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Abstract The objective of this research is to develop a small-size large-aperture antenna for microwave power

transmission. In the previous paper, we considered the measurement of spherical dielectric resonator with a rect-

angular waveguide. However, the waveguide disturbs the resonant mode of the dielectric resonator. To solve this

problem, we have developed a measurement instrument with spherical cavity resonator. We have designed the

cavity with eigen-value equation. Finally, we have measured the dielectric constant and the dielectric loss from

the insertion loss and the half-value width. We have also measured the radiation pattern of dielectric resonator by

investigating the field of inside the cavity.

Key words Spherical dielectric resonator, Spherical cavity resonator, Eigen-value equation, Dielectric constant

measurement, Radiation pattern measurement

1. ং ࿦

ੜۭؒ׆ʹ͓͚ΔϚΠΫϩ೾ిྗ఻ૹͰ͸ɺి೾๷ࢦޢ਑ʹ

ΑΓిྗີ౓͸੍͞ݶΕΔͨΊɺΑΓେ͖ͳిྗΛಘΔͨΊʹ

͸डిΞϯςφͷ༗ޮ։ޱ໘ੵΛେ͖͘͠ͳ͚Ε͹ͳΒͳ͍ɻ

͔͠͠ɺैདྷͷ։ޱ໘Ξϯςφʹ͓͍ͯ͸ɺେ͖ͳ༗ޮ։ޱ໘

ੵΛಘΔͨΊʹ͸෺ཧతʹେ͖ͳΞϯςφ͕ඞཁʹͳΓɺडి

ΞϯςφͷখܕԽ͕ࠔ೉Ͱ͋Δͱ͍͏໰୊͕͋Δɻ͜ͷ໰୊ʹ

ର͠ɺຊڀݚ͸࣍ߴ·Ͱͷ߹੒ٿ໘೾͕࣋ͭੑ޲ࢦʹண໨͠

ͨ [1]ɻ࣍ߴ·Ͱͷٿ໘೾Λ߹੒͢Δ͜ͱʹΑΔੑ޲ࢦ͸ɺແݶ

খͷ೾ੑ޲ࢦ͕ͭ࣋ݯͱಉ౳Ͱ͋ΔͨΊɺখߴܕརಘΞϯςφ

΁ͷԠ༻͕ظ଴͞ΕΔɻຊڀݚͰ͸͜Ε·Ͱʹɺଟ૚ঢ়ͷܗٿ

༠ిମڞৼثΛ༻͍Δ͜ͱʹΑΓɺٿ໘೾Λ์ࣹ͢Δ์ࣹૉࢠ

ͨ͠ʹՄೳͰ͋Δ͜ͱ͕໌Β͔ݱ࣮͕ [1] [2]ɻ

͍͓ʹ։ൃڀݚ͚ͨ޲ʹΞϯςφͷ࣮༻Խثৼڞ༠ిମܗٿ

ͯ͸ɺܗٿͨ͠࡞ࢼ༠ిମڞৼثͷൺ༠ి཰ͷଌఆ͕ॏཁͰ͋

Δɻͦ͜ͰຊڀݚͰ͸ࡢ೥౓ɺਤ ΑΔʹಋ೾؅ܗํͨࣔ͠ʹ1

ଌఆख๏ʹ͍ͭͯݕ౼Λͨͬߦ [3]ɻ͔͠͠ɺ͜ͷଌఆख๏ʹ͓

͍ͯ͸ɺҎԼͷ 2͕ͭ໰୊ͱͳΔɻ1. ͷඃଌثৼڞ༠ిମܗٿ

ఆϞʔυ͕ํܗಋ೾؅ʹΑͬͯઁಈΛड͚Δɻ2. ಋ೾؅ͷجຊ
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ਤ 1 લճݕ౼Λܗํͨͬߦಋ೾؅Λ༻͍ͨଌఆܥ [3]ɿඃଌఆϞʔυ

ք৚݅ʹΑ่ͬͯΕΔͱ͍͏໰୊͕͋ͬͨɻڥಋ೾؅ͷܗํ͕

఻೻ϞʔυΛ༻͍ͯଌఆͨͨ͠Ίɺ݁߹͕͗͢ڧΔɻͦ͜Ͱຊ

ͷଌఆ૷ثৼڞΛ༻͍ͨ༠ిମثৼڞٿͰ͸ɺ৽ͨʹۭಎڀݚ

ஔͷઃܭ։ൃΛͨͬߦɻຊߘͰ͸ɺ։ൃͨ͠ଌఆ૷ஔʹΑΔൺ

༠ి཰ଌఆ͓Αͼࣹ์ࢉ׵ύλʔϯଌఆʹ͍ͭͯड़΂Δɻ

2. ۭಎڞٿৼثΛ༻͍ͨଌఆ࣏۩ͷઃܭ

ۭಎڞٿৼثΛ༻͍ͨܗٿ༠ిମڞৼثͷධՁ࣏۩ͷུ֓ߏ

଄Λਤ 2ʹࣔ͢ɻଌఆର৅ͷܗٿ༠ిମڞৼثͱಉ৺ঢ়ʹۭಎ

ͷน໘ʹଌఆ༻ೖग़ྗϓثৼڞٿ഑ஔ͞Εɺۭಎ͕ثৼڞٿ

ϩʔϒ͕઀ଓ͞Ε͍ͯΔɻೖग़ྗϓϩʔϒͷ൓ࣹ܎਺ٴͼಁա

ಛੑΛଌఆ͠ɺ༠ి཰ͱ༠ిଛࣦثৼڞ਺ͷप೾਺ಛੑ͔Β܎

ΛධՁ͢Δɻ͜ͷ࣏۩Λ༻͍Δ͜ͱʹΑΓɺΞϯςφͱͯ͠༻

͍Δٿ໘೾ͷϞʔυΛ่ͣ͞ʹଌఆՄೳͰ͋Δɻٿରশੑ͕อ

ͨΕ͍ͯΔͨΊɺ༠ి཰ͱ༠ిଛࣦͷࢉग़ʹղੳղΛ༻͍Δ͜

ͱ͕ग़དྷΔɻ͞Βʹɺۭؒதʹ͓͚ΔଌఆͱҟͳΓ์ࣹଛࣦ͕

ͳ͍ͨΊɺܗٿ༠ిମڞৼثͷ༠ిଛࣦΛਫ਼ີʹଌఆ͢Δ͜ͱ

ਤ 2 ۭಎڞٿৼثΛ༻͍ͨධՁ࣏۩ͷུ֓ߏ଄ɿۭಎڞٿৼثΛ༻͍

Δ͜ͱͰɺٿରশੑΛҡ࣋ͨ͠··༠ిମڞৼثͷڞৼಛੑΛ

ଌఆ͢Δ͜ͱ͕ग़དྷΔɻ

ਤ 3 ɿத৺ಋମʹΑͬͯɺثৼڞ༠ిମܗٿத৺ಋମΛ࣋ͭͨ͠࡞ࢼ

TE11 Ϟʔυͱ TM11 Ϟʔυͷڞৼप೾਺Λॖୀ͍ͤͯ͞Δɻ

͕ՄೳͰ͋Δɻࠓճଌఆͨ͠ܗٿ༠ిମڞৼثΛਤ 3ʹࣔ͢ɻ

ܘ஋͸ɺಋମͷ௚ܭͷઃثৼڞ༠ిମܗٿ 2a = 5.58 mmɺ༠

ిମͷ௚ܘ 2b = 14.75 mmͰ͋Δɻࡐྉஈ֊ͷ༠ిମͷൺ༠

ి཰͕ɺ3 GHz ʹ͓͍ͯ εd = 13.18, (tan δ)−1 = 927.8 Ͱ͋

Δɻܗٿ༠ిମڞৼثΛۭؒʹஔ͍ͨ৔߹ͷ TE11Ϟʔυٴͼ

TM11Ϟʔυͷڞৼप೾਺͕ͱ΋ʹ 5.98 GHzͱͳΓɺॖୀ͢

ΔΑ͏ʹઃͨ͠ܭɻ͜ͷܗٿ༠ిମڞৼثͷ࣮ޮ༠ి཰ͱ༠ి

ଛࣦΛɺධՁ࣏۩Λ༻͍࣮ͯݧతʹධՁ͢Δɻ

ڞͰ͋ΔධՁ࣏۩ͷثৼڞٿΛؚΜۭͩಎثৼڞ༠ిମܗٿ

ৼप೾਺͸ɺਤ 2ʹࣔͨ͠ྖҬ (I)ͱྖҬ (II)ͷڥք৚͔݅Β

ಘΒΕΔํఔࣜͷݻ༗஋ͱͯ͠ٻ·ΔɻTMℓm Ϟʔυ΋΄΅ಉ

༷Ͱ͋ΔͨΊɺ͜͜Ͱ͸ TEℓm Ϟʔυͷݻ༗஋ํఔࣜʹ͍ͭͯ

ड़΂Δɻۭಎڞٿৼث಺෦ʹ࣍਺ ℓ,mͰද͞ΕΔ TEℓm Ϟʔ

υͷి࣓ք͕ଘ͢ࡏΔͱ͖ɺྖҬ (I)ͱྖҬ (II)ʹ͓͚ΔϕΫ

τϧϙςϯγϟϧ A(I)
ℓm, A(II)

ℓm ͸Ґஔ (r, θ,φ)ͷؔ਺ͱͯ࣍ࣜ͠

ͷΑ͏ʹද͢͜ͱ͕ग़དྷΔ [4]ɻ

A(I)
ℓm = c1F

(I)
ℓ (kdr)P

m
ℓ (cos θ) cosmφ (1)

A(II)
ℓm = c2F

(II)
ℓ (k0r)P

m
ℓ (cos θ) cosmφ (2)

ͨͩ͠ɺc1, c2 ͸೚ҙఆ਺ɺPm
ℓ ͸ϧδϟϯυϧജؔ਺Ͱ͋

Δɻ͜͜Ͱɺਤ 2 ʹࣔͨ͠Α͏ʹ r = a ͼٴ r = c ʹ͓͍ͯ

Eθ = Eφ = 0ͷڥք৚݅Λຬ଍ඞཁ͕͋ΔͨΊɺF (I)
ℓ (kdr)ͱ

F (II)
ℓ (k0r)͸ɺ

F (I)
ℓ (kdr) = N̂ℓ(kda)Ĵℓ(kdr)− Ĵℓ(kda)N̂ℓ(kdr) (3)

F (II)
ℓ (k0r) = N̂ℓ(k0c)Ĵℓ(k0r)− Ĵℓ(k0c)N̂ℓ(k0r) (4)

ͱॻ͚Δɻ͜ͷͱ͖ɺJℓ(x)͸ٿϕοηϧؔ਺ɺNℓ(x)͸ٿϊΠ

Ϛϯؔ਺Ͱ͋Δɻϋοτ͸ Ĵℓ(x) = xJℓ(x)ͷΑ͏ʹɺؔ਺ʹҾ

਺Λ৐ͨ͡΋ͷΛҙຯ͢Δɻk0 = 2πf
√
ε0µ0 ͸ਅۭதͷ೾਺

Ͱ͋Γɺkd = 2πf
√
εdε0µ0 ͸༠ిମதͷ೾਺Λද͢ɻε0, µ0 ͸

ਅۭதͷ༠ి཰ٴͼಁ࣓཰Ͱ͋Δɻ·ͨɺf ͸ڞৼप೾਺Λද

͢ɻڞৼप೾਺ʹ͓͍ͯ͸ c1, c2 ʹґΒͣɺ༠ిମද໘ͷ r = b

Ͱ Eθ, Eφ, Hθ, Hφ ͷ࿈ଓ৚݅Λຬͨ͢ɻ͜ͷڥք৚͔݅Βɺ࣍

༗஋ํఔ͕ࣜಘΒΕΔɻݻࣔ͢ʹࣜ

√
εdF

(I)′
ℓ (kdb)F

(II)
ℓ (k0b)−F (II)′

ℓ (k0b)F
(I)
ℓ (kdb) = 0 (5)



ਤ 4 ۭಎڞٿৼثͷ௚ܘͱڞৼप೾਺ͷؔ܎ɿॖୀઃܭΛͨͬߦ 5.98

GHz ʹ͓͍ͯ 2 ͭͷڞৼप೾਺͕࠷΋઀͍ۙͯ͠Δɻࠓճ࡞ࢼ

ۭͨ͠ಎڞٿৼثͷ௚ܘ͸ 2c = 105mm ͱͨ͠ɻ

͜͜ͰɺϓϥΠϜ͸Ҿ਺ʹΑΔඍ෼Λҙຯ͍ͯ͠Δɻࣜ (5)͔

Β TEℓm Ϟʔυͷະ஌਺ f Δ·ٻखॱʹΑͬͯهΔɻ্·ٻ͕

༗஋ํఔࣜΛ༻͍ͯɺධՁ࣏۩ͷݻ TE11Ϟʔυͱ TM11Ϟʔ

υͷڞৼप೾਺ΛٻΊͨɻ͞Βʹɺಉ༷ͷݻ༗஋ࢉܭΛ FEM

ి࣓քγϛϡϨʔλʔΛ༻͍ͯͨͬߦɻۭಎڞٿৼثͷ௚ܘΛ

มԽͤͨ͞৔߹ͷڞৼप೾਺ͷมԽΛਤ 4ʹࣔ͢ɻݻ༗஋ํఔ

ࣜʹΑΔ݁ࢉܭՌͱి࣓քγϛϡϨʔλʔʹΑΔ݁Ռ͸ྑ͘Ұ

க͓ͯ͠Γɺਖ਼͘͠ݻ༗஋ํఔࣜΛٻΊΔ͜ͱ͕ग़དྷ͍ͯΔ͜

ͱ͕Θ͔Δɻ·ͨɺ2ͭͷϞʔυ͸ॖୀઃܭΛͨͬߦ 5.98 GHz

෇ۙʹ͓͍ͯ࠷΋઀͍ۙͯ͠Δɻ͜ͷ݁ࢉܭՌΛ΋ͱʹɺࠓճ

͸ܘͷ௚ثৼڞٿಎۭͨ͠࡞ࢼ 2c = 105mmͱͨ͠ɻ

ਤ 5ʹɺۭಎڞٿৼثͷ௚ܘ 2c = 105mmͷ৔߹ʹ͓͚Δɺ

͍ͨ༺ʹճͷଌఆࠓ TE11 ϞʔυͷΤωϧΪʔີ౓෼෍Λࣔ

͢ɻਫฏํ޲ʹ͸ΤωϧΪʔ͕౳ํతʹ෼෍͠ɺਨ௚ํ޲ʹ͸

8ͷܕࣈʹ෼෍͍ͯ͠Δ͜ͱ͕Θ͔Δɻ·ͨɺݪ఺ͷܗٿ༠ి

ମڞৼثͱۭಎڞٿৼثͱͷؒʹઅ͕ͻͱͭଘ͢ࡏΔ͜ͱ͕Θ

͔Δɻ͜ͷ͜ͱ͸ɺۭಎڞٿৼث಺෦ͷి࣓ք෼෍Λଌఆ͢Δ

͜ͱʹΑΓɺܗٿ༠ిମڞৼثͷݻ༗์ࣹύλʔϯΛ౳Ձతʹ

ଌఆͰ͖Δ͜ͱΛҙຯ͍ͯ͠Δɻਤ 6ʹɺઃܭ։ൃۭͨ͠ಎٿ

ਤ 5 ଌఆʹ༻͍Δ TE11 ϞʔυͷΤωϧΪʔີ౓෼෍ɿۭಎڞٿৼ

༗ݻͷثৼڞ༠ిମܗٿ಺෦ͷ෼෍Λଌఆ͢Δ͜ͱʹΑΓɺث

์ࣹύλʔϯΛ౳ՁతʹಘΔ͜ͱ͕ग़དྷΔɻ

ਤ 6 ۩ৼಛੑଌఆ࣏ڞͷثৼڞ༠ిମͨ͠࡞ࢼ (a) CAD Ϟσϧɹ

(b) ࣸਅɿۭಎڞٿৼث಺෦ͷి࣓ք෼෍Λଌఆ͢ΔͨΊɺਫฏ

໘ͱਨ௚໘ʹܭ 46 ͷଌఆ༻࣓քϓϩʔϒΛ഑ஔͨ͠ɻݸ

಺෦ͷి࣓ք෼ثৼڞٿΛ༻͍ͨଌఆ࣏۩Λࣔ͢ɻۭಎثৼڞ

෍Λଌఆ͢ΔͨΊɺਫฏ໘ٴͼਨ௚໘ʹܭ ͷଌఆ༻࣓քݸ46

ϓϩʔϒΛ഑ஔͨ͠ɻଌఆ͢Δܗٿ༠ిମڞৼث͸௼Γ࣏۩Λ

༻্͍ͯ෦͔ΒࢳͰ௻ΓԼ͛Δ͜ͱʹΑΓݻఆͨ͠ɻ

3. ͷ༠ి཰ଌఆثৼڞ༠ిମܗٿ

લষͰड़΂ۭͨಎڞٿৼثΛ༻͍ͯܗٿ༠ిମڞৼثͷڞৼ

ಛੑͷଌఆΛͨͬߦɻਤ 7 ʹ༠ి཰ଌఆ࣮ܥݧͷ֓ཁΛࣔ͢ɻ

఻ൖಛੑͷଌఆʹ͸ژ౎େֶੜଘڀݚݍॴͷશڞࠃಉར༻ઃඋ

ϚΠΫϩ೾ΤωϧΪʔ఻ૹ࣮ݧ૷ஔʢMETLABʣͷ Agilent

ࣾͷωοτϫʔΫΞφϥΠβʔ PNA E8364CΛ༻͍ͨɻωο

τϫʔΫΞφϥΠβʔͷϙʔτ 1͸ిྗ෼഑ثʹΑͬͯ 2෼഑

͠ɺಉ͡௕͞Λ࣋ͭηϛϦδουέʔϒϧΛ௨ͯ͠ଌఆ૷ஔͷ

ίωΫλʹ઀ଓͨ͠ɻϙʔτ 2 ͸ϙʔτ 1 ͱಉ͡ਫฏ໘಺ͷ

ίωΫλʹ઀ଓͨ͠ɻೖྗΛ 2 ෼഑ͯ͠ 2 Օॴ͔Βಉ૬ಉৼ

෯Ͱྭৼ͢Δ͜ͱʹΑΓɺۭಎڞٿৼثͷෆཁͳϞʔυͷྭৼ

Λ཈੍͢Δ͜ͱ͕ग़དྷΔɻೖྗͷ 2ՕॴͷίωΫλ͕੒͓֯͢

Αͼग़ྗΛ઀ଓ͢ΔίωΫλͷ৔ॴ΋ɺෆཁͳϞʔυ΁ͷ݁߹

͕ͳΔ΂͘খ͘͞ͳΔΑ͏ʹબ୒ͨ͠ɻϙʔτͷ֤ࢀর໘͸ͦ

ΕͧΕͷ SMAίωΫλ෦෼ͱͳΔΑ͏ʹֱਖ਼ͨ͠ɻଌఆप೾

਺͸ 5.0 GHz ͔Β 7.0 GHz ͱ͠ɺଌఆ఺͸ 0.002 GHz ຖͷ

ਤ 7 ༠ి཰ଌఆ࣮ܥݧɿ෼഑ثΛ༻͍ͯ 2 Օॴ͔Βೖྗ͢Δ͜ͱʹ

ΑΓɺۭಎڞٿৼثͷෆཁͳϞʔυͷྭৼΛ཈੍ͨ͠ɻ



1001఺ͱͨ͠ɻ2෼഑ͨ͠ೖྗͷηϛϦδουέʔϒϧઌ୺ͷ

6.0 GHzʹ͓͚Δৼ෯ͱҐ૬Λଌఆͨ͠ͱ͜Ζɺยଆ͸ (−4.48

dB, 134◦)Ͱ͋Γɺ΋͏ยଆ͸ (−4.39 dB, 138◦)Ͱ͋ͬͨɻ͜

ͷଌఆ݁Ռ͔ΒɺࠓճͷଌఆͰ༻͍ͨ෼഑ثͷૠೖଛࣦ͸ 1.480

dBͱٻ·Δɻਤ 8ʹɺଌఆͨ͠ಁա܎਺ S21 ͷप೾਺ಛੑͷ

ଌఆ݁ՌΛࣔ͢ɻܗٿ༠ిମڞৼثΛ഑ஔͨ͠৔߹ʹͷΈɺ఺

ઢʹࣔͨ͠ 6.0 GHz ෇ۙʹ TE11Ϟʔυʹ༝དྷ͢Δڞৼ఺͕

ಘΒΕͨɻਤ 9ʹɺڞৼ఺ۙ๣ͷಁա܎਺ S21 ͷप೾਺ಛੑͷ

ଌఆ݁ՌΛࣔ͢ɻͨͩ͠ɺ͜ͷڞৼ఺ͷಛੑΛৄࡉʹଌఆ͢Δ

ͨΊɺ࠶౓ 0.5 MHz ຖʹଌఆ఺Λ૿΍ֱͯ͠࠶ਖ਼ͨ͠ɻ͜ͷ

S21 ͷप೾਺ಛੑ͔ΒɺTE11Ϟʔυͷڞৼप೾਺ f0 ͸ 6.030

GHzͱٻ·Δɻ͞Βʹɺڞৼ఺ʹ͓͚Δૠೖଛࣦ IL0 ͸ɺ෼

഑ثͷૠೖଛࣦ 1.480 dBΛࠩ͠Ҿ͍ͯ 25.60 dBͱٻ·Δɻ·

ͨɺप೾਺ͷ 3 dB෯ ∆f ͸ 0.006 GHz ͱٻ·Δɻ

࣍ʹɺ͜ΕΒͷଌఆ஋͔Β͜ͷTE11ϞʔυͷෛՙQ஋QLɺ

ແෛՙ Q஋ Q0ɺ֎෦ Q஋ Qex ΛٻΊΔɻ͜ͷڞৼ఺ۙ๣ʹ

͓͚Δڞৼثͷಛੑ͸ਤ 10a ͷΑ͏ͳ౳Ձճ࿏ʹΑͬͯද͢͜

ͱ͕ग़དྷΔ [5]ɻZ0 ͸ಉ࣠έʔϒϧͷಛੑΠϯϐʔμϯεɺL

͸ڞৼثʹ஝͑ΒΕΔ࣓քΤωϧΪʔɺC ͸ڞৼثʹ஝͑ΒΕ

ΔిؾΤωϧΪʔɺr0 ͸ڞৼث಺෦ͷଛࣦΛͦΕͧΕද͢ɻ·

ͨɺ̏ͭͷม੒ث͸ڞৼثʹ݁߹࣓ͨ͠քϓϩʔϒΛද͢ɻ֤

ϓϩʔϒͷ݁߹܎਺͕͢΂ͯ౳͍͠ͱ͖ɺਤ 10a ͸ਤ 10b ͷ౳

Ձճ࿏ʹॻ͖͑׵Δ͜ͱ͕ग़དྷΔɻਤ 10b ʹ͓͚ΔRex͸ڞৼ

ਤ 8 ಁա܎਺ S21 ͷ޿Ҭप೾਺ಛੑɿઃͨ͠ܭ 6.0 GHz෇ۙʹ͓͍

ͯɺ༠ిମڞৼثͷ TE11Ϟʔυʹ༝དྷ͢Δڞৼ఺͕ಘΒΕͨɻ

ਤ 9 ༠ిମڞৼثͷ TE11 Ϟʔυڞৼ఺ۙ๣ʹ͓͚Δ S21

(a)

(b)

ਤ 10 ༠ిମڞৼثͷ TE11Ϟʔυڞৼ఺ۙ๣ʹ͓͚Δ౳Ձճ࿏ɿ(a)

2 ೖྗ 1 ग़ྗͷ౳Ձճ࿏ɻ֤ม੒ث͸ϓϩʔϒΛද͢ɻ݁߹܎

਺͕શͯ౳͍͠ͱ͖ɺ(b) ͷΑ͏ʹॻ͖͑׵Δ͜ͱ͕ग़དྷΔɻ

ͷ֎෦ܥৼڞΒ֤ϙʔτʹྲྀΕΔΤωϧΪʔΛද͢ɻ͜ͷ͔ث

Q஋ Qex ͸ɺω0L/Rex ʹΑͬͯ༩͑ΒΕΔɻೖྗଆ͸ 2Օॴ

Ͱྭৼͨͨ͠Ί 2Rex ͱͳΔɻແෛՙ Q஋ Q0 ͸ɺω0L/R0 ʹ

Αͬͯ༩͑ΒΕΔɻ͜ͷͱ͖ɺ͜ͷڞৼثͷෛՙ Q஋ QL ͸ɺ

Qex ͼٴ Q0 Λ༻͍ͯɺҎԼͷࣜͰද͢͜ͱ͕ग़དྷΔɻ

1
QL

=
3

Qex
+

1
Q0

(6)

ҰํɺQL ͸ɺڞৼप೾਺ f0 ͓Αͼ 3 dB෯∆f Λ༻͍ͯɺҎ

ԼͷࣜͰද͞ΕΔɻ

QL =
f0
∆f

(7)

Αͬͯɺଌఆ஋͔Β QL ͸ 1005 ͱٻ·Δɻ·ͨɺQ0 ͸ QL ͓

Αͼ IL0 Λ༻͍ͯɺҎԼͷࣜͰද͞ΕΔɻ

Q0 = QL
1

1− 10−
IL0
20

(8)

Αͬͯɺଌఆ஋͔Β Q0 ͸ 1060ͱٻ·Δɻ͞Βʹࣜ (6)ΑΓɺ

Qex ͸ 5.810× 104 ͱٻ·Δɻແෛՙ Q஋ͱൺֱͯ͠े෼େ͖

ͳ֎෦ Q஋͕ಘΒΕ͍ͯΔ͜ͱ͕͔֬ΊΒΕͨɻ

͞Βʹɺڞৼप೾਺ f0 ͼແෛՙٴ Q஋ Q0 Λ༻͍ͯɺ༠ి

ମڞৼثͷൺ༠ి཰ εd ͱ༠ిଛࣦ tan δ ΛٻΊΔɻແෛՙ Q

஋ Q0 ͸ɺ༠ిଛࣦʹΑΔ Qd ͓ΑͼಋମଛࣦʹΑΔ Qc ʹ෼

͚Δ͜ͱ͕ग़དྷΔɻ͜ͷͱ͖ɺਤ 10b ʹࣔͨ͠౳Ձճ࿏ΑΓɺ

ҎԼͷ͕ࣜ੒Γཱͭɻ

1
Q0

=
1
Qd

+
1
Qc

(9)

͢ͳΘͪɺਖ਼֬ʹ༠ిଛࣦΛٻΊΔͨΊʹ͸ɺແෛՙ Q஋ Q0

͔ΒಋମଛࣦʹΑΔQc ͷ஋Λࠩ͠Ҿ͍ͯɺQd ΛٻΊΔඞཁ͕

͋Δɻͦ͜ͰɺಋମଛࣦʹΑΔ Qc ΛٻΊΔͨΊʹɺଌఆ૷ஔ

͔Β༠ిମڞৼثΛऔΓ֎ͯ͠ɺۭಎڞٿৼثͷද໘఍߅ Rs

ͷଌఆΛͨͬߦɻۭಎڞٿৼثͷ TE11Ϟʔυʢ4.41 GHzʣͷ

Q0 Λଌఆͨ݁͠Ռɺ9006ͱٻ·ͬͨɻి࣓քγϛϡϨʔλʔ



Λ༻͍ͯ 4.41 GHzʹ͓͚Δ Rs ΛٻΊΔͱɺ9.19× 10−2 Ω ͱ

ͳͬͨɻҰํɺද໘఍߅ Rs ͸ɺ࣍ࣜͰ༩͑ΒΕΔप೾਺ґଘ

ੑΛ࣋ͭ [6]ɻ

Rs =

√
ω µ0

2σ
(10)

ͨͩ͠ɺµ0 ͸ਅۭͷಁ࣓཰ɺσ ͸ಋి཰Ͱ͋Δɻࣜ (10) Α

Γɺ༠ిମڞৼثͷ TE11 Ϟʔυڞৼ࣌ʢ6.03 GHzʣʹ͓͚

Δ Rs ͸ɺ1.12 × 10−1 Ω ͱٻ·Δɻ͜ͷද໘఍߅ Rs Λ༻͍

ͯి࣓քγϛϡϨʔλʔʹΑͬͯଌఆ࣌ͷQc ΛٻΊͨͱ͜Ζɺ

4.33× 104 ͱͳͬͨɻΑͬͯɺࣜ (9)ΑΓ Qd ͸ɺ1086ͱٻ·

Δɻޙ࠷ʹɺઃܭͰ༻͍ͨݻ༗஋ํఔࣜΛ༻͍ͯɺ͜ͷ Qd ͱ

ৼप೾਺ڞ f0 ͱͳΔΑ͏ͳ༠ి཰ΛٻΊΔͱɺൺ༠ి཰ εd ͸

12.6 ͱٻ·Γɺ༠ిଛࣦ (tan δ)−1 ͸ 749 ͱٻ·Δɻ

4. ύλʔϯଌఆࣹ์ࢉ׵ͷثৼڞ༠ిମܗٿ

ۭಎڞٿৼث಺෦ͷి࣓քΛௐ΂Δ͜ͱʹΑΓɺܗٿ༠ిମ

༗์ࣹύλʔϯΛ౳Ձతʹଌఆ͢Δ͜ͱ͕ग़དྷΔɻݻͷثৼڞ

ͦ͜Ͱɺۭಎڞٿৼث಺෦ͷి࣓ք෼෍Λௐ΂ΔͨΊɺωοτ

ϫʔΫΞφϥΠβʔͷϙʔτ 2ΛऔΓ෇͚ΔίωΫλͷҐஔΛ

มԽͤͯ͞ɺڞৼ఺ʹ͓͚Δ S21 ͷϐʔΫ஋Λଌఆͨ͠ɻਫฏ

໘ʹ͓͚Δଌఆ݁ՌΛਤ 11a ʹɺਨ௚໘ʹ͓͚Δଌఆ݁ՌΛਤ

11b ʹࣔ͢ɻͨͩ͠ɺϐʔΫͷ S21 Λج४ిྗͱͯ֨͠نԽ͠

͍ͯΔɻྭৼ͸ɺਫฏ໘ʹ͓͚Δ 150◦ ͱ 210◦ ͷ 2఺͔Βͬߦ

͍ͯΔɻಉਤʹɺTE11Ϟʔυͷ์ࣹύλʔϯͷཧ࿦஋Λࣔ͠

͍ͯΔɻ྆ऀ͸͓͓ΉͶҰக͍ͯ͠Δ͜ͱ͕෼͔Δɻ

ଌఆ஋ͱཧ࿦஋ͷࠩҟͷݪҼͱͯ͠͸ɺҎԼͷ࢛͕ͭ͑ߟΒ

ΕΔɻҰͭ໨͸ɺۭಎڞٿৼثͷෆཁͳϞʔυʹΑΔࠩޡͰ͋

Δɻ͜ͷࠩޡ͸ɺ͞ΒʹೖྗͷྭৼՕॴΛ૿΍͢͜ͱʹΑΓ௿

Αʹࠩޡ΍Ґ૬ࠩޡͰ͖Δɻೋͭ໨͸ɺೋՕॴͷೖྗͷৼ෯ݮ

ΔࠩޡͰ͋Δɻ͜ͷࠩޡ͸ɺ෼഑͔ثΒͷग़ྗΛݮਰث΍Ґ૬

໨͸ɺ࣓քϓͭࡾΕΔɻ͞ݮΛ༻͍ͯௐ੔͢Δ͜ͱʹΑΓ௿ث

ϩʔϒͷ੡ࠩޡ࡞ʹΑΔ΋ͷͰ͋Δɻ͜ͷࠩޡ͸ɺ֤ϓϩʔϒ

ਤ 11 ༠ిମڞৼثͷࣹ์ࢉ׵ύλʔϯɿग़ྗϓϩʔϒͷҐஔΛมԽ͞

ͤͯಁա܎਺Λଌఆ͢Δ͜ͱʹΑͬͯɺ༠ిମڞৼثͷ TE11

Ϟʔυͷ์ࣹి࣓ք෼෍Λ౳ՁతʹಘΔ͜ͱ͕ग़དྷͨɻ

ΔϞʔυΛଌఆ͢Δ͜ͱʹΑΓֱਖ਼͢͢ࡏҰʹి࣓ք͕ଘۉʹ

Δ͜ͱ͕ग़དྷΔɻ࢛ͭ໨͸ɺܗٿ༠ిମڞৼثͷ༠ి཰෼෍ͷ

ෆۉҰੑʹΑΔ΋ͷͰ͋Δɻ͢ͳΘͪɺୈҰ͔ΒୈࡾͷࠩޡΛ

े෼ʹ௿͢ݮΔ͜ͱʹΑΓɺܗٿͨ͠࡞ࢼ༠ిମڞৼثͷෆۉ

Ұੑ͕ଌఆʹ͔͔Δ͜ͱ͕ظ଴͞ΕΔɻ

5. ݁ ࿦

ຊߘͰ͸ɺۭಎڞٿৼثΛ༻͍ͨܗٿ༠ిମڞৼثͷڞৼಛ

ੑଌఆ࣏۩ͷઃ͓ܭΑͼଌఆख๏ʹ͍ͭͯड़΂ͨɻ·ͣɺத৺

ಋମΛ࣋ͭܗٿ༠ిମڞৼثΛͨ͠࡞ࢼɻ࣍ʹɺܗٿͨ͠࡞ࢼ

༠ిମڞৼثͷڞৼಛੑଌఆ࣏۩ͱͯ͠ɺۭಎڞٿৼثΛ։ൃ

ͨ͠ɻۭಎڞٿৼثͷ಺ܘઃܭʹ͸ɺݻ༗஋ํఔࣜΛ༻͍ͨɻ

·ͨɺ੡ͨ͠࡞ଌఆ࣏۩Λ༻͍ͨ༠ి཰ଌఆख๏ʹ͍ͭͯड़΂

ͨɻܗٿͨ͠࡞ࢼ༠ిମڞৼثͷൺ༠ి཰ٴͼ༠ిଛࣦͷٯ਺

͸ͦΕͧΕ 12.6ɺ749ͱٻ·ͬͨɻޙ࠷ʹɺग़ྗͷҐஔΛมԽ

ۭͤͯ͞ಎڞٿৼث಺ͷి࣓ք෼෍Λଌఆͨ͠ɻۭಎڞٿৼث

಺෦ͷి࣓ք෼෍Λଌఆ͢Δ͜ͱʹΑΓɺ༠ిମڞৼثͷݻ༗

์ࣹύλʔϯΛ౳ՁతʹಘΔ͜ͱ͕ग़དྷΔɻ

ँ ࣙ

ຊڀݚͷҰ෦͸ɺެӹஂࡒ๏ਓଜాֶज़ৼஂࡒڵͷڀݚॿ੒

ʹΑ࣮ͬͯ͠ࢪ·ͨ͠ɻ·ͨɺܗٿ༠ిମڞৼٴثͼۭಎڞٿ

ৼثͷ͍͍ͨͩͨྗڠ͝ʹ࡞ࢼʢגʣଜా੡࡞ॴͷ૔ֻࢯڿɺ

ʹɺฒͼࢯอ྄Ұٱɺࢯɺ໺ʑ֞༟ࢯ޺ɺ෱ౡޫࢯ൹Լਔฏߕ
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