㄪᩚࢆ⨨఩ࡢࣉ࣮ࣝ k ఏ㏦࡚࠼ኚࢆ

ࡼࡶ᭱ࡀ⋠ఏ㏦ຠࢁࡇ࡜ࡢᅾ⌧ࠊ࠸⾜ࢆᵓ⠏࣒ࢸࢫࢩ

ᅗࢆᯝ⤖ࡓࡗ࡞ࡃ 20 ᚄ┤ࠋࡍ♧࡟ 3cm 㟁ඹ᣺ჾཷࡢ

ࡣ࡛ S21(Gain)ࡀ -6.2dB ⣙ࠊࡾ࡞࡜ ࡗ࡞࡜⋠ຠࡢ25%

ᚄ┤࡟ࡽࡉࠋࡿ࠸࡚ 5cm ࡣ࡛⋠ఏ㏦ຠࡣࡢࡶࡢ -2.4dBࠊ

⣙ ࡽぢࡣᙳ㡪ࡿࡼ࡟↓᭷ࡢỈࡶ࡛ࡽࡕࡇࠋࡿ࠶58%࡛
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ᅗ タィ࣒ࢸࢫࢩ .20  

 

ࡵ࡜ࡲ .7  
㏦ཷ㟁ඹ᣺ჾࠊ࡟ࡶ࡜༢୍ඹ᣺ჾ࡛ࡢእ௜ࡅᐜ㔞 C

࡛ࡀ࡜ࡇࡿ࠼ᢚࢆ⏺㟁࡝࡯࠸ࡁ኱ࡀᐜ㔞ࡾࡼ࡟ຠᯝࡢ

✵ࣝ࢖ࢥศ๭࡛࡜ࡇࡿࡍ⏝౑ࢆศ๭ඹ᣺ჾ࡟ࡽࡉࠊࡁ

㛫ෆ࡟㟁⏺ࢆ㛢ࡌ㎸ࣝ࢔ࣗࢹ࡚ࡁ࡛ࡀ࡜ࡇࡿࡵ✵㛫ෆ

㟁⏺ࡾ࡞࠿ࢆᢚࡢࡇࠋࡓࡁ࡛ࡀ࡜ࡇࡿ࠼⤖ᯝࠊㄏ㟁య

ㄆ☜ࢆ࡜ࡇࡿ࡞࡟ែ≦࠸࡞ࡅཷ࡝ࢇ࡜࡯ࢆᙳ㡪ࡿࡼ࡟

ࠋࡓฟ᮶ࡀ࡜ࡇࡿࡍ  

᭦࡟ศ๭ඹ᣺ჾࠊࡾࡼ࡟࡜ࡇࡿ࠸⏝ࢆ↓㈇Ⲵ Q ࡟್

㛵ࡶ࡚ࡋ༢୍ඹ᣺ჾࡾࡼ≉ᛶࡀⰋࡿ࡞ࡃ๪ḟຠᯝࡶ☜

ㄆ࡛ࠋࡓࡁඹ᣺ჾ㛫㝸ࡀ࠺࡯ࡓࡅ࠶ࢆ㏆᥋ຠᯝࡢᙳ㡪
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