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I

ܥੑ׳ S Λ͑ߟɼ௚ަ͢Δ୯ҐϕΫτϧ ex, ey, ez Λ༻͍ɼӡಈ͢Δ෺ମͷҐஔΛ

r(t) = x(t) ex+y(t) ey+ z(t) ezͰද͢ɻ·ͨ଎౓Λv(t) =
dr(t)

dt
ɼՃ଎౓Λa(t) =

dv(t)

dt
Ͱද͢ɻ͜Εʹରͯ͠ z࣠·ΘΓʹҰఆͷ֯଎౓ ωͰճస͢Δճసܥ S ′Λ͑ߟΔɻ·ͨɼ

֯଎౓ϕΫτϧΛω = (0, 0, ω)ͱ͢Δɻճసܥ S ′ͷ௚ަ͢Δ୯ҐϕΫτϧ e′
x, e

′
y, e

′
z͸ɼ

ҎԼͷΑ͏ʹ༩͑ΒΕΔɻ

e′
x = cosωt ex + sinωt ey

e′
y = − sinωt ex + cosωt ey

e′
z = ez

ҎԼͷ໰̍ʙ̐ʹ౴͑ͳ͍͞ɻ

໰̍ r(t) = x′(t) e′
x + y′(t) e′

y + z′(t) e′
z Ͱ༩͑ΒΕΔ (x′(t), y′(t), z′(t)) Λճసܥ S ′ͷ࠲

ඪͱ͢Δɻx(t), y(t), z(t)Λ༻͍ͯ x′(t), y′(t), z′(t) Λද͠ͳ͍͞ɻ

໰̎ ճసܥ S ′্ͷ͚͔ݟͷ଎౓Λ v′(t) =
dx′(t)

dt
e′
x +

dy′(t)

dt
e′
y +

dz′(t)

dt
e′
z ͱ͢Δͱ͖ɼ

v′(t) = v(t)− ω × r(t) ͱͳΔ͜ͱΛࣔ͠ͳ͍͞ɻ

໰̏ ճసܥ S ′্ͷ͚͔ݟͷՃ଎౓Λa′(t) =
d2x′(t)

dt2
e′
x +

d2y′(t)

dt2
e′
y +

d2z′(t)

dt2
e′
z ͱ͢Δͱ

͖ɼa′(t) = a(t)− 2ω × v(t) + ω × (ω × r(t)) ͱͳΔ͜ͱΛࣔ͠ͳ͍͞ɻ

໰̐ ஍ٿͷ੺ಓ্ʹͭݐɼ͞ߴ 1000 m ͷλϫʔͷ௖্͔Β෺ମΛ੩͔ʹ์ͨ͠ɻ෺ମ

͸λϫʔʹ৮ΕΔ͜ͱͳ͘஍ද໘΁མԼͨ͠ɻλϫʔͷ௖্ͱ஍ٿத৺Λ݁Ϳ௚ઢ

͔ΒམԼ஍఺͸Ͳͷํ޲΁ͲΕ͚ͩ཭Ε͍ͯΔ͔ٻΊͳ͍͞ɻͳ͓ɼ஍্ͷॏྗՃ

଎౓͸ 9.8 m/s2 ͱ͢Δɻ·ͨɼۭؾ఍߅ͷӨڹ͸͑ߟͳ͍΋ͷͱ͢Δɻ



II

୯Ґମੵ͋ͨΓ nݸͷࣗ༝ిࢠΛؚΉɼҰ༷ͳرബϓϥζϚதΛ఻೻͢Δి࣓೾Λߟ

͑Δɻిࢠͷిՙ͸−eɼ࣭ྔ͸mͱ͢Δɻ͜ͷϓϥζϚ͸தੑͰɼిՙີ౓͸θϩͱ͠

ͯΑ͍ɻ·ͨɼਖ਼ΠΦϯ͸ॏ͘ɼͦͷӡಈ͸͑ߟͳͯ͘Α͍ɻ͜ͷͱ͖ɼి৔Eͱ࣓ଋ

ີ౓B͸ϚΫε΢Σϧํఔࣜ

∇ ·E = 0 , ∇×E = −∂B

∂t
,

∇ ·B = 0 , ∇×B = µ0J + ε0µ0
∂E

∂t
,

ʹै͏ɻJ ͸ిྲྀີ౓Ͱ͋Γɼε0 = 8.854× 10−12 C2 N−1m−2ͱ µ0 = 4π × 10−7 NA−2͸

ͦΕͧΕਅۭͷ༠ి཰ͱಁ࣓཰Ͱ͋ΔɻҎԼͷ໰̍ʙ̑ʹ౴͑ͳ͍͞ɻඞཁͰ͋Ε͹ɼ೚

ҙͷϕΫτϧCʹର͢Δɼ࣍ͷެࣜΛ༻͍ͯΑ͍ɻ

∇× (∇×C) = ∇(∇ ·C)−∇2C

໰̍ ి৔E͕

∇2E = ε0µ0
∂2E

∂t2
+ µ0

∂J

∂t
Λຬͨ͢͜ͱΛࣔ͠ͳ͍͞ɻ

໰̎ ͷ଎౓Λࢠి vͱͨ͠ͱ͖ɼJ Λ vΛ༻͍ͯද͠ͳ͍͞ɻ·ͨɼ
∂J

∂t
͕Eʹൺྫ͢

Δ͜ͱΛࣔ͠ͳ͍͞ɻ͜ͷͱ͖ͷൺྫఆ਺΋ٻΊͳ͍͞ɻͨͩ͠ɼిࢠʹର͢Δ࣓

৔ͷޮՌ͸ແͯ͠ࢹΑ͍ɻ

໰̏ z࣠ํ޲ʹਐ͢ߦΔి࣓೾ͷి৔͕E = (0, E0 ei(kz−ωt), 0)ͱද͞Ε͍ͯΔɻ͜ͷ

ͱ͖࣓ଋີ౓͕

B = (−k

ω
E0 ei(kz−ωt), 0, 0)

ͱͳΔ͜ͱΛࣔ͠ͳ͍͞ɻ·ͨɼి࣓೾ͷਐ޲ํߦͱEɼBͷؔ܎Λਤࣔ͠ͳ͍͞ɻ

ͨͩ͠ɼE0ɼkɼω͸ఆ਺Ͱ͋Δɻ

໰̐ ω2 ≥ ne2

mε0
Ͱͳ͚Ε͹ి࣓೾͸఻ΘΒͳ͍͜ͱΛࣔ͠ͳ͍͞ɻ

໰̑ ి཭૚Ͱ͸ n = 105 cm−3 Ͱ͋ΔɻςϨϏి೾ (
ω

2π
% 109 Hz)͸ి཭૚Λಁա͢

Δ͕ɼAMϥδΦి೾ (
ω

2π
% 105 Hz)͸ಁաͰ͖ͳ͍͜ͱΛࣔ͠ͳ͍͞ɻͨͩ͠ɼ

m = 9.1× 10−31 kgɼe = 1.6× 10−19 Cͱ͢Δɻ



III

1ϞϧͷؾମΛۀ࡞෺࣭ͱ͢Δ೤ؔػʹ͍ͭͯɼਤͷΑ͏ͳ೤αΠΫϧ (A→B→C→D→A)

Λͨͬߦɻ͜͜ͰաఔA→BͱC→D͸அ೤มԽɼաఔB→C͸౳ѹมԽɼաఔD→A͸

౳ੵมԽͰ͋Γɼঢ়ଶ A, B, C, DͰͷମੵ͸ͦΕͧΕ VA, VB, VC, VDɼѹྗ͸ͦΕͧΕ

pA, pB, pC, pDɼԹ౓͸ͦΕͧΕ TA, TB, TC, TDͰ͋Δɻ·ͨɼఆѹϞϧൺ೤ΛCpɼఆੵ

Ϟϧൺ೤ΛCvɼؾମఆ਺ΛRͱ͢ΔɻҎԼͷ໰̍ʙ̑ʹ౴͑ͳ͍͞ɻ

໰̍ ೤ؔػʹରͯ͠ɼ֎෦͔Β∆Qͷ೤ྔ͕༩͑ΒΕɼ∆W ͷࣄ࢓Λ͞Εͨͱ͖ɼؾମ

ͷ಺෦ΤωϧΪʔ͕∆U ͚ͩมԽͨ͠ɻ͜ͷͱ͖∆Q, ∆W , ∆U ͷؒʹ੒Γཱͭؔ

Λॻ͖ͳ͍͞ɻ܎

໰̎ ඍখͳମੵ∆V ͚ͩมԽͨ͠ͱ͖ɼ֎෦͔Βؾମʹͳ͞Εͨࣄ࢓͸∆W = −p∆V

ͱ͔͚Δɻؾମͷ಺෦ΤωϧΪʔ U ΛɼԹ౓ T ͱମੵ V ͷؔ਺ͱΈͳ͠ɼఆੵൺ

೤Cvͱఆѹൺ೤CpͷࠩCp − CvΛٻΊͳ͍͞ɻ

ɹ࣍ʹɼۀ࡞෺࣭͕ 1Ϟϧͷཧ૝ؾମͰ͋Δ৔߹Λ͑ߟΔɻ

໰̏ աఔ B→C͓ΑͼաఔD→Aʹ͓͍ͯɼ֎෦͔Β༩͑ͨ೤ྔQBC͓ΑͼQDAΛͦ

ΕͧΕ TA, TB, TC, TDΛ༻͍ͯද͠ͳ͍͞ɻ

໰̐ ͜ͷαΠΫϧͷ೤ޮ཰ ηΛ TA, TB, TC, TDΛ༻͍ͯද͠ͳ͍͞ɻ

໰̑ աఔA→B, B→C, C→D ͓ΑͼD→Aʹ͓͍ͯੜͨͦ͡ΕͧΕͷΤϯτϩϐʔͷม

Խ SAB, SBC, SCD, SDAΛٻΊͳ͍͞ɻ
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, B 
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IV

ͷσʔλॲཧʹؔͯ͠ɼҎԼͷ໰̍ʙ̐ʹ౴͑ͳ͍͞ɻݧ࣮

໰̍ ͋ΔΨϯϚઢݯͱݕग़ثͷؒʹۚଐ൘Λઃஔ͢Δɻ༷ʑͳް͞ͷۚଐ൘ʹରͯ͠ɼ

୯Ґ࣌ؒ͋ͨΓͷΨϯϚઢͷݕग़ճ਺Λܭଌͨ͠ͱ͜Ζɼද 1ͷ݁Ռͱͳͬͨɻۚ

ଐ൘ͷް͞ͱܭ਺ͷؔ܎Λղ౴༻ࢴͷยର਺άϥϑʹهೖ͠ͳ͍͞ɻ·ͨάϥϑͷ

֤఺ʹ͸ܭ਺ʹର͢ΔࠩޡΛࠩޡ๮ͱͯ֓͠ࢉͰهೖ͠ͳ͍͞ɻ

ɹۚଐ൘ͷ߹ܭͷް͞ (mm) 0 5 10 15 20 25 30 35 40

ɹܭ਺ 990 574 349 208 129 71 45 27 16

ද 1

໰̎ ۚଐ൘ͷΨϯϚઢʹର͢Δٵऩ܎਺Λ kͱͨ͠ͱ͖ɼۚଐ൘ͷް͞ xͱܭ਺ Iʹ͸

I = I0 exp(−kx)

ͷ͕ؔ͋܎ΔɻI0͸ۚଐ൘͕ແ͍ͱ͖ͷܭ਺Ͱ͋Δɻද 1ͷ֤ଌఆ͸ಠཱʹߦΘΕ

ͨ΋ͷͱ͠ɼ࠷దͳ kͷ஋Λ༗ޮ਺ࣈ 2ܻͰάϥϑΑΓٻΊͳ͍͞ɻͨͩ͠ɼް͞ x

ͷࠩޡ͸ແͯ͠ࢹΑ͍ɻඞཁͰ͋Ε͹ loge 10 = 2.30ɼloge 2 = 0.693 Λ༻͍ͳ͍͞ɻ

໰̏ ͋Δమٿͷ֎ܘ dͷଌఆΛϚΠΫϩϝʔλΛ༻͍ͯಉ͡ํ๏Ͱ 4ճ܁Γฦͨͬ͠ߦ

ͱ͜Ζɼද 2ͷ݁ՌΛಘͨɻ

ɹ֎ܘ d (mm) 11.003 10.999 11.001 10.997

ද 2

ଌఆ஋ͷܥ౷ࠩޡ͸ແࢹͰ͖Δ΄Ͳখ͘͞ɼଌఆ஋ͷ͹Β͖ͭ͸౷ࠩޡܭͷΈʹ༝

དྷ͢Δ΋ͷͱ͢Δɻ֎ܘ dͷ஋Λ༗ޮ਺ࣈ 5ܻͰද͠ͳ͍͞ɻ·ͨ͜ͷ dͷࠩޡΛ

Ίͳ͍͞ɻඞཁͰ͋Ε͹ҎԼͷ֓਺Λ༻͍ͳ͍͞ɻٻ

√
2 = 1.4142,

√
3 = 1.7321,

√
5 = 2.2361

໰̐ ໰̏ͱ͸ผͷమٿͷ֎ܘ dͱॏ͞mΛଌఆͨ͠ͱ͜ΖɼͦΕͧΕ d = 10.0±0.1 mm,

m = 5.0± 0.2 gͰ͋ͬͨɻ֎ܘͱ࣭ྔͷଌఆ͸׬શʹಠཱͰ͋Δͱͯ͠ɼ͜ͷమٿ

ͷີ౓ ρΛ༗ޮ਺ࣈ 2ܻͰද͠ɼࠩޡΛؚΊͯٻΊͳ͍͞ɻ


